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PURPOSE AND OVERVIEW OF THE QUALITY ASSURANCE HANDBOOK

The purpose of this Quality Assurance Handbook for Air

Pollution Measurement Systems is to provide guidelines and

procedures for achieving quality assurance In air pollution

measurement systems. It is intended to serve as a resource

document for the design of quality assurance programs and to

provide detailed method descriptions for certain measurement

processes that can be used directly in implementing the quality

assurance program.

This Handbook should be particularly beneficial to opera

tors, proj ect officers, and program managers responsible for

implementing, designing, and coordinating air pollution emission

source tests. The contents of each volume are briefly described

in the following paragraphs.

Volume I - Principles

Volume I contains brief discussions of the elements of

quality assurance. Expanded discussions of technical points and

sample calculations are included in the Appendixes. The discus

Slon of each element is structured to be brief and to highlight

the most important features. Organizations developing and

implementing their own quality assurance plans will find Volume

I useful for general guidance.

Volume II - Ambient-Air-specific Methods

Volume II contains quality assurance guidelines on ambient

air measurement systems. Regardless of the scope and magnitude

of ambient air measurement systems, there are a number of common

considerations pertinent to the production of quality data.

These considerations are discussed in Section 2.0 of Volume II,

and include quality assurance guidelines in the areas of:
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1. Sampling network design and site selection - monitor

ing objectives and spatial scales; representative sampling;

meteorological and topographical constraints; and sampling

schedules.

2. Sampling considerations environmental controls;

probe and manifold design; maintenance; and support serVlces.

3. Data handling and reporting considerations data

recording systems, data validation, and systematic data manage

ment.

4. Reference and equivalent methods.

5. Recommended quality assurance program for ambient air

measurements.

6. Chain-of-custody procedure for ambient alr samples 

sample collection; sample handling; analysis of the sample;

field notes; and report as evidence.

7. Traceability protocol for establishing true concen

trations of gases used for calibrations and audits - establish

ing traceability of commercial gas cylinders and of permeation

tubes.

8. Calculations to assess monitoring data for precision

and accuracy for SLAMS and PSD automated analyzers and manual

methods.

9. Specific guidance for a quality control program for

SLAMS and PSD for automated analyzers and manual methods

analyzer selection, calibration, zero and span checks; data

validation and reporting; quality control program for gaseous

standards and flow measurement devices.

10. EPA national performance audit program.

11. System audit criteria and procedures for ambient air

monitoring programs.

12. Audit procedures for use by State and local alr monl

toring agencies.

The remainder of Volume II contains method and/or principle

description and quality assurance guidelines for specific pollu

tants. Each pollutant-specific section contains the following

information.
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1. Procedures for procurement of equipment and supplies.

2. Calibration procedures.

3. Step-by-step descriptions of sampling, reagent prepa

ration, and analysis procedures, as appropriate, depending upon

the method or principle in the case of equivalencies.

4. Method of calculation and data processing checks.

5. Maintenance procedures.

6. Recommended auditing procedures to be performed during

the sampling, analysis, and data processing.

7. Recommended procedure for routine assessment of accu

racy and preclslon.

8. Recommended standards for establishing traceability.

9. Pertinent references.

10. Blank data forms for the convenience of the Handbook

user (data forms are partially filled in within the text for

illustration purposes).

Matrix tables at the ends of appropriate sections summarize

the quality assurance functions therein. Each matrix includes

the activities, the acceptance limits, method and frequency of

the each quality assurance check, and the recommended action if

the acceptance limits are not satisfied.

Volume II contains quality assurance

tant-specific measurement systems. The

planned for Volume II include:

1. Reference Method for the Determination of Sulfur Diox

ide in the Atmosphere (Pararosaniline Method).

2. Reference Method for the Determination of Suspended

Particulates in the Atmosphere (Hi-Vol Method).

3. Reference Method for the Determination of Nitrogen

Dioxide in the Atmosphere (Chemiluminescence).

4. Equivalent Method for the Determination of Nitrogen

Dioxide in the Atmosphere (Sodium Arsenite).

5. Equivalent Method for the Determination of Sulfur

Dioxide in the Atmosphere (Flame Photometric Detector).
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for the Determination of Carbon

(Nondispersive Infrared Spectrome-

involved in stationary source test

standard data forms; and identifica-

procedures for source sampling

analysis; field notes; and report as

try) .

7. Reference Method for the Determination of Ozone in the

Atmosphere (Chemiluminescence).

8. Reference Method for the Determination of Lead in

Suspended Particulate Matter Collected from Ambient Air (Atomic

Absorption Spectrometry).

9. Method for the Determination of Sulfates ln the Atmos

phere (Methythymol Blue Automated Analysis).

As methods are added to Volume I I, these will be sent to

Handbook users through the document control system, as described

in Section 1.4.1 of Volume I of this Handbook.

Volume III - Stationary-Source-Specific Methods

Volume I I I contains quality assurance guidelines on sta

tionary-source-specific methods. The format for Volume I I I is

patterned after that of Volume II.

Regardless of the scope and purpose of the emissions-test

ing plan, there are a number of general considerations pertinent

to the production of quality data. These considerations are

discussed ln section 3.0 of Volume I I I and include quality

assurance guidelines in the areas of:

1. Planning the test program - preliminary plant survey;

process information; stack data; location of sampling points;

cyclonic gas flow.

2. General factors

ing -tools and equipment;

tion of samples.

3. Chain-of-custody

sample collection; sample

evidence.

4. Traceability protocol for establishing true concentra

tions of gases used for calibrations and audits of air pollution

analyzers - establishing traceability of commercial gas cylin

ders.
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The remainder of Volume III contains quality assurance

guidelines for specific measurement methods. The measurement

systems planned for Volume III include:

Method 2 -

Method 3 -

Method 4 

Method 5 -

Method 6 -

Method 7 -

Method 8 -

Method 10 -

Methods l3A 

and l3B

Method 17

Determination of Stack Gas Velocity and Volumet

rlC Flow Rate (Type-S Pitot Tube).

Gas Analysis for Carbon Dioxide, Oxygen, Excess

Air, and Dry Molecular Weight.

Determination of Moisture in Stack Gases.

Determination of Particulate Emissions from sta

tionary Sources.

Determination of Sulfur Dioxide Emissions from

Stationary Sources.

Determination of Nitrogen Oxide Emissions from

Stationary Sources.

Determination of Sulfuric Acid Mist and Sulfur

Dioxide from stationary Sources.

Determination of Carbon Monoxide Emissions from

Stationary Sources.

Determination of Fluoride Emissions from station

ary Sources (SPADNS and Specific Ion Electrode).

Determination of Particulate Emissions from Sta-

tionary Sources (In-Stack Filtration Method).

As methods are added to Volume III, these will be sent to

the users through the document control system used for the Hand

book.



Section No. 3.1
Revision No. 0
Date January 15, 1980
Page 1 of 9

section 3.1

METHOD 2 - DETERMINATION OF STACK GAS VELOCITY
AND VOLUMETRIC FLOW RATE

OUTLINE

Number of

Section Documentation Pages

SUMMARY 3.1 1

METHOD HIGHLIGHTS 3.1 7

METHOD DESCRIPTION

1. PROCUREMENT OF APPARATUS
AND SUPPLIES 3.1.1 15

2. CALIBRATION OF APPARATUS 3.1. 2 21

3. PRESAMPLING OPERATIONS 3.1.3 7

4. ON-SITE MEASUREMENTS 3.1.4 12

5. POSTSAMPLING OPERATIONS 3.1. 5 3
6. CALCULATIONS 3.1. 6 4

7. MAINTENANCE 3.1. 7 1
8. AUDITING PROCEDURE 3.1.8 5
9. RECOMMENDED STANDARDS

FOR ESTABLISHING TRACE-
ABILITY 3.1. 9 1

10. REFERENCE METHOD 3.1.10 11
11. REFERENCES 3.1.11 2
12. DATA FORMS 3.1.12 8
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SUMMARY

Method 2 outlines a procedure for determining stack gas

velocity and volumetric flow rate from stationary sources. A

Type S (stauscheibe or reverse) pitot tube or a standard pitot

tube meeting the criteria in section 3.1.1, calibrated according

to the procedures outlined 1n section 3.1.2, and operated in

accordance with section 3.1.4 is used to measure velocity pres

sure (~p); this pressure measurement, along with gas density, is

used to determine the stack gas velocity.

If the minimum criteria of Method 1 are not met or if the

measurement site has a swirling or cyclonic gas stream, the pro

cedures outlined in Method 2 for stack gas velocity and volu

metric flow rate determination are not applicable. When unac

ceptable flow conditions exist, alternative procedures such as

the use of flow-straightening devices or stack extensions must be

employed as necessary to make accurate flow rate determinations.

These alternative procedures are subject to approval by the ad

ministrator.

The Method Description which follows is based on the Refer

ence Method published August 18, 1977. A complete copy of the

Reference Method is contained in section 3.1.10. Data forms are

provided in section 3.1.12 for the convenience of the Handbook

user. Reference 1 was used extensively in preparing the Method

Description and the data forms. References 2, 3, 4, and 5 sum

marize collaborative tests conducted to determine the usefulness

and accuracy of this method.
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METHOD HIGHLIGHTS

Section 3.1 describes specifications for determination of

stack gas velocity and volumetric flow rate from stationary

sources. The sampling apparatus consists of a pitot tube and

a differential pressure gauge. Stack gas velocity and volumetric

flow rate can be determined in conjunction with other EPA Re

ference Methods (i.e., Method 5) if the sampling components are

mounted in an interference-free manner.

The results of collaborative tests have shown that the pre

cision of this test method is adequate for use with other test

methods ln determining pollutant emission rates ; collaborative

tests also showed that the method is not subject to large biases

from one user to another. 2 ,5

The blank data forms at the end of the highlights section

may be removed from the Handbook and used in the pretest, test,

and posttest operations. Each form has a subtitle (e.g.,

Method 2, Figure 2.4) to assist the user in finding a similar

filled-in form in the Method Description (e.g., in section

3.1.2). On the blank and filled-in forms, the items/parameters

that can cause the most significant errors are indicated with an

asterisk.

1. Procurement of Equipment

section 3.1.1 (Procurement of Apparatus and Supplies) gives

the specifications, criteria, and design features for equipment

and materials required for performing Method 2 tests. The sam

pling apparatus can be used in conjunction with sampling equip

ment required for other methods such as Methods 5 and 8 pre

sented in this Handbook. This section is designed as a guide in

the procurement and initial check of equipment and supplies. The

activi ty matrix (Table 1.1) at the end of section 3.1.1 can be

used as a quick reference; it follows the same order as the

written description in the main text.



section No. 3.1
Revision No. 0
Date January 15, 1980
Page 4 of 9

2. Pretest Preparations

section 3.1.2 (Calibration of Apparatus) provides a step

by-step description of the required calibration procedures.

Detailed methods and equipment are described for calibrating

pitot tubes ln the laboratory and in the field. The calibration

section can be removed and compiled, along with calibration sec

tions from all other methods, into a separate quality assurance

reference manual for use by calibration personnel. A pretest

checklist (Figure 3.l) or similar form should be used to sum

marize the calibration data.

section 3.1. 3 (Presampling Operations) provides the tester

wi th a guide for supplies and equipment preparation for field

tests. The pretest preparation form (Figure 3.2) can be used as

an equipment checkout and packing list. The method for packing

and the description of packing containers should help to protect

the equipment, but are not required.

3. On-Site Measurements

section 3.1.4 (On-Site Measurements) contains a step-by-step

procedure for performing velocity measurements. Precautions must

be taken to ensure that the pitot tube is aligned with the stack

gas flow. Also a check for cyclonic flow must be made. The

on-site measurement checklist (Figure 4.2) is provided to assist

the tester with a quick method of checking requirements.

4. Posttest Operations

section 3.1.5 (Postsampling Operations) gives the posttest

equipment check procedures. Figure 5.1 or a similar form should

be used to summarize the posttest calibration checks, and should

be included in the emission test report.

section 3.1.6 (Calculations) provides the tester with the

required equations, nomenclature, and the suggested number of

significant digits. It is suggested that a programmed calculator

be used if available to reduce the chance of calculation error.

section 3.1.7 (Maintenance) provides the tester with a guide

for a routine maintenance program. This program is not required,

but should reduce equipment malfunctions.
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5. Auditing Procedure

section 3.1.8 (Auditing Procedure) provides a description

of necessary activi ties for conducting performance and system

audi ts. The performance audits of the data processing and a

systems audit of the on-site measurements should provide the

independent assessment of the quality of data needed.

section 3.1.9 (Recommended Standards for Establishing

Traceability) recommends the primary standards to which the

working standards should be traceable.

6. References

Sections 3.1.10 and 3.1.11 contain the Reference Method and

the suggested references.
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PRETEST SAMPLING CHECKS
(Method 2, Figure 3.1)

Date

Pitot Tube

Completed by

Identification number

Dimension specifications checked?*

Calibration required?

Date

Temperature Sensor

Identification number

Calibrated?*

Date

yes

yes

yes no

no

no

Was a pretest temperature correction used?
If yes, temperature correction

Barometer

___ yes

Was the pretest field barometer reading correct?* yes __ no

Differential Pressure Gauge

Was pretest calibration acceptable?* yes no

*Most significant items/parameters to be checked.
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PRETEST PREPARATIONS
(Method 2, Figure 3.2)

Acceptable Quantity Ready Loaded
Apparatus check Yes No required Yes No and packed

pitot Tube

Type S

Standard

ILength -- m( ft)

Calibrated*

Differential
Pressure Gauge

Inclined manom-
eter sensitivity

em (in. )

Other

Stack Temperature
Sensor

Type

Calibrated*

Orsat Analyzer

Orsat

Fyrite

Other

*Most significant items/parameters to be checked.
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ON-SITE MEASUREMENTS CHECKLIST
(Method 2, Figure 4.2)

Sampling

pitot tube, lines, and manometer assembled correctly?*

pitot tube and components mounted in an interference free man
ner?*

Differential pressure gauge has correct sensitivity?*

Differential pressure gauge leveled and zeroed?*

Pretest leak check? (optional) Cyclonic flow checked?*

pitot tube parallel to gas flow?*

static pressure measured?

Moisture content determined?

Orsat samples taken?

Posttest leak check performed?*

Data recorded properly?

Temperature measured?

Method

If no, explain:

(mandatory)

*Most significant items/parameters to be checked.
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POSTTEST SAMPLING CHECKS
(Method 2, Figure 5.1)

pitot Tube

__ yes

repair?* yes no
(thisvalue must

pitot tube)

Initial pitot tube coefficient
Was pitot tube damaged prior to start of any test runs?

no
If yes, was pitot tube calibrated prior to

pitot tube coefficient (damaged)
be used for runs started with the damaged

Temperature Sensor

Was a pretest temperature correction used? yes no
If yes, temperature correction 6C f 6F) (within 1.5%
of readings in K (OR) over range)

Average stack temperature of compliance test (T ) K (OR)
Temperature of reference thermometer or solution for recalibra-

tion* K (OR)
Temperature of stack thermometer for recalibration K (OR)
Difference between reference and stack thermometer temperatures

(nT ) K (OR)
Do va!ues agree within tl.5%?* yes no

If yes, no correction necessary for calculations
If no, calculations must be done twice, once with recorded,
values and once with average stack temperature corrected to
correspond to reference temperature differential (nT). Both
values of final results must then be reported since ~here is no
way to determine which is correct

Barometer

Was pretest field barometer reading correct? yes no
Posttest comparison mm (in.) Hg (within t5.0 mm (0.2 in.)

Hg of mercury-in-glass barometer)
Was recalibration required? yes no

If yes, no correction needed when field barometer has the lower
reading
If mercury-in-glass reading is lower, subtract the difference
from the field data readings for the calculations

*Most significant items/parameters to be checked.
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES

Figure 1.1 shows a diagram of the Type S pitot tube-manom

eter assembly used in this method. Specifications, criteria and/

or applicable design features are given in this section to aid in

the selection of equipment which will produce accurate data.

Selection procedures and applicable limits for acceptance checks

are also included. During procurement of equipment and supplies,

it is suggested that a procurement log (Figure 1.2) be used to

record the descriptive title of equipment; the identification

number, if applicable; and the results of the acceptance,check.

Also, if calibration is required as part of the acceptance check,

the data are to be recorded in the calibration log book. Table

1.1 at the end of this section contains a summary of quality

assurance activities for procurement and acceptance of apparatus

and supplies.

1.1 pitot Tube

A Type S pi tot tUbe shown in Figure 1.1 is required. The

pitot tube should be constructed of metal tubing (e.g., 304 or

316 stainless steel) with an external tUbing diameter (Dt ) be

tween 0.48 and 0.95 cm (3/16 and 3/8 in.). The major criteria in

pitot tube construction material are durability and corrosion

resistance. Upon receiving a new pitot tube, inspect it to

determine if it was constructed according to the configuration in

Figure 1.3. Repair, replace, or return to the manufacturer any

Type S pitot tUbe which does not meet the face opening specifica

tions outlined in Figure 1.4. One method of inspecting the con

struction details is as follows:

1. Obtain a section of angle aluminum approximately 20 cm

(8 in.) long by 1.3 x 2.5 cm (0.5 x 1.0 in.). Mount a bull's eye

level (with ±lo accuracy) to the angle aluminum, as shown In

Figure 1.5.

2. Place the pitot tube in the angle aluminum as shown In

Figure 1.5, and level the pitot tube as indicated by the bull's
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1. 90-2.54 CM
(0.75-1.0 IN.)~~ ~

-U-----------a

FLEXIBLE TUBING
6.25 MM (1/4 IN.)

MANOMETER

L*

TEMPERATURE SENSOR

TYPE S PITOT TUBE

7.62 CM **
(3 IN.

iii
GAS FLOW

Of

*L • DISTANCE TO FURTHEST SAMPLING
POINT PLUS 30 C~ (12 IN.)

*-PITOT TUBE - TEMPERATURE SENSOR SPACING

Figure 1.1 Type S pitot tube-manometer assembly.



Purchase
order Date Dispo-

Item description Quantity number Vendor Ordered Received Cost sition Conunents

Pt +efT- J.J )~1~"" / 7' . I...v' ~ Ace J ' , 9- :;; -~ ~9 :.:; - .);/ - ""9 E;·(~; c: --f.. ,.J..J_,T i :::.-- «r}'f (,~...... ",--- ... _j
• l". ~t I / I v... I ..L /;

/ ,.... ,~ "'--

Figure 1.2 Example of a procurement log.

.....
\,,0

ex>
o



section No. 3.1.1
Revision No. 0
Date January 15, 1980
Page 4 of 15

A-SIDE PL.ANE

NOTE:

)1 .05 Dt< P <1.50 Dt

L PA = PB
LONGITUDIN.:..:;AL=::-...t...,.._--r ..;.A;.....__.""'C:::·"--.-"-.J-.P_pAB~.

TUBE AXIS B

0.48 CM <D < 0.95 CM
(3/16 IN~)t -(3/8 IN.)

B-SIDE PLANE

(b)

TRANSVERSE' I
TUBE AXIS i I

--b -AOR B--f"-7-·-- l ·EE+--
(c) L FACE I

rOPENING~
. PLANES ·

(a) END VIEW

Figure 1.3. Properly constructed Type S pitot tube, shown in:
(a) end view; face opening planes perpendicular to transverse
axis; (b) top view; face opening planes parallel to longitudinal
axis; (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.
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LONGITUDINAL B
TUBE AXIL_.~~l::lC:!~~-=-::;::

A

(c)
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B
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(d)

flOW
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B

A

(e)
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Figure 1.4. Types of face-opening misalignment that can result
from field use or improper construction of Type S pitot tubes.
These will not affect Cp so long as a,1 and a,2 <10 0 , ~2 <50,
z <0.32 cm (1/8 in.) and w<0.08 cm (1/32 In.).
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Figure 1.5 Type S pitot tube dimension specialization measurements.
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eye level. A Vlse may be used to hold the angle aluminum and

pitot tube. Note: A permanently mounted pitot tube and probe

assembly may require a shorter section of angle aluminum to allow

proper mounting on the assembly.

3. Place a degree indicating level in the various pOS1

tions, as illustrated in Figure 1.6.

4. Measure distances Pa and Pb .
5. Measure the external tube diameter (Dt ) with a microm

eter. Record all data on a data form such as Figure 1.7.

6. Calculate dimensions wand z using the following equa-

tions:

z = A Sln y Equation 2-1

w = A Sln 0 Equation 2-2

where,

SlX diameters straight run (based

of the tube) between the tip andupon D1 , the external
static pressure holes.

z = alignment dimension, cm (in.)

w = alignment dimension, cm (in.)
A = distance between tips, (Pa + Pb ), cm (in.)

y = angle in degrees
o = angle in degrees.

Note: pitot tubes with bent or damaged tubing may be difficult
to check using this procedure. I f the Type S pitot tube meets

the face alignment criteria, an identification number should be
assigned and permanently marked or engraved on the body of the
tube.

A standard pitot tube (Figure 1.8) may be used instead of a
Type S for conducting velocity traverses. Upon receiving a new
standard pitot tube, inspect it to determine if it meets the fol
lowing design criteria:

1. The tip is of the hemispherical (shown in Figure 1.8),

ellipsoidal, or conical design.
2. There is a minimum of

diameter
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Figure 1.6 Position of dimension measurement.
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no-------./______ yespitot tube assembly level?

pitot tube openlngs damaged? _____ yes (explain below) V no

ell = ';.5 ° «10°), el 2 = 0·8 ° «10°), ~1 = 0.0 ° «5°),

~2 = is' ° « 5 ° )

y = 3·3 ° e = /.S ° A = (d. 1;2.1) em (in. ), ,

Z = A Sln y = Co.05J) em (in.); <0.32 em «1/8 in.),

w = A sin e = to.O)</) em (in.); <0.08 em «1/32 in.)

PA __~{_O~'~,,-',,-I...L.) em (in.) Pb

Dt = CO. ;lK9) em (in.)

Comments:

_-----::l(_o:....;._tl:....;Go_o....;.)___ em (in.)

Calibration required? ___ yes V no------

Figure 1.7 Type S pitot tube inspection data form.
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3. There 1S a minimum of eight diameters straight run

between the static pressure holes and the centerline of the

external tube, following the 90° bend.

4. The static pressure holes are of equal Slze (approxi

mately 0.1 D), equally spaced in a piezometer ring configuration.

5. It has a 90° bend, with curved or mitered junction.

Repair, replace or return to the manufacturer any standard pitot

tube which does not meet the above criteria.

1.2 Differential Pressure Gauge

A liquid-filled inclined manometer or an equivalent device

should be used to measure the velocity head. Most preassembled

sampling trains are equipped with a la-in. (water column) 1n

clined-vertical manometer that has O.Ol-in. qivisions on the

O-to-l-in. inclined scale and a .1-in. divisions on the 1-to

la-in. vertical scale. This type manometer (or other gauge of

equivalent sensitivi ty) 1S satisfactory for measurements of t.p

values as low as 1.3 mm (0.05 in.) H20. However, a gauge of

greater sensitivity (e.g., with 6.4 rom (0.25 in.) H20 full scale}

1S required for stacks with velocity pressures below 1.3 rom

(0.05 in.) H20.

Upon receipt of a new manometer, leak check it using the

following procedure:

1. Level and zero the manometer.

2. Vent both sides of the manometer to the atmosphere.

3. Place tygon tubing, or equivalent on the positive leg

of the manometer, and blow into the tubing to displace the liquid

to at least 30% of scale.

4. Close off the open end of the tubing, and observe the

manometer for 15 s. If there is no change in the reading, the

positive side of the manometer is leak free.

5. Repeat steps 3 and 4 for the negative side of the man

ometer, but use suction to produce the manometer reading.

Repair, replace, or return to the manufacturer any manometer

which does not pass the leak check.
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If differential pressure gauges other than inclined mano

meters are used (e. g., magnehelic or electronic gauges), cali

brate the gauges upon receipt using the procedure in section

3.1.2.

1.3 Temperature Gauge

A thermocouple, liquid-filled bulb thermometer, or other

means capable of measuring temperature to wi thin 1.5% of the

minimum absolute stack temperature is required. Upon receipt,

check the temperature gauge for damage, and then calibrate it

according to the procedure in section 3.1.2.

1.4 Pressure Probe and Gauge

Leak-free tUbing and a mercury-or water-filled U-tube manom

eter capable of measuring stack pressure to within 2.5 rom (0.1

in.) Hg is required. The static tap of a standard type pitot

tube or one leg of a Type S pitot tube with the face openings

posi tioned parallel to the gas flow may also be used as the

pressure probe. The differential pressure gauge used for veloc

ity measurements can be used to measure static pressure.

Upon receipt of a U-tube manometer, leak check according to

the procedure in Subsection 1.1.2.

1.5 Barometer

A mercury, aneroid, or other barometer capable of measuring

atmospheric pressure to within 2.5 rom (0.1 in.) Hg 1S required.

Upon receipt of a new barometer, check it against a mercury-in

glass barometer or the equivalent. If the barometer cannot be

adjusted to agree wi thin 2.5 mm (0.1 in.) Hg of the reference

barometric pressure, it should be returned to the manufacturer.

1.6 Gas Analyzer

To analyze gas composition for determining dry molecular

weight of the gases from combustion or other unknown streams, use

Method 3. For processes emitting essentially air, use a dry

molecular weight of 29.0. Use Method 4 or Method 5 for moisture

content determinations.
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1.7 Calibration pitot Tube

Standard type, to calibrate the Type S pitot tube. The

standard type pitot tube should have a known coefficient obtained
from the National Bureau of Standards (NBS), Route 70 S, Quince

Orchard Road, Gaithersburg, Maryland, or the standard pitot tube
must be calibrated against another standard pitot tube with an

NBS-traceable coefficient. Alternatively, a standard pitot tube

designed according to the criteria given in Subsection 1.1.1 and

illustrated in Figure 1.8 may be used. Be sure to inspect the

standard type pitot tube for any damage upon receipt.
1.8 Differential Pressure Gauge

An inclined manometer or equivalent is used for Type S pitot
tube calibration. This should be an easily readable, sensitive

gauge for laboratory use. I f the single-velocity calibration

technique is used (Section 3.1.2), the calibration differential

pressure gauge should be readable to the nearest 0.13 rom (0.005

in.) H20. For multivelocity calibrations, the gauge shall be
readable to the nearest 0.13 rom (0.005 in.) H20 for lip values
between 1.3 and 25 rom (0.05 and 1.0 in.) H20, and to the nearest
1.3 rom (0.05 in.) H20 for lip values above 25 rom (1.0 in.) H20. A
special, more sensitive gauge will be required to read lip values
below 1.3 rom (0.05 in.) H20. Visually check and leak check the
calibration differential pressure gauge upon receipt.
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Table 1.1 ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS

Apparatus

All apparatus

Pitot tube
(Type S or
equivalent)

Differential
pressure
gauge

Temperature
gauge

Pressure probe
and gauge

Calibration
pitot tube

Calibration
differential
pressure
gauge

Acceptance limits

No visible damage

See Figs 1.3 and 1.4
for acceptance limits

No leaks

Capable of measuring
temperature within 1.5%
of minimum absolute
stack temperature

Capable of measuring
stack pressure within
2.5 mm Hg (0.1 in.)
Hg; no leaks

Meet design specifi
cations with known
coefficient from
NBS, or see Sec 1.1

No leaks; single point
capable of measuring ~p

to within 0.13 mm
(0.005 in.) H20; multi
point readable within
0.13 mm (0.005 in.)
H

2
0 for ~p values be

tween 1.3 and 25 mm
(0.05 and 1.0 in.) and
to nearest 1.3 mm
(0.05 in.) H20 for ~p

values >25 mm (110 in.);
special sensitivity for
values <1.3 mm (0.05
in.) H20

Frequency and method
of measurement

Visual check when
purchased

Measure dimensions
and alignment;
identify upon
receipt

When purchased,
visually inspect
and leak check

Calibrate according
to Section 3.1.2

Visual inspection
and leak check

Visual check

Visual check and
leak check

Action if
requirements
are not met

Return to
supplier
immediately

Do not use
if alignment
is not within
limits; repair
or replace

Adjust or re
turn to sup
plier

Return to
supplier or
repair

Adjust to
correct for
error, or re
turn to sup
plier

Return to
supplier

Repair or
replace
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2.0 CALIBRATION OF APPARATUS

Calibration of apparatus is one of the most important func
tions in maintaining data quality. The detailed calibration
procedures in this section are designed for the equipment speci

fied by Method 2 and described in the previous section. A labo
ratory log book of all calibrations must be maintained.
Table 2.1 at the end of this section summarlzes the quality
assurance activities for calibration.
2.1 Type S pitot Tube

A pitot tube that meets the face openlng specifications in
Section 3.1.1 (Figures 1.3 and 1. 4) and that h~s the following
dimensions--external tubing diameter (Dt ) between 0.48 and 0.95
cm (3/16 and 3/8 in.) and PA and PB equal and between 1.05 and
1.50 Dt--either may be assigned a baseline (isolated tube) coef
ficient value of 0.84 or may be calibrated. Note, however, that
if the pitot tube is mounted on a probe thermocouple assembly and
if the components of the assembly do not meet the interference
free criteria in (Subsection 2.1.1), calibration will be required
despite knowledge of the baseline coefficient value.

If Dt , PA, and PB are outside the specified limits, the
pitot tube must be calibrated as outlined in Subsection 2.1.2.
2.1.1 pitot Tube Assemblies - Interference-free assemb1ies--that
is, pitot tubes mounted with a temperature sensor, probe, and
nozzle--are shown in Figures 2.1 and 2.2. When the pitot tube
meets the previously described dimensions and specifications and
is mounted according to the specifications in Figures 2.1 and
2.2, no calibration is required and the baseline (isolated tube)
coefficient of 0.84 may be used. Dimensions of the pitot tube 
probe sampling assembly must be carefully measured with an in
ternal caliper or a steel machinist's rule.
Note: Only pitot tubes constructed of 0.48 to 0.95 cm (3/16 to
3/8 in.) tubing can be used in interference-free assemblies. All
other assemblies must be calibrated.
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TYPE S PITOT TUBE

x > 1.90 em (3/4 in.) for D~ = 1.3 em (1/2 in.)

SAMPLING NOZZLE

(a) BOTTOM VIEW: SHOWING MINIMUM PITOT-NOZZLE SEPARATION.

SAMPLING NOZZLE

SAMPLING PROBE

TYPE S PITOT TUBE,

STATI C PRESSURl
'OPENING

IMPACT PRESSURE
OPENING

NOZZLE OPENING L.-....j~

(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 DOWNSTREAM FROM THE NOZZLE ENTRY PLANE

Figure 2.1 Required pitot tube-sampling nozzle configuration
to prevent aerodynamic interference; buttonhook-type nozzle;
centers of nozzle and pitot opening aligned; in respect to flow
direction, Dt between 0.48 and 0.95 cm (3/16 and 3/8 in.).
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SAMPLE PROBE SAMPLE PROBE I

Figure 2.2 Required thermocouple and probe placement to prevent
interference: Dt between 0.48 and 0.95 cm (3/16 and
3/8 in.).
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2.1.2 Calibration setup A test setup for calibrating the

pitot tube can be constructed in the laboratory from a straight
section of duct that is 10 to 12 duct diameters long, as shown

in Figure 2.3. The diameter of a circular duct must be at least
30.5 cm (12 in.), and the width (shorter side) of a rectangular
duct of the same area must be at least 25.4 cm (10 in.). For a
rectangular cross section, an equivalent circular diameter calcu
lated from the following equation should be used to determine the
required minimum length.

where

2 L W
(L + W) Equation 2-1

De = equivalent diameter,
L = length of one side of duct, and
W = width of other side of duct
To ensure stable, fully developed flow patterns at the cali

bration site or at the "test section, II this site must be located
at least eight diameters downstream and two diameters upstream
from any flow disturbance such as a bend, change in cross sec
tion, fan, or opening.

The eight- and two-diameter criteria are not absolute, and
other test section locations may be used (subject to approval of
the administrator), provided that the flow at the test site is
stable and parallel to the duct aX1S. This may be achieved

by using flow straighteners.
The flow system should generate a test section velocity of

about 915 m/min (3000 ft/min) i this velocity must be constant
wi th time to guarantee steady flow during calibration. Type S

pitot tube coefficients obtained by single-velocity calibration
at 915 m/min (3000 ft/min) will generally be valid to within +3%

for the measurement of velocities above 305 m/min (1000 ft/min)
and to wi thin :!.6% for those between 180 and 305 m/min (600 and
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1000 ft/min). A more preClse correlation between Cp and velocity
can be obtained if at least four distinct velocities ranging from
180 to 1525 m/min (600 to 5000 ft/min) are used. 7 ,8

Two entry ports--one each for the standard and for the
Type S pitot tubes--should be cut in the test section, as shown
in Figure 2.4. The standard pitot entry port should be slightly

downstream of the Type S port, so that the standard and Type S
impact openings will lie in the same cross-sectional plane during
calibration. The exact distance between openings depends on the
standard pitot tube diameter. To facilitate alignment of the
pitot tubes during calibration, the test section should be con
structed of plastic or some transparent material.

A permanently mounted manometer should be provided near the
calibration site. Plastic tubing and two-way valves will faci
litate connecting the manometer to the pitot tubes and In
switching from one pi tot tube to another. pi tot tube holders
should be used to maintain the alignment and location of each
pitot tube during calibration.
2.1.3 Calibration Procedure - One leg of the Type S pitot tube
should be marked with an "A" and the other with a "B." To
obtain calibration data for both the A and B sides, proceed as
follows:

1. Clean and fill the manometer with clean fluid of the
proper density. Inspect and leak check all pi tot lines and
fittings; repair or replace if necessary.

2. Assemble the apparatus, as shown In Figure 2.4.
3. Level and zero the inclined manometer. Turn on the

fan, and allow the flow to stabilize. Seal the Type S entry port

with duct tape.
4. Position the standard type pitot tube near the center

of the duct, and seal the entry port with duct tape or other
means. Check to be sure that the pitot tube is properly aligned

and perpendicular to the duct.
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5. Adjust the fan speed or intake area to give a desired

velocity head, as measured by the standard pitot tube, and record

LiPstd on a form such as Figure 2.5. Check the reading aga1n;
withdraw this pitot tube; and seal the opening.

6. Connect the Type S pitot tube to the manometer. Insert
the Type S tube, and locate the tip at the same point in the duct

as that measured by the standard tube.

7. Align the Type S tube with leg A facing directly up
stream. Alignment of the pitot tube along the roll and pitch

axes 1S best accomplished by visually aligning it against the
duct. Seal the entry port with a rag or duct tape. Figures 2.6

and 2.7 illustrate the magnitude and characteristics of measure
ment errors in Cp associated with varying degrees of nonalignment

on the roll (yaw) and pitch axes, respectively.

8. Read and record the velocity head, LiPs in Figure 2.5.

Remove the Type S tube from the duct, and disconnect the manom
eter.

9. Repeat steps 4 through 8 above until three sets of
velocity head measurements are obtained.

10. Repeat the complete procedure with leg B of the Type S
pitot tube facing upstream.

11. Calculate the Type S pitot tube coefficient, Cp(S)' for
each set of measurements, using Equation 2-2.

Equation 2-2

where

Cp(S) = Type S pitot tube coefficient,

Cp(std) = standard pitot tube coefficient (use 0.99 if
coefficient is unknown and tube is designed
according to guidelines in section 3.1.1),

LiPstd = velocity head measured by the standard pitot tube,
cm (in.) H

2
0, and

LiPS = velocity head measured by the Type S pitot tube,

cm (in.) H20.
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"J II

(OD)~ ID number FJ)- J

Type S pitot tube ID number 3~

Calibration: date 5£lt Ii /979

A-side Calibration

Cp (std) = o. 9 fj

performed by If. g ~owtJ

f1Pstd' f1ps I

b
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B-side Calibration
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Average f, t' ~ 0 OL,37v. t\

a V!'.Pstd 0.84 .cp(S) = cp(std) Llps =

bDEV = cp(S) - C (must be ~O.Ol)pi

Cp(A) Cp(B) = 0 (must be ~O.Ol)

Figure 2.5 pitot tube calibration data.
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Figure 2.6 Example of error in measured stack gas velocity as a
function of tube misalignment along its roll axis (yaw).
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Figure 2.7 Example of error in measured stack gas velocity as a
function of tube misalignment along its pitch axis.
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and

twobetween these

average A-sideand Cp(B), the

the difference

12. Calculate C (A)
P

B-side coefficients, and

averages.

13. Calculate the deviation of each of the three A-side

values of Cp(S) from Cp(A), and the deviation of each B-side

value of CP(S) from Cp(B), using Equation 2-3.

Deviation = Cp(S) - Cp (A or B). Equation 2-3

14. Calculate s, the estimated standard deviation of the

deviations from the mean for both the A and B sides of the pitot

tube using Equation 2-4.

(i [C
p

( S) - C
p

(A or B)] 2 )1/2
s (A or B) = .=.1------.."..2----- Equation 2-4

Use the Type S pitot tube assembly only if the values of s for

both A and Bare <0.02 and if the absolute value of the differ-- --
ence between C (A) and C (B) is <0.01.

P p -
2.1.4 Special Calibration Considerations - The pitot tube-probe

assembly may block a significant part of the flow in ducts <91 cm

(36 in.) in diameter. This blockage, in turn, affects the pitot

tube calibration factor. To check for any blockage effects, use

the following procedure:

1. Make a projected-area model of the pitot tube assembly

with the Type S pitot tube impact opening positioned at the

center of the duct (Figure 2.8). This model represents the

approximate "average blockage ll of the duct cross section during

calibration or during a sample traverse. Al though the actual

blockage will be less than this for sample points close to the

near stack wall and more than this for points close to the far

wall, the model approximates the average condition.

2. Calculate the theoretical average blockage by taking

the ratio of the projected area of the probe sheath to the cross



NOTE: A PITOT TUBE ASSEMBLY WITH
NO EXTERNAL SHEATH IS SHOWN.

PERCENT [L x W ]
THEORETICAL = DUCT AREA x 100.

BLOCKAGE

Figure 2.8. Projected-area model for sampling of small
ducts with pitot tube assemblies.
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sectional area of the duct (use consistent units of measure), and

multiply by 100. If the theoretical blockage is either ~2% for

an assembly with an external sheath or ~3% for an assembly with

out an external sheath, the decrease in Cp will be <1% and no

adjustment in the pitot tube coefficients will be necessary. If

the theoretical blockage exceeds these values, apply a correction

factor, as shown in Figure 2.9. During calibration, the blockage

effect can be minimized by keeping the pitot tube approximately

halfway between the near side wall and the center.

2.1.5 Recalibration - After each field use, the isolated pitot

tubes must be carefully examined and their dimensions checked, as

specified in section 3.1.1. If damaged, a tube must either be

repaired to conform with the acceptable dimen9ions or be dis

carded. pitot tube assembly dimensions must also be carefully

checked. If the component spacings have not changed and if

alignment is intact, the assembly may be reused with the same

correction factor. If the spacings have changed, either restore

the original spacing or recalibrate. No correction to the field

data is required for runs that were started with acceptable pitot

tubes. If the pitot tube is damaged, it may be replaced using an

interference-free spacing, as shown ln section 2.1; otherwise,

the assembly should be recalibrated.

Standard pitot tubes need not be recalibrated. If they are

damaged, they should be replaced.

2.2 Stack Temperature Sensor

The stack temperature sensor should be calibrated upon

receipt or checked before field use. Each sensor should be

uniquely marked for identification. The calibration should be

performed at three points and then extrapolated over the range of

temperatures anticipated during actual sampling. For the three

point calibration, a reference mercury-in-glass thermometer

should be used.

The following procedure is recommended for calibrating stack

temperature sensors (thermocouples and thermometers) for field
11use.
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USE FOR ASSEMBLIES WITH
NO EXTERNAL SHEATH

USE FOR ASSEMBLIES WITH
EXTERNAL SHEATH
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Figure 2.9 Adjustment of Type S pitot tube coefficients to
account for blockage effects in duct <91 cm in
diameter.
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1. For the ice point calibration, form
crushed ice and liquid water (preferably deionized,

an insulated vessel such as a Dewar flask.
Taking care that they do not touch the sides of the flask,

insert the stack temperature sensor into the slush to a depth of
at least 2 In. wait 1 min to achieve thermal equilibrium, and

record the readout on the potentiometer. Obtain three readings

taken in I-min intervals. Note: Longer times may be required
to attain thermal equilibrium with thick-sheathed thermocouples.

2. Fill a large Pyrex beaker with water to a depth ~4 in.
Place several boiling chips in the water, and bring the water to
a full boil using a hot plate as the heat source. Insert the
stack temperature sensor(s) in the boiling water to a depth of at
least 2 in., taking care not to touch the sides or bottom of the

beaker.
Alongside the sensor(s), an ASTM reference thermometer

should be placed. If the entire length of the mercury shaft in
the thermometer cannot be immersed, a temperature correction will
be required to give the correct reference temperature.

After 3 min, both instruments will attain thermal equilib
rlum. simultaneously record temperatures from the ASTM reference
thermometer and the stack temperature sensor three times at I-min
intervals.

3. For thermocouple, repeat step 2 with a liquid that has
a boiling point (such as cooking oil) in the 150 0

- 250°C (300° 
500°F' range. Record all data on Figure 2.10. For thermometers,
other than thermocouples, repeat step 2 with a liquid that
boils at the maximum temperature that the thermometer is to be
used, or place the stack thermometer and reference thermometer in
a furnace or other device to reach the required temperature.
Note: I f the thermometer is to be used at temperatures higher
than the reference thermometers will record, the stack thermom
eter may be calibrated with a thermocouple previously calibrated
with the above procedure.
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Date ..2, /979 Thermocouple number j(P

Ambient temperature ,2/ J °C Barometric pressure ;l9. Y.J in. Hg

Calibrator r Wf/TKI/l/J Reference: mercury-in-glass .jtSTH 8 c.:

other

Reference Thermocouple
Reference

sourceb thermometer potentiometer Temperature

n~:~;a
temperature, temperature, difference,c

(specify) °C °c %

0
co)

/ ,.'C'~/(}"-.~ ,,'(~ +.::.-.- / '. ("-., -

co
(~) ) %u

/ ': (\ r_~'c Ii, ,''', ,\ ;:::,~
C' ", t ('"-, (1 . , D

{~' _.- I Ie i, ~ ..) C'_ / L I. '_ .~

i--,. )C~ r~\

1 '1 ' i ! 1\.--1 'j 1'. ~.-
() 0,,:) %

--' . \ "\ ~) '-:- /- "'C "'><. \... J C
(' ,\,1(\., '1 (.. ', \ ("). \..- 'J! I ,,) -

'.'

aEvery 30°C (50°F) for each reference point.
b 1" dType of ca lbratlon system use .

C[(ref temp, °c + 273) - (test thermom temp, °C + 273)] 100~1.5%.
ref temp, °C + 273

Figure 2.10 Stack temperature sensor calibration data form.
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4. I f the absolute temperature values of the reference

thermometer and thermocouple(s) agree within ±1.5% at each of the

three calibration points, plot the data on linear graph paper and

draw the best-fit line between the points or calculate the linear

equation using the least-squares method. The data may be extrap

olated above and below the calibration points and cover the

entire manufacturer's suggested range for the thermocouple. For

the portion of the plot or equation that agrees within 1.5% of

the absolute reference temperature, no correction need be made.

For all other portions that do not agree wi thin ±1.5% use the

plot or equation to correct the data.

If the absolute temperature values of the reference ther

mometer and stack temperature sensor (other than the thermo

couple) agree wi thin ±1.5% at each of the three points, the

thermometer may be used over the range of calibration points for

testing without applying any correction factor. The data cannot

be extrapolated outside the calibration points.

2.3 Barometer

The field barometer should be adjusted initially and before

each test series to agree within 2.5 rom (0.1 in.) Hg of the mer

cury-in-glass barometer or the station pressure value reported by

a nearby National Weather Service station corrected for eleva

tion. The correction for elevation difference between the weath

er station and sampling point should be applied at a rate of

-2.5 rom (0.1 in.) Hgj30 m (100 ft). Record the results on the

pretest sampling check form or on a similar form, as shown in

section 3.1.3.

2.4 Differential Pressure Gauge

Differential pressure gauges other than inclined manometers

must be calibrated initially, and their calibration must be

checked after each test series. Calibrate and check the differ

ential pressure gauge using the following procedure:

1. Connect the differential pressure qauge to a gauge-oil

manometer, as illustrated in Figure 2.11.



TO PRESSURE SOURCE OR
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DIFFERENTIAL PRESSURE
GAUGE

TO VACUUM SYSTEM OR
VENTED TO ATMOSPHERE

Figure 2.11 Differential pressure gauge check.



section No. 3.1.2
Revision No. 0
Date January 15, 1980
Page 19 of 21

2. Vent the vacuum side to the atmosphere, and place a

pressure on each system.

3. Compare ~p readings of the differential pressure gauge

wi th those of the gauge-oil manometer at a minimum of three

points representing approximately the range of ~p values to be

encountered. Follow the same procedures on the vacuum side by

venting the pressure side to the atmosphere and by putting a

vacuum on the system.

4. The posttest calibration should be performed at the

average ~p. I f the agreement is wi thin ±5% the calibration J.S

acceptable; if not, void the data or consult the administrator to

determine acceptability.

5. Record the data on a form such as Figure 2.12. If, at

each point, the value of ~p as read by the differential pressure

gauge and the gauge-oil manometer agree within 5%, the differen

tial pressure gauge should be considered properly calibrated.
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Gauge type

Scale eJ-I"

Serial or ID number

Gauge-oil manometer ~p

Differential pressure
gauge ~p

Pressure
difference

%

0. f

(;, dO

C)

o
o

/ ...., 0, I
c.)

'. .

(' '. r) () " I 'S C)
_) : () t,"

I :-..) 0

( " -, (; (), d-() C)
,-' . (;J.. )

Calibration: initial

Date calibrated ./}q,u.rr ~ /919

posttest

Figure 2.12 Differential pressure gauge calibration data form.
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Table 2.1 ACTIVITY MATRIX FOR CALIBRATION OF APPARATUS

Apparatus

Type S pitot
tube and/or
probe
assembly

Stack gas tem
perature
measurement
system

Barometer

Differential
pressure
gauge (does
not include
inclined
manometers)

Acceptance limits

All dimension speci
fications met, or
calibrate according
to Sec 3.1.2, and
mount in an interfer
ence free manner

Capable of measuring
within 1.5% of minimum
stack temperature
(absolute)

Agrees within 2.5 mm
(0.1 in.) Hg of
mercury-in-glass
barometer

Agree within ±5% of
inclined manometers

Frequency and method
of measurement

When purchased, use
method in Secs 3.1.1
and 3.1.2; visually
inspect after each
field test

When purchased and
after each field
test, calibrate
against ASTM 3C or
3F thermometer

Initially and after
every field use,
compare to a liquid
in-glass barometer

Initially and after
each field use

Action if
requirements
are not met

Do not use
pitot tubes
that do not
meet face
opening
specifi ca
tions; re
pair or re
place as re
quired

Adjust to
agree with Hg
bulb thermom
eter, or con
struct a cal
ibration
curve to cor
rect the
readings

Adjust, re
pair, or
discard

Reject test
results, or
consult
administra
tor if post
test calibra
tion is out
of specifi
cation
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3.0 PRESAMPLING OPERATIONS

The quality assurance activities for presampling prepara

tions are summarized in Table 3.1 at the end of this section.

See section 3.0 of this Handbook for details on preliminary site

visits.

3.1 Apparatus Check and Calibration

Figures 3.1 and 3.2 or similar forms are recommended to aid

the tester in recording calibration data and in preparlng an

equipment checklist, status form, and packing list.

3.1.1 Type S pitot Tube and Differential Pressure Gauge For

the Type S pitot tube and inclined manometer assembly illustrated

in Figure 1.2, the following checks should be made before each

field test.

1. Visually inspect the pitot tube openings for damage

such as a scratch, nick, or dent that would tend to disrupt the

air flow pattern. Check for proper alignment; that is, the cen

ters of the two openings should be in a straight line such that

when one opening is directed upstream, the other will be exactly

180 0 opposite, pointing downstream. If the damage or misalign

ment is obvious when visually inspected, the pitot tube should be

replaced or repaired. Check the weld spots holding the two legs

together; if broken, repair. Calibration must be checked after

repair if the pi tot tube does not conform to specifications.

2. Check the quick disconnects on the pitot tube and check

the connecting lines for proper operation. Clean the small metal

parts of the disconnect. Lubricate sparingly to help to keep

them free.

3. Blowout the pitot tube legs from the line ends with

compressed air, rinse with distilled water then with acetone, and

dry with compressed air.

4. Visually inspect the differential pressure gauge for

damage. Repair or replace as necessary. Level the inclined
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Date Completed by

pitot Tube

Identification number Date /Jt.1' Cisr 0 /9? 9
Dimension specifications checked?*

Calibration required?

Date

Temperature Sensor

Identification number

Calibrated?*

v_____ yes

yes

/&

yes

no

no

no

yesWas a pretest temperature correction used?
If yes, temperature correction -------------

Barometer

Was the pretest field barometer reading correct?* ~yes no

Differential Pressure Gauge

Was pretest calibration acceptable?* yes no--------

*Most significant items/parameters to be checked.

Figure 3.1 Pretest sampling checks.
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Acceptable Quantity Ready Loaded
Apparatus check Yes No required Yes No and packed

pitot Tube
"

Type S
/

,-J \/ ~e.~v/

Standard

Length~ Jl( ft)

Calibrated*
/

\/

Differential
Pressure Gauge

Inclined manom-
eter sensitivity .' v/ jeS,/ 7
C' .- .;;6- 9It( (in. ) ~)

other

Stack Temperature
Sensor /1/

-',
Type -; h\'1" rn~~Cl\)I)\ l,

-.(':':, ,-)es\/ _/

Calibrated* "I f:'~,

Orsat Analyzer

vI' ,/ ') I jeS
Orsat to--:..

/
,1 / e c '/

~ l.\ ,..:J
Fyrite v v

<....J

Other

*Most significant items/parameters to be checked.

Figure 3.2 Pretest preparation check.
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manometer (if used as the differential pressure gauge), and fill

with the proper specific gravity fluid; this recommended fluid is

usually inscribed on the manometer. Check for leaks, especially

around the fluid level plunger and drain screws. Replace the

fluid level plunger or O-rings if leaks are detected. Clean the

manometer when it is dirty and change the fluid at any sign of

fading. If other differential pressure gauges are used, follow

the manufacturer's check-out instructions.

5. Connect the pitot tube and differential pressure gauge

with the pitot tube lines. Check for obstructions by blowing

lightly on one pitot tube leg and then the other; watch the

responses of the gauge. Also check for leaks by blowing into the

downstream leg, sealing the opening, and noting any drop in the

pressure gauge reading. Check the upstream leg by drawing a

slight vacuum, sealing, and noting the gauge. I f there are no

leaks, the gauge readings will remain constant. No change in the

differential pressure gauge reading should occur.

6. Check the manometer fluid reservoir for proper adjust

ment. A standard 0-254 mm (0-10 in.) H20 manometer should be

able to adjust ±1.3 rom (0.05 in.) H20.

3.1.2 Temperature Measurement System - The following temperature

gauge checks should be made before each field test:

1. Visually check the readout device, sensor, and inter

connecting lines or wires as applicable for general appearance.

If damage is detected, repair or replace as necessary.

2. Compare the ambient temperature readings made with the

temperature measuring system to those made with a mercury-ln

glass thermometer. If the system does not agree within ±4°C

(this is less than ±1.5% at about 293K, which is near room tem

perature) of the thermometer, the temperature measuring system

should be calibrated as directed in section 3.1.2. Otherwise,

record the two readings in the calibration log book and date and

initial the entries.

3.1.3 Barometer - Check

of a mercury barometer.
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(0.1 in.) of mercury, adjust the field barometer until it agrees

with the mercury barometer. Record the two readings ln the cali

bration log book; date and initial the entries.

3.2 Packing Equipment for Shipment

The logistics, time of sampling, and quality of data of any

source testing method are dependent upon the packing of equip

ment in regards to (1) accessibility, (2) ease of movement, and

(3) optimum functioning of measurement devices in the field.

Equipment should be packed under the assumption that it will

recelve severe treatment during shipping and field operation.

3.2.1 Type S pitot Tube - Pack the pitot tube in a case pro

tected by styrofoam or other sui table packing material. The

case should have handles which can withstand hoisting and should

be rigid enough to prevent bending or twisting of the pitot tube

during shipping and handling.

3.2.2 Differential Pressure Gauge Close all valves on the

pressure gauge and pack it ln a sui table case for shipment.

Pack spare parts such as a-rings and operating fluid (for In

clined manometer).

3.2.3 Temperature Measurement System - Proper packing of the

temperature measuring systems depends on the type of system used.

In general, the sensor and leads can be protected from breakage

or other damage during shipment by securing them to the pitot

tube and enclosing them with suitable packing material. The

readout device, if detachable from the sensor, should be packed

in a separate packing case. Check batteries and include spares

prior to shipment if applicable.

3 .2 .4 Barometer - The barometer should be packed ln a shock

mounted (spring system) carrying case.
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Table 3.1 ACTIVITY MATRIX FOR PRE-SAMPLING

Operation

Type S pitot
tube assembly

Temperature
measurement
system

(continued)

Acceptance limits

1. No evidence of
damage/misalignment

2. Proper operation

3. Cleaned accord
ing to procedure

4. No leaks

5. No visual damage
or leaks

6. Proper response
of the gauge

7. Sensitivity ±1.3
mm (0.05 in.) H

2
0

Agreement within ±4°C
(7°F) «1.5% at 293K)
(530 0 R)j ~ room temp
ature

Frequency and method
of measurement

1. Visually check
for damage, alignment

2. Check quick dis
connects for proper
operation

3. Blowout tube
legs; rinse first
with distilled H

2
0

and then with
acetone; dry with
compressed air

4. Check for leaks

5. Visually check
differential pres
sure gauge for
damage or leaks

6. Check for ob
struction by
blowing lightly

7. Check reservoir
for proper adjust
ment range

Before each field
test, compare ab
solute ambient
readings to those
with a Hg-in-glass
thermometer

Action if
requirements
are not met

1. Replace or
repair, and then
recalibrate

2. Clean, and
use a drop of
penetrating
oil

Reclean

4. Repair or
replace as
necessary

5. Repair
or replace
as necessary

6. Remove ob
struction, and
repeat test

7. Add or
remove fluid

Recalibrate
the system
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Action if
Frequency and method requirements

Operation Acceptance limits of measurement are not met

Barometer Agreement within ( 2.5 Before each field Adjust until
rom) 0.1 in. Hg test, check against agreement

a Hg barometer attained

Packing equip- Packed according Visually check Correct the
ment for to specified packing
shipment conditions procedure
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a

steps:

this includes

as described ln

4.0 ON-SITE MEASUREMENTS

The on-site measurement activities include transporting

equipment to the test site, unpacking and assembling equipment,

making duct measurements, measuring velocity, determining mole

cular weight, and recording data. Table 4.1 at the end of this

section summarizes the quality assurance activi ties for on-site

measurements. A copy of all field data forms mentioned are in

section 3.1.12.

4.1 Transport of Equipment to the Sampling site

The most efficient means of transporting the equipment from

ground level to the sampling site should be decided during the

preliminary site visit (or prior correspondence). Care should be

exercised to prevent damage to the test equipment or inj ury to

test personnel during the moving phase.

4.2 Velocity Measurement

On-site measurements include the following

1. Preliminary measurements and setup;

determination of acceptable flow conditions,

Method 1 (Section 3.0.1).

2. Leak checking the pitot tube and differential pressure

gauge.

3. Insertion of the pitot assembly into the stack.

4. Sealing the port.

5. Measuring velocity pressure and temperature at de-

signated points.

6. Measuring the static pressure of the stack.

7. Determining the moisture content according to Method 4.

8. Determining the molecular weight according to Method 3.

A final leak check of the pi tot tube and differential pressure

gauge assembly must always be performed upon completion of sam

pling. Record all data on Figure 4.1 or similar form.
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Plant and city Run date

_ (,'0. (V':L! '-- /,-, ( !}j r. iruc c,1 J I J In~ I,S' Ie:t,"'- \ C) , J" " " 'rf \ l >( e,u_ ~ ../ ,......-

Sampling location Clock
1-1:71 1' ,~) I- C' (" r- time '1 '(D

Run Amb. temp. , Bar. press. , Static press. ,
number Operator OF in. Hg in. H2O

/) "'-, \ A--/CJ ~1/ /~ ,~-}/,) < lJ r? '\,./{ :5"-/ - C), 0 ...5! J "

Molecular
wt.

Stack inside dimension in.
Diam. of side 1 side 2

Pitot
tube (C )

P

Field data

Velocity Cyclonic flow determination
Traverse head Angle (0:)
point Position, (bps), Stack temp. , bp at 0° which yields
number in. in. H2O OF re~erence a null bp

,,' I -, , , '::' ~' .... " J I". -, () \ " ;r .., ~,
,

~.:::}
~

,~ , ~,
, ,

, ) $, "1 ,r> :-, :2.., "
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, "C; ~ '--j ~
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! " .?

.<.I' 2'
, "

~<ir ,,,,\ '7 '")'", ..
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,I '" ') ,~, ~ " J }I ,
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, 'ivy () ~

')
'0 ,...... J,~ ...... -::;: :: </ ;; ~' 1;'5' r ,,> 'I- -:",', r " \ "<6'1 7, S -6-,
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Average angle (0:) a ,.-)
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a Average of 0: must be <10 degrees to be acceptable.

Figure 4.1 Method 2 gas velocity and volume data form.
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4.2.1 Preliminary Measurements and Setup - An accurate determi
nation of the stack's cross-sectional area is important when
calculating volumetric flow rate. Also, the inside dimensions
must be known to properly mark the pitot tube for making a veloc
i ty traverse and to calculate a total flow rate. Field team
members must use good judgement and experience in selecting the

best method of measuring stack dimensions for each particular

situation.
Two commonly used methods of measuring stack dimensions are:
1. Inserting a rigid rod made of metal or other material

that will, in most instances, withstand stack conditions through
a sampling port, is the easiest and most accurate method of mea
suring the dimensions (i. e., diameter or length and width) of

small stacks. caution: When testing a stack that has hot and/or
noxious gases at a positive pressure, use a packing gland to pre
vent the gases from escaping from the sampling port. Also, wear
asbestos gloves when working around a hot stack.

Because all circular stacks are not perfect circles and
because all sides of a rectangular stack are not straight, best
results are obtained if the dimensions are measured from as many

sampling ports as available at the sampling site. Calculate the
average value for use in subsequent calculation of the volumetric
flow rate. Sketch the cross-sectional area of the stack on the
sample data form (Figure 4.1), and show all measured dimensions
and their values. Record the average value on the same form ln
the blank space designated for stack dimension. (If the stack is
rectangular, record the average length and width in this space,
and mark out the diameter.) Determine all dimensions to the
nearest 3 mm (1/8 in.).

2. For stacks too large or too inconvenient for measurlng
with a rod as described in (1) above, the next best method may be
to measure the outside circumference and to calculate the inside
diameter (d):

d = (C/T() - 2t Equation 4-1



section No. 3.1.4
Revision No. 0
Date January 15, 1980
Page 4 of 12

where

d = inside diameter of the stack,

C = outside circumference of stack,

IT ~ 3.1416 ~ 22/7, and

t = stack wall thickness.

For rectangular stacks, measure the outside dimensions and

subtract the (2t) wall thickness; measure all lengths to the

nearest 3 rom (1/8 in). Note: In horizontal ducts, particulate

buildup may occur on the bottom of the duct; this buildup (deter

mined visually or by probing with a rod) should be subtracted

from the duct cross section. Select the sampling site location

in accordance with Method 2; if this is not possible due to duct

configuration or other reasons, have the sampling site location

approved by the administrator. Determine the minimum number of

traverse points by Method 1, or check the traverse points deter

mined from the preliminary site visit (Section 3.0 of this Hand

book). Record all data on the traverse point location form, as

shown in section 3.0. Use these measurements to locate the pitot

tube and the sampling probe during preliminary measurements and

actual sampling.

4.2.2 Stack Parameters - Check the sampling site for cyclonic or

nonparallel flow, as described in Method 1 (Section 3.0.1). The

sampling site must be acceptable before a valid measurement can

be made. Be sure that the proper differential pressure gauge is

chosen for the range of velocity heads encountered.

4.2.3 Velocity Measurement - Determine the number and location

of traverse points and sampling ports by Method 1. For circular

stacks <3 m (10 ft) in diameter, two ports along diameters at

right angles to each other and in the same plane are sufficient;

however, when the stack diameter is >3 m (10 ft), four ports--one

at each end of the two diameters--are desirable to avoid the use

of extra long pitot tubes. If it 1S necessary to use a Type S

pitot tube >3 m (10 ft) in length, it should be structurally re

inforced to prevent bending of the tube and resulting in the type
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error illustrated in Figure 2.7.

point should be identified by a

so-designated on the sketch.

Measure the velocity head and temperature at each traverse

point accessible from a given port by measuring each point once

as the pitot tube is inserted into the stack and moved across the

stack's diameter. To prevent damage or clogging, be careful to

avoid touching the pitot tube tip to the side of the stack wall.

A standard pitot tube may be used instead of a Type S, for

conducting velocity traverses; however I the static and impact

pressure holes of standard pitot tubes are susceptible to plug

ging in particulate-laden or moist gas streams. Therefore, when

ever a standard pitot tube 1S used to perform a traverse,

adequate proof must be furnished to show that the openings of the

pitot tube did not plug up during the traverse period.

The following procedure will provide sufficient evidence

that plugging did not occur.

1. Measure the velocity head (~p) reading at the final

traverse point.

2. Clean out the impact and static holes of the standard

pi tot tube by "back purging" with pressurized air, and then re

measure the ~p at the final point. If the ~p readings before and

after the air purge are the same (±5%), the traverse is accept

able. Note: If ~p at the final point is unsuitably low, another

point may be selected.

If "back purging" at regular intervals is part of the pro

cedure, comparative ~p readings should be taken (as above) for

the last two back purges at which suitably high ~p readings are

observed.

3. Record the clock time I ~p I and Ts for each traverse

point on the data form (Figure 4.1).

4. After the traverse, check the

gauge zero setting and local indicator.

reset and repeat the traverse.
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If a more sensitive differential pressure gauge is required

after making a traverse because the velocity head readings were

<1.3 mm (0.05 in.), use a more sensitive manometer, as discussed

in section 3.1.1. After completing the traverse, check the pitot

tube differential pressue gauge assembly again for leaks, as de
scribed in Subsection 4.2.5.

4.2.4 Measurement of Low Velocities - A Type S pitot tube can
be used to measure velocities as low as 122 m/min (400 ft/min)

without affecting the calibration coefficient.

Most sampling trains are equipped with a 10-in. (H20 column)

inclined vertical manometer that has O. Ol-in. divisions on the

O-to-l-in. inclined scale and 0 .l-in . divisions on the I-to
lD-in. vertical scale. This type of manometer (or other gauge
of equivalent sensitivi ty) is satisfactory for the measurement
of ~p values as low as 1.3 mm (0.05 in.) H20. However, a differ

ential pressure gauge of greater sensitivity should be used (sub

ject to the approval of the administrator) if any of the follow

ing is found to be true:
1. The arithmetic average of all ~p readings at the tra

verse points in the stack is <1.3 mm (0.05 in.) H20;

2. More than 10% of the individual ~p readings are <1.3 mm
(0.05 in.) H20 points, for traverses of 12 or more points;

3. More than one ~p reading is <1.3 mm (0.05 in.) H20 for
traverses of fewer than 12 points.

As an alternative to criteria (1) through (3) above, the

following calculation may be performed to determine the necessity

of using a more sensitive differential pressure gauge:

n

V~PiL + K
i = 1T = n

l ~l~
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Lip.
l

where
= individual velocity head reading at a traverse point,

nun (in.) H
2
0,

n = total number of traverse points, and

K = 0.13 nun (0.005 in.) H20.

If T lS >1.05, the velocity head data are unacceptable, and a

more sensitive differential pressure gauge must be used.

4.2.5 Special Precautions - Before and during the traverse, a
number of precautions should be taken:

1. The pitot tube should be short enough for easy handling
from outside the stack when held at any traverse point for safety
reasons and for efficiency in the measurement process.

2. The alignment should be made visually with reference to
the stack geometry and not by rolling or tipping the pitot tube
until a maximum response is observed.

3. If the gas stream contains a significant concentration
of particulates, both legs of the pitot tube should be blown out
frequently during the velocity traverse.

4. All unused sampling ports must be plugged, and the port
being used should be sealed as tightly as possible to minimize
any disturbance on the gas flow pattern when making a velocity
measurement. The port being used can be sealed with asbestos
material, precut sponge, or duct tape depending on the tempera
ture of the stack gas.

5. If liquid droplets are present In the gas stream, a
liquid trap should be inserted In the gauge line leading to the
upstream pitot tube leg (impact opening). A trap may be required
for both legs.

6. When testing a stack that has hot and/or noxious gases
under positive pressure, a packing gland and gate valve assembly
should be used to prevent the gases from escaping from the sam
pling port. caution: Asbestos gloves should be worn when work
ing around a hot stack. Always wear safety glasses and under
hazardous conditions, fullface shields.
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7 . Damage or suspected damage to any item of equipment,

such as a pitot tube or an inclined manometer, during the test

should be fully documented at the time it occurs or at the first

awareness of its occurrence. The item should be replaced by a

spare if available. If it is necessary to continue using the

damaged item, a posttest calibration (as described in section

3.1.2) should be performed, and the new calibration should be

used for the data collected after the damage occurred.

4.2.6 Measurement of the static Pressure in the Stack Three

acceptable methods for measuring static pressure are glven in the

order of decreasing acceptability:

1. Install a tap perpendicular to the stack gas flow, or

insert a 6-mm (0.25-in.) steel tube into the sampling port while

maintaining a good seal. Connect one side of a U-tube manometer

to the tap, and vent the other side of the manometer to the

atmosphere. If the pressure is expected to be >63-75 cm (25-30

in.) H20, a mercury-filled U-tube manometer should be used

instead of a water-filled U-tube.

2. Use the static pressure tap of a standard pitot tube

connected to one side of a manometer. (If the stack pressure is

obviously negative, connect the static pressure tap to the other

side of the manometer; otherwise trial and error will have to

suffice.) Vent the remaining side of the manometer to the

atmosphere. Point the pi tot tube pressure opening (the uncon

nected end) directly into the flow and seal the port around the

tube.

3. Use a Type S pitot tube with the pitot tube openings

facing perpendicular to the gas stream. Connect only one leg of

the pitot tube to the manometer; vent the other side of the

manometer to the atmosphere. Take extreme care to align the

probe properly and to seal the port around the pitot tube.

One static pressure reading is usually adequate for all

points within a stack; however, this must be confirmed by ran

domly moving the pressure probe over the stack to see if there

are any significant variations--that lS, a range of pressure
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for physical flow disturbances. If
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values >100 mm (4 in.) H20.

visually check the location

none are found, measure and

traverse point.

4. Measure the atmospheric pressure at the test site uSlng

the barometer.

Record the static pressure, Pg , (be sure to include the plus

or minus sign for positive or negative pressure respectively) as

read from the manometer on the velocity data form, Figure 4.1.

4.2.7 pitot Tube Calibration Check - If the pitot tube coef

ficient were based on an acceptable geometry standard, be sure

that the pitot meets these standards prior to each run and that

no posttest data correction is required from any pitot tube

damages that may have occurred during testing.

4.2.8 Dry Stack Gas Molecular Weight Determination - For combus

tion processes, use Method 3. For processes emitting essentially

air, an analysis need not be conducted and a molecular weight of

29 should be used. Moisture content can be measured by using

Method 4. For other processes, consult the administrator.

4.3 Sample Logistics (Data) and Packing of Equipment Follow

the above procedures until the required number of runs are com

pleted. Log all data on the form shown previously in Figure 4.1.

The following are recommended at the completion of the test

serles:

1. Record and duplicate all data recorded during the field

test by the best means available. One set of data can then be

ei ther mailed to the base laboratory, given to another team

member, or to the Agency; the original data should be hand

carried.

2. Examine all sampling equipment for damage, and then

properly pack it for shipment to the base laboratory. All ship

ping containers should be properly labeled to prevent loss of

equipment.

3. Quickly check sampling procedures uSlng the data form,

Figure 4.2.
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Sampling

pitot tube, lines, and manometer assembled correctly?*

pitot tube and components mounted in an interference free man-
ner?* Cj£S

Differential pressure gauge has correct sensitivity?*

Differential pressure gauge leveled and zeroed?*

Pretest leak check? (optional) Cyclonic flow checked? ~ES

pitot tube parallel to stack walls?*

static pressure measured?

Moisture content determined?

Temperature measured?

Orsat samples taken? If no explain:

Posttest leak check performed?*

Data recorded properly?

(mandatory)

*Most significant items/parameters to be checked.

Figure 4.2 On-site measurements checklist.
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Table 4.1 ACTIVITY MATRIX FOR ON-SITE MEASUREMENTS

Activity

Type S pitot
tube and
differential
pressure
gauge

Temperature
measurement
system

Cross sectional
area of stack

Velocity
measurements

Static
pressure

(continued)

Acceptance limits

Leak-free connections;
manometer properly
leveled; oil column
zeroed

No physical damage

All measurements
made to the nearest
3 mm 0/8 in.)

1. Number and lo
cation of traverse
points (Method 1)

2. No leaks for 15 s

Variation in static
pressure Pg <100 mm
(3.9 in.) H20 to make
a single pOlnt mea
surement

Frequency and method
of measurement

Visually check before
taking measurements
at each field test

Visually check for
damage

During each field
test, measure inside
diameter (or width)
and/or circumfer
ence (perimeter)

1. Check before
taking measurements

2. Apparatus leak
checked upon com
pletion of tests

Use one of three
means given in Sub
sec 4.8; move probe
over cross section
to determine if
variation is
significant

Action if
requirements
are not met

Take cor
rective
action

Take cor
rective
action prior
to taking
measurements

Obtain data
as specified

Repeat
traverse

Check the
location for
disturbances
if none,
measure and
record the
static pres
sure at
each point
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Activity

Sample logis
tics (data)
and packing
of equipment

Acceptance limits

1. All data recorded
correctly

2. All equipment
examined for damage
and labeled for
shipment

Frequency and method
of measurement

1. Upon completion
of each traverse and
before packing for
shipment

2. As above

Action if
requirements
are not met

1. Complete
required
number of
runs

2. Repeat the
sampling if
damage occurred
during testing
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5.0 POSTSAMPLING OPERATIONS

Table 5.1 at the end of this section summarlzes the

quality assurance activities for postsampling operations.

5.1 Apparatus Checks

Disassemble, clean, and visually check each component of the

sample apparatus upon completion of sampling. Posttest cali

bration must be performed on the pitot tube if damaged, and the

temperature sensor.

5.1.1 pitot Tube - If the pitot tube is damaged, do not repair

if the sample runs were started with the unacceptable pitot tube.

Calibrate the pitot tube according to section 3.1.2. For cali

bration purposes, the pitot tube posttest coefficient should be

used for all data obtained using the damaged pitot tube only.

For any runs that started with an acceptable pitot tube no data

correction is required. After calibration, repair the pitot tube

and calibrate as initially (by dimensional specifications or

calibration) . Record posttest calibration data on Figure 5.1.

If all runs were started with an acceptable pitot, and repairs

can be made, no field data correction is required.

5.1.2 Temperature Sensor - The stack temperature sensor readings

should be compared with the reference thermometer readings.

For thermocouples (s) , compare the thermocouple and refer

ence thermometer values at ambient temperature. I f the values

agree wi thin f1.5% of the absolute temperature, the calibration

is considered valid. I f the values do not agree wi thin f1.5%,

recalibrate the thermocouple as described in section 3.1.2 to

determine the difference (~Ts) at the average stack temperature

(Ts ) . Note: This comparison may be done in the field immedi

ately following the tests.

For thermometers, compare the reference thermometer (1) at

ambient temperatures for average stack temperature below 100 °C

(212°F), (2) in boiling water for stack temperatures from 100° 

200°C (212° - 390°F), and (3) in a boiling liquid with a boiling



section No. 3.1.5
Revision No. 0
Date January 15, 1980
Page 2 of 3

pitot Tube

__ yes

repair?* yes no
(thisvalue must

pitot tube)

start of any test runs?
Initial pitot tube coefficient
Was pitot tube damaged prior to

v'no
If yes, was pitot tube calibrated prior to

pitot tube coefficient (damaged)
be used for runs started with the damaged

Temperature Sensor

Was a pretest temperature correction used? yes v no
If yes, temperature correction °C (OF) (within 1.5%
of readings in K (OR) over range)

Average stack temperature of compliance test (T) /9/';" K~
Temperature of refe~ thermometer or solutioft for recalibra

tion* ,2').. g K OR)
Temperature of stac ermometer for recalibration S;' '3 ;< @
Difference between reference and stack thermometer temperatur~

(llT) 5' K (OR)
Do vafues agree within tl.5%?* ~ yes no

If yes, no correction necessary for calculations
If no, calculations must be done twice, once with recorded,
values and once with average stack temperature corrected to
correspond to reference temperature differential (llT). Both
values of final results must then be reported since there is no
way to determine which is correct

Barometer

Was pretest field barometer reading correct? V' yes no
Posttest comparison ;1..9.C-/ rom (in.) (Hg within (tS.O rom (0.2 in.)

Hg} of mercury-in-glass barometer}
Was recalibration required? yes V no

If yes, no correction needed when field barometer has the lower
reading
If mercury-in-glass reading is lower, subtract the difference
from the field data readings for the calculations

*Most significant items/parameters to be checked.

Figure 5.1 Posttest sampling checks.
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point >200° (390°F) for stack temperatures between 200° - 405°C

(390° - 760°F). For stack temperatures >405° (760°F), compare

the stack thermometer with a thermocouple at a temperature with

in ±10% of the average absolute stack temperature. If the abso

lute values agree wi thin ±1.5%, the calibration is considered

valid. If not, determine the error (~T ) to correct the averages
stack temperature.

5.1.3 Barometer - The field barometers are acceptable if they

agree within ±5 rom (0.2 in.) Hg when compared with the mercury

in-glass barometer. When the comparison is not wi thin this

range, the lesser calibration value should be used for the cal

culations. If the field barometer reads lower, no correction is

necessary. When the mercury-in-glass barometer gives the lower

reading, subtract the difference from the field data readings

for the calculations.

Table 5.1 ACTIVITY MATRIX FOR POST-SAMPLING OPERATIONS

Acti on if
Frequency and method requirements

Apparatus Acceptance limits of measurement are not met

Pitot tube If damaged, recali- After every field Recalibrate,
brate according to test, vi sua11y and use cali-
Sec 3.1. 2 inspect for damage bration fac-

tor for data
obtained by
using damaged
pitot tube or
repeat the
tests

Temperature Withi n ±1. 5% of Calibrate with ASTM Use correc-
sensor absolute temperature mercury-in-glass tion factor

thermometer on tempera-
ture data

Barometer Within ±2.5 mm (0.1 Compare with mercury- Recalibrate,
in.) Hg at ambient in-glass barometer and use lower
pressure after each test barometric

values for
calculations
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6.0 CALCULATIONS

Calculation errors due to procedural or mathematical ml.S

takes can be a large part of total system error. Therefore, it

is recommended that each set of calculations be repeated or spot

checked, preferably by a team member other than the one who per

formed the original calculations. If a difference greater than

typical roundoff error is detected, the calculations should be

checked step-by-step until the source of error is found and cor

rected. A computer program that prints the input data so that it

can be checked is advantageous in reducing calculation errors.

I f a standardized computer program is used, the original data

entry should be checked; if differences are observed, a new com

puter run should be made. Table 6.1 at the end of this section

summarizes the quality assurance activities for calculations.

Calculations should be carried out retaining at least one

significant digit beyond that of the acquired data and then

should be rounded off after final calculation to two significant

digi ts for each run or sample. All rounding off of numbers

should be in accordance with the ASTM 380-76 procedures. Record

all calculations on Figures 6.lA or B and on Figures 6.2A or B,

or on similar forms.

6.1 Nomenclature

The nomenclature used in the calculations that follow are

listed alphabetically.

A = Cross-sectional area of stack, m2 (ft2 )

Bws = Water vapor in the gas stream (Method 5 or Method 4), pro
portion by volume

Cp = pitot tube coefficient, dimensionless



Equation 6-1
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= pitot tube constant,

34.97 m [(g/g-mOle)(mm H9)] 1/2- - - for the-metric system, ands (OK)(mm H
2
0)

85.49 ft [(lb/lb-mOle) (in. H9)]1/2 f ths (OR)(in. H
2
0) or e English system

= Molecular weight of stack gas, dry basis, gig-mole
(lb/lb-mole)

= Molecular weight of stack gas, wet basis, gig-mole
(lb/lb-mole), or

Md(l - Bws ) + 18.0 Bws

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

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

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

P s = Absolute stack gas pressure, mm (in.) Hg, or

Pb + Par g
= Standard absolute pressure, 760 mm (29.92 in.) Hg

Dry volumetric ~tack gas flow rate corrected to standard
conditions, dsm /h (dscf/h)

t s = Stack temperature, °c ( OF)

Ts = Absolute stack temperature, K ( oR), or

273 + t for metric system Equation 6-3s

460 + t for English system Equation 6-4s

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

v s = Average stack gas velocity, mls (ft/s)

3600 = Conversion factor, s/h

18.0 = Molecular weight of water, gig-mole (lb/lb-mole)
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6.2 Calculations
The following are the equations used to calculate the stack

gas velocity and the volumetric flow rate.
6.2.1 Average Stack Gas Velocity - Equation 6-5 is used to cal
culate the average stack gas velocity at stack conditions.

Equation 6-5

This equation assumes that Ts ' Ps ' and Ms do not change appreci
ably (i.e., <1%) with cross-sectional distance and with time. If
they do, consult the administrator to determine an acceptable
procedure.

The (~Lip) avg term is the average square root of each in
dividual velocity head (Lip). Additionally, it should be noted

here that to be technically correct the term (~)avg should be
used. However, since Ts is large, (usually ~289K (515°R), the

term ~(Ts)av~ can be used with <1% error if the range of t s is
not ~10oC (50°F).
6.2.2 Average Stack Gas Dry Volumetric Flow Rate Calculate
Qstd using Equation 6-6,

Equation 6-6
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Table 6.1 ACTIVITY MATRIX FOR CALCULATION CHECKS

Characteristice

Data analysis
form

Calculations

Acceptance limits

All data and calcula
tions given

Difference between
check and original cal
culations within round
off error; at least one
decimal figure retained
beyond that of acquired
data

Frequency and method
of measurement

Visually check

Repeat all calcula
tions, starting with
raw data for hand
calculations; check
all raw data input
to computer calcu
lations; hand cal
culate one sample
per test

Action if
requirements
are not met

Complete the
missing data
values

Indicate
errors on
analysis data
form
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7.0 MAINTENANCE

The normal use of emlSSlon testing equipment subjects it to

corrOSlve gases, extremes in temperature, vibrations, and shocks.

Keeping the equipment in good operating order over an extended

period of time requires a knowledge of the equipment and a pro

gram of routine maintenance which is performed quarterly. Main

tenance procedures for the various components are summarized in

Table 7.1 below.

The following procedures are not required, but are recom

mended to increase the reliability of the equipment.

7.1 pitot Tube

The pitot tube should be checked for dents, corrOSlon, and

dirt that may cause a complete restriction of pressure or cause

a leak in the system.

7.2 Inclined Manometer

The fluid ln the inclined manometer should be changed

whenever there is discoloration or visible matter in the fluid,

and during the yearly disassembly. No other routine maintenance

is required since the inclined manometers will be leak checked

during both the leak check of the pitot tube and the leak check

of the entire control console.

Table 7.1 ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS

Action if
Frequency and method requirements

Apparatus Acceptance limits of measurement are not met

Pitot tube Check for dents, cor- Visually check before Use another
rosion, other damage, and after each test pitot tube
or broken welds run or clean, re-

pair, and
calibrate

Inclined mano- No discoloration or Check periodically Replace parts
meter visible matter in the during disassembly as needed

fluid
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8.0 AUDITING PROCEDURE
An audit 1S an independent assessment of data quality.

Independence 1S achieved if the individual (s) performing the
audit and their standards and equipment are different from those
used by the regular field crew. Routine quality assurance checks
by a field team are necessary in generation of good quality data,

but they are not part of the auditing procedure. Table 8.1 at
the end of this section summar1zes the quality assurance activi
ties for auditing, and Figure 8.1 suggest a checklist for the
auditor.

Based on the results of a collaborative test of Method 2,2

two specific performance audits are recommended:
1. Audit of the measurement phase of Method 2, and

2. Audit of data processing.
In addition to these performance audits, a systems audit may be
conducted as specified by the quality assurance coordinator. The

performance audits and the systems audit are described in Subsec
tions 8.1 and 8.2, respectively.
8.1 Performance Audits

Performance audits quantitatively evaluate the quality of
data produced by the total measurement system (sample collection,
data processing, etc.). It is recommended that these audits be
performed by the responsible control agency once during every
enforcement source test. A source test for enforcement comprises
a series of runs at one source.
8.1.1 Audit of Measurement Systems - A performance audit should
be performed on the geometric standards for the Type S pitot
tube, as described in section 3.1.1.

8.1.2 Audit of Data Processing - Calculation errors are prev
alent 1n Method 2. Data processing errors can be determined by
audi ting the data recorded on the field and laboratory forms.
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team of the results of pretest

that need special attention or
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The original and audit (check) calculations should agree within

roundoff; if not, all of the remaining data should be checked.

The data processing may also be audited by providing the testing

laboratory with specific data sets (exactly as would occur in the

field) and by requesting that the data calculation be completed

and that the results be returned to the agency/organization.

This audit 1S useful 1n checking both computer programs and

manual methods of data processing.

8.2 Systems Audit

A systems audit 1S an on-site quali tative inspection and

review of the total measurement system (sample collection, data

processing, etc.). Initially, a systems audit 1S recommended for

each enforcement source test, defined here as a series of three

runs at one source. After the test team gains experience with

the method, the frequency of audit may be reduced--once for every

four tests.

The auditor should have extensive background experience in

source sampling, specifically with the measurement system being

audi ted. The functions of the auditor are summarized in the

following:

1. Inform the testing

audi ts , speci fying any area ( s )

improvement.

2 . Observe procedures and

during sample collection.

3. Check/verify records of apparatus calibration checks

from previous source tests, where applicable.

4. Record the results of the audit and forward them with

comments to the team management so that appropriate corrective

action may be initiated.

While on site, the auditor observes the source test team's

overall performance including the following specific operations:

1. Determining stack dimensions and selecting the number

and position of traverse points.
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2. Checking the geometry criteria in the field using the
devices described in the calibration section.

3. Marking the pi tot tube to ensure measurements at the
correct traverse points.

4. Checking for cyclonic flow.
S. Aligning the pitot tube properly along its roll and

pitch axes throughout the velocity traverse.
6. Clearing the pitot tube frequently when measurlng ln a

dust-laden gas.
7. Leak checking the sample apparatus.
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operation

Presampling preparation
1. Knowledge of process conditions
2. Calibration of pertinent equipment prior

to each field tests

On-site measurements
pitot tube meets geometry requirements

Manometer should be carefully leveled and
the liquid column set exactly on zero
Check for cyclonic flow
Leak check after sample run
Sampling port adequately plugged
Process at correct operating level
pitot tube properly aligned along its
roll and pitch axes throughout the
traverse

10. pitot tube frequently cleared when
measuring in a dust-laden gas

11. Manometer has the correct sensitivity
12. staying at each traverse point long enough

for the system to stabilize
13. Measuring the stack gas static pressure

and temperature

Postsampling
14. All information recorded on data form as

obtained
15. Any unusual conditions recorded
16. Independent check of calculations
17. Temperature sensor calibrated

COMMENTS

Stack gas velocity and volumetric flow rate
determination checklist to be used by auditor.
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Table 8.1 ACTIVITY MATRIX FOR AUDITING PROCEDURE

Audit

Data processing
errors

Systems
audit

Acceptance limits

Original and check
calculations agree
within roundoff error

Operation technique
described in this sec
tion of the Handbook

Frequency and method
of measurement

Once during every
enforcement source
test, perform inde
pendent calculations,
starting with re
corded data

Once during every
enforcement test
until experience
gained; then every
fourth test; ob
servation of tech
nique, assisted by
audit checklist,
Fig 8.1

Action if
requirements
are not met

Check and
correct all
data for the
source test

Explain to
team its de
viations from
recommended
techniques,
and note on
Fig 8.1
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To achieve data of desired quality, two considerations are

necessary: (1) the measurement process must be in a state of

statistical control at the time of the measurement, and (2) the

systematic errors, when combined with the random variation

(errors of measurement), must result 1n a small uncertainty.

To ensure good quality data, it 1S necessary to perform

quality control checks and independent audits of the measurement

process; to document these checks and audits by recording the

results, as appropriate; and to use materials, instruments, and

measurement procedures that can be traced to an appropriate

standard of reference.

Working calibration standards should be traceable to

standards that are considered to be primary. Two pr1mary

standards recommended for establishing traceability are:

1. Calibrate pitot tubes against a standard pitot tube

wi th a known coefficient obtained from the National Bureau of

standards or standard measurement which has been shown to have

given acceptable coefficients.

2. Compare the stack temperature sensor to an ASTM re
ference thermometer.



10.0 *REFERENCE METHOD

MKTIIOO 2-J)ETY.R\IINATION or IlTACK 0 '5 VEI.orITY
£ND VOLUIlU:TIUC FI.OW nAn (TYI'X S I'ITOT TUlIs)

I. ]>rlnd"'t and A1'I,zlcdI>lIU,

1.1 I'rlnclpl•. Tho nV"rn~o ~M volo"'ly In a ~Iaok Is
d8termlrwcj (rom thr ~n.'{ fl"II'..I!)' 8tH1 rrom 1II1·1~',lIn·flll·"t

oIlho awrt\l(e vo!ol'lly I"'a<l wllh a TYl'e H (Hlau'l.",h"lhe
or r.,vor!'W:' lypt-) pilot lulu,.

1.2 Applh·nllilily. Thl< IIwlho<\ Is Bppllo"lIlo ror
Jnrn"lun'llIf'lll or I IIf' nVI'I'l~t' Vil.lhK:lly or n. glLi ~IIOI"'1 Rl1d
'Of 'llI""llrylll~ J:".... lIow.

Thi"l prCW('cll1r11 b 1101 flppll~ah)n Bt 1IIt'I\:'':Ufl'IIIf'lIl \l;llf'"
. whlt·1I ra.1I to 1I11'I'l th ... "fili'lil, of ~l(·thod I, :-:t'('lion :l.t.
, Alow). 11I('IIII4·tllod l'lP1101 Itl' 11 .... '·.1 lor clln'('1 1I11'IIo'lIll'llIf'lIl

In c'\,I'loll11: or "'Wlll11'J,' r ~" ... In'luH''I, SI~·tloll:lA of ~ll'lhfl{l

• J .. II'lIw,\ h"w II) dt-ll 'lllllH' rV~'lolll(: or .. '" II hll~ llow ('OIl'"

dtlloll". Whl'll t1111U't 1'1.1111.\1, 'l'UllflllIOIl'" I',ht. nltt'rrllUlve
l'ru('I',llIrl'" ",,"I'JI'l'J 10' h,' Ilpprov,,1 of 1h,' Adlllllll"l lalor,
,(l.~, EIl\ In. l't'plllal l'ro(t'('IIOIl Ag'l'llfY, lll\bl tll' f'lIl'"
pIO\'C'd to I\\'lkl' ILt'( 11I.\Il' llow rutt> t!1'1 l'f II II llal 1011'('
0'",1I11'1t·" or ... llrll lit,,: 1'1:1\'" prcWl'dtll,·... an" II) to ill .... 'llli
stral~htl'llill~ Vall" ..... (4!/ to rakulul(' Ihe totnl vohUJll'tno
now rlale ~t()\('llIollwtrlC'aIJYI or (:n to ItlOV£, to Bnolhf\r
moa,un,menl sile al which the /low i~ aeccpl~l>le.

2. ApparlUlU

IlJlocIncBtlon. ror lhe "!'!'Brlllu. Bre ~Iv.n 'win.... An,.
other 8P{J...ra1U~ that lIa" boetl d'·l1lon ... tr'\Il·d (',lIhJoct to
approvll or Ihe A<lmlnhlralor) to. h~ rllpllbl,· or moot,",
~he $!Iccl!h:alious wlJ1 110 consldoroo llcc,'plllute.
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1.90·2.54.cm*
(0.15 •1.0 in.)

.U~__~

TEMPERATURE SENSOR

TYPE SPITOT TUBE

MANOMETER

·SUGGESTED (INTERFERENCE FREE)
pnOT TUBE· THERMOCOUPLE SPACING

Section No. 3.1.10
Revision No. 0
Date January 15, 1980
;Page 2 of 11

LEAK·FREE
CONNECTIONS

Fi'gure 2-1. Type S pitot tube manometer assembly.
2.1 Type S Pitot Tube. The Type S pitot tube

(Figure 2-1) shall be made of metal tubing (e.g., stain
less steel). It i. recommended that the extcrnal tubing
diameter (dimension D., }'Igure 2-2b) be between 0.48
and 0.95 centlmeter1l (~. and ~ Inch). There shall be
an equal distance from the base of each leg of the pitot
tube to Its face.opening plane (dimensions p .. and P B,
}'Igure 2-2b); It I. recommended that this distance be
between 1.05 and 1.50 times the external tubing diameter.
The face openings of the pltot tuhe shall, preferably, be
aligned as shown In Figure 2-2; however, slight misalign
ments of the O1lenlngs are pcnnlsslble (see ),'Igure 2-3).

The Type S pitot tube shaH have a known coemcient.
detennlned as outlined In Section 4. An Identification
nwnber shall be a"slgned to the pltot tUbe; this number
ehall be permanently marked or engraved on the body
olthe tUbe. _

FEDERAL REGISUR, VOL. 42, NO. 16o-THURSDAY, AUGUST 18, 1977
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•
TRANSVERSE I
TUBE A~IS '-I A Ij .

. ..-L.. *- r-.. -
~

FACE I
OPENING -"
PLANES

(a)

A-SIDE PLANE

Section No. 3.1.10
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B-SIDE PLANE

(b)

NOTE:

{
1.05 Dt ~ P~ 1.50 Dt

PA=PS

.-ni)lllro::_-_=:-:_A-:'O_-R==-B::_E--.:::__~_.~.

Figure 2·2. Properly constructed Type S pitot t.ube, shown
in: (a) end view; face opening planes perpendicular to trans·
verse axis; (!.:» top view; fJce opening planes parallel to lon
gitudinul cxis; (c) side view; both legs of equal length and
centerli nes coincident, when viewed from both sides. Base
line coefficient values of 0.84 may be assigned to pitot tubes
constructed this way.

FEDERAL RrGIHEIl. VOL. 42, NO. lbO-THURSDAY, AUGUST Hl, ,1977
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•

I

(a)
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• 41 • .~R .\.
• I . I

---f-I---s--t--·_!OO~·_·
t. I

. (b) •

TR'ANSVERSE'
TUBE AXIS ._-

-._.

....---...

B

A

LONGITUDINAL ~:,!::B:i!i!!::Z:=:~~iiiiiiii:=-~TUBE AXIS--~ --------

(el

(I)

(ll)

Figure 2·3. Types of' face-opening misalignment that cal') result from field use or 1m·
proper construction of Type S pitot tubes. These win not 'affect the baseline value
c~,Cp(s) so long as a1 and a2 < 10°,111 and 132"< 5°. z <0.32 em (1/8 in.) and w<'
0,08 em (1/32 In.) (citation 11 in Section 6).
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Figure 2-4.· Standard pitot tube design specifications.

nometer level and zero may drift due to vibrations and
temperature changes, make periodIC checks during the
traverse. Record all necessary data as shown in the
example data sheet (FIgure 2-5). •
• 3.3 Mea,nre the velocity hpad and temperature at the
traverse points specified by Method 1. Ensnre that the
proper differential pressure gauge is being used Cor the
range of Ap values eneonntered (see Sochon 2.2). 11 Ills
necessary to change to a more sensitive gauge, do so, and
remeasure the "1' and temperature readmgs at each tr...
verse point. Couduet a posl-test leak-cheek (mandatory),
as described in Section 3.1 above, te vahdate the traverse
run.

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

3.5 Determine the atmospheric pressure.

""'t
c:
]
Q
co

HEMISPHERICAL'
.. TIP ~

CURVED DR
MITERED JUNCTION

Maryland, or (2) by calibration against another standard
pltet tube with an NBS-traceable coefllClent. Aiter
natively. a standard pltet tube deSIgned accordmg to
the criteria given In 2.7.1 through 2.7.5 below and illus
trated In Figure 2-4 (see also CItations i. 8, and Ii in
Section 6) may be used. Pitot tubes designed accordIng
to these spcclhcatlons will have basehne coeffiCIents of
about O.OO±O.Ol. '

2.7.1 Hentispherlcal (shown In FIgure2-4),cllipsoidal,
or conical tip. ,

2.7.2 A minimum oCslx diameter' 'tral~htrun (I,a.'ed
npon D, the external diameter of the tube) between the
til' and the static pr..,ure holes.

2.7.3 A mmlmum of eigbt diameters straight run
between the static pressure holes and the ecnterhnc of
the external tube. followln~ the 90 dc~ree bend.

2.7.4 Stahc pressure hole, of e"unlsize (approximately
0.1 V), equnlly ,paced In a plczoml·ter ring conn~urahon.

2.7.'>; Ninety dc-gree bend, with curved or mitered
junction.

2.8 VlfTerential Pressure Gange for Type S Pitot
Tnbe Calibration. An Inclined mnnomet<-r or equivalent
Is used. If the single-velocity callhratlon t""hnique Is
employed (see Section 4.1.2.3), the calibration dllleren
tlal pressure ~auge shall be readable te the nearest 0.13
mm lhO (0.00'>; in. H20). For multive)ocity cahoration.•,
the gauge shall be readable to the nearest 0.13 mm 11,0
(0.005 In 11,0) for Ap vaiues betwe.en 1.3 and 25 mID 11,0
(0.05 and 1.0 In. HfO), and to the nearest 1.3 mID 11,0
(0.05 In. H,O) for Ap values above 25 mrn lhO (1.0 In.
HfO). A tlpeclal, more sensltlVtl gal1l!e will be required
to read Ap values below 1.3 mm HfO [0.05 In. UfO)
(see Citation 181n Section 6).

)lOl'8ture gange neM not be attached to the pltot tnbe;
this alternative Is subject te the approval of the
Adminlstrater.

2.4 Pressure Probe and Gange. A piezometer tube and
mercury- or watcr-f11led V-tube manometer capable of
measuring stack ptessure to within 2.5 mm (0.1 In.) Hg
is used. The static tap or a standard trpe pitet tube or
one Icg of a Type X pitot tuhe with the face opening
planes positioned parallel te the gas llow may also be
used as the pressure probe.

2.5 BlLfometer. A mercury, aneroid, or other barom
etM capable of meMuring atmospheric pressure to
within 2.5 mm Hg (0.1 In. Hg) may he used. In many
cases. the barometric reading may be obtained from a
nearby national wcather service station, In which ease
the station value (which Is the ahsolute barometrio
pressure) shall be requested and an adjustment for
elevation differences between the weather station and
the sampling pelnt shail be applied at a rate of minus
2.5 mm (0.1 in.) Ug per 3(}.meter (100 foot) elevation
Increase, or vice-versa for elevation decrease.

2.6 Gas Density Determination Equipment. Method
3 equipment, If needed (see Section 3.6), to determine
the stack gas dry molecniar weight. and Reference
Method 4 or Method 5 equipment for moisture content
dotermlnatlon; other mothods may be used subject to
approval olthe Administrator, .

2.7 Calibration Pltot Tube. When calibration of the
Type B pltot tube Is necessary (see Section 4), a stllIldard
pltot tube Is used as a reference. The standard pltot
tUbe shall, preferably. have a known coeClleient, obtained
either (1) directly from the National Bureau of Btand
ards, Route Z7,o. Quince Orchard Road, Gaithersburg,

a. Procedure .

3.1 Bet up the apparatus as shown In Figure 2-1.
Capillary tubing or surge tanks Installed hetween the
manomet& and pltot tube may be used 00 dampen Ap
fluctuations. It Is recommended, but not reqUired, that
a pretest leak-check be conducted, as follows: (1) blow
through the pltot impact opening until at least 7.6 em
(3 in.) HfO velocity pressure registers on the manometer;
then, close off the Impact opening. The pressure shall
remain stable for at least 15 seconds; (2) de the same for
the static pressure side. except nsing suction to obtain
the minimum of 7.6 em (3 In.) H20. Other leak-check
procedures, subject to the approval ollhe Administrater.
may be used. :

3.2 Level and~ the manometer. Because the rna

A standard 1'ltot tube may be used In8te11d or a Type B.
proVIded that It meete the specifications of Sections 2.7
and 4.2; note, however, that the 8tatiC IIIld unpact
1'~ure holes or 8tandard pltot tu""" are susceptible to
plugging in partlcl1lat..-lsdon gas streams. Therefore.
whenever a standard pioot tube Is uscd to perlorm a
traverso, adequate proof must be furnished th!'t the
openings ollhp ploot tube havp not plugged.up dunng the
traverse period; this can b<' done by takmg a velocity
head (Il.p) reading at the final traverse pomt, ~Ieaningout
the impact and static hoies of the standard Pltot tube by
"back-purging" with pressurized air, and then talr:ing
another Il.p reading. If the Il.p readmgs made ""fore and
arter the air purge are the same ( 1:5 percent), the traverse
is acceptable. Otherwise, reject the run. Note that if Il.p
at the fmal traverse point Is nnsultably low, another
point may be selected. It "back-purging" at regular
mtervals is part or the procedure, then comparative Ap
readings shall be taken, as above, for the last two back
purges at which suitably high Ap readings are observed.

2.2 Differential I'ressure Gauge. An Inclln~manom
eter or equivalent device Is used. Most samphng trains
are equipped with a l(}.in. (water'column) Inclined
vertical manometer. having O.01-ln. HrO divisions on the
(}. te I-In. Inclined l!<'.aJe, and O.l-ln. H20 divisions on the
1- te 11}.1n. vertical !lCII1e. This type -of manometer (or
other gauge of equivalent sensitivity) fa satlsfactery for
the measurement of A1' values as low as 1.3 mm (0.05 In.)
HrO. However a differential pressure gauge of greater
sensitivity shail be used (subject te the approval of the
Admlnistrater), If any of the following Is f~d to be
true: (I) the arithmetic average of all Ap readings at the
traverse points In the stack Is less than 1.8 mm (0.05 In.)
HfO; (2) for traverses of 12 or more points, more than 10
percent of the Individual Ap readings are below 1.3 mm
(0.05 In.) HrO; (3) lor traverses of fewer than 12 ~Ints,
more than one A1'nadlng,is below 1.3mm (0.05 In.) HrO.
Citation 18 In Section 6 describes commercially available
Instnunentatlon for the measuremen t of low-range. gas

vel":~~~itematlveto criteria (1) through (3) above. the
following calculation may be performe.d te determine the
neeesslty of using a more sensitive differential pressure
gauge: •

"
~,/~p.+K

T,:; ..:.1=--=1:- _

":E .,;t;p.
,=1

W'here: .
Ap,-Indivldual velocity head reading at a lraverse

pelnt, mm H20 (in.B.O)."aTotal number of traverse points. '
KaO.13 mm H,O when metric unlts-are'used 1md

0.005 in HrO when English units are used.

If T fa greater than 1.05, the velocity head data are
unaooeptable and a more sensitive differential pressure
gauge must be used. " ,

NOTE.-Ir dUferentla1 pressure gauges o~her than
inclined manometers are used (e.g., magnehebe gauges),
their calibration must be checked after each test series.
To check the calibration of a dilferential pressure gange,
compare Ap readings of the gauge with those of a gaug~
oil manometer at a minimum of three points, approXI
mately representing the range of Ap values in the stack.
II, at each pelnt, the values of Ap as read by the differen
tial pressure gauge and gauge-oil manometer agree te
within 5 percent, the differential pressure gauge shaH be
considered te he in proper calibration. -Otherwise, the
test series shall either he voided, or procedures te adJust
the measured 4p values and final results shall be used,
subJect to the approval oC the Administrator.

2.3 Temperature Gauge. A therm~ouple, liquid
filled bulb thermometer, bimetallic thermometer, mer
cury-In-glass thennometer, or other gauge capable of
measuring temperature to \\;thln 1.5 percent of the mini
mum absolute stack temperature shall be used. The
temperature gauge shall be attached te the pitot tube
such that the sensor tip does not touch any metal; the
gauge shall he in an Interference-free arrangement with
respect te the pltet tube face openings (see Figure 2-1
and also Figure 2-7 in Section 4). Alternate positions may
be used If the pltet tUbe-temperature gauge system Is
calibrated according to the procedure of Section 4. Pro
nded that a difference of not more than 1 percent in the
average velocity measurement is Introduced, the tem-
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PlANT _

D:\TE _ RUil NO. _

ST rICK DIAMETER OR D1r,iENSIONS, m(in.) _, _
Efl.f.Oi.'ETRiC P~ESS\~Rc, mm E~ (in. Hg) _
CtWSS SECTIOfilAl AREA rnZ(h2) -, _
OPERATORS _
PITOT TUBE J.D. NO. _, _

AVG. COEFfICIENT, Cp = _
LAST DATE CAlIBRATED _
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SCHEMATIC OF STACK
CROSS SECTION

Traverse Vel.Hd.•~
Stack Temperature

Pg
Pt. No. mm (in.) H2O ts. DC (Of) Ts. oK (OR) mm Hg (i1l.Hg) ~

.
.

.

.

I.

.
;

~ :
!--
~ .

.
I

: ;

! .

'1 ---'
( ! I

--'---l-~
\

i I---."--- --- -- -----

r---'-- - - i__ 1
I Average

Figure 2-5. VerocJty traverse data.
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417&1
U Determlne the stad: cas df)' molecular weight.

For combaltloo proc$!I8M or procell8eS that emit eesen
tIaIIy CO. 0 .. CO. and NI, """ Method 3. For pr"""""""
emItdnc _nt1al1y air. an analysis need not 1M con
dllC\eCl; uae a df)' moleeular ..eight of 29.0. For otber
processea. other metbods, subject to the approval of tbe
AdmlnIsIntor, must be used.

3.7 Obtain the moisture content from Reference
Method 4 (or equivalent) or from Metbod 6.

3.8 Determine the cross-eeetional area of tbe stack
or duet ~' the eamp1ln& location. Wbenever possible,
physically me8SW'l the stack dlmensiom rather than
using bl\lllprints.

to C\Il~atlOII

4.1 Type 8 Pllet Tube. Before Its lnJtlal use, ear.
fnlIy examiJIe the Tn>e 8 pllet tube In top, lide, and
end Yle1n to Terify l1lat the lace ooenIngs of the tube
.... a1Igned within th01lpeolJlcatiom Illustrated In Figure
1-2 or 2-3. The pltot tube Iha1I not be uaed if It talIa to
_t .... alignment apecillelltlons.

After nrityln« the lace opening ll1Ignment, mOllSlU'e
and record the following dimensions of the pllet tube:

. RULES AND REGULATIONS

(a) the erlemal tubing diameter (dimension D., Figure
1-2b); and (b) the base-to-opening plane distaneea
(dImensIoDl p~ and PlI, ~~e 2-2b). II D, b bet..een
0.48 and 0.95 em (~io and H In.) and if P~ and PlI ....
equal and bet....n 1.05 and 1.50 R., there are two pOllSI ble
optiona: (1) tbe pltot tube may be calibrated according
to the procedure outlined In 8ectI0na 4.1.2 through
4.1.5 belo.., or (2) a baseline (isolated tube) ooeffident
value of 0.84 may be assigned to the pltot tube. Note,
however. that if the pltot tube Is part of an assembly,
calibration may still be required, despite knowledge
of the baaeline coefficient value (see 8ectlon 4.1 .1).

II D., p~, and PII are outside the specified llmlts. the
pilot tube must be calibrated as outlined In 4.1.2 through
4.1.5 below.

4.1.1 Type 8 Pllet Tube Assemblies. During sample
and velocity traverses, the isolated Type 8 pltot tube Is
not alwaYi used'lln many lnatances, the pllet tube II
used In comblnet on with other llOllI'O&<l8mpllng compon
ents (tbermocouple, sampling probe, nozzle) as part of
an "assembly." Tbe presence of other eampling compo
nents can sometimes affecttbe baseUne value of tbe Type
S pltot tube coefficlent (Citation 91n Section 6); therefore
an assigned (or otherwise known) baseline coefficient

Section No. 3.1.10
Revision No. 0
Date January 15, 1980
Page 7 of 11

value may or may not be Ylllid fora given assembly. The
baseUne and assembly coefficient values will be identical
only wben tbe relative placement of tbe components in
tbe assembly II sucb tbat llt'rodynemic mterference
effects are eliminated. Figures 2-6 tbrough 2-8 Ulustrate
Interferenc&-lree component arrangements for Type S
pltot tubes having ..temal tubing diameters between
0.48 and 0.95 cm (!H. and 'ftin.). Type S pltottubeosscm_
biles that fall to meet any or all of the specifications of
Figures 2-6 tbrough 2-8 sball be calibrated according to
tbe procedure outUned in Sections 4.1.2 througb 4.1.6
below. and prior to calibration, tbe values of the Inter
eomponent spacings (pitot-nozzle, pitot-thermocouple,
pltot·probe sbeath) sball be measured and recorded

NOTJ:.-Do not use any Type S pltot tube assembly
..hlcb Is constructed sucb that tbe Impact pressure open
Ing plane otthe pltot tube is below tbe entry plane ottbe
nozzle (see Figure 2-6b).

4.1.2 Calibration Setup. It tbe Type S pllet tube la le
be calibrated, one leg of tbe tube shall be permanently
marked A, and tbe otber, J. Calibration sball be done In
a flow system bavlng the following essential design
features:

TYPE S PilOT TU BE

.~1.90 em (3/4 in.) fOR On ·'1.3 em (1/2 in.)

SAMPLING .NOZZLE-

A. BOTTOM VIEW; SHOWING MINIMUM PITOT·NOZZLE SE;ARATION.

SAMPLING
PROBE

SAMPLING
NOZZLE

-----

NOZZLE ENTRY~
PLANE
.~.. .~--,-..~

.. SIDE VIEW: TO PREVENT PITOT TUBE
FROM INTERFERING WITH GAS FLOW
STREAMLINES APPROACHING THE
NOZZLE. THE IMPACT PRESSURE /
OPENING PLANE OF THE PilOT TUBE
SHALL BE EVEN WITH OR ABOVE THE
NOZZLE ENTRY PLANE.

STATIC PRESSURE
OPENING PLANE·

Figure 2-6. Proper pitot tube· sampling nozzle configuration to prette'nt
aerodynamic interference; buttonhook • type nozzle;. centers of nozzle
and pitot opening aligned; Dt between 0.48 and 0.95 em (3/16 and
3/8 in.). .
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THERMOCOUPLE

Z~5."'Clll

'(2 in,)
THERMOCOUPlE

tt ) ~
TY_P_E_S_P._T_OT_T_U'-B..;..E ~

.I
!

Figure 2-7. Proper thermocouple placement to prevent interference;
0t between 0.48 and 0.95 cm (3/16 and 3/8 in.).

I
•

-I
-I
I
I

-'.y >7.62 em (3 in,)

TYPE SPITOT TUBE

I :. III
SAMPLE PROBE .........-

I

Figure 2-8. Minimum pitot-sample probe separation needed to prevent interference;
Dt between 0.48 and 0.95 em (3/16 and 3/8 in.).
4.1.2.1 Tbe Ilowing gas stream must be contlned to •

duct of defimte cross-secUonal area, eitber circular M
rootangular. For CIrcular cross...sections, the mm!mum
duct du.meter sball be 30.5 em (12 in.); for rectangu.\ar
fross-scctions, tbe wldtb (sborter sIde) sball be at least
2'>.4 em (10 m.).

4.1.2.2 Tbe cross-sectional area of tbe callbration duet
must be constant over a distance of 10 or more duet
diameters. For a rectangular cross-.sectlon, use an eqniva
If'nt dIameter. calculated (rom the following eqllation,
to determwe the nnmher ot duct diameters.

y.. lwre:
)J,= F.q1lln1.lt'llt dlullH·ler
L=Lcw{th
JV=\\idlb

To enrure the prr"p.nce o( stahh', fully uevl'loped flow
patterns at the cahhralLOn ~lte, or "test SfoctlOn," the
t'lto must be l()('stcd at It'a,.,,,t eight dmIDt!ters downstream
and two (..hameters UlJ~tl u:un llurn t.he nearest disturb
ances.

NOTE.-The f'iRht- and two·(lJametC'r cnteria are not
8.b~lute; other tpst Sf'ctlOn loc,'J.llOIlS may be used (sub-
1,'ct to applOval 01 tho Adnulllstl'lltor) , proVided that the
!low at the test site IS stable aud demonstrably parallei
to the duct ans.

4.1.2.3 The flow ,y,tem Fhall bave the CApacIty to
gflolluate a lC'..,t-stdlOn ,'('loury around 91.') mtrlllU F:J,<X>O

D,
2LW

(L+ IV)

Equation 2-1

ft/min). Tbis velocity must be constant with time to
guarantee steady Ilow during callbration. Note that

iabrr:J'd~O~tt915:'nin~~e(3~&xNt~ig)b:ulng~~.;:hO;I~
valid to within ±3 percent for tbe measurement ol
velocities above 305 m/IIlln (1,000 ft/min) and to witbin
±5 to 6 percent for the measurement of velocities be
tween 180 and 305 m/mln (600 and 1,000 ft/min). If a

:r~r:eJ.ret~~e flc~~e~~.~i~c~ b:~:ir~a;" tah~d C:~~At;' ~
generate at least (our distinct, time·invanant test·section
velocities covering the \'eloeity range from 180 to 1,525
m/min (600 to 5,llOO ft/mill), and cahbration data shall
Oe taken at fpgular velocity intervals over thiS range
(see CItatIOns 9 and 14 In 8eetion 6 for details).

4.1.204 Two entry ports, one eacb for tbe standard
and Type S pitot tUbes, sball be cut in tbe test sectIOn;
tbe standard pltOt entry port shall be located slightly
downstream of the Type 8 port, so that tbe standard
and Type S Impact openings will lie in tbe same cross
sectional plane during calibration. To (acIlItate altgn
mont of the pitot tnbt\s uUf1ng calibration, it is advisable
that the tcst Sf'CtlOl1 be COIll)trucLed of ple'{jglas or some
other transparent matenal.

4.1.3 CahbratlOn Procedure. Note that this procedure
Is a general one and must not b. used wltbout first
rderrmg to- the sprcw.l ron:-'H.lerlltlOns pre,s('llted III Sec·
tiOn 4.1 S. Noto al-w that tbls procedure applIes only to
smgle-vploclt y calilJrsuon. To obtain cahbl'Btlon data
for the A and D ,Ides of tho Type S pitot tube, proceod
as follows:

4.1.3.1 ~!ake sure that the manometer is properly
filled and that the 011 is (ree frOln contanllnatlOn and is o(
the proper dl'Il"tty. In"ppct and leak-ch('\':k allllitot Imps;
repaIr or f('pla,~e If nl'l t':-~ary.

4.1.3.2 Level and ....0 tbe manometer. Turn on the
fan and allOY the f10Y to stabilize. Seal tbe Type Sentry
port.

4.1.3.3 Ensure that the manometer Is level and .eroed.
Position tbe standard pltot tube at the cahbration pomt
(determined as ontlIned in Sction 4.1.5.1), and allgn tbe
tube so that Its tIp is pointed directly into tbe flow. Par
ticular care sbould be taken In aligning tbe tube to avoid
yaw and pitch angles. Make sure that tbe entry port
surrounding the tube is properly sealed.

4.1.3.4 RN~d ~Potd and record its value in a data table
similar to tbe one sbown in Figure 2-9. Remove the
standard pitot lobe from the duct and dISconnect it frolll
tbe manomeler. 8eal tbe standard entry port.

4.1.3.5 Connect tbe Type S PltOt tube to tbe manom
eter. Open tbe Type 8 entry port. Check Ihe manom
eter level and zero. Insert and align tbe Type S pitot tu"e
so that ,ts A SIde impact opening Is at tbe same point Q8
was lhe standard pitot tube and is pointed dlrectly into
the How. Make sure that the eutry port surrounding the
tube Is properly sealed.

4.1.3.6 Read ~P. and enter its value In the data table.
Remove the Type S pitot tube from the duct and dIS
connect it (rom the manometer.

4.1.3.7 Repeat steps 4.1.3.3 tbrough 4.1.3.6 abo.... until
three pairs of tip readings bave been obtained.

4.1.3.8 Repeat steps 4.1.3.3 tbrough 4.1.3.7 above for
tbe D 81de oftbe Type S Pitot tube.

4.1.3.9 Perform calculatIOns, as deFcnbed in Section
4.1,4 below.

4.U Calculations.

tJi~~4i10:~d:""1'~~J~t:~ &~~;; ~fd~PD~~~~~~j'~;;
St'Ction 4.1.3 above, calculate the value of tbe Type 8
Pilot tube COttllCltUl as lollowb:
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PlrOT TUBE IDENTIFICATION NUMBER: DATE: _

CALIBRATED BY: _:..' ---------':....---'---

"B" SID'E CALIBRATION

t.Pstd t. PIs)
• DEVIATIONem H20 em H20

RUN'NlJ.. (in. H2O) (In. H2O) Cp(s) Cp(s) •Cp(B)

1

2

3

Cp (SIDE B)

HA" SIDE CALIBRATION

t.Pstd t. PIs)
DEVIATIONem H20 em H20

RUN NO. (in. H2Ql (in. H2O) Cp(s) Cp(s) •Cp(A)

1

2

3

C-p (SIDE A)

f1 (side A or B)

4.1.4,4 Calcnlate (T, the average deviation from the
mean, for both the A and D SIdes of the pItot tube. Use
the followIng equation:

U.U Calculate the deviation of each of the three A·
side values of C,c.) from C, (side A), and the deviation of
each B-e1de value of C,c.) from C, (side B). Use the fol
lowing equation:

Dcviation=C.(.l-C.(A or B)

Equation 2-3

3

Equation 2-4
4.1.4.5 Usc the Type S pltot tube only If the values of

" (side A) and" (sid. il) are less than or equal to 0.01
and if the absolute value of the difference between C.
(A) and C. (D) is 0.01 or less.

4.1.5 Special considerations.
4.1.5.1 Selection of calibration point.
4.1.5.1.1 When an isolated Type S pitot tube Is cali

brated, select a calIbration point at or near the center 01
the duct, and follow the procedures outlined in Sections
4.1.3 ana 4.1.4 abov•. The Type S pitot coefficients so
obtained, i.•.• C, (side A) and C. (side D), will be valid.
so long as either: (1) the isolated pitet tube IS used; or
(2) the pitot tube is used with other com ponents (nozzle.
thermocouple. sample probe) in an arrangement that is
free from aerodynamIC intcrferenc. effects (see Flilures
2~ through 2-8),

4.1.5.1.2 For Type S pitot tube-thermocouple com.
binations (without sample probe). select a calibratIOn
point at or near the center of the duct, and follow the
procedures outhned in Sections 4.1.3 and 4.1.4 above.
The coellicients so obtained will be vahd so long as the
pitot tuhe-thermoeouple combination is used by itself
or with other components in an interference-free arrange
ment (Figures 2~ and 2-8).

4.1.5.1.3 For assemblies with sample probes, the
cahbration point should be located at or near the center
01 the duct; however, msertion of a probe sheath into a
small duct may cause significant cross-sectional area
blockage and yield incorrect coemclent values (Citation 9
In Section 6), Therefore, to mmimize the blockage etreet.
the calibration point may be a few inches off-eentcr if
necessary. The actual blockage elfect will be negligible
when the theoretical blockag•• as determined by a

r~l~n~~-~~t~~~;_~~~t\~~£r~~;,sl~~~~~;~~,~~[t~~~~
external sheaths (Figure 2-106). and 3 percent or less for
assemblies with external sheaths (Figure 2-10b).

4.1.5.2 For those probe assemblies in which pitot
tub.-nozzle Interference IS a factor (i.e., those in Which
the pitot-nozzel separation distance fails to meet the
specification Illustrated in Figure 2~), the value of
C,Co) depends upon the amount of free-space between
Ihe tube and nozzl., and therefore is a function of nozzle
size, In these instances, separate calibrations shall bs
performed with each of the commonly used nozzle sizes
in place. Not. that the single-velocity cahbratlOn tech
nique is acceptable for thIS purpose even though the
larger nozzle'sizes (>0.635 em or U in.l are not ordinarily
used for Isokinctic sampling at velocities around 915
m/min (3,000 it/min), WhICh Is the calibration vplocity;
note also that it is not necessary to draw an isokmetic
sample during calibration (sec CItation 19 in Section 6) .

4.1.5.3 For a probe assembly constructed such that
It~ pitot tube is always used in Ihe same orientahon, only
one sid. of the pitot tub. need be calibrated (the side
which will lac. the flow). The pltOt tube must still meet
Ihe alignment speclfieations of Figure 2-2 Or 2-3, however.
end must have an average deviation (a) value of 0.01 or
less (see Section 4.1,4,4).

..... MUST BE ~O.Ol

aooording to the criteria of Sections 2.1.1 tq
2.7.6 of this method,

4p...=Veloclty head measured by the standard pltot
tube, em BtO (In. BtO)

4p.=Veloclty head measured by the Type S pltot
tube, em BtO (In. BtO)

4.1:"1.2 Calculate C, (side A.), the mean A.-e1de coef·
flclent, and Co (side B). the mean B-elde coeIDcien.t:
calculate the ditrerenee between th_ two average
values.

3 .
:t ICp(s).CplA OR B) I
1 .= i

3

Figure 2·9. Pitot tube cali~r@tion dSlta.

Equation 2-2

C C .JAPotd•(.) = .(Itd) i1po

AVERAGE DEVIATION • 0 IA OR B)

IC, (SIDE A) -Cp (SIDE B) I..-MUST BE ~O.01

where:
c,Co)-Type S pilot tube coeIDclent

"'('14) -Standard pltot tube coeIDclent; use 0.99 If the
coeIDeient is unknown and the tube is designed
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=[ .1 xW Jx 10.0
lEU~T AREA

Figure 2~ 1O. Projected-area m.odels for typical pltot tube assemblies.

5.3 AWI ,lge slat k g:lS Ul'y volumetric flow rate.

6. Blbliographu
1. ~Iark, L. S. Mechanical Engiucers' Handbook. New

York, McGraw-UIlI Book Co., Inc. 1951.
2. Perry, J. II. Chemical Engineers' Handbook. New

York. ~ieOraw-IIiiIBook Co., Inc. 191iO.

Qad=3,600(1-B,.. )v.A (TTat.d ) (pP.)
• <a••) .td

Equation 2-10

lor the English system,
M .=Molecular weight of stack gas, dry basis (see

> Section 3.6) gig-mole Ob/lb-mole).
M.=Molecular weight of stack gas, wet basis, gIg

mole (lb/lb-mole).

=M. (I-Bv .)+18.0 B... Equation 2-5

Ptlar= Barometric pressure at measurement site, nun
IIg (in. IIg).

P,=Stack static pressure, rom Hg (In. Hg).
P.=Absolute stack gas pressure, nun Hg (in. IIg):

-Pb..+P, Eqnatlon 2-6

P.'d=Standard absolute pressure, 760 nun IIg (29.92
In. lig).

Q.d = Dry volumetric stack gas flow rate corrected to
standard eondltious, dsem~r (dsclihr).

t.=Stack temperature, °C ( F).
T,=Absolute stack temperature, OK (OR).

=273+1. lor metric Equation 2-7

=460+1. for English Equation 2-8

T.t.j = Stllndard absolute temperature, 293 OK (.1280 R)
c,=Avera~estack gas velOCIty, m/soo (It/soo).

lop=Velocity head of stack ~llS, nun R,O (in. R,O).
3,600=Convcrsion lactor, sec/hr.
18.0=Moleeular wOlght of water, g'g-mole (Ib·lb

mole).
5.2 Aver.lge stack g"" velocity.

t'.= K.C. (..;t;p)a••

for the metric system lind

the tUbe shall be In an Interference-free arrangement
(subject to the approval of the Administrator).

4.3 Temperature Oauges. Arter each field use, eali
brate dial thermometers, liquid-filled bulb thermom
eters, thermocouple-potentiometer systems, and other
gauges at a temperature within 10 percent 01 the average
absolute stack temperature. For temperatures up to
4050 C (7610 F), use an ASTM mercury·m-glass reference
thermometer, or equivalent, as a reference; alternatively,
either a relerenee thermocouple and potentiometer
(eallhrated by NBS) or thermometric fixed points, e.g.,
tee bath and boiling water (corrected for barometrio
pressure) may be used. 1<'or temperatures above 4%° C
(7610 F), use an NBS-callbrated relerence thermocoupl&
potentiometer system or an alternate relerenee, subject
to the approval of the Administrator.

It, during calibration, the absolute temperatures meas
ured with the gauge being calibrated and the reference
gauge agree within 1.5 percent, the temperature data
taken in the fleld shall be constdered vahd. Otherwise
the pollutant emission test shall either be considered
invalid or adjustments (if appropriate) 01 the test results
shall be made, subject to the approval of the Administra
tor.

4.4 Barometer. Calibrate the bal'omeler used against
a mercury barOluctcr.

5. Calculation~

Carry out calculations, retaining at !tonst one extra
deCImal figure beyond that of the a"qlllred data. Hound
01I figures after final calcuiation.

5.1 Nomenclature.
A = Cross-sectional area of stack, m' (It').

Bv.=Water vapor III tlte gas stream (Irol1l Method 5 or
Reference I.lethod 4), proportion by volnme.

C.= Pitot tube coelliclont, dimensionless.
K.=Pitot tube constant,

4.1.6 Field Use and Recallbration.
4.1.6.1 Field Use.
U.6.1.1 When a Type B pitot tube (isolated tube or

lIS8embly) Is used in the field, the appropriate coefficient
value (whether assigned or obtained by cahbratlon) shall
be used to perform velocity calculations. For calibrated

;~~hf~~J~~nh~~~:'~~:.~~e::~~t,,~~"fh~~I~~~
coefficient shall be used when the B side faces the flow;
alternatively, the arithmetic average of the A and B side
coefficient vames may be lIS<)d, irrespective of which side
races the flow.

4.1.6.1.2 When a probe assembly is used to sample a
small duct (12 to 36 in. in diameter), the probe sheath
sometimes blocks a signlflcant part of the duct cross
section, causing a reduction tn the effective value of
'C. (.j. Consult Citation 9 in Section 6 for details. Cen
ventlenal pitot-sampling probe ass<'mblies are not
recommended for use in duct.. having Illside diameters
&mailer than 12 inches (Citation 16 in SeeUon 6).

4.1.6.2 Recalibratlon.
4.1.6.2.1 Isolated Pitot Tubes. Alter each field 118e, the

pitot tube shall be carefully reexammed in top, Side, and
end views. If the pitot l:lce openings lire shll ahgned
within the specifications illustrated in Figure 2-2 or 2-3,
It can be assllmed that the baseline eoetllel.nt 01 the pitot
tube has not changed. If, however, the tuhe has b""n
damaged to the extent that it no longer meets the specifi
eations or Fi~lfe 2-2 or 2-3. the <Iamage shall either be
repaired to n'storc proper 311l~nmeJ}t of the l£lee openillgs
or the tube shall be dlseard.·d.

4.1.6.2.2 Pitot 'I'uho As"Cmblies. After each field use,
eheek the face opening alignment of the pltOt tuh., as
in Section 4.1.6.2.1; nl~o, rClneasure tho Intrrcomponent
spacings olthe ass.'mbly.1f the intercomponent spaelllgs
bave not changed and the face opeIlln~ alignment is
acceptable, It can h. assumed that the eoem"il'nt of the
assemhly has not ('hanged. IC the face opflning ali~nJl1ent

18 no lon~t"r withm tHe speclllcatlOns of 1< ig:uus 2-2 or
2-3, either repaIr the dalIl"l(e or replace the pltot tuhe
(eaJlbratm~the IH'W f1:::iscmhlY.lfnrl'cssary). ICth<" inh'r
oomponent spaeing-s have chan~ed. n'store the ongll1:lJ.
sp(\Cmgs or r..aJIbrate the assembly.

4.2 Standard pilot tube (if applicahle). If a standard
pilot tube is used lor the velocity traverse, th" tulle 'hall
be constructed according to the critena of SectIOn 2.7 and
shall be assIgned a baseline cOP1!lci"nt value of 0.'19. II
the standard pitot tube is used as part of an assembly,
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12.0 DATA FORMS
Blank data forms are provided on the following pages for the

convenience of the Handbook user. Many of these forms are taken
or adapted from EPA forms, Reference 1, and other references. No
documentation is given on these forms as it would detract from

their usefulness. The titles are also placed at the top of the
figure as is customary for a data form. In order to relate the
form to the text, a form number is given In the lower right-hand
corner, e.g., Form M2 2.5, indicates that the form lS

Figure 2.5, the fifth figure in section 3.1.2, of the written
description for Method 2 (M2). Future revisions of these forms,
if any, can be documented by 2.5A, 2.5B, etc. Seven of the data
forms listed below are included in this section. Four are in the
Method Highlights subsection as shown by the (ME) following the
form number.

Form
1.2

1.7

2.5
2.10
2.12
3.1 (ME)
3.2 (ME)
4.1

4.2 (ME)
5.1 (ME)
8.1

Title
Example of a Procurement Log
Type S pitot Tube Inspection Data Form
pitot Tube Calibration Data
Stack Temperature Sensor Calibration Data Form
Differential Pressure Gauge Calibration Data Form
Pretest Sampling Checks
Pretest Preparations
Method 2 Gas Velocity and Volume Data Form
On-Site Measurements Checklist
Posttest Sampling Checks
Stack Gas Velocity and Volumetric Flow Rate
Determination Checklist to be Used by Auditor
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TYPE S PITOT TUBE INSPECTION DATA FORM

pitot tube assembly level? yes no

yes (explain below)pitot tube openings damaged? no

a «100),---- ~l =

em (in.)A =a

Ci =2

8 =a

Ci l =

~2 =

Y =

em (in.); <0.32 em «1/8 in.),

em (in.); <.08 em «1/32 in.)

z = A Sln y =
w = A Sln 8 =

PA

Dt =

Comments:

em (in.) Pb

em (in.)

em (in.)

Calibration required? yes no

Quality Assurance Handbook M2-l.7



PITOT TUBE CALIBRATION DATA

Calibration pitot tube: type size (OD) ID number

Cp(std) =

__________ performed by

Type S pitot tube ID number -------
Calibration: date

A-side Calibration

~Pstd' ~Ps'
DEV. bem (in.) em (in.) Cp(S)

a

H2O H2O

Average

B-side Calibration

~Pstd' ~Ps'

DEV. bem (in. ) em (in.) Cp(S)
a

H2O H2O

,

Average

a Yl>PStd
Cp(S) = Cp(std) ~Ps =

bDEV = Cp(S) - Cp ' (must be ~O.Ol)

Cp(A) - Cp(B) = (must be ~O.Ol).

Quality Assurance Handbook M2-2.5



Date

STACK TEMPERATURE SENSOR CALIBRATION DATA FORM

Thermocouple number

Ambient temperature

Calibrator

DC Barometric pressure

Reference: mercury-in-glass

other

in. Hg

temp, DC + 273)]
lOO~l.5%.

Reference Thermocouple
Reference

sourceb thermometer potentiometer Temperaturec

n~:~;a
temperature, temperature, difference,

(specify) DC DC %

aEvery 30 D C (50 DF) for each reference point.
bType of calibration system used.

C[(ref temp, DC + 273) - (test thermom
ref temp, DC + 273

Quality Assurance Handbook M2-2.10



DIFFERENTIAL PRESSURE GAUGE CALIBRATION DATA FORM

Gauge type

Scale

serial or ID number-----------

Gauge-oil manometer ~p

Differential pressure
gauge ~p

Pressure
difference

%

Calibration: initial _________ posttest

Date calibrated ___________ by

Quality Assurance Handbook M2-2.l2



METHOD 2 GAS 'VELOCITY AND VOLUME DATA FORM

~ p_l_a_n_t_a_n_d_c_i_t..::y EIffiIj

Sampling location Clock
time

Run Amb. temp. , Bar. press. , Static press. ,
number Operator OF in. Hg in. H2O

Molecular Stack inside dimension, in. Pitot
wt. Diam. of side 1 side 2 tube (C )

P

I I I I I I I I I I I I I I I I

Field data

Velocity Cvclonic flow determination
Traverse head Angle (ex:)
point Position, (b.Ps) , Stack temp., b.p at 00 which yields
number in. in. H

2
O OF re~erence a null b.p

Average angle (ex:) a

a Average of ex: must be <10 degrees to be acceptable.

Quali ty Assurance Handbook M2-4.1



STACK GAS VELOCITY AND VOLUMETRIC FLOW RATE
DETERMINATION CHECKLIST TO BE USED BY AUDITOR

Yes No Operation

Presampling preparation
1. Knowledge of process conditions
2. Calibration of pertinent equipment prlor

to each field tests

On-site measurements
3. pitot tube meets geometry requirements

4. Manometer should be carefully leveled and
the liquid column set exactly on zero

5. Check for cyclonic flow
6. Leak check after sample run
7. Sampling port adequately plugged
8. Process at correct operating level
9. pitot tube properly aligned along its

roll and pitch axes throughout the
traverse

10. pitot tube frequently cleared when
measuring in a dust-laden gas

11. Manometer has the correct sensitivity
12. staying at each traverse point long enough

for the system to stabilize
13. Measuring the stack gas static pressure

and temperature

Postsampling

14. All information recorded on data form as
obtained

15. Any unusual conditions recorded
16. Independent check of calculations
17. Temperature sensor calibrated

COMMENTS

Quality Assurance Handbook M2-8.1
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Section 3.2

METHOD 3 - DETERMINATION OF CARBON DIOXIDE, OXYGEN,
EXCESS AIR, AND DRY MOLECULAR WEIGHT
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SUMMARY

In this procedure, a gas sample is extracted from a stack

by one of the following methods: single-point grab sampling;

single-point integrated sampling; or mUltipoint integrated

sampling. The gas sample is then analyzed for carbon dioxide

(C02 ), oxygen (02)' and if necessary carbon monoxide (CO).

Depending on the desired accuracy of the subsequent analysis,

either an Orsat or other type of gas absorption analyzer such as

a Fyrite+ analyzer may be used for the analysis.

This method is used for determining CO2 and 02 concentra

tions >0.2% by volume and for calculating excess air and the dry

molecular weight of gas streams from combustion processes. The

method may also be applicable to other processes where it has

been determined that compounds other than CO2 , 02' CO, and nitro

gen (N2 ) are not present in concentrations sufficient to affect

the results. Sulfur dioxide (S02)' for example, can affect CO2
readings since it would be absorbed with the CO2 .

Other methods and modifications to measure these consti

tuents include: a multipoint sampling method using an Orsat

apparatus to directly analyze individual grab samples obtained at

each point; assigning a value of 30.0 for dry molecular weight,

in lieu of actual measurements for processes burning natural gas,

coal, or oil; or a method using CO2 or 02 and stoichiometric cal

culations to determine dry molecular weight and excess air.

These methods and modifications may be used, but are subject to

the approval of the administrator, u.S. Environmental Protection

Agency.

The Method Description which follows is

ference Method promulgated on August 18, 1977.

+Mention of trade names or specific products does not constitute
endorsement by the Environmental Protection Agency.
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of the Reference Method is in Section 3.2.10 of this document,

and data forms are provided in Section 3.2.12 for the convenience

of the user. Reference 1 was largely used in preparing the

Method Description. References 2 through 5 summarize collabora

tive test studies of the method and other related methods. Data

from these test studies are used to the extent possible in estab

lishing quality control limits.
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METHOD HIGHLIGHTS

specifications described in this method (Section 3.2) are

for determining excess air and dry molecular weight of gas

streams from fossil-fuel combustion processes. This method may

also be applicable to other processes where it has been deter

mined that compounds other than CO2 ' °2 , CO, and N2 are not

present in sufficient concentrations to affect the results. A

gas sample is extracted from a stack by one of the following

methods: (1) single-point grab sampling; (2) single-point in

tegrated sampling; or (3) multipoint integrated sampling. The

gas sample is analyzed for percent CO2 ' percent °2 , and if

necessary percent CO.

Determination of dry molecular weight can be made using

either an Orsat or Fyritel analyzer and any of the three sampling

methods listed above. When using the single-point grab sampling

or single-point integrated sampling methods, the sampling point

should either be at the centroid of the cross section or at a

point >1. 00 m (3.3 ft) from the stack wall, unless otherwise

specified by the administrator. The sample collected for molec

ular weight determination must be analyzed within 8 h of collec

tion.

Excess air or emlSSlon rate correction factors must be

determined using an Orsat analyzer and the sample collection pro

cedure specified in the applicable subpart of the standard. When

using the single-point grab or single-point integrated sampling

method, the sampling point should be located as specified above

for molecular weight determinations. When using the multipoint

integrated sampling method, a minimum of eight and nine traverse

points should be used for circular and rectangular stacks,

lMention of trade names or specific products does not constitute
endorsement by the Environmental Protection Agency.



section No. 3.2
Revision No. 0
Date January IS, 1980
Page 5 of 8

respectively, with diameters <0.61 m (24 in.). A minimum of 12

traverse points shall be used for all other cases. The sampling

run must be simultaneous with and for the same total length of

time as the pollutant emission rate' determination. The Orsat

analyzer must be leak checked before and after the analysis.

When analyzing low concentrations of CO2 «4.0%) or high concen

trations of 02 (>15.0%), the measuring burette of the Orsat must

have at least 0.1% subdivisions. The sample must be analyzed

within 4 h of collection.

The Method Highlights checklist at the end of this section

may be removed from the Handbook and used in pretest, test, and

posttest operations. Each form has a subtitle (i.e., Method 3,

Figure 3.1) to aid the user in finding a similar filled-in form

in the Method Description. Each item on the checklist that can

cause significant errors are designated with an asterisk. Most

of the Method Description and forms are designed for use in

calculating excess air corrections, and therefore contain many

more controls than would be required for molecular weight

determination only.

1. Procurement of Equipment

Section 3.2.1 (Procurement of Apparatus and Supplies) gives

the specifications, criteria, and design features of the equip

ment and materials required to perform Method 3 tests. This sub

section is designed to provide the tester with a guide for the

procurement and initial check of equipment and supplies. The

activi ty matrix (Table 1. 1) at the end of Section 3.2.1 can be

used as a quick reference, and is a summary of the corresponding

written descriptions.

2. Pretest Preparations

section 3.2.2 (Calibration of Apparatus) provides a step-by

step description of the recommended calibration procedure for the

Orsat analyzer and the flow rate meter.

Section 3.2.3 (Presampling Operations) provides the tester

wi th a guide for supplies and equipment preparation for field
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tests. The method for packing and the description of packing

containers should help protect the equipment but are not required.

3. On-site Measurements

Section 3.2.4 (On-site Measurements) contains procedures for

sampling and analysis. Subsection 4.1 outlines the step-by-step

procedure for determination of dry molecular weight. Subsection

4.2 outlines the step-by-step procedure for determination of

excess air and emission rate correction factor. Subsection 4.3

includes a list of precautions that will aid in using the Orsat

analyzer and improve the validity of the results.

4. Posttest Operations

Section 3.2.5 (Postsampling Operations) outlines a data

comparison procedure which will allow detection of gross measure

ment error. A visual inspection procedure is also included to

detect any change in the sampling and analysis apparatus that

could have adversely affected the measured values.

Section 3.2.6 (Calculations) provides the tester with the

required equations and nomenclature for calculating percent

excess air and dry molecular weight.

section 3.2.7 (Maintenance) outlines the necessary equipment

maintenance which will help ensure high quality data.

5. Auditing Procedure

section 3.2.8 (Auditing Procedure) provides a description

of necessary activities for conducting performance and system

audi ts. The performance audit of the analytical phase can be

conducted using certified gas samples. Auditing procedures for

the analytical, data processing, and systems phases are de

scribed in this section. A checklist for a systems audit is also

included in this section.

Section 3.2.9 (Recommended Standards for Establishing Trace

abili ty) recommends the primary standards for use in assessing

the accuracy of test data.

6. References

sections 3.2.10 and 3.2.11 contain the Reference Method and

the suggested references.
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PRETEST PREPARATIONS
(Method 3, Figure 3.1)

Loaded
Acceptable Quantity Ready and packed

Apparatus check Yes No required Yes No Yes NO

Probe tn>e:
Borosllicate
glass

stainless
steel

Other

Filter
In-stack
Out-stack
Glass wool--
Other --

Pump
One-way

squeeze
Diaphram
Other
Leak

checked* --
Condenser

Type

Flexible Bag
Tedlar
Mylar
Teflon
Other

ILeak
checked* I--

Pressure Gauge
Type

Analyzer
Orsat
Fyrite
Other
Leak

checked*
Spare --
reagents --

*Most slgnlflcant ltemsjparameters to be checked.



section No. 3.2
Revision No. 0
Date January IS, 1980
Page 8 of 8

ON-SITE MEASUREMENTS CHECKLIST
(Method 3, Figure 4.1)

Other

matter?

single-point integrated

Fyrite

Weight Determination

OrsatAnalyzer:

Fyrite:

Reagent at proper level and zeroed?*
Leak-free connection between analyzer and sample line?
Sampling line purged?*

Orsat:

single-point grab
multipoint integrated

Is a filter used to remove particulate
*Sampling train leak checked?
*Orsat analyzer leak checked?
All connections tight and leak free?
Sampling port properly sealed?
Sampling rate held constant?
Sampling train purged?

Analysis

Molecular

Sampling

Method:

Reagents at proper level?*
Analyzer level?
Leak checked?*
Sample analyzed within 8 h?*
Sample lines purged?*

Excess Air-Emission Rate Correction

new sample until the following

Orsat analyzer leak checked?*
Reagents at proper level?*
sampling lines purged?*
Analysis repeated by drawing a
criteria are met?

Before After

CO -

° 2

- any three analyses differ by
a) ~0.3% when CO2 ~4.0%

b) ~0.2% when CO2 ~4.0%

any three analyses differ by
a) ~0.3% when 02 <15.0%
b) ~0.2% when 02 ~15.0%

any three analyses differ by ~0.3%

All readings averaged and reported to nearest 0.1%

*Most significant items/parameters to be checked.
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES

Diagrams of the sampling trains used in the method are shown

in Figures 1.1 and 1.2. Specifications, criteria, and/or appli

cable design features are given in this section to aid in the

selection of equipment to assure the collection of good quality

data. Procedures and, where applicable, limits for acceptance

checks are given. During the procurement of equipment and sup

plies, it is suggested that a procurement log be used to record

the descriptive title of equipment, the identification number (if

applicable), and the results of acceptance checks. An example

procurement log is shown in Figure 1.3; a blank form is given in

Section 3.2.12 for the user. If calibration data are required as

part of the acceptance check, the data should be recorded in a

calibration log. Table 1.1 at the end of this section contains a

summary of the quality assurance activities for procurement and

acceptance of apparatus and supplies.

As alternatives to the sampling systems described herein,

others (e.g., liquid displacement) may be used if they are capa

ble of obtaining a representative sample, maintaining a constant

sampling rate, and yielding acceptable results. Use of such

systems is subject to the approval of the administrator.

1.1 Grab Sample (Figure 1.1)

1.1.1 Probe - The probe or probe liner should be made of stain

less steel or borosilicate glass tubing and should be equipped

with an in-stack (preferred) or an out-stack filter to remove

particulate matter. A plug of glass wool is generally a satis

factory filter. The probe tip should be designed to prevent the

glass-wool filter from being drawn from the probe when sampling a

source that has a substantial negative pressure. Any material

inert to 02' CO2 , CO, and N2 and resistant to temperature at the

sampling conditions may be used for the probe; examples of such
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flEXIBLE TUBING

. TO ANALYZER

SQUEEZE BULB

Figure 1.1 Grab sampling train.

RATE METER

VALVE

SURGE TANK

PROBE

""
FILTER .

(GLASS WOOL)
QUICK DISCONNECT

RIGID CONTAINER

BAG

Figure 1.2 Integrated gas sampling train.
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materials are aluminum, steel, glass, PVC plastic, and TeflonR.

Since the gases to be sampled are relatively inert, the key

criterion in probe selection is the stack gas temperature.

1.1.2 Pump - A one-way squeeze bulb, or the equivalent, is used

to draw the gas sample into the analyzer.

1.2 Integrated Sample (Figure 1.2)

1.2.1 Probe - A probe equipped in the manner just described in

Subsection 1.1.1 is suitable.

1.2.2 Condenser - An air or water-cooled condenser that will not

remove °2 , CO2 ' CO, and N2 should be used to remove excess mois

ture if the gas stream contains >2% moisture by volume. (This

includes most combustion processes.) The main consideration is

that the condenser volume be kept to the minimum size necessary

to sufficiently cool the sample gas, because the larger the

volume the more difficult it is to completely purge the sampling

train before collecting a sample. A 0.G3-cm (0.25-in.) stainless

steel coil or equivalent connected to a water collection chamber

with a capacity of about 40 ml is sufficient.

1.2.3 Valve - Needle valves are needed to adjust the sample gas

flow rate.

1.2.4 Pump - A leak-free diaphragm pump, or the equivalent, is

needed to transport the sample gas to the flexible bag. A small

surge tank should be installed between the pump and the rate

meter to eliminate the pulsation effect of the pump on the rate

meter. Upon receipt, the pump, surge tank, and rate meter (Sub

section 1.2.5 below) should be checked in the following manner:

1. Assemble the pump, surge tank, and rate meter.

2. Place a needle valve and vacuum gauge at the pump inlet

using aT-connector.

3. Turn on the pump and close the needle valve until a

vacuum of 125 rom (5 in.) Hg is obtained. The pumping rate at

this vacuum is suggested to be at least 1 Q/min (0.035 ft3/min),

RRegistered trademark.
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and the rate meter when the flow 1S adjusted between 0.5 and

1.0 ~/min (0.018 and 0.035 ft3/min) should yield steady readings.

I f the pump capacity is insufficient, repair, replace, or

return it to the manufacturer. If rotameter readings fluctuate

>2% of the full-scale reading, use a larger surge tank. Be sure

that the rotameter 1S clean and dry.

1.2.5 Rate Meter A rotameter or an equivalent rate meter,

capable of measuring flow rates within ±2% of the selected flow

rate should be used.

The calibration curve (Figure 1.4) supplied by the manufac

turer should be checked by comparing the rotameter readings

against the wet test meter readings. I f the rotameter is not

within ±5% of the manufacturer's calibration curve, recalibrate

and construct a new curve.

Changes in sample gas pressure, density, and viscosity will

affect the sampling rate. However, since sampling is performed

at a constant rate and since the total volume sampled need not be

measured accurately, these changes are not significant.

1.2.6 Flexible Bag - Any leak-free inert plastic (e.g., TedlarR,

MylarR, TeflonR) bag, or the equivalent, having a capacity ade

quate for the selected flow rate and time length of the test run

may be used. A capacity of 90 ~ (3.2 ft3 ) is usually required.

To leak check the bag (Figure 1.5):

1. Connect it to a manometer and pressurize the bag to

from 5 to 10 cm (2 to 4 in.) H20.

2. Allow it to stand for 10 min.

Any displacement in the water manometer will indicate a leak

and a need to repair the bag. An alternative leak check is to

pressurize the flexible bag to 5 to 10 cm (2 to 4 in.) H20 and

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

1.2.7 Pressure Gauge - A water-filled U-tube manometer, or the

equivalent, of about 28 cm (12 in.) is needed for the flexible

R Registered trademark.
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bag leak check. The gauge should be leak checked upon receipt as
follows:

1. Place a flexible tube on the gauge opening.
2. Apply a posi tive pressure of from 5 to 10 em (2 to

4 in.) H20 on the gauge by blowing on and then plnching off the
tube. The pressure reading should remain stable for 10 min.

3. Check each side of the gauge separately.
If a deflection is noted, repair, replace, or return the

gauge to the manufacturer.
1.2.8 Vacuum Gauge - A mercury manometer, or the equivalent, of
at least 760 rom (30 in.) Hg is needed for the sampling train leak
check. If a mercury manometer is used, leak check the system by
pulling a 380 rom (15 in.) Hg vacuum on the gauge and then pinch
ing off the tube. No deflection should be noted in the reading
over a 10-min period. If another type of gauge is used, compare
the gauge reading with a mercury manometer reading at about 380
rom (15 in.) Hg. The gauge reading should be wi thin ±25 rom
(1 in.) Hg of the mercury manometer reading. If the gauge fails
the leak check or the comparison with the mercury manometer,
repair, replace, or return the manometer to the manufacturer.
1.3 Analyzer

An Orsat or a similar absorption type analyzer is required
for measuring constituents of combustion gases. The latter is
used only for molecular weight determinations, since it is less
acc~r~te t~~~ t~~ Orsat.
1.3.1 Orsat Gas Analyzer - The Orsat analyzer6 , 7 is used to
determine the CO2 , °2 , and CO stack gas concentrations. A sample
is analyzed by successively passing it through absorbents that
remove specific gaseous components. The difference in gas volume
before and after the absorption represents the amount of the con
stituent gas in the sample. Constant pressure and temperature
must be maintained throughout the analysis. Results are reported
as dry volume percentages.

The Orsat analyzer illustrated in Figure 1.6 includes a
glass burette to accurately measure the gas volume, a water
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VOLUME
r--In:~""tt11EFERENCE

MARKTO ATMOSPHERE

THREE-WAY INLET VALVE TO MANIFOLD
INLET VALVE TO CO PIPETTE

INLET VALVE TO 02 PIPETTE

INLET VALVE TO CO2 PIPETTE

rr=*===;::::::==71:-==::::::::~===::::::;, MAN IFOLD
SAMPLE
INLET ----~:=::~===~t=~

REFERENCE
MARKS 70 ml

VOLUME

WATER
JACKET

SIDE VIEW OF TYPICAL
PIPETTE ABSORBER

CO O2
IPETTE IPETT

CO2
IPETTE 30

ml
LEVELING

BOTTLE

Figure 1.6 Orsat apparatus.
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jacket to maintain constant temperature, a manifold to control

the gas flow, three absorption pipettes (CO, 02' and CO2 ), rubber

expansion bags, and a liquid-filled leveling bottle to move the

gases. The apparatus is usually assembled inside a case that has

front and rear doors and a carrying handle.

For expected CO2 readings >4.0%, a standard Orsat analyzer

containing a burette with 0.2-ml divisions and spacings between

divisions of about 1 mm (0.04 in.) is satisfactory. For lower

CO2 values or for 02 values >15%, an analyzer equipped with a

burette having O.l-ml divisions with spacings of >1 mm (0.04 in.)

should be used.

Upon receipt of the analyzer, wash and dry all components

and assemble the apparatus according to the manufacturer's in

structions. Then properly lubricate all glass valves with sili

cone stopcock lubricant. If the apparatus is to be used prompt

ly, add the liquid reagents and check for leaks ~s follows:

1. Allow the apparatus to reach ambient temperature with

the manifold valve open and the three pipette valves closed.

2. Bring the liquid in each absorption pipette up to the

reference mark by opening the pipette valves one at a time and by

slowly lowering the leveling bottle. Pinch off the rubber tube

to the leveling bottle with the heel of the hand to quickly stop

liquid flow. Close the pipette valves.

3. Displace the indicating fluid until a reading is ob

tained in the narrow part of the burette, and quickly close the

manifold inlet valve.

4. Place the leveling bottle on top of the Orsat case, and

read the meniscus in the burette.

5. wait at least 4 min; then read the menlSCUS agaln. A

change of ~0.2 ml in the reading indicates a leak in the system

which must be repaired. A drop in reagent level to below the

capillary tube over a 4-min period indicates a leak in that

pipette.
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If leaks are detected, correct them so that the above cri

teria will be met.

Desirable Design Qualities

analyzer designs on the market.

the precision and accuracy. Some

described below.

Precision and probably accuracy are improved with a glass

burette configuration as shown in Figure 1.6; that lS, the

burette column has a large diameter having a volume of about 70

ml joined onto a narrow 30-ml burette graduated in O.l-ml divi

sions. + such designs result in less error in reading the gas

volume than with designs having larger graduations and less

spacing between divisions. To further reduce reading error, the

volume line should be scribed completely around the burette at

the reference point. For processes in which CO2 is released from

the product (e.g., in a limestone kiln), the cumulative total of

02 and CO2 may be >25%. For these processes, the graduated

portion of the burette must be long enough to provide a reading.

(Graduated burettes are available up to 100 ml.) A burette with

a vertical dark line behind the graduations is easier to read.

The volume reference mark should be on the capillary tube at

the top of the glass burette, not on the larger diameter burette.

Having the mark on the small capillary tube increases the preci

sion from test to test and increases the accuracy of the burette

calibration--both for a more accurate sample volume determina

tion.

The connecting manifold should have as small a volume as

possible to reduce the possibility of diluting the sample due to

incomplete purging of the manifold. It also minimizes the in

crease in sample volume; the volume of gas in the manifold be

tween the reference mark on the burette and that on the pipette

is small.

+ These burettes are commercially available.
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The Orsat apparatus and case should be designed so that the

leveling bottle and the glass burette can be viewed side by side

when leveling the liquid. The liquid levels in both the burette

and the bottle must be at the same height when reading the

volumes; otherwise, the sample gas will not be at atmospheric

pressure.

The inlet manifold valve should be three-way to allow purg

ing of the manifold without causing the sample bag or the inlet

gas to be diluted by ambient air.

Reagents - Four reagents are required by a standard Orsat

apparatus for analyzing flue gas. These are the gas-confining

solution, the CO2 absorbent, the 02 absorbent, and the CO absorb

ent. Due to the solubility of CO2 in water, a colored aqueous

acidic salt solution is used as the confining solution; it con

tains sodium sulfate, sulfuric acid, and methyl orange. The CO
2

absorbent is a solution of potassium or sodium hydroxide, and the

02 absorbent is a solution of alkaline pyrogallic acid or

chromous chloride. The CO absorbent is usually a cuprous

chloride or sulfate solution, but other solutions may be used. 6

All of these solutions can be purchased from most chemical sup

pliers. Note the shelf-life requirements, S::lnce some reagents

deteriorate with time.

1.3.2 other Absorption Type Analyzers Absorption type

analyzers which determine cO
2

or 02 concentrations are also

available. These devices are simpler and easier to use than an

Orsat, and they are more rugged. However, they provide less

precision and can thus be used only for molecular weight determi

nations of the gases. These devices operate similarly to the

Orsat by absorbing the gas in a colored solution; then the volume

absorbed is read directly on a scale as percentage by volume. A

commonly used 02 analyzer is shown in Figure 1.7. The use of

continuous monitors for determining 02 content must be approved

by the administrator.
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ONE-WAY
SQUEEZE BULB

GAS ABSORBER

PROBE

Figure 1.7 Absorption type analyzer.
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Table 1.1 ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS AND
SUPPLIES

Action if
Frequency and method requirements

Characteristics Acceptance limits of measurement are not met

Grab Sampling
Train---

Probe Stainless steel, boro- Visual observation Discard or
silicate glass, or upon receipt return defec-
equivalent; not damaged tive equipment
or corroded; no to supplier,
leakage as appropriate

-

Pump One-way squeeze bulb As above, plus As above
or equivalent; not manual operating
damaged or corroded check

Integrated Gas
Sampling Train

Probe Stainless steel, boro- As above As above
silicate glass, or
equivalent; no leakage

Air-cooled No leakage; keep the As above As above
condenser condenser volume to a

minimum necessary to
cool the sample with
alr

Valve Needle valve As above As above

Pump Diaphragm type, leak Check for leaks and As above
fr3e, and 1 Q/min (0.035 capacity upon receipt
ft /min) capacity

Rate meter Check flow range from Check upon receipt Recalibrate
(rotameter) o to 1 Q~min (0 to for damage; calibrate and construct

0.035 ft /min) must be against WTM new calibration
accurate to within ±2% curve
of selected flow rate

Flexible bag Capacity of 55
3
to 90 Q Check for leaks and Return to

(1.9 to 3.2 ft ); leak capacity supplier
test not mandaotry

(continued)
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Action if
Frequency and method requirements

Characteristics Acceptance limits of measurement are not met

Pressure gauge 28-cm (l2-in.) water- Visually observe and As above
filled U-tube or equiv- leak check upon
alent for flexible bag receipt
leak check

Vacuum gauge At least 760-mm OO-in.) Check against a mer- As above
Hg gauge for the sam- cury U-tube manometer
sampling train leak and leak check
check

Orsat Analyzer

Glass burette O.l-ml divisions with Visually inspect Return to
spacings of about Imm upon receipt supplier

Pipettes, mani- Air tight Initially and before Repair or
folds, etc. tests discard

Leveling bottle Can be viewed side-by Visually check for As above
side with glass burette damages

Other Analyzers ::0.5% divisions Visually check for As above
damage and leaks
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2.0 CALIBRATION OF APPARATUS

Calibration of sampling apparatus lS one of the most

important functions in maintaining data quality. Only limited

initial calibration lS required for gas absorption using an

analyzer such as an Orsat. continued maintenance, reagent

checks, and most importantly, the operator's technique and dili
gence are required for good quality data. Table 2.1 at the end

of this section summarizes the quality assurance activities for

calibration.

2.1 Analyzers

Calibration lS recommended upon receipt, before every third

field test, and before any field test in which the Orsat or other

absorption type analyzer has not been checked during the previous

3 mo.

To check the 02-absorbing reagent and the operator's techni

que, the percentage of 02 in air should be determined. The

average of three replicates should be 20.8 to.7% when using the

standard Orsat. A measured average value >21.5% generally

indicates poor operator technique, while a value <20.1% generally

indicates leaking valves, spent absorbing reagent (for 02 only),

and/or poor operator technique. (See Section 4.1 of Reference 1

for the derivation of the above limits.) The three replicates

and their averages should be reported on an i and R chart, as

illustrated by Figure 2.1; a blank copy of this form is in Sec

tion 3.2.12.

A more thorough check, if required equipment is available,

would be to take a sample from a manifold containing a known

mixture of CO2 and 02. This is applicable to grab samples or to

the integrated samples. In both cases, the sample is analyzed

for CO2 and 02 using the Orsat. The average of three replicates

should be to. 5% (absolute) of the known concentration of each

gas. Again, high measured values indicate poor operator techni

que, while low values indicate leaking valves, spent absorbing

reagent, and/or poor operator technique.
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If the above limits are exceeded, corrective action should

be equipment maintenance and/or operator training.

2.2 Rate Meter

Clean and calibrate the rate meter in the integrated gas

sampling train every 6 mo and at any sign of erratic behavior.

Calibrate using either a wet test meter or a volume meter which

has been recently calibrated against a primary standard.

1. Place the calibrated volume meter or wet test meter in

series with the rate meter.

2. Adjust the flow rate to 1 Q/min (0.035 ft3/min) on the

rate meter.

3. Take readings with the wet test meter and stopwatch.

If the flow rate is not near the desired 1 Q/min (0.035 ft3/min)

on the rate meter, adjust the valve and repeat the reading with

the wet test meter and stopwatch; repeat until the desired flow

rate is obtained for the rate meter setting.

4. Take readings at 0.5, 0.75, and 1.0 Q/min (0.18, 0.027,

and 0.035 ft3/min) on the rate meter. Record the readings from

the calibrated meter and the rate meter in the calibration log.

5. Construct a calibration curve of rate meter reading

versus flow rate for the meter using corrected wet test meter

stopwatch readings.

6. Number each rate meter and include the number and the

date of calibration on the calibration curve.
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Table 2.1 ACTIVITY MATRIX FOR THE CALIBRATION OF APPARATUS

Characteristics

Orsat analyzer

Rotameter or
rate meter

Acceptance limits

Average of three repli
cates should be 20.8
±0.5% (absolute) or
known concentration
±0.5 (absolute)

Smooth curve of rotame
ter actual flow rates
with no evidence of
error

Frequency and method
of measurement

Upon receipt and
before any test in
which the analyzer
has not been checked
during the previous 3
mo; determine %02 in
ambient air, or use
a calibration gas
with known CO, CO

2
,

02 concentrations

Check with wet test
meter or volume
meter at 6-mo inter
vals or at indica
tion of erratic
behavior

Action if
requirements
are not met

Check Orsat
analyzer for
leaking valves,
spent absorbing
reagent, and/or
operator tech
niques; take
corrective
action

Repeat cali
bration steps
until limits
are attained
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3.0 PRESAMPLING OPERATIONS

The quality assurance activities for presampling operations

are summarized in Table 3.1 at the end of this section. See Sec

tion 3.0 of this Handbook for details on site selection.

3.1 Apparatus and Calibration Checks

Figure 3.1 or a similar form is recommended to aid the

tester in preparing an equipment checklist, status report form,

and packing list.

3.1.1 Grab Sample Train The grab sample train (Figure 1.1)

should be checked before each field test as follows:

1. Clean the probe with soap and water, rinse it with

water, and allow it to dry. Check it visually for leaks indi

cated by cracks or corrosion. Cap both ends of the probe tightly

to prevent contaminants from entering while it is not in use. If

particulates are expected, insert a plug of glass wool into the

sampling end of the probe.

2. Check the pump--ei ther a one-way squeeze bulb or a

leak-free diaphragm type pump--to see if it is operating prop

erly. Check all connectors and tubes for leaks; do this by

slightly pressurizing the system and by applying soap to the

connections and joints and watching for bubbles.

3.1.2 Integrated Sample Train The integrated

train (Figure 1.2) should be checked before each

follows:

1. Clean the probe with soap and water, rinse it with

water, and allow it to dry. Visually check it for leaks indi

cated by cracks or corrosion. Cap both ends of the probe tightly

to prevent contaminants from entering it while it is not in use.

If particUlates are expected, insert a plug of glass wool into

the sampling end of the probe.

2. Clean the air-cooled condenser, or equivalent, and leak

check it by slightly pressurizing the unit, applying soap to

joints and connections, and watching for bubbles.
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Loaded
Acceptable Quantity Readv and packed

Apparatus check Yes No required Yes No Yes No

Probe tHe:
BorOS1icate
glass

2stainless /steel
/ vi /other

Filter
/In-stack

Out-stack 2 / /Glass wool--
./

Other -

Pump
One-way

squeeze
Diaphram \7 2 /Other vi ~Leak

checked* --
Condenser

2 /Type q.0- &?t>f.ed / v
Flexible Bag

Tedlar
Mylar /'

6 VTeflon -/ V
Other
Leak

checked* '--~
v

Pressure Gauge
;/ i/' t/Type 4 ,;! Jr-<.-

Analyzer
/ vOrsat v 2 v"

Fyrite \7 v 2 ~ t/ ,

Other
Leak

checked* ¥
Spare v' ~
. reagents d- v I

*Most significant items/parameters to be checked.

Figure 3.1 Pretest preparation.
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3. Disassemble, clean, and reassemble the needle valve and

rate meter at any sign of foreign matter in the rotameter or

erratic behavior of the rotameter.

4. Leak check the flexible bag by pressurizing and by

observing for any loss in pressure as described in section 3.2.1.

3.1.3 Orsat Gas Analyzer - The Orsat apparatus should be checked

and serviced before each field test in the following manner:

1. Check the confining fluid levels in the leveling bottle

and the burette. Be sure the approximately 300 ml of fluid in

the leveling bottle is clear, orange, and sufficient to fill the

burette. Be sure the solution in the leveling bottle is distil

led water containing approximately 5% by volume of concentrated

sulfuric acid and 2 to 3 ml of methyl orange acidic indicator;

then saturate the solution with a salt, usually sodium sulfite or

sodium chloride, at the temperature at which the Orsat 1S

expected to operate. (The sulfuric acid acts as a drying agent

to remove any moisture from the sample, and the saturated salt

solution prevents the absorption of sample gases by the leveling

solution.) This leveling bottle solution should be prepared as a

stock solution and taken to the field in case it is needed.

2. Remove and clean the stopcocks. Carefully apply stop

cock grease to prevent system leaks, and do it without plugging

the air passages. stopcocks are generally not interchangeable,

so replace each one in the same port from which it was originally

taken.

3. Change the absorbing solutions if >10 passes are needed

to obtain a constant reading for any gas component. If in doubt,

change the solution (following the manufacturer's instructions)

by emptying the absorber and adding fresh absorbing reagents.

Add new reagents when required, 6 to 8 h prior to field use.

Prior to adding the O2 reagent, flush the absorbing pipette and

the expansion bag with N2 , and pass N2 over the reagent while

adding it to the pipette.
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analyzerthe absorption
to each test.

4. Leak check the Orsat analyzer thoroughly on site before
uSlng it, since moving an Orsat to the site may have caused it' to
leak. (Use the procedure in section 3.2.1) If there are leaks,
check all connections and stopcocks until the cause of the leak
is identified. Leaking stopcocks must be disassembled, cleaned,
and regreased; leaking rubber connections must be replaced.
After the analyzer is reassembled, the leak-check procedure must
be repeated.
3.1.4 Fyrite Gas Analyzer Check
visually for leaking of reagents prior
3.2 Equipment Packaging

Logistics of the method, time of sampling, and quality of
data are dependent on the packing of the sampling and analytical
equipment for (1) accessibility in the field, (2) ease of move
ment on site, and (3) optimum functioning in the field. Equip
ment should be packed to withstand severe treatment during ship

ment and field operations.
1. Pack probes, pumps, and condenser ln cases or wooden

boxes filled with packing material or lined with styrofoam. The
cases should have handles or hooks that can withstand hoisting
and should be rigid enough to prevent bending or twisting during
shipping and handling.

2. Pack rate meters, needle valves, and all small glass
ware individually in shipping containers.

3. Use the rigid container with the integrated sampling
bag for its shipping container.

4. Disassemble the Orsat and pack each item individually
in suitable packing material and rigid containers for long trips
or for shipping as freight. Ship the spare parts and the absorb

ent solutions in separate containers.
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Table 3.1 ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS

Action if
Frequency and method requirements

Characteristics Acceptance limits of measurement are not met

Grab Sample
Train No visual sign of Visual observation Replace as
---

breakage before each field necessary
test

Probe As above As above As above

Pump As above As above As above

Integrated Gas
Sampling Train

Probe As above As above As above

Air-cooled con- As above As above Clean and re-
denser place as

necessary

Needle valve No foreign matter or As above Clean and reas-
and rotam- erratic behavior semble as
eter necessary

Flexible bag No visual indication of As above Replace as
leakage necessary

Pump According to manufac- Before each field Service or re-
turer's criteria test, use manufac- turn to sup-

turer's directions plier as
necessary

Gas Analyzer
Orsat---

Leveling solu- Distilled water con- Prepare fresh
tion taining approximately solution

5% by volume of concen-
trated H

r
S04 and satu-

rated wi h a salt

Absorbing solu- <10 passes needed for Performance check Use fresh
tion constant readings with using any component reagent

any component gas gas

(continued)
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Action if
Frequency and method requirements

Characteristics Acceptance limits of measurement are not met

Stopcocks No leakage Visual observation Remove, clean,
regrease as
necessary

Assembly No leaks present See text Eliminate leaks
before test

Gas Analyzer Fill with reagents; Visual observation Add fresh
(Fyrite) no leaks reagent; re-

pair as neces-
sary

Package Equip- Not applicable See packing instruc- Not applicable
ment for Ship- tions
ment--
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4.0 ON-SITE MEASUREMENTS

The choice of procedure to be used at the sampling site

depends on whether an emission rate factor (F-factor), an excess

air determination, or a molecular weight determination is re

quired. The applicable measurement is specified in the emission

standard, and the quality assurance activities are summarized in

Table 4.1 in this section. In any case, the equipment is un

packed at the sampling site and visually inspected for damage

during shipment from the laboratory; the Orsat analyzer, espe

cially, 1S carefully checked for reagent levels and leaks as

described 1n section 3.2.1. Figure 4.1 (On-site Measurement

Checklist) can be used as a guide for sampling and analysis of

molecular weight, excess a1r, and emission rate determination.

4.1 Determination of CO2 and 02 for Dry Molecular Weight
Calculations

Three methods are described in the Federal Register for

measuring a gas stream I s dry molecular weight. These are dis

cussed in order of increasing complexity, and their uses are de

termined by the applicable standards or by expected variations in

gas composition.

4.1.1 Single-Point Grab Sampling and Analysis - Set up the grab

sampling train as depicted in Figure 1.1. Visually check each

connection for leaks.

1. Be sure the sampling point in the duct is either at the

centroid of the cross section or at a point ~l m (3.28 ft) from

the walls of larger ducts, unless otherwise specified by the

administrator.

2. Place the probe securely in the stack at the sampling

point.

3. Seal the sampling port as well as possible with a

sponge or rag to prevent dilution of the stack gas by ambient air

if the stack pressure is negative.
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Other
Weight Determination
Orsat ~ Fyrite

Sampling

Method: single-point grab~ single-point integrated
multipoint integrated

Is a filter used to remove particulate matter?
*Sampling train leak checked?
*Orsat analyzer leak checked?
All connections tight and leak free?
Sampling port properly sealed?
Sampling rate held constant?
Sampling train purged?
Analysis
Molecular
Analyzer:
Fyrite:
Reagent at proper level and zeroed?*
Leak-free connection between analyzer and sample line?
Sampling line purged?*
Orsat:
Reagents at proper level?*
Analyzer level?
Leak checked?*
Sample analyzed within 8
Sample lines purged?*
Excess Air-Emission Rate

After

new sample until the following

° 2

co -

- any three analyses differ by
a} ~0.3% when cO2 ~4.0%
b} ~0.2% when cO

2
~4.0% _

any three analyses differ by
a} ~0.3% when 02 <15.0%
b} ~0.2% when 02 ~15.0%

any three analyses differ by ~0.3% __

All readings averaged and reported to nearest 0.1% ~__

*Most significant items/parameters to be checked.

Figure 4.1 On-site measurement checklist.
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4. Check the Orsat analyzer for leaks as described ln

section 3.2.1. (Though this step is not mandatory, it is highly

recommended.) If another gas absorption device is used, it must

be zeroed before use.

5. Purge the sampling line several times by squeezing the

one-way squeeze bulb and then attaching the gas analyzer (either

the Orsat or another gas absorption device).

6. Draw a gas sample into the analyzer and immediately

analyze it for CO2 and 02' Record the data on data form shown in

Figure 4.2 or on a similar form.

7. Calculate the molecular weights as described in Sec

tion 3.2.6.

8. Repeat steps 5

weights of any three

.::,0.3 g/mole.

4.1.2 Single-Point Integrated Sampling and Analysis - Set up the

sampling train as shown in Figure 1.2. Visually check for leaks.

1. Be sure the sampling point in the duct is either at the

centroid of the cross section or at a point >1 m (3.28 ft) from

the walls of larger ducts, unless otherwise specified by the

administrator.

2. Place the probe securely in the stack at the sampling

point.

3. Seal the sampling port as well as possible with a

sponge or rag to prevent dilution of the stack gas by ambient air

if the stack pressure is negative.

4. Leak check the flexible bags as described in Section

3.2.1, and then evacuate the selected bag. Leak check the

sampling system by attaching a vacuum gauge to the condenser

inlet, drawing a vacuum of 250 mm (10 in.) Hg, and plugging the

outlet fitting where the bag is usually attached. Turn off the

pump and observe the vacuum reading for 30 s; it should remain

stable. I f the vacuum drops, check the system for leaks, then

repair if necessary, and finally recheck. (These leak checks are

optional, but highly recommended.)
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5. Connect the probe, open the quick disconnect at the bag
connection, and purge the sampling system with stack gas by
running the pump for about 1 min at a high rate. Make sure that
the condenser drain valve is closed tightly.

6. Connect the evacuated flexible bag,
sampling. Record the time, flow rate, and other
on a form like the one shown in Figure 4.3.

7. Sample at a constant rate so that about 30 to 90 Q (1
to 3 ft3 ) of gas are collected simultaneously with the pollutant

emlSSlon rate test.
8. Disconnect, seal, and remove the flexible sampling bag

to a suitable area for performing the analysis. Allow the col
lected sample to sit for about 30 mln to ensure thorough mixing
and temperature equilibrium. It is recommended that the analysis
be performed as soon as practical after the 30-min waiting
period, but not more than 8 h after sampling. I f an Orsat
analyzer is used, leak check it as described in Section 3.2.1.
(Though not mandatory, this step is highly recommended.) If a
gas absorption device is used, zero it before use.

9. Calculate the molecular weights as described ln Sec
tion 3.2.6. A data form similar to the one shown in Figure 4.2
can be used for recording the results of the calculations.

10. Repeat steps 8 and 9 until the calculated molecular
weights of any three analyses differ from their mean by
2-0 . 3 gjmole.
4.1.3 Multipoint Integrated Sampling and Analysis - This proce
dure is similar to the single-point integrated sampling proce
dure, but it is used when the stack cross section is traversed.

1. Locate the sampling points according to the procedures
described in Method 1. Determine the minimum number of traverse
points, as follows:

ol

a. 8 points for a round stack with <0.61 m (24 in.)
diameter,

b. 9 points for a rectangular stack with an equlva
lent diameter of <0.61 m (24 in.), or
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Run number 0- I

Date ~QOI.k!O<l=t j} gto Plant _dJa..Q.o (' J / '-£b 11:t?:l.-: ~aa-:J

Sampling location ~ S P ~UJ

Barometric pressure _:)~9:....:.:...,,5~-:....,ZI--""':x1=-,.D1..~.!..' _

Ambient temp. °C 30. '0: Stack temp. °c 1::S c:::)

Operator j(), C. Lt:!>2.4§tdCt'---d

Rate meter flow
Traverse rate (Q),

Time point cm3 /min %Dev. a

/.'2.,: {)O '\ - / ">00 ('\,

J ?,' 0..5"" :::J I)()() (1)

.'2, J () ~ t:;/)() n)
) ?> ' r;:;- ~ ""nn ()

J J,' 2D ;:::: ..:::{)o 0
1.:1, ''''L~ (, '-)~D Q)

J3' 4,'")- 1"\)- J "",\()r1 0
I -:<. : ."5r1 '/ "'-;{)f) (I)

13'S5 -~ -'::;-!'J/) 01

J '-I- J) /) <./ '~()() cJ
}v· ()., S- .~/){) 0
J l,rJ(j I- . "'iO() ())

Avg = J{{){) (]

a

%Dev.
Q - Qavg= ( Q ) 100; must be ~10%.

avg

Figure 4.3 Integrated bag sampling field data.
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c. 12 points for a larger stack.
2. Leak check and purge the bag and the sampling train'as

described in Subsection 4.1.2.
3. Sample each point at the same rate and for the same

time increment. Record the sampling data as shown in Figure 4.3.
Collect from 30 to 90 Q (1 to 3 ft3 ) of gas simultaneously with
the pollutant emission rate test.

4. Disconnect, seal, and remove the bag to a suitable area
for performing the analysis within 8 h, as described in Subsec
tion 4.1. 2.

5. Calculate the molecular weight, and repeat the analysis
until the results from any three analyses differ from their mean
by ~O. 3 gjmole.
4.2 Determination of Gas Composition for Emission Rate

Factor or Excess Air Calculations
The same three sampling procedures may be used as previously

described (Subsections 4.1.1, 4.1.2, and 4.1.3), but in all cases
the Orsat analyzer must be used for analysis, and it must be leak
checked before and after analysis. In addition, the integrated
sampling train (when used) and the flexible bags must be leak
checked prior to sampling. Care in using the Orsat and in assur
ing the accuracy of the results is also required, as described in
this section.
4.2.1 Single-Point Grab Sampling and Analysis - Set up, check,
and purge the system as described in Subsection 4.1.1. Perform
the Orsat analysis immediately according to the manufacturer's
instructions and as follows:

1. Draw sample gas into the Orsat and flush (i.e., allow
to bubble through the burette) at least three times to saturate

the liquid in the burette with the gas being analyzed and to
ensure that the air remaining in the manifold is of the same
composi tion as the sample to be analyzed. caution: Once the
flushing has begun, ambient air must not be allowed to enter the
manifold.
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2. Draw in a fixed volume (usually 100 ml) of the sample

gas, following the manufacturer's instructions. Allow a minimum

of 5 min for the sample gas to come to temperature equilibrium

with the water jacket around the burette (unless the sample and

the analyzer have both been at the same temperature for at least

5 min).

3. Proceed with the sequential determinations of CO2 , °2 ,

and CO as directed by the instructions supplied by the manufac

turer of the gas analyzer. Make repeated analyses of each compo

nent until two consecutive readings are identical. Always make

two or three passes through the absorbing solution between read

ings. Note: If more than three readings of two or three passes

are required to reach a constant reading for any component gas,

replace the absorbing reagent' and repeat the entire sampling

sequence.

4. Record the readings on the data form (Figure 4.1), and

determine the average value for each component of interest.

5. Leak check the Orsat after analysis. If it does not

pass the leak test, repair it and repeat the analysis.

4.2.2 Integrated Single-Point and Multipoint Sampling and

Analysis - The sampling procedures are identical to those de

scribed in Subsections 4.1.2 and 4.1.3. The flexible bag and the

sampling train must be checked for leaks prior to sampling, and

the Orsat must be leak checked before and after analysis.

After taking the sample, remove the flexible bag to the

analysis area and let it remain there for at least 30 min before

analyzing with the Orsat. Analysis must be completed within 4 h

of sampling. Perform the analysis according to the manufac

turer's instructions and as outlined in Subsection 4.2.1. Repeat

the analyses by drawing in new samples of CO2 , °2 , or CO from the

bag until the following criteria are met:

For CO2 - Repeat until any three analyses differ by

~0.3% (absolute) when CO2 is >4.0%, or by ~0.2% (absolute) when

CO2 is ~4.0%. Average the three acceptable readings, and report

to the nearest 0.1%.
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For 02 - Repeat until any three analyses differ by :::,0.3%

when the 02 is :::,15.0%, or by :::.0.2% when the 02 is >15.0%.

Average the three acceptable readings and repeat to the nearest

0.1%.

For CO, if required - Repeat- until any three results differ

by:::'O.3%.

4.3 Special Precautions

The Orsat analyzer is a simple instrument, but the validity

of results depends on operator technique, care, and patience.

Special precautions for using an Orsat analyzer include:

1. Do not allow ambient air to enter the Orsat analyzer

during testing.

2. Always perform the analysis ln the following sequence:

absorber No. 1 - CO2 ' absorber No. 2 - 02' and absorber No.3 

co. This sequence is necessary because absorber No. 2 will also

absorb cO2 ' and absorber No. 3 will absorb 02 and possibly co2 ;

double absorption will yield erroneous data.

3. Be sure to saturate the indicating solution in the

burette with salt at the operating temperature to prevent absorp

tion of sample gases prior to analysis. Be sure the solution is

acidic (as indicated by methyl orange) to enable it to absorb any

moisture in the sample gas.

4. Keep the absorber solution from entering the capillary

cQlumn manifold. Void the test if any absorber solution enters

the manifold, and clean the sample manifold with acetone.

5. Allow a minimum of 5 min for gas samples to come to

temperature equilibrium with the water jacket before the

analysis.

6. Operate the Orsat analyzer under constant temperature

and pressure. Be sure that the levels of solutions in the

burette and the leveling bottle are the same to ensure equal

pressures before taking a reading from the Orsat. The water

jacket acts as a buffer for temperature changes.

7. Measure s02 concentrations quantitatively (Method 6) if

the source being tested is known to have or is suspected of
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having high S02 concentrations, and subtract the value from that
of the CO2 determination. Measure and correct the values when

the S02 concentration is suspected to be ':::"3% (relative) of the
CO2 concentration and when the data are to be used to correct
emission rates or to calculate gas flows. If the data are to be
used for calculating just the molecular weight (Md ), then S02 in
terferences as high as 0.5% (absolute) or 5000 ppm are accept
able; this level of interference will result in an error of only

about 0.1 gig-mole (0.1 Ib/lb-mole) in Md'
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Table 4.1 ACTIVITY MATRIX FOR ON-SITE MEASUREMENTS

Characteristics Acceptance limits

Grab Sampling

Sampling train No leaks

Sampling points At the centroid of the
cross section or at a
point >1 m (3.28 ft)
from the walls

Integrated
Sampling

Frequency and method
of measurement

Visually check before
each field test

Not applicable

Action if
requirements
are not met

Eliminate
leaks before
proceeding with
test

Not applicable

Locate sampling
points

Flexible bag

Train

Sampling rate

Orsat Analyzer

Leak check

(continued)

8-12 points; see Sub
sec 4.1.3

No leaks

No leaks; vacuum
stable for >30 s

Constant rate

No leaks for 4 min

Not applicable

Check before each
field test; see
Sec 3.2.1

Pull vacuum of at
least 250 mm
(10 in.) Hg

Check using Fig 4.2

Varies with test
method; mandatory
for emission rate
factor and excess
air calculations;
Sec 3.2.1

Not applicable

Replace as
necessary

Check all
connections,
replace items
as necessary

Repeat sampling
to meet 10%
deviation limit

Check rubber
connections and
stopcocks
until cause
of leak is
identified; leak
check after re
pair and
reassembly
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Table 4.1 (continued)

Characteristics Acceptance limits

Test Results

Frequency and method
of measurement

Action if
requirements
are not met

Md from each of three
grab samples and anal
yses differ from their
mean by <0.3 gig mole
(0.3 lbjlb mole)

For each field test,
compare calculated
Md's to their means

Repeat analysis,
perhaps by
another operator

For emission
rate factor
or excess
air calcu
tions

1. Make repeated passes 1. Compare readings
thru the absorbing solu-
tion until two consecu-
tive readings are the
same; compare three
readings

1. Replace ab
sorbing solution

2. Make repeated ana
lyses; see Subsec 4.2.2
for criteria

2. Compare analyses
of component gases

2. Repeat analy
ses by another
operator; check
the apparatus
and technique
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5.0 POSTSAMPLING OPERATIONS

Table 5.1 at the end of this section summarizes the quality

assurance activities for the postsampling operations.
5.1 Compare Measured Values Against Theoretical Values

After the analyses have been performed and before the appa

ratus is disassembled, the measured and the theoretical results
(if available) should be compared as a quick check for gross

measurement errors.
Combustion nomographs are available for estimating the per

centages by volumes of CO2 and 02 when the fuel composition is
known.B,g Also the nomograph can be used to calculate the mole

cular weight of the stack gas.
Perform the calculations on the measured data as directed in

section 3.2.6 and perform the following comparlson:

DCO = %C02 (m) - %C02 (e)
2

where
DCO = difference in measured and estimated values, %,

2
%C02 (m) = measured CO2 (average of r replicates), %, and
%C02 (e) = estimated or theoretical CO2 , %.

Accept the measured value if DCO is <2% (absolute); otherwise,
2

check the apparatus, the technique, and the estimating procedures
before collecting and analyzing more samples.

Record the estimated or theoretical values on a form similar

to Figure 4.1. (Theoretical values may have been calculated and
recorded before the field test if sufficient knowledge of the
process was available.)

A second method to help eliminate gross errors is the use of

the Fyrite sampler at several points during the test. This will
indicate whether a problem does exist, but will not reveal which
value is indeed correct.
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5.2 Disassemble and Inspect Apparatus

When disassembling the apparatus, visually inspect the

sampling train components and the Orsat analyzer for damages that

could have adversely affected the measured values. Any identi

fied damage that was not detected during the test should be

documented on the field data form and thoroughly evaluated by the

appropriate apparatus check in the laboratory. After checking if

it is concluded that the damage could have biased the measure

ments, a description of potential bias in the data should be

included in the field test report. If possible, repeat the field

test.

5.3 Pack Apparatus for Shipment to Laboratory

Pack the apparatus for shipment to the laboratory as de

scribed in section 3.2.3. Return the data forms, prepared in

duplicate, to the laboratory--one copy should be sent by mail,

and one copy handcarried.

Table 5.1 ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS

Action if
Frequency and method requirements

Characteristics Acceptance limits of measurement are not met

Compare mea- %C02 (m) - %C02 (e) As suggested by ad- Repeat the
sured vs. ministrator; e.g. , analysis for
estimated ':2% (absolute) sug- for each incinerator additional
values of gested test when an estimate samples
%C02 ot %C02

is to be
used to correct parti-
culate emission levels

-

Disassemble and No damage that could Visual inspection Report damage
inspect ap- have adversely affected and its pos-
paratus the measurement sible bias on

measurements to
the a'dministra-
tor; use Fig 4.1

Pack apparatus Follow specified pack- After each field test Not applicable
for shipment ing instructions
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6.0 CALCULATIONS
Table 6.1 at the end of this section summar1zes the quality

assurance checks pertaining to calculations.

6.1 Excess Air
Use Equation 6-1 to calculate the percentage of excess a1r.

Use the average value for each of the component gases, as fol

lows:

where

(

%02 - 0.5 %CO )
%EA = ""0'""'""":.2:::-::6:-:::4-=%N=2""":::"";("'"'%=0-2----::::0-.-;::""5""%=oC=O'"') 100 Equation 6-1

%EA = percent excess a1r, %,

%°2 = percent °2 by volume (dry basis) , average of three

02 values, %,
%CO = percent CO by volume (dry basis) , average of three

CO values, %,
%N2 = percent N2 by volume (dry basis), average of three

N2 values, %, and

0.264 = ratio of 02 to N2 in air, v/v.
The average value for each of the gases is computed from the
Orsat analyses satisfying the criteria in section 3.2.4. Round
each average to the nearest 0.1%. In many cases, %CO will be

close to zero and can be dropped to simplify Equation 6-1. Equa
tion 6-1 is applicable whenever most of the N2 in the flue gas
comes from N2 in the combustion air, as is the case with most

fuel and refuse combustion processes. If the fuel contains

appreciable amounts of N2 or if 02 enrichment 1S used, Equation
6-1 cannot be used; alternate methods, subject to the approval by
the administrator, are required.
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6.2 Dry Molecular Weight

Use Equation 6-2 to calculate the dry molecular weight from
data in Figure 4 .l--i. e., the average values of the component
gases reported to the nearest 0.1%.

Equation 6-2

where
Md = dry molecular weight, gig-mole (lb/lb-mole),

%C02 = percent CO2 by volume (dry basis), average of three
analyses, and

%02' %N2 , and %CO are previously defined.
Round Md to the nearest 0.1, and record the value Figure 4.1.
6.3 Data Reporting

A copy of Figure 4.1 or an equivalent form should be filed
in the laboratory log, and the original should be forwarded
either to the home laboratory for further internal review or to
the user. An independent check of the calculations should be
performed, and the corrected values should be indicated on the
form if the differences are more than the acceptable roundoff
error. The checking analyst should initial the data form.
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Table 6.1 ACTIVITY MATRIX FOR CALCULATIONS

Characteristics Acceptance limits
Frequency and method

of measurement

Action if
requirements
are not met

Calculations 1. Data
contains
required
tions of
emission

form Fig 4.1
all data
for calcula
<Y~A, Md , and
rate factor

1. Visual observa
tion at each field
test

1. Obtain neces
sary data to com
plete the form

Data reporting

2. Average concentra
tions calculated to the
nearest 0.1%; final
calculations rounded
to nearest 0.1%

3. Independent calcu
lation agrees to the
nearest 0.1%

Data report complete
with indication of
calculation check

2. For each f~eld

test, compute tne
average concentration
of three analyses
that meet test re
quirements

3. For each field
test, repeat calcu
lations starting
with raw data

4. Visual check

Visual observation
of each field test

2. Recalculate
all results for
which computa
tions not con
sistent with pro
cedure

3. Report cor
rected values of
the calculations
in Fig 4.1

4. Correct
calculations

Perform
necessary cal
culation checks
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7.0 MAINTENANCE

Little periodic maintenance 1S required for the Orsat

apparatus--other than visual checks of the glassware, tubes, and

expansion bulbs. Keep the valves closed during storage, and

avoid freezing temperatures. If the Orsat 1S to be stored over

an extended period, it is generally better to remove all of the

absorbing reagents. The flexible bags are generally subjected to

extensive wear, and require repair or replacement when leaks

occur. The pump and rotameter should be kept clean and should be

maintained in accordance with manufacturers' instructions.

Table 7.1 ACTIVITY MATRIX FOR MAINTENANCE

Action if
Frequency and method requirements

Characteristics Acceptance limits of measurement are not met

Glassware, con- No damage Visually check before Replace if
necting tub- each use damaged
ing, expan-
sion bulbs

Flpxihlp bags Ac. ., hrn7P As above Repair or re-
place as re-
quired

Pump and Clean and maintained According to manu- Adjust/repair
rotameter in accordance with facturer's instruc- or request

manufacturer's in- tions assistance of
structions supplier
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8.0 AUDITING PROCEDURE

An audit is an independent assessment of data quality. It

1S independent because it is conducted by personnel other than

the field crew and by using apparatus and measurement standards

that are different from those used by the regular field crew. In

the field, routine quality assurance checks are necessary for

obtaining good quality data from a series of test runs at one

source, but they are not part of the auditing procedure.

Table 8.1 at the end of this section summarizes the quality

assurance activities for auditing. Based on the results of col

laborative tests, three performance audits and a systems audit

are recommended in Subsections 8.1 and 8.2. Both types are to

be conducted by auditors.

8.1 Performance Audits

Performance audits are quantitative evaluations of the

quality of the data produced and recorded by the total measure

ment system (sample collection, sample analysis, and data proces

sing). These audits should be conducted by the responsible con

trol agency once during every enforcement source test, regardless

of whether the test is conducted by a control agency or by a

private company personnel. A source test for enforcement com

prises a series of runs at one source.

8.1.1 Audit of Md - Because the maximum relative error 1n Md is

approximately 4%, it is not practical to aUd~t Md unless directed

by the administrator. .

8.1.2 Audit of Analytical Phase Using Certified Gas Mixtures for

Emission Rate Correction Factor and Excess Air Determination

Analyzer operation and operator technique can be checked by pro

viding audit samples of certified gas mixtures to be analyzed

prior to or along with field samples. One sample should contain

concentrations of 2-4% 02 and 14-18% CO2 , and another sample

should contain concentrations of 2-4% CO2 and about 15% 02.
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These gas samples can be transferred from their pressurized

storage containers to flexible bags and delivered to the test

team on site by the auditor. Replicate samples of the audit gas

containing 02 and CO2 concentrations similiar to the concentra

tions expected during the test and one sample of the other audit

gas should be sufficient for audit of the analytical phase.

The error of the analytical phase can be calculated using

Equation 8-1, and should be ~1.0% for CO2 and 02.

Equation 8-1

where

D = difference in the field test results and the certi

fied audit value, %,

%Va = field team's value as the average of r replicates,

%, and

%V
C

= certified value of audit gas, %.
The emission rate correction factor is not directly proportional

to the Orsat analyzer error. Therefore, the standard calculation

of %D is not applicable. The results of the calculated %D should

be included in the enforcement source test report as an assess

ment of accuracy of the analytical phase of Method 3 during the

actual enforcement source test.

a .1. 3 Audit of Data Processing - Data processing errors Cen be

detected by auditing the data recorded on the field and the

laboratory forms. The original and the field check calculations

should agree; if not, all of the remaining data should be re

checked by the auditor, and any errors should be clearly

explained to the team to prevent or minimize reoccurrence. The

data processing errors may also be detected in copies of data

sets compiled and filed in the field and in copies of manual data

reductions (or computer printouts, if used) forwarded to the

evaluator for audit. Calculation errors are prevalent among

users of Method 3.
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8.2 Systems Audit

A systems audit 1S an on-site qualitative inspection and

review of the quality assurance checks used by the team for the

total measurement system (sample collection, sample analysis,

data processing, etc.). Initially, a systems audit specified by

a quality assurance coordinator should be conducted for each

enforcement source test, which by definition comprises three

runs at one source. After the team gains experience with the

procedure, the frequency of audit may be reduced, for example, to

once for every four tests. The auditor should have extensive

experience in source sampling--more specifically, with the

characterization technique being audited.

The functions of the auditor are summarized as follows:

1. Observe procedures and techniques of the field team

during sample collection.

2. Check/verify the records of apparatus calibration and

the quality control charts used in the laboratory analysis.

3. Record the results of the audit and forward them with

comments on source team management to the quality assurance

coordinator so that any needed corrective actions may be imple

mented.

8.2.1 Collecting On-site Information While on-site, the

audi tor should observe the field team I s overall performance of

the source test. Specific operations to observe should include,

but not be limited to:

1. setting up and leak testing the sampling train.

2. Purging the sampling train with stack gas prior to

collecting the sample.

3. Proportional sampling.

4. Transferring of the sample from the collapsible bag to

the Orsat analyzer.

Table 8.1 is a suggested form for use by the auditor.

8.2.2 Collecting Laboratory Information When visiting the

field team I s home laboratory, the auditor should check the re

cords to verify that the performance criteria in Table 4.3 (Sec

tion 3.2.4) have been met since the last audit was performed.
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OPERATION

Presampling Operation

1. Availability of theoretical value
2. Use of modified Orsat analyzer (O.l-ml

divisions)

On-site Measurements

3. Setting up and leak testing the samp
ling train

4. Purging the sampling train with stack
gas prior to collecting the sample

5. Constant rate sampling
6. Transfer of sample from collapsible

bag to the Orsat analyzer
7. Maintaining constant pressure throughout

the test
8. Exposing the sample to ambient alr
9. Spent absorbing reagent

Postsampling Measurements

10. Perform independent calculations uSlng
data from audit

11. Compare the audit value with the field
team's test value

12. Make sufficient passes for complete
absorption of a component gas

13. Minimize volumetric reading error
14. Check/verify applicable records of

apparatus calibration checks and quality
control charts in the field team's home
laboratory

General Comments

Figure 8.1 Checklist for Method 3 for use by the auditor.
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Table 8.1 ACTIVITY MATRIX FOR AUDITING PROCEDURES

Audit

Analytical
audit

Data processing
audit

Systems audit

Acceptance limits

D ::: %V - 7cVa 0 c

mean value of
measurements
by field team

%V ::: certified value
c of audit gas

Agreement of original
and check calculations

Technique described in
this section

Frequency and method
of measurement

As designated by the
administrator

Once during each
enforcement source
test; independent
calculations starting
with raw data

Once during each
enforcement test
until experience
gained, then every
fourth test; observe
techniques; use audit
checklist Fig 8.1

Action if
requirements
are not met

Advise team of
sources of
errors, and re
quest they seek
additional train
ing; rerun test
if necessary for
determination of
compliance

Check and correct
all data

Explain to
team the de
viations from
recommended
techniques, and
note deviations
on Fig 8.1
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To acqulre data of good quality, two considerations are

essential: (1) the measurement process must be in a state of

statistical control at the time of the measurement, and (2) the

systematic errors combined with the random variations (errors of

measurement) must result in an acceptable level of uncertainty.

As evidence of good quality, it is necessary to perform quality

control checks and independent audits of the measurement process,

to use materials and measurement procedures which can be traced

to an appropriate reference standard, and to document data from

the checks and audits (e. g., by means of a quality control

chart) .

Data must be routinely obtained by repeat measurements of

standard reference samples, primary, secondary, and/or working

standards. The working calibration standards should be traceable

to either primary or higher order standards.

In the case of absorption type gas analyzers, operator

techniques and analyzer operations can be checked by sampling two

certified mixtures of bottled gas containing 2-4% 02 and 14-18%

CO2 , or 2-4% CO2 and about 15% 02' Bottled gases used for audit

purposes should be traceable to NBS standards.
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ME'THOD 3-GA8 ANALYSIS rOR CARBON DIOXIDII.
OXYGEN, EXCII88 AIR. AND DRY MOLIICUI.AR W&IOIft

1. Prlnclpll "nd AppllcobUU,

1.1 Principle. A gas sampl,' is oxtracted from altaet.
by ono of Lh.' followmg l!ll <l1O<lS. (1) single·polnt, grab
sampling:; (2) sin~I{'-polnt. Illlr'p,rntcd sampling; or (3)
multi-point, int('~I:l.t{'(l ~arnpll1lg. 'fhe gas sample 11
analyzrr) fur Pl'l'c{'IlL carbon diOXIde (C02), percent oxy"
gcn (O~), r..:ld. If nC"CMsary, percent carbon monoxide
(CO). If a ry loolecuh\< WPl"ht determination Is to be
made, eitht'f all Orsnt or n li'Ylltc I analyzer may be used
for the anal~'sls, (or eX('l'SIi mr or ('missIon rate correction
factor drll" lIlinatlOn, an Orsat a,nalyzpc must ho used.

1.2 App 1\':...lHllLy. '1'hb In' thod IS applicable (or de-
termtning C02 alII} 0, cOI.(~'Il·mlions, ('xc('~s air, and
dry molf'cu1n.r wl'lght (Ii a ~'~mplt' from a gas ;)lrOQ,m oC a
fossll·fucl combu;)LIOIl proc(·,"'s. rrhc method may aL~ be
applicable t,) other pr\)Cl' ...SC:i \\ Iwreit ho.s becn detonnined
that comp( ~.rHh othror tnan ('(,2. Oz. CO, and Illtrncen
(NI) Brc n<Jt present III COlll'Catrations sulficleQt to
allect the r05Hlto.

Othrr mf't1HI(J::;, as W(,n as modifications to the prOOf:·
dure descllh,") IH-'Jfl'lD, arc ab(, apphcaule (or some or all
of t.ho ubo\'l ,~ 'Lrnl1l·'latloll~. E"\amplrs of \;\prClilC mrt.h·
ods and mOl II ,'a.1 d)l,~ melndl" (l) n mUlti-poUlt samp·
lin~ Hwtiloil 1, 'lltC!; .11l Or"at .~Jlnh 7.1'1' to Ullflt!YZC fnrti·
vidual gmb &,\lllph.., ololallll'd at I'IWlJ pOln\. (~) ~\ mf'thod
u."ing C02 [Ir \)' and SlU1CLL 11 \'." \':11( 1l:3Ijnl\~ to drtrr·
mine dry I.lU ' Id.\1 \\ II~hL al , '\\ ('S'"' Ulr: (;l) n....,SlgninR a
value o{ 30.(' .(11 Liry llloiccubr wdJ.d:t, 1I1 hNl of actual
mea.surCI.nl.'llt,c;;, (or processes hUll1lllg naturai g-as, coal, or
all. TIH'Sf' mrthods and mndlfH aliUIl'i may l}f' used, but
aro subject \,) tile approval of Llle AdmilllsLrator.

2. Apporalu,

As an alt{'lllallvo to Lhe sr~lllplJng appa13tus and sys
tems de::,rlllIl ) hl~rcll1, othnr s~~mphng sYSLNuS (e.g.,
liqlUd dn.ph{'t',l \ nt) m,ly be 11SN1 provided such systems
are ca.pnhlo o. obtalIHn~ a rt·prt ...... rnLatlvo sa.mple and
rnaint8mIn~a ('on~tant sampling mtc, and arc otherwise
capnble of YlChhng acccptable ""suits. Usc 01 such
systolns IS ~llhJl'rt 10 the fltPpr,lvd.J of tho Admlluslrator.

2.1 Umb ~<.l.mpling (Fl~ur~~) 1).
2.1.1 Prou(' Tile prohu shou.d Ll' mad(' of <;tainle.qs

stool or boroslllCale gl~s tublll~ .lnd. should be equipped
with an in-stack or out·stacl, t.il l , to remove pari iculate
matter (a p:; ... -Jf glass ,\'1,)1 I~ , .asfaclory for thi~ pur·
pose). Any (,1..111 r matert,. IUGf 1,) 02, C02, CO, and Nt
and resistant tl, Lemperatt..fO at ..,amphng conoiliolls may
be used for thp probe: f'X .mplm:, of such malt'rial are
aluminnm, ('o:~per, quartz. glar...s ~lld ToUon.

2.1.2 PUffil' ,\ OI1('·y,ay ~'I'A{\(\Z" bUlh, or rq1.lIvalont.
Is used to trih, ,port tho j!1. salilple to thc analyzer.

2.2 In'cgrai..ru 8,~mpl.llg {F1PlrC 3-2). .-
2.2.1 Probe. A probe ouch as that descnbeu m Section

2.1.1 Is sUllahle.

I .\lenUon of tradc names or specific products does not
constlt,.te endorsoment by the Environmental Protec·
t101~ Agency.

2.2.2 Conclenser. An .Ir-eooled or watcr-eoolecl con.
donlll'!:J or other condenser th.t wlll not !9lIIon 0 ..
CO" \;0••nd N .. lnay 00 uaed lor.mo~e elceM mol8tDn
which would Interfere with the operation or tbe pump
• nd now moter.

22.3 Valvo. A needle valve is used to adJwt .mplo
~a., now ra teo

22.4 Pump. A leak.'rCt', d",phrn~m·type pump, or
rqulnlent.1s usrd to transport sample gas to tho n..ible
'.la~. Install a small SUCRe tank between the pump and
nit<! meter to eliminate the pulsation rllect or the di...
I,hra«m pllmp on th~ rotamptrr.

2.2.6 Rate Meter. The rolumeter, or e~ulval.nt rnte
mt'ler, used should be ('apable of mea..uringo flow raLe
to ....ithln ±2 percent of tho selected now rate. A now
rate range of 500 to 1000 cm'!mln is suggested.

.2.2.6 Flexible na~ Any leak·fIee plastIC (e.!': .• Tedlar.
J.-.)'lar, Tenon) or plasllc-eoatcd alum1llum (r g.• alumi..
nlzrd MylllJ") bag, or C<]uivalont, havmg a caPBC,ty
ron.lstent with the selected now rate and time length
,.f the 1<'... t run, may be nscd. A capacity m the range or
M to 90 liters Is suggested.

To leak-e~cck the bag, connr('t it to a water manorne~r
.nd pressuriZc the bag to 6 to JOcm H20 (2 to lin. H,O).
Allow to stand for 10 minutes. Any dlsplacemrnt In the
water manomrter indlC8trs a kn.k. An a.1trrnativf l"nk.
<hock method is to pressllme the ba~ to 6 to 10 em 11,0
(2 to 41n. R,O) and allow to ",~nd overnight. A detlated
baR Indicates a !"ak

2:2.7 Pressure Gauge A water-filled U-tube manom.
0I.1t, or equivalent. of about 28 em (12 in.) is U8fld for
the nexlble bag lcat-ehedc.

2.2.8 VIICuum Gau~e. A mercury mano_ter or
eQmvalent, 01 at loosL 760 mm IIg (30 in. IIg) is Uii.J rot
the ...mphn~ train lee.k-ehock.

2.3 Anaiysis. For OrsaL and Fyrite analyzer main.
tcnanr.e and operation procedllres. follow the InstnlC~iona
rerommended. by the manufacturer. unless otherwise
sporined herem.

23.1 Dry Molceular Wei~htDetennination. An Orsat
••nalyzer or Fyrite type codJbustion gas lIl1a1yZ8l' may be
".<ed. •

2.3.2 Emission nate Correction Factor or EIC&8ll Air
DetenninatlOn An Orsat analyzer must be used. For
low CO. Oess than 40 perceut) or hl~h 0, (groator th.n
1".0 percent) conrentratlons. the measuring burette or
the Orsat must have at least 0 1 percent subdiylSlOl's.

3. Dr, Moltculor Weight Dr/ammo/ion

An, of the thr('c samplmg and analytical proc('c]urf's
deecribed below may be w.ed for determining the dry
molecular weight.

3.1 Bingle·POint, Grab Sampling and Analytical
Procedure.

3.1.1 The 88mpllng point in the duct shall either be
at the centroid 01 the cross section or at a point no closer
to the ....alls than 1.00 m (3.3 H), unless otherwISe speclJied
by the Administrator.

I

3.1.2 Set up the eQuipment u lIbcnrn In J''-tJn ....1.
makinc IUN &II connectIon••liMe! of the -"ysor are
tl«bt and lMk.fne. If .n Onat analyzer II uaed. It II
rl'ClOmmended that ths analyzer be leaked-dMrUd by
rollowlng the procooure In Section 5; how...... tile leU;•
dleet 101 optional.

'.1.3 Place the probe In the stack, with the tip oltha
probe positioned at the sampling point; PUlle thell8lllpl·
iJ1lt Une. Draw a sample into the anal)·zer .nd immr·
diately analY7.a it for prrcent ,0, and percent 0 .. Deter·
mine the perc"ntage of the gllS that ,. N, and CO by
sublnoctlng the sum of the p"rceut CO, .nd percent O.
rrom 100 J)41rccnt. CalClllate the dry mOlooular walcbt u
Inrtlcated In Section 6.3.

3.1.4 Repeat the sampling. analysis••nd calculation
procedur.... until the dr)' n,o(,'clllar wetg!lbl or any lbr..
jtrab aamples difTer from tlIelr mcan by no mOl"e lhan
0.31/1-mole (0.3 Ibllb-moll'l. Average th_ three molec
ular ....aiChts. and reporL tile results too the DeIlI'""t
U.ll/1-11101. (lh/1b·mole).

3.2 813ll1e-Point. Integr"'cd Sampling .nd Analytleal
Ptoeedure.

3.2.1 The SlImpling point ill tho duct shall be located
Ilsspeellled ill Section U.1.

3.2.2 Leak-ehock (optIOnal) the nexlble hal u In
Seetlon 2.2.6. Set up tbe ''I,lIpJ.,ent liS sho..... in Flaunl
3-2. Just prior to sampLnf, Ic.nk-eheek (optional) the
t.rain by placmg a vacuum f.augr a.t the condeDAet Inlt,t,
plllling Il ~acllum of at 1.'lISt ~.,O mm lie (10 In. Hg).
pllail'll the outlet at th", 'l.uJck dlSCOI1l)ect,~.nd 'hell
tumlnc oft tho pump. Thr, aCl~llm should remain stahlfl
rorllt l_tO.5 mlllllte. Evacllate the nC'lble bill. Connect
Ihe probe .nd plaoe it III th" 'tack, With the tip or the
flrobe pollitionerl at the snm\.hng pOlllt; pllrge th....mpl.
Inc Une. Next, <,OIlI1l.'('t til£' h,~ anti mako lure that all
oonorct1ons arp tightal1d. ko .... Clef'.

3.2.3 Sample at a cI)JlsLmt ratf'. Thl:' sampllnK nln
~hould be simultaneous \\/1.U, und for the same \oLal
Irn«th of Urnr!\S, thl.' poilu .'11 t"l1lq .... I..1I rate df'termimr
tlon. COIlKU('ll of at least.\ I LL(\rs II lit) US) of Kamp)e KM
is reeommont!f,J; hO\\'O\l I ~rilaJltlf volumes may be
tolleeted If de'lred.

3.2.4 Obtalll Oll(\ IntC'f!l nt"fl nile j:!a..l;;. ~mple dnrin«
1"'ach pollutant emis.·;jon l8t,' rlP{( r1lllllatioli. 'WIUUlI g
houf'l after thr sample IS tn.1. '11, filUllY/.I' it for p(lrcf\ut
COt and percrnt 02 lIsitlf: t'ltlwr n.n On,at analyJ.('r or a
}'yrlte-type combustIOn ~1IS analyz"r If an Oroat .na
1)'181' Ii ll8ed, it i. reronunend"d that the Orsat leak
c!leck delcrlbed in Section 5 be \lCrrormed before thi.
determination; bowe~er. the check Is optional. Deter.
mine tbe percentage or the gllS that Is N ,and CO by SIlb
vaetllll the lIUDl or the per.·ent CO. and perC8n~ O.

SQUEEZE BULB

TO ANALYZER

FLEXIBLE TUBING

FILTtR (GLASS WOOL)

Figure 3·1. Grab·sampling train.
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RATE METER

RIGID CONTAINER

BAG

SURGE TANK

QUICK DISCONNECT

AIR-COOLED
CONDENSER

FILTER
(GLASS WOOL)

,PROBE

Figure 3·2. Integrated gas·sampling train.

TIME TRAVERSE Q
PT. 1pm " DEV.I

AVERAGE

I%DEV= (Q.Qavg)100
Qavg (MUST BE <; 10%)

Figure 3-3. Sampling rate data.



Section No.
Revision No.
Date January
Page 3 of 3

3.2.10
o

15, 1980

Irom J(KI port'ent. Calru1l>te the cIrr molecular weicht II
indicated In Section 6.3-

3.2J1 Repeat the analysis and'ralculaUon procedurt'4
nntil the Individual dry molocular weights lor any three
a""IT""" diller Irom their moan by no more than 0.3
gig-mole (03 Ib/lb-mole). Average these three molecular
weights. and report tbo rosults to the nearest 0.1 gig-mole
(O.llh/lb-mole).

33 Multi-Point, Integrated Sampling and Analytical
Procedufp

3.3 I Unless otherwise specIfied by the Adminis
trator, 8 mUllmUlIl of t'ight tra.verse POints shall be used
for cacular stack~ bavlllg dinrnrters less thf.'n 0.81 m
(24 In ). a OlUllmum of nlJ)!J Shall he uSf'd for rectnnJ1:u1Ol'
sta.c.ks having eqUivalcnt diameters It\SS than 0.61 m
(24 In.). and II minImum of twelve travt'rsc ;Ioints shall
be used (or all othor ca...')C'-S. The travrfSc pOint.., shall be
located aceordlTlg to Mrthod I. The usc of fewer points
Is suloJect to approval of the AdmInistrator.

3.3.2 Follnw the procedures ouUlned In SectiOn>! 3.2.2
through 3.2.5. except for the following: traverse all sam
phng points and sample at each point lor an equal length
01 timo. Rocord sampling data as shown In Figure 3-3.

t. :;.r:.~'l::: Ral. CorreclwlI Fador or KrUll Air Del.,.·

NOTF..-A Fyrite-type comhustion gas annlytor is not
acceptable for exc('~"i J.tr or emlS&lOn rate corn'chon flLCtor
determinatIOn, unh:-. ... approved J.,y the Admlll''>trator. ,
If bot~ pcrc1mt CO: :md percent 0: are nltlBSt (.d, the
analytical TCbultS uf ' ,~ or the threo procedures given
~~~ht~ayabo be u;, J [orcalcuJ,,'ill~ the dry molecul....

Each of the thrl~t I,r "edurC's bf'low shall be used only
when spcclf/cd 1Il 31 ::J1,plLCablcsubpart of the standards.
The l~SC of th('so proCf'UdrrS for other purpo~esmust have
spoClhc pnof approval uf the Admlnl"trator.
p~~Cd~l;~~IC-POmt Unlb Samplillti and Analytical

4.1.1 Thr samplir ,'llnt in thr duct sh,dl Cl1ht'r be
at tho cr-nt roJ(j ul I ~~-8('Nwn or at a point no closer
to the walls than I., ;.3 ft), uulr,,," otherWIse specWed
by the Adnl1lllsln.~,-,r

4 1:2 Bf't up tbo f~qwrmcnt as shown in Figure 3-1,
makmg sure all COnnections ahead of the analy?er are
tIght Bnd leak·free. I.eak-check the Orsat analyzer ac
cordjn~ to .the procedure described In SectIOn D. Thu
leak-c~lock IS mandatory.

( I 3 Plare the prouo In the stack, ".th thr tip of the
prohI pO&1t!ol1("d at the snmphng pomt, purgo the sam..
phn~ linf'. })ro.\\ a. sample inlo the anal}'Mr. For ('mission
rate f'orrection factor drtenmllation, unmediutrly 8ua·
lyze t.hE' flf\lIlple, as OllllWC'U In 8('(·tl()l1~ 4.1.4 and 4.1 fi,
(l,r f'rTccllt ('02 or pC'rl'C'nt 01. If t'XCl'~S mr 18 d('sir('d,
pnw10ct n...'\ foll,)ws' (1) inllJll'diat('ly analyzo tho sample,
M III :--'t'ctluns 4.1.4 and 1.1..1). for PNCI.'nt C02, 02. and
CO. (2) d{'ll'rmino tbo l)rrcl'nta~c of the g~ that is N:
by subtro.('lln~ 'iho ~um of the IWl('('nt CV:. percrnt 02,
an I IlOrel'llt CO from 1)0 percent, ailll (J) calculate
Pf'J Cl':lt r\.cc::..s mT Ho& outlIned In Spctlon G 2.

4.1.4 1'0 on~ure COl'ti'}f'tf' ahsorptioll of tl10 C02,0.,
nr If l\llplicnhlC'. CO, Iflfht..(\ rt'J)(\uted lJa..";.;e.~ Lhr u~h each
nh~orblTl~ s!Jlullf)lt U 1~U l.\\ 0 cotlM'cullVl' irf\,dlngs are
t:'l' ::;nnw. l"'evI'm! pa~"','s "lhrcc or fO\;r' slHlu(d be mado
1111\\1'('11 readings. (1. C lll,lallt n Ut•• r~ ... ":.u1nol be
(}llWllh'd aflN thn'c Cul1s('{'uUve Tv,HUng" replace the
nll'"lr\!lIlp.; <;ohJ\lOn.)

4.i f.l Af1f>r thl~ am\1' "IS j:..; oomph-tId, 11'nk-('hrcK:
(w:mllalo! y) t..hl> Olsat ,.lrla.l:yz,cr once .lg:.l:" n3 ups("uhcd
II, :--\'dlOil ,) Fur till' f, ull.... of the anL.1Y~IS td 0(' valid,
till' Orsat t\TtJ]yzeor nil.'" pa~fl tlllS h'ak tf",t h('fore and
:.:l\'f t..lle J.\lal~'>l~. N01~ .. -i"ilnl'C 1I11~ <.,lnt-!:>-I)oint. v;ro.b
~,wlpllll~ anti lmal) ta'o.l pro('('dnn' l~ flat maUycollducLcd
III CllllJUlIl'iWTI \\ Illl f\ ~i I~de~p()illt, glab ~:~lllphng nnd
flllal\'llcal IJl')('l'dUlc for .1 J)ollnlaut, only t,He nnnlys-is

~~~~~II~:~1~l~I~\~~.~'I;I~\~:~{11·s~~~~tt~~f(~~'d~~~'~;;~ ~::I{)~I~\~~tU~l~
11\ Illoc;;t Cll<;('S olllv CO! or o~ Ii: fl'qU [('(1, 11 IS recom·
Illf'wh'd that hoill CO 2 f11,d 01 he JIlt 'l.'>11roJ, and that
l'ltatlOll Ii In tho Blbll\)!:':raphy b(1 u:)l,.1 to \ulIdaLo tho
allalyt..l('al d.~ta.

1.'l t-hll~I~-L'Olllt, rllt(\~(,tl('d R:wqJlJIi~ ,/ldJ Analytical
}'nH'('dult'

421 TIll' ~aTllllll1lt! 1,Oll, III tl~f' dncL ,I ail Ill' t()('alf'd
n..'> ~p(,CJfied III Bl'r(lOll 4 1 1

4.2,2 J.,(,ak-rhrck (mandatory) tho lie"hlr h,,~ ns in
Section 2.2,6. Set up the eqmpm('nL ns shown In FJ~ue

a-2 Just prior to snmpling, leak-{'heck (mandatory) lho
train by placin~ a vacuum gQU~P at the conoen~er mlot,
pulling a vacuum o( at least 250 mm JIg (10 in. lfg),
plugging the outlet at tho quick disconnect. and tben

turning ott tilt' PUll I' 'rho V.l('llum sln.l1 frlll: .. · .hle
for at lo""t 0.5 minnte. EVll('\late the IIcXlble bag. Con
nect tho probe and place it in the st....k, with tbe tip of the
probe positioned at the ""mplillg pamt; purge the sam·
plmg lllle. Next, connect the b"l': and make sure that
all connectIOns arc lIght and Icnk froo.

t.2.3 Snmple al a constant rale, or as spl'ellie.d by the
Admini&1 ratoT. '1'ho saml)llllg run mU~L bo ~IIHultanooU9
\nth, am] {or the same ~otollengthof time as tbe pollute
ant Clnl~"'lOn rutc determination. Collom. 'at least 30
ht"rs (1.00 fV) of samplo gas. Small.r volumes \nay be
collected. subject to "pproval ollr. "-dmlllistrr.tor.

4.2.1 ObtaIn one integrated Ono' gas salllple during
tach pollutant e1l11M1lOn rate detcrmmation. 'For emission
tatC' conrctlOll factor determinatIOn, analyze the satnplo
'vnthm 4. hours afler It IS tll.ken for p£'fccnt C02 or percent
0, (as onllmod in SocllOns 4.2.5 throu~h 42.7). The
Orsat analyzer must bo Irak-cheoked (s.e SerllOn 5)
hrfore th ..' analysis If ,)\crss aIr IS doslrcd, procred as
(ollows. (1) within ( hours after the sample IS t.\ken.
nnalyzr it (t1..q III Hl'ctlOns 4.2.5 through 4.2.7) for pNoont
(,0,. 0" ami CO, (~) d\'lrrmine lhe percontage of the
g:J.'l that IS N2 by sUblrfl,(,lln~tho sum of the ppr('('nt COl,
P<'rcent 02, Illld i)\'ICC'l1t CO from 100 pt"rc('nl.; (:.I) cal.
cuinle pefcent exec..%- aIr. ns outhn£'d in Seclion 6.2.

4.2.5 To ensure C011pl('tc llbsorpUon of tho CO:, 01,
or If applJcahlr. CO, ma"o rCj)rllol£'d pas~s throngh uch
nhsQrlHl1g solution unlit tWG consecutive rraulI1gs are the
:-;,unr. Swvrral pas.."J'-s ~thr ~n or four) should ho made 00.
twC'('n rpndll1(:n::. (If cOllstrmt rradil1g~ ,'annot be ohtainf'd
:(~r:~~i~ll~~;'e COIlSt'CUUvo readings, replaco tIlO absorbilll

4.26 n,'prat the annlysis until the following criteria
llrfl mrl·

1.2.61 For perr"nt ,::0,. repeat tho anallltcHI pr~

crdurr until till' f('sulls lfany thrt'('lI\l1fl,lyso.~dlfTt'r by no
lllore than (fl) 0.3 }l('rc('J1t by volumo whl"n COils greatN'
than (.0 prreent or (b) 0.2 I,ereent by volume wl1l'n CO.
Is less than or e~ual to 4.0 percent. Average the three ac
eeptable valurs 01 ppre<'nt CO, and report the resulla to
the near""t 0.1 percent.

t.2.6.2 For percent 0,. ropoat the analyUcml procedure
untJl the results 01 any three analyses diller by no more

thnn (a) 0.3 percent h)' volume when O,ls I"ss than I.~.CL
",'rcent or (b) 0.2 p,-rccnt uy volume when O,ls greate"
than 15.0 l>t.>rt.'t~nt. AVt'rllgC' the three acceptable values of
percent 0, and report the results to the neurcst 0.1
IlefCl..luf.

t.2.6.3 For percent CO, rrpeat the analytical proce
dure until the n'sults (If any thn't:' allalysc~ differ by no
more than 0.3 pl'l't'l'1I1 A Vl'1 arf' the ttITI\(' al'l>~ptllblo
vnhU'-s or pcrci.ul CO 11 ' H.1I"I'1I1 t llll,' 14"mlts to tilt, III'arl~t
0.1 lll'J'et'lll..

"'2.7 Arlf'r til' nlll\lY'I"l 1S ('omp!I'1l"1. k,lk~ht'l'k
(m~ndntuI'Y) the ()r~<\t :LII,\I:-, 1'1 tJlll..·I' ·H.:-a II1, n~ d, ....enlh.d
in ~r,ctlon5. ForUw results 0(1 h.' fl.llrLlysls to Iol' ... a11d, the
Orsat anal.yzcr 1J1ust pn",s tllJ~ ""lk 1l'~t bdt)]{~ nnd after
tile al1.nIY~IR.,NOll' AltholJ~h in ,\O"t InSll1lh'r~ Dilly COl
or 0, JS fequlIt: 1, I IS 1l't'OlllllWlldrd 1hnt bnlh ('0 2 and
0, be 1ll(>:l....Uft'{., a. 't thnt t ILll1nn 5 ill tlit' I3ll'!I'Jll'll.ll'hy
be lIsed t(\ valldal0 till' allah II\'nl tll.lt:l,
}lr~~('d~l~l:,~tl.POIIlI, lnl"gral"d ~ \I 1111 Illig' alit} .\ 'IHlytkal

4.3.1 Both t)l(, 'linilillll'l t\I'i'llher of ~,ll11p]'Ilg'" pOints
awl the samphllg pomt loea' 10'1 .~ht\Jl hr ,IE' ~JlL'1 IllNl In
BedJotl :1.:1.1 ottlns mt'thod. 1'IH' u~e of f~WI'1 punlts than
spi'clfJed l~ mLjel't to the nppl ')\'.1' 1f the Admll11>.,trator

4.3.2 Follow, .' nroccduH',s OUI 1J1l<'o in S,.\.t1OJl~ 4. 0)';
tluouf;!;h 4. '2.,7, p'I(('ept for ~be {uliowlIlg. 'I'r"~\lIISC ·;]1
S<'lI]J1)!lnR POlllt'\ and sJ.mph' .'..1 ,·[teh POll It [',r .'1 l'qual
~~~:th of tllHf~. Hf"l'01d snn1pln • uatn. as ~lll"\ II" "'t:utA

5. Ltak~CllfCk Jll '''''(l/l1r( for r)"~ll' Allflly:(r.~

Moving an nrst\t f1T'n)yzf'J' fJ(\qllrntly (',w·e .... I' l) h'nk.
Therdore. an Of~~t nn,tly'II'l should bt~ thl'IOUf!.illV l",tk
checkc~,0Il ~it" h~ fllre t he lItH' ~a" ~a1llph' I" 1'li ft'duc,'(l:i.to 1t. I Jil' prol.. t 'j'"P fOI kak ~1l('cldllg.1 n (}r:;" 1 '~l ,1') l ~r

5.1.1 Hling tIlt' liquid 1t vC'l '1\ \'.wh plp{'~te np '., "Ie
rl'fI..'l('IH'(1 1I111' 1< Oil t1u~ l'llpJll:a)- tlJ hlllg'" alld t' t"l 1'1".0:1 I ho
)llp(-'tlt' '-10P( o{'k.

fl1.2 lLllSC Ih h'Vt\lil\~ hulll"nlllmrlllJy to hI '" IH~
rnlllllllllg Iiqmu HU!Il1:-iI'nS 0'\\0 1 IIII J,:J'.ldu.1U't! Ill" I.)' of
thn bUfl'lfr I1nd Uilli rl0';f> 'hp 1 ':~oIlfold "to}>' k..

[, 1 3 H,,'c()r'l P'f' 1111'111";('1 ~ p"" linn.
[1.~.4 O!J"cl'\ tllt~ JnII'I:-' ." IJ\ 1he hurl'·t.., fll' 1 the

~:i~~:~~~~.\'ellB tl ;Hjwttt' {"I ·WlYI'IIlI'Hl t-'Vl'r till 11\,,<t ..

t;ril~~nJ;'~~ll~~~'~{tS~~~:,~~ym to pass the leak-chcck.
0.15.1 1'he IIqu'd level In each pIpette mil"! not fall

~)~;~~)l~lll~~'n~~:~~~~ of the cRmJJary tubing dming this

~.1.~.2 'I'he Jnenlscu.ln the burette must not ehang.
by more than 0.2 ml during thts"mlnul.elnterval.

5.1 •• lithe analyzer falls thelealt:-cheelr Proced!U"8Lall
rubber connection. and Itopooclrs should be _eel
until theeause o!thelealr IsldentlOed. Lenkln~ stopeoeks
must be disa.....embled. denned, and regr._d. LeBking
rubber connections rou.t be ropl:\('cd. Arter the allalyzu
is reassemble'. the leak...h·,·k procedure "lust be
r."""ted.

1/' CfIlnll.li"".
••1 Nomenclature.
'" M.=lJry molecul.... w.lght.g!l-mol. (lbI1\'.mol~)
7oEA= Percent excess air. .

%CO.=Pcrcent CO, by volume (dry basis).
,Jo0'= ~cr,"ent 0, by volume (dry basis).
IIJ,cO=J,ere."nt CO by volume (dry b....ls)
,~N.=J crccnt N, by vohllno (dry basis).
o.~~=HnllO of O! to N! in air, v'vo
O.~O=.\lohlcUIUTwdgL~ of N: or CO, rlh'idp(! h)' \00.
0.320~~t"h'eular weig'.t ,r 0, divIlled by 100.
O.{{O=~loIeclllar wcigllt· r CO, diVIded uy 1110.

.1.2. Pf'J'Ct-'Ut K~,·f'sS Alf {' lk'ulnte thf' Pt'!L't J1t t~J'"f'('~
air (If nppIHalllt>l, by ;lIh'ltltUtlll~ 11}r approprl \tl'

VWt1t1S of Pi'] "('lIt ()~, CO. apt! N, (\)h~ lll\l'd '11"'1 qt'l t'OIi
4.1.3 or 4 '.! l' :li) E'lWl!IO' :)- J. .. '.
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12.0 DATA FORMS
Blank data forms are provided on the following pages for the

convenience of the Handbook user. Each blank form has the cus
tomary descriptive title centered at the top of the page. How

ever, the section-page documentation in the top right-hand corner

of each page of other sections has been replaced with a number in

the lower right-hand corner that will enable the user to identify

and refer to a similar filled-in form in a text section. For

example, Form M3-1. 3 indicates that the form is Figure 1. 3 in

section 3.2.1 of the Method 3 Handbook. Future revisions of
these forms, if any, can be documented by 1.3A, 1.3B, etc. Five

of the blank forms listed below are included in this section.
Two are in the Methods Highlights section as shown by the MH
following the form number.

Form

1.3

2.1
3.1 (MH)
4.1 (MH)
4.2

4.3

8.1

Title

Procurement Log

X and R Chart
Pretest Preparations

On-site Measurements Checklist
Gas Analysis Data Form
Integrated Bag Sampling Data Form
Checklist for Method 3 for Use by the
Auditor



PROCUREMENT LOG

Purchase
order Date Dispo-

Item description Quantity number Vendor Ordered Received Cost sition Comments

Quality Assurance Handbook M3-1.3



X AND R CHART

MEASUREMENT
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GAS ANALYSIS DATA PORM

PLANT _

DATE TUT "0 _
SAMPLING TIME (24-hr CLOCK) _
SAMPLING LOCATION _

SAMPLE TYPE (B,~G, INTEGRATED, CONTINUOUS) _
ANALYTICAL METHOD _

AMBIENT TEMPERATURE _
OPERATOR _

COMMENTS:

~
1 2 3

AVERAGE MOLECULAR WEIGHT OF

ACTUAL ACTUAL ACTUAL
NET MULTIPLIER STACK GAS (DRY BASIS)

GAS READING
NET

READING
NET NET VOLUME Md-READING

CO2 44/100

02(NET IS ACTUAL 02
READING MINUS ACTUAL 32/100

C02 READING)

CO(NET IS ACTUAL CO
READING MINUS ACTUAL 28/100
02 READING)

N2 (NET IS 100 MINUS
28 '100ACTUAL CO READING)

TOTAL

Quality Assurance Handbook M3-4.2



INTEGRATED BAG SAMPLING DATA FORM

Run number

Date

Sampling location

Barometric pressure

Ambient temp. °C

Operator

Plant

Stack temp. °C

I

Rate meter flow,
Traverse rate (Q),

%Dev. aTime point cm3 /min

Avg =

a

% Dev.
Q - Qavg

= ( Q ) 100; must be ~10%.
avg

Quality Assurance Handbook M3-4.3



CHECKLIST FOR METHOD 3 FOR USE BY THE AUDITOR

OPERATION

Yes No

Presampling Operation

1. Availability of theoretical value
2. Use of modified Orsat analyzer (O.l-ml

divisions)

On-site Measurements

3. Setting up and leak testing the samp
ling train

4. Purging the sampling train with stack
gas prior to collecting the sample

5. Constant rate sampling
6. Transfer of sample from collapsible

bag to the Orsat analyzer
7. Maintaining constant pressure throughout

the test
8. Exposuring the sample to ambient air
9. Spent absorbing reagent

Postsampling Measurements

10. Perform independent calculations using
data from audit

11. Compare the audit value with the field
team's test value

12. Make sufficient passes for complete
absorption of a component gas

13. Minimize volumetric reading error
14. Check/verify applicable records of

apparatus calibration checks and quality
control charts in the field team's home
laboratory

General Comments

Quality Assurance Handbook M3-8.1
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Section 3.3

METHOD 4--DETERMINATION OF MOISTURE IN STACK GASES
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METHOD DESCRIPTION
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5. POSTSAMPLING OPERATIONS
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7. MAINTENANCE

8. AUDITING PROCEDURE
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ESTABLISHING TRACEABILITY

10. REFERENCE METHOD
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12. DATA FORMS

3.3

3.3

3.3.1
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3.3.3

3.3.4

3.3.5

3.3.6
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3.3.12

2

8

9

19

7

10
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8

3

4

1
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SUMMARY
A gas sample 1S extracted at a constant rate from the

source; moisture is removed from the sample stream and determined

either volumetrically or gravimetrically.

This Reference Method is used for the accurate determination

of moisture content (as needed to calculate emission data) of

stack gas. The Reference Method is often conducted simultane

ously with a pollutant emission measurement run; when it is,

calculation of percent isokinetic, pollutant emission rate, etc.,

for the run shall be based upon the results of the Reference

Method or its equivalent. Alternative methods capable of yield

ing results within 1% water of the Reference Method may be used,

subject to the approval of the administrator.

Note: The Reference Method may yield questionable results

when applied to saturated gas streams or to gas streams that

contain water droplets. Therefore, when these conditions exist

or are suspected, a second method for determining the moisture

content shall be used simultaneously with the Reference Method,

as follows. Assume that the gas stream is saturated. Attach a

temperature sensor capable of measuring to ±loC (2°F) to the

Reference Method probe. Measure the stack gas temperature at

each traverse point during the Reference Method traverse; calcu

late the average stack gas temperature. Next, determine the

moisture percentage either by using a psychrometric chart and

making appropriate corrections if stack pressure is different

from that of the chart or by using saturation vapor pressure

tables. In cases where the psychrometric chart or the saturation

vapor pressure tables are not applicable (based on evaluation of

the process), alternate methods, subject to the approval of the

administrator, shall be used.

The procedure described in Method 5 for determining

moisture content is acceptable as a Reference Method.
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The Method Description which follows is based on the method

promulgated in the Federal Register, Vol. 42, No. 160, August 18,

1977.

A complete copy of the Reference Method is contained in

section 3.3.10. References 1 and 2 in section 3.3.11 were used

in the subsections concerning the description, calibration, and

maintenance of the sampling train. Data forms are provided in

section 3.3.12 for the convenience of the Handbook user.
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METHOD HIGHLIGHTS

Method 4 is a gaseous sampling method for the determination

of water vapor content of stack gas. This method requires fewer

quality control activities than the other methods in this Hand

book. Since moisture is collected as a gas, the analysis is not

easily biased; furthermore, water vapor is not a regulated pol

lutant. However, an accurate determination of moisture content

is usually needed to set and determine the isokinetic sampling

rate and also to perform emission data calculations. The accu

racy and precision3 of the method have been demonstrated to be

acceptable except when applied to saturated gas streams or to

streams that contain water droplets.

The blank data forms at the end of this section may be re

moved from the Handbook and used as checklists during the pre

test, field sampling, and posttest operations. Each form has a

subtitle (e.g., Method 4, Figure 2.5) to aid the user in locating

a similar filled-in form in the Method Description. Items/param

eters that can cause significant error are designated with an

asterisk on each form.

1. Procurement of Equipment Section 3.3.1 (Procurement

of Apparatus and Supplies) gives the specifications, criteria,

and design features for equipment and materials required for per

forming Method 4 tests. The sampling apparatus has the same

design criteria as Method 5 with the exception that a pitot tube

system and sample nozzle are not required for collecting the

sample. This section is designed as a guide in the procurement

and initial check of equipment and supplies. The activity matrix

(Table 1.1) at the end of section 3.3.1 can be used as a quick

reference, and follows the same order as the written descriptions

in the main text.

2. Pretest Preparations section 3.3.2 (Calibration of

Apparatus) provides a step-by-step description of the required

calibration procedures. The calibration of the Method 4

equipment is similar to that of Method 5 with the exception that
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Method 4 sampling is performed at a constant rate not in exc~ss

of 0.021 m3/min (0.75 ft3/min). The calibration section can be

removed and compiled, along with calibration sections for all

other methods, into a separate quality assurance reference manual

for use by calibration personnel. A pretest checklist (Figure

2.5) or similar form should be used to summarize the calibration

data.

Section 3.3.3 (Presampling Operations) provides the tester

wi th a guide for supplies and equipment preparation for field

tests. Sample impingers may be charged in the base laboratory as

long as the water-filled impinger section and silica gel impinger

are each tightly capped. The pretest preparation form (Figure

3.1) can be used as an equipment checkout and packing list. An

important item in the pretest preparation is the determination of

stack gas saturation or water droplet content. Under these con

ditions, a specially calibrated stack gas temperature sensor is

required for moisture determination. The methods for packing

and the descriptions of packing containers should help protect

the equipment, but are not required.

3. On-Site Measurements - section 3.3.4 (On-Site Measure

ments) contains a step-by-step procedure for performing sampling

and sample recovery. Testing is performed at a constant rate not

to exceed 0.02 m3/min (0.75 ft3/min). When the stack gas is sus

pected of being saturated or having water droplets, the addition

'" 1 nr,",r'A~l1rA for ;:>rrllrnT~lV meC'lsurj no thp st,"Irl< TPmperature to

determine the moisture content with the saturated vapor pressure

" ..... rl "' ....... solute stack temperature must be performed and compared

wi th the Reference Method. The on-site measurement checklist

(Figure 4.4) is provided to assist the tester with a quick method

for checking requirements.

4. Posttest Operations - section 3.3.5 (Postsampling Oper

ations ) gives the posttest equipment check procedures. Fig

ure 5.1 or a similar form should be used to provide a summary

of the posttest calibration checks, and should be included in

the emission test report. No control samples are required for
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analysis since the analysis is only a gravimetric or volumetric

determination of a sample which is large enough to provide an

easy determination.

section 3.3.6 (Calculations) provides the tester with the

required equations, nomenclature, and suggested number of

significant digits. It is suggested that a programmable calcu

lator be used if available to reduce the chance of calculation

error.

section 3.3.7 (Maintenance) provides the tester with a guide

for a routine maintenance program. This program is not required,

but if performed, should reduce malfunctions.

5. Auditing Procedure section 3.3.8 (Auditing Proce-

dure) provides a description of necessary activi ties for con

ducting performance and system audits. A performance audit of

the data processing and a systems audit of the on-site measure

ments should provide independent assessments of the quality

of data needed to allow the collaborative test results to be

used in the final data evaluation.
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PRETEST SAMPLING CHECKS
(Method 4, Figure 2.5)

Date

Meter box number

Calibrated by

Dry Gas Meter*

Pretest calibration factor
factor for each calibration run)

Impinger Thermometer

(within 2% of the average

Was a pretest temperature correction used?
If yes, temperature correction
reference value)

Dry Gas Meter Thermometer

yes no
(within 2°C (4°F) of

Was a pretest temperature correction made? yes no
If yes, temperature correction (within 6°C (10.8°F) of
reference value)

Barometer

Was the pretest field barometer reading correct?

Stack Gas Temperature Sensor (if required)*

yes no

Was a temperature sensor required for moisture determination pur-
poses? yes no

Was a pretest temperature correction used? yes no
If yes, temperature correction (within ±l°C (2°F) over
the entire range) .

Did the temperature sensor agree with the reference thermometer
(within ±l°C (2°F) over the range of 10° to 82°C (50° to
180°F»? yes no

*Most significant items/parameters to be checked.
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PRETEST PREPARATION CHECKLIST
(Method 4, Figure 3.1)

Packed and
Acceptable Quantity Ready loaded

Apparatus check Yes No required Yes No Yes No

Probe tyPe
Borosilicate
glass

Quartz
glass

other

Heater and leak
checked*

Filter

In-stack

Out-stack

Glass wool --
Other

Condenser

Impingers

Other

cooling System

Ice bath
Other

Metering System
Vacuum gauge -

Checked*
Pump

Leak
checked* --

Thermometers -
Calibrated* -

Dry gas
meter

Calibrated* -
Other

*Most significant items/parameters to be checked.

(continued)
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Figure 3.1 (continued)

Packed and
Acceptable Quantity Ready loaded

Apparatus check Yes No required Yes No Yes No

Barometer

Mercury

Aneroid

Other

Calibrated* --
Quantitative

Instrument

Graduated
cylinder

Trip
balance

Calibrated*

stack Temperature
Sensor*

Type

Calibrated --

*Most significant items/parameters to be checked.
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ON-SITE MEASUREMENT CHECKLIST
(Method 4, Figure 4.1)

Procedure used: Reference

Reference Method

Approximate

Conducted simultaneously with pollutant emission test?

Impingers properly placed?*

Impinger content: 1st

4th

Cooling System: Crushed ice

Sampling time per point

Probe heater (if applicable) on?

Crushed ice in ice bath?

2nd

Modifications

Other

3rd

Temp

Leak check? (optional) Leakage rate

sampling rate constant (within 10%)?*

All data properly recorded?*

Posttest leak check?* (mandatory)

Leakage rate*

Analysis - Impinger Content

Method: Volumetric Gravimetric

Measurement of volume of water condensed:

Graduated cylinder

Measurement of silica gel: Balance

Other

Other

Color of silica gel?

All analytical data properly recorded?

Condition

*Most significant items/parameters to be checked.
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POSTTEST EQUIPMENT CHECKS
(Method 4, Figure 5.1)

Dry Gas Meter

Pretest calibration factor Y
Posttest checks, Yl Y2pretest)
Recalibration required?

If yes, recalibration factor Y
Lower calibration factor Y

or posttest)*

Dry Gas Thermometer

(must be within ±2%)*
(must be within ±5% of

yes no
(must be within ±2%)*

for calculations (pretest

Was a pretest meter temperature correcton used? yes no
If yes, temperature correction (within ±3°C (5.4°F)
over range)*

Posttest comparison with mercury-in-glass thermometer
(within +6°C (lO.SOF) at room temperature)

Recalibration required? - yes no
Recalibration temperature correction, if used (within

±3°C (5.4°F) over range)*
If yes, no correction is necessary for calculations when meter
thermometer temperature is higher
If recalibration temperature is higher, add correction to aver
age meter temperature for calculations

Barometer

Was pretest field barometer reading correct? yes no
Posttest comparison rom (in.) Hg [within ±2.5 rom

(0.1 in.) Hg of mercury-in-glass barometer reading]
Was recalibration required? yes no

If yes, no correction is necessary for calculations when the
field barometer has the lower reading
If the mercury-in-glass reading is lower, then subtract the
difference from the field data readings for the calculation

Stack Gas Temperature Sensor (if required)

[within ±2°C (4°F) of referencePosttest comparison
values]*

Was recalibration required? yes no

*Most significant items/parameters to be checked.
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES
A schematic of the sampling train used 1n Method 4 is shown

1n Figure 1.1. Commercial models of this train are available.
For those who desire to build their own, construction details

are published in APTD -0581. 1 Allowable modifications are de

scribed in the following sections.

The operating, maintenance, and calibrating procedures for

the sampling train are in APTD -0576. 2 Since correct usage 1S

important to obtaining valid results, all users should read the
document and adopt the procedures unless alternatives are out
lined herein.

Applicable specifications, criteria, and/or design features

are 1n this section to aid in the selection of equipment which
assures collection of data of good quality. Procedures and

limits (where applicable) for acceptance checks are given. The

descriptive title, the identification number (if applicable), and

the results of the acceptance check are recorded in the procure
ment log, which is dated and signed by the individual performing
the check. An example of a procurement log 1S shown 1n
Figure 1.2, and a blank copy of the log is in Section 3.3.12 for

the convenience of the Handbook user. If calibration is required
as part of the acceptance check, the data are to be recorded in a
calibration log. Table 1.1 at the end of this section is a sum
mary of the quality assurance activities for the procurement and
acceptance of apparatus and supplies.
1.1 Sampling Apparatus

1.1.1 Probe The sampling probe should be a borosilicate
(Pyrex), quartz glass, or stainless steel tubing with an outside

diameter (OD) of about 16 mm (0.625 in.), and it should be en

cased in a stainless steel sheath with an OD of 25.4 mm (1 in.).

Al ternatively, other metals or plastic tubing may be used if
approved by the administrator.



FILTER 1f~tlK(EITHER IN STACK
OR OUT OF STACK)

/PROBE

THERMOMETERS

ORIFICE
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SILICA GEL TUBE
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Figure 1.1 Moisture sampling train (Reference Method) .
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Figure 1.2 Example of a procurement log.
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Either borosilicate or quartz glass liners may be used for

stack temperatures up to about 480°C (900°F), but quartz glass

liners should be used from 480° to 900°C (900° to 1650°F).

Either type of liner may be used at the higher temperatures for

short periods of time with administrator approval. However, the

absolute upper limits--the softening temperatures of 820°C

(1508°F) and 1500°C (2732°F)--for borosilicate and quartz respec

tively must be observed.

A heating system is required which will maintain an exit gas

temperature of 120° ±14°C (248° ±25°F) during sampling. other

temperatures may be specified by a subpart of the regulations and

must be approved by the administrator for a particular applica

tion. since the actual probe outlet temperature is not usually

monitored during the sampling, probes constructed in accordance

to APTD-0581 1 and utilizing the calibration procedures ln

APTD-0576 2 will be acceptable.

Upon receiving a new probe, the user should visually check

it for specifications: that is, is it the length and composition

ordered? The probe should be visually checked for breaks or

cracks, and it should be checked for leaks on a sampling train

(Figure 1.1). The probe heating system should be checked as

follows:

1. Connect the probe with a nozzle attached to the inlet

of the pump.

2. Electrically connect and turn on the probe heater for 2

or 3 mln. The probe should become warm to the touch.

3. Start the pump and adjust the needle valve until a flow

rate of about 0.02 m3 jmin (0.75 ft3jmin) is achieved.

4. Be sure the probe remains warm to the touch. The

heater should be capable of maintaining the exit air temperature

at a minimum of 100°C (212°F) under these conditions. If it can

not, the probe should be repaired, returned to the supplier, or

rejected.

1.1.2 Condenser - Four impingers should be connected ln series

with leak-free ground-glass fittings or any similarly leak-free
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noncontaminating fittings. The first, third, and fourth imping

ers must be the Greenburg-Smith design modified by replacing the

inserts with an unconstricted 13 mm (0.5 in.) ID glass tube

extending to within 13 mm (0.5 in.) of the flask bottom. The

second impinger must be a Greenburg-Smith with the standard tip

and plate. Modifications--for example, using flexible connec

tions between impingers, using materials other than glass, or

using a flexible vacuum hose to connect the filter holder to the

condenser--may be used if approved by the administrator. The

fourth lmplnger outlet connection must allow insertion of a

thermometer capable of measuring ±l°e (2°F) of true value in the

range of 0° to 25°C (32° to 77°F).

Al ternatively, any system that cools the gas stream and

allows measurement of the condensed water and the water vapor

leaving the condenser, each to wi thin 1 ml or 1 g, may be used

with approval of the administrator.

Upon receipt of a standard Greenburg -Smith impinger, the

user should fill the inner tube with water. If the water does

not drain through the orifice in ~6 to 8 s, the impinger tip

should be replaced or enlarged to prevent an excessive pres

sure drop ln the sampling system. Each lmplnger should be

checked visually for damage--breaks, or cracks, or manufacturing

flaws such as poorly shaped connections.

1.1.3 Temperature Gauge A thermometer capable of measuring

within 1°C (2°F) is located at the outlet of the fourth impinger.

The thermometer should be checked upon receipt for damage--for

example, dents, bent stem, broken face.

1.1.4 Cooling System - An ice bath container and crushed ice (or

equivalent) are needed for condensing the moisture.

1.1.5 Metering System - The metering system should consist of a

vacuum gauge; a leak-free vacuum pump; thermometers capable of

measuring ±3°e (5.4°F) of true value in the range of 0° to 90°C

(32° to 194°F); a dry gas meter with 2% accuracy at the required

sampling rate; and related equipment as shown in Figure 1.1.

Other metering systems capable of maintaining sampling rates
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wi thin 10% of constant rate and capable of determining sample

volumes to within 2% may be used if approved by the administra

tor. Sampling trains with metering systems designed for sampling

rates higher than that described in APTD-05811 and APTD-05762 may

be used if the above specifications can be met.

Upon receipt or after construction of the equipment, the

user should perform both positive and negative pressure leak

checks before beginning the system calibration procedure de

scribed in Section 3.3.2. Any leakage requires repair or re

placement of the malfunctioning item.

1.1.6 Differential Pressure Gauge The differential pressure

gauge should be an inclined manometer or the equivalent to

measure the orifice pressure differential.

Initially, check the gauge against a gauge-oil manometer at

a minimum of three points: 0.64 mm (0.025 in.); 12.7 mm (0.5

in.); and 25.4 mm (1.0 in.) H20. The gauge should agree within

5% of the gauge-oil manometer. Repair or return to the supplier

any gauge which does not meet these requirements.

1.1.7 Barometer - A mercury, aneroid, or other barometer capable

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

is required.

A preliminary check of a new barometer should be made

against a mercury-in-glass barometer or the equivalent. In lieu

of this, the absolute barometric pressure may be obtained from a

nearby weather service station and adjusted for the elevation

difference between the station and the sampling point. Either

subtract 2.5 mm Hg/30 m (0.1 in. Hg/IOO ft) for an elevation in

crease or add the same for an elevation decrease from the station

value. I f the barometer cannot be adj usted to agree wi thin

2.5 mm (0.1 in.) Hg of the reference barometric pressure , it

should be returned to the manufacturer.

1.1.8 Graduated Cylinder and/or Triple Beam Balance - A gradu

ated cylinder or triple beam balance may be used to measure the

water condensed in the impingers during sampling. Additionally,
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the graduated cylinder may be used to measure the water initially
placed in the first and second impingers. In either case, the
required accuracy is I ml or I g; therefore, the cylinder must

have subdivisions ~2 ml, and the triple beam balance is usually
capable of weighing to the nearest 0.5 g.
1.1.9 Stack Gas Temperature Sensor - A thermocouple, thermom
eter, or equivalent, for measuring the stack gas temperature

within ±l°C (2°F) 1S required when the gas stream is suspected of
being saturated or containing water droplets. This accuracy
should be in the range of about 10° to 82°C (50° to 180°F). Upon
receipt check the specifications and calibrate as described in
section 3.3.2.
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Table 1.1 ACTIVITY MATRIX FOR PROCUREMENT AND
ACCEPTANCE OF EQUIPMENT

Apparatus
and

supplies

Sampling probe
liner

Differential
pressure
gauge
(manometer)

Vacuum gauge

Vacuum pump

Orifice meter

Impingers

(continued)

Acceptance limits

Specified material of
construction; equipped
with heating system
capable of maintaining
120° ±14°C (248° ±25°F)

Meet criteria (Method 2,
Sec 3.1.2); agree
within 5% of gauge-oil
manometer

Range 0-760 mID (0-30
in.) ±2.5 mID (0.1 in.)
Hg at 380 mID (15 in.)
Hg

Leak free and capable
of maintaining a fl~w

rate of 0.02-0.0~ m /
min (0.66-1.0 ft /min)
for pump inlet vacuum
of 380 mID (15 in.) Hg

~@ of 46.74 ±6.35 mID
(1.84 ±0.25 in.) H20;
not mandatory

Standard stock glass;
pressure drop across
impingers not excessive
(Subsec 1.1. 6)

Frequency and method
of measurements

Visually check, and
run heating system

Check against gauge
oil manometer at a
minimum of 3 points:
0.64(0.025); 12.7
(0.5); 25.4(1.0) mID
(in.) H20

Check against a mer
cury U-tube manometer
upon receipt

Check upon receipt
for leaks and capaci
ty

Upon receipt, visual
ly check for damage,
and calibrate against
wet test meter

Visually check upon
receipt; check pres
sure drop (Subsec
1.1.6)

Action if
requirements
are not met

Repair, re
turn to sup
plier, or re
ject

Repair or
return to sup
plier

Adjust or re
turn to sup
plier

Repair or re
turn to sup
plier

Repair if
possible; other
wise return to
supplier

Return to
supplier
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Apparatus
and

supplies

Dry gas meter

Thermometers

Barometer

Graduated
cylinder

Trip 'balance

Stack gas
temperature
sensor

Acceptance limits

Capable of measuring
total volume within ±2%
a3 a flow rate ~f 0.02
m /min (0.75 ft /min)

Should read within
floC of true value
in the range of OOC to
25°C for impinger
thermometer, and ±3°C
of true value in the
range of 0° to 90°C
for dry gas meter
thermometers

Capable of measuring
atmospheric pressure
within ±2.5 mm (0.1
in.) Hg

Glass, Class-A, 250 ml,
subdivisions <2 ml

500-g capacity; capable
of measuring within
±0.5 g

Within ±l°C (2°F) in
range of 10° to 82°C
(50° to 180°F)

Frequency and method
of measurements

Check for damage upon
receipt; calibrate
against wet test
meter (Sec 3.3.2)

Check upon receipt
for dents or bent
stem; calibrate
against mercury-in
glass thermometer
(Sec 3.3.2)

Check against a mer
cury-in-glass barom
eter or equivalent;
calibrate ( Sec
3.1.2)

Upon receipt, check
stock number, cracks,
breaks, and manufac
turer flaws

Check with standard
weights upon receipt

Upon receipt check
specifications; then
calibrate (Sec 3.3.2)

Action if
requirements
are not met

Reject if
damaged, behaves
erratically,
or cannot be
properly adjusted

Reject if unable
to calibrate

Determine cor
rection factor
or reject if
difference is
more than ± 2.5
mm (0.1 in.) Hg

Replace or re
turn to sup
plier

As above

As above
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2.0 CALIBRATION OF APPARATUS

Calibration of the apparatus is one of the most important

functions in maintaining data quality. The detailed calibration

procedures included in this section are designed for the equip

ment specified by Method 4 and described in the previous section.

A laboratory log book of all calibrations must be maintained.

Table 2.1 at the end of this section summarizes the quality

assurance activities for calibration.

2.1 Metering System

2.1.1 wet Test Meter - Wet test meters are calibrated by the

manufacturer to an accuracy of ~O. 5%. The calibration of the

wet test meter must be checked initially upon receipt and yearly

thereafter. A wet test meter with a capacity of 3.4 m3jh

(120 ft3jh) will be necessary to calibrate the dry gas meter.

For large wet test meters (>3Qjrev) , there 1S no convenient

method to check the calibration. For this reason, several

methods are suggested, and other methods may be approved by the

administrator. The initial calibration may be checked by any of

the following methods:

1. certification from the manufacturer that the wet test

meter is within ~l% of true value at the wet test meter dis

charge, so that only a leak check of the system is then required.

2. Calibration by any primary air or liquid displacement

method that displaces at least one complete revolution of the wet

test meter.

3. comparison against a smaller wet test meter that has

previously been calibrated against a primary air or liquid dis

placement method, as described in section 3.5.2.

4. Comparison against a dry gas meter that has previ

ously been calibrated against a primary air or liquid displace

ment method.
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The calibration of the test meter should be checked annu

ally. The calibration check can be made by the same method as

that of the original calibration, with the exception that the

comparison method need not be recalibrated if the calibration

check is wi thin ~l% of the true value. When this agreement is

not obtained, then the comparison method or wet test meter must

be recalibrated against a primary a1r or liquid displacement

method.

2.1.2 Sample Meter System - The sample meter system--consist

ing of the pump, vacuum gauge, valves, orifice meter, and dry gas

meter--is initially calibrated by stringent laboratory methods

before it is used in the field. After the initial acceptance,

the calibration is rechecked after each field test series. This

recheck is designed to provide the tester with a method that can

be used more often and with less effort to ensure that the cali

bration has not changed. When the quick check indicates that the

calibration factor has changed, the tester must again use the

complete laboratory procedure to obtain the new calibration

factor. After recalibration, the metered sample volume must be

multiplied by either the initial or the recalibrated calibration
factor that yields the lowest gas volume for each test run.

Before initial calibration of the metering system, a leak
check should be conducted. The meter system should be leak free.
Both positive (pressure) and negative (vacuum) leak checks should
be performed. Following is a pressure leak-check procedure that

will check the metering system from the quick disconnect inlet

to the orifice outlet and will check the orifice-inclined manom

eter for leaks:
1. Disconnect the orifice meter line from the downstream

orifice pressure tap (the one closest to the exhaust of the

orifice), and plug this tap.
2. Vent the negative side of the inclined manometer to the

atmosphere. If the inclined manometer 1S equipped with a three

way valve, this step can be performed by merely turning the
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three-way valve that 1S on the negative side of the orifice

inclined manometer to the vent position.

3. Place a one-hole rubber stopper with a tube through its

one hole in the exit of the orifice, and connect a piece of

rubber or plastic tubing to the tube, as shown in Figure 2.1.

4. Open the positive side of the orifice-inclined manom

eter to the "reading ll position. If the inclined manometer is

equipped with a three-way valve, this will be the line position.

5. Plug the inlet to the vacuum pump. If a quick discon-

nect with a leak-free check valve is used on the control module,

the inlet will not have to be plugged.

6. Open the main valve and the bypass valve.

7 . Blow into the tubing connected to the end of the

orifice until a pressure of 127 to 178 mm (5 to 7 in.) H20 has

built up in the system.

8. Plug or crimp the tubing to maintain this pressure.

9. Observe the pressure reading for a I-min period. No

noticeable movement in the manometer fluid level should occur.

If the meter box has a leak, a bubbling-type leak-check solution

may aid in locating the leak(s).

After the metering system is determined to be leak free by

the positive leak-check procedure, the vacuum system to and in

cluding the pump should be checked by plugging the air inlet to

the meter box. If a quick disconnect with a leak-free stopper

system is presently on the meter box, then the inlet will not

have to be plugged. Turn the pump on, pull a vacuum within

75 mm (3 in.) Hg of absolute zero, and observe the dry gas

meter. If the leakage exceeds 1.5 x 10-4 m3/min (0.005 ft3/min),

the leak(s) must be found and minimized until the above specifi

cations are satisfied.

Leak checking the meter system before initial calibration

is not mandatory, but is recommended.

Note: For metering systems having diaphragm pumps, the

normal leak-check procedure described above will not detect
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leakages within the pump. For these cases, the following

leak-check procedure is suggested: make a 10-min calibration

run at 0.00057 m3/min (0.02 ft3/min); at the end of the run,

take the difference of the measured wet test meter and dry gas

meter volumes; divide the difference by 10 to get the leak

rate. The leak rate should not exceed 0.00057 m3/min

( 0 . 02 ft3/min) .

Ini tial calibration - The dry gas meter and orifice meter

can be calibrated simultaneously and should be calibrated when

first purchased and any time the posttest check yields a Y

outside the range of the calibration factor Y +0.05Y. A

calibrated wet test meter (properly sized, with +1% accuracy)

should be used to calibrate the dry gas meter and the orifice

meter.

forms

shown,as

therequired in

Sample volumes,2. 3B) .

information

or

the

2.3A

The dry gas meter and the orifice meter should be

calibrated in the following manner:

1. Before its initial use in the field, leak check the

metering system, as described in Subsection 2.1.2. Leaks, if

present, must be eliminated before proceeding.

2. Assemble the apparatus, as shown in Figure 2.2, with

the wet test meter replacing the probe and impingers--that is,

with the outlet of the wet test meter connected to a needle

valve that is connected to the inlet side of the meter box.

3. Run the pump for 15 min with the orifice meter

differential (~H) set at 12.7 rom (0.5 in.) H20 to allow the

pump to warm up and to permit the interior surface of the wet

test meter to be wetted.

4. Adjust the needle valve so that the vacuum gauge on

the meter box will read between 50 and 100 rom (2 to 4 in.) Hg

during calibration.

5. Collect

provided (Figure

should be used.
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Meter box number F]V' - ~

°

Barometric pressure, P = ,;:;9 00 in. Hg Calibrated byb

Gas volume Temperature
Orifice Wet test Dry gaB Wet test Dry gas meter

manometer meter meter meter Inlet Outlet Avga Time
setting (V ), (Vd), (t ), (td .), (td ), (td), (8) ,

(llli) , w w Y. llH@. ,
ft3 ft3 I. 0

in. H2O OF OF OF OF min I. . HI.I.n. 2

0.5 5 '8ba.b"Y~ (P-S Co9 ~fj-

hL. Jf) 1,{~~ J.9'l:S j. 3~1~78.sJq £5 £.(, /~3

1.0 5

1.5 10

2.0 10

3.0 10

4.0 10

Avg

llH, llli Y = Vw Pb(td + 460) _ 0.0317 All [Ctw + 460) ef
in. 13.6 Llli@i - P

b
(t

d
+ 460) V

wH2O i Vd(Pb + 1~6) (t + 460)

0.5 0.0368
5...(;;)9, 00") C5~Co::> C/ . .3/7CO.::S) r lf~/(..IO.~~

/....f;'"_/')":')"""J ....r :-.4 ...... J'-...r~ .:'I~"\ 1,.....;)'3'. D~ ",...c:-",,") b "> J ~ ----, .,
1.0 0.0737

1.5 0.110

2.0 0.147

3.0 0.221

4.0 0.294

a If there is only one thermometer on the dry gas meter, record the temperature
under t

d
.

Figure 2.3A Dry gas meter calibration data form (English units).
(front side)



Nomenclature:

Vw = Gas volume passing through the wet test meter, ft3 .

Vd = Gas volume passing through the dry gas meter, ft3 .

t = Temperature of the gas in the wet test meter, of.
w

t d . = Temperature of the inlet gas of the dry gas meter, of.
1

t d = Temperature of the outlet gas of the dry gas meter, of.
0

= Average temperature of the gas in the dry gas meter, obtained by the average t d and
t d ' of. i

o

llH = Pressure differential across orifice, In. H20.

y.
1

= Ratio of accuracy of wet test meter to dry gas meter for each run; tolerance y. =
1Y iO.02Y.

llH@

llH@.
1

Y = Average ratio of accuracy of wet test meter to dry gas meter for all SlX runs;
tolerance Y = Y iO.OlY.

= Orifice pressure differential at each flow rate that gives 0.75 ft3jmin of air at
standard conditions for each calibration run, in. H20; tolerance = llH@ iO.15
( recommended) .

= Average orifice pressure differential that gives 0.75 ft3jmin of air at standard
conditions for all six runs, in. H20; tolerance = 1.84 iO.25 (recommended).

e = Time for each calibration run, mln.

Pb = Barometric pressure, in. Hg.

Figure 2.3A. Dry gas meter calibration data (English units). (backside)
I-'
1.0
00
o
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Date~

Barometric pressure, Pb = :z~~ mm Hg

Meter box number F f'/}- ,;)

Calibrated by "'\AI 6- 1>

°

Gas volume Temperature
Orifice Wet test Dry gas Wet test Drv ~as meter

manometer meter meter meter Inlet Outlet Avg Time
setting (V ), (Vd)' (t ), (td .), (td ), (td), (8),

(Llli) ,
w w Y. 6H@.

3
J. 0

mm H2O 3 °C °C °C °C min
1. Imm H1.m m 2

10 0.15 ~S·D~O 18" dO /8
i~ J;--" i6 ,98to ~I;:::.). ~"gB/Y) ix /9 J '/

25 0.15

40 0.30

50 0.30

75 0.30

100 0.30

Avg

6H,
Llli

Vw Pb(td + 273) _ 0.00117 8H [Ctw + 273) 0]2
mm Y. = Llli@i - P

b
(t

d
+ 273) V

wH
2

O 13.6 J. till
Vd(Pd + 13.6) (tw + 273)

10 0.7 (o.167c 73-Q (..;)9/!J- (C;, 00/1 7) r 1t:;,)T "'C~9/j( (~

-r7 c~. "7~7)-~7-- ( /3 t:)-(~9/~ , () .1;5~
\.... -25 "1.8

40 2.94

50 3.68

75 5.51

100 7.35

a If there is only one thermometer on the dry gas meter, record the temperature
under t d .

I

Figure 2.3B Dry gas meter calibration data form (metric units).
(front side)



Nomenclature:

V = Gas volume passlng through the wet test meter, 3
w m .

Vd = Gas volume passing through the dry gas meter, 3m .

t w = Temperature of the gas in the wet test meter, °C.

t d . = Temperature of the inlet gas of the dry gas meter, °C.
1

t d = Temperature of the outlet gas of the dry gas meter, °C.
o

b.H

y.
1

= Average temperature of the gas in the dry gas meter, obtained by the average of t d
t d ' °C.

o

= Pressure differential across orifice, mm H20.

= Ratio of accuracy of wet test meter to dry gas meter for each run; tolerance y. =
Y +0.02Y. 1

and
1

Y = Average ratio of accuracy of wet test meter to dry gas meter for all SlX runs;
tolerance Y = Y +O.OIY.

b.H@.
1

= Orifice pressure differential at each flow rate that gives 0.021 m3 of air at standard
conditions for each calibration run, mm H20; tolerance b.H@i = b.H@ ~3.8 mm H20
(recommended) .

b.H@ = Average orifice pressure differential that gives 0.021 m3 of at standard con-alr
ditions for all SlX runs, mm H2O; tolerance b.H@ = 46.74 +6.3 mm H2O ( recommended) .

e = Time of each calibration run, min.

Pb = Barometric pressure, mm Hg.

Figure 2.3B. Dry gas meter calibration data (metric units). (backside) I-'
\.0
00
o

N
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using the equa

and record the

6. Calculate Yi for each of the SlX runs,

tion ln Figure 2. 3A or B under the Yi column,

results on the form in the space provided.

7. Calculate the average Y for the SlX runs

following equation:

uSlng the

Record the average on Figure 2. 3A or B ln the space provided.

8. The dry gas meter should be cleaned, adjusted, and

recalibrated, or rejected if one or more values of Y fall outside

the interval Y ~O. 02Y. Otherwise, the average Y (calibration

factor) is acceptable and will be used for future checks and

subsequent test runs.

9. Calculate flH@i for each of the SlX runs uSlng the

equation in Figure 2.3A or B under the flH@i column, and record

on the form in the space provided.

10. Calculate the average flH@ for the SlX runs uSlng the

following equation:

flH@

Record the average on Figure 2. 3A or B in the space provided.

11. Adjust the orifice meter or reject it if flH@i varies

by more than +3.9 nun (0.15 in.) H20 over the range of 10 to

100 nun (0.4 to 4.0 in.) H20. Otherwise, the average flH@ is

acceptable and will be used for subsequent test runs.

Posttest calibration check - After each field test series,

conduct a calibration check of the metering system, as in Sub

section 2.1.2, except for the following variations:

1. Three calibration runs at a single intermediate orifice

meter setting may be used with the vacuum set at the maximum

value reached during the test series. The single intermediate
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orifice meter setting should be based on the previous field test.

A valve must be inserted between the wet test meter and the inlet

of the metering system to adjust the vacuum.

2. I f a temperature-compensating dry gas meter was used,

the calibration temperature for the dry gas meter must be within

~6 °c (10.8 OF) of the average meter temperature during the test

ser1es.

3. Use Figure 2.4A or 2.4B, and record the required

information.

If the calibration factor Y deviates by <5% from the

initial calibration factor Y (determined in Subsection 2.1.2),

then the dry gas meter volumes obtained during the test series

are acceptable. If Y deviates by >5%, recalibrate the metering

system (as in Subsection 2.1.2), and use whichever meter

coefficient (initial or recalibrated) that yields the lowest gas

volume for each test run.

Alternate procedures--for example, using

coefficients--may be used, subject to the

administrator.

the orifice meter

approval of the

both the reference thermometer and the test

an ice bath. Compare readings after they both

2.2 Temperature Gauges

2.2.1 Impinger Thermometer - The thermometer used to measure the

temperature of the gas stream exiting the impinger train should

initially be compared with a mercury-in-glass thermometer which

meets ASTM E-1 No. 63C or 63F specifications. The procedure is

as follows:

1. Place

thermometer 1n

stabilize.

test thermometer if its reading agrees

the reference thermometer reading at both

difference 1S greater than ±l°C (2°F),

2. Remove the thermometers from

to come to room temperature. Again,

they both stabilize.

3 . Accept the

within ±l°C (2°F) of

temperatures. If the

the bath and allow both

compare readings after



Test number Af3i- 3 Date 9/1.3/7~ Meter box number _---....JJ-'------'-JV.L.Z_--IZ<--_
Barometric pressure, Pb = ;;;JS. 7;; 1.n. Hg Dry gas meter number _...:.P-:...;V~/_--I7,----_

Plant,4cme POtner E)C{II+
Pretest Y 0 ... 98 k

Orifice Gas volume Temperature Y.
Wet test Dry gas Wet test Dry ~as meter

1.
manometer
setting, meter meter meter Inlet Outlet Average V Pb (td + 460)

(tuI) , (V), (Vd) , (t ), (td . ), (td ), (td),a Time Vacuum Y. w

in. H2O w w (8), setting, 1. Vd (Pb + l~6)(tw + 460)ft3 ft3 OF 1. 0 OFOF OF min in. Hg

J.J..j)
~ 8f&"SY,-/

8.~ 7:J- 79 J33v,l) _':5 f} '187
I D&:,.,18 .7 ~,)( 'I q. +- Lj Goa I

10
Q 7t·~1 7~ 7'5,--;;)0} ~~ 8.7~ "f~7:>

10

10

Y =
a If there is only one thermometer on the dry gas meter, record the temperature under t d
where

Fig~re 2.4A Posttest dry gas meter calibration data form (English units).

Pb =Barometric pressure, in. Hg.

8 =Time of calibration run, min. .
IV

I-'
\0
00
o

gas meter, obtained by the average of t d . and t d ' OF.
1. 0

=Average temperature of the gas in the dry

= Gas volume passing through the wet test meter, ft3 .

= Gas volume passing through the dry gas meter, ft3.

= Temperature of the gas in the wet test meter, OF.

= Temperature of the inlet gas of the dry gas meter, OF.

= Temperature of the outlet gas of the dry gas meter, OF.

Pressure differential across orifice, in. H20.

=Ratio of accuracy of wet test meter to dry gas meter for each run.

= Average ratio of accuracy of wet test meter to dry gas meter for all three runs;
tolerance =pretest Y!O.OSY.
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the thermometer should be adjusted and recalibrated until the

criteria are met, or it should be rejected.

4. Prior to each field trip compare the room temperature

with the meter thermometer and the mercury-in-glass thermometer.

If the readings are not within ±2°C (4°F), the meter thermometer

should be replaced or recalibrated.

2 .2.2 Dry Gas Thermometers - The thermometers used to measure

the metered gas sample temperature should initially be compared

wi th a mercury-in-glass thermometer as above, using a similar

procedure.

1. Place the reference and the test thermometers in a hot

water bath maintained at 40° to 50°C (104° to 122°F). Compare

the readings after both stabilize.

2. Allow both thermometers to come to room temperature.

Compare readings after the thermometers stabilize.

3. Accept the test thermometer if its reading agrees

within 3°C (S.4°F) of the reference thermometer reading at both

temperatures. If not, either the thermometer should be adjusted

and recalibrated or a temperature correction factor should be

marked on the thermometer where it is readily visible to the

operator. When the factor is used, it must be noted on the pre

test sampling check form (Figure 2.5) and in the calibration log.

4. Compare the temperatures prior to each field trip at

room temperature with the thermometer as part of the meter

system. If the readings or corrected values are not within ±6°C

(10.8°F) of the mercury-in-glass thermometer value, the meter

r~e~m0meter should be replaced or recalibrated.

2.3 Barometer

The field barometer should be adjusted initially and before

each te~t series to agree wi thin ±2. 5 rom (0.1 in.) Hg of the

mercury-in-glass barometer or with the pressure reported by a

nearby National Weather Service Station. Correction for eleva

tion difference between the station and the sampling point should

be applied at a rate of -2.5 rom Hg/30 m (0.1 in. Hg/100 ft).

Record results on the pretest sampling check form (Figure 2.1).
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Calibrated by

t.H@

(within 2% of the average

Dry Gas Meter*

Pretest calibration factor G? 7f~
factor for each calibration run)

Impinger Thermometer

Was a pretest temperature correction used?
If yes, temperature correction
reference value)

Dry Gas Meter Thermometer

Was a pretest temperature correction made? yes / no
If yes, temperature correction (within 6°C (10.8°F) of
reference value)

Barometer

Was the pretest field barometer reading correct?

Stack Gas Temperature Sensor (if reguired)*

V yes no

yes V no
(within t1°C over

Was a temperature sensor required for moisture determination pur-
poses? yes v/ no

Was a pretest temperature correction used?
If yes, temperature correction
the entire range)

Did the temperature sensor agree with the reference thermometer
(within tlOC (2°F) over the range of 10 0 to 82°C (500 to
180 0 F»? v yes no

*Most significant items/parameters to be checked.

Figure 2.5 Pretest sampling checks.
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2.4 Trip Balance

The trip balance should be calibrated initially by using

C1ass-S standard weights and should be wi thin ±O. 5 g of the

standard weight. Adjust or return the balance to the manufac

turer if limits are not met.

2.5 stack Gas Temperature Sensor

The stack gas temperature must be accurately determined when

the stack is suspected of being saturated or having water drop

lets. Therefore proper calibration of the stack gas temperature

sensor 1S important for this method. Upon receipt, the sensor

should be calibrated over the entire range. An ASTM E-1 No. 3C

or 3F thermometer should be used as the reference temperature.

The initial and, as required, recalibration procedure 1S as

follows:

1. Place both the temperature sensor and the reference

thermometer in water or in a controlled-temperature atmosphere.

2. Record both temperatures after each has stabilized for

30 s. Increase the temperature in increments of about 6°C

(10°F), taking readings over the entire range (10-82°C (50

180°F».

3. Both values should agree within ±l°C (2°F). If not,

the temperature sensor should be adjusted if possible. However,

if the values are off by a constant factor over the entire range,

a correction factor may be used.

After each field use, the temperature sensor calibration

should be checked. The procedure for the check is as follows:

1. Check the temperature sensor with the reference ther

mometer at a temperature within ±5°C (10°F) of the average stack

temperature. If the values agree within ±2°C (4°F), then the

pretest calibration is acceptable.

2. When the above agreement is not met, the temperature

sensor should be recalibrated at a temperature within ±2°C (4°F)

of the average stack temperature, and a correction factor should

be determined with the reference thermometer. The di fference
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between the temperature sensor and the reference thermometer
should be used to correct the average stack temperature for cal
culation purposes. Also, a complete recalibration of the temper
ature sensor is suggested.
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Table 2.1 ACTIVITY MATRIX FOR EQUIPMENT CALIBRATION
REQUIREMENTS

Apparatus

Wet test meter

Dry gas meter

Thermometers

Barometer

Stack gas
temperature
sensor for
moisture de
termination

Acceptance limits

Capac~ty of at ljast
3.4 m /h (120 ft /h)
and accuracy within
±l%

Y. =Y ±0.02Y at a flow
1

r~te of 0.02-0.033m /min (0.66-1 ft /min)

Impinger thermometer
floC (2°F); dry gas
meter thermometer
±3°C (S.4°F) over
range

±2.5 mm (0.1 in.) Hg
of the mercury-in-glass
barometer

Pretest calibration
±l°C (2°F) over range;
posttest check ±2°C
(4°F)

Frequency and method
of measurements

Calibrate initially
and then yearly by
the liquid displace
ment technique; see
Subsec 2.1.1

Calibrate vs. wet
test meter initially
to agree, and when
the posttest check is
not within Y ±0.05Y

Calibrate each ini
tially as a separate
component against a
mercury-in-glass
thermometer; before
each field trip,
compare each as part
of the train with
the mercury-in-glass
thermometer

Calibrate initially
using mercury-in
glass barometer;
check before and after
each field test

Calibrate initially
over the range with
an ASTM reference
thermometer; after
each field test, make
a single-point cali
bration check

Action if
requirements
are not met

Adjust until
specifications
are met, or re
turn to manu
facturer

Repair or re
place, and then
recalibrate

Adjust, deter
mine a constant
correction fac
tor, or reject

Adjust to agree
with certified
barometer

Adjust to
agree with re
ference ther
mometer; use a
constant cor
rection factor,
or reject;
posttest data
corrected for
calculation
purposes



section No. 3.3.3
Revision No. 0
Date January 15, 1980
Page 1 of 7

3.0 PRESAMPLING OPERATIONS

The quality assurance activities for presampling operations

are summarized in Table 3.1 at the end of this section. See

section 3.0, the introduction to this Handbook, for details on

preliminary site visits.

3.1 Apparatus Check and Calibration

A pretest check will have to be made on most of the sampling

apparatus. Figure 3.1 should be used as a pretest operations and

packing list. An inquiry must be made as to whether the stack

gas is saturated or has water droplets.

3.1.1 Sampling Train - The specifications of the Method 4 sam

pling train used by the EPA are given in Figure 1.1. Commercial

models of this system are available. Each individual or fabri

cated train must be in compliance with the specifications of the

Reference Method, section 3.3.10.

3.1.2 Probe - Clean the probe internally by brushing first with

tap water, then with deionized distilled water, and finally with

acetone; allow it to dry in the air. In extreme cases, the probe

liner can be cleaned with stronger reagents. In either case, the

objective is to leave the probe liner free from contaminants.

The probe's heating system should be checked to see that it is

operating properly. The probe should be sealed at the inlet or

tip and checked for leaks at a vacuum of 380 mm (15 in.) Hg, and

the probe must be leak free under these conditions.

3.1.3 Impinger and Glass Connections - All glassware should be

cleaned first with detergent and thoroughly rinsed with tap water

and then with deionized distilled water. All glassware should be

visually inspected for cracks or breakage and then repaired or

discarded if defective.

3.1.4 Pump - The vacuum pump should be serviced as recommended

by the manufacturer, or every 3 mo, or upon erratic behavior

(nonuniform or insufficient pumping action). Check oiler jars,

if used, every 10 tests.
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Packed and
Acceptable Quantity Ready loaded

Apparatus check Yes No required Yes No Yes No
Probe type
BorosilicaL / 7 / /
glass __ ..:J

Quartz
glass

Other
Heater and l~k

checked*
Filter

In-stack / ..,/ I 'Box -./ V'

Out-stack
•

Glass wool --
Other

Condenser
Impingers /' /'

:s c"S
/ ./

\0 HDD
Other

Cooling System
Ice bath ,/ t/

-7 y/,J V'
Other

Metering System
Vacuum gauge V v'" ~) v/ V'

Checked* ~

Pump v.:::::: v/ .,;;) /' .,/
Leak

checked*~
V" t/Thermometers t/ ~- (O-o<lODo i)Calibrated* v-

Dry gas
~ / /' ./meter ~

Calibrated* V-
Other

*Most significant items/parameters to be checked.

Figure 3.1 Pretest preparation checklist. (continued)
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Figure 3.1 (continued)

Packed and
Acceptable Quantity Ready loaded

Apparatus check Yes No required Yes No Yes .NO

Barometer

Mercury 1/ c./ / j,./' v---
Aneroid

Other

Calibrated* ./--
Quantitative

Instrument

Graduated
cylinder v' v 3

v'
1-/

Trip
balance ./ v Z-

Calibrated* ~ v
~

Stack Temperature
Sensor*

Type J7f?0U2Wpfk v Z- t-/ V---'

Calibrated 'ibL-

*Most significant items/parameters to be checked.
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3.1.5 Dry Gas Meter - A dry gas meter calibration check should

be made using the procedure in section 3.3.2.

3.1. 6 Silica Gel - Either dry the used silica gel at 175°C

(350°F) or use fresh silica gel and weigh several 200- to 300-g

portions in airtight containers to the nearest 0.5 g. Record the

total weight (silica gel plus container) on each container.

3.1.7 Thermometers - The thermometers should be compared to the

mercury -in -glass reference thermometer at ambient temperature

(Subsection 2.2.1 of section 3.3.2).

3.1.8 Barometer - The field barometer should be compared with

the mercury -in -glass barometer or the weather station reading

prior to each field trip (Section 3.3.2).

3.1.9 Stack Gas Temperature Sensor A specially calibrated

temperature sensor is required if the stack gas is saturated or

has water droplets present. The sensor should be calibrated

against a reference thermometer (Section 3.3.2).

3.1.10 Water - It is recommended, but not required, that 100 ml

of deionized distilled water conforming to ASTM Dl193-74 type 3

be used in each of the first two impingers.

3.2 Eguipment Packing

The accessibility, condition, and functioning of measurement

devices in the field depend on careful packing and on the care of

movement on site. Equipment should be packed to withstand severe

treatment during shipping and field handling operations. One

maJor consideration in shipping cases 1S the construction

materials. The following containers are suggested, but are not

mandatory.

3.2.1 Probe - Seal the inlet and outlet of the probe and then

wrap with polyethylene or other suitable material to protect the

probe from breakage. An ideal container is a wooden case (or

equivalent) lined with foam material and with separate compart

ments to hold individual probes. The case should have handles or

eye-hooks that can withstand hoisting and that will be rigid

enough to prevent bending or twisting during shipping and han

dling.
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3.2.2 Impingers, Connectors, and Assorted Glassware All 1m
pingers and glassware should be packed in rigid containers and

protected by polyethylene packing material or other suitable

material. Individual compartments for glassware will help to

organize and protect each piece and simplify inventorying.

3.2.3 Volumetric Glassware - A sturdy case lined with foam

material can contain drying tubes and assorted volumetric glass

ware.

3.2.4 Meter Box - The meter box--which contains the manometers,

orifice meter, vacuum gauge, pump, dry gas meter, and thermom

eters--should be packed in a shipping container unless its

housing 1S sufficient to protect components during travel.

Pump oil sump and oiler jars should be drained to prevent fouling

of the components during shipment. Additional pump oil should be

packed if oil is required. It is advisable to carry a spare

meter box in case of failure.

3.2.5 Wash Bottles and Storage containers - storage containers

and miscellaneous glassware should be packed in a rigid foam

lined container.
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Table 3.1 ACTIVITY MATRIX FOR PRESAMPLING PREPARATIONS

Apparatus

Probe

Acceptance limits

1. Probe liner free of
contaminants and con
structed of borosili
cate glass, quartz, or
equivalent; metal
liners must be approved
by administrator

Frequency and method
of measurements

1. Clean probe in
ternally by brushing
using tap water, then
deionized distilled
water, and finally
acetone; air dry
before test

Action if
requirements
are not met

1. Repeat
cleaning pro
cedure, and
reassemble

2. Probe leak free
at 380 mm (15 in.) Hg

2. Visually check be- 2. Replace
fore test

Impingers,
filter
holders, and
glass con
tainers

Pump

Dry gas meter

Thermometers

Barometer

(continued)

3. Probe that prevents
moisture condensation

Clean and free of
breaks, cracks, leaks,
etc.

Sampling r~te of about
0.gZ-.03 m jmin (0.66-1
ft jmin) up to 380 mm
(15 in.) Hg vacuum at
pump inlet

Readings within ±Z%
average calibration
factor; clean

Readings within ±2°C
(4°F) of mercury-in
glass thermometer

Readings within 2.5 rom
(0.1 in.) Hg

3. Check heating
system initially and
when moisture cannot
be prevented during
testing

Clean with detergent
and tap water, then
deionized distilled
water

Service every 3 mo
or upon erratic be
havior; check oiler
jars every 10 tests

Calibrate according
to Sec 3.3.2
check for excess oil

Compare with mercury
in-glass thermometer
at room temperature
prior to each field
test

Compare with mercury
in-glass barometer
or value reported by
nearby National Wea
ther Station corrected
for elevation prior to
each field test

3. Repair or
replace

Repair or
discard

Repair or re
turn to manu
facturer

As above

Replace or re
calibrate

As above
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Apparatus

Stack gas
temperature
sensor for
moisture
determination

Water

Silica gel

Package Equip
ment for
Shipment

Probe

Impingers, con
tainers, and
assorted
glassware

Meter box

Acceptance limits

o 0+1 C (2 F) over range- 0 0 0
of 10 to 80 C (50 to
180°F)

Deionized distilled;
ASTM-DI193-74 type 3

Indicating type, size
6 to 16 mesh; dry
used gel at 175°C
(350°F) for at least
2 h; weigh 200 g por
tion to nearest 0.5 g;
record the weight

Packed in rigid con
tainer and protected
by polyethylene foam

Packed in rigid con
tainer and protected
by polyethylene foam

Meter box case and/or
additional material to
protect train compon
ents; pack spare meter
box

Frequency and method
of measurements

Compare against ASTM
reference thermometer

Run blank evapora
tions prior to field
use to eliminate high
solids (only required
if impinger contents
to be analyzed)

Prior to each field
test, observe drying
time if appropriate;
check weighings

Prior to each ship
ment, check packing
of equipment

As above

As above

Action if
requirements
are not met

As above

Redistill or
replace

Repeat proce
dure

Repack

As above

As above



section No. 3.3.4
Revision No. 0
Date January 15, 1980
Page 1 of 10

4.0 ON-SITE MEASUREMENTS

The on-site activities include transporting the equipment to

the test site, unpacking and assembling the equipment, making

duct measurements, determining whether the stack gas is saturated

or has water droplets, charging the impingers, obtaining a sam

ple, and recording data. Table 4.1 at the end of this section

summarizes the on-site quality assurance activi ties and Figure

4.1 is an on-site measurement checklist. Blank data forms are in

section 3.3.12 for the convenience of the Handbook user.

4.1 Handling Equipment

The most efficient means of transporting or moving the

equipment from ground level to the sampling site should be

decided during the preliminary site visit or through prior cor

respondence to minimize damage to the test equipment or injury to

test personnel. A "laboratory" area should be designated for

assembling the sampling train, placing the filter in the filter

holder, charging the impingers, recovering the sample, and docu

menting the results; this area should be clean and should be free

of excessive drafts.

4.2 Sampling

The on-site sampling includes addition of the water and

silica gel to the impingers; setup of the sampling train; con

nection to the electrical service; preparation of the probe (leak

check of entire sampling train and addition of particulate fil

ter); insertion of the probe into stack; sealing of the port;

check of the probe temperature; and sampling and recording the

data (Figure 4.2). A final leak check of the train is mandatory

after sampling. \

4.2.1 Preliminary Measurements and Setup - The sampling site

should be selected in accordance with Method 1. I f this is

impossible due to duct configuration or other reasons, the

site should be approved by the administrator. A 115 V, 30-A



Procedure used: Reference

Reference Method

section No. 3.3.4
Revision No. 0
Date January 15, 1980
Page 2 of 10

Approximate

Conducted simultaneously with pollutant emission test?

Impingers properly placed?*

Impinger content: 1st 1o~1I'11 ~ 0 2nd /IIIJ",/ ~ 0 3rd~

4th .;?,0'1' 5/-/'~&9£/ Modifications

Cooling System: Crushed ice ~ other

Sampling time per point

Probe heater (if applicable) on?

Crushed ice in ice bath?

Temp ,,15"0"':

Leak check? (optional) Leakage rate 0.0

Sampling rate constant (within 10%)?*

All data properly recorded?*

Posttest leak check?* (mandatory)

Leakage rate*

Analysis - Impinger Content

Method: Volumetric

0.0

Gravimetric

Measurement of volume of water condensed:

Graduated cylinder other

Measurement of silica gel: Balance

Color of silica gel?

All analytical data properly recorded?

other

Condi tion~ Ji/JI£~

~

*Most significant items/parameters to be checked.

Figure 4.1 On-site measurement checklist
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Silica gel
weight,

g

Impinger
volume,

ml

Initial

Final

Figure 4.2 Method 4 field and sample recovery data form ..

* Acceptable AV = 0.9 < V f1nal - V 1n1t1al <1.1~ to J.~.
m number of points ~

Plant 4crI:!L&~/e~nan4- Probe material (-;>\a.s:>
Location--Ct>11Rr iJo I oofJ3 Sample box number "'RG-.3
Operator ~v(1?i Meter box. number F n~~
Date ~!tQ.j.7q Meter AII@ II Y-}
Run numbe? A?P- J Meter cal. --:-(y--")-..!-~'--=,-.-D-:'-<....,----
Ambient temperature <e~ t'j:: Final leak rate () , <:::>0
Barometric pressure o.>~. ODin.Vacuum during leak check ,;]. 0
Probe length jR{ft) 'a ~+ Thermometer number 8f- 5

Static pressure - ID D -n H: D. 1 ;;;a

Pressure Meter Temperature
differential reading of gas

Stack across gas sample
*

Gas sample temperature leaving
Traverse Sampling temper- orifice meter volume, AV , at dry gas meter condenser or
point time (8), ature, (All) ,

m Inlet Outlet last impinger,
number min ~ (oF) .JIIIIf'" (in.) H2O ~ (ft3 ) af (ft3) (Tm. )~(OF) (Tm t)~(OF) ~ (OF)

1n ou
5\-tQY' .l- ('> ,.:) OJ - ~/"1, ~J - - - -

I ,-'r I 3:J / .n $1'j,9~
1 "'~ /'S? kg bX-

.J Iv 13~ 1,0 $~;;).sq ~.UI ,;;; fA Cj ,. c:-

.~ ,.e; /3i ID .~_):'<. ..:> I _,">, 1-':> ..,£. -,n 'S-1-/ _7n ) ,"", 1 0 ,"c::{7.8.";- -J, /,4 '7g 7/ l-,/"
5' ... t:::" -1;1,7 I, D ~21"\ "q .;)./py ~f) ,.,;; In'
L ~,., IO~ 1.0 . -r33./o ~.bl ~\f ..,~ f . •"'\

'7 -~Jr' )3~ J. () .~3S.7?> -}.~~ <xt.. ~ b.t::;;"
% c.{{) . ",'/ I ,) ."'l~ '" L.. ::J. b:::l $&' '},':s- IJ_
9 ..Ie I. ~'>' J 0 ~ v. j .f'V') _J. ~~v O1D ., '- /",7
10 6n 1.~t5 ID :.5'1.3"::1 ..::J. (.,;:) ~, ~'X" {"

! I -55 )30 /0 ::5' <j~.:Js lJ.(,,'1,· 9,,,," ?C; f..,{(
,a (,,0 Ijq /0 ~4-.3'.nb ~,t:t "?~ RO t.9(

Total ( ",f)

Average I~~A). % I. /) :to (n:J~ '7~,x
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stack to reduce the length of
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stack pressure is

chart and making appropriate

different from that of the

section No. 3.3.4
Revision No. 0
Date January 15, 1980
Page 4 of 10

electrical supply is necessary to operate the standard sampling

train. A minimum of eight traverse points should be used for

rectangular stacks having equivalent diameters <0.61 m «24 in.),

and a minimum of 12 should be used for all other stacks unless

otherwise specified by the administrator. Record all data on the

traverse point location form shown in section 3.0 (introduction

to this volume). These measurements will be used to locate the

sampling probe during preliminary measurements and actual sam

pling.

Select a suitable probe liner

traverse points can be sampled.

sampling from opposite sides of the

the probe.

Select a total sampling time so that a minimum gas volume of

0.60 sm3 (21 sft3 ) can be collected at a constant rate of <0.021

m3 /min (0.75 ft3/m). The rate can be limited by selecting a

pressure drop (6H) which is <6H@ for the orifice meter.

Note: I f moisture saturated or droplet-laden gas streams are

suspected, two calculations of the moisture content of the stack

gas should be made--one using a value based on the saturated

conditions (Equation 4-1) and another using the results of the

impinger analysis. The lower of these two Bws values should be

considered correct.

To determine the moisture content in moisture saturated or

droplet-laden gas streams, attach a temperature sensor capable of

measuring tlOc (2°F) to the probe; measure the stack gas tempera

ture at each traverse point during the traverse; measure the

absolute stack pressure. Determine the moisture percentage,

either by:

1. Using

corrections if

chart, or

2. Using saturation vapor pressure (S. V. P.) Tables 6.1A

and 6.1B of section 3.3.6 and Equation 4-1.
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Equation 4-1

Bws = water vapor in the gas stream, proportion by

volume

S.V.P. = saturated vapor pressure of water at average

stack temperature, mm (in.) Hg

Pbar = barometric pressure, mm (in.) Hg, and

P t t' = static pressure of the stack, mm (in.) H20.
s a lC

If the psychrometric chart or the saturation vapor pressure

tables are not applicable (based on evaluation of the process),

alternate methods approved by the administrator should be used.

The stack gas can be checked for saturation with wet and dry

bulb thermometers. When the stack is saturated, the wet and dry

bulb temperatures are the same. This will not, however, check

for the presence of water droplets.

4.2.2 Condenser Preparation - Place known volumes of water in

the first and second impingers; generally, 100 ml in each im

pinger is adequate. Immerse the tips of the impinger tubes at

least 13.0 mm (0.5 in.) in the water. The third impinger should

be left dry to trap any entrained water droplets. Place a known

amount of silica gel in the fourth impinger; generally, 200 g is

sufficient. Record the amount of water and silica gel placed in

the impingers. If the stack temperature is high >400 oC (752°F),

a lower sampling rate may be necessary to maintain the tempera

ture leaving the fourth impinger at ~20oC (~68°F).

Alternatively, each impinger and its contents can be weighed

to the nearest 0.5 g. Record these weights on the analytical

data form (Figure 4.3) for determining the amount of water con

densed.

4.2.3 Sampling Train Assembly - Assemble the sampling train as

shown in Figure 1.1, and perform the following:

1. Adjust the probe heater to operating temperature, and

place crushed ice and water around the impingers.



Sampling is

m3/min (0.75
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Plant Bm[; ~btt( fiOil/t1
Date t-- /0-7'1
Run number L-M...:..:......l-b---l/ _

Volume of liquld
water collected

Impinger Silica gel
volume, weight,

ml g

Final ~71 Zt50
Initial VJO Z03.5

Liquid collected '7-1 //,:)
Total volume collected g* I125m1

* Convert welght of water to volume by dlvldlng total welght
increase by density of water (1 gjml):

Increase, g = water 1 11 gjml vo ume, m .

Figure 4.3 Method 4 analytical data form.

2. Leak check the sampling train just prior to use by

disconnecting the probe from the first impinger or (if appli

cable, from the filter holder); plug the inlet to the first

impinger (or filter holder); and pull a 380 mm (15 in.) Hg

vacuum. If the leakage rate is >4% of the average sampling rate

or if it is ~0.00057 m3/min (0.02 ft3jm), whichever is less, it

is unacceptable. This leak check is recommended but not manda

tory.

3. Place a loosely packed filter of glass wool in the end

of the probe if an external heated filter is not used, and con

nect the probe to the sampling train.

4. Attach a stack temperature sensor on the probe when

required.

4.2.4 Sampling Train Operation (Constant Rate)

performed at a constant rate of approximately 0.02

ft3/m) or less during the entire period as follows:
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1. Record the initial dry gas meter readings, barometric

pressures, and other data as indicated in Figure 4.2.

2. Position the tip of the probe at the first sampling

point, and turn on the pump.

3. Adjust the sample flow to the predetermined constant

rate of 0.021 m3/min (0.75 ft3/m) or less.

4. Take other readings required by Figure 4.2 at least

once at each sample point during each time increment.

5. Record the dry gas meter readings at the end of each

time increment.

6. Record the stack gas temperature at each point when the

stack gas is saturated or has water droplets.

7. The static pressure of the stack must also be deter

mined when the moisture content is to be calculated using the

partial pressure method.

8. Repeat steps 3 through 5 for each sampling point.

9. Turn off the pump, remove probe from the stack, and

record the final readings after each traverse.

10. Leak check (as described in Subsection 4.2.3) after the

last traverse, and record all leakage rates. This leak check is

mandatory.

11. Cap the impingers with serum caps (or equivalent) and

transport to the sample cleanup area if the train passes the leak

check. If it does not, either reject the test results or correct

the sample volume (see section 3.4.6).

12. Check the sampling rate and the sample volume (~Vm) for

each point. The volume for each point should be within tlO% of

the average sample volume for all points. If all are within the

limit, then the sample run is acceptable; otherwise, reject the

results and either repeat the test run or consult the administra

tor.

4.3 Sample Recovery

Measure the volume of the condensed moisture to the nearest

1 mI. Determine the increase in weight of the silica gel (or gel

plus impinger) to the nearest 0.5 g. Record these data on the

data form shown in Figure 4.3 or on a similar form.
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4.4 Sample Logistics, Data Collection, and Equipment Packing

Follow the above procedures until the required number of

runs are completed. At the completion of the test:

1. Be sure that all data recorded during the field test

are duplicated by using carbon paper or by using data forms and a

laboratory notebook. Mail one set of data to the base labora

tory, or give it to another team member or the agency, and have

the other handcarried.

2. Examine all sampling equipment for damage and for

proper packing for shipment. Label all shipping containers

properly to prevent sample or equipment loss.
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Table 4.1 ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS

Apparatus

Condenser,
addition of
water and
silica gel
to system

Acceptance limits

100 ml of distilled
water in first two
impingers; approximate
ly 200 g of silica gel
in fourth impinger

Frequency and method
of measurements

Either use graduated
cylinder to measure
water or weigh each
impinger and its con
tents to nearest 0.5 g

Action if
requirements
are not met

Correct the
additions

Assembling
sampling
train

1. Assembled to speci
fications in Fig 1.1

1. Assemble before
each sample run

1. Reassemble

Sampling

2. Leak ~ate <4% or
0.g0057 m /min (0.02
ft /min) , whichever is
less

1. Sampling volume for
each point within ±10%
of average sample volume
for all points

2. Leak check before
sampling by plugging
the nozzle or inlet
to first impinger and
pulling a vacuum of
380 mm (15 in.) Hg

1. Calculate for
each test run

2. Correct
leak

1. Repeat test
run

2. Minimum total sam
p13 gas vol~e of 0.60
sm (21 sft ) at a con-
stant sa~pling rate ft3/
<0.021 m /min (0.75
min)

2. Make a quick cal
culation before test
ing; do an exact cal
culation after tra
verse

2. As above

(continued)

3. Minimum number and
location of points
specified by Method 1

3. Check before the
first test run by mea
suring duct and using
Method 1

3. Repeat the
procedure to
comply with
specifications
of Method 1
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Table 4.1 (continued)

Apparatus Acceptance limits
Frequency and method

of measurements

Action if
requirements
are not met

Sampling (cont.) 4. Leakage rate <4%
of the average sampling
volume or <0.00057 m3 /

min (0.02 ft 3 /min),
whichever is less

4. Leak check after
each test run or be
fore equipment re
placement during test
at the maximum vacuum
during the test (man
datory)

4. Correct the
sample volume, or
repeat the sample
run

Sample recovery

Sample logis
tics, data
collection,
and packing
of equipment

Volume of moisture
condensed to nearest
1 ml; weight increase
of silica gel to
nearest 0.5 g

1. All data recorded
correctly

Use volumetric/
gravimetric measure
ment

1. After completion
of each test and be
fore packing

Repeat the
measurement

1. Complete
the data

2. All equipment exam- 2. As above
ined for damage and
labeled for shipment

2. Repeat the
sampling if
damage occurred
during test

3. All sample contain
ers and blanks properly
labeled and packaged

3. Visually check
upon completion of
each sample

3. Correct when
possible
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5.0 POSTSAMPLING OPERATIONS

Table 5.1 at the end of this section summarizes the quality

assurance activities for ?ostsampling operations.

Posttest checks will have to be made on most of the sampling

apparatus. The checks will include three calibration runs at a

single orifice meter setting; cleaning; and/or routine main

tenance. The cleaning and maintenance are discussed in

APTD -05762 . Figure 5.1 should be used to record the posttest

checks.

5.1.1 Metering System - The metering system has two components

that must be checked--the dry gas meter and the dry gas meter

thermometer(s).

The dry gas meter thermometer(s) should be compared with the

ASTM mercury -in -glass thermometer at room temperature. I f the

two readings agree within 6°e (10.8°F), they are acceptable; if

not, the thermometer must be recalibrated according to section

3.3.2 after the posttest check of the dry gas meter. For calcu

lations, use the dry gas meter thermometer readings (field or

recalibration values) that would give the higher temperatures-

that is, if the field readings are higher, no correction is

necessary, but if the recalibration value is higher, add the

difference in the two readings to the average dry gas meter

temperature reading.

The dry gas meter must be posttested (Section 3.3.2). The

metering system should not have any of the leaks that were cor

rected prior to the posttest check. If the dry gas meter cali

bration factor (Y) does not deviate by >5% from the initial

calibration factor, the dry gas meter volumes obtained during the

test series are acceptable. If Y deviates by >5%, recalibrate

the metering system (Section 3.3.2).



section No. 3.3.5
Revision No. 0
Date January 15, 1980
Page 2 of 4

Calibrated by ·-"-\~.::..~~)~0'o_~__~~~~n~~~~_-.!'" t::._>{MJhL''---d

I
:= t-j - f

i

Date I I , ~, ,~("
i

Meter box number

C', C,' 'i<- c.e

Dry Gas Meter

Pretest calibration factor Y
Posttest checks, y 1 () C) >;;=7

pretest) (, r,

Recalibration required?
If yes, recalibration factor Y
Lower calibration factor, Y

or posttest)*

(must be within ±2%)*
(must be within ±5% of

yes v no
(must be within ±2%)*

for calculations (pretest

Dry Gas Thermometer

Was a pretest meter temperature correcton used? yes~' no
I f yes, temperature correction -- . (wi thin ±3 °C (5.4 °F)

over range)*
Post test comparison with mercury-in-glass thermometer O,)~.

(within +6°C (10.8°F) at room temperature)
Recalibration required? - yes ~ no
Recalibration temperature correction, if used (within

±3°C (5.4°F) over range)*
If yes; no correction is necessary for calculations when meter

thermometer temperature is higher.
If recalibration temperature is higher, add correction to average

meter temperature for calculations

Barometer

dif-

no
in.) Hg

no

Was pretest field barometer reading correct ~/ yes
Posttest comparison rom (in.) Hg +2.5 mill (0.1
Was recalibration required? yes \//
If yes; no correction is necessary for calculations when the

field barometer has the lower reading
If the mercury-in-glass reading is lower, then subtract the

ference from the field data readings for the calculation

stack Gas Temperature Sensor (if required)

Average stack temperature
Posttest comparison
Was recalibration required?

/.3 5~ °c U/F)
I -;'1, "'1 to [within ±2°C (4°F)]*

yes ./ no

*Most significant items/parameters to be checked.

Figure 5.1 Posttest equipment checks.
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For the calculations, use the calibration factor (initial or

recalibration) that yields the lower gas volume for each test

run.

5.1.2 Barometer - The field barometer should be compared to the

mercury-in-glass barometer. If the readings agree within ±5 rom

(0.2 in.) Hg, the field readings are acceptable; if not, use the

lesser calibration value for the calculations. I f the field

barometer reads lower than the mercury-in-glass barometer, the

field data are acceptable. I f the mercury -in -glass barometer

gives the lower reading, use the difference in the two readings

(the adjusted barometric value) in the calculations.

5.1.3 Stack Gas Temperature Sensor - The stack gas temperature

sensor should be compared with an ASTM mercury-in-glass refer

ence thermometer. Place both the stack sensor and reference

thermometer in an atmosphere (air or water) that is within ±5°C

(10°F) of the average stack temperature. I f both values agree

within ±2°C (4°F) then the pretest calibration is acceptable.

If not, then calculate the moisture content using both the pre

test calibration and the posttest corrected values. If either or

both calculated values are greater than the measured moisture,

then either or both may be eliminated from any final emlSSlons

calculations.
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Table 5.1 ACTIVITY MATRIX FOR POSTTEST OPERATIONS

Apparatus

Dry gas meter

Dry gas meter
thermometer

Acceptance limits

Within ±5% of the lnl
tial calibration fac
tor

Within ±6°C (lO.8°F)
at room temperature

Frequency and method
of measurements

Make three runs at a
single, intermediate
orifice setting and
at highest vacuum
occurring during
test (Sec 3.3.2)

Compare with ASTM
mercury-in-glass
thermometer after
each field test

Action if
requirements
are not met

Recalibrate;
use calibration
factor that
gives lesser
sample volume

Recalibrate;
use higher
temperature
for calcula
tions

-------...,..----.----------t-------------+---------
Barometer

Stack tempera
ture sensor

Within ±S mm (0.2 in.)
Hg at ambient pressure

Within ±2°C (4°F) of
the reference check
temperature

Compare with mercury
in-glass barometer
after each field
test

After each run, com
pare with reference
temperature

Recalibrate;
use lower
barometric
values for
calculations

Recalibrate;
perform calcu
lations with
and without
temperature
correction
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6.0 CALCULATIONS

Calculation errors due to mathematical mistakes can be a

large part of total system error. Therefore, each set of calcu

lations should be repeated or spot-checked by a team member other

than the one who performed them originally. I f a difference

greater than a typical roundoff error is detected, the calcula

tions should be checked step by step until the source of error is

found and corrected. A computer program can be advantageous in

reducing calculation errors. If a standardized computer program

is used, the original data entry should be checked; if differ

ences are observed, a new computer run should be made. Table 6.2

at the end of this section summarizes the quality assurance

activities for calculations.

Carryout calculations, retaining at least one significant

digi t beyond that of the acquired data. Roundoff after final

calculations to two significant digits for each run or sample in

accordance with the ASTM 380-76 procedures. Record the results

on Figure 6.1A, 6.1B, or 6.lC.

6.1 Nomenclature

The terms defined and listed alphabetically herein are to be

used in calculating dry gas and water vapor volumes and moisture

contents, and in verifying constant sampling rate.

LiH@.
1

= Water vapor in the gas stream, proportion by volume

= Average pressure differential across the orifice
meter, mm (in.) H20

= Measurement of pressure differential across the
orifice meter, mm (in.) H20

= Maximum acceptable leakage rate for either a pretest
leak check or a leak check3 following a comp~nent

change; equal to 0.00057 m Imin (0.01995 ft Imin)

= Molecular weight of water, 18.0 gig-mole
(18.0 lb/lb-mole)



Ps

Pstatic

Pstd

Pw

R

S.V.P.

Vm(std)

vwc(std)

vwsg(std)
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= Barometric pressure, rom (in.) Hg

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

= Absolute stack pressure, mm (in.) Hg

= Static pressure of the stack, rom (in.) H20

= Standard absolute pressure, 760 rom (29.92 in.) Hg

= Density of water, 0.9982 gjml (0.002201 Ibjml)

= Ideal gas constant, 0.06236 (rom Hg) (m33j(g-mole) (K)
for metric units and 21.85 (in. Hg) (ft )j(lb-mole)
(OR) for English units

= Saturated vapor pressure of water at average stack
temperature, rom (in.) Hg

= Absolute average dry gas meter temperature, K (OR)

= Standard absolute temperature, 298K (528°R)

= Final volume of condenser water, ml

= Initial volume of condenser water, ml

= Volume of gas sample measured by dry gas meter, dcm
(dcf)

= Incremental volume3measured by dry gas meter at each
traverse point, dm (dcf)

= Volume of gas sample measured by the ~ry gas meter,
corrected to standard conditions, dsm (dscf)

= Stack gas velocity, calculated by Method 2, using
data from Method 5, mjs (ftjs)

= Volume of condensed wat3r vapor, corrected to
standard conditions, sm (scf)

= Volume of water vapor collected in s~lica gel,
corrected to standard conditions, sm (scf)

Wf = Final weight of silica gel or silica gel plus
lmplnger, 9

W· = ~ni~ial weight of silica gel or silica gel plus
1 lmplnger, 9

y = Dry gas meter calibration factor
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6.2 Condensed Water Vapor Volume

vwc(std) =

where

(Vf - Vi) pwRTstd
Pstd Mw

Equation 6-1

Kl = 0.001333 m3/ml for metric units, or

= 0.04707 ft3/ml for English units.

6.3 Water Vapor Volume Collected in silica Gel

vwsg(std) =

where

(Wf - Wi) RTstd
Pstd Mw

Equation 6-2

K2 = 0.001335 m3/g for metric units, or

= 0.04715 ft3/g for English units.

6.4 Dry Gas Volume, Corrected to Standard Conditions
Correct the sample volume measured by the dry gas meter to

standard conditions (20°C and 760 rom Hg or 68°F and 29.92 in. Hg)
by using Equation 6-3.

where

Vm(std) Equation 6-3

K3 = 0.3858 K/rnm Hg for metric units, or

= 17.64 oR/in. Hg for English units.

Note: If the leak rate observed during any mandatory leak checks
exceeds the specified acceptable rate (La)' either the value of
Vm in Equation 6-3 may be corrected (as described in Section
3.4.6 of Method 5) or the test run may be invalidated.
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VOLUME OF WATER VAPOR CONDENSED IN IMPINGERS

Vf = -4 1. 1 . ml, Vi = ~ ~ 12 • ml

3
Vwc(std) = 0.04707 (Vf - Vi) = Q J . ~ ~ ~ ft Equation 6-1

VOLUME OF WATER VAPOR COLLECTED IN SILICA GEL

Wf = ~ L ~ . !J. g, Wi = ~ E. ~ • ~ 9

Vwsg(std) = 0.04715 (Wf - Wi) = ~ . ~ ~ ~ ft
3

SAMPLE VOLUME

Vm = ~ L . ~! ~ ft
3

, Tm = 4 ~ ~ . i OR, Pm = J 9

y = 1 . ~ L ~,

Equation 6-2

..9 !! in. Hg

Vm(std) Equation 6-3

MOISTURE CONTENT

3 3
Vwc(std) = ~ ~ . ~ ~ ~ ft , Vwsg(std) = ~ . ~~ ~ ft ,

3
Vm(std) = ~ ~ . ~ ~ ~ ft

V + Vwc(std} wsg(std}
V + V + Vwc(std) wsg(std) m(std)

= () ..fLo! Equation 6-4

Figure 6.1A Moisture content calculation form (English units).
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VOLUME OF WATER VAPOR CONDENSED IN IMPINGERS

m1, Vi = ~ Q ~ . ml

vwc(std) = 0.001333 (Vf V.) = ~
1

Equation 6-1

VOLUME OF WATER VAPOR COLLECTED IN SILICA GEL

vwsg(std) = 0.001335 (Wf W.) = 0
1

Equation 6-2

SAMPLE VOLUME

3
= Q. • 19.1 ~ m , Tm = ..2

Y = 1.. • !2.L iL,

9 9 , mm Hg

Vm(std)
Vm Y Pm

= 0.3858 T = 0
m

Equation 6-3

MOISTURE CONTENT

vwc(std)
3 V "sstm3= ~ . a.~.t~m, = 0 () I ,wsg(std)

Vm(std) =0 ~~~~m
3.

Vwc(std) + Vwsg(std)B = = () I I t Equation 6-4ws V + V + Vm(std) -wc(std) wsg(std)

Figure 6.1B. Moisture content calculation form (metric units).
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MOISTURE CONTENT

Pbar = J. 9.- . Q 0 in. Hg, ':1J. tz. . Grom Hg

S.V. P. = J. G. 0 in. Hg, :2.2 . a. rom Hg

S. V.P
P .

P + statlc
bar 13.6

= 0 . L~::)

Figure 6.1C Moisture content calculation form using saturation
vapor pressure (English and metric units).

6.5 Moisture Content

V + Vwc(std) wsg(std
V + V + Vwc(std) wsg(std) m(std)

Equation 6-4

Note: In moisture saturated or droplet-laden gas streams, two
calculations of the moisture content of the stack gas should be
made--one using a value based on the saturated conditions (Equa

tion 6-5) and another using the results of the impinger
analysis. The lower of these two Bws values should be considered
correct.

To determine the moisture content in moisture saturated or
droplet-laden gas streams, attach a temperature sensor capable of
measuring floC (2°F) to the probe; measure the stack gas tempera
ture at each traverse point during the traverse; measure the
absolute stack pressure. Determine the moisture percentage,
either by:
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1. Using

corrections if

chart, or

2. Using saturation vapor pressure Tables 6.1A and 6.1B

and Equation 6-5.

B =ws
S.V.P.

P .
P + statlc
bar 13.6

Equation 6-5

If the psychrometric chart or the saturation vapor pressure

tables are not applicable (based on evaluation of the process),

alternate methods approved by the administrator should be used.

6.6 Constant Sampling Rate Verification

For each sample point, determine the AV and calculate the
m

average. If the value for any sample point differs from the

average by >10%, reject the results and repeat the run.

Table 6.1A VAPOR PRESSURE OF WATER AT SATURATION (OF), in. Hg

Temp
OF 0 1 2 3 4 5 6 7 8 9

50 .3626 .3764 .3906 .4052 .4203 .4359 .4520 .4586 .4858 .5035
60 .5218 .5407 .5601 .5802 .6009 .6222 .6442 .6669 .6903 .7144
70 .7392 .7'648 .7912 .8183 .8462 .8750 .9046 .9352 .9666 .9989
80 1.032 1.066 1.102 1.138 1.175 1.213 1.253 1.293 1.335 1. 378
90 1.422 1.467 1.513 1.561 1. 610 1.660 1.712 1. 765 1. 819 1. 875

100 1.932 1.992 2.052 2.114 2.178 2.243 2.310 2.379 2.449 2.921
110 2.596 2.672 2.749 2.829 2.911 2.995 3.081 3.169 3.259 3.351
120 3.446 3.543 3.642 3.744 3.848 3.954 4.063 4.174 4.289 4.406
130 4.525 4.647 4.772 4.900 5.031 5.165 5.302 5.442 5.585 5.732
140 5.881 6.034 6.190 6.380 6.513 6.680 6.850 7.024 7.202 7.384

150 7.569 7.759 7.952 8.150 8.351 8.557 8.767 8.981 9.200 9.424
160 9.652 9.885 10.12 10.36 10.61 10.86 11.12 11.38 11.65 11. 92
170 12.20 12.48 12.77 13.07 13.37 13.67 13.98 14.30 14.62 14.96
180 15.29 15.63 15.98 16.34 16.70 17.07 17.44 17.82 18.21 18.61
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Table 6.1B VAPOR PRESSURE OF WATER AT SATURATION (OC), rom Hg

Tern!
°C 0 1 2 3 4 5 6 7 8 9

10 9.20 9.92 10.67 11. 07 11.65 12.79 13.73 14.74 15.26 16.36
20 17.50 18.77 20.1 20.78 22.23 23.80 25.15 27.09 27.98 29.85
30 31.83 33.91 36.12 37.26 39.65 42.16 44.83 47.63 49.07 52.12
40 55.32 58.67 62.20 64.03 67.87 71. 86 76.07 80.49 82.78 87.53
50 92.51 97.74 103.20 106.02 111.91 118.03 124.46 131.19 134.67 141. 86
60 149.38 157.23 165.43 169.67 178.41 187.55 197.08 207.01 212.12 222.68
70 233.68 245.16 257.05 263.14 275.84 289.05 302.77 316.99 324.36 339.60
80 355.09 371. 35 388.37

Table 6.2 ACTIVITY MATRIX FOR CALCULATION CHECKS

Action if
Frequency and method requirements

Characteristics Acceptance limits of measurement are not met

Analytical data All data and calcula- Visual check Complete miss-
form tions are shown ing data

values

Calculations Difference between Repeat all calcula- Indicate
check and original tions starting with errors on
calculations should raw data for hand analytical
not exceed roundoff calculations; check data form,
error all raw data input Fig 4.2

for computer calcu-
lations and hand
calculate one sample
per test
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7.0 MAINTENANCE

Normal use of emission testing equipment subj ects it to

corrosive gases, temperature extremes, vibrations, and shocks.

Keeping the equipment in good operating order over an extended

period of time requires routine maintenance and knowledge of the

equipment. Maintenance of the entire sampling train should be

performed either quarterly or after 1000 ft3 of operation, which

ever occurs sooner. Maintenance procedures are summarized in

Table 7.1 at the end of this section. The following procedures

are recommended, but not required, to increase the reliabilty of

the equipment.

7.1 Pumps

Several types of pumps are used in commercial sampling

trains. Two of the most common types are the fiber vane pump

with in-line oiler and the diaphragm pump .. The fiber vane pump

requires a periodic check of the oil and the oiler jar. The used

oil (usually low nondetergent or machine weight) should be about

the same translucent color as the unused or spare oil. When the

fiber vane pump starts to run erratically or when the head is

removed each year, the fiber vanes should be changed.

The diaphragm pump requires little maintenance. If the

diaphragm pump leaks or runs erratically, it is normally due to a

bad diaphragm or malfunctions in the valves; these parts are

easily replaced and should be cleaned annually by complete dis

assembly of the train.

7.2 Dry Gas Meters

The dry gas meter should be checked for excess oil and

component corrosion by removing the top plate every 3 mo. The

meter should be disassembled and all components cleaned and

checked more often if the dials show erratic rotation, or if the

meter will not calibrate properly.

7.3 Inclined Manometer

The fluid should be changed when it is discolored or con

tains visible matter and when it is disassembled yearly. No
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other routine maintenance is required since the inclined manom
eter is checked during the leak checks of both the pitot tube and
the entire meter box.
7.4 Sampling Train

All remaining sample train components should be visually
checked every 3 mo, and they should be completely disassembled
and cleaned or replaced yearly. Many of the items, such as quick
disconnects, should be replaced when damaged rather than after
they are periodically checked. Normally, the best maintenance
procedure is to replace the entire uni t--for example, a meter
box, sample box, or umbilical cord.
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Table 7.1 ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS

Apparatus

Routine main
tenance

Fiber vane
pump

Diaphragm pump

Dry gas meter

Inclined manom
eter

Sampling train

Acceptance limits

No erratic behavior

Leak free and required
flow

Leak free valves func
tioning properly with
required flow

No excess oil, corro
sion, or erratic rota
tion of the dial

No discoloration or
visible matter in the
fluid

No damage

Frequency and method
of measurements

Routine maintenance
quarterly; disassem
ble and clean yearly

Periodic check of oil
jar; remove head, and
change fiber vanes

Clean valves during
yearly disassembly

Check every 3 mo for
excess oil or corro
sion by removing
top plate; check
valves and diaphragm
when meter dial runs
erratically or when
meter will not cali
brate

Check periodically;
change fluid dur
ing yearly disassem
bly

Visually check
every 3 mo; com
pletely disassemble
and clean or replace
yearly

Action if
requirements
are not met

Replace parts
as needed

Replace as
needed

Replace when
leaking or
when running
erratically

Replace parts
as needed, or
replace meter

Replace parts
as needed

If failure
noted, use
another entire
control console,
sample box, or
umbilical cord



section No. 3.3.8
Revision No. 0
Date January 15, 1980
Page 1 of 4

8.0 AUDITING PROCEDURE

An audit 1.S an independent assessment of data quality.

Independence is achieved by using apparatus and standards that

are different from those used by the regular field crew. Routine

quality assurance checks by a field team are necessary for

obtaining good quality data, but they are not part of the

aUditing procedure. Table 8.1 at the end of this section sum

marizes the quality assurance activities for the auditing.

Based on the results of the collaborative tests of Method 4,

a performance audit of data processing and a systems audit are

recommended. These two audits are described in the Subsections

8.1 and 8.2.

8.1 Performance Audit of Data Processing

Performance audits are conducted by the auditor to quanti

tatively evaluate the quality of the data produced by the total

measurement system (sample collection, sample analysis, and data

processing). Due to the limited sizes of most emission-testing

companies, it is recommended that these audits be performed by

the responsible control agency once during every enforcement

source test, regardless of whether the tests are conducted by

agency or private company personnel. A source test for enforce

ment comprises a series of runs at one source.

Calculation errors are prevalent in Method 4. Data proces

sing errors can be determined by auditing the data recorded on

the field and the laboratory forms. The original and the check

calculations should agree. If not, all of the data and calcula

tions should be checked. The calculation errors should be

clearly explained to the source-test team to prevent or mimimize

reoccurrence. The data processing errors may also be determined

by requesting that copies of data sets compiled in the field and

copies of manual data reductions (or computer printouts if used)

be forwarded to the evaluator for audit.

8.2 Systems Audit

A systems audit 1.S an on-site quali tative inspection and

review of the quality assurance method used by the test team for
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of apparatus calibration.

audit and forward them with

fol-the auditor are summarized by the

the total measurement system (sample collection, sample analysis,

data processing, etc.). Initially, a systems audit specified by

a quality assurance coordinator should be conducted for each

enforcement source test, which by definition comprises three runs

at one source. After the team gains experience with the method,

the frequency of audit may be reduced--for example, once for

every four tests.

The functions of

lowing:

1. Observe procedures and techniques of the field team

during sample collection.

2. Check/verify the records

3. Record the results of the

comments on source team management to the quality assurance

coordinator so that any needed corrective actions may be imple

mented.

The auditor should observe the field team's overall per

formance of the source test. Specific operations to observe

should include (but not be limited to):

1. Setting up and leak testing the sampling train.

2. Constant rate sampling check of the sampling train.

3. Final leak check of train.

4. Sample recovery.

Figure 8.1 is a suggested checklist to be used by the auditor for

developing a list of important techniques/steps to observe.
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Operation

Presampling preparation

1. Knowledge of process conditions

2. Calibration of pertinent equipment prlor
to each field test; in particular, the
dry gas meter should be checked before
each test

on-site measurements

3. Leak testing of sample train after sample
run

4. Addition of water and silica gel to
~mp~ngers, and correct location of
lmplngers

5. Constant sampling rate and not exceeding
specified rate

6. Measurement of condensed water to within
specified limits

7. Record of pertinent process condition
during sample collection

8. Probe maintained at given temperature

Postsampling

9. Calculation procedure/check

10. Calibration checks

COMMENTS

Figure 8.1 Method 4 checklist to be used by auditors.
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Table 8.1 ACTIVITY MATRIX FOR AUDITING PROCEDURES

Audit

Data processing
errors

Systems audit-
observance of
technique

Acceptance limits

Original and check cal
culations should agree

Operation/technique
described in this sec
tion of the Handbook

Frequency of method
of measurement

Once during every
enforcement source
test, do independent
calculations starting
with recorded data

Once during every
enforcement test
until experience
gained, then every
fourth test; observe
techniques; use audit
checklist, Fig 8.1

Action if
requirements
are not met

Check and cor
rect all data
for the source
test

Explain to
team the devia
tions from rec
ommended tech
niques; note
the deviations
on Fig 8.1
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To achieve data of desired quality, two considerations are

necessary: (I) the measurement process must be in a state of

statistical control, and (2) the systematic errors, when combined

with the random variations (errors of measurement), must result

in an acceptable level of uncertainty. To ensure good data, it

is necessary to perform quality control checks and independent

audits of the measurement process; and to use materials, instru

ments, and procedures which can be traced to a standard of

reference.

The working calibration standards should be traceable to

primary or higher level standards such as those for the dry gas

meter. The dry gas meter should be calibrated against a wet test

meter which has been verified by an independent liquid displace

ment meter.
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M!.'TKoD 4--DETERMINATION OF MOISTURE IN
B'UCK OASES

1. Princiflle and Applcabilitll.
1.1 Principle. A gas sample is extracted

proportionally from the source and moisture
18 removed from the gas stream, condensed,
and determined either volumetrically or
gravimetrically.

1.2 Appllcab1l1ty. This method Is ap
p!lcable for the determination of moibture
in stack gas.

Two methods are given. One Is a reference
method for the accurate determination of
moisture content as needed to calculate
emission data. The other is an approximation
method for moisture content to be subse
quently used for setting isoli:lnetic sampling
rates. For this latter purpose, the tester may
use any alternate means for approximating
the moisture content, e.g. drying tUbes, wet
bulb-dry bulb technlqus, condensation tech
niques. stoichiometric calculations. previous
experience, etc. However, tho actual Iso
kinetic, rate maintained during a pollutant.
sampling run and the moisture content used
to calculate emission data wlll not be based
on the results of the approximation method
(see exception In note below), but will be
determined from the data of the reference
method, which is normally conducted
simultaneously with a pOllutant measure
mentrun.

NOTE.-Any of the approximation methods
which are shown to the satisfaction of the
Adminlstratlo.n of yielding results to
within 1% H20 of the reference method re
sults may be used in !leu of the roference
method.

These methods are not applicable to gas
streams that contain liquid droplets. For
these cases, ar,sume that the gllB stream 18
sl\turated. Determine the average stMk gas
temperature using gauges described in
MethOd 2 and by traversing according to
Method 1. Then obtain the moisture per
centage by (1) using a. psychometric chari;
and making appropriate corrections, if stack
pressure Is different from that of the chart,

for absolute prcssure or (2) by using satura
tion vapor pressure tables.

2. Reference Method.
The procedure for det&mlnlng mols.ture .

content dcscribed in Method 5 Is acceptable
lIfl a reference method.

2.1 Apparatus. A schematic of the sam
pllng train used in this reference method !II
shown In Figure 4-1. All components shall
be maintained and calibrated according to
the proccdure outllncd In Method 5.

2.1.1 Probe-Stainless steel or glass tUb
Ing. sufficiently heated to prevent w.ater con
densation and erlulpped With a filter (either
In-btack or heated out-stack) to remove
partiCUlate ma,tter.

2.1.2 Conden~er-Any s)'&tem that cools
the s~_mple gas stream and allows measure
ment or the water condensed and moisture
leaVing the condenser. each to within 1 ml
or 1 g. Acceptable means arc to measure the
condensed water either C'mvimel.rlcally or
volumetrIcally and to mep.""re the moIsture
leavIng the eonden~er by (1) monitoring the
temperature and pressure at the exit of the
condellber and u"lng Dalton'l; law or (2) by
plL,sin" t.lle sample gas btrepm through a
tared sillc!' (i.el trap with exit gasps kept
below 20' C \G8' F) and determining the
weIght gn.ln.

2.1.3 Cooling sy.,>tem--rce bath co01'."lner
and crushed ice, or eqUivalent, to aId In con
densing moL,ture.

2.1.4 Drying tube-Tube pacl,ed with 6-16
rr.esh indlca.tlng-type slllea gel, or eqnlvalent,
to dry the samplo gas and protect the pump
anq rtry gas meter. This may be on intogral
par~ of the cond()],~,er system. In which case
the tube shall be Immersed In the icc bat.h
and a t.hermometer placed at the outlet for
monit0rmg purposes. If npproach (1) of
section 2.1.2 Is used to measure the moisture
leaving the condenser, the t<JmpcrMure and
l're~sllre must be monitored before the sillca
gel tube.

2.1.5 Metering sySotem-Vacuum gauge.
leak-free pump, thermometer.~ capable of
measuring temperature to wIthin 3' C (5.4'
F), clry gru:; meter with ±2 percent accuracy,
alld relatcd eqUipment, or other metering
s)'~t.~ms Approved by the AdmInistrator, n.~

requIred to maintam a proportlon:>.l "ampling
ra-te nnd to determine sample gas volume.

2 1.6 Barometer-Mercury, aneroid, or
other barometers capnble of measuring
atmor;pi1"rlc ples~ure to within 2.5 mm Hg
(0.1 in. lIe). In many cases, the barometric
reading 1'1ay te obtalne<1 fl'om a nc:>.rby
wen-ther bureau station, In which case the
st.atlon value (Which Is the absolute b"ro
nlctrlc prcr;~tll'c) s11nll be rcqucs-tcd and an
adjustment Jor cleva.~lon dlfferenccn between
the weather sklLlon and the sampllng point
shoJI be appli"d at a rate of fiLms 2.5 mm
Htl (0.1 in. Hg) per 30 m (100 H) eleva-tlon
Increase or Vice versa for elevation decreMe.
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Figure 4-3. Analytical data-reference method.
1.1.'1 Pitot tube-Type S, or equivalent, Select a suitable velocity head to correspond

..~ed to probe to allow constant monitor- _ to about 0.014 mO/min (0.5 crm). Belect ..

.. of 1J1e stack gll8 velocity 80 that the suitable probe and probe length such that all
MmpUng flow rate can be regulated pro- traverse points can be sampled. COnsider
poI'Uonal to the 9tack gll8 velocity. The tips sampilng from OPPOSite sides (four total
of tile probe and pitot, tube shall be adjacent , sampling ports) for large stacks to enable
to .-ch other and the free space between use or shorter probe lengths. Mark probe with
.... Bhall be a.bout 1.9 em (0.75 in.). When heBlt resistant tape or by some other method
~ With thls method. the pitot tube need to denote the proper distance into the stack
DOt; be ~ibrated. or duct ror each sampllng point. Weigh and

1.1.8 D11rerential pressure guag_In- record weight or sU1ca gel to the nearest 0.6 g.
eu-cl manometer capable or measuring 2.2.2 Select a suitable total sampllng time
1'eklcity head to within 10 percent of the or no less than 1 hour such that a. minimum
mlDbnum mell8ured value or ±0.013 mm total gas sample volume of 0.6 mO(20 fV) at
(0.0005 in.), in whichever ls greater. Below a standard conditions will be collected and the
lWr..nt1a1 pressure or 1.3 mm (0.06 in.) sampllng time per traverse point ls not less
wMer gauge, micromanomete1"8 With sens1- than 2 min., or some greater time interval
Unties Of 0.013 min (0.0005 in.) should be as specified by the Administrator.
~ However, micromanoDle'ters are not 2.2.3 set up the sampling train as shown
-Ul adaptable to field conditions and are in Figure 4-1. Turn on the probe heating sys-

•no4; ...y to use with the pulsating fiow. Thus, tem to about 120' C (248' F) 60 as to prevent
me~ or other devices acceptable to the water condensa.tion and allow time for tGIn
Adm1n1strator ~y be used when conditions perature to stabilize. Place crushed ice in
WU'Nnt. ' the ice bath container. Leak check the train

1.1.9 Temperature gaug_Thermocouple, by plugging the probe inlet and pulllng a 380
11q1l1d filled bulb thImnometer, bimeta.Il1c ,mm Hg (16 in. Hg) V'aCuum. A leakage rate
~meter,mercury-in-glll8S thermometer, in excess or 4 percent or the average sampllng
or other gauges that are ca.pable or measur- rate or 0.00057 mO/min. (0.02 crm), which
.. Mmpenllture to within 1.5 percent or the ever is less, is unacceptable.
alDImum absolute stack temperature. 2.2.4 During the sampling run, maintain

1.1.10 Graduated cylinder and/or bal- a sampling rate within 20 percent, or a.s spec
.--To mell8ure condensed wa.ter and ified by the Administrator, of constant
.-wre caught in the sUlca gel to within 1 proportionality. For each run, record the
IDI or 1 g. Graduated cylinders shall have data required on the example data sheet
n1MUvlsloll8 no greater tha.n 2 ml. Most lab- shOwn in Figure 4-2. Be sure to record the
......,. balances are capable of w&1ghing to initial dry gas meter reading. Record the dry
.. aearest 0.5 g or less. These balances are gll8 meter reading at the beginning and end
..u.ble 'for use here. or each sampling time increment, when
' ••1,11 Temperature and pressure gauges-- changes in flow rates are made, and when

II I)alton's law ls used to monitor tempera- sampling ls halted. Take other data point
.... and prOli8ure at condenser outlet. The readings at each sample point at least once
--.erature gauge shall have an accuracy ot during each time increment.
1" 0 (2· F). The pressure gauge s1)all be capo.- 2.2.5 To begin sampling position the probe
1tle of meesuring pressure to within 2.5 mIn tip at the flrst traverse point. Immediately
.. (0.1 in. Hg). start the pump and adjust the fiow to pro-

1.1.12 Sll1ca gel-It used to measure portional conditions. Traverse the cross sec
IDOIlIture leaving condenser, indicating type, tion. Add more ice and, it necessary, salt to..1. mesh. If previously used, dry at 175' C maintain a temperature of less than 20· C
(110· F) tor 2 hours. New sUlca gel may be (68· F) at the sll1ca gel outlet to avoid exces-
.-cI a.s received. sive moisture losses.

1.1 Procedure. The procedure below ls 2.2.6 Arter collecting the sample, measure
WI'1~n for a condenser system incorporooting tho volume-increase or the liquid to the near
IIUOa gel and gravimetric analysis to measure est 1 ml. Determine the increase in weigh~

..moisture leaVing the condenser and volu- or the sillca gel tube to the nearest 0.6 g.

..wso analysis to measure the condensed Record the information (see example, data
-*ture. sheet, Figure 4-3) and calculate the moisture•.,.1 Belect the sampling site and mini- percentage.
sua .lImber Of _pUng pointe according 2.3 Ca.lculations.' Oarry out calculatioll8,
.. JIMII.ocI lor .. 11*'11184 b)' ~e Admin- retaining at least one extra decimal flgure
......... DeWrmlne tbe l'&I1Ie Of ftloo1tJ' beyond that or ~e a.cquIreci data. Bound ott
....... .me MetbocIli fw tile purpclIIe of maIt- Aruree atter 11.na1 calcul..tlon.
&Dr JII'OPOrilOnal IalDpllD1 rate caloulatlona. 2.3.1 Nomenclature.



B••=Proportion by volume
Mw=:'.Iolecular weight of Viater, 18 gIg-milt! (18Ib/lb-mole)
P.~Absolute pressure (for this method, same as barometric pressure) at the dry

gas meter, mm Hg (in. Hg) _
P ..d=StandB_rd absoiute pressure, 760 mm Hg (29.92 In. Hg)

R=Ideal g:lS constant, 0.06236 (mm hg)(m')f(g-mole)(OK) for metric unit. r.nd
21.83 (in. Hg)(W)/(lb-mole)/(lb-molej(OR) for English units

Till-Absolute temperature at meter, oK (OR)
T ..d= Absolute temperature, 293° K (528° R)
VIIl~Dry gas volume measured by meter, dcm (dcf)-

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

V••c..d)=Volume of water vapor condensed corrected to standard conditions, m l (ftl)
V."'Catdl -=Volume of water vapor collected in silica gel corrected to standard conditions,

mJ (ft3)

VI-Final volume of condenser contents, ml
Vt- Initial volume, if any, of condenser contents, ml
WI-Final weight of condenser contents, g
WI=Initial weight of condenser contents, g
p.,= Density of water, 1 g/ml (0.00220Ib/ml)

MIDGET IMPINGERS

FIgure 4·4. Moisture·sampllng traIn.

'igIIr.4·1. fl.lcllIOlaluli lI.termlnall..

I-'
1.0
CD
o

COWIIENTI

BAROMETRIC PllESSURE _

lOCATlON _

1E5T _

DATE _

OPERATOR _

"GAS VOLUME IHROtJGH
lIETER. (Vml. RATE METER SETTING METER 1EMPERATURL

CLOCK11ME m3 (ft3) m3/min. (ft3Itnin.) 0c (OF)

-

Equation 4-3

Calculate the avera.ge. It the'value for any
time increment falls beyond 20 percent of the
average, reject the results and do run over.

3. Approximation Method.
The approximation method described be·

low Is presented only as a suggested method.•
3.1 Apparatus.
3.1.1 Probe-Btainless steel or glass tub

Ing sufficiently heated to prevent water con
densation and eqUipped with a fllter (either
In-stack or heated out-stack) to remove par
ticulate matter.

1.1.:1 Implngera-Two midget 1mplnpra,
nch v.1th 30 mI capacity. or equlv~ent.

where:
K=0.3855 °K/mm Hg for metric units

=17.65 oR/in. Hg for English units

2.3.5 Moisture Content:

B V••+V....
..·=V•• +V•••+V....

Equation 4-4
2.3.6 Proportional ~mpl1ng constant

For each time Increment, calculate

Equation 4-2

~.3.2 Volume of wa.ter vapor condensed.

(VI - VI )p.RT.td
V". (ltd) P 11

atd •

K-0.00134 m3/g for metric units

-0.0472 ft!/g for English units
~.3.' Gas volume.

V V (P..)(T.t,tl
...(.td)- ... (P.>d)(T... )

where:

where:

K=0.00134 m3/ml for metric units

-0.0472 Wlml for English units
2.3.3 Volume of water vapor collected In

alllcs. gel.

,. (Wr-Wt)RT.td
,....(5td) = p .td~.r. ,



Section No. 3.3.10
Revision No~ 0
Date January 15 f 1980
Page 5 of 5

4. Calibratum.
4.1 Use methods and equipment 88 epee

l11led In Methods 2 8D.d 5 and APTJ)-()6'H! teo
oal1bmte dry gas meter. barometer. and Uler';'
mometers.

5. References.
5.1 Air Pollution Engineering Man~.

Danielson, J. A. (ed.) , U.s. DREW. PHS, 1'...
tiona! celllter tor Air Pollutton COntrol, Oln
clnnatl, Ohio. PHS Publloatlon No. 999-AP
40. 1967.

5.2 Devorkin. Howard, et 0.1.. Air PollutllOn
Source Te8tlng Manual, Air Pollution COJllWol
Dtstrict. Los Angeles. Calif., November 1003.

5.3 Methods for Determ1na.tlon of VelOCllltJ,
Volume. Dust and Mist Contelllt of 0-,
Western Preclpl1ia.tlon DIvision of J07 Ma.nu~
tacturlng Co., Los Angeles, Oallt., BuUMUa
WP-50. 1968.

V... +B_- V... +(0.026)
V....+V..(rid) V...+V.(•..,

T ••• -Standard absolute t.emperature,
193" K (628" R)

V,-Final volume of lmpinger COA
tents, ml

'V1=Initial volume of impinger con
tents, ml ,

V..=Dry gas volume measured by dry
gas meter, dcm (dcl)

V_(••d) = Dry gas volume measured by dry
gas meter, corrected to stand-'
ard conditjons, dscm (dscf) .

V...(•••Il=Volume of wa.ter va.por con
densed, corrected to standard
conditions, m l (ftl)

p..=Density of water, 1 glml (0.00220
, Ib/ml)

8.3.2 Volume of water vapor collected.

Where:

~-O.OOIM m'/rnl for metrio UD;lte
0=0.0472 ft'/m! for English unite_
'8.8.8 Gas volume.

V..(.~il=V.. (~:)(;:)

_XV• P..
T..

X=0.3855 °Klmm Hg for metric ....:

= 17.65 °R/m. Hg for English waite
3.3.4. Approximate m~18ture conte..

where:

B...

(V,-VI) .....RT.w _

P.wM...
V...

3.1.3 Ice bath-Contalner and tce.- to aid
tn condensing moisture In Implngers.

3.1.4 Drying tube-Tube packed w:Ith &-1.
mesh indicating-type silica gel, or equivalent.
to dry the sample gas and to protect Ul.
meter and pump.

3.1.5 Valve-Needle valve. to' regulate
eample gas flow rate.

3.1.6 Pump-Leak-free. diaphragm type,
or equivalent, to pull gas through the train.

3.1.7 Volume meter-Dry gas meter, suf
ficiently accurate to measure the sample vol
ume within 2 percent, and calibrated over the
range of flow rates and conditions actually
used during sampling.

3.1.8 Rate meter-Rotameter. to measure
the 110w range from 0 to 3 lpm (0 to 0.11
cfm).

3.1.9 Graduated cyllnder-25 mi.
3.1.10 Barometer--Mercury, aneroid, or

other barometers capable of measuring
atmospheric pressure to within ·2.5 mm Hg
(0.1 in. Hg). In many cases. the barometric
readtng may be obtained from a nearby
weather bureau station. In which case the
station value (which ts the absolute baro
metric pressure) shall be requested and an
adjustment for elevation differences between
the weather station and sampling point shall
be applied at a rate of mtnus 2.5 mm Hg
(0.1 In. 1'1g) per 30 m (100 ft) elevation tn
crellBC or vice versa for elevation decreases.

3.1.11 Vacuum gauge-At least 760 mm
Hg (30 tn. Hg) gauge, to be used tor the
eampllng leak check.

3.2 Procedure.
3.:1.1 Place exactly 5 ml dtstllled water tn

eaoh Implnger. Assemble the apparatus
without the probe as shown in Figure 4-4.
Leak check by placing a vacuum gauge at the
Inlet to the tlrBt tmplnger and drawing a
vacuum of at least 250 mm Hg (10 tn. Hg).
plugging the outlet of the rotameter. and
then turning off the pump. The vacuum shall
remain constant for a least one minute.
Carefully release the vacuum gauge before
releasing the rotameter end.

3.2.2 Connect the probe and sample at a
colllltant rate of 2 lpm (0.071 dm). Continue
sampling unt1l thl! dry gas. meter reglstel8
about 30 liters (1.1 fto) or until visible liqUid
droplets are carried over trom the first 1m
plnger to the second. Record temperature,
pressure. and dry gas meter readings as n
qulred by Figure 4-5.

3.2.3 After collecting the sample, combine
the contents of the two Implngers and meu
ure volume to the nearest 0.5 ml.

3.3 Calculattons. The calculation method
preaentcd ts destgned to esttmate the mots
ioure In the stack gas and therefore othv
data, whtch are only necessary-for accurate
mots1.ure determinations. are not colleoted.
The tollowing equations adequately estimate
'the motsture content for the purpose of cle
i.tl1'mln1ng 1soklnetic sampling rate settings.

a.8.1 Nomenclature.

B....=Approximate water vapor in the
gas stream leaving the im
pinger, 0.025 proportion by
volume

B..= Water vapor in the gas stream,
. proportion by volume

M ..= Molecular weight of water, 18
gig-mole (18 lb/lb-mole) ,

P_=Ab~olute prcssure (for this
method, same as barometrio
pressure) at the dry gas meter

P rid = Standard absolute pres~ure, 760
mm Hg (29.92 In. Hg)

P=Ideal gas constant~ 0.06236 (mm
IIg)(m3)/(g-molc}("K) for met
ric uni~and 21.83 (in. JJg) (ftl)1
Ob-mole) ("R) for English units

T.=AbBolute temperature at meter,
"X("R) .
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12.0 DATA FORMS
Blank data forms are provided on the following pages for the

convenience of the Handbook user. Each blank form has the cus
tomary descriptive title centered at the top of the page. How
ever, the section-page documentation in the top right-hand corner
of each page of other sections has been replaced with a number in
the lower right-hand corner that will enable the user to identify
and refer to a similar filled-in form in a text section. For
example, Form M4-l. 2 indicates that the form is Figure 1.2 in
section 3.3.1 of the Method 4 Handbook. Future revisions of
these forms, if any, can be documented by 1. 2A, 1. 2B, etc.
Eight of the blank forms listed below are included in this sec
tion. Four are in the Method Highlights Section, as shown by the
MH following the form number.

Form
1.2

2.3A & B

2.4A & B

2.5 (ME)

3.1 (ME)

4.1 (ME)

4.2
4.3
5.1 (ME)

6.lA & B

6.1.C

8.1

Title
Procurement Log
Meter Box Calibration Data and Calculation
Form (English and Metric units)
Posttest Meter Calibration Data Form
(English and Metric units)
Pretest Sampling Checks
Pretest Preparation Checklist
On-site Measurement Checklist
Method 4 Field and Sample Recovery Data Form
Method 4 Analytical Data Form
Posttest Equipment Checks
Moisture Content Calculation Form
(English and Metric units)
Moisture Content Calculation Form
(English and Metric units)
Method 4 Checklist To Be Used By Auditors



PROCUREMENT LOG

Purchase
order Date Dispo-

Item description Quantity number Vendor Ordered Received Cost sition Comments

Quality Assurance Handbook M4-1.2



METER BOX CALIBRATION DATA AND CALCULATION FORM

(English units)

Date Meter box number --------

o

Calibrated byin. HgBarometric pressure, P =b

Gas volume Temperature
Orifice Wet test Dry gas Wet test Drv gas meter

manometer meter meter meter Inlet Outlet AvgC> Time
setting (V ), (V

d
) , (t ), (td .), (td ), (t

d
), (0) ,

(Llli) ,
w w Y. 6H@.

ft3 ft3
1 0

in. H2O of of of of min
1.

in. Hl.
2

0.5 5

1.0 5

1.5 10

2.0 10

3.0 10

4.0 10

Avg

6H,
Llli

V Pb(td + 460) 0.0317 Llli [(t~w+ 460) e] 2
in. Y. w

Llli@ .
13.6 = =

H
2

O 1
Vd(Pb + 1~6) (t + 460) 1 Pb (td + 460)

0.5 0.0368

1.0 0.0737

1.5 0.110

2.0 0.147
.,

3.0 0.221

4.0 0.294

a If there is only one thermometer on the dry gas meter, record the temperature
under t d .

Quality Assurance Handbook M4-2. 3A (front side)



METER BOX CALIBRATION DATA AND CALCULATION FORM (English units)

Nomenclature:

Vw = Gas volume passing through the wet test meter, ft3 .

Vd = Gas volume passing through the dry gas meter, ft3 .

t w = Temperature of the gas in the wet test meter, of.

t d . = Temperature of the inlet gas of the dry gas meter, of.
1

t d = Temperature of the outlet gas of the dry gas meter, of.
o

and
1

~H

y.
1

= Average temperature of the gas in the dry gas meter, obtained by the average t dt d ' of.
o

= Pressure diff~rential across orifice, In. H20.

= Ratio of accuracy of wet test meter to dry gas meter for each run; tolerance y. =
1Y ±0.02Y.

~H@.
1

Y = Average ratio of accuracy of wet test meter to dry gas meter for all six runs;
tolerance Y = Y ±O.OlY.

= Orifice preSSllre differential at each flow rate that gives 0.75 ft3/min of air at
standard cond~tions for each calibration run, in. H20; tolerance = ~H@ ±0.15
(recommended).

= Average orifice pressure differential that gives 0.75 ft3/min of air at standard
conditions for all six runs, in. H20; tolerance = 1.84 ±0.25 (recommended).

o = Time for each calibration run, min.

Pb = Barometric pressure, in. Hg.

Quality Assurance Handbook M4-2.3A (back side)



METER BOX CALIBRATION DATA AND CALCULATION FORM

(Metric units)

Date --------- Meter box number

Calibrated byrom HgBarometric pressure P =,
b

Gas volume Temperature
Orifice Wet test Dry gas Wet test Drv gas meter

manometer meter meter meter Inlet Outlet AvgO Time
setting (V), (Vd), (t ), (td ) , (td ), (td), (8) ,

(Lili) ,
w w Y. 6H@.
3 3

1 0

H2O °C °C °C °C min
1 mmHmm m m

10 0.15

25 0.15

40 0.30

50 0.30

75 0.30

100 0.30

Avg

6H,
Lili

V
w

Pb(td + 273) 0.00117 ~ [ltw + 273) 0]2
mm

13.6 Y. = Lili@ . = P
b

(td + 273) VwH2O 1 Lili (t + 273) 1
Vd(Pd + 13.6) w

10 0.7

25 1.8

40 2.94

50 3.68

75 5.51

100 7.35

a If there is only one thermometer on the dry gas meter, record the temperature
under t d .

Quality Assurance Handbook M4-2.3B (front side)



METER BOX CALIBRATION DATA AND CALCULATION FORM (metric units)
Nomenclature:

Vw Gas volume passing through the wet test meter, 3= m .

Vd Gas volume passing through the dry meter, 3= gas m.

t w = Temperature of the gas in the wet test meter, DC.

t d . = Temperature of the inlet gas of the dry gas meter, DC.
1

= Temperature of the outlet gas of the dry gas meter, DC.

meter for each run; tolerance Yi =y.
1

= Average temperature of the gas ln the dry gas meter, obtained by the average of t d and
t d ' °c. i

o

= Pressure differential across orifice, mm H20.

= Ratio of accuracy of wet test meter to dry gas
Y +0.02Y.

Y = Average ratio of accuracy of wet test meter to dry gas meter for all SlX runs;
tolerance Y = Y +O.OIY.

LiH@.
1

= orifice pressure differential at each flow rate that gives 0.021 m3 of air at standard
conditions for each calibration run, mm H20; tolerance LiH@i = LiH@ ~3.8 mm H20
( recommended) .

LiH@ = Average orifice pressure differential that gives 0.021 m3 of air at standard con-
ditions for all six runs, nun H2O; tolerance LiH@ = 46.74 +6.3 mm H2O (recommended) .

e = Time of each calibration run, mln.

Pb = Barometric pressure, mm Hg.

Quality Assurance Handbook M4-2.3B (back side)



POSTTEST DRY GAS METER CALIBRATION DATA FORM (English units)

Plant

Pretest Y

Meter box number

Dry gas meter numberin. Hg

Date

Barometric pressure, P =
Test number

b

Orifice Gas volume Temperature Y.
Wet test Dry gas Wet test Dry gas meter

1manometer
setting, meter meter meter Inlet Outlet Average V P

b
(t

d
+ 460)

(Llli) , (V ), (Vd)' (t ), (td .), (td ),
a Y.

w
(td), Time Vacuum

in. H
2

O w w (0), setting, 1 Vd (Pb + ~ )(t + 460ft3 ft3 of 1 0 OFof of min in. Hg 13.6 w

10

10

10

Y =
a If there is only one thermometer on the dry gas meter, record the temperature under t

d
where

V = Gas volume passing through the wet test meter, ft3 .
w

Vd = Gas volume passing through the dry gas meter, ft 3 .

t =Temperature of the gas in the wet test meter, of.
w

t d . = Temperature of the inlet gas of the dry gas meter, of.
1

t d = Temperature of the outlet gas of the dry gas meter, of.
o

meter for all three runs;

meter for each run.

meter, obtained by the average of t d . and t d ' of.
1 0Pressure differential across orifice, in. H

2
0.

Ratio of accuracy of wet test meter to dry gas

= Average temperature of the gas in the dry gast
d
~=

Y. =
1

Y = Average ratio of accuracy of wet test meter to dry gas
tolerance =pretest Y ~0.05Y.

Pb = Barometric pressure, in. Hg.

e = Time of calibration run, min.

Quality Assurance Handbook M4-2.4A



POSTTES~ METER CALIBRATION DATA FORM (Metric units)

)

Plant

Pretest Y

Meter box number

Dry gas meter numbermm Hg

Date

Barometric pressure, P =
Test number

b

Orifice Gas volume Temperature Y.
~

manometer Wet test Dry gas Wet test Dry gas meter
setting, meter meter meter Inlet Outlet Average V Pb

(td + 273)
(MI) , (V ), (Vd)' (t ), (td . ), (t

d
),

a w
(t

d
), Time Vacuum Y.

mm H2O w
3

w (0), setting,
~ V

d (Pb + 1~6)(tw + 2733 °c ~ 0 °cm m °c °c min mm Hg

10

10

10

Y =

a If there is only one thermometer on the dry gas meter, record the temperature under t d
where

= Gas volume passing through the wet test meter, 3m

= Gas volume passing through the dry meter, 3
gas m

= Temperature of the gas in the wet test meter, °C.

V
w

Vd
t

w
t d . = Temperature of the inlet gas of the dry gas meter, °C.

~

t d = Temperature of the outlet gas of the dry gas meter, °C.
a

meter for each run.

Pressure differential across orifice, mm H
2
0.

= Ratio of accuracy of wet test meter to dry gas

= Average temperature of the gas in the dry gas meter, obtained by the average of t d . and t d ' °C.
~ 0

Y.
~

Y = Average ratio of accuracy of wet test meter to dry gas meter for all three runs;
tolerance = pretest Y !O.05Y.

Pb = Barometric pressure, mm Hg.

o = Time of calibration run, min.

Quality Assurance Handbook M4-2.4B



METHOD 4 FIELD AND SAMPLE RECOVERY DATA FORM

Impinger Silica gel
volume, weight,

ml g

Final

Initial

Probe material
Sample box number
Meter box number----------
Meter Llli@
Meter cal. (Y)
Final leak rate
Vacuum during leak check
Thermometer number
Static pressure

Plant
Location
Operator
Date
Run number
Ambient temperature
Barometric pressure
Probe length m(ft)

Pressure Meter Temperature
differential reading of gas

Stack across gas sample "k Gas sample temperature leaving
Traverse Sampling tempet- orifice meter volume, t1Vm' at dry gas meter condenser or
point time (8), ature, (Llli) ,

3 (ft3) 3 (ft3)
Inlet Outlet last impinger,

number min °C (OF) mm (in.) H
2

O m m (Tm. )OC(°F) (Tm t)OC(°F) °C (oF)
1n ou

Total

Average

-/: Acceptable t1V
m

V final - V initial
=0.9< <1.1

number of points
to

Quality Assurance Handbook M4-4.2



METHOD 4 ANALYTICAL DATA FORM

Plant

Date

Run number

Volume of liquid
water collected

Impinger Silica gel
volume, weight,

ml g

Final

Initial

Liquid collected

Total volume collected g* ml

* Convert weight of water to volume by dividing total weight
increase by density of water (1 gjml):

Increase, g
1 g/ml = water volume, mI.

Quality Assurance Handbook M4-4.3



MOISTURE CONTENT CALCULATION FORM
(English units)

VOLUME OF WATER VAPOR CONDENSED IN IMPINGERS

V
f

= _ _ _ ml, Vi = . ml

Vwc(std} = 0.04707 (V f - Vi) = __ . Equation 6-1

VOLUME OF WATER VAPOR COLLECTED IN SILICA GEL

W
f

= _ _ _. g, W. = . g
- 1 --- -

Vwsg(std) = 0.04715 (W f - Wi) = _ .

SAMPLE VOLUME

Equation 6-2

• oR, P- - - - m = in. Hg

y =

Vm(std} Equation 6-3

MOISTURE CONTENT
_ 3

Vwc(std} - - - • - __ ft , VwSg(std) =

V - ft3
m(std) - - - • - - -

V + V:-::-- w'-c..;;...o.;(s",,-:t:,::-d.;;..L..)_----'W.;..;S;..,9i1.,,;(t..,;;s"'=t:::-'d;;,.j}r..-_ =
Vwc(std) + Vwsg(std) + Vm(std}

Equation 6-4

Quality Assurance Handbook M4-6.1A



MOISTURE CONTENT CALCULATION FORM
(Metric units)

VOLUME OF WATER VAPOR CONDENSED IN IMPINGERS

V =f --

Vwc(std) =

. mI, Vi = ml

Equation 6-1

VOLUME OF WATER VAPOR COLLECTED IN SILICA GEL

W
f

= . _ g, Wi =

Vwsg(std) = 0.001335 (Wf

g

W.) =
J.

SAMPLE VOLUME

Equation 6-2

3m , T =
m

y =

rom Hg

Vm(std) Equation 6-3

MOISTURE CONTENT

3
Vwc(std) = - . - m , Vwsg(std) =

V - m3
m(std) - - . - - - -

V + Vwc(std) wsg(std)
V + V + Vwc(std) wsg(std) m(std)

= Equation 6-4

Quality Assurance Handbook M4-6.1B



MOISTURE CONTENT CALCULATION FORM
(English and metric units)

MOISTURE CONTENT

P =bar -- ~n. Hg, . nun Hg

Pstatic =

S.V.P. = in. Hg, rom Hg

__-....:S::......:...".V;...,:.:...:P:...--__ = 0

Pstatic
Pbar + 13.6

Quality Assurance Handbook M4-6.1C



METHOD 4 CHECKLIST TO BE USED BY AUDITORS

Yes No Operation

Presampling preparation

1. Knowledge of process conditions

2. Calibration of pertinent equipment prlor
to each field test; in particular, the
dry gas meter should be checked before
each test

on-site measurements

3. Leak testing of sample train after sample
run

4. Addition of water and silica gel to
lmplngers, and correct location of
impingers

5. Constant sampling rate and not exceeding
specified rate

6. Measurement of condensed water to within
specified limits

7. Record of pertinent process condition
during sample collection

8. Probe maintained at given temperature

Postsampling

9. Calculation procedure/check

10. Calibration checks

COMMENTS

Quality Assurance Handbook M4-8.1
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METHOD 5--DETERMINATION OF PARTICULATE EMISSIONS
FROM STATIONARY SOURCES

3.4.1 15

3.4.2 22

3.4.3 20

3.4.4 19

3.4.5 15
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3.4.12 21
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15
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SUMMARY

This method, when used in conjunction with Methods I, 2, 3,

and 4, 1S applicable for the determination of particulate emis

sions from stationary sources.

A gas sample is extracted isokinetically from the stack.

Particulate matter is collected on an out-of-stack, glass fiber

filter, maintained at 120° ±14°C (248° ±25°F) or at a tempera

ture specified by an applicable subpart of the standards or

approved by the administrator. The mass of particulate matter,

which includes any material that condenses at or above the spe

cified filter temperature, is measured gravimetrically after

removal of uncombined water.

The Method Description which follows 1S based on the Refer

ence Method that was promulgated on August 18, 1977. Results of

an initial collaborative test program indicated the need for more

specific quality controls and a better defined Reference Method,

which resulted in the expansion and reV1S1ons incorporated in the

August 18, 1977 promulgation. As a result, competence of the

tester becomes the primary factor affecting the precision of

Method 5. Results of the most recent collaborative test program,

conducted with competent test teams, showed a within-laboratory

deviation (standard deviation percent of mean value) of 10.4% and

a between laboratory deviation of 12.1%.2

The main documents used in preparing the description and in

detailing calibration and maintenance procedures are references

1, 3, and 4 (Section 3.4.11). Data forms are provided in Section

3.4.12 for the convenience of the Handbook users.



Section No. 3.4
Revision No. 0
Date January 15, 1980
Page 3 of 17

METHOD HIGHLIGHTS

EPA Method 5, collectively with EPA Methods 1, 2, 3, and 4

comprise the most widely used system for evaluating emissions

from stationary sources. Consequently, many of the special

problems and procedures common to several related methods are

discussed in depth in this section of the Handbook. As opposed

to some methods, the most significant errors associated with this

test method occur during the sample collection and recovery phase

instead of in the analysis phase. Therefore, this method re

quires competent personnel adhering to the procedures. Compe

tence can be determined, most accurately, through observation and

evaluation by a qualified observer on site.

The blank data forms at the end of this section may be

removed from the Handbook and used in the pretest, test, and

posttest operations. Each form has a subtitle (e.g., Method 5,

Figure 3.1) to assist the user in finding a similar filled-in

form in the method description (e.g., in section 3.4.3). On the

blank and filled-in forms, the items/parameters that can cause

the most significant errors are designated with an asterisk.

1. Procurement of Equipment

section 3.4.1 (Procurement of Apparatus and Supplies) gives

the specifications, criteria and design features for equipment

and materials required for performing Method 5 tests. Special

design criteria have been established for the pitot tube, probe,

nozzle, and temperature sensor assembly.

These criteria specify the necessary spacing requirements

for the various components of the assembly to prevent aerodynamic

interferences that could cause large errors in velocity pressure

measurement. Seamless, corrosion resistant metal probe liners

have also been made optional, subject to the approval of the

administrator.
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section 3.4.1 is designed as a guide for the procurement and

initial check of equipment and supplies. The activity matrix

(Table 1.1) at the end of section 3.4.1 can be used as a quick

reference; it follows the same order as the written description

in the main text.

2. Pretest Preparation

section 3.4.2 (Calibration of Apparatus) provides a step-by

step description of the required calibration procedures for

components of the Method 5 sampling train. Data forms have been

developed to record the data and to provide a calibration record.

Careful attention should be given to the steps in each procedure,

since most procedures have not been previously written and re

ferenced in the Federal Register. The calibration section can be

removed and compiled, along with calibration sections from all

other methods, into a separate quality assurance Reference Manual

for use by calibration personnel. A pretest checklist

(Figure 3.1) or a similar form should be used to summarize cali

bration data.

section 3.4.3 (Presampling Operations) provides the tester

with a guide for supplies and equipment preparation for field

tests. The pretest preparation form (Figure 3.2) can be used as

an equipment checkout and packing list. (Due to the length of

this figure, the blank data forms are in section 3.4.12.) This

form was designed to provide the user with a single form that can

include any combination of Methods 1 through 8 for the same field

trip. The method for packing and the description of packing con

tainers should help protect the equipment, but are not required.

Filter holders and impingers may be loaded and charged in the

base laboratory. If this is done, seal the inlet and outlet of

the filter holder, the impingers containing water, and the im

pinger containing silica gel.

3. On-site Measurements

Section 3.4.4 (On-site Measurements) contains a step-by-step

procedure for performing sampling and sample recovery. Several
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on-site measurement requirements have been added which will

significantly improve the accuracy and precision of the method.

These added requirements include:

1. Make a corresponding change in the sampling rate when

velocity pressure at each sampling point changes by >20%,

2. Leak check the sampling train at the conclusion of the

sampling run and prior to each component change during a sample

run,

3. Leak check the pi tot tube at the conclusion of the

sampling run, and

4. Have one traverse diameter in a plane containing the

greatest expected concentration variation.

The on-site measurement checklist (Figure 4.5) is provided to

assist the tester with a quick method of checking requirements.

4. Posttest operations

Section 3.4.5 (Postsampling Operations) gives the posttest

equipment check procedures and a step-by-step analytical proce

dure. Figure 5.1, or a similar form, should be used to summarize

the posttest calibration checks and should be included in the

emission test report.

The posttest operation forms (Figures 5.5 and 5.6) will

provide laboratory personnel with a summary of analytical proce

dures used to determine the sample rinse and filter weights.

This analytical procedure description can be removed from the

mal.n text and compiled, along with analytical procedures for

other methods, into a separate quality assurance analytical ref

erence manual for laboratory personnel. The use of blank filters

as control samples is required to provide an independent check on

the state of control of the samples. Procedures are also given

for data corrections when equipment calibration factors change.

Section 3.4.6 (Calculations) provides the tester with the

required equations, nomenclature, and suggested number of signi

ficant digits. It is suggested that a programmable calculator be

used, if available, to reduce the chances of calculation error.
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section 3.4.7 (Maintenance) supplies the tester with a guide

for a routine maintenance program. The program is not a require

ment, but is suggested for the reduction of equipment malfunc

tions.

5. Auditing Procedures

section 3.4.8 (Auditing Procedures) contains a description

of necessary activi ties for conducting performance and system

audits. The performance audit is a check on calculation errors,

and therefore is not needed for the analytical phase since it

consists of only a gravimetric determination. Together, a per

formance audit of data processing and a systems audit of on-site

measurements should provide the independent assessment of data

quality needed to allow the collaborative test results to be used

in the final data evaluation.

Section 3.4.9 (Recommended Standards for Establishing Trace

ability) recommends the primary standards to which the sample

collection and analysis should be traceable.

6. References

Sections 3.4.10 and 3.4.11 (References) provides the reader

with the Reference Method and an extensive list of all the ref

erences used in the compilation of this section of the Handbook

along with numerous additional sources.
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PRETEST SAMPLING CHECKS
(Method 5, Figure 3.1)

Date Calibrated by

Meter box number LlH@

Dry Gas Meter*

Pretest calibration factor, Y ;----;--.----.---
average factor for each calibration run)

(within ±2% of the

Impinger Thermometer

Was a pretest temperature correction used?
If yes, temperature correction
over range)

yes no
(within ±3°C (5.4°F)

Dry Gas Meter Thermometers

Was a pretest temperature correction made? yes no
If yes, temperature correction (within ±3°C (5.4°F) over
range)

Stack Temperature Sensor*

calibrated against a reference
yes no

temperature range with which the readings agreed
of the reference values to K (OR)

Was a stack temperature sensor
thermometer?
If yes, give
within ±1.5%

Barometer

Was the pretest field barometer reading correct? yes no
(within ±2.5 rom (0.1 in.) Hg of the mercury-in-glass barometer)

Nozzle*

Was the nozzle calibrated to the nearest 0.025 rom (0.001 in.)?
yes no

*Most significant items/parameters to be checked.
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ON-SITE MEASUREMENTS CHECKLIST
(Method 5, Figure 4.5)

Sampling Train Schematic Drawing

4th

other

glass
size

other

Apparatus

Probe nozzle: stainless steel
Button-hook elbow
Clean?

Probe liner: borosilicate quartz
Clean?
Heating system*
Checked?

pitot tube: Type S
Properly attached to probe?*
Modifications
pitot tube coefficient

Differential pressure gau-g-e-:---t~w-o--~i-n-c~l~i~n-e-d~m--a-n-o-m-e~t-e-r-s--------------

other sensitivity
Filter holder: borosilicate glass -------g'l·a-s-s--f~r~i~t--__--_-_-_-_-_

filter support silicone gasket other
Clean?

Condenser: number of impingers
Clean?
Contents: 1st 2nd 3rd
Cooling system
Proper connections?
Modifications

Barometer: mercury aneroid other
Gas density determination: temperature sensor type

pressure gauge
temperature sensor properly attached to probe?*

Procedure

Recent calibration: pitot tubes*
meter box* thermometers/thermocouples*

Filters checked visually for irregularities?*
Filters properly labeled?*
Sampling site properly selected?
Nozzle size properly selected?*

(continued)
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(continued)

Selection of sampling time?
All openings to sampling train plugged to prevent pretest con-

tamination?
Impingers properly assembled?
Filter properly centered?
pitot tube lines checked for plugging or leaks?*
Meter box leveled? Periodically?
Manometers zeroed?
~H@ from most recent calibration
Nomograph set up properly?
Care taken to avoid scraping nipple or stack wall?*
Effective seal around probe when in-stack?
Probe moved at proper time?
Nozzle and pitot tube parallel to stack wall at all times?*

Filter changed during run?
Any particulate lost?

Data forms complete and data properly recorded?*
Nomograph setting changed when stack temp changed significantly?

(mandatory)

integrated
sample location

Velocity pressure and orifice pressure readings recorded
accurately?*

Posttest leak check performed?*
Leakage rate @ in. Hg

Orsat analysis from stack
Fyrite combustion analysis
Bag system leakchecked?*
If data forms cannot be copied, record:

approximate stack temp volume metered
% isokinetic calculated at end of each run

SAMPLE RECOVERY

other

other

other

borosilicate glass
Leakfree?

polyethylene

Brushes: nylon bristle
Clean?

Wash bottles: glass
Clean?

Storage containers:
Clean?

Petri dishes: glass
Clean?

Graduated cylinder/or balance: subdivisions <2 ml?*
other
Balance: type

Plastic storage containers: airtight?
Clean?

Probe allowed to cool sufficiently?
Cap placed over nozzle tip to prevent loss of particulate?*

(continued)
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(continued)

Protected from wind?
type

used?

other

other

glass fiber
gel: type (6 to 16 mesh)? new?

Condition?

During sampling train disassembly, are all openings capped?
Clean-up area description:

Clean?
Filters:

Silica
Color?

Filter handling: tweezers used?
surgical gloves?
Any particulate spilled?*

Water distilled?
Stopcock grease: acetone-insoluble?

heat-stable silicone?
Probe handling: acetone rinse

distilled water rinse
Particulate recovery from: probe nozzle

probe fitting probe liner
front half of filter holder

Blank: acetone distilled water
Any visible particles on filter holder inside probe?:*

All jars adequately labeled?
Liquid level marked on jars?*
Locked up?

Acetone reagent: <0.001% residue?
glass bottles
acetone blanks?

Sealed tightly?

(required)

*Most significant items/parameters to be checked.
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POSTTEST CALIBRATION CHECKS

(Method 5, Figure 5.1)

Plant Calibrated by

Meter box number Date

Dry Gas Meter

Pretest calibration factor, Y
Posttest check, Y*
Recalibration required?

If yes, recalibration factor, Y
Lower calibration factor, Y

posttest)

(within ±2%)
(within ±5% of pretest)

yes no
(within ±2%)

for calculations (pretest or

Dry Gas Meter Thermometers

no
(within ±3°C

yes

Was a pretest temperature correction used? yes no
If yes, temperature correction (within ±3°C (5.4°F) over
range)

Posttest comparison with mercury-in-glass thermometer?* (within
±6°C (10.8°F) at ambient temperature)

Recalibration required?
Recalibration temperature correction?

(5.4°F) over range)*
If yes, no correction necessary for calculations if meter
thermometer temperature is higher; if calibration temperature
is higher, add correction to average meter temperature for
calculations

stack Temperature Sensor

Was a pretest temperature correction used? yes no
If yes, temperature correction °c (OF) (within ±1.5% of
readings in K (OR) over range)

Average stack temperature of compliance test, T K (OR)
Temperature of reference thermometer or solutioB for recalibra-

tion K (OR)* (within ±10% of T )
Temperature of stack thermometer for reca!ibration K (OR)
Difference between reference and stack thermometer temperatures,

~T K (OR)
Do v~lues agree within ±1.5%?* yes no

If yes, no correction necessary for calculations
If no, calculations must be done twice--once with the recorded
values and once with the average stack temperature corrected to
correspond to the reference temperature differential (~T );
both final result values must be reported since there issno way
to determine which is correct

(continued)
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(continued)

Barometer

Was the pretest field barometer reading correct? yes no
Posttest comparison?* rom (in.) Hg (±2.5 rom (0.1 i~Hg)
Was calibration required? yes no

If yes, no correction necessary for calculations when the field
barometer has a lower reading; if the mercury-in-glass reading
is lower, subtract the difference from the field data readings
for the calculation

*Most significant items/parameters to be checked.



section No. 3.4
Revision No. 0
Date January 15, 1980
Page 13 of 17

PROCEDURE FOR WEIGHING FILTERS
BEFORE AND AFTER SAMPLING

(Method 5, Figure 5.5)

status

1. Label the filter and/or the petri dish--both with
the same label number; label the filter on top and
bottom; check each filter visually against the
light for irregularities, flaws, and pinhole leaks

2. Check the desiccator; be sure the lid is sealed
tightly and the anhydrous calcium sulfate is dry;
if not dry, heat the desiccant in the oven for 2 h
at 180°-200°C (350° - 400°F), and let cool in the
balance room before putting it back into the des
iccator

3. Take off the lid of the filter container and
desiccate the filter for 24 h; during desiccation,
be sure that filters are widely spread, and not
overlapping

4. Adjust the analytical balance to zero, and check
the accuracy with a 0.500-g Class-S weights (with
in ±0.5 mg); use tweezers to carefully place the
filter on the pan of the balance, and weigh it to
the nearest 0.1 mg. The time of weighing should
not be >2 min, and the relative humidity should
be <50%

Very important: Desiccator should be tightly
covered immediately after removing the filter to
be weighed; never leave the desiccator open while
weighing a sample because samples in the desi
ccator will be exposed to moisture in the room,
which will cause gains in their weights

5. Put the filter back into the petri dish without
the lid, desiccate for >6 h and reweigh the fil
ter; the two recorded weights should agree to
±0.5 mg; if not, desiccate for another 6 hand
reweigh until weight is constant within ±0.5 mg;
keep the tare weight of the filter in file for
future use

6. Be sure the filters that arrived from the field
are handled and analyzed whenever possible by the
same person who started the project--the person
who tared the filters before sampling; use the
same balance

(continued)
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(continued)

7. Perform step #2, and then uncover the filter con
tainer and visually examine the filter to see if
it is torn; write down all observations that you
think will help justify the final data

8. Desiccate the filter for 24 h, and weigh it to the
nearest 0.1 mg; record the weight then desiccate
again for 6 h, and reweigh; the difference be
tween the two recorded weights should be within
±O.5 mg; the balance should be zeroed and checked
with a 0.500-g Class-S weight, and the relative
humidity must be <50%

9. continue the processes of desiccating and weighing
until consistent data are obtained; however, after
the third trial, if no satisfactory data are
obtained, confer with the supervisor

Notes

1. When weighing the filter and sample, be sure to
use a clean brush and to add all particulates or
pieces of the filter that might be left in the con
tainer

2. Be sure to use tweezers to handle the filters;
never hold them directly with your hand

3. write down the date and time each time a filter
is weighed
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PROCEDURE FOR ANALYSIS OF ACETONE RINSE SAMPLES
(Method 5, Figure 5.6)

status

I. Preparing containers for Shipment

1. Select the appropriate size and number of bottles
to be shipped to the field; include extra bottles

2. Clean the bottles and caps thoroughly with soap
detergent, rinse with tap water, and then rinse at
least twice with deionized distilled water

3. Rinse the clean bottles with acetone to get rid of
most of the water; remember that one batch of
acetone could be used for more than one container

4. Check the containers and the caps individually
after they are dry to be sure no detergent or
other contaminant is present; tightly cap all
containers

II. Handling and Analysis of Acetone Rinse Samples

Important: Blanks and samples should have identical ana
lytical treatments; never handle with bare hands any ana
lysis glassware once tared; always use tongs or disposable
gloves ----

1. Log the samples received from the field, and check
each container for leakage; if the sample volume
level is marked on the container, check to see if
the sample still matches the level, if not, write
a note of that

2. Use a dry, clean glass funnel to transfer the
acetone rinse into the dry, clean 250-ml graduated
cylinder

3. Record the volume of the sample to the nearest
1.0 ml, and transfer it into a dry, clean, tared
(to the nearest 0.1 mg) 250- or 300-ml beaker,
depending on the volume of the sample; add 50 ml
to the recorded sample volume to account for the
acetone rinse of all containers

(continued)
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(continued)

status

4. Rinse the container with two 25-ml portions of
acetone (reagent grade); cap the container, and
shake very gently; transfer the acetone rinse into
the graduated cylinder to rinse it, and then pour
the rinse through the funnel into the beaker that
contains the sample; thus, the container, the
graduated cylinder, and the funnel have been
rinsed

5. Repeat steps 3 and 4 for each sample

6. Let the samples and blanks dry at room temperature
in a dust-free environment or under a watchg1ass

7. Weigh a clean, empty dry beaker, and place it in
the same atmosphere where the samples are drying
to find out if there was any particulate collected
on the samples from the surroundings while drying
(not mandatory)

8. Transfer the totally evaporated samples and blanks
along with the empty beaker into a tightly sealed
desiccator that contains dry anhydrous calcium
sulfate (CaS04 )

9. Desiccate for 24 h

10. Zero the balances and check the accuracy with a
100-g Class-S standard weight prior to weighing;
the reading should be 100 g ±0.5 mg, and the re
lative humidity in the balance room should be ~50%

11. Weigh the samples, blanks, and empty beaker to the
nearest 0.1 mg

It is very important to:

a. Keep the desiccator tightly closed while weighing

b. Remove the samples to be weighed from the desicca
tor one at a time, weigh each, and put each imme
diately back into the desiccator

c. Keep the weighing time ~2 min

(continued)



section No. 3.4
Revision No. 0
Date January 15, 1980
Page 17 of 17

(continued)

status

d. Be sure that both sides of the balance are closed
when weighing

e. Turn all balance knobs to zero after the weighings

12. Record the weights of the samples, blanks, and
empty beaker; record the date and time, each time
a sample is weighed

13. Desiccate the samples, blanks, and empty beaker
for >6 h; data on the first and second weighings
should agree within ±0.5 mg; if not, desiccate
again for 6 h and reweigh until consistent data
are obtained; after the third trial, consult the
supervisor

14. If there is >2 mg change in the weight of the
empty beaker, note it on the analytical data form

15. Calculate the data recorded on the data forms
(Figures 5.3 and 5.4) provided for this analysis
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES
A schematic of the sampling train used ln Method 5 is shown

1n Figure 1.1. Commercial models of this train are available.
For those who want to build their own, construction details are
in APTD -05813 ; allowable modifications are described in the

following sections.
The operating, maintenance, and calibrating procedures for

the sampling train are in APTD -05764 . Since correct usage is
important in obtaining valid results, all users are advised to
read this document and adopt its procedures unless alternatives
are outlined herein.

In this section, applicable specifications, criteria, and/or
design features are given to aid in the selection of equipment
which assures good quality data collection. Procedures and

limits (where applicable) for acceptance checks are given.
During the procurement of equipment and supplies, it is sug

gested that a procurement log (Figure 1.2) be used to record the
descriptive title of the equipment; the identification number, if
applicable; and the results of acceptance checks. An example of
a procurement log is shown in Figure 1.2, and a blank copy of the
log is 1n section 3.4.12 for the convenience of the handbook
user. I f calibration 1S required as part of the acceptance
rhnrk +h~ nrlTn nrp TO be recorded in a calibration log. Table

"1.1 at the end of this section is a summary of the quality assur-
ance activities for the procurement and acceptance of apparatus
and supplies.
1.1 Sampling Apparatus
1.1.1 Probe Liner - The sampling probe should be constructed of
borosilicate (Pyrex) or quartz glass tUbing with an outside

diameter (OD) of about 16 mm (0.625 in.), encased in a stainless
steel sheath with an OD of 25.4 mm (1.0 in.). Whenever practi
cal, every effort should be made to use the borosilicate or
quartz glass liners; alternatively, metal seamless liners of 316
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stainless steel, Incoloy 825, or other corrOSlon resistant

metals may be used if approved by the administrator.

A heating system is required which will maintain an exit gas

temperature of 120° ±14°C (248° ±25°F) during sampling. other

temperatures may be specified by a subpart of the regulations and

must be approved by the administrator for a particular applica

tion. since the actual probe outlet temperature is not usually

moni tored during sampling, probes constructed in accordance to

APTD-05813 and utilizing the calibration procedures in APTD-05764

will be acceptable.

Either borosilicate or quartz glass liners may be used for

stack temperatures up to about 480°C (900 OF), but quartz glass

liners must be used from 480° to 900°C (900° to l650°F). Either

type of liner may be used at higher temperatures for short times

periods, with administrator approval. However, the absolute

upper limits--the softening temperatures of 820°C (1508°F) and

1500°C (2732°F)--for borosilicate and quartz respectively must be

observed.

Upon receiving a new probe, the user should visually check

it for specifications: that is, is it the length and composition

ordered? The probe should be visually checked for breaks or

cracks, and it should be checked for leaks on a sampling train

(Figure 1.1). This includes a proper nozzle to probe connection

wi th a vi ton-a-ring Teflon ferrales or asbestos string. The

probe heating system should be checked as follows:

1. Connect the probe with a nozzle attached to the inlet

of the pump.

2. Electrically connect and turn on the probe heater for 2

or 3 min. The probe should become warm to the touch.

3. start the pump and adjust the needle valve until a flow

rate of about 0.02 m3jmin (0.75 ft3jmin) is achieved.

4. Be sure the probe remains warm to the touch and the

heater is capable of maintaining the exit air temperature at a

minimum of 100°C (212°F). If it cannot, the probe should be

repaired, returned to the supplier, or rejected.
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1.1.2 Probe Nozzle - The probe nozzle should be designed with a

sharp, tapered leading edge and constructed of either seamless

316 stainless steel tubing or glass, formed in a button-hook or

elbow configuration. The tapered angle should be ~30o, with the

taper on the outside to preserve a constant inside diameter (ID).
A range of nozzle ID's--for example, 0.32 to 1.27 cm (0.125

to 0.5 in. )--in increments of 0.16 cm (0.0625 in.) should be

available for isokinetic sampling. Larger nozzle sizes may be
required if high volume sampling trains are used or if very low

flows are encountered.
Upon receipt of the nozzle from the manufacturer, the user

should inspect it for roundness and for damage to the tapered

edge such as nicks, dents, and burrs. The diameter should be
checked with a micrometer; calibration procedures are described

in Section 3.4.2. A slight variation from exact sizes should be
expected due to machining tolerances. Each nozzle should be

engraved with an identification number for inventory and cali

bration purposes.
1.1.3 pitot Tube - The pitot tube, preferably of Type S design,

should meet the requirements of Method 2, section 3.1.2. The
pitot tube is attached to the probe as shown in Figure 1.1. The

proper pitot tube-sampling nozzle configuration for prevention of

aerodynamic interference is shown in Figures 2.6 and 2. 7 of
Method 2, Section 3.1.2.

The pitot tube should be visually inspected for both verti
cal and horizontal tip alignments. If the tube is purchased as

an integral part of a probe assembly, the dimensional clearances
should be checked using Figures 2.6 and 2.7. Repair or return
any pitot tube which does not meet specifications. Calibration

procedure for a pitot tube is covered in section 3.4.2.

1.1.4 Differential Pressure Gauge - The differential pressure
gauge should be an inclined manometer or the equivalent as speci

fied in Method 2, Section 3.1.2. Two gauges are required. One
1S utilized to monitor the stack velocity pressure, and the other
to measure the orifice pressure differential.
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Initially, check the gauge against a gauge-oil manometer at

a minimum of three points: 0.64 mm (0.025 in.); 12.7·mm

(0.5 in.); and 25.4 mm (1.0 in.) H20. The gauge should read

within 5% of the gauge-oil manometer at each test point. Repair

or return to the supplier any gauge which does not meet these

requirements.

1.1.5 Filter Holder - A filter holder of borosilicate glass with

a glass or stainless steel mesh frit filter support and a sili

cone rubber gasket is required by the Reference Method. Other

gasket materials (e.g., Teflon or viton) may be used if ap

proved by the administrator. The holder design must provide a

positive seal against leakage from the outside or around the fil

ter. The holder should be durable, easy to load, and leak free

in normal applications. It is positioned immediately following

the probe, with the filter placed toward the flow.

1.1.6 Filter Heating System - Any heating system may be used

which is capable of maintaining the filter holder at 120° ±14°C

(248° ±25°F) during sampling. Other temperatures may be speci

fied by a subpart of the regulations or approved by the admini

strator for a particular application. A gauge capable of

measuring temperatures to within 3°C (5.4°F) should be provided

to monitor the temperature around the filter during sampling.

Before sampling, the heating system and the temperature

monitoring device should be checked. It is desireable that the

heating element be easily replaceable in case of a malfunction

during sampling.

1.1.7 Condenser - Four impingers should be connected in series

with leak-free ground-glass fittings or any similar noncontami

nating fittings. The first, third, and fourth impingers must be

the Greenburg-Smith design modified by replacing the inserts with

a glass tube that has an unconstricted 13-mm (0. 5-in.) ID and

that extends to within 13 mm (0.5 in.) of the flask bottom. The

second impinger must be a Greenburg-Smith with the standard tip

and plate. Modifications--for example, using flexible connec

tions between impingers, using materials other than glass, or
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uS1ng a flexible vacuum hose to connect the filter holder to the
condenser--may be used if approved by the administrator. The
fourth impinger outlet connection must allow insertion of a
thermometer capable of measuring ±lOC (1.8°F) of true value in
the range of 0° to 25°C (32° to 77°F).

Al ternatively, any system that cools the gas stream and
allows measurement of the condensed water and the water vapor

\
leaving the condenser, each to within 1 ml or 1 g, may be used
with approval from the administrator.

Upon receipt of a standard Greenburg -Smith impinger, the
user should fill the inner tube with water. I f the water does
not drain through the orifice in 6 to 8 s or less, the impinger
tip should be replaced or enlarged to prevent an excessive pres
sure drop 1n the sampling system. Each impinger should be
checked visually for damage--breaks, cracks, or manufacturing
flaws such as poorly shaped connections.
1.1.8 Metering System - The metering system should consist of a
vacuum gauge, a vacuum pump, thermometers capable of measuring
±3°C (5.4°F) of true value in the range of 0 to 90°C (32° to
194°F), a dry gas meter with 2% accuracy at the required sampling
rate; and related equipment as shown in Figure 1.1. Other meter
ing systems capable of maintaining sampling rates within 10% of
isokinetic and determining sample volumes to wi thin 2% may be
used if approved by the administrator. Sampling trains with
metering systems designed for sampling rates higher than that
d 'b d ' 3 4 .escr1 e 1n APTD-0581 and APTD-0576 may be used 1f the above
specifications can be met.

When the metering system is used wi tl'\ a pitot tube, the
system should permit verification of an isokinetic sampling rate
through the use of a nomograph or by calculation.

Upon receipt or after construction of the equipment, the
user should perform both positive and negative pressure leak
checks before beginning the system calibration procedure
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described in Subsection 2.1 of section 3.4.2. Any leakage re

qU1res repair or replacement of the malfunctioning item.

1.1.9 Barometer - A mercury, aneroid, or other barometer capable

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

is required.

A preliminary check of a new barometer should be made

against a mercury-in-glass barometer or the equivalent. In lieu

of this, the absolute barometric pressure may be obtained from a

nearby weather service station and adjusted for elevation dif

ference between the station and the sampling point. Ei ther

subtract 2.5 mm Hg/30 m (0.1 in. Hg/IOO ft) from the station

value for an elevation increase or add the same for an elevation

decrease. I f the barometer cannot be adj usted to agree wi thin

2.5 mm (0.1 in.) Hg of the reference barometric pressure, it

should be returned to the manufacturer or rejected.

1.1.10 Gas Density Determination Equipment - A temperature sen

sor and a pressure gauge as described in Method 2 (Section 3.1.2)

are required. Additionally, a gas analyzer as described by

Method 3 may be required.

It is preferable that the temperature sensor be permanently

attached to either the probe or the pitot tube. In either case,

it 15 recommended that a fixed configuration (Figure 1.1) be

maintained. Alternatively, the sensor may be attached just prior

to field use as described in section 3.4.2.

1.2 Sample Recovery Apparatus

1.2.1 Probe Liner and Nozzle Brushes - Nylon bristle brushes

with stainless steel wire handles are recommended. The probe

brush must be at least as long as the probe. A separate,

smaller, and very flexible brush should be used for the nozzle.

1.2.2 Wash Bottles - Two 500-ml wash bottles are recommended for

probe and glassware rinsing. Glass bottles are preferred, but

polyethylene is acceptable; however, if polyethylene is used, it

is recommended that it not be used for acetone storage for longer

than a month.
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1.2.3 Sample Storage Containers - Recommended are 500- or

1000-ml chemically resistant, borosilicate glass bottles for

storage of acetone rlnses. The bottles must have leak-proof

screw caps with leak-proof, rubber-backed Teflon cap liners, or

they must be constructed to preclude leakage and to resist

chemical attack. Wide-mouthed bottles are easiest to use, but

narrow mouth bottles are less prone to leakage. As an alterna

tive to glass, polyethylene bottles may be used, but storage

times should be minimized.

Prior to field use, the cap seals and the bottle cap seating

surfaces should be inspected for chips, cuts, cracks, and manu

facturing deformities which would allow leakage.

1.2.4 Petri Dishes - Glass or polyethylene petri dishes are

recommended for storage and for transportation of the filter and

collected sample.

1.2.5 Graduated Cylinder and/or Triple Beam Balance - Either a

graduated cylinder or a triple beam balance may be used to

measure the water condensed in the impingers during sampling.

Additionally, the graduated cylinder may be used to measure water

initially placed in the first and second impingers. In either

case, the required accuracy is 1 ml or 1 g; therefore, the

cylinder must have subdivisions ~2 mI. Most triple beam balances

are capable of weighing to the nearest 0.1 g.

1.2.6 Plastic Storage Containers - Several airtight plastic

containers are required for storage of silica gel.

'.2.7 Funnel and Rubber Policeman - A funnel and rubber police

,Lcn are needed to transfer the used silica gel from the impinger

to a storage container unless silica gel is weighed in the field

after the test. A Teflon policeman is helpful for recovery of

the filter.

1.3 Analytical Equipment

1.3.1 Glassware - Borosilicate glass dishes should be used to

facili tate filter weighing. A 250-ml glass beaker is required

for evaporation of the acetone rinse.
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1.3.2 Balances - Two balances are required. One should be
analytical grade and capable of weighing the filter and the
sample beaker to within to.l mg. The other should be as described
in Subsection 1.2.5.

established by the
American Chemical
specifications are
not given, use the

mesh. If previously
h before reuse. New

grade acetone with ~0.001%

Acetone supplied in metal

ice is needed to maintain the
impinger or condenser at <20°C

1.4 Reagents and Other Supplies
All reagents should meet specifications

Committee on Analytical Reagents of the
society (ACS). I f reagents that meet these

not available or if other specifications are
best grade available.
1.4.1 Sampling-

Filters - Glass fiber filters without organic binders must
be used. The filters must exhibit at least 99.95% collection
efficiency of a O. 3-jJ dioctyl phthalate smoke particle, In ac
cordance with ASTM standard method D2986 -71. Manufacturer's
quality control test data are sufficient for validation of ef
ficiency.

Silica Gel - Use indicating type 6-16
used, dry at 175°C (347°F) for at least 2
silica gel may be used as received.

Water - When material collected by the impingers is to be
analyzed, distilled water must be used. A water blank should be
analyzed before field use to prevent false high values on test
samples. For standard particulate sampling, distilled water is
recommended, but not required.

Crushed Ice - Enough crushed
exit temperature of the silica gel
(68°F) throughout the test period.

stopcock Grease - An acetone insoluble, heat stable, sili
cone grease must be used when the sealing of ground-glass connec
tions is required. This is not necessary if screw-on connectors

with Teflon sleeves are used.
1.4.2 Sample Recovery - Reagent ACS
residue in glass bottles must be used.
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containers 1.S unacceptable due to the prevalently high residue
levels. An acetone blank should be run prior to field use, and
the acetone must be rejected if blank residue weight is >0.001%
of the total acetone weight.
1.4.3 Sample Analysis -

Acetone - Same as Subsection 1.4.2.
Desiccant - An indicating type anhydrous calcium sulfate 1.S

required. other types of desiccants may be used if approved by
the administrator.
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Table 1.1 ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS
AND SUPPLIES

Apparatus

Sampling

Probe liner

Probe nozzle

Pitot tube

Differential
pressure
gauge
(manometer)

Vacuum gauge

Vacuum pump

(continued)

Acceptance limits

Specified material of
construction; equipped
with heating system
capable of maintaining
120° ± 14°C (248° ±
25°F) at the exit

Stainless steel (316)
with sharp, tapered
angle <30°; differ
ence in measured diam
eters <0.1 mm (0.004
in.); no nicks, dents,
or corrosion (Subsec
1.1. 2)

Type S (Sec 3.1.2);
attached to probe with
impact (high pressure)
opening plane even with
or above nozzle entry
plane

Meets criteria (Sec
3.1.2); agree within
5% of gauge-oil
manometer

0-760 mm (0-30 in.) Hg
range, ±25 mm (1 in.)
at 380 mm (15 in.) Hg

Leak free; capable of
maintaining a flow
rate of 0.02-0.03
m3 jmin (0.66 to 1.1
ft 3 jmin) for pump
inlet vacuum of 380 mm
(15 in.) Hg

Frequency and method
of measurements

Visually check and
run the heating
system

Visually check before
each test; use a mi
crometer to measure
ID before field use
after each repair

Calibrated according
to Sec 3.1. 2

Check against a gauge
oil manometer at a
minimum of 3 points:
0.64(0.025); 12.7
(0.5); 25.4(1.0) mm
(in.) H

2
0

Check against mer
cury U-tube manometer
upon receipt

Check upon receipt
for leaks and capaci
ty

Action if
requirements
are not met

Repair, return
to supplier, or
reject

Reshape and
sharpen, return
to the supplier,
or rej ect

Repair or return
to supplier

Repair or return
to supplier

Adjust or return
to supplier

Repair or return
to supplier
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Apparatus

Orifice meter

Impingers

Filter holder

Dry gas meter

Thermometers

Barometer

Sample Recovery

Probe liner and
nozzle

Wash bottles

(continued)

Acceptance limits

~@ of 46.74 ± 6.35 mm
(1.84 ± 0.25 in.) H20
at 68°F (not mandatory)

Standard stock glass;
pressure drop not ex
cessive (Subsec 1.1.7)

Leak free; borosilicate
glass

Capable of measuring
volume within ±2% at a
f~ow rate of 0.~2

m /min (0.75 ft /min)

flOC (2°F) of true
value in the range of
0° to 25°C (32° to 77°F)
for impinger thermometer
and ±3°C (5.4°F) of true
value in the range of
OOC to 90°C (32° to
194°F) for dry gas
meter thermometers

Capable of measuring
atmospheric pressure
within ±2.5 mm (0.1
in.) Hg

Nylon bristles with
stainless steel stem;
as long as the probe;
properly sized and
shaped

Two; polyethylene or
glass; 500 ml

Frequency and method
of measurements

Upon receipt, visual
ly check for damage
and calibrate against
wet test meter

Visually check upon
receipt; check pres
sure drop (Subsec
1.1.6)

Visually check before
use

Check for damage upon
receipt and calibrate
(Sec 3.4.2) against
wet test meter

Check upon receipt
for dents or bent
stem, and calibrate
(Sec 3.4.2) against
mercury-in-glass
thermometer

Check against a mer
cury-in-glass barom
eter or equivalent;
calibrate (Sec 3.1.2)

Visually check for
damage upon receipt

Visually check for
damage upon receipt

Action if
requirements
are not met

Repair if pos
sible otherwise
return to sup
plier

Return to sup
plier

As above

Reject if damaged,
behaves erratic
ally, or cannot be
properly adjusted

Reject if unable
to calibrate

Determine correc
tion factor, or re
ject if difference
more than ±2.5
mm (0 . 1 in.) Hg

Replace or return
to supplier

Replace or return
to supplier
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Action if
Frequency and method requirements

Apparatus Acceptance limits of measurements are not met

Storage con- Polyethylene or glass; Visually check for Replace or return
tainer 500 or 1000 ml damage upon receipt to supplier

Graduated Glass and class A; Upon receipt, check Replace or return
cylinder 250 ml with subdivi- for stock number, to supplier

sions <2 ml cracks, breaks, and
-

manufacturer flaws

Funnel Glass suitable for use Visually check for Replace or return
with sample bottles damage upon receipt to supplier

-

Rubber police- Properly sized Visually check for Replace or return
man damage upon receipt to supplier

Petri dishes Glass or polyethylene; Visually check for Replace or return
sized to fit the glass damage upon receipt to supplier
fiber filters

Balance Capable of measuring Check with standard Replace or return
silica gel to iO.S g weights upon receipt to manufacturer

and before each use
-

Beakers and Glass Upon receipt, check Replace or return
weighing for stock number, to manufacturer
dishes cracks, breaks, and

manufacturing flaws

Triple beam SOO-g capacity; cap- Check with standard Replace or return
balance able of measuring with- weights upon receipt to manufacturer

in il g and before each use

Analytical Capable of measuring to As above As above
balance iO.l mg

Filters Glass fiber without Manufacturer's guar- Return to supplier
organic binder; 99.95% antee that filters
collection efficiency were tested according
for 0.3 ~ dioctyl to ASTM D2986-7l; ob-
phthalate smoke serve under light
particles for defects

(continued)
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Action if
Frequency and method requirements

Apparatus Acceptance limits of measurements are not met

Reagents

Silica gel Indicating type 6-16 Upon receipt, check Return to supplier
mesh label for grade or

certification

Distilled water Meets ASTM Dl193-74; Check each lot, or Replace or return
type 3 (only when specify type when or- to manufacturer
impinger particulate dering
catch included)

Stopcock grease Acetone insoluble, heat Upon receipt, check Replace or return
stable silicone grease label for grade or to manufacturer

certification

Acetone ACS grade; <0.001% Upon receipt, verify Replace or return
residue in glass residue by evaporat- to supplier
bottles ing a blank sample

Desiccant Indicating type anhy- Upon receipt, check Replace or return
drous calcium sulfate for grade and certi- to supplier

fication
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2.0 CALIBRATION OF APPARATUS

Calibration of apparatus 1S one of the most important func

tions in maintaining data quality. The detailed calibration

procedures included in this section are designed for the equip

ment specified by Method 5 and described in the previous section.

A laboratory log book of all calibrations must be maintained.

Table 2.1 at the end of this section summarizes the quality

assurance activities for calibration.

2.1 Metering System

2.1.1 Wet Test Meter - Wet test meters are calibrated by the

manufacturer to an accuracy of ~0.5%. The calibration of the wet

test meter must be checked initially upon receipt and yearly

thereafter. A wet test meter with a capacity of 3.4 m3jh (120

ft3jh) will be needed to calibrate the dry gas meter. For large

wet test meters (>3Qjrev), there is no convenient method for

checking the calibration; for this reason, several methods are

suggested, and other methods may be approved by the administra

tor. The initial calibration may be checked by any of the fol

lowing methods:

1. certification from the manufacturer that the wet test

meter is wi thin ~l% of true value at the wet test meter dis

charge, so that only a leak check of the system is then required.

2. Calibration by any primary air or liquid displacement

method that displaces at least one complete revolution of the

wet test meter.

3. Comparison against a smaller wet test meter that has

previously been calibrated against a primary air or liquid dis

placement method, as described in Section 3.5.2.

4. Comparison against a dry gas meter

viously been calibrated against a primary

displacement method.
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The calibration of the test meter should be checked annual

ly. The calibration check can be made by the same method as that

of the original calibration; however, the comparison method need

not be recalibrated if the calibration check is within ~l% of the

true value. When this agreement is not obtained, the comparison

method or wet test meter must be recalibrated against a primary

air or liquid displacement method.

2.1.2 Sample Meter System - The sample meter system--consist

ing of the pump, vacuum gauge, valves, orifice meter, and dry

gas meter--should be initially calibrated by stringent laboratory

methods before it is used in the field. After the initial

acceptance, the calibration should be rechecked after each field

test series. This recheck is designed to provide the tester with

a method that can be used more often and with less effort to

ensure that the calibration has not changed. When the quick

check indicates that the calibration factor has changed, the

tester must again use the complete laboratory procedure to

obtain the new calibration factor. After recalibration, the

metered sample volume must be multiplied by either the initial

or the recalibrated calibration factor--that is, the one that

yields the lower gas volume for each test run.

Before initial calibration of the metering system, a leak

check should be conducted. The meter system should be leak

free. Both positive (pressure) and negative (vacuum) leak

checks should be performed. Following is a pressure

leak-check procedure that will check the metering system from

the quick disconnect inlet to the orifice outlet and will

check the orifice-inclined manometer:

1. Disconnect the orifice meter line from the

downstream orifice pressure tap (the one closest to the

exhaust of the orifice), and plug this tap (Figure 2.1).

2. Vent the negative side of the inclined manometer to

the atmosphere. I f the inclined manometer is equipped with a
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three-way valve, this step can be performed by merely turning

the three-way valve that 1S on the negative side of the

orifice-inclined manometer to the vent position.

3. Place a one-hole rubber stopper with a tube through

its hole in the exit of the orifice, and connect a piece of

rubber or plastic tubing to the tube, as shown in Figure 2.1.

4. Open the positive side of the orifice-inclined

manometer to the II reading II position; if the inclined manometer

1S equipped with a three-way valve, this will be the line

position.

5. Plug the inlet to the vacuum pump.

disconnect with a leak-free check valve is used

module, the inlet will not have to be plugged.

6. Open the main valve and the bypass valve.

7. Blow into the tUbing connected to the end of the

orifice until a pressure of 127 to 178 rom (5 to 7 in.) H20 has

built up in the system.

8. Plug or crimp the tubing to maintain this pressure.

9. Observe the pressure reading for a I-min period. No

noticeable movement in the manometer fluid level should occur.

If the meter box has a leak, a bubbling-type leak-check

solution may aid in locating the leak(s).

After the metering system is determined to be leak free by

the positive leak-check procedure, the vacuum system to and in

cluding the pump should be checked by plugging the air inlet to

the meter box. If a quick disconnect with a leak-free stopper

system is presently on the meter box, the inlet will not have to

be plugged. Turn the pump on, pull a vacuum wi thin 7.5 em

(3 in.) Hg of absolute zero, and observe the dry gas meter. If

the leakage exceeds 0.00015 m3jmin (0.005 ft3jmin), the leak(s)

must be found and minimized until the above specifications are

satisfied.



Figure 2.1 positive leak check of metering system.

MAIN VALVE
CLOSED

AIR TIGHT
PUMP

VACUUM
GAUGE

ORIFICE

ORIFICE
MANOMETER

BLOW INTO TUBING
UNTil MANOMETER

READS 5 TO liN.
COLUMN

......
1.0
(X)

o
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Leak checking the meter system before initial calibration

is not mandatory, but is recommended.

Note: For metering systems having diaphragm pumps, the

normal leak-check procedure described above will not detect

leakages within the pump. For these cases, the following

leak-check procedure is suggested: make a 10-min calibration

run at 0.00057 m3/min (0.02 ft3/min); at the end of the run,

take the difference between the measured wet test meter and the

dry gas meter volumes; divide the difference by 10, to get the

leak rate. The leak rate should not exceed 0.00057 m3/min (0.02

ft3/min) .

Initial calibration - The dry gas meter and the orifice

meter can be calibrated simultaneously and should be calibrated

when first purchased and any time the posttest check yields a Y

outside the range of the calibration factor Y +0.05Y. A

calibrated wet test meter (properly sized, with .:t.l% accuracy)

should be used to calibrate the dry gas meter and the orifice

meter.

beshouldmeter

the field, leak check the

must be eliminated before

orifice

if present,Leaks,

The dry gas meter and the

calibrated in the following manner:

1. Before its initial use in

metering system.

proceeding.

2. Assemble the apparatus, as shown in Figure 2.2, with

the wet test meter replacing the probe and impingers--that is,

wi th the outlet of the wet test meter connected to a needle

valve that is connected to the inlet side of the meter bex.

3. Run the pump for 15 min with the orifice meter

differential (~H) set at 12.7 mm (0.5 in.) H20 to allow the

pump to warm up and to permit the interior surface of the wet

test meter to be wetted.



Figure 2.2

THERMOMETER

Sample meter system calibration setup.

AtR tfflET
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4. Adjust the needle valve so that the vacuum gauge on

the meter box 1.S between 50 and 100 rom (2 to 4 in.) Hg during

calibration.

5.

provided

should be

Collect

(Figure

used.

the

2.3A

information

or 2. 3B) .

required 1.n

Sample volumes,

the

as

forms

shown,

using the

and record

6. Calculate Yi for each of the six runs,

equation in Figure 2.3A or 2.3B under the Yi column,

the results on the form in the space provided.

7. Calculate the average Y (calibration factor) for the

S1.X runs using the following equation:

Record the average on Figure 2.3A or 2.3B in the space provided.

8. Clean, adjust, and recalibrate, or reject the dry gas

meter if one or more values of Y fall outside the interval Y

+0. 02Y. Otherwise, the average Y is acceptable and should be

used for future checks and subsequent test runs.

9. Calculate ilH@i for each of the six runs using the

equation in Figure 2. 3A or 2. 3B under the llH@i column, and

record on the form in the space provided.

10. Calculate the average ilH@ for the six runs using the

following equation:

Record the average on Figure 2.3A or 2.3B in the space provided.

11. Adjust the orifice meter or reject it if llH@i varies

by more than ~3. 9 rom (0.15 in.) H20 over the range of 10 to

100 rom (0.4 to 4.0 in.) H20. Otherwise, the average ilH@ is

acceptable and should be used for subsequent test runs.
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Date
--l-f"""""'-Y-.L..+---- Meter box number FH-;(

o

Barometric pressure P = ~~ b~ in Hg Calibrated by, 'h .
-
Gas volume Temperatures

Orifice Wet test Dry gas Wet test Dry 2as meter
manometer meter meter meter Inlet Outlet Avg<O Time
setting (V), (Vd)' (t ), (td . ), (td ), (td), (8),

(8H) , w w Y. LiH@i
ft3 ft3

1 0

'in. H2O of of of of min 1 in. HZ

0.5 5
/30.000 7/,6"" 91 .P~

l.()~ 00"; I· 79/3S",IYo 7). ~ 9f? ~L.- X'<7 I
I

1.0 5

1.5 10

2.0 10

3.0 10

4.0 10

Avg

LiH,
All Vw Pb(td + 460) 0.0317 8H [(t~w+ 460) Sftn< Y. =- . 13.6 8H AH@i = P

b
(t

d
+ 460)

H2O 1
Vd(Pb + 13.6) (tw + 460)

0.5 0.0368
6-(~,(,4f)("0"'19.; Ci..0'~JJ7)(OI52fS-3).5)(J~.78)7~
S:/Y.~9,L7){6.7/'S) 1Q 1-41.)(5 ~9) .5", - ..-

1.0 0.0737

1.5 0.110

2.0 0.147

3.0 0.221

4.0~~~94

. --

a If there is only one thermometer on the dry gas meter, record the temperature
under t d .

Figure 2.3A Dry gas meter calibration data (English units).
(front side)



Nomenclature:
Vw = Gas volume passlng through the wet test meter, ft3 .

Vd = Gas volume passlng through the dry gas meter, ft3 .

t w = Temperature of the gas in the wet test meter, of.

t d . = Temperature of the inlet gas of the dry gas meter, of.
1

= Temperature of the outlet gas of the dry gas meter, of.

t.H

= Average temperature of the gas in the dry gas meter, obtained by the average t d and
t d ' of. 1

o

= Pressure differential across orifice, in. H20.

y.
1

= Ratio of accuracy of wet test meter to dry gas meter for each run.
Y ±0.02 Y.

Tolerance y. =
1

t.H@

t.H@.
1

Y = Average ratio of accuracy of wet test meter to dry gas meter for all six runs.
Tolerance Y = Y to.Ol Y.

= Orifice pressure differential at each flow rate that gives 0.75 ft3/min of air at
standard conditions for each calibration run, in. H20. Tolerance = t.H@ to.15
(recommended) .

= Average orifice pressure differential that gives 0.75 ft3/min of air at standard
conditions for all six runs, in. H20. Tolerance = 1.84 to.25 (recommended).

e = Time for each calibration run, min.

Pb = Barometric pressure, in. Hg.

Figure 2.3A. Dry gas meter calibration data (English units). (backside) N
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o

ff//-~

Calibrated by

Meter box number
--f.---'--''----'+---

mm Hg "-

Gas volume Temperatures
Orifice Wet test Dry gas Wet test Drv gas meter

manometer meter meter meter Inlet Outlet Avg~ Time
setting (V ), (Vd) , (t ), (td .), (td ), (td), (0) ,

(M) , w w Y. l:iH@.
3 3

1. 0

iIlII1 H2O °C °C °C °C min 1. ~

m m nun H2

10 0.15
~~.~~O 1'('

~
/J/

)R' JO'Ph .9!i(_ 2J;J..}~~ )&" 1'7

25 0.15

40 0.30

50 0.30

75 0.30

100 0.30

Avg

Barometric pressure, P
b

= 73~

Date
--+-~.L.f--'--I-----

l:iH,
M Vw Pb(td + 273) O. 00117 M [(\: 273) ermm 13.6 Y. = M@. = Ph (td + 273)1 M 1.H2O Vd(Pd + 13.6) (tw + 273)

10 0.7
[C),lfj) (73&. X ;:;r::u.) (V. '-"01/ 7 )( ,oj r £A))UU6~../j

10,15;;;i){., 37),~ ~I \ ( 73' )rA) I D; /:'C:;.~,., "'25 1.8

40 2.94

50 3.68

75 5.51

100 7.35

a If there is only one thermometer on the dry gas meter, record the temperature
under t d .

Figure 2.3B Dry gas meter calibration data (metric units).
(front side)



Nomenclature:

V = Gas volume through the wet test meter, 3
w passlng m .

Vd = Gas volume through the dry meter, 3passlng gas m .

t w = Temperature of the gas in the wet test meter, °c.

t d . = Temperature of the inlet gas of the dry gas meter, °c.
1

t d = Temperature of the outlet gas of the dry gas meter, °c.
0

llH

= Average temperature of the gas in the dry gas meter, obtained by the average of t d and
t d ' °c. i

o

= Pressure differential across orifice, mm H20.

y.
1

= Ratio of accuracy of wet test meter to dry gas meter for each run.
y +0.02 Y.

Tolerance y. =
1

Y = Average ratio of accuracy of wet test meter to dry gas meter for all six runs.
Tolerance Y = Y +0.01 Y.

N
......
\0
ex>
o

(backside)Dry gas meter calibration data (metric units).Figure 2.3B

= Orifice pressure differential at each flow rate that glves 0.021 m3 of air at standard
conditions for each calibration run, mm H20. Tolerance llH@i = llH@ +3.8 mm H20
( recommended) .

= Barometric pressure, mm Hg.

= Average orifice pressure differential that gives 0.021 m3 of air at standard con
ditions for all six runs, mm H20. Tolerance llH@ = 46.74 +6.3 mm H20 (recommended).

e = Time of each calibration run, min.

llH@

llH@.
1
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Posttest calibration check - After each field test series,

conduct a calibration check of the metering system, except for

the following variations:

1. Three calibration runs at a single intermediate orifice

meter setting may be used with the vacuum set at the maXlmum

value reached during the test series. The single intermediate

orifice meter setting should be based on the previous field test.

A valve must be inserted between the wet test meter and the inlet

of the metering system to adjust the vacuum.

2. If a temperature-compensating dry gas meter was used,

the calibration temperature for the dry gas meter must be within

.:!:.6°C (lO.8°F) of the average meter temperature during the test

series.

3. Use Figure 2.4A or 2.4B, and record the required infor

mation.

If the calibration factor Y deviates by <5% from the initial

calibration factor Y, then the dry gas meter volumes obtained

during the test series are acceptable. If Y deviates by >5%, re

calibrate the metering system, and use whichever meter coeffi

cient (initial or reca1ibrated) that yields the lowest gas volume

for each test run.

Alternate procedures (e.g., using the orifice meter coeffi

cients) may be used, subject to the approval of the administra

tor.

2.2 Temperature Gauges

2.2.1 Impinger Thermometer - The thermometer used to measure

temperature of the gas leaving the impinger train should initial

ly be compared with a mercury -in -glass thermometer which meets

ASTM E-l No. 63C or 63F specifications. The procedure is as

follows:

1. Place both the reference thermometer and the test

thermometer in an ice bath. Compare readings after they stabi

lize.



Plant Acme lowe r:r kit)+
Pretest Y C) 98~

Meter box number ~~ 1
Dry gas meter number FI'1- 7

".
Test numbers Aat-3 Date 9)3/79
Barometric pressure P =~8 2;) in Hg, b '10< • A4¥

Orifice Gas volume Temperature Y.
manometer Wet test Dry gas Wet test Dr:v gas meter

1.

setting, meter meter meter Inlet Outlet Average V Pb (td + 460)
(till), (V), (Vd) , (t ), (td . ), (td ), a Time Vacuum Y.

w
(td) ,

in. H2O w w (6),
1. Vd Pb + till + 460ft3 ft3 OF 1. 0 OF setting, t

OF OF min in. Hg 13.6 w

/.>./) 10 l!J",~Aft
7:J ~.~ 7, 79 L-:), 3.'5' .3 (),987

i{j(.:J~.7~)r79+ '-IfDO)
~7~.3::>J IN.::J.::JT/_-&.7J + I *":~(..,...).~

10 -
10

Y =
a If there is only one thermometer on the dry gas meter, record the temperature under t d ·

Figure 2.4A Posttest dry gas meter calibration form (English units) •

= Gas volume passing through the wet test meter, ft3.

= Gas volume passing through the dry gas. meter, ft3 .

= Temperature of the gas in the wet test meter, OF.

= Temperature of the inlet gas of the dry gas " meter, OF.

= Temperature of the outlet gas of the dry gas meter, of.

=Average temperature of the gas in the dry gas" meter, obtained by the average of t d . and t d ' OF.
1. 0= Pressure differential across orifice, in H20.

=Ratio of accuracy of wet test meter to dry gas meter for each run.

=Average ratio of accuracy of wet test meter to dry gas meter for all three runs;
tolerance =pretest Y ~0.05Y

Pb = Barometric pressure, in. Hg.

e = Time of calibration run, min.



Test numbers AB J- 3
Barometric pressure, Pb =

Date o,)J3/7<Jr ,
730 rom Hg

Meter box number _-"--"--'--..L- _

Dry gas meter number

Plant AChe Bwer- fJg/)t-
Pretest Y c?, ~9~

Orifice Gas volume Temperature Y.
manometer Wet test Dry gas Wet test Dry gas meter

1

setting, meter meter meter Inlet Outlet Average V Pb (td + 273)
a w

(M!) , (V ), (Vd) , (t ), (td .), (td ), (td), Time Vacuum Y.
mID H

2
O w

3
w (0), setting, 1 Vd Pb + M! + 2733 °C 1 0 °e t

m m °C °C min mID Hg 13.6 w

';2,J. 0.30 ;l(P. J~~ ~ 0)/ ~3,,5" 1.:2:> I ."'i ),~,50 70- (). 9,~
('\ 3 If 7."2LJ.X O>J.5 r ~"'7~)

) ..., J '1. :~ () -:11:) c:').3::>J,;}C7d) ~~ ...Yft')/;.;3

0.30

0.30
y =

a If there is only one thermometer on the dry gas meter, record the temperature under t d .

= Gas volume passing through the wet test meter, 3m

Gas volume passing through the dry gas meter, 3= m

= Temperature of the gas in the wet test meter, °e.

= Temperature of the inlet gas of the dry gas meter, °e.

= Temperature of the outlet gas of the dry gas meter, °e.

meter, obtained by the average of t d . and t d ' °e.
l. 0

t d =Average temperature of the gas in the dry gas

M! = Pressure differential across orifice, in H20.

Y. = Ratio of accuracy of wet test meter to dry gas meter for each run.
l.

Y =Average ratio of accuracy of wet test meter to dry gas meter for all three runs;
tolerance = pretest Y !O.OSY

Pb = Barometric pressure, in. Hg.

o = Time of calibration run, min.

Figure 2.4B Posttest meter calibration data form (metric units).
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III III (I) (I)
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2. Remove the thermometers from the bath and allow both to

come to room temperature. Again, compare readings after they

stabilize.

3. Accept the test thermometer if its reading agrees

within 1°C (2°F) of the reference thermometer reading at both

temperatures. If the difference is greater than ±loC (2°F), the

thermometer should be adjusted and recalibrated until the crite

ria are met, or it should be rejected.

2 .2 .2 Dry Gas Thermometers - The thermometers used to measure

the metered gas sample temperature should initially be compared

wi th a mercury -in -glass thermometer as above, using a similar

procedure.

1. Place the dial type or equivalent thermometer and the

mercury-in-glass thermometer in a hot water bath, 40° to 50°C

(104° to 122°F). Compare the readings after the bath stabilizes.

2. Allow both thermometers to come to room temperature.

Compare readings after thermometers stabilize.

3. Accept the dial type or equivalent thermometer if the

values agree within 3°C (5.4°F) at both points or if the temper

ature differentials at both points are within ±3°C (5.4°F) and

the temperature differential is taped to the thermometer and

recorded on the pretest sampling check form (Figure 3.1).

4. Prior to each field trip, compare the temperature

reading of the mercury-in-glass thermometer at room temperature

wi th that of the meter system thermometer. The values or cor

rected values should be within ±6°C (10.8°F) of one another, or

the meter thermometer should be replaced or recalibrated. Record

any temperature correction factors on Figure 3.1 or on a similar

form.

2.2.3 Stack Temperature Sensor - The stack temperature sensor

should be calibrated upon receipt or checked before field use.

Each sensor should be uniquely marked for identification. The

calibration should be performed at three points and then extra

polated over the range of temperatures anticipated during actual
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sampling. For the three point calibration, a reference ASTM

mercury-in-glass thermometer should be used.

The following procedure is recommended for calibrating stack

temperature sensors (thermocouples and thermometers) for field

use.

1. For the ice point calibration, form

crushed ice and liquid water (preferably deionized,

an insulated vessel such as a Dewar flask.

Taking care that they do not touch the sides of the flask,

insert the stack temperature sensor into the slush to a depth of

at least 2 in. Wait 1 min to achieve thermal equilibrium, and

record the readout on the potentiometer. Obtain three readings

taken in I-min intervals. Note: Longer times may be required to

attain thermal equilibrium with thick-sheathed thermocouples.

2. Fill a large Pyrex beaker with water to a depth ~4 in.

Place several boiling chips in the water, and bring the water to

a full boil using a hot plate as the heat source. Insert the

stack temperature sensor(s) in the boiling water to a depth of at

least 2 in., taking care not to touch the sides or bottom of the

beaker.

Alongside the sensor(s), an ASTM reference thermometer

should be placed. If the entire length of the mercury shaft in

the thermometer cannot be immersed, a temperature correction will

be required to give the correct reference temperature.

After 3 min, both instruments will attain thermal equilib

rium. Simultaneously record temperatures from the ASTM reference

thermometer and the stack temperature sensor three times at I-min

intervals.

3. For thermocouple, repeat Step 2 with a liquid that has

a boiling point (such as cooking oil) in the 150° - 250°C (300° 

500°F) range. Record all data on Figure 2.5. For thermometers,

other than thermocouples, repeat Step 2 with a liquid that boils

at the maximum temperature that the thermometer is to be used, or
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Thermocouple number Tc-46Date 9- /2-78

Ambient temperature 21°C Barometric pressure 2.9.67--='---- l.n. Hg

Calibrator Ie.----!-=----- Reference: mercury-in-glass A STIV/ 3C

other

Reference Thermocouple
Reference thermometer potentiometer Temperaturebpoint sourcea temperature, temperature, difference,

number (specify) °C °c %

0° ICE vJArZ-.R.. (0C- re --
100 0 !501llN6 IO/.O"'C IO/OC 0,(70

w~f"i.Ie

- 1501l.-ING 2-05".5"°C ;.O-;;C 0·5%
UJQtlN6 OIL-

aType of calibration system used.
b

[
(ref temp, °c + 273) - (test thermom

ref temp, bC + 273
temp, °C + 273)J 100~1.5%.

Figure 2.5 Stack temperature sensor calibration data form.
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place the stack thermometer and reference thermometer in a fur

nace or other device to reach the required temperature. Note:

If the thermometer is to be used at temperatures higher than the

reference thermometers will record, the stack thermometer may be

calibrated with a thermocouple previously calibrated with the

above procedure.

4. If the absolute values of the reference thermometer and

thermocouple(s) agree within ±1.5% at each of the three calibra

tion points, plot the data on linear graph paper and draw the

best-fit line to the three points or calculate the constants of

the linear equation using the least-square method. The data may

be extrapolated above and below the calibration points and cover

the entire manufacturer's suggested range for the thermocouple.

For the portion of the plot or equation that agrees within 1.5%

of the absolute reference temperature, no correction need be

made. For all other portions that do not agree within ±1.5% use

the plot or equation to correct the data.

I f the absolute values of the reference thermometer and

stack temperature sensor (other than the thermocouple) agree

within ±1.5% at each of the three points, the thermometer may be

used over the range of calibration points for testing without

applying any correction factor. The data cannot be extrapolated

outside the calibration points.

2.3 Probe Heater

The probe heating system should be calibrated prior to field

use according to the procedure outlined in APTD -0576. 4 Probes

constructed according to APTD-058l 3 need not be calibrated if the

curves of APTD-05764 are used.

2.4 Barometer

The field barometer should be adjusted initially and before

each test series to agree wi thin ±2. 5 rom (0.1 in.) Hg of the

mercury -in -glass barometer or with the station pressure value

reported by a nearby National Weather Service station and cor

rected for elevation. The correction for elevation difference
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between the station and the sampling point should be applied at

a rate of -2.4 mm Hg/30 m (-0.1 in. Hg/IOO ft). Record the re

sults on the pretest sampling check form (Figure 3.1 of section

3.4.3).

2.5 Probe Nozzle

Probe nozzles should be calibrated before initial use in the

field. Using a micrometer, measure the 1D of the nozzle to the

nearest 0.025 mm (0.001 in.). Make three measurements using

different diameters each time, and obtain the average. The

difference between the high and the low numbers should not exceed

0.1 mm (0.004 in.). When nozzles become nicked, dented, or

corroded, they should be reshaped, sharpened, and recalibrated

before use. Each nozzle should be permanently and uniquely

identified. Figure 2.6 is an example of a nozzle calibration

data form.

2.6 Pitot Tube

The Type S pitot tube assembly should be calibrated using

the procedure outlined in Section 3.1.2 of Method 2.

2.7 Trip Balance

The trip balance should be calibrated initially by using

Class-S standard weights and should be wi thin ±O. 5 g of the

standard weight. Adjust or return the balance to the manufac

turer if limits are not met.

2.8 Analytical Balance

The analytical balance should initially be checked with

Class-S weights, and the data should be recorded on an analytical

balance calibration log or on 'a similar form. The balances

should be adjusted to agree within ±2 mg of the Class-S weight,

or it should be adjusted or returned to manufacturer.



Date ___--L _

;'': r, t j.on No.3. 4.2
, './.Lsion No. 0
J~~e January 15, 1980
P,3.ge 20 of 22

Calibrated by ~~)? ___
-

Nozzle Nozzle Diametera
~D,bidentification Dr Dr D

t
, Davg

c
number rom ( n.) rom in.) rom in.) rom (in. )

!J7 el, ZSI a2S2. aZS:3 O.!Jaz. tJ,cS2

where:

aD
1,2,3, = three different nozzles diamet(

diameter must be within (0.025 ',"
(in.); each
)1 in.

b

c

~D = maximum difference between anl
~D ~(0.10 rom) 0.004 in.

,eters, rom (in.),

Figure 2.6 Nozzle calibratiofl da t~ form.
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Table 2.1. ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT

Apparatus

Wet test meter

Dry gas meter

Thermometers

Probe heating
system

Barometer

Probe nozzle

(continued)

Acceptance limits

Capacit~ ~3.4 m
3
jh

(120 ft jh); accuracy
wi thin ±1. 0%

Y. = Y +0.02 Y
1

Impinger thermometer
+loC (2°F); dry gas
meter thermometer
~3°C (5.4°F) over
range; stack tempera
ture sensor ±1.5% of
absolute temperature

Capable of maintaining
120° ±14°C (248° ±
25°F) at a flow 3ate of
20Qjmin (0.71 ft jmin)

+2.5 mm (0.1 in.) Hg of
mercury-in-glass barom
eter

Average of three ID
measurements of nozzle;
difference between high
and low <0.1 mm
(0.004 in.)

Frequency and method
of measurement

Calibrate initially,
and then yearly
by liquid dis
placement

Calibrate vs wet
test meter initially,
and when posttest
check exceeds
Y +0.05 Y

Calibrate each ini
tially as a separate
component against a
mercury-in-glass
thermometer; then
before each field
trip compare each as
part of the train
with the mercury-in
glass thermometer

Calibrate component
inibally by
APTD-0576; if con
structed by APTD
0581, or use
published calibra
tion curves

Calibrate initially
vs mercury-in-glass
barometer; check
before and after
each field test

Use a micrometer to
measure to near
est 0.025 mm (0.001
in. )

Action if
requirements
are not met

Adjust until
specifications
are met, or
return to manu
facturer

Repair, or re
place and then
recalibrate

Adjust; de
termine a con
stant correc
tion factor;
or reject

Repair, or re
place and then
reverify the
calibration

Adjust to
agree with a
certified
barometer

Recalibrate,
reshape, and
sharpen when
nozzle becomes
nicked, dented,
or corroded
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Action if
Frequency and method requirements

Apparatus Acceptance limits of measurement are not met

Analytical ±1 mg of Class- S Check with Class-S Adjust or
balance weights weights upon receipt repair
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3.0 PRESAMPLING OPERATIONS

The quality assurance activities for presampling operations

are summarized in Table 3.1 at the end of this section. See

section 3.0, of this Handbook for details on preliminary site

visits.

3.1 Apparatus Check and Calibration

A pretest check will have to be made on most of the sampling

apparatus. Figure 3.1 should be used to record the pretest

calibration checks. Figure 3.2 or a similar form is recommended

to aid the tester in preparing an equipment checklist, status

form, and packing list for Methods 1 through 8, Method 17, and

particle sizing.

3.1.1 Sampling Train - A schematic of the EPA Method 5 sampling

train 1S Figure 1.1. Commercial models of this system are

available. Each train must be in compliance with the specifica

tions of the Reference Method, Section 3.4.10.

3.1.2 Probe and Nozzle - Clean the probe and the nozzle inter

nally by brushing first with tap water, then with deionized dis

tilled water, and finally with acetone; allow both to dry in the

a1r. In extreme cases, the probe liner can be cleaned with

stronger reagents. In either case, the objective is to leave the

probe liner free from contaminants. The probe's heating system

should be checked to see that it is operating properly. The

probe should be sealed at the inlet or tip and checked for leaks

at a vacuum of 380 mm (15 in.) Hg, and the probe must be leak

free under these conditions.

3.1.3 Impingers, Filter Holder, and Glass Connectors All

glassware should be cleaned first with detergent and tap water

and then with deionized distilled water. All glassware should be

visually inspected for cracks or breakage and then repaired or

discarded if defective.

3.1.4 Pump - The vacuum pump should be serviced as recommended

by the manufacturer, or every 3 mo, or upon erratic behavior
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Date 9/;//79
•

Meter box number F 8 - /

Calibrated by

t.H@ /, 87

N/EE

Dry Gas Meter*

Pretest calibration factor Y /,0/-3
average factor for each calibration run).

Impinger Thermometer

Was a pretest temperature correction used?
If yes, temperature correction
over range)

(within ±2% of the

yes X no
(within ±3°C (5.4°F)

Dry Gas Meter Thermometers

Was a pretest temperature correction made? yes?S no
If yes, temperature correction (within ±3°C (5.4°F) over
range)

stack Temperature Sensor*

Was a stack temperature sensor calibrated against a reference
thermometer? )( yes no
If yes, give temperature 'range with which the readings agreed
within ±1.5% of the reference values to K (OR)

Barometer

Was the pretest field barometer reading correct? ~ yes no
(within ±2.5 rom (0.1 in.) Hg of the mercury-in-glass barometer)

Nozzle*

Was the nozzle calibrated to the nearest 0.025 rom (0.001 in.)?
)( yes no----..0"-"-

*Most significant items/parameters to be checked.

Figure 3.1 Pretest sampling checks.
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Transport vehicle
Presurveyed by
Loaded by

1. General Pretest Checklist

Quantity Ready Loaded
----

Asbestos wrapping mat.!;:,:r~.al, roll--- - _....
Auxiliary parts bo;~,

_., .._- . - -
Balance, triple ,i"J , . T,V'eights

- _._- ..

Bucket
. - ..~.

Calibration Data
-

Camera
-

certificate of lnSl ' .

Clamps
Carpenter

..

C-Clamps
Hose

Cleanup box
Clipboards
Clocks
Condenser, coil type
containers

Size Type

-
Conveyor stands

High
Low

Figure 3.2 General pretest preparation form.

(continued)
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Quantity Ready Loaded

Data forms
Detector tubes

Type
Range

Electrical equipment
Adapters, multioutlet
Extension cords (length)

Lights
Filter holder

Glass, 3 In. glass frit
Glass, 3 In. s. s. frit
Gelman, 47 mm
Alundum thimble
Impactor (type)

Fire extinguisher
First-aid kit
Fuses for meter box
Glassware sets

EPA-5 wjcyclone

EPA-5 wjcyclone bypass

EPA-5 hotbox only

EPA-6 so?
EPA-8 sulfuric acid mist

EPA-13A fluoride

EPA-13B fluoride

Other

(continued)
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Quantity Ready Loaded

Gloves

Work

Asbestos
Heaters

Catalytic

Electric
Hoist

Hotplate

Ice chest
--

Ladder
Manometers

-
Inclinedjmicrojmagnehelix

--
0-0.25 in. H2O

0-1. 00 In. H2O

0-2.00 in. H2O
-

0-3.00 In. H2O

U-tube
--

0-16 In. H2O

0-36 in. H2O

0-36 In. Hg
Meter boxes (calibrated and checked)
Meter, dry gas with thermometers
Toolbox with standard accessorles

-

Moisture tubes
Nomographs
NO sampling apparatus-x

Probe
--I---

Length
Type

(continued)
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Quantity Ready Loaded

Manifold kit with attachments

2-Q flask w/stoppers

0-36 in. Hq manometer

0-27 in Hq vacuum pump

variac for orobe heat

25 ft extension cord

Orsat qas samolinq aooaratus

Probe (length)

Sample line

Condenser

Pump assembly

Bags

Orsat analyzer w/squeeze bulb

small

large

Nitroqen cylinder w/valve

Fyrite sampler w/squeeze bulb

Orsat and Fvrite reaaents

CO2

°2
CO

Probes (except NOx ) Total Gasket
length

Stainless steel

2 ft

3 ft

4 ft

5 ft

(continued)
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Quantity Ready Loaded

6 ft

8 ft

10 ft

14 ft

Glass tube
-

2 ft

3 ft

4 ft

5 ft
-

6 ft

8 ft

10 ft
-

14 ft

--

Method 17 and impactor

- ~------- -- -
"Nozzles" w/caps

1/8 in.
------- --
3/16 in.

-- -

1/4 in.
5/16 in.

3/8 in.

7/16 in.

1/2 In.

- -

(continued)
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Quantity Ready Loaded

Nozzle calipers
Pipe wrench (large)

Effective
pitot tube type length

2 ft
3 ft
4 ft
5 ft
6 ft
8 ft

10 ft
14 ft

Potentiometer
-160° to 2450 0 F

-
-150° to 1800°F

Pulley --f-.

Radios (2-way)
Rags ----
Reagents

Acetone, gal
- .-

!!20 (distilled) , gal
Methylene chloride, gal

!!2~2 (30%) pint
Isopropyl alcohol (80%) gal

~2S04 (concentrated)
Silica gel, lbs

jars @ 200 g

(continued)
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Quantity Ready Loaded
Ropes

Size

Safety equipment

Glasses

Goggles
--

Hardhats
Respirators

Harness

Earplugs
Sample boxes

-
EPA 5 - hotbox only
EPA 5 - particulate
EPA 6 - S02
EPA 8 - sulfuric acid mist
EPA 13A - fluoride
EPA 13B - fluoride
other

Sample box hook and straps

Impinger-umbilical cord connector
standard

---
Hotbox only

Sample port cover
Sample containers

Glass Jars, petri dishes, etc.
Sample shipping boxes

Screwjacks

Tape

Duct

Electrical

High temp glass

(continued)
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Quantity Ready Loaded

Tape measures

0-8 ft

0-100 ft

Tarps

Test literature

Thermocouple Effective length

2 ft

3 ft

4 ft

5 ft

6 ft

8 ft

10 ft

14 ft

Thermometer, dial type, long stem

50o -450o P

150o -750o
p

200o -l000o
p

-
Tie cord (spool)

Toolbox (additional to standard)

Circular saw

Drill and bits

Jigsaw

Hacksaw

Handsaw

Handtools

(continued)
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Quantity Ready Loaded

Traverse board

Type Length

Tubing Size Length

Polyethylene

-

Tygon

----------- ---------1----

--------
Teflon

stainless steel

Copper

Other

Umbilical cord Length

Standard

(continued)
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Figure 3.2 (continued)

Quantity Ready Loaded

Hotbox
--

Method 17 and impactor

variacs

Warming cords

Weather gear

Jumpquits

Rainsuits

Boots

Ski masks

Wood assortment

2. Source Test Analytical Cleanup Checklist

Ouantity
Standard Additlonal

Ballpoint pens, 6

Barometer, calibrated 1

Beakers, 250 ml

Brush, balance 1

Nozzle 1

Probe 6 ft 1

10 ft 1

16 ft 1

(continued)
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Quantity

Standard Additional

Caps

Nozzle

Probe, screw type 2

Serum 6

Clamps

Hose 2
Pinch no. 12 1 box-12
Pinch no. 28 1 box-12
Tubinq 1

Cleanup rack 1
Filter holders, standard 2

Hotbox 1

S02 a
Filter media

G.F. 47 rom

G.F. 3 In. 20
Paper, 3 In. Whatman
Impactor
Thimbles

Funnels, standard 2
Silica gel 2
Polyethylene 1

Glass wool 1 jar
Graduated cylinders,

25 ml 1
50 ml 1

100 ml 1
250 ml 2
500 ml 1

(continued)
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Ouantity
Standard Additlonal

Guth bottles

Acetone 1

Spare 1

Water 1

Kimwipes 2 boxes

Knife

Labels 10
-

Marking pens (sharp, water resistant) 1

Parafilm, box 1

Pipe cleaners 6

Rubberbands 10

Pencils

Grease 4

Regular 6

Petri dishes, 3 in. 4-5
-

Pipette bulbs

Pipettes, 5 ml

10 ml

25 m1

Policemen, Teflon 1

Scissors 1

Screwdriver

Phillips 1

Regular 1

stopcock grease, tube 1

Tape

Duct 1

High temp 1

Label

(continued)
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1

Figure 3.2 (continued)

Ouantitv
Standard Additiona

Tape measure, 8 ft 1

Thermometer, mercury, 6 in. pocket 1

Thimble gaskets

Filter

Holder

Tubing

Rubber, assorted sizes, 3 ft Assorted

Tygon, assorted sizes, 3 ft Assorted

Tweezers 2

Wrenches

Adjustable 2

Pipe
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(nonuniform or insufficient pumping action). Check oiler jars,

if used, every 10 tests.

3.1.5 Dry Gas Meter - A dry gas meter calibration check should

be made using the procedure in Section 3.4.2.

3.1.6 Silica Gel - Either dry the used silica gel at 175°C

(350°F) or use fresh silica gel and weigh several 200- to 300-g

portions in airtight containers to the nearest 0.5 g. Record the

total weight (silica gel plus container) for each container. The

silica gel does not have to be weighed if the moisture content is

not to be determined.

3.1.7 Thermometers - The thermometers should be compared to the

mercury -in -glass reference thermometer at ambient temperature.

3.1.8 Barometer - The field barometer should be compared with

the mercury -in -glass barometer or the weather station reading,

after making an elevation correction, prior to each field trip.

3.2 Reagents and Equipment

3.2.1 Sampling

Filters - Check the filters visually against light for

irregularities, flaws, and pinhole leaks. Either label the

fil ters on the backside near the edge using numbering machine

ink, or label the petri dishes and keep the filters in their

respective dishes except during actual sampling and weighing.

Dessicate the filters at 20° ±5.6°C (68° ±lOOF) and at

ambient pressure for at least 24 h, and then weigh at 6-h in

tervals until weight changes of <0.5 mg from the previous

weighings are achieved. During each weighing, the filter must

not be exposed to the laboratory atmosphere for >2 min or to a

relative humidity of >50%. An alternative procedure 1S oven

drying the filters at 105°C (220 OF) for 2 to 3 h followed by

desiccation for 2 h and by weighing to a constant weight, as

described above. A 0.5-g Class-S standard weight (Class-S

weight within 1 g of the filter weight) should be placed on the

analytical balance prior to each series of weighings. Either

the balance should agree within ~0.5 mg of the Class-S weight(s)
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or the balance should be corrected. A data form should be kept
with the balance at all times for recording the dates and accept
abilities of the balance checks. Record the final weight to the

nearest 0.1 mg.
Water - 100 ml of deionized distilled water is needed for

each of the first two impingers.
Ice - Crushed ice is needed to keep the gas that exits into

the last impinger below 21°C (70°F).
stopcock grease - Silicone grease that is acetone insoluble

and heat stable may be used sparingly at each connection point of
the sampling train to prevent gas leaks. This is not necessary

if screw-on connectors with Teflon (or similar) sleeves are used.
Acetone recovery - Acetone will be required on site for

rinsing the probe and the glassware that is upstream from the
filter holder. Deionized distilled water will be required if the
impinger solutions are to be recovered for analysis.
3.3 Equipment Packing

The accessibility, condition, and functioning of measurement
devices in the field depend on careful packing and on the careful
movement on site. Equipment should be packed to withstand severe
treatment during shipping and field handling operations. One
major consideration in shipping cases is the construction mate
rials. The following containers are suggested, but are not
mandatory.

3.3.1 Probe - Seal the inlet and outlet of the probe to protect
the probe from breakage. Then pack the probe inside the con
tainer lined with polyethylene or other suitable material. An
ideal container is a wooden case (or the equivalent) lined with
foam material with separate compartments to hold the individual
probes. The case should have handles or eye-hooks that can with
stand hoisting and that will be rigid enough to prevent bending
or twisting during shipping and handling.
3.3.2 Impingers, Connectors, and Assorted Glassware All
impingers and glassware should be packed in rigid containers
and protected by polyethylene or other suitable material.
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Individual compartments for glassware will help to organize and

protect each piece.

3.3.3 Volumetric Glassware - A sturdy case lined with foam

material can contain drying tubes and assorted volumetric glass

ware.

3.3.4 Meter Box - The meter box--which contains the manometers,

orifice meter, vacuum gauge, pump, dry gas meter, and thermom

eters--should be packed in a shipping container unless its

housing 1S sufficient to protect components during travel.

Additional pump oil should be packed if oil is required. It is

advisable to carry a spare meter box in case of failure.

3.3.5 Wash Bottles and Storage containers - Storage containers

and miscellaneous glassware should be packed in a rigid foam

lined container.
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Table 3.1 ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS

Apparatus

Probe

Acceptance limits

1. Probe 1i ner free of
contaminants and con
structed of borosili
cate glass, quartz, or
equivalent; metal liner
must be approved by
by administrator

Frequency and method
of measurements

1. Cl ean probe i n
ternally by brushing
with tap water, de
ionized distilled wa
ter, and acetone; air
dry before test

Action if
requirements
are not met

1. Repeat c1ean
ing and assembly
procedures

2. Probe leak free
at 380 mm (15 in.) Hg

2. Visually check be- 2. Replace
fore test

Impingers,
filter
holders, and
glass con
tainers

Pump

Dry gas meter

Reagents and
Equipment

Samp1i ng fil
ters

(continued)

3. Probe heating
system prevents mois
ture condensation

Clean and free of
breaks, cracks, leaks,
etc.

Sampli~g rate of 0.02
0.03 m3/min (0.66 to
1.0 ft Imin) up to 380
mm (15 in.) Hg at pump
inlet

Clean and readings
within ±2% of average
calibration factor

Free of irregularities,
flaws, pinhole leaks;
desiccate 24 h at 20°
±5.6°C (68° ± 10°F),
or oven dry at 105°C
(220°F) 2 to 3 h;
constant weight ±O.l mg

3. Check heating
system initially and
when moisture cannot
be prevented during
testing (Sec 3.4.1)

Clean with detergent,
tap water, and
deionized distilled
water

Service every 3 mo
or upon erratic be
havior; check
oiler jars every 10
tests

Calibrate according
to Sec 3.4.2; check
for excess oil

Visually check prior
to testing; weigh on
balance to 0.1 mg
prior to field use

3. Repair or re
place

Repair or discard

Repair or return
to manufacturer

As above

Replace
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Action if
Frequency and method requirements

Apparatus Acceptance limits of measurements are not met

Water Deionized distilled Run blank evapora- Redistill or re-
conforming to tions prior to field place
ASTH-D1l93-74, Type 3 use to eliminate high

solids (only required
if impinger contents
to be analyzed)

Stopcock grease Acetone insoluble, Check label data upon Replace
heat stable silicone receipt
grease

Sample recovery Reagent grade, <0.001% Run blank evapora- Replace or return
acetone residue, in glass tions upon receipt to supplier

bottles

Packing Equip-
ment for
Shipment

Probe Rigid container pro- Prior to each ship- Repack
tected by polyeth- ment
ylene foam

Impingers, con- Rigid container pro- As above As above
tainers, and tected by polyeth-
assorted ylene foam
glassware

Pump Sturdy case lined with As above As above
polyethylene foam ma-
terial if not part of
meter box

Meter box Meter box case and/or As above As above
additional material to
protect train compon-
ents; pack spare meter
box

Wash bottles Rigid foam-lined con- As above As above
and storage tainer
containers
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4.0 ON-SITE MEASUREMENTS

The on-site activities include transporting equipment to the

test site, unpacking and assembling the equipment, making duct

measurements, performing the velocity traverse, determining

molecular weights and stack gas moisture contents, sampling for

particulates, and recording the data. Table 4.1 at the end of

this section summarizes the quality assurance activities for on

site activities. Blank data forms are in section 3.4.12 for the

convenience of the Handbook user.

4.1 Handling of Equipment

The most efficient means of transporting or moving the

equipment from ground level to the sampling site should be de

cided during the preliminary site visit (or prior correspon

dence). Care should be exercised to prevent damage to the test

equipment or injury to test personnel during the moving phase. A

1I1 aboratory ll area should be designated for assembling the sam

pling train, placing the filter in the filter holder, charging

the impingers, recovering the sample, and documenting the re

suIts; this area should be clean and free of excessive drafts.

4.2 Sampling

The on-site sampling includes preliminary measurements and

setup, placing the filter in the filter holder, setting up the

sampling train, preparing the probe, checking for leaks along the

entire train, inserting the probe into the stack, sealing the

port, checking the temperature of the probe, sampling at desig

nated points, and recording the data. A final leak check must

always be performed upon completion of the sampling.

4.2.1 Preliminary Measurements and Setup - The sampling site

should be selected in accordance with Method 1. I f this is

impossible due to duct configuration or other reasons, the site

should be approved by the administrator. A lIS-V, 30-A electri

cal supply is necessary to operate the standard sampling train.
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Ei ther measure the stack and determine the minimum number of
traverse points by Method 1, or check the traverse points deter
mined during the preliminary site visit (Section 3.0). Record
all data on the traverse point location form shown in Method 1.
These measurements will be used to locate the pitot tube and the
sampling probe during preliminary measurements and actual sam
pling.

4.2.2 Stack Parameters - Check the sampling site for cylonic or
nonparallel flow as described in Method 1 (Section 3.0). The
sampling site must be acceptable before a valid sample can be
taken. Determine the stack pressure, temperature, and the range
of velocity heads encountered (Method 2). Determine the moisture
content using the approximation Method 4 or its alternatives for
the purpose of setting the isokinetic sampling rate. I f the
particular source has been tested before or if a good estimate of
the moisture is available, this should be sufficient. The Refer
ence Method (Section 3.4.10) uses the condensate collected during
sampling to determine the moisture content used in final calcu
lations. If the stack is saturated with moisture or has water
droplets, the moisture content must also be determined by partial
pressure with the use of a more accurate stack gas temperature
sensor (Method 4).

Determine the dry molecular weight of the stack gas, as
required in Method 2. If an integrated gas sample is required,
follow Method 3 procedures and take the gas sample simultaneously
wi th and for the same total length of time as the particulate

run. The sampling and the analytical data forms for molecular
weight determinations are in Method 3.

Using the stack parameters obtained by these preliminary
measurements, the user can set up the nomograph as outlined ln
APTD-0576. 4 An example nomograph data form is Figure 4.1.

Select a nozzle size based on the range of velocity heads,
so that it is not necessary to change the size to maintain isoki
netic sampling rates during the run. Install the selected nozzle
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Plant _~~....:..~_--=....:':.....--~~~:::.--~&~-=--._
7-/;1-77

Sampling location
----<--..:.-~~_........-=-------

Calibrated pressure differential across
orifice, in. H20

Average meter temperature (ambient + 20°F),

Percent moisture in gas stream by volume, %

Barometric pressure at meter, in. Hg
•

Static pressure in stack, in. Hg
(Pm±O.073 x stack gauge pressure, in. H20)

Ratio of static pressure to meter pressure

Average stack temperature, OF

Average velocity head, in. H20

Maximum velocity head, in. H20

C factor

Calculated nozzle diameter, in.

Actual nozzle diameter, in.

Reference ~p, in. H20

~H@ /. 9/
OF t m RDavg

Bwo o. ()~

Pm
d9.J./!

Ps -f).GI
P

SIP Jm
t s 51JDavg

~Pavg o· }
~Pmax 0. 3

1.0

0·3&5'
().375'
· )'1r

Figure 4.1 Nomograph data form (English units).
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using a vi tron A a-ring when either glass or stainless steel
liners are used. The tester may opt to install the nozzle on a
stainless steel liner by a leak-free mechanical connection (see
APTD-0576 for details4 ). Other connecting systems such as Teflon
ferrules may be used. Mark the probe with heat resistant tape or
by some other acceptable method to denote the proper distance
into the stack or duct for each sampling point.

Select a total sampling time greater than or equal to the
minimum total sampling time specified in the test procedures for
the specific industry so that:

1. The sampling time per point 1S ~2 mln (greater time
interval may be specified by the administrator).

2. The sample volume corrected to standard conditions
exceeds the required minimum total gas sample volume.
The latter can be based on an approximate average sampling rate.
It is recommended that the number of minutes sampled at each
point be either an integer or an integer plus one-half minute to
avoid timekeeping errors. In some circumstances (e. g., batch
cycles), it may be necessary to sample for shorter times at the
traverse points and t6 obtain smaller gas sample volumes. In
these cases, the administrator's approval must be obtained first.
4.2.3 Sampling Train Preparation - During preparation of the
sampling train, keep all openings where contamination can occur
covered until just prior to assembly or until sampling commences.

Place 100 ml of distilled water (a graduated cylinder may be
used) in each of the first two impingers; leave the third im

pinger empty; and place ~200-300 g of preweighed silica gel in
the fourth impinger. Record the weight of the silica gel and the
container on the appropriate data form. Place the empty con
tainer in a safe place for use later in the sample recovery. If
moisture content is to be determined by impinger analysis, weigh
each of the first three impingers to the nearest 0.5 g, and re
cord these weights.
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Using a tweezer or clean disposable surgical gloves, place a
filter in the filter holder. Be sure that the filter is properly
centered and that the gasket is properly placed to prevent the
sample gas stream from circumventing the filter. Check the
filter for tears after the assembly is completed.
4.2.4 Sampling Train Assemblage - Assemble the train as shown in
Figure 1.1, using (if necessary) a very light coat of silicone
grease only on the outside of all ground-glass joints to avoid
contamination. Place crushed ice and water around the impingers.

I f not already an integral part of the probe assembly, a
temperature sensor should be attached to the metal sheath of the
sampling probe so that the sensor extends beyond the probe tip
and does not touch any metal. Its position should be about 1.9
to 2.54 cm (0.75 to 1 in.) from the pitot tube and the nozzle to
avoid interference with the gas flow. Al ternative arrangements
are shown in Method 2.

4.2.5 Sampling Train Leak Checks - Leak checks are necessary to
assure that the sample has not been biased low by dilution air.
The Reference Method (Section 3.4.10) specifies that leak checks
be performed at certain times as discussed below.

Pretest - A pretest leak check is recommended, but not re
quired. If the tester opts to conduct the pretest leak check,
the following procedure should be used:

After the sampling train has been assembled, set the filter
heating system at the desired operating temperature. Allow time
for the temperature to stabilize. If a vitron A a-ring or other
leak-free gasket is used in connecting the probe nozzle to the
probe liner, leak check the train at the sampling site by plug
ging the nozzle and pulling a 380 mm (15 in.) Hg vacuum.
Note: A lower vacuum may be used if it is not exceeded during
the test.

If an asbestos string 1S used for the probe gasket, do not
connect the probe to the train during the leak check. Instead,
leak check the train by first plugging the inlet to the filter
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holder and pulling a 380 mm (15 in.) Hg vacuum (see previous
note) . Then connect the probe to the train and leak check at
about 25 rom (1 in.) Hg vacuum; alternatively, the probe may be

leak checked with the rest of the sampling train in one step at a
380 mm (15 in.) Hg vacuum. Leakage rates >4% of the average
sampling rate or 0.00057 m3/min (0.02 ft3/min), whichever is
less, are unacceptable.

The following leak-check instructions for the sampling train
are taken from APTD -05813 and APTD -0576. 4 Start the pump with
the bypass valve fully open and the coarse adjust valve closed.
Open the coarse adjust valve and then slowly close the bypass
valve until the desired vacuum is reached. Do not reverse the- --
direction of the bypass valve; this will cause distilled water to
back up from the impingers into the filter holder. I f the de
sired vacuum is exceeded, either leak check at this higher vacuum
or end the leak check as described below and start over.

When the leak check is complete, first slowly remove the
plug from the inlet to the probe or the filter holder and then
close the coarse adjust valve and immediately turn off the vacuum
pump. (This prevents the water in the impingers from being
forced back into the filter holder and prevents the silica gel
from being forced back into the third impinger.) Visually check
to be sure water did not contact the filter and that the filter
has no tears before beginning the test.

During the Sampling - If a component (e.g., filter assembly
or impinger) change is necessary during the sampling run, a leak

check should be conducted before the change. The leak check
should be done according to the procedure outlined above, except
that it should be at a vacuum equal to or greater than the maxi
mum value recorded up to that point in the test. If the leakage
rate 1S <0.00057 m3/min (0.02 ft3/min) or 4% of the average
sampling rate (whichever is less), the results are acceptable,
and no correction need be applied to the total volume of dry gas
metered. If, however, a higher leakage rate is obtained, the



section No. 3.4.4
Revision No. 0
Date January 15, 1980
Page 7 of 19

tester either should record the leakage rate and plan to correct
the sample volume as shown in section 6.3 (b) of the Reference
Method (Section 3.4.10), or should void the sampling run. Note:
Be sure to record the dry gas meter reading before and after each
leak check performed during and after each test run so that the
sample volume can be corrected.

Posttest - A leak check 1S mandatory at the conclusion of
each sampling run. The leak check should be in accordance with
the procedures 1n this section and at a vacuum equal to or
greater than the maximum value reached during the sampling run.
If the leakage rate is ~0.00057 m3/min (0.02 ft3/min) or 4% of
the average sampling rate (whichever is less), the results are
acceptable, and no correction need be applied to the total volume
of dry gas metered. If, however, a higher leakage rate is ob
tained, the tester either should record the leakage rate and
correct the sample volume as shown in section 6.3(a) or 6.3(b) of
the Reference Method (Section 3.4.10), or should void the sample
run. Note: Be sure to record the dry gas meter reading before
and after performing the leak check so that the sample volume can
be corrected.
4.2.6 Sampling Train Operation - Just prior to sampling, clean
the portholes to minimize the chance of sampling deposited mate
rial. Verify that the probe and the filter heating systems are
up to the desired temperatures and that the pitot tube and the
nozzle are located properly. Follow the procedure below for

1. Record the initial dry gas meter readings, barometric
pressure, and other data as indicated in Figure 4.2.

2. Position the tip of the probe at the first sampling
point with the nozzle tip pointing directly into the gas stream.
When in position, block off the open area around the probe and
the porthole to prevent flow disturbances and unrepresentative
dilution of the gas stream.



Shee t I 0 f _---'/,---- _
Nozzle identification number~
Nozzle diameter 0,S080 p (in.)
Thermometer number ~C~Ij+-~6.L-_,----~
Final leak ratec.OOI m /min (dm)
Vacuum during leak check ..3.0
_-,----__--,,-- ---""~ -¥(1-"-'".n"-.~)-H-g
Filter number 100217-Rema rks --L.--Jo"'-J.L.""'--'---J.- _

Meter calibration (Y) -+/~.~O~/~3~ ___
Pitot tube (C ) --",OJ..-'!L8

4
1- _

Probe length _P...LluO'-----L8.LT _

Probe liner material ~~~~~,~~~6~kk_ __
Probe heater setting ~(h),~:lc_ ___

Ambient temperature ~4f~2~ ~_~__
Barometric pressure (Pb ) z,9,23 JIlHI'" (in.) Hg
Assumed moisture ~86drm- ~-~.

Static pressure (P) --0,6 JlllIT" (in.) H
2
0

C Factor~ ---;..,---,-__
Reference MJ () 2~5 ..JIHfl'" (in) H 0L,VT VeL,... J."J 2

Pressure
differ-
ential Temperature

Stack Velocity across Gas sample temp- of gas
tempera- head orifice erature at dry leaving

Traverse Sampling Clock Vacuum, ture (~P ), meter (MI), Gas sample gas meter condenser or Filter
point time, time, (T ),

s
7Ce ~V ), Inlet, Outlet, las~imPinger, ~~P'mm JDIlV' ~

number (El), min (24 h) --firr:1' Hg %,(i!iF) (~.) H~O (in.) H~O (ft )m 3e"(0F) X(°F) ° (oF) ° (oF)

."irA.RT 0 I ~ =f-;? - -- ---- ----- l,q / .;z.,'B - - -- -
N'-/ .'J / /) ~()q /),37 Q .~ I fJ") .7Q2. 4:<) 4fJ 4-7 2J</J

~ /0 / /) ~ 1/. 0,35 P-? 1/30 ..:tM ~:f 1-6 4f? 2,,9')
3 /5 /' /') "2.,/4 0,36 p 'J ") /9.3. 7'7~ 591 4-1 +6 ?50
4- 2.IJ 2. 0 3/ / (),36 :/. ? .."l / CJ 1- ./3,?:5 roo 413 4<1 2j:,()

.5 '75 '7. "'i (jl5 0,40 :;75 2,rJ2, f?.5R 6f 49 .~ ?'7fJ

6 30 14a? :? IJ JL.3 O,CR :/4- 2/Jh . f6q 61 5() .~/) 2/:f/J
£-1 .~ /4-LJ.// '75 3/1 0.43 ?-:7- 2 1/ ,1M rn2. 50 ."f/ t-Ot::1~(fl

P5 314 a43 ? 7- 2,/4-.848 /?2 .1)/ 51
Pi PJ (1) (1)

2- 40 IQ rt <: ()
3 4:5 ? .~ 313 0,4-{) ? -5 Z/q .08."5 6/ S/ 5/

(1) (1) 1-'. rt
til 1-"

+ 50 :? .<i 313 0. ,3"5 '? 7. 2.'73. J4-Z 6/ ,0[ / .')()
OJ Y 1-'·0

PJ 0 :::l

5 '15 ? '1 3/7. o,zq J .R 22, (;, 7113 6Z, ."'l/J ...5/
o :::l :::l
H1 ~ Z

6 ~f) 14-4-..5 :J. f') J/I 0.28 1,7 Z30.3RfJ 6Z ",I 5:2-
PJzo

I-'HO'

Total 60 Max2.S Avg3/Z.3 TotalAB,b'fr Avg59 Avg-*1 Max S,Z...
<.0>..0:::'

w
I-' 0 •
VI ~

Sample box number ~ALl- _
Me te r box numbe r .4-E-<8.L--L.-/ _
Meter MI@ / f31-

Plant ACHE POWER ?L!fNT

City HE9AWA7T. ott
Location UW/~ ourhCT
Operator H /f£ADt<
Date z- 3/-?-8
Run number --,,-t1+Le--,,-p=--..,.-I,-~ _
Stack diam, pc( (in. )-+./--",0,-",:2-=-__

Figure 4.2 Particulate field data form.
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3. Turn on the pump and immediately adjust the sample flow

to attain isokinetic conditions. Nomographs, calculator pro

grams, and routines are available to aid in the rapid determina

tion of the orifice pressure drop corresponding to the isokinetic

sampling rate. If the nomograph is designed as shown 1n

APTD-0576,4 it can be used only with an Type S pitot tube which

has a Cp coefficient of 0.85 ± 0.02 and when the stack gas dry

molecular weight (Ms ) 1S 29 ± 4. If Cp and Ms are outside these

ranges, do not use the nomograph without compensating for the

differences. Recalibrate isokinetic rate or reset nomograph if

the absolute stack temperature (Ts ) changes more than 10%.

4. Take other readings required by Figure 4.2 at least

once at each sampling point during each time increment.

5. Record the dry gas meter readings at the end of each

time increment.

6. Repeat steps 3 through 5 for each sampling point.

7. Turn off the pump, remove the probe from the stack, and

record the final readings after each traverse.

8. Conduct the mandatory posttest leak check (Subsec

tion 4.2.5) at the conclusion of the last traverse. Record any

leakage rate. Also, leak check the pitot lines (Method 2, Sec

tion 2.1); the lines must pass this leak check to validate the

velocity pressure data.

9. Disconnect the probe, and then cap the nozzle and the

end of the probe with polyethylene or equivalent caps.

During the test run, a sampling rate of ±10% of the isoki

netic rate must be maintained unless otherwise specified by the

administrator. The sampling rate must be adjusted at any sam

pling point if a 20% variation in velocity pressure occurs.

Periodically during the test, observe the connecting glass

ware--from the probe, through the filter, to the first impinger-

for water condensation. I f any is evident, adjust the probe

and/or filter heater setting upward until the condensation is

eliminated; add ice around the impingers to maintain the silica

gel exit temperature at 20°C (68°F).
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zero should also be checked periodi

Vibrations and temperature fluctua

zero to shift.

4.3 Sample Recovery

The Reference Method (Section 3.4.10) requires that the

sample be recovered from the probe, from all glassware preceding

the filter, from the front half of the filter holder, and from

the filter in an area sheltered from wind and dust to prevent

contamination of the sample. The capped-off impinger box and

the capped sampling probe can be transported to the cleanup area

without risk of losing or contaminating the sample.

4.3.1 Filter - Initially take three unused filters for each

field test series and label them as filter blanks. (These three

should have been tared when the sample filters were tared, since

they are used as the control samples for the check on the analyt

ical balance.) The filter used for the sample run should be

recovered. Using a pair of tweezers and/or clean disposable

surgical type gloves, carefully remove the filter from the filter

holder, and place it in its designated petri dish. Any filter

fibers or particulates which adhere to the filter gasket should

be removed with a nylon bristle brush or a sharp blade and placed

in the container, which should then be closed, sealed, and

labeled.

4.3.2 Probe and Connecting Glassware - Initially, put a minimum

of 200 ml of the acetone used for sample recovery in ."l cam:,' r>

bottle, mark the liquid level, seal, and label the bottle

(Figure 4.3). Then enter the bottle number on the sample re

covery and integrity form (Figure 4.4). A single sample bottle

is usually adequate for the collection of all the rinses; it

should be labeled and recorded in the same manner as the blank

sample.

Clean the outside of the probe, the pitot tube, and the

nozzle to prevent particulates from being brushed into the

sample bottle. Carefully remove the probe nozzle, and rlnse the
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Plant Acme f:>ower 1>laflff" city GreeN+QWNJ lAJ/~cQNsiN

site :Boi ler 0 u:t/ef Sample type Ace-foNe R/NSe.

Date Run number flPP-1

Front rinse~

Back rinse 0

Front filterD

Back filter 0

Front solution 0

Back solution 0

Solution RCeToNe

Volume: lnitial /00 m/

Clean up by T. Clcuk

Level marked

Final

!jes

/00 rol

Figure 4.3. Example of a sample label.

inside surface (using a nylon bristle brush and several acetone

rinses) into the sample bottle until no particles are visible in

the rinse. Clean the swagelok fitting by the same procedure.

The following probe rinsing procedure should be performed by

two people to preclude sample loss.

1. Rinse the probe liner by tilting and rotating the probe

while squirting acetone into the upper (or nozzle) end to assure

complete wetting of the inside surface.

2. Allow the acetone to drain into the sample bottle using

a funnel to prevent spillage.

3. Hold the probe in an inclined position and squirt

acetone into the upper end while pushing the probe brush through

the liner with a twisting motion, and catch the drainage in the

sample bottle. Repeat the brushing procedure three or more times

(six or more when metal probe liners are used) until no particles

are visible in the drainage or until a visual inspection of the

liner reveals none remaining inside.

4. Rinse the liner once more.
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Sample date 7-.:l! -27
Run number 8~fJ-I

Recovery date 7--:<cf-79

Plant IlC4J £ &W~/l jJ",APT

Sample location /J()ilEte / ()HTt.£;

Sample recovery person r e.-L.I9Je./C
Filter (s) number --=:.:l~3>£.......:o:......::..()~7 _

MOISTURE
Impingers Silica gel
Final volume (wt) ~2S ml (g) Final wt .;J../o 9 9
Initial volume (wt) .;J.(Jt> ml (g) Initial wt ,iloo 9 9
Net volume (wt) 26- ml (g) Net wt ItJ 9 9

Total moisture as 9
Color of silica gel y~ ¥E/Vi
Description of impinger water Sli,AtIy C;dUd~

RECOVERED SAMPLE
Blank filter container number
Filter container number
Description of particulate on

;;. 300 () Sealed? 0/£ .5"

;1.3 ad 7 c. Sealed? ,/£.5

filter .LI'AI ,,,e£~

Liquid level
marked?
Liquid level
marked?

&L ESSamples stored and locked?
Remarks

Acetone rinse
container number
Acetone blank
container number

---~~;....:::...-=-----

Date of laboratory custody ~7_=2~1~-~7~9 _
Laboratory personnel taking custody r WA'If/£'4.
Remarks

Figure 4.4 Sample recovery and integrity data form.
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5. Rinse the brush to collect any particulates which may

be retained within the bristles.

6. Wipe all the connecting joints clean of silicone

grease, and clean the inside of the front half of the filter

holder by rubbing the surface with a nylon bristle brush and

rinsing it with acetone. Repeat the procedure at least three

times or until no particles are evident in the rinse.

7. Make a final rinse of the filter holder and brush.

8. Clean any connecting glassware which precedes the

filter holder, using step 6.

After all the rinsings have been collected, tighten the lid

on the sample bottle securely. As a precaution in case of leak

age, mark the acetone level on the bottle, and note it on the

sample recovery form (Figure 4.4).

4.3.3 Impinger Water - Make a notation on the sample recovery

form (Figure 4.4) of any color or film in the impinger water.

Determine the liquid quantity in the impingers either by mea

suring the volume to the nearest I ml with a graduated cylinder

or by weighing it to the nearest 0.5 g with a balance. Record

the data appropriately on the same sample recovery form. If a

different type of condenser is used, determine the liquid catch

gravimetrically or volumetrically employing a suitable procedure.

After determining the liquid gain, discard the water unless

it is to be further analyzed. In this case, follow the sample

recovery procedures recommended by the control agency requiring

the analysis.

4.3.4 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 on Figure 4.4.

1. Transfer the silica gel from the fourth impinger to its

original container using a funnel and a rubber policeman, and

seal the container. It is not necessary to remove the small

amount of dust particles that may adhere to the impinger wall;

since the weight gain is used for moisture calculations, do not

use water or other liquids to transfer the silica gel.
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2. Determine the final weight gain to the nearest 0.5 g,

if a balance is available.

4.4 Sample Logistics (Data) and Packing of Equipment

Follow the above procedures until the required number of

runs are completed. Log all data on the sample recovery form

(Figure 4.4). If the probe and glassware (impinger, filter

holder, and connectors) are to be used in the next test, rinse

all with distilled deionized water and then acetone. The follow

ing are recommended after the test.

1. Check all sample containers for proper labeling (time,

date, and location of tests, number of tests, and any other

pertinent data). Be sure a blank has been taken and labeled.

2. Record all data taken during the field test in dupli

cate by using either carbon paper or data forms and a field

laboratory notebook. Avoid the use of water soluble pens. One

set of data should be mailed to the base laboratory, given to

another team member, or given to the agency; the other set should

be handcarried. Duplication can prevent costly embarrassing mis

takes.

3. Examine all sample and blank containers and sampling

equipment for damage and for proper packing for shipment to the

base laboratory. Label all shipping containers to prevent loss

of samples or equipment.

4. A quick check of sampling and sample recovery proce

dures can be made using the on-site checklist, Figure 4.5.
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Apparatus

other

glass
size

other

quartz

sfd.

Probe nozzle: stainless steel
Button-hook ~ elbow
Clean?

Probe liner: borosilicate
Clean?
Heating system*
Checked?

pitot tube: Type S _~V"~---=-;-- _
Properly attached to probe?*
Modifications
pitot tube coefficient

Differential pressure gauge: two inclined manometers ~

other sens i tivity 0.01 0 if.( I
Filter holder: borosilicate glass v' glass fr1t

filter support silicone gasket other
Clean? /'

-~--:------,:---;---.----------,---..,...---------------Condenser: number of impingers
Clean? v"
Contents-:~-=-1-S-:-t-/D-()-",,-/""""""H""".a-:O"--2=-n-d-=--t-t)-o-m--'-J.....,Jf..~-:::O,....--,:3,...r-d=--------:::4-:-t.....h-S-i~1 ,-c-,-g-e---;"'"/
Cooling system ice Iwaiec .
Proper connections? --IC'-- _
Modi fications _...J(l/r.L4.bLJ.Ii~ _

Barometer: mercury aneroid V" other
Gas density determination: temperature sensor type +hecmoeQ~~

pressure gauge 010 iN. - U- tube maNometer
temperature sensor properly attached to probe?* ~-""--------

Procedure

;·.ecent calibration: pitot tubes* V/. rI/meNs/DNil/ eheek..
meter box* ~ thermomete?sjthermocouples* ~

Filters checked visually for irregularities?* ~y~e~s~ __
Filters properly labeled?* -:---:-=,........,y.~eoollls~ _
·ampling site properly selected? -~f:J'f.Jes~--------------

Nozzle size properly selected?* _~~~e~s~ _
Selection of sampling time? ~es
All openings to sampling trai-n'~~i~u~g-g-e-d'-7t-o-p-r-e-v-e-n-t~-p-r-e~t-e-s"""t,.--c-o-n----

t<;1mination? --:;"~~l-=e::.>:\S~---,;-:;----:::-::::- _

Imp1ngers properly assembled? ~e~es~-----------------
Filter properly centered? ~s
Pitot tube lines checked fo-r~P1~u·g-g-1~in-g--O-r~l-e-a·k-s"""?=-.*~---~-es--------

Meter box leveled? ~es Periodically? --;:::t1p:e.~~,,-- _
Manometers zeroed? __~~~e~s _

Figure 4.5 On-site measurements.

(continued)
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Figure 4.5 (continued)

Velocity pressure and orifice pressure readings recorded
accurately?* Ves

Pos t tes t 1eak ch-e-c-:f-k~p:::::e-r-f-;:o-r-m--e-:;d;::?:-.*,------r:f{re-s----------('m-a-n-d""-a'7"t-o-r-y--)

Leakage rate ". ()I@ in. Hg __J.,I-",S"~/I'I~·.c----;---.;-__--:;--_

Orsat analysis Yes from stack integrated v
Fyrite combustion analysis sample location _
Bag system leakchecked?* Yes
If data forms cannot be co-p~iue~d~,-r-e-c-o-r-:;d':----------------

approximate stack temp :317 0 F volume metered ~ I it 3
% isokinetic calculated at end of each run __~q~9~2~oo....- _

~H@ from most recent calibration /.90Nomograph setup properly? Ves __L-:-..L::::- _

Care taken to avoid scraping nipple or stack wall?* ~es

Effective seal around probe when in-stack? ~~~e~s~ _
Probe moved at proper time? res
Nozzle and pitot tube paralle·l~t~o~s-t~a-c-.k--w-a'l'l--a-t~a-,l~l~t~i-m-e-s~?~.*~~~~e's-

Fi1ter changed during run? ---110'+-"'00....- _

Any particulate lost? ~---~IY~oo....-~----~~~--_.~----___
Data forms complete and data properly recorded?* tes
Nomograph setting changed when stack temp changed -s~i-g~n~i~f~l~·c-a-n~t'l-y~?~

Yes

SAMPLE RECOVERY

Brushes: nylon bristle ~es other
Clean? _-J.y~e~s~---.........------------------------Wash bottles: glass __--'~ue""",sW_.. _
Clean? --;"_~t.,le"'-'s..L---.,_-----,....."...,--;---_:;_--_;_;_---___:;:;_-----

Storage contalners: borosilicate glass Yes other
C1e an? res Leakfree? __.....S1we...,s.......-_-:-:;::;::-:-::-:- _

Petri dishes: glass Yes polyethylene other
Clean? lies

Graduated -c-y.;,l..:;:i~n~d:;-e-r-/'o-r-·b-a'l-a-n-c-e-:--s-u'b-:d"i-v-,i.-s-l....' o-n-s---:<-;:;2:--m--:;1;-:?:;-:*:;:---~r:iJes-----

other
Balance : type ---:--L-4-rJ...!:'·~)~~b~e:5i}-!-!..l;-T""""""';-;-=----;-r----------

Plastic storage containers: airtlght?
Clean? l(es

Probe allo-w-e--'::d~t-o-c-o-o-:;"l-s-u--;:f:-::f;-ri-c-ri-e-n-:-t'l-y-::?:-----ry'e-s-(7a-S-m-i-fV')-------

Cap placed over nozzle tip to prevent loss of particulate?*
ties

(continued)
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Figure 4.5 (continued)

other

Yes

Filter handling: tweezers used?
surgical gloves?
Any particulate spilled?* ND

Water di s ti11ed? _---ftf...",e.....s"'---.--_-:;---;--c:;--=--_-....-- _
stopcock grease: acetone-insoluble? Yes

heat-stable silicone? other
Probe handling: acetone rinse

distilled water rinse
Particulate recovery from: probe nozzle ~~Z~e~s~ ~~ _

probe fitting probe liner SoJes
front half of filter holder ~wew,~s~~_.__~:;--~-~--~~----

Blank: acetone ~~~e~s~__~~_~~ distilled water Yes
Any visible particles on filter holder inside probe?:* Ala

All jars adequately labeled? Yes Sealed tightly? ~~~esw- __
Liquid level marked on jars?* __~Y,we~s _
Locked up? ~...JLr!~e"'-'s~_:::_::~_:__---.--=-----o::---_.,...-_.,...--_:__-_:___:__-_.__----:-

Acetone reagent: <0.001% residue? will be c hcc:.ked at lab duriN$\ aNa I5&,S;,s.
glass bottles Yes (reqUiredr
acetone blanks? _~.!...:e=:::s~ __

*Most significant items/parameters to be checked.
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Table 4.1 ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS

Apparatus

Sampling

Filter

Condenser
(addition of
reagents)

Acceptance limits

Centered in holder; no
breaks, damage, or con
tamination during load
ing

100 ml of distilled
water in first two
impingers; 200-300 g of
silica gel in fourth
impinger

Frequency and method
of measurements

Use tweezers or surg
ical gloves to load

Use graduated cylinder
to add water, or weigh
each impinger and its
contents to the near
est 0.5 g

Action if
requirements
are not met

Discard filter,
and reload

Reassemble system

Assembling
sampling
train

1. Assembly specifica
tions in Fig 1.1

1. Before each sam
pling run

1. Reassemble

Sampling
(isokineti
cally)

2. Leak 3ate <4% or
0.g0057 m /min (0.02
ft /min), whichever is
less

1. Within ±10% of
isokinetic condition

2. Leak check before
sampling by plugging
the nozzle or inlet
to first impinger and
by pulling a vacuum of
380 rom (15 in.) Hg

1. Calculate for
each sample run

2. Correct the
leak

1. Repeat the
test run

2. Standard checked
for minimum sampling
time and volume; sam
pling time/point ~2 min

2. Make a quick cal- 2.
culation before test,
and exact calculation
after

As above

(continued)

3. Minimum number of
points specified by
Method 1

4. Leakag3 rate
~0300057 m /min (0.02
ft /min) or 4% of the
average sampling vol
ume, whichever is less

3. Check before the
first test run by mea
suring duct and using
Method 1

4. Leak check after
each test run or be-"
fore equipment re
placement during test
at the maximum vacuum
during the test (man
datory)

3. Repeat the
procedure to com
ply with specifi
cations of Method 1

4. Correct the
sample volume, or
repeat the sam
pling
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Table 4.1 (continued)

Apparatus Acceptance limits

Sample recovery Noncontaminated sample

Frequency and method
of measurements

Transfer sample to
labeled polyethylene
containers after
each test run; mark
level of solution in
the container

Action if
requirements
are not met

Repeat the
sampling

Sample
logistics,
data collec
tion, and
packing of
equipment

1. All data recorded
correctly

1. After completion
of each test and be
fore packing

1. Complete data

2. All equipment exam- 2. As above
ined for damage and
labeled for shipment

2. Repeat the
sampling if
damage occurred
during the test

3. All sample contain
ers and blanks properly
labeled and packaged

3. Visually check
upon completion of
each sampling

3. Correct when
possible
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5.0 POSTSAMPLING OPERATIONS

Table 5.1 at the end of this section summarizes the quality

assurance activities for the postsampling operations.

5.1 Apparatus Checks

Posttest checks will have to be made on most of the sampling

apparatus. These checks will include three calibration runs at a

single orifice meter setting; cleaning; and/or routine mainte

nance. Cleaning and maintenance are discussed in section 3.4.7

and in APTD -0576. 4 Figure 5.1 should be used to record the

posttest checks.

5.1.1 Metering System - The metering system has two components

that must be checked--the dry gas meter and the dry gas meter

thermometer(s).

The dry gas meter thermometer(s) should be compared with the

ASTM mercury -in -glass thermometer at room temperature. I f the

two readings agree within 6°C (10.8°F), they are acceptable; if

not, the thermometer must be recalibrated according to Subsec

tion 2.2 of Section 3.4.2 after the posttest check of the dry gas

meter. For calculations, use the dry gas meter thermometer

readings (field or recalibration values) that would give the

higher temperatures. That is, if the field readings are higher,

no correction is necessary, but if the recalibration value is

higher, add the difference in the two readings to the average dry

gas meter temperature reading.

The posttest check of the dry gas meter is described in Sec

tion 3.4.2. The metering system should not have any leaks that

were corrected prior to the posttest check. If the dry gas meter

calibration factor (Y) deviates by <5% from the initial calibra

tion factor, the dry gas meter volumes obtained during the test

series are acceptable. If Y deviates by >5%, recalibrate the

metering system (Section 3.4.2). For the calculations, use the

calibration factor (initial or recalibration) that yields the

lower gas volume for each test run.
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Plant~ {Jovtf fA;i-_
Meter box number E13 - /

Calibrated by ~41~~~~~~~----'-

Date 7/3 1)7 9
j

Dry Gas Meter

Pretest calibration factor, yO. 98(P (within ±2%)
Posttest check, y* __~o~,_9~8~7~====~~~~~~~~(-w~i~t~h~i-n~±~5'%of pretest)
Recalibration required? yes ~ no

If yes, recalibration factor, Y (within ±2%)
Lower calibration factor, Y ~,78~ for calculations (pretest or

posttest)

Dry Gas Meter Thermometers

~no

(within ±3°C
yes

Was a pretest temperature correction used? yes ~no

If yes, temperature correction (within ±3°C (5.4°F) over
range)

Posttest comparison with mercury-in-glass thermometer?* (within
±6°C (10.8°F) at ambient temperature)

Recalibration required?
Recalibration temperature correction?

(5.4°F) over range)*
If yes, no correction necessary for calculations if meter
thermometer temperature is higher; if calibration temperature
is higher, add correction to average meter temperature for
calculations

Stack Temperature Sensor

no

yes ~ no
(wi thin ±lo 5% of

7'lo K ([iD
recalibra-

Sef) K@
temperatures,

Was a pretest temperature correction used?
If yes, temperature correction °c (OF)
readings in K (OR) over range)

Average stack temperature of compliance test, T
Temperature of ref~e thermometer or sOlutiofl for

tion S:zf3 K OR (within ±10% of T )
Temperature of stac thermometer for reca!ibration
Difference between reference and stack thermometer

llT (j K (OR)
Do v~lues agree within ±1.5%?* ~ yes

If yes, no correction necessary for calculations
If no, calculations must be done twice--once with the recorded
values and once with the average stack temperature corrected to
correspond to the reference temperature differential (llTs ) both
final result values must be reported since there is no way to
determine which is correct

Figure 5.1 Posttest calibration checks.

(continued)
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Figure 5.1 (continued)

Barometer

Was the pretest field barometer reading correct? ~es no
Posttest comparison?* 2Z~j- rom (in.) Hg (±2.5 rom (0.1 i~Hg)
Was calibration required? yes ~ no

If yes, no correction necessary for calculations when the field
barometer has a lower reading; if the mercury-in-glass reading
is lower, subtract the difference from the field data readings
for the calculation

*Most significant items/parameters to be checked.
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5.1.2 Stack Temperature Sensors - The stack temperature sensor
readings should be compared with the reference thermometer read
ings.

For thermocouple(s), compare the thermocouple and reference
thermometer values at ambient temperature. If the values agree
within ±1.5% of the absolute temperature, the calibration is con
sidered valid. If the values do not agree within ±1.5%, recali
brate the thermocouple as described in Section 3.4.2 to determine
the difference (~Ts) at the average stack temperature (Ts )'
Note: This comparison may be done in the field immediately fol
lowing the tests.

For thermometers, compare the reference thermomet.er (1) at
ambient temperatures for average stack temperature below 100°C
(212°F), (2) in boiling water for stack temperatures from 100°C
to 200°C, and (3) in a boiling liquid with the boiling point
above 200°C for stack temperature between 200°C to 405°C. For
stack temperatures above 405°C compare the stack thermometer with
a thermocouple at a temperature within ±10% of the average stack
temperature. If the absolute values agree within ±1.5% the cali
bration is considered valid. If not, determine the error (~Ts)

to correct the average stack temperature.
5.1.3 Barometer - The field barometer should be compared to the
mercury-in-glass barometer. If the readings agree within ±5 mm
(0.2 in.) Hg, the field readings are acceptable; if not, use the
lesser calibration value for the calculations. If the field
barometer reads lower than the mercury -in -glass barometer, the
field data are acceptable. I f the mercury -in -glass barometer

gives the lower reading, use the difference in the two readings
(the adjusted barometric value) in the calculations.
5.2 Analysis (Base Laboratory)

The analytical procedures consist of evaporations and
weighings. Al though both types of procedures are relatively
simple, it is essential that sample handling be minimized and be
done carefully to avoid loss and contamination.
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For these procedures, the term "constant weight" means

either a difference between two consecutive weighings of ~0.5 mg

or 1% in the total weight less the tare weight (whichever is

greater) with a minimum of 6 h of desiccation between weighings.

Class-S standard weights should be used to check the balance

before each series of weighings and these weights should be re

corded on the analytical balance calibration form (Figure 5.2).

The balance results should agree wi thin ±2 mg of the Class-S

weights.

Acetone evaporations should be performed at ambient tempera

ture and pressure. However, they may be performed at elevated

temperatures with close supervision if the following precautions

are observed:

1. Acetone is highly flammable and has a low flashpoint,

15°C (59°F); therefore, adequate ventilation is essential to

prevent vapor concentration around the heat source.

2. The temperature must be below the boiling point of

acetone, approximately 56°C (133°F), to prevent "bumping".

3. The acetone solution must be swirled occasionally to

maintain an even temperature.

5.2.1 Filter - Leave the filter ln the petri dish or transfer

the filter and any loose particulate matter to a tared weighing

dish and desiccate for a minimum of 24 h. Weigh the filter to a

constant weight and record the results to the nearest 0.1 mg on

the analytical data form, Figure 5.3.

Alternatively, the sample filter may be oven dried at 105°C

(220°F) for 2 to 3 h, allowed to cool in a desiccator and then

weighed to a constant weight. Treat the blank filter in the same

manner as the sample filter. The average final weight of the

blank filters should be within ±5 mg of the initial tare weight

or 2% of the sample weight, whichever is greater. If the above

limit is not met, complete the analysis and calculation using the

standard procedures and make a note in the test report of the

nonagreement. The blank filter may be used in a later test, so
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Number ----'/:......,,$I~Z_=_'d.:::.L=_·_

Classification of standard weights s
Date 0.500 g 1. 0000 g 10.0000 g 50.0000 g 100.0000 g Analyst

d'ij7'1 O. SO) J. OQO~ /0. DDD3 :J-O.DOOI IOO.DOO3 HE>
,

-

Figure 5.2 Analytical balance calibration form.
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g/ml

Run number 1tP? -' /Plant f]at1E ~ f1avr
Sample location :bti!J:;/ / ~r
Relative humidity _"",5D~%CI<..- _
Density of acetone (P a ) ~O~,~7~9~O~J(~ __

Sample
type

Sample
identifiable

Liquid level marked
and/or container sealed

Acetone rinse

filter(s)

2---2-007-Acetone rinse container number _....t:::.-J::::......>o<...lo::......!....- _

Acetone rinse volume (Vaw ) 590 ml

Acetone blank residue concentration (Ca ) a009 mg/g'

wa = ca vaw Pa = (Q 009) (590) (0790&,) = 4/99 mg

Date and time of wt 7-30-]j ,9.l)~ Gross wt /04900 S- mg
}

Date and time of wt Y- Z -7% Z,/S/tJ1 Gross wt /049QO, 5 mg
Average gross wt /04900,5" mg

Tare wt I012J}{), () mg

Less acetone blank wt (Wa ) , 4. / /9 mg

Weight of particulate in acetone rinse (rna) ~a6,311 mg

Filter(s) container number ~22i~O~O~7~C~--------------
Date and time of wt 7- 20 -11 I 9/~ Gross wt 5320 mg

/

Date and time of wt 9'- / -7% ' (0,' 15Iw Gross wt 539,0 mg-- / Average gross wt 539<0 mg
Tare wt 4/9. 1 mg

Weight of particulate on filter(s) (mf ) 119,6 mg

Weight of particulate in acetone rinse GOG, YJI mg

Total weight of particulate (mn ) 1'Z5: 98/ mg

Note: In no case should a blank residue >0.01 mg/g or 0.001% of
the weight of acetone used be subtracted from the sample weight.

Remarks

Signature of

Signature of

Figure 5.3 Sample analytical data form.
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record the blank filter weight on the blank analysis form,

Figure 5.4. To aid the reviewer or the analyst in the filter

weighing procedures, the analytical steps are summarized ln

Figure 5.5.

5.2.2 Acetone Rinse and Acetone Blank - Initially, confirm that

no leakage has occurred during transportation of the sample. If

a noticeable amount of leakage has occurred, either void the

sample or use methods approved by the administrator to correct

the final results. Measure the contents in the container either

volumetrically to the nearest 1 ml or gravimetrically to the

nearest 0.5 g. Transfer the contents to a tared 250-ml beaker.

Evaporate to dryness and then desiccate for a minimum of 24 h.

Weigh to a constant weight and record the data to the nearest

0.1 mg on the analytical data form (Figure 5.3); record the data

for the acetone blank on a separate form, (Figure 5.4). To aid

the reviewer or the analyst in the acetone rinse weighing proce

dures, the analytical steps are summarized in Figure 5.6.

5.2.3 Silica Gel - If not completed in the field, weigh the used

silica gel to the nearest 0.5 g, and record the data on the

sample recovery form (Figure 4.4).
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Plant -i!--CMt [brt'bC f[avr:f
Sample location 12&lec / ftatW
Relative humidity .....51"'--'-"0:...:.,.%::...- _

Liquid level marked and container sealed ~~~~ ___

Dens i ty 0 f acetone (p a ) 0, ]-90% gjml

Blank volume (Va) _?~O~O~ ml

Date and time of wt 1- 30-7){; [(DOM/ Gross wt 9Z3n, '7 mg

Date and time of wt £- / -78) J7,' 00A-A1 Gross wt 9Y3%12" mg

Average gross wt 9Y3lZ, S- mg

Tare wt 9:l"?j'O, 36S- mg

Weight of blank (mab ) 71 13S mg

= (b /S-S- ) =
(300) (O,f10! ) ......O~I'-'-'O""""Oy9__ mgjg

Note: In no case should a blank residue greater than 0.01 mgjg
(or 0.001% of the blank weight) be subtracted from the sample
weight.

Filters Filter number 2:300
Date and time of wt 7-5Q-7J'; J"50Ma Gross wt 4/0, 7 mg

Date and time of wt [-(H, 22451/M Gross wt 4/0,} mg
/

110, JAverage gross wt mg

Tare wt 1/0,1 mg

Difference wt 010 mg

Note: Average difference must be less than ±5 mg or 2% of total
sample weight whichever is greater.

Remarks

Signature of analyst ~~ hP)1141Uaq
Signature of reviewer~~~~2Y~)~~~Q~Q~d~~~~f~~ _

Figure 5.4 Blank analytical data form.
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Label the filter and/or the petri dish--both with
the same label number; label the filter on top and
bottom; check each filter visually against the
light for irregularities, flaws, and pinhole leaks

2. Check the desiccator; be sure the lid is sealed
tightly and the anhydrous calcium sulfate is dry;
if not dry, heat the desiccant in the oven for 2 h
at 180-200 o C (3S00-400°F), and let cool in the
balance room before putting it back into the des
iccator

3. Take off the lid of the filter container and
desiccate the filter for 24 h; during desiccation,
be sure that filters are widely spread, and not
overlapping

4. Adjust the analytical balance to zero, and check
the accuracy with a O.SOO-g Class-S weights
(within to.S mg); use tweezers to carefully place
the filter on the pan of the balance, and weigh it
to the nearest 0.1 mg. The time of weighing
should not be >2 min, and the relative humidity
should be <SO%

Very important: Desiccator should be tightly
covered immediately after removing the filter to
be weighed; never leave the desiccator open while
weighing a sample because samples in the desi
ccator will be exposed to moisture in the room,
which will cause gains in their weights

5. Put the filter back into the petri dish without
the lid, desiccate for >6 h and reweigh the fil
ter; the two recorded weights should agree to
to.S mg; if not, desiccate for another 6 hand
reweigh until weight is constant within to.S mg;
keep the tare weight of the filter in file for
future use

6. Be sure the filters that arrived from the field
are handled and analyzed whenever possible by the
same person who started the project--the person
who tared the filters before sampling; use the
same balance

Figure S.S Procedure for weighing filters before and after
sampling.

(continued)



7 .

Section No. 3.4.5
Revision No. 0
Date January 15, 1980
Page 11 of 15

Figure 5.5 (continued)

Perform step #2, and then uncover the filter con
tainer and visually examine the filter to see if
it is torn; write down all observations that you
think will help justify the final data

8. Desiccate the filter for 24 h, and weigh it to the
nearest 0.1 mg; record the weight then desiccate
again for 6 h, and reweigh; the difference be
tween the two recorded weights should be within
to.5 mg; the balance should be zeroed and checked
with a 0.500-g Class-S weight, and the relative
humidity must be <50%

9. continue the processes of desiccating and weighing
until consistent data are obtained; however, after
the third trial, if no satisfactory data are
obtained, confer with the supervisor

Notes

1. When weighing the filter and sample, be sure to
use a clean brush and to add all particulates or
pieces of the filter that might be left in the con
tainer

2. Be sure to use tweezers to handle the filters;
never hold them directly with your hand

3. write down the date and time each time a filter
is weighed
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status

I. Preparing containers for Shipment

Select the appropriate size and number of bottles
to be shipped to the field; include extra bottles

2. Clean the bottles and caps thoroughly with soap
detergent, rinse with tap water, and then rinse at
least twice with deionized distilled water

3. Rinse the clean bottles with acetone to get rid of
most of the water; remember that one batch of
acetone could be used for more than one container

4. Check the containers and the caps individually
after they are dry to be sure no detergent or
other contaminant is present; tightly cap all
containers

II. Handling and Analysis of Acetone Rinse Samples

Important: Blanks and samples should have identical
analytical treatments; never handle with bare hands any
analysis glassware once tared; always use tongs or
disposable gloves ----

1. Log the samples received from the field, and check
each container for leakage; if the sample volume
level is marked on the container, check to see if
the sample still matches the level, if not, write
a note of that

2. Use a dry, clean glass funnel to transfer the
acetone rinse into the dry, clean 250-ml graduated
cylinder

3. Record the volume of the sample to the nearest
1.0 ml, and transfer it into a ~, clean, tared
(to the nearest 0.1 mg) 250- or 300-ml beaker,
depending on the volume of the sample; add 50 ml
to the recorded sample volume to account for the
acetone rinse of all containers

Figure 5.6 Procedure for analysis of acetone rinse samples.

(continued)
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Figure 5.6 (continued)

status

/

/

4.

5.

6.

7.

8.

9.

Rinse the container with two 25-ml portions of
acetone (reagent grade); cap the container, and
shake very gently; transfer the acetone rinse into
the graduated cylinder to rinse it, and then pour
the rinse through the funnel into the beaker that
contains the sample; thus, the container, the
graduated cylinder, and the funnel have been
rinsed

Repeat steps 3 and 4 for each sample

Let the samples and blanks dry at room temperature
in a dust-free environment or under a watchglass

Weigh a clean, empty dry beaker, and place it in
the same atmosphere where the samples are drying
to find out if there was any particulate collected
on the samples from the surroundings while drying
(not mandatory)

Transfer the totally evaporated samples and blanks
along with the empty beaker into a tightly sealed
desiccator that contains dry anhydrous calcium
sulfate (CaS04 )

Desiccate for 24 h

10.

11./

Zero the balances and check the accuracy with a
100-g Class-S standard weight prior to weighing;
the reading should be 100 g ±0.5 mg, and the rela
tive humidity in the balance room should be ~50%

Weigh the samples, blanks, and empty beaker to the
nearest 0.1 mg

It is very important to:

a. Keep the desiccator tightly closed while weighing

b. Remove the samples to be weighed from the desic
cator one at a time, weigh each, and put each im
mediately back into the desiccator

c. Keep the weighing time <2 min

d. Be sure that both sides of the balance are closed
when weighing

(continued)
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Figure 5.6 (continued)

status

/
/

/
/

e.

12.

13.

14.

15.

Turn all balance knobs to zero after the weighings

Record the weights of the samples, blanks, and
empty beaker; record the date and time, each time
a sample is weighed

Desiccate the samples, blanks, and empty beaker
for >6 hi data on the first and second weightings
should agree within to.5 mg; if not, desiccate
again for 6 h and reweigh until consistent data
are obtained; after the third trial, consult the
supervlsor

If there is >2 mg change in the weight of the
empty beaker, note it on the analytical data form

Calculate the data recorded on the data form
(Figures 5.3 and 5.4) provided for this analysis
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Table 5.1 ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS

Apparatus

Sampling

Dry gas meter

Meter thermome
ter

Barometer

Stack tempera
ture

Acceptance limits

Within ±5% of calibra
tion factor

Within ±6°C (lO.8°F)
at ambient pressure

Within ±5 mm (0.2 in.)
Hg at ambient pressure

Within ±1.5% of the
reference check temp
erature (oR)

Frequency and method
of measurements

Make three runs at a
single, intermediate
orifice setting and
at highest vacuum
occurring during test
(Sec 3.4.2)

Compare with ASTM
mercury-in-glass
thermometer after
each field test

Compare with mercury
in-glass barometer
after each field
test

After each run, com
pare with reference
temperature

Action if
requirements
are not met

Recalibrate and
use calibration
factor that gives
lesser sample vol
ume

Recalibrate and
use higher temp
erature for cal
culations

Recalibrate and
use lower barome
tric values for
calculations

Recalibrate and
calculate with
and without tem
perature correc
tion
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6.0 CALCULATIONS

Calculation errors due to mathematical mistakes can be a

large part of total system error. Therefore, each set of calcu

lations should be repeated or spot checked by a team member other

than the one who performed them originally. I f a difference

greater than a typical roundoff error is detected, the calcula

tions should be checked step by step until the source of error is

found and corrected. A computer program can be advantageous in

reducing calculation errors. If a standardized computer program

is used, the original data entry should be checked; if differ

ences are observed, a new computer run should be made. Table 6.1

at the end of this section summarizes the quality assurance

activities for calculations.

Carry out calculations, retaining at least one significant

digi t figure beyond that of the acquired data. Roundoff after

final calculations to two significant digits for each run or sam

ple in accordance with the ASTM 380-76 procedures. Record the

results on Figure 6.1A or 6.1B.

6.1 Nomenclature

The following terms defined and listed alphabetically herein

are to be used in calculating dry gas and water vapor volumes,

moisture contents, acetone residues, particulate weights and

concentrations, and isokinetic variations for each test.
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SAMPLE VOLUME (ENGLISH UNITS)

Vm = '1 ~ . b ':i 1 ft
3

, Tm =5) j . 0 OR, Pbar =a29- . c;l3 in. Hg

y =1 . <213, llH =J.. . .3. L in. H20

(
Pbar+ (IlH/13.6») 3

Vm(std) = 17.64 Vm Y T
m

= jt ·12a ft

Equation 6-1

PARTICULATE CONCENTRATION (ENGLISH UNITS)

mn = _ _ 5 Q . b. mg

C =2.205 x 10-6 ( mn )= 0 . Q ~;;;;)...x 10-4 lb/dscf
s Vm(std) Equation 6-8

Figure 6.1A Particulate calculation form (English units).
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SAMPLE VOLUME (METRIC UNITS)

Vm = 1 . ~ 7] m3
, Tm =~ f?~ OK, Pbar = 'l i~ . rom Hg

Y = j . Q.1d, LiH = _ 59..· rom H20

(
Pbar+ (LiH/13. 6»). 3

Vm(std) = 0.3858 Vm Y T
m

= j . Jiu. ~ m Equation 6-1

PARTICULATE CONCENTRATION (METRIC UNITS)

mn = _ _::ID... . to mg

Cs = 1 x 10-3 l mn ~= 1,). 03~ g/dscm
\Vm(std)! Equation 6-8

Figure 6.1B Particulate calculation form (metric units).
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= Area of nozzle, cross-sectional, m2 (ft2 )

= Water vapor in the gas stream, proportion by
volume

= Concentration of acetone blank residue, mg/g

= Concentration of stack gas particulates,
dry basis corrected to standard conditions,
g/dscm (lb/dscf)

= Average pressure differential across orifice
meter, rom (in.) H

2
0

= variation of sampling from isokinetic
conditions, %

= Maximum acceptable leakage rate for either a
pretest leak check or a leak check fol~owing

a compon3nt change; equal to 0.00057 m /min
(0.02 ft /min) or 4% of the average sampling
rate, whichever is less

= Individual leakage rate observed during the
leak check conduct~d prior to the "ith" 3 .
comBonent change (1 = 1, 2, 3, ... n), m /m1n
(ft /min)

= Leakage rate ~bserved ~uring the posttest
leak check, m /min (ft /min)

= Mass of acetone residue after evaporation cor
rected for blank (m = m' - W ), mga a a

= Mass of acetone residue after evaporation, mg

= Mass of acetone blank residue after evaporation,
mg

= Filter weight ga1n, mg

= Total amount of particulates collected, mg

= Molecular weight of water, 18.0 gig-mole
(18.0 lb/lb-mole)

= Barometric pressure at sampling site, rom (in.) Hg

= Absolute stack pressure, rom (in.) Hg

= Standard absolute pressure, 760 rom (29.92 in.) Hg
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= Density of acetone, mg/ml (see bottle label)

= Density of water, 0.9982 g/ml (0.0022 lb/ml)

= Absolute average dry gas meter temperature,
K (OR)

= Absolute average stack gas temperature,
K (OR)

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

= Total sampling time, min

= Interval of sampling time from beginning of
a run until first component change, min

= Interval of sampling time between two suc
cessive component changes, beginning with
first and second changes, min

= Interval of sampling time from final (nth)
component change until the end of the sampling
run, min

= Volume of acetone blank, ml

= Volume of acetone used in wash, ml

= Total volumes of liquid and silica gel col
lected in impingers, ml

= Volume of gas sample measured by dry gas
meter, dcm (dcf)

= Volume of gas sample measured by the dry gas
meter, corrected to standard conditions, dscm
(dscf)

= Stack gas velocity, calculated by Method 2,
using data from Method 5, m/s (ft/s)

= Volume of water vapor in the gas sample,
corrected to standard conditions, scm (scf)

= Weight of residue due to acetone blank, mg

= Dry gas meter calibration factor

= Specific gravity of mercury (Hg)

= Seconds per minute (s/min)
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100 = Conversion to percent, %

6.2 Dry Gas Volume, Corrected to Standard Conditions

Correct the sample volume measured by the dry gas meter to

standard conditions 20°C (68°F) and 760 mm (29.92 in.) Hg by

using Equation 6-1. The average dry gas meter temperature (Tm)

and the average orifice pressure drop (LlH) are obtained by

averaging the field data (see Figure 4.1).

= V Y Tstd (Pbar + (LlH/13.6»)
Vm(std) m Tm Pstd

Equation 6-1

where

Kl = 0.3858 K/mm Hg for metric units, or

= 17.64 oR/in. Hg for English units.

Note: I f the leakage rate observed during any mandatory leak

check exceeds the maximum acceptable rate (La)' either the value

of Vm in Equation 6-1 may be corrected by using Equation 6-1A or

6-1B, or the test may be invalidated.

1. If no component changes were made during the sampling

run, replace Vm in Equation 6-1 with:

Equation 6-1A

2. If one or more component changes were made, replace Vm
in Equation 6-1 with:

n
Vm - (Ll - La) 8 1 - ~ (Li - La) 8 i - (Lp - La) 8pi=2

Equation 6-1B

Substitute for only those leakage rates Li or Lp which exceed La.
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6.3 Water Vapor Volume, Corrected to Standard Conditions

where

vw(std) = VI
lC

R Tstd = K2 V.Pstd lC
Equation 6-2

K
2

= 0.001333 m3/ml for metric units, or

= 0.04707 ft3/ml for English units.

6.4 Gas stream Moisture Content

vw(std) Equation 6-3

Note: If liquid droplets are in the gas stream, assume the

stream to be saturated and use a psychrometric chart or saturated

vapor pressure table to approximate the mixture percentage.

6.5 Acetone Blank Concentration

6.6 Acetone Wash Residue

Wa = Ca VawP a ·

Or combining Equations 6-4 and 6-5:

Equation 6-4

Equation 6-5

Wa

m Va aw=
Va

Equation 6-6

6.7 Particulate Weight

Determine the total particulate catch from the sum of the

weights (obtained from containers 1 and 2) less the acetone wash

residue (see section 3.4.5).

Equation 6-7
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6.8 Particulate Concentration

(m ) mg/m3 ) ,Cs 1 -3 n .= x 10 V (metrlc,
m(std)

(m )Cx 2.205 x -6 n . Ib/ft3 ) .= 10 V (Engllsh,
m(std)

Equation 6-8A

Equation 6-8B

For convenience, the following conversion factors are glven.

Conversion Factors

From To Multiply by

scf m3 0.02832

g/ft3 gr/ft3 15.43

g/ft3 Ib/ft3 2.205 x 10-6

g/ft3 g/m3 35.31

6.9 Isokinetic Variation
6.9.1 Calculation of I from Raw Data

_ 100 Ts [K3 Vic + (Vm/Tm) (Pbar + ~H/13.6B
I - 60 e Vs Ps An

where

Equation 6-9

K3 = 0.003464 rom Hg-m3/ml-K for metric units, or

= 0.002676 in. Hg-ft3/ml-oR for English units.

6.9.2 Calculation of I from Intermediate Values

Equation 6-10

where

K4 = 4.320 for metric units, or

= 0.09450 for English units.
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6.9.3 Acceptable Results - If 90% ~ I ~ 110%, the results are
acceptable. If the results are low in comparison to the standard
and if the I is beyond the acceptable range, the administrator
may opt to accept the results; otherwise, reject them and repeat
the test.
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Table 6.1 ACTIVITY MATRIX FOR CALCULATIONS

Apparatus

Analysis data
form

Calculations

Isokinetic
variation

Acceptance limits

All data and calcula
tions given on the
form

Difference between
checked and original
calculations not in
excess of roundoff
error; at least one
decimal figure beyond
that of acquired data
retained

90% < I < 110%; see
Eqs 6.9 and 6.10 for
calculation of I

Frequency and method
of measurements

Visual check

Repeat all calcula
tions starting with
raw data for hand
calculations and for
one sample per test

For each run, calcu
late I

Action if
requirements
are mot met

Complete the miss
ing data values

Indicate errors
in analysis data
on Fig 6.1A or B

Repeat the test,
and adjust flow
rates to maintain
I within ±10%
variation
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7.0 MAINTENANCE

Normal use of emission testing equipment subj ects it to

corrosive gases, temperature extremes, vibrations, and shocks.

Keeping the equipment in good operating order over an extended

period of time requires routine maintenance and knowledge of the

equipment. Maintenance of the entire sampling train should be

performed either quarterly or after 1000 ft3 of operation, which

ever occurs sooner. Maintenance procedures are summarized in

Table 7.1 at the end of this section. The following procedures

are recommended, but not required, to increase the reliabilty of

the equipment.

7.1 Pumps

Several types of pumps are used ln commercial sampling

trains. Two of the most common types are the fiber vane pump

with in-line oiler and the diaphragm pump. The fiber vane pump

requires a periodic check of the oil and the oiler jar. Used oil

(usually nondetergent or machine weight) should be about the same

translucent color as unused or spare oil. When the pump starts

to run erratically or when the head is removed each year, the

fiber vanes should be changed.

The diaphragm pump requires little maintenance. I f the

diaphragm pump leaks or runs erratically, it is normally due to a

bad diaphragm or malfunctions in the valves; these parts are

easily replaced and should be cleaned annually by complete dis

assembly of the train.

7.2 Dry Gas Meters

The dry gas meter should be checked for excess oil and

component corrosion by removing the top plate every 3 mo. The

meter should be disassembled and all components cleaned and

checked more often if the dials show erratic rotation, or if the

meter will not calibrate properly.

•
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7.3 Inclined Manometer

The fluid should be changed when it is discolored or con
tains visible matter, and when it is disassembled yearly. No
other routine maintenance is required since the inclined manom
eter is checked during the leak checks of both the pitot tube and
the entire meter box.
7.4 Sampling Train

All remalnlng sample train components should be visually
checked every 3 mo, and they should be completely disassembled
and cleaned or replaced yearly. Many of the items, such as quick
disconnects, should be replaced when damaged rather than after
they are periodically checked. Normally, the best maintenance
procedure is to replace the entire uni t--for example, a meter
box, sample box, or umbilical cord.
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Table 7.1 ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS

Action if
Frequency and method requirements

Apparatus Acceptance limits of measurements are not met

Routine main- No erratic behavior Routine maintenance Replace parts
tenance quarterly; disassem- as needed

ble and clean yearly

Fiber vane pump Leak free; required Periodic check of oil Replace as needed
flow jar; remove head and

change fiber vanes

Diaphragm pump Leak-free valves func- Clean valves during Replace when
tioning properly; re- yearly disassembly leaking or when
qui red flow running erratic-

ally

Dry gas meter No excess oil, corro- Check every 3 mo for Replace parts as
sion, or erratic dial excess oil or corro- needed, or re-
rotation sion by removing the place meter

top plate; check
valves and diaphragm
when meter dial runs
erratically or when
meter will not cali-
brate

Inclined manom- No discoloration of or Check periodically; Replace parts as
eter visible matter in the change fluid during needed

fluid yearly disassembly

Sample train No damage or leaks Visually check every If failure noted,
3 mo; completely use another entire
disassemble and clean control console,
or replace yearly sample box, or um-

bilical cord

Nozzle No dents, corrosion, Visually check be- Use another nozzle
or other damage fore and after each or clean, sharpen,

test run and recalibrate
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8.0 AUDITING PROCEDURE
An audit 1S an independent assessment of data quality.

Independence is achieved by using apparatus and standards that
are different from those used by the regular field crew. Routine
quali ty assurance checks by a field team are necessary for ob

taining good quality data, but they are not part of the auditing
procedure. Table 8.1 at the end of this section summarizes the
quality assurance activities for the auditing.

Based on the results of collaborative tests of Method 5, two
specific performance audits are recommended:

1. Audi t of sampling train volumetric flow measuring de-
vice.

2. Audit of data processing.
In addition to these performance audits, it is suggested that a
systems audit be conducted as specified by the quality assurance

coordinator. The two performance audits and the systems audit
are described in detail in Subsections 8.1 and 8.2 respectively.
8.1 Performance Audits

Performance audits are quantitative evaluations of the
quality of data produced by the total measurement system (sample
collection, sample analysis, and data processing). It is recom
mended that these audits be performed by the responsible control
agency once during every enforcement source test. A source test
for enforcement comprises a series of runs at one source.
8.1.1 Audit of Sampling Train Volumetric Flow Metering Device -

The audit procedure described in this subsection can be used
to determine the accuracy of the flow metering device (dry gas
meter) in a sampling train. The dry gas meter is audited using a
calibrated critical flow orifice housed 1n a quick-connect
coupling and the following procedure:

1. Remove the critical orifice from its case and insert it
into the gas inlet quick-connect coupling on the source sampling
meter box.
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2. Turn the power to the meter box on and start the pump.

3. Completely open the coarse flow rate control valve and

close the fine flow rate control valve to give a maximum vacuum

reading. Caution: A vacuum reading of <425 mm (17 in.) Hg will

result in flow rate errors.

4. Allow the orifice and source sampling meter box to

warmup for 45 min with flow controls adjusted as described In

step 3 before starting quality assurance runs. If the audit lS

made at the conclusion of the sample run, the warmup period is

not necessary.

5. Make triplicate quality assurance runs. For each run,

record the initial and the final dry gas meter volumes, the dry

gas meter inlet and outlet temperatures, the internal orifice

pressure drop (~H), the ambient temperature, and the barometric

pressure. The duration of the run should be slightly >15 min.

The following procedure is recommended and should be performed

three times to provide the required triplicate quality assurance

runs: 15 min after a run is started, watch the dry gas meter

needle closely. As the needle reaches the zero (12 0 I clock)

position, stop the pump and stopwatch simultaneously. Record the

dry gas meter volume and the time.

6. Calculate the corrected dry gas volume for each run

using Equation 8.1. For each replicate, record the corrected

dry gas volume in dry standard cubic meters, the sampling time

in decimal minutes, the barometric pressure in millimeters of Hg;

and the ambient temperature in degrees celcius.

Equation 8-1

= K V Y (Pbar + ~)
1 m Tm
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where:

Kl = 0.3858 K/mm Hg for metric units, or

= l7.64°R/in. Hg for English units.

The agency/organization determines the percent accuracy, % A be

tween the measured standard volume and the audit or known stan

dard volume. The %A is a measure of the bias of the volume mea

surement in the sampling phase of Method 5. Calculate %A using

Equation 8-2.

% A =

where

Vstd (M) - Vstd (A)

V (A)
x 100

std
Equation 8-2

Vstd (M) = volume measured by the field crew corrected to

standard conditions, m3 , and

Vstd (A) = audit or known volume of the audit device cor

rected to standard conditions, m3 .

The recommended control limit for the performance audit is

the 90th percentile value for % A, based on the results of three

audi ts (5/78, 10/78, and 3/79) performed by the Environmental

Monitoring Systems Laboratory, USEPA. By definition, 90% of the

laboratory participants in the audits obtained values of % A less

than the values tabulated below. The control limit is initially

expected to be exceeded by 10% of the laboratories to be audited,

based on these three audits. The 90th percentile values are

given below for each audit.

Audit date

05-78

10-78

03-79

90!Q percentile for % A

±10.7

± 9.1

± 9.6

Based on the results of these audits, the recommended 90th per

centile control limit for the performance audit is ±10%. The

resul ts of the audit should be included in the emission test

report.
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Responsible control agencies can obtain a calibrated criti

cal orifice (when available) prior to each enforcement source
test, conduct the audit, and return the orifice and data form to
EPA for evaluation. Orifices may be obtained from the Source
Test Audit cordinator, Quality Assurance Division, Environmental
Moni toring Systems Laboratory, USEPA, Research Triangle Park,
North Carolina 27711. It is also suggested that organizations

that conduct compliance tests participate in the EPA semiannual
audit of volume meters.
8.1.2 Performance Audit of Data Processing

Calculation errors are prevalent in Method 5. Data proces
sing errors can be determined by auditing the data recorded on
the field and the laboratory forms. The original and the check
calculations should agree; if not, all of the data and calcula
tions should be checked. Calculation errors should be clearly
explained to the source test team to prevent or mlnlmlze reoccur
rence. The data processing errors may also be determined by

req:uesting that copies of data sets compiled in the field and
copies of manual data reductions (or computer printouts if used)
be forwarded to the evaluator for audit.
8.2 Systems Audit

A systems audit is an on-site quali tative inspection and
review of the total measurement system (sample collection, sample
analysis, data processing, etc.). Initially, a systems audit is
recommended for each enforcement source test, defined here as a
series of three runs at one source. After the team gains expe
rlence with the method, the frequency of audit may be reduced-

for example, to once for every four tests.
The auditor should have extensive background experience ln

source sampling, specifically with the measurement system being
audi ted. The functions of the auditor are summarized in the

following:
1. Observe the procedures and techniques of the field team

during sample collection.
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2. Check/verify the records of apparatus calibrations and
the quality control charts used in the laboratory analysis.

3. Record the results of the audit and forward them with
comments on source team management to the quality assurance
coordinator so that any needed corrective actions may be imple
mented.

The auditor should observe the field team's overall per

formance of the source test. Specific operations to observe
should include, but not be limited to:

1. setting up and leak testing the sampling train.
2. Isokinetic sampling check of the sampling train.
3. Final leak check of train.
4. Sample recovery.

Figure 8.1 is a suggested checklist to be used by the auditor for
developing a list of important techniques/steps to observe.



Yes No Comment

Ok

01..

1.
2.

3.
4.
5.
6.
7.
8.

9.
10.

11.
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OPERATION

Presampling Preparation

Knowledge of process conditions
Calibration of pertinent equipment:
in particular, the dry gas meter,
orifice meter, and pitot tube

On-site Measurements

Sample train assembly
Pretest leak check of train
Isokinetic sampling
Posttest check
Sample recovery and integrity
Recording of pertinent process
information during sample collec
tion

Postsampling

Check of analytical balance
Use of acceptable detection blanks
in correcting field sample results
Calculation procedure/check

General Comments

Figure 8.1 Method 5 checklist to be used by auditors.
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Table 8.1 ACTIVITY MATRIX FOR AUDITING PROCEDURES

Audit

Volumetric
sampling
phase of
Method 5

Data processing
errors

Systems audit

Acceptance limits

Measured pretest volume
within ±lO% of the
audit volume

Original and check cal
culations agree

Conducted method as
described in this sec
tion of the Handbook

Frequency and method
of measurement

Once during every en
forcement source
test, measure ref
erence volume, and
compare with true
volume

Once during each
enforcement source
test, perform inde
pendent calculations
starting with the
recorded data

Once during each
enforcement test
until experience
gained, then every
fourth test, observe
techniques; use
audit checklist
Fig 8.1

Action if
requirements
are not met

Review operat
ing technique

Check and cor
rect all data

Explain to team
the deviations
from recommended
techniques; note
the deviations on
Fig 8.1
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY
To achieve data of desired quality, two considerations are

necessary: (1) the measurement process must be in a state of
statistical control, and (2) the systematic errors, when combined
with the random variations (errors of measurement), must result
In a suitably small uncertainty.

To ensure good data, it is necessary to perform quality con
trol checks and independent audits of the measurement process; to
document the data by quality control charts (as appropriate); and
to use materials, instruments, and procedures which can be traced
to a standard of reference.

The working calibration standards should be traceable to
primary or higher level standards such as those listed below.

1. The dry gas meter should be calibrated against a wet
test meter which has been verified by liquid displace
ment, as described in Section 3.4.2.

2. The analytical balance should be checked against
Class-S weights that are traceable to NBS standards.



1980
o
15,

Section No. 3.4.10
Revision No.
Date January
Page 1 of 6

10.0 REFERENCE METHOD

Figure 51. Particulate-sampling train.

VACUUII
1IIIE

ancl{
VALVE

log temperature to w1tb1a .. C C2" n 11IIII1 be pl8eed
at the ouUet of the fourth lmpialer lor mlllDl&orinc

~l::atlvelY, any system that cools tbe sample PI
IItream and tJIoww """"'11I'IlIDeIlt of the ..._ ""BdeRsed
and moisture leaving the condeuer. -eb to II'11hin
1. aJ or I 1 IIlllY be .-, IIlb)""t too tbe _ ..al .1 the
AdmioJstrator. Acceptable m_ are &0 mllUUn' tile
_densed WaIer either r:ravunetneally or "olwnetrloally
and to measure the moisture leanog the coodeoaer by:
(1) monltori~ the temperatUl't' and P-'"essure at Lhe
sit of the condenser and using Dalton s law 01 partIa1
pnllISUTtlI; lIT (2l JlllSS1D& the sample gas stream througb
• tanld silica lel (or equivalent desiccant) l1aP witb
al.L 1__ kept below roo C (68" F) and dAltennlnlnc
tJoe WllIght pin.

U means oUIer than 1I1lca Jel are used to detemdne
u..o amount ol IIlO!.st.lJre leaving the ClOndeD.O", It IS
recommended thai IIilica gel (or eqnlvalent) attU be
Maed between tbe COlldenser system and pnmp to pre..ent
moisture oondensa.tion In the pump and metenng devlOllS
and toa"oid the need to makeoorreotions lor moisture In
Use metered volume.

NoTlt.-11 a detennluatlon of the partleula!<' matter
ClO1Iected 10 the ImplDgers Is desired in addJtlon to mois
ture content, the impinger system descnbed .above sball
~ used, withoul modificatlon. Indlv.dua.. States or
oonLrol egencies requiring this mformatlon shall be
contacted as to the sample ....,..ery and analysis of the
lmpmger contents.

2.1.8 Metering System. Vacuum gauge, 12!Jak-'ree

~ftil~~~~~;F).d~~e ~~':~b1~ ~~:.~~
..olume to wltlun 2 percenl. and ",hued eqw pmenl. lIS
""own in Figure 5-1. ether metering systems rapable of
maintainlng sampling rates Within 10 percenl 01 lI(}

bneLie and 01 d.terrnlru~ sample volUIn<'> to Within 2
percenl may be used, 5I1bj..t to tM appro'fal 0' Lbo
Administrator. Whcn tbe metm"", s~em IS used 10
conjunctIon wltb a Pltot tube, the I7lMm .hall enable
checks 01 150kl nptlc Tates.

samplingt~ utlUtmgmeterlncsystems desllned tor
hi~ber flo.. rates thall that de.eTlbed In APTD-{)58l or
APT lHl57c mal' he used proovIded tbat the speoJ1lnr
tlons 0 tlus method ...... met.

2.I.V Barometer. Mercury aneroid, or other h&romeler
08paIJle of measuring atmospheTle pressu", to Wltlun
2.5 nun H~ (0.1 ln, Hg), In many cas.", Lhe barometnc
reading may be obtained lrom a nearby national weather
servIce stallOn, In which case the Slatloo value (whiob II

"UlGER TRAIl OmOwAl,IIAY IE REPlACED
IV Ar. EQUIVAL£IIT CO.DEIlSEIl

THERMOMETER LTHERMOMma

.r--f.~~~~~~~~ __ ~CIl:/~-=",
_111I1'"1-'..... • ...--r......_....

HEATEOAREA

"

REVERSE-TYPE
PlTOTTUIE

DRY CAS METER

plane of the pItot tubo shall be e'f1llt w1'I:b or aboft tile
IIIlUIe entIY plawl (_ Method 2. FJgIlI"l! HI» during
amplinl: '!'he TJ1le S p1tot tube _bty mall baY8 a
blown eoetllclllllt. detennined III out1lnlld In Bectlon 4 of
Method 2.

2.1.4 Dillerentla "'-re Gaua.. 1DelIned maDDm·
__ or equl.....t ..... {" lLYo'. a.' ..ecn"bed Ul 8ecJJon
2..2 of Method 2, Onema1lCllDlllN.1I1l be WIIld .or ..eIocIty
e.d (AI') radiDp, &ad tbe otiulr. lIN oritlce dItIereRtI&.
&QISIUl .-dulp.

%.1.6 ..01« Bold....~ It.... wltb a cIalI5
lrit flit... sapport and a sibcone robber casket. Otber
materlaIs oJ oonstzuctjoo (~ otalnl_ steoI. Te&on,
Vlton) may be used, !lIb)...,t to appovval of \.bo Ad,
miltJStl1lUlr. The bAlder dllSlgll shall provide a positive

~e":~d:~"te~O;U~~...d:ee:i
of the probe (.... cyolooe, II ..-I).
U.~ FIlter Beating Bynem. Any beating lIJ'tem

:'Yd~ed~~=~~a.~r=~~,,&,~~bF~.I~
lOCh other temperat ure as specified by an applicable
lllIbpm-t oJ tbe IltaDdards or .pproved by tbe Admiuls-

::~m"';y~p~=e~~';::;e~~~~:"'~'::
tower tban that $peolfted. A tern perature gauge capable
01 m .....unng temperature to within :l" C (5.4 0 Fl aha!I
be illSlaUed !Ill tbat the l.emperature aronnd the 61tAlr
bolder can be rcr;ulated and monitored dunng samph"",.
=~y~';:".a1ber than tbe one shown in APTD-

2.1.. CondllllSer. Tbe following system shnII be Dl'Ied
to det.erm.ine the stack cas nwi<tUl't' oontent: Four
Implnger.; conne<:ted In ~.. WIth leak-lree I:fOW1d
glass fittings or any similar ieaI.-free nou-contamlnating
1itt4nr:s- The first. tlurd, and fourth implngers 'lbaI1 be
01 the Oreenburg-Smith cI5Ign. modified by ",placing
Use up with 1.3 em <,Ii in.) ID glaso; lube _endm, to
About I.' em ~ In,) from the bottom 0' tbe fiask. The
oeoond lJD.Plnger shall be 01 the Greenbwg-SlWth desIgn
With th, S1.a¥ldard Up. ModJficauoos (e~. US1IlJ! fi=ble
connections bet ween the imp.ngers. using mat>'Tlals
othJ>t tha.n glass, or usiDlt nexJIJle vacuwn lin.. to oonnecl
u..o IIlter holder to tb. oondenserl may be used, 5I1bll'Ct
&.0 th" .pproval or the Adm,oJstralor, The first and
second lrnpfngers shall contain lnown quanutJ", or
water (Section 4.1.3). the third shall be empty, and the
fourth shalJ oontain a known weight of siilca gel. or
equivalent desiccant. A thermometer, capable of measur-

~
ruIlUE_1I

~=.,...
PlTVTTlIE SENSOR

!'ROlE STACK
MnuOD r.-D.nall"'ATlOIf Ow PAaTiCULAu ElI_OIf. WALL

FlIOlI BUTIO"Aay SOt7llCll

1. PrlAdpl< and ApplkalJUU,

1.1 Prlnelple. Partloulate matter is withdrawn I8r
k1netlc&lly from the source and collected on a llaa
fiber tllter maintained at a temperatnre in the ranee of
120:1:14. C (248*250 F) or such other temperature •
speoltled by an appllcable subpart of the standarda or
appro..ed bf the AdnuniBtrator, U.B. Environmental
Protection Agenoy, for a particular appllcation. TIM
pctloulate mass, which Includes any material Ula&
oonde~ at or aho..e the IIItration temperatnre, ..
determined gravimetrically after remo..al of unoomblne4-_.

1.2 ApplicabUlty. Thlo method Is apD1lcable tor tbe
detennlnatlon of jl8l"ticulate enuSSlOIll /rom stationary
10_

2. Aj)pIIl'fII'"

2.1 BampUng Tratn. A schematlo of the sampUDI
train Wled in this method is shown In Figure 5-1. Com·
pleflI collltructlon detalls are given in APT~1
(Citation 2 In Section 7); commercIal models of tPiI
train are aiIO a"allable. For changes from APTD-{l58l
and tor allowable modifications of the train shown In
FiIW'e 5-1, see Ihe followlDg subseotloll8.

Tbe opetating and maintenance procednres for the
....pUng train are descnbed in APT~76 (Citation a

f§
tlon 7). Since correct usage ill unportant in obtain

nIId reonlta, aU Wlen should rea4 APTD-iI576 and
t th. operating and maintenance prooednrtll ont

II In It, nnl_ otherwise specified herein. The sam·
pIIJlI train CODSllllll of the foUowin& componentl:

LU PrDbe NoaIa. lltalw- .teal (alll « llals lrith
tIIIIII'D, fapered IeIdinI q .. Tile a.lC1e of taper IbaIJ
..~ aDd tile taper .baII be OD the outIIIde to prelerV'e._t I.olerDafdiame_. Ttwl proble noWe aba1l be
., &Ae buWID-book or elbow ~n. DIll.- otbenrtse
IIJ8C!.Iied by &Ae Adml.niBtraUlr. If made of ItalnIess
... c.he Boule aha!I be construete<l fn>m IlOllIIl1ess tub
_ oLber DlllterbWl of ClOD8truebOn may be Uled.llIbjeet
.. tbe approval of the AdmiwBtl"ator.

A mage of n~<1e__ BUilabie lJ>r i80klnetlc -.mpUng
.-wd be avallable, e.g.. 0.32 u> 1.27 em (14 to h 1.0.)
_ ~ U higlaer volume -.mpllnc traI.nlI are lI9Ild
"de-d1ameter (lD) noul88 w wcrements of 0.16 em
Gt. In.). Each noWe IhaJJ be calib<ated IlCOClI'ClWc to
die prooeduree GUt1uled w6ection 5.

2.1.2 Probe Liner. BorosIlIcate or qloart. glass tl1hlng
.till a h ....ting system capable of mamtaiwng a gas tem
perature at the eIi t ~d dunng samplmg 01 120±140 C
(246±25° Fl, or IDCh other temperature IS apecl1led by
All applIcable 8Ilbpart ol the .tandards or approved by
&Ae Adnunistnltor tor a particular applicauon. (The
teIter may opt to operate the equipment at a temperawre
"'er than that lpecilied.) SlDce the actual temperature
et tile oulJet of the probe is Dot Wlually monitored dunng
amplIQg, probes conatructed accordmg to APTD-4'i81
ad ntdwIlC the calibl1l.t.loo curves of APT~76 (or
ealilN'ated aooordmg Iio the procedure OllUined In
APTD-{)576) will be considered acceylable.

Bither boro6ll=te or '1uart1: lla& probe Ilners may be
~ tor stack temperatW1l8 up to aboul «1' C ,1lOO" F)
..,-tl I1nNs 6b&IJ be used lor :.empcrattues between~
-.s IlOO" C (llOO and 1.4>0" Fl, Both types oJ lI.neri may
be used at higher temperatures than specl1led lor short
lIOflods 01 tune, IUbject to the .pproval oJ the Adnurus
Uat.er_ The ..fUming temperature lor borOSll>c&U Is
DO" C (1,5Ql" FI, anafor qU&lU it IE 1,.5(X 0 C (2,732" F)

Wbenever pl'llCUc&l, every etlon should be made to ......
IIerosilicate or qu&rt& llass probe 1me.rs. Alt.ernauveJy,
_lallmen; (e.c .• 116 stamless st.eeI. Incoloy 825,' DC other
corrosIon I"OSISlaIIt metals) made ol-.nless wbwg may
.. .-I. sub).... ID the approval ol the AdmJ.rustrBtor.

%.1JI Pltot Tub.. Tn>e s. .., ~bed III SccUOn 2.1
.. Method :2, or other de'VIDe appro..ed by the Admmis
IIIat« Tbe plloL tube EbalJ be atl&cl>ed to the pro!>< (lIS
...." iD FICUfe '>-1) 100 allaw oonstant IDOI1Jtorlng of the
__ CBS ftIoctt;y TIle unpacl. (hlgb p~)~

, Menuon 01 trade ll&tIles or speoltlc product· does hot
constitute endorsement by the Environmental Protee,
$IoD Apnc;y.
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Take other rea4Inp req1llr8d bJ J'lgure &-2 at Ieut 011OI
at each sample point durtnc e8ab time Increment IlII4
I6'lltl0nal nl8dlrip neD slgnIflClllllt cbangee (20 per'OllIlt
ftliatlon In veJoCltJ boad ftllldIna) necessitate addi
tional ad)_antl In 110.. rate. u?el and SS'O t.be
manometer. BllCllUlMl the manometer level and zero maJ
drift due to vibrations Il,Ild temperature chancea. mate
periodic checks durtne the Vaveree.

'lANT _

lDCATION .,...-- _
D'ERATOR,.-- _
lIATE _

RUN NO. _

SAMPLE lOX fIlO. _
METER lOX 10. _
METERAHt _
CFACTOR _

'ITOTTUIE COEFFICIENT, e, _ IQtEIlATlC OF STACIt CllOSS SECTION

.IIENTTEMI'ERATURE _

IARDMETRlC'RUlURE -.,._
ASSUMED MOISTURe. ,, ...;.- _
ftOIUEfIlGT1I•• (ftl _

llOZZlE IPEIIITI~!CATIOI 10._'"""':"' _

.AVERAGE CALlIRATEO IOZZLE DIAIImR..l/lIJ, _
PROIEHEATERSETnNG _

LEAKRATE••3'.I.,__....... _
"'DIE LlNERIIATERIAl _

I1'AnC 'RESSURE. -Hthl.Htf'''':',------
~ILTERNO

IIESSUlIE
OIffEllENT/AL

ACllOSS GAS SAMIU mI'EIIA'NM
18lPElIA'NM '

STACK VELOCllT OIlfJCE 'UfGAl'
AT DIll' GAS IIE1'EIl UAVlNGSAII'lING VACUUM' TEIl'ERATUllE HEAD MEmt GASSAMIU flLTEII HOLDEJl COftDENSE. OIlTJJAVElIS£ I'OIN1' tilE 11Im"" ITs! lAPs!. -1.tzO VOLUIIE IfUl CIUTUT 'lW'EMTUIE. LAST "INGEll,

. ..-Jl III.... a"'Hel 'CC~ .....~ IlL HzO' ,,;t/ft" ....C l'f! ·C 11f! ·C Clf! 'Cl""

"

TOTAL Avg. A....

AVERAGE AWl. .

Figure W. Parllculace field data.

When the IItact III un4er alan1fIcent DlIPtlve~
O>ellht Ollm~inli:er 1Jt.emln,tab care to cl_ the_

==.~.:w g:"~th~&"'tt~~~¥}
~v~~PmaJ be tumed on with the 00&1'II

.han the probe Is In poeItIon. block oil the openInp
around the probe and porthole to pnlvent UDrI>Jlr&"
eentatlve dllutlon 01 tbe Pllltnlllm.
Traveraetbelltack~tion,as~bJMetbod

~or~~~teth~3em~~~itacl:~:.:
.ampllnl! Dell the waIlB or when removing or Inaertlnl
tbe profie tbrouIb tbe portholee; tbIa mJnIm1IelI the
chance 01 extracting depoelted material.

Durtne tbe teet run, make periodic a1Ilustmente to
keep tb. tamperature around th. IIlter holder at the
proper I.vel; add more Ice and, U~ lilt to
maintain a temperature 011_ than 20" C (68" F) at tb.
oond.nser/sWca eel outlet. Also, periodicaJlJ check
the level and oero 01 tho IIWIOmeter.

If tb. pressure drop _ the IIlter beoomea too hllrh,
mak1nI laoIdn.tle eamp1lnl dl1IIcult to maintain, fbe
1I1ter maJ be replaced In tli. midst 01 a eampl. run. It
II recommended tbat anotber oomplete IIlter ueemblJ
be J)lIOChatber tban attempting to cliange the IIlter lteell.
:8IIore a new IIlter _mblJ IlIlnstal1ed, oonduct a leak
check (Bee 8ectIon U.U). Tb. total perUcu1ate weight
Iballinclud. the IIUDlIIl&tion 01alllllter ueemblJ catcbea.

A lingle train shall be WIld lor the antire eample ~,
acept In _ wbere a1multaneous samP1lnl1a reqwrea
In two or more eoperate ducts or at two or more dIlIorent
locationa within th. _ duct, «, In _ where oqul~
ment Iallure neceMitatea a chanJl. 01 tnIns. In all other
lltuationa, the uao 01 two or more treIna will be IUbject to
the approvel 01 the Admlnlatrator.

Note that when two or IIicn treIna .,..~ IIIJII'Ilte==: 01 the front-balf and 01 app1lcab':I:~~from eecb train Bbal1 be DII1oi':ined, ldeliti·
eal noul. sIzoe were WIed on all £raina, In which _ t.be
front.lJall catch. from the Indlvldnal tnIns mat ~
oomblned (as maJ the Implnler catchee) and one IIDlIlJ*
of tront-balf eatcb and one anal" of Implnpr ea&ch
maJ be performed, Consult with the A4mInlatrator far
details oonoorniDl the celculatioa of reeuIta when two or
more tnIns are u8ed.

At the and 01 tbe eample ron, tum off the 00Il1II ad,Juat
velve. remove the probe and nouIe from the 1Itack, turn
oil tbe pumP. recoid the 1Ina1 drJ ps meter reed!JlI, and
conduct a post-test leak-cl>eck... outlined In 8iction
U.U. Also, leak-cl>eck the pltot linea as deecrlbed In

~~~~S:U~~'u.~:=~~~leak-cl>eck,
4.1.0 Calcu1atlon 01 Percent bokInetlc. Calculate

per'OllIlt ookinetic (... Ca1cu1atIons, Section 0) to deter·
mine wb.tber tb. run _ ftlid or another teet run
ahould be madjl. II there _ dl1IIcult, In malntainlnlr
laokInetie ratee due to IIOI1I'Illl oonditiona, oonsult wltIi
the Administrator lor poseIble nrlanoo on tbe Iao1dnetie
ratee.

U Sampl. ReoovOfJ. Proper cleanup procedure
begins as soon as tbe probe III removed from the steok at
ttle .nd of the eampUng period. Allow th. probe to oool.

Wban th~robe can be ealelJ handied, wipe off all
enornal culate mattIlr neer the tip of the~be
IlOUle an place a ca o'l'er It to prevent losing or Ding
pertloulate matter. ~o not eap off tb. probe tip igbtlJ
while tbe eamp1lnl train III cooUng down as this would
create a vacuum In tb. IIlter bold.r, tbua dra'll'1n& water
from th. lmPinli:on Into th. IIlter bolder.

Before mo'l'1ng tho IBII1pl. train to tho cleanup tdte,
remove th. prolle from the eampl. train. wipe Off th.

=~~~~~:~J'.t~~·~
Wipe off ttlellUoone e-trom the fllter li1let wl::fbe
P'ObO _ Iuteaed and cap ~ Bemove the ambWeal
lard from the 1Mt Implnpi and cap ttle IJnpJncer. If •

·8aIble line Ia~ betW_ theilillt ImIilliilelr~oreon
denier and the fllter holder. cIl800nnect th. line at the
mter bolder and'let anJ oondeued water or Uqn1d
c!raIn Into the lmplngen or oond_. Alter wlplnI 011
the lIUoone JP'6U!t cap oft the IIlter bolder ootlet and
lmPinli:er Inlet. Blttler ~d1lue etoppere, p1utIo
_pa, or oerum eape inaJ be UIId to c10M th_ olllllllna.

'l'ranBfer the probe and IIlter..JmDlnl:er .-mblJ to the
eleanup -. ThIa .11 ahoulil be eIilan and protected
from the wind 10 that tho chan_ 01 oontamlilating ~
.loeIng th=1BII1 will be mInlmIsed.

Bave a on of th. llCetone WIed lor cleanup as •
blank. e 200m1 01 thle _ne directlJ from tb. wash
bottle being UIId and place it In a,lue lample container
labeled "acetone blant:."

Inspect the train prior to and durlng-~b~and
DOte aDJ abnormlll oondItiona. '1'reat the ea •
1D110W1l:

Q>IItaftltr No. t. CantullJ remove the IIlter from ~he
IIlter holder and place It In Itt Idantif1ed petri dish oon
talner. Ueo a pelf 01 tw_en tlQd/or clean dIlIposablemtcal ,Iov. to handle the mter. Iflt III IleOOlIllllfJ to

InsId~~~::d.~.::r..u~=.:;,~te~:..~
perticulate matt.er and/or IIlter flbera wlilch adhere to
tho II1ter holder peket. bJ usIna I drJ n:rlon brI8t1e
brush and/or a~blade. SI81 the oontalner.

Gbntainer No. •. care to ... that dUlt 011 the
ootsld. 01 th. probe or • Nterior~ doll DOt
eat Into th. eampie, quantltaU?elJ recov.~
matter or aDJ oondensate from the probe noule, probe
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FIgure 5~. Analytical dat~.

CONVERt WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAl1lElGHT
INCREASe BY DENSITY OF WATER (1g1ml). .

INCREA~. 9 =VOlUME WAB, IQt
1Wml

VOLUME OF LIQUID
WATER COLLECTED

IMPINGER SILICA GB.
VOLUME. WEIGHT.

ml . II

FINAl

INITIAL

LIQUID COUECTED.
0-1TOTAL VOLUME COLLECTED m.l

WEIGHT OF PARTICULATE COUECTED.
CONTAINER ma

NUMBER
FINAL WEIGHT TARE WEIGHT WEIGHT GAIN

1

fJ;. ~

TOTAL -- ---~ --- -- ---
Less acetone blank

Weight of particulate matter

Section No. 3.4.10
Revision No. 0
Date January 15, 1980
P.age 4 of 6

lUllS~ HGULAtlONS

........-------------------Itdlt_---'--- ....,.-_

....._-----------------
Filter No. ......... --'-_

Amount liquicllost during transport ----------- _
Acetone blank volum., ml _

Acetone wash volume, ml _

Acetone blank concentration, mg/mll (equation 54) _

Acetone wash blank. mg (equation 5·5) -=- _

Atu.., pralle 1IDor. and frDD& UIt 8IlhA IlJUlIuoI4s br
YaIIbfnc 1:tl_ CQDIpanena 1riUl aeetan. IDd P!Io:ID&b
'IIrlIIIb In a IIUlI conWntr. DIstilIId water lII&J!Ilo DIecJ
Instead ot_1OfIllIIapprvn4 bJ' tileA~
and shall be aM wben JPOcitle4b,. aa. A4m!nIItnI&or,
in th_-..... a water bIlInk mil IllDnr tIla A.4JaIDo
Istratar'I dIreetIoaa CID llIIlIIJ'*. 1"edDml tile lICIIlIae
rma. .. loIIows:

Carefully remove the probe _Ie &lid eJean Cbe IIIlIIde
surface b,. rtnsllll with acetone from a WllSb bottJe and
brushlllll with a nylon bristle brnsb. Brush unUl the
acetone rtnae shoWl! no visible oartIcIM. _ w~
make allDal rlDM., the IDIIde~wltll __

Brnsb and Ii_ the Inside parts 01. the swaalGkllttlJ>tl wItb _ lA a 'AT aatlI- DO~
particles remaln. .

Ria. lM ..... IiIw ...w. "' tIJtInc ....
rotating the probe whl1e squirttIl« acetone Into Ita ullP"W
end 10 tbIl& 811 Iill!Ide surl&ees wIll be wetted wltll _
tODe. Let the acetone drain !rom the 10.... ODd \lIle the
_pie ....tllIftor. A Immel <st- or po!yet!lYIene, mar
be used to aid In transterriIlll liquid washel \Q the .
tlIIoeL l'oUow tile _ Ii... with a probe bnmIL
Hold the probe In an Inclined poeIU- oqtlirt _
Into the upper end IS tb. probe brnsb Is b<>lng pushed
with a twisting action through the probe; hold alllLml*
eantalnlt underneatll the lower end of the probe, aIld
eatch anl' acetone and partlcnJate __ whldl Ia
brushed !rom the probe. --ann the brush t=.=
proba t.Ilree times or _a unUl .. vIa1b1e
matter Is carried op1 with the acetone or unUl none
rwnaWa lA the probe IiIIlI< .... .aIUIl~ Wtdt
staIn1eas steel ex otIler metal probes, nm the hruIa
t.hrough In the above pr_nbed manner at leut sis
lim... since metal probes have small crevlees In wblch
p&rtIcuJate mattee can be entrapped. Rinse the brnsb

:;;~ac:lean':"=tar~y~~.--:U~
final_ linoe of the probe lIS desaribed s0o-

n Ia _dod tP* two peopIw be UllId to ere
tbe JlIQbe te lIIinimJ-. .....pIe~.Betw.... sampu.c
nlllS. bap kuaIIM cle&D and prutected li'omeon~

tJ'fn. mmrlnl 1:tlst an jolrite bsve been wiped c\taIl
olsmeane grease, clean the1D8lde ot the Iront hair of tIla
liIter holder by rubbing the su:rI'lIcelI with an,.lon~
brnsb and rlnslnc with acetone. Rinse each ..m
three tim... or more Ifneeded to remove Ylslble~
lata. Make a llnal rinse 01 the brusll and luw holder.
Caretully rinso olll the glass cyclone, also (It applicable'•
.Alter all acetone washings and part!<"Ulate matter have
been conected In tile sample container, tllhten the lid
en the sample container SO that acetone Will not IeAII:
out wben It I, shipped to the IaboratorJ'. Mack the
height ot the fluid level to determine whether or noC
leakage occurred <luring transpon. Label the contalnfw
to clearly identify Its contents.

Cont...... No. ~. Note the color ot the Indlcat!nlr sill..
1"1 to determine if" bas been completell' spent and make
a notation of Its condition. Tranafer the silica gellrom
tbe lourth lmpinger to Its original contalnet and llIAI.
A runnel may make ihaslerto pour the slIlcagel wltll"'"
spilling. A rubber poUceman rna,. be used as an &1d In
removing the SIlica gel !rom the lmplnger. It ill noC
necessary to remove the small amount at dust partle_
that may adhere to the implnger wall and are dIJIIc'Ult
to remove. Since the lain ID wel8ht ill to be used 1M
mOISture calculatioN, do not use any water or otbelr
lIqulda to transfer the sillca lei. Ita balance is aftilabla
In tbe field, tallow the procedun for c'Ontainer No••
In Section t.3.

ImPinftr Wllttr. Treat tile lmpln2m as lollow., Man
a notation ofan,. color or ftlm in the"quid catch. Measure
the Uqwd which Is in the tlrst thr.. imping... to Wltbln
*1 ml by using a graduated cylinder or by welgblna: It
to wltbln .0.5 g by using e balance (ll one Is aVailabl<l).

~J::~=::;'~~~~uI~=;;"=
ot.8'~ueJ;:ft'::ttid after m.-.rln and recordInc the
nlUme or well'!t unless anal;rsl8 o'fUJIe lmplnllOr caach
Is reqnlred (_ ",ate, Section 2.1.1).

It a dJjferent type at condenser ill nsed. moasme the
amount at moisture condeused either TlllUmetrl~ or
gravimetrically.

Whenever possible, contain.n should be shipped ID
such a way that they remain upricbt at all times.

4.3 Analysis. Record tbe data reqnlred on a sheet
such as the one shown In:r~~ lIimdle oach sample
container as lollawa:

eomot,..,. No.1. Lean the contents In the sIl1PPlllc
container or transfer tbe lIlter and any Iooee particullte
lrom the sample container to a tared 11ass....,lghingdfsIL
Desiccate lor 24 hours In a deslccator conta!nlnl anh,.•

. droU8 calcium snltate. Wellh to a constatrC weight and
"(lOtt the results to tbe n_ 0.1 mg. For ptIlJlOMS 01

::=~l :"3,n::e'=~~r=;tm~
wellht 1esI tan weight, wldcbever ill greater, between
two colllllCUtive weiJhlllp, with no _ thaD • boarY 01
desiccation time between yellhiJ1p.
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Alternatively, the sample may be oven dried at 1~ C
(220" F) for 2 to 3 bours, oooled in tbe desiccator, and
weighed to a constant weight, unIeas otherwlSe specified
by tbe Adnunistrator. Tbe tester may also opt to oven
dry the sample at 105 • C (220 ° F) for 2 to 3 bours, weigh
the sample, and use this weight u a IInaI weIght.

C<mtaintr No. t. Note tbe level olliquid in the container
and confirm on tbe analysis sheet whether or not leakage
occurred durtng transport. If a noticeable amount of
1eak&ge has occurred, either void the sample or use
methods, subject to the approval of the AdmInistrator,
to correct the final results. Measure the liquid in this
container either volumetrically to ±O1 ml or gravi
metncally to ±C.5 g. Transfer the contents to a tare4
250-m1 beaker and evaporate to dryness at ambient
temperature and pressure. Desiccate for 2( oours and
weigh to a constant weight. Report the resnJts to the
nearest 0.1 mg.

C<mtainer No.8. Weigh the spent silica gel (or alliea gel
plus impinger) to the nearest 0.5 ~ usmg a balance. Tbls

~~:.be~~~~i~~~~ure acetone In this
container either Yolnmetrically or gravimetrically.
Transfer tbe aeetone to a·tared 250-ml baaker and evap-

D~~te~~:~:~~dn;'~~~:~n~f~'1it
Report tb. results to tbe nearest 0.1 mg.

NOTE.-At th. option at the tester, th. contents 01
COntainer No. 2 u weIJ u tbe aeetone blank container
may be evaporated at temperatures higher tban ambi
ent. If evaporatIOn is done at an elevated temperature,
the temperature must be below tile boiling point 01 tbe
IlO1vent; also, to prevent "bumping," the evaporation
process must be closely supervised, and the oontents of
the beaker must be swirled occasionally to maintain an
even temperature. Use extreme care, as acetone is highly
~ble and hu a low !lash point.

6. Oallbnltlotl
MaIntain a laboratory log of all callbrationa.
5.1 Probe Nozzle. Probe nozzles shall be callbrated

before their \nitta! use in th. fleld. Using a micrometer,
meuure the insId. diameter 01 tbe nozzle to the nee.reat

0.025 mm (0.001 In. ). Mak. three separate measurements
using dl1l'erent dIameters eacb time, and obtaUJ the aver
ageolthe measurements. Tbe <Wl'erence bet...een tbe higb
and low numbers sheIJ not uceed 0.1 mID (0.00f in.).
Wben nozzles beoome uloked, dented, or corroded, they
sheIJ be reshaped, sharpened, and recalJbrated before
use. Each nllzzle shall be permanently and uniqu.ly
identified.

5.2 Pitot Tube. The Type Bpitot tube usembly shall
be calibrated according to th. procedure outlined m
Section. of Method 2.
~.3 Metering System. B.lore its initial use in th. field,

the metering ~stem sball be calIbrat.d accordIng to the
procedure outlined III APTD-0576. Instead of physically
adjuetUlg the dry gas meter dIal readlllgs to correspond
to the ....t te~ m.ter readings, callbration !actors may be
used to matbematlcally correct the gas meter dial readings
to the proper values. Before callbratmg the m.tering sys
tem, It is suggested that a leak-cbeck b. conducted.
For metering systems having dIaphragm pumps. th.
normal laak-check procedure will not d.tect leakages
within the pump. For tbese cases the loUowing leak·
check procedure IS snggested: make a l().minute callb....
lion ron at 0.00057 m '/min (0. 02 clm); at tbe end 01 the
ron, tske tbe dIfference of the measured wet test meter
and dry gu m.ter volumes; dIvide tbe differ.nce by 10,
to get the leak rate. The laak rate ShOllld not uceeo
0.00057 m a/mm (0.02 cfm). .

After each field use, the calibration of the metering
system sheIJ be checked by perlormmg three calibratIOn
runs at a single, intermediate ontice setting (bued on
the pr.vIous fleld teat), with lhe vacuum set at th.
maximum value reached during the test aeries. To
adjust the vacuum, insert a valve between the wet test
meter and tbe inlet 01 th. metering system. Calcu1ate
the average value of the callbration !actor. If the calib"..
tlon has changed by more than 5 percent, recalIbrate
th. meter over tbe fuIJ rang. 01 orifice settings, as aut
lined in APTD-0576.

Alternative procedures, e.g., uslng the orIflce meter
ooeffiol.nts, may be used, aubject to the approval of the
AdmJnistrator.

NOTIt.-llthe dry gas meter coeffioient values obtained
before and after a test senes differ by more than 5 percent,
the test series shall eltber be voided, or caleulations for
the test series sba1l be performed using whichever meter
coefficient valu. (I.e., before or after) glves the lower
value 01 total sample volume.

5.4 Probe Heater CaUbration. The probe heating
syst.m sba1l be calib....ted before its lrutial use In the
field according to tbe procedure outlined in APTD-Q57G.
Probes constructed according to APTD-Q581 ne.ed not
be callbrated If th. callbration curves In APT D-0576
are used.

5.5 Temperature GangI'S. Use tbe procedure in
Section 4.3 of Method 2 to calibrate In-<rt.ack temperature
gauges. Dial tbermometers. such as are used tor the dry
gas met... and condenser outlet, sbaII be calibrated
against mercury-lfl1t\ass thermometers.

S.6 Leak Cbeck of Metering System Shown lu Figure

ttb;~h~~e~~h~:IJ"~f~~c~~.%~o~~fili::S
use and alter e ach slupment. Leak&ge alter tbe pump w,U
result in less vo lume being recorded than Is actuaUy
&ampled. The rollowing procedure III suggested (see
Figure 5-4): Close the main valve on the meter 001.
Insert a one-hole rubber stopper with rubber tubll1g
attacbed Into tbe orifice exhaust pipe. Disconnect and
vent the low sid. or the orifice manometer. Close off tb.
low Side orifice tap. Pressurize the system to 13 to 18 cm
{S to 7 In.) water column by bloWIng Into tb. rubber
tubing. PInch off the tubing and observe the manometer
[or one minute. A loss of pressure on tbf' manometer
indicates a leak in the m.ter bo1; leaks, If present, must
be corrected.

5.7 Barometer. Calibrate against 6 mercury barom
eter.

6. C\Ileulatiom

Carry out calculahons, reWrung at least one extra
decimal figure beyond that ot the acquired data. Round
alr figures alter the final calculation. Oth... !orIn! or tb.
equations may be used as long as they give equivalent
results.

BLOW INTO TUBING
UNTil MANOMETER

READS 5 TO 7 INCHES
WATER COLUMN

ORIFICE

VACUUM
GAUGE

AIR-TIGHt
PUMP

Figure 5-4. Leak check of meter box.

-.

1
L.

..

B

-xv Y P ba,+(AH/13.6)
- 1. T.

Bquatlon t>-1

,,=Samp1inc tim. Interval, from th. beginning
of a run until the first component change,
min.

,,=Samp1ln&' time Interval, between two suc·

~lri~~~~:~-=~~
changes, min.

'.=Sampling time Interval, from th. IInaI (nth)
component chang. until the etfd of th.
samplIng ron, min.

13.6=Bpeclfic graVIty 01 mareury.
60= Seclmin.

100= Conversion to percent.
8.2 Average dry gas meter temperature and average

erlflce pressure drop. See data sheet (Figure t>-2).
e.a Dry Gu Volum•. Correct the sample volume

measured by the dry gas meter to standard conditions
(JO" C, 760 mm He or 68" F, 29.92 In. Hg) by using

Bquatlon t>-1. [ AHJ
TOld P ba'+13.6V.(Oldl=V.Y(T:') p.

1d

-Ideal gas constant, 0.06236 mm He-marX..
mole (21.116 in. He-ft'/"B-ll>-mole).

T. -Absolute average dry gas meter temperature
(_ Figure t>-2), oX (OR).

T. -Absolute anrage stack gas temperature <
Figure t>-2), oX (OR).

TOI4 -Standard absolute temperature, Ill3" X
(5280 R).

V. -Volume of acetone blank, mI.
V.. -Volume of acetone used. in wash, ml.

V..=Total volume of liquid co1lected in ImPtncers
and silica gel (see Figure H), mI.

V.-Volum. of gas sampl. as meuured by dr71BS
meier, dcm (dcf)..

V.h.II=Volume of gas sample meuured by the dry
gas meter, corrected to standard conditions,
dscm (dscf).

V.(••on-Volume of water Yapor in th. IBS E
corrected to standard conditions, scm . •

V.=Stack Jas velocity, calculated by Met od 2,
Equation 2-9, uslng data obtained from
Method 5, m/_ (ttlsec).

JI'.=Welght of residue in acetone wash, mg.
Y-Dry gas meter calibration factor.

lUI-Average pnlssure differential acroes the orI1loe
meter (see Figure t>-2), mm BoO (In. BoO).

".-Denslty of acetone, m&!m1 (,IN label on
bottle).".-Rt::{y of water, 0.9982 Ifml (O.OO'al1

,=Total samp1inc time, min.

1.1 Nomenclatnre
A. -Croas-eectionaJ area of Dozzle, m' (ft').
B. _ Water vapor in the gas stream, proportion

. by voInme.
C. -Acetone blank resldu. concentratinns, IDfffg.
Co -Concentration ot particulate matter in staelc

gu, dry basis/Jl()rrected to standard condi
tions, g/dscm ",dscf),

-Percent of iBolnnetlc samp1ln&'.
- Max imum acceptable leakage rate for either a

f.,r;t;'t~e:.~~~ ~::~~e::.=;
m'/min (0.02 clm) or • percent of the aVerlll8
aampling rat., whichever is less.

-IndIvidual laak&ge rate observed durin« the
leak check conducted pelor to the .......
component chauga (I-I, 2. a •••• A).
m'/min (clm).

- Leakage rate observed during the post-tEllt
leak check, m'/mm (clm). •

- Total amount of particulate mattltt C01l8cted,
. mg.

M.. -Molecular w.ight of water, 18.0 elg-mola
(18.0Ib/ll>-mole). •

-J4ass of residue of ac.tone after avaporation,
mg.P... -Barometrie ~ressure at the samplinc lite.
mm He (m. Hg).

P. -Absolnte stack gas pressure, mm Bg (Ill. JIg);
POI4 _Btandard absolute Pressure. 7tO mm He

(28.112 in. He).
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..11.1 CrJculatlon Flom Ra" Data.

w.=c. V•• ,.
Equa&nH

U ToCM PartIculate WeJchi. Determine the lotIII
pertlcn1&te ~h from the sum of tile weights obtalDed
from contelnen 1 and 2 _ the acetone blank (.Me~
H). NO'fL-Reterto Section 4.1.5to~ lncalculat!AlD
01 tMUlte lnvolvinl two ... more lIlter _bU.. cr two
ar mere IJlUDpUng trains.

... PwtleuIate Coooentratkm.

It!
Ill"
I/fiI
1Itt.t
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Nom-Ill IMm'lde4 ar water 4roplet-ladea ..
Itn&ma, two c:a1eD1atlaM 0I1be IIIOIImre content 01 U.
ICack .... IIbaI1 be made, one !rom tbe Implnpr anal_
==''::Jlti-':::'aT~~=:m: ~
B. IIbaI1 be oouIdered corr~ The procedtml lor deter
m.1nlnll tbe moisture COIltent baaed upon aosumpdOll 01
.turated condJtlons ia given In the Note 01 8eetlon 1.2
ol Method 4. For the purposes 01 this method, theavenp
rlIlck .... temperature from FIgure &-2 may be tilled a
make this determmstkm, provided that tile aecuraq of
the In_k temper&tun _ III ± 10 C ~ J').

6.' Aeetone Blank ConcenUBlJon.

lIDd IUbstitute OB1y for thoee \eakace ratee (L; or L.)
whleh aoeed L.

... VoIDma ol water vapor.
Eqmtlon &-2

V.Cotd> =VI. (;0.) (!A:W) =KsVlo

wb_
14-0.OMS33 m'/ml !Dr metrle anIte

-0.04107 fiI/mll« En&Uah unite.
..... Mo!Iture C<mWllt.

B V.C.td)
•• V. Cotd) +V. (.k!>

[V.-(~-L.)'"

-± (L,-Lo),.-(r..- L.),.]
....2

Equat.lonH

-=o.aMI0X/mm Rllor meVlc 1DlIta
-17.114 0 B,'1n. Bll« EnsJleh unI1a

Nou.-Equatloa. &-1 ean be 0lIed II! 1rT1ttom anleIlI
tbe leakage r&te observed durinl any of the mandlltar7
leak checlrs (I.e., the post-test leak checll: ~ leak cbecb
eonducted prior to component chane") ueeeda L. U
L. ~ L. e.sc-Ia h o , Equatton &-1 must be modlJ1ed.u
folloWS;

(a) C_ t. No eolDllOnent eh&n1- mag 4urIDc
""'P1tnl fUlL In this cue, replace V. 1D Equation &-1
"ah the expreealcm;

V_- (L p - L.).]

(b) c_ n. One ... more oompo....t ehanlles made
dm1nI the !llll1pl!n« roll. III un. _, replace Y. Ia
Bqual;Ion &-1 by the opreeel<m=

1== 100 To[K.Vie +(V./T.) (Pbo.+AH/13.6)]60',. p.At. Bquatleli ...,

When:
K.-O.OO'MM mm Hc-m'/mI_oJ[ lor metrle aD1t&.

-O.OO'J66llln. HC-fil/ml_oR lor EngUah 1lIl!te.
"11.2 CrJcnlat.lon From lntermedlate VrJuee.

I T,V. rotd> Pow 100
Tot<tll" A,.p. eO( I-B... )

=K, T,V. co'"
P,V,A,.'(l-B... )

a. VoIIaro, R. ',A. SW'Tey of CommereIaIly An.lIable
ln8tramentetlon J'or the Me&SW'elIIeat 01 Lo,,·RaDp
Ou Veloettlea. U.8. Environmento.l Protaetlon~leDq\
Eau.loa Meuurement Branch. R-u~
Part, N.C. Novemberl.l978 (nnpubliahed paptr).

9.. Annual Book 01 AIlTliStaDdarda. Pan 26.a
FuaII; Coal and Cob; AtlDOIpherio~nl& Amen
80cIetr lor TeItIDI and Wa&ertaI& PhlladelpbJa, P..
1874. pp. 817-022.

..bere:
£-4.3lO fur metric unlta

..tio.=~~I~~~·OOpercent :5 I :5110 lMI'"
een&, tbe resuJte are accept&b16. U the reeulto ..... low III
eomparlson to the stand d and Ila beyond the _p~
able range, or, !lIla 1 than 90 percent, the AdmJ.nIa.
trator msy opt to accept the results. Ute Citation 4 "»
mllke ludgments. Otberwiae. reject tbe results lUld repea&
the teet.
7. Blbliograph,

1. Addendum to Spec\fIc&tlons rOt Incin....tor Teetinl
at Feder&! Facilities. PH8... NCAPe. Dec.•• 1967.

2. MartIn, Robert M. voll8tnletion DllUIIa 01 I-.
tinet.lc SOur....SlUIlpUng Eqmpment. EnviroDmenW
Protection Agency. Researcll Trlancle Park, N.C.
APTD-Q6l!I. April, 1971.

a. Rom., lerome 1. MaIn........ Calibration. and
Operation of Isokinet.lc Source 81UIl~wpmen&'
EnviroWJlentai Protection Agency. 'l'riMl1_
pan.. N.C. APTD-<l676. ¥arch,l972.

4. 8lDlth. W. 8.. R. T. Shigehsr&, and W. .,. Todd.
A Wethocl oflnterpreting Stack SIUIlp!ln1 Data.~
PNMnted at tbe 63d A.nnual W.,.m,1 01 the AIr Pun.
don Control A.wlclatlon, 8t. Loula, Mo. lune~
1dk

6. Smith. W. B•••t tll. Stack 088 SampUng !mproved
.... Slmpll1led With Ne" BquI_~ A..PCA p ...
No. 17-119. 111I7•

.. Speei&aUooa .. lMlner&tor Tee\inc at J'adenl
J'Ileillt!eL PBB, NellC. 196'1.

7. 8b1gebara, R. T. A.~.!BtIM BPA M_
Ifl'r.b lor Diff....nt Plto\~ CoefllcIIm1la and ln7
MIl eenlat Welghts. 8tack ....pI!Dc N.- J:4-IL
O~.I974.
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12.0 DATA FORMS
Blank data forms are provided on the following pages for the

convenience of the Handbook user. Each blank form has the cus
tomary descriptive title centered at the top of the page. How
ever, the section-page documentation in the top right-hand corner
of each page of other sections has been replaced with a number in
the lower right-hand corner that will enable the user to identify
and refer to a similar filled-in form in the text section. For
example, Form M5-1.2 indicates that the form is Figure 1.2 in
section 3.4.1 of the Method 5 Handbook. Future revisions of
these forms, if any, can be documented by 1. 2A, 1. 2B, etc.
Fourteen of the blank forms listed below are included in this
section. Five are in the Method Highlights section as shown by
the MH following the form number and one is left blank in the
text.

Form
1.2

2.3A & B

2.4A & B

2~5

2.6

3.1 (MH)

3.2 (Text)
4.1

4.2
4.3
4.4
4.5 (MH)

5.1 (MH)

5.2

Title
Procurement Log
Dry Gas Meter Calibration Data Form
(English and Metric units)
Posttest Meter Calibration Data Form
(English and Metric units)
Stack Temperature Sensor Calibration
Data Form
Nozzle Calibration Data Form
Pretest Sampling Checks
General Pretest Checklist
Nomograph Data Form

Particulate Field Data Form
Sample Label
Sample Recovery and Integrity Data Form
On-site Measurement Checklist
Posttest Calibration Checks
Analytical Balance Calibration Data Form



Form

5.3
5.4
5.5 (MH)

5.6 (MH)

6.lA & 6.lB

8.1
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Title

Sample Analytical Data Form
Blank Analytical Data Form
Procedure for Weighing Filters Before and
After Sampling
Procedure for Analysis of Acetone Rinse
Samples
Particulate Calculation Data Form
(English and Metric units)
Method 5 Checklist To Be Used by Auditors



PROCUREMENT LOG

Purchase
order Date Dispo-

Item description ( uantity number Vendor Ordered Received Cost sition Comments
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METER BOX CALIBRATION DATA AND CALCULATION FORM

(English units)

Date Meter box number

Barometric pressure, Ph = in. Hg Calibrated by

o

Gas volume Temperatures
Orifice Wet test Dry gas Wet test Dry gas meter

manometer meter meter meter Inlet Outlet Avg- Time
setting (V), (Vd), (t ), (td .), (td ), (td), (0),

(Llli) ,
w w Y. lili@ •

ft3 ft3
l. 0

in. H
2
O of of "F of min l. in. Hl.

2

0.5 5

1.0 5

1.5 10

2.0 10

3.0 10

4.0 10

Avg

H, Llli Vw Pb(td + 460) 0.0317 Llli [(t~w+ 460) ar
in. 13.6 Y. = Llli@ . = Pb (td + 460)l. Llli (t + 460) l.

2
0 Vd(Pb + 13.6) w

0.5 0.0368

1.0 0.0737

1.5 0.110

2.0 0.147

3.0 0.221

4.0 0.294

H

a If there is only one thermometer on the dry gas meter, record the temperature
under t d .

Quality Assurance Handbook M5-2.3A (front side)



METER BOX CALIBRATION DATA AND CALCULATION FORM (English units)
Nomenclature:

Vw = Gas volume passing through the wet test meter, ft3 .

Vd = Gas volume passlng through the dry gas meter, ft3 .

t w = Temperature of the gas in the wet test meter, of.

t d . = Temperature of the inlet gas of the dry gas meter, of.
1

t d = Temperature of the outlet gas of the dry gas meter, of.
o

Tolerance y. =
1

meter for each run.

~H

y.
1

= Average temperature of the gas ln the dry gas meter, obtained by the average t d
t d ' of.

o

= Pressure differential across orifice, in. H20.

= Ratio of accuracy of wet test meter to dry gas
Y ±0.02 Y.

and
1

~H@

~H@.
1

Y = Average ratio of accuracy of wet test meter to dry gas meter for all SlX runs.
Tolerance Y = Y ±0.01 Y.

= Orifice pressure differential at each flow rate that gives 0.75 ft3/min of air at
standard conditions for each calibration run, in. H20. Tolerance = ~H@ ±0.15
(recommended).

= Average orifice pressure differential that gives 0.75 ft3/min of air at standard
conditions for all six runs, in. H20. Tolerance = 1.84 ±0.25 (recommended).

e = Time for each calibration run, min.

Pb = Barometric pressure, in. Hg.

Quality Assurance Handbook M5-2.3A (backside)



METER BOX CALIBRATION DATA AND CALCULATION FORM

(Metric units)

Date ---------- Meter box number --------

,

°

Calibrated byrom HgBarometric pressure P =, b

Gas volume Temperatures
Orifice Wet test Dry gas Wet test Dry gas meter

manometer meter meter meter Inlet Outlet Avg'" Time
setting (V ), (Vd) , (t ), (td .), (td ), (td), (8),

(Llli) , w w Y. LlH@.
3 3

1 0

rom H
2
O °C °C °C °C min 1 ].

m m rom Hz

10 0.15

25 0.15
.-_.

40 0.30

50 0.30

75 0.30

100 0.30

Avg

6H,
Llli Vw Pb(td + 273) 0.00117 Llli [<\: 273) errom 13.6

Y. = Llli@ . = Pb (td + 273)H2O 1 Llli (t + 273) 1
Vd(Pd + 13.6) w

10 0.7

25 1.8

40 2.94

50 3.68

75 5.51

100 7.35

a If there is only one thermometer on the dry gas meter, record the temperature
under t d .

Quality Assurance Handbook MS-2.3B (front side)



METER BOX CALIBRATION DATA AND CALCULATION FORM (metric units)
Nomenclature:

Vw = Gas volume pass1ng through the wet test meter, m3 .

Vd = Gas volume pass1ng through the dry gas meter, m3 .

t w = Temperature of the gas in the wet test meter, DC.

t d . = Temperature of the inlet gas of the dry gas meter, DC.
1

t d = Temperature of the outlet gas of the dry gas meter, DC.
0

Tolerance y. =
1

meter for each run.

= Average temperature of the gas in the dry gas meter, obtained by the average of t d and
t d ' DC. 1

o

= Pressure differential across orifice, rom H20.

= Ratio of accuracy of wet test meter to dry gas
y +0.02 Y.

~H

y.
1

Y = Average ratio of accuracy of wet test meter to dry gas meter for all S1X runs.
Tolerance Y = Y +0.01 Y.

~H@.
1

= Orifice pressure differential at each flow rate that gives 0.021 m3 of air at standard
conditions for each calibration run, mm H20. Tolerance ~H@i = ~H@ +3.8 mm H20
(recommended) .

~H@ = Average orifice pressure differential that gives 0.021 m3 of air at standard con
ditions for all six runs, rom H20. Tolerance ~H@ = 46.74 +6.3 mm H20 (recommended).

e = Time of each calibration run, min.

Pb = Barometric pressure, rom Hg.

Quality Assurance Handbook M5-2.3B (backside)



POSTTEST DRY GAS METER CALIBRATION DATA FORM (English units)

Plant _

Pretest Y

Meter box number

Dry gas meter numberin Hg

Date

Barometric pressure P =
Test numbers

, b

Orifice Gas volume Temperature Y.
manometer Wet test Dry gas Wet test Drv gas meter

1

setting, meter meter meter Inlet Outlet Average V Pb
(t

d
+ 460)

(Llli) , (V ), (V
d
), (t ), (td .), (td

) , a w
(td), Time Vacuum Y.

w w 1in. H2O ft3 ft3 of 1 0 OF (8), setting, Vd
P

b
+ Llli t + 460

of of min in. Hg 13.6 w

10

10

10

Y =
a If there is only one thermometer on the dry gas meter, record the temperature under t d ·

= Gas volume passing through the wet test meter, ft3.

= Gas volume passing through the dry gas meter, ft3.

= Temperature of the gas in the wet test meter, of.

= Temperature of the inlet gas of the dry gas meter, of.

= Temperature of the outlet gas of the dry gas meter, of.

=Average temperature of the gas in the dry gas meter, obtained by the average of t d . and t d ' of.
1 0= Pressure differential across orifice, in H20.

= Ratio of accuracy of wet test meter to dry gas meter for each run.

=Average ratio of accuracy of wet test meter to dry gas meter for all three runs;
tolerance =pretest Y !O.OSY

Pb = Barometric pressure, in. Hg.

8 = Time of calibration run, min.

Quality Assurance Handbook M5-2.4A



POSTTEST METER CALIBRATION DATA FORM (Metric units)
Plant

Pretest Y

Meter box number --------

Dry gas meter numbermm Hg

DateTest numbers

Barometric pressure P =, b

Orifice Gas volume Temperature Y.
manometer Wet test Dry gas Wet test Drv gas meter

1

setting, meter meter meter Inlet Outlet Average V P
b

(t
d

+ 273)
(Llli) , (V ), (V

d
), (t ), (td .), (t

d
),

a Time Vacuum Y.
w

(t
d
),

mm H
2

O w
3

w (0), setting,
1 V

d Pb + Llli t + 2733 aC 1 0 aCm m aC aC min mm Hg 13.6
w

.3

.3

.3

Y =

a If there is only one thermometer on the dry gas meter, record the temperature under t d .

where

= Gas volume passing through the wet test meter, 3m

= Gas volume passing through the dry gas meter, 3m

= Temperature of the gas in the wet test meter, ac.

= Temperature of the inlet gas of the dry gas meter, aC.

= Temperature of the outlet gas of the dry gas meter, aC.

= Average temperature of the gas in the dry gas meter, obtained by the average of t d . and t d , aC.

Pressure differential orifice, mm H
2

O.
1 0= across

= Ratio of accuracy of wet test meter to dry gas meter for each run.

t
d

Llli

Y.
1

Y = Average ratio of accuracy of wet test meter to dry gas meter for all three runs;
tolerance = pretest Y !O.05Y

Pb = Barometric pressure, mm Hg.

o = Time of calibration run, min.

Quality Assurance Handbook M5-2.4B



Date

STACK TEMPERATURE SENSOR CALIBRATION DATA FORM

Thermocouple number

Ambient temperature

Calibrator

°c Barometric pressure----
Reference: mercury-in-glass

other

in. Hg

Reference Thermocouple
Reference thermometer potentiometer Temperature

bpoint Source a temperature, temperature, difference,
number (specify) °c °c %

aType of calibration system used.

b[(ref temp, °C + 273) - (test thermom temp, °C + 273)J 100~1.5%.
ref temp, °c + 273

Quality Assurance Handbook M5-2.5



Date

NOZZLE CALIBRATION DATA FORM

Calibrated by

Nozzle Nozzle Diametera
LiD,b cidentification Dr Dr Dr Davgnumber rom ( n.) rom in.) rom in.) rom (in.)

where:

aD
1,2,3, = three different nozzles diameters, rom (in.); each

diameter must be within (0.025 rom) 0.001 in.

b

c

liD = maximum difference between any two diameters, rom (in.),
liD ~(0.10 rom) 0.004 in.

Quality Assurance Handbook M5-2.6



NOMOGRAPH DATA FORM (English units)

Plant

Date

Sampling location

Calibrated pressure differential across
orifice, in. H20

Average meter temperature (ambient + 20°F), of

Percent moisture ln gas stream by volume, %

Barometric pressure at meter, in. Hg

station pressure in stack, In. Hg
(PmtO.073 x stack gauge pressure, in. H20) Ps

Ratio of static pressure to meter pressure

Average stack temperature, of

Average velocity head, in. H20

Maximum velocity head, In. H20

C factor

Calculated nozzle diameter, in.

Actual nozzle diameter, in.

Reference ~p, in. H20

Quality Assurance Handbook MS-4.1



PARTICULATE FIELD DATA FORM

Sheet of
Nozzle identification number
Nozzle diameter mm (in.)
Thermometer number
Final leak rate -m~3/~m-1~·n-(~c~f~m~)

Vacuum during leak check
mm (in.) Hg mm (in.) Hg-----

Filter number
______-mm (in.) H

2
0 Remarks

mm (in ) H 0

Meter calibration (Y)
Pitot tube (C )
Probe length _p _
Probe liner material
Probe heater setting
Ambient temperature
Barometric pressure (Pb )
Assumed moisture
Static pressure (P )
C Factor a
Reference M> 2

Pressure
differ-
ential Temperature

Stack Velocity across Gas sample temp- of gas
tempera- head orifice erature at dry leaving

Traverse Sampling Clock Vacuum, ture (M> ), meter (till), Gas sample gas meter condenser or Filter
point time, time, (T ), s

vo1ume ~V ) Inlet, Outlet, last impinger, temp,mm mm mm
number (8), min (24 h) (in.) Hg °C("F) (in.) H2O (in.) H2O m (ft)m °C(°F) °C(°F) °C (oF) °C(°F)

--

Total Max Avg Total Avg Avg Max

Sample box number ------
Meter box number
Meter till@

Plant ------------City ..,-- _
Location
Operator
Date
Run number
Stack diam, mm (in.)

Quality Assurance Handbook M5-4.2



Plant

site

Date

SAMPLE LABEL

city _

Sample type

Run number

Front rl.nse

Back rinse

Front filter

Back filter

Front solution

Back solution

Clean up by _

solution --------
Volume: Initial

Level marked

Final

Quality Assurance Handbook M5-4.3



SAMPLE RECOVERY AND INTEGRITY DATA FORM

---g

---g

---g

Plant

Sample location

Sample recovery person

Filter(s) number

MOISTURE

Impingers

Final volume (wt) ml (g)

Initial volume (wt) ml (g)

Net volume (wt) ml (g)

Total moisture g

Color of silica gel

Description of impinger water

Sample date

Run number

Recovery date

Silica gel

Final wt

Initial wt

Net wt·

---g

---g

---g

Sealed _

Sealed ------

RECOVERED SAMPLE

Blank filter container number ---------
Filter container number
Description of particulate on filter ___

Acetone rinse
container number ------------------
Acetone blank
container number -------------------
Samples stored and locked

Remarks

Date of laboratory custody

Laboratory personnel taking custody

Remarks

Liquid level
marked?

Liquid level
marked?

Quality Assurance Handbook 005-4.4



ANALYTICAL BALANCE CALIBRATION FORM

Balance name _

Classification of standard weights

Number _

Date 0.500 g 1.0000 g 10.0000 g 50.0000 g 100.0000 g Analyst

Quality Assurance Handbook M5-5.2



SAMPLE ANALYTICAL DATA FORM

Plant

Sample location

Relative humidity

Density of acetone

Run number

g/ml

Sample
type

Sample
identifiable

Liquid level marked
and/or container sealed

Acetone rinse

filter(s)

Acetone rinse container number

ml

mg/g

mg) =()= C V P - (a aw a

Acetone rinse volume (Vaw )

Acetone blank residue concentration (C a )

) (

mg

mg

mg

mg

mg

mg

mg

mg

mg
______ mg

Gross wt ------
Average gross wt

Tare wt

Gross wt ------
Gross wt ------

Average gross wt ------
Tare wt ------

Less acetone blank wt (Wa )

Weight of particulate in acetone rinse (rna)

Filter(s) container number

Date and time of wt Gross wt ------
Date and time of wt ----------

Date and time of wt ----------
Date and time of wt ----------

Weight of particulate on filter(s) (mf ) mg

Weight of particulate in acetone rinse mg

Total weight of particulate (mn ) mg

Note: In no case should a blank residue >0.01 mg/g or 0.001% of
the weight of acetone used be subtracted from the sample weight.

Remarks

Signature of analyst

Signature of reviewer

Quality Assurance Handbook MS-S.3



BLANK ANALYTICAL DATA FORM

Plant

Sample location

Relative humidity

Liquid level marked and

Density of acetone (P a )

Blank volume (Va)

Date and time of wt

Date and time of wt

container sealed

gjml

ml

Gross wt mg

Gross wt mg

Average gross wt mg

Tare wt mg

Weight of blank (mab ) mg

= ( ) ( ) = mgjg

Note: In no case should a blank residue greater than 0.01 mgjg
(or 0.001% of the blank weight) be subtracted from the sample
weight.

Filters Filter number

Date and time of wt Gross wt mg

Date and time of wt Gross wt mg

Average gross wt mg

Tare wt mg

Difference wt mg

Note: Average difference must be less than ±5 mg or 2% of total
sample weight whichever is greater.

Remarks

signature of analyst

Signature of reviewer

Quality Assurance Handbook M5-5.4



Y =

Vm(std)

PARTICULATE CALCULATION FORM (English units)

SAMPLE VOLUME (ENGLISH UNITS)

ft3
, Tm = oR P =- - - ' bar

~H = . __ in. H
2

0

(
Pb + (~H/13.6»)

= 17.64 V Y ar T =
m m

in. Hg

Equation 6-1

PARTICULATE CONCENTRATION (ENGLISH UNITS)

mg

x 10-4 lb/dscf
Equation 6-8

Quality Assurance Handbook M5-6.1A



PARTICULATE CALCULATION FORM (metric units)

SAMPLE VOLUME (METRIC UNITS)

Pbar = _ _ _ . rom Hg

Vm(std) = 0.3858 Vm

y = _ _ _, ~H = _ _ _ rom H
2

0

y(Pbar+T:aH/13 .6 »;
Equation 6-1

PARTICULATE CONCENTRATION (METRIC UNITS)

mn = _ _ . _ mg

C
s

= 1 x 10-3 ( mn \- _ . g/dscm
\Vm(std)j- Equation 6-8

Quality Assurance Handbook M5-6.1B



METHOD 5 CHECKLIST TO BE USED BY AUDITORS

Yes No Conunent OPERATION

Presampling Preparation

1. Knowledge of process conditions-- - 2. Calibration of pertinent equipment:-- - in particular, the dry gas meter,
orifice meter, and pitot tube

On-site Measurements

3. Sample train assembly-- - 4. Pretest leak check of train-- - Isokinetic sampling5.-- -
6. Posttest check-- - 7. Sample recovery and integrity-- -
8. Recording of pertinent process-- - information during sample collec-

tion

Postsampling

9. Check of analytical balance-- - 10. Use of acceptable detection blanks-- - in correcting field sample results
II. Calculation procedure/check-- -

General Conunents

Quality Assurance Handbook M5-8.1
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section 3.5

METHOD 6--DETERMINATION OF SULFUR DIOXIDE

EMISSIONS FROM STATIONARY SOURCES

OUTLINE

DocumentationSection

SUMMARY

METHOD HIGHLIGHTS

METHOD DESCRIPTION

1. PROCUREMENT OF APPARATU~

AND SUPPLIES

2. CALIBRATION OF APPARATUS

3. PRESAMPLING OPERATIONS

4. ON-SITE MEASUREMENTS

5. POSTSAMPLING OPERATIONS

6. CALCULATIONS

7. MAINTENANCE

8. AUDITING PROCEDURE

9 . RECOMMENDED STANDARDS FOR
ESTABLISHING TRACEABILITY

10. REFERENCE METHOD

11. REFERENCES

12. DATA FORMS

3.5

3.5

3.5.1

3.5.2
3. - .3

3.5.4

3.5.5

3.5.6

3.5.7

3.5.8

3.5.9

3.5.10

3.5.11

3.5.12

Number

of Pages

3

9

15

15

6

12

16

6
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7

1

3

2
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SUMMARY

This Method 6 test procedure is applicable to the determina

tion of sulfur dioxide emissions from stationary sources. A gas

sample is extracted from the sampling point in the stack. The

sulfur dioxide is separated from the sulfuric acid mist (includ

ing sulfur trioxide) and is measured by the barium-thorin titra

tion method. The barium ions react preferentially with sulfate

lons in solution to form a highly insoluble barium sulfate pre

cipitate. When the barium has reacted with all sulfate ions,

excess barium then reacts with the thorin indicator to form a

metal salt of the indicator, resulting in a color change.

The minimum detectable limit of the method has been de-
3 -7 3termined to be 3.4 mg S02/m (2.12 x 10 Ib S02/ft). Although

no upper limit has been established, tests have shown that concen

trations as high as 80,000 mg S02/m3 can be collected efficiently

in two midget impingers, each containing 15 ml of 3% hydrogen

peroxide and the sampling rate is 1.0 Q/min for 20 min. Based on

theoretical calculations, the upper concentration limit in a 20-Q

sample is about 93,300 mg S02/m3 if two such impingers are used.

The limits may be extended by increasing the number of impingers

or by increasing the peroxide concentration.

Interferences include free ammonia, water-soluble cations,

and fluorides. The cations and fluorides are removed by glass

wool filters and an initial isopropanol bubbler, and hence do not

affect the S02 analysis. When samples are being taken from a gas

stream with high concentrations of very fine metallic fumes (such

as from inlets to control devices), a high-efficiency glass-fiber

filter must be used in place of the glass-wool plug in the probe

to remove the cation interferences. Free ammonia interferes by

reacting with S02 to form particulate sulfite and thus preventing

it from reaching the peroxide impingers, and by reacting with the

indicator. I f free ammonia is present (as indicated by white
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particulate matter in the probe and the isopropanol bubbler), an

alternative method, subject to the approval of the administrator

of the U.S. Environmental Protection Agency, is required.

The tester has the option of substituting sampling equipment

described in Method 8 for the midget impinger equipment of

Method 6. However, the Method 8 train must be modified to in

clude a heated filter between the probe and the isopropanol

impinger and must be operated at the flow rates defined in

Method 8. The heated filter will help to eliminate the possibil

ity of the S02 reacting with the particulate matter.

The tester also has the option of determining the emissions

of S02 simultaneously with particulate matter and moisture deter

minations by (1) replacing the water in a Method 5 impinger

system with 3% peroxide solution or (2) replacing the Method 5

water impinger system with a Method 8 isopropanol-filter-peroxide

system. The analysis for S02 and the calibration of the metering

system must be consistent with the procedure in Method 8.

The method description that follows is based on the Refer

ence Method that was promulgated on August 18, 1977, and ammended

March 23, 1978.

section 3.5.10 contains a complete copy of the Reference

Method, and section 3.5.12 provides blank data forms for the

convenience of the Handbook user. References are in section

3.5.11. Reference 1 was used in preparing the method descrip

tion. References 2, 3, and 4 are collaborative test studies of

this and other related methods. Data from these test studies

were used in establishing quality control limits using the tech

niques of Reference 5. References 6 through 12 are included

because of their potential value to the user.

The accuracy of Method 6 was checked using three standard

gas mixtures containing 224, 1121, and 2082 mg s02/m3 (14, 70,
-6 .and 130 x 10 Ib S02/scf), respectlvely. The individual meas-

urements by the participating laboratories were all within 24% of

the true concentration.
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The accuracy of the analytical phase of Method 6 was checked

using standard sulfuric acid solutions of three concentrations

that were equivalent to sampled concentrations of 281.9, 563.8,
3 -6and 845.7 mg S02/m (17.6, 35.2, and 52.8 x 10 Ib S02/scf), and

a blank solution. The individual measurements by all of the

participating laboratories were within 6% of the true concentra

tion.

The estimated within-laboratory precision (relative standard

deviation) was 4.0%. The between-laboratory precision was 5.8%.

The relative standard deviation is the ratio of the standard

deviation of the measurement to the mean measured value, ex

pressed as a percentage of this mean value.
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METHOD HIGHLIGHTS

Specifications described in this Method 6 (Section 3.5) are

only for the uses of midget impingers and midget bubblers with

sample rates of about 1 liter per minute (Q/min). If the tester

opts to use the standard-sized impingers, the Method 8 descrip

tion (Section 3.7) should be used as the reference for equipment

calibration, sample setup, leak check, operation, and sample

recovery. The only exceptions are that glass wool may be put in

the U-tube between the isopropanol and peroxide impinger as an

option to the filter, the sampling is to be conducted at a con

stant rate of about 0.02 scm/min (0.75 scfm) (~H@, orifice pres

sure differential that gives 0.75 scfm of air at 70°F at

29.92 in. Hgi and the isopropanol need not be analyzed.

The five blank data forms at the end of this section may be

removed from the Handbook and used in the pretest, test, and

the posttest operations. Each form has a subtitle (e. g.,

Method 6, Figure 3.1) for helping the user find a similar filled

in form in the method description (Section 3.5.3). On the blank

and the filled-in forms, the items/parameters that can cause the

most significant errors are starred.

1. Procurement of Equipment

Section 3.5.1 (Procurement of Apparatus and Supplies) gives

the specifications, criteria, and design features of the equip

ment and material required to perform Method 6 tests with the

midget impinger train. This section is designed to provide the

tester with a guide for the procurement and initial check of

equipment and supplies. The activity matrix (Table 1.1) at the

end of Section 3.5.1 can be used as a quick reference, and is a

summary of the corresponding written descriptions.

2. Pretest Preparations

section 3.5.2 (Calibration of Apparatus) provides a step-by

step description of the recommended calibration procedures. The

accuracy and precision for the equipment calibrations are the



section No. 3.5
Revision No. 0
Date May 1, 1979
Page 6 of 13

same as those for Methods 5 and 8, with the exception that there

is no calibration requirement for the rotameter. The lower

sampling rate required for the midget impinger train allows the

use of a wet test meter with a capacity of 3 Q/min or greater.

The calibration section can be removed along with the corre

sponding sections for the other methods and used as a separate

quality assurance reference manual by the calibration personnel.

The calibration data are summarized on the pretest sampling

checks form (Figure 2.5, section 3.5.2).

Section 3.5.3 (Presampling Operations) provides the tester

with a preparation guide for equipment and supplies for the field

test. The pretest sampling checks and pretest preparation forms

(Figure 3.1, section 3.5.3) or appropriate substitutes should be

used as equipment checkout and packing lists. The sample

impingers may be charged in the base laboratory if the testing is

to be performed within 24 h of charging. The recommended method

described for packing the containers should help protect the

equipment.

3. On-site Measurements

section 3.5.4 (On-Site Measurements) contains step-by-step

procedures to perform the sampling and sample recovery. A check

list (Figure 4.4, section 3.5.4) is provided to assist the tester

wi th a quick method of checking that the procedures have been

completed satisfactorily. section 3.5.4 may be taken to the

field for reference but it would not normally be needed by an

experienced crew. The most common problem with the midget

impinger train is that the hydrogen peroxide (H20 2 ) solution can

easily be backed up into the isopropanol solution. This causes

the S02 to be removed in the first impinger or in the glass wool.

For this reason, it is important to take precautions in pre

venting this occurrence, and it is suggested that the isopropanol

and glass-wool plug be saved. The isopropanol can then be

analyzed if any of the S02 data indicate questionable results.
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4. Posttest Operations

section 3.5.5 (Postsampling Operations) gives the posttest

equipment check procedures and a step-by-step analytical proce

dure for determination of S02 concentration. The two posttest

data forms (Figure 5.1, section 3.5.5) and Figure 5.4, section

3.5.5) or similar forms should be used and the posttest sampling

checks form should be included in the emission test report to

document the calibration checks. The step-by-step analytical

procedure can be removed and made into a separate quality

assurance analytical reference manual for the laboratory per

sonnel. Analysis of a control sample is required prior to the

analysis of the field samples. This analysis of an independently

prepared known standard will provide the laboratory with quality

control checks on the accuracy and precision of the analytical

techniques.

section 3.5.6 (Calculations) provides the tester with the

required equations, nomenclature, and significant digits. It 1S

suggested that a programmed calculator be used, if available, to

reduce the chance of calculation error.

Section 3.5.7 (Maintenance) provides the tester with a guide

for maintenance procedures; these are not required, but should

reduce equipment malfunctions.

5. Auditing Procedure

Section 3.5.8 (Auditing Procedure) provides a description

of activities necessary for conducting performance and system

audi ts. The· performance audit of the analytical phase can be

performed using aqueous ammonium sulfate solution. Performance

audits for the analytical phase and the data processing are

described in Section 3.5.8. A checklist for a systems audit 1S

also included in this section.

section 3.5.9 (Recommended Standards for Establishing Trace

ability) recommends the primary standards for establishing the

traceability of the working standards. The volume measures are

compared to a primary liquid displacement method, and the analy

sis of the S02 is traceable to primary standard grade potassium

acid pthalate.
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6. Reference Material
Section 3.5.10 (Reference Method) is the reference method

and thus the basis for the quality assurance method description.
Section 3.5.11 (References) is a listing of the references

that were used in this method description.
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PRETEST SAMPLING CHECKS
(Method 6, Figure 2.5)

Date

Meter box number

Calibrated by

----~~

Dry Gas Meter*

Pretest calibration factor =
factor for each calibration run).

(within ±2% of average

Impinger Thermometer

Was a pretest temperature correction used? __yes no

If yes, temperature correction (within ±l°C (2°F) of
reference values for calibration and within ±2°C (4°F) of
reference values for calibration check).

Dry Gas Meter Thermometer

Was a pretest temperature correction made? ---yes no

If yes, temperature correction (within ±3°C (S.4°F) of
reference values for calibration and within ±6°C (10.aOF) of
reference values for calibration check).

Barometer

Was the pretest field barometer reading correct? yes no
(within ±2.S rom (0.1 in) Hg of mercury-in-g1ass barometer).

* Most significant items/parameters to be checked.



section No. 3.5
Revision No. 0
Date May 1, 1979
Page 10 of 13

PRETEST PREPARATIONS
(Method 6, Figure 3.1)

Loaded
Acceptable Quantity Ready and packed

Apparatus check Yes No required Yes No Yes No

PrQbe

Type liner
Glass
stainless

steel
Other

Heated properly
Leak checked on

sampling train

Filter

Glass wool
Other

Glassware

Midget bubbler
Midget impinger

Size
Type

Meter System
Leak-free pumps*
Rate meter*
Dry gas meter*
Reagents

Distilled water
H

2
0

2
, 30%

Isopropanol, 100%*
Silica gel

Other

Barometer
Drying tube

* Most significant items/parameters to be checked.
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ON-SITE MEASUREMENTS
(Method 6, Figure 4.4)

Sampling

Bubbler and impinger contents properly selected, measured,
and placed in impinger?*

Impinger Contents/Parameters*

1st: 15 ml of 80% isopropanol

2nd: 15 ml of 3% H20 2
3rd: 15 ml of 3% H20 2
Final impinger dry?

Probe heat at proper level?

Crushed ice around impingers?

Pretest leak check at 250 rom (10 in.) Hg?

Leakage rate?

Probe placed at proper sampling point?

Flow rate constant at approximately 1.0 Q/min?*

Posttest leak check at 250 rom (10 in.) Hg?*

Leakage rate?

Sample Recovery

System purged at least 15 min at test sampling rate?*

Contents of impingers placed in polyethylene bottles?

Fluid level marked?*

Sample containers sealed and identified?*

* Most significant items/parameters to be checked.
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POSTTEST SAMPLING CHECKS
(Method 6, Figure 5.1)

Meter Box Number

_______(+5% of pretest factor)*
no

(within ±2% of calibra
run)

for pretest or posttest

Dry Gas Meter

Pretest calibration factor Y =
Posttest check Y ; Y =
Recalibration re~ired? yes
If yes, recalibration factor Y =

tion factor for each calibration
Lower calibration factor, Y =

calculations

Rotameter

Pretest calibration factor Y =
Posttest check Y = (Qithin ±10% of pretest factor)
Recalibration reeommended? yes no
If performed, recalibration factor Yr = __
Was rotameter cleaned? yes no __

Dry Gas Meter Thermometer

Was a pretest meter temperature correction used? yes no
If yes, temperature correction
Posttest comparison with mercury-in-glass thermometer

__~~__~ ~ within +6°C (10.8°F) of reference values
Recalibration required? - yes no
Recalibration temperature correction if used within

+3°C (5.4°F) of reference values
If meter thermometer temperature is higher no correction needed
If recalibration temperature is higher, add correction to

average meter temperature for calculations

Barometer

Was pretest field barometer reading correct? yes no
Posttest comparison mm (in.) Hg within +5.0 mm----

(0.2 in.) Hg) of mercury-in-glass barometer -
Was recalibration required? yes no
If field barometer reading is lower, no correction is needed
If mercury-in-glass reading is lower, subtract difference from

field data readings for calculations

*Most significant items/parameters to be checked.



section No. 3.5
Revision No. 0
Date May 1, 1979
Page 13 of 13

POSTTEST OPERATIONS
(Method 6, Figure 5.4)

Reagents

sample*

Graduations-------

acid standard*

Date standardized--------
perchlorate titrant*

Normality of sulfuric

Date purchased

Normality of barium

Date standardized

Normality of control

Date prepared

Volume of burette

Sample Preparation

Has liquid level noticeably

Original volume

Samples diluted to 100 ml?*

changed? *
Corrected volume

Analysis

Volume of aliquot analyzed*

Do replicate titrant volumes agree within 1% or 0.2 ml?

Number and normality of control samples analyzed ------
Are replicate control samples within 0.2 ml?

Is accuracy of control sample analysis ±5%?*
All data recorded? Reviewed by

* Most significant items/parameters to be checked.
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES

A schematic diagram of an assembled sulfur dioxide sampling

train with all components identified is shown in Figure 1.1.

Specifications, criteria, and design features are given in this

section to aid in the selection of equipment and to ensure that

the collected data are of good quality. Procedures and, where

applicable, limits for acceptance checks are given.

During the procurement of equipment and supplies, it is

suggested that a procurement log be used to record the descrip

tive title of the equipment, the identification number, if appli

cable, and the results of acceptance checks. An example of a

procurement log is shown in Figure 1.2. A blank form is given in

Section 3.5.12 for the Handbook user. If calibration is required

as part of the acceptance check, the data are recorded in the

calibration log book. Table 1.1 at the end of this section

summarizes the quality assurance activities for procurement and

acceptance of apparatus and supplies.

1.1 Sampling

1.1.1 Sampling Probe - The sampling probe should be either a

borosilicate (Pyrex) glass or a type-316 seamless stainless steel

tube of approximately 6-mm inside diameter ( ID), encased in a

stainless steel sheath and equipped with a heating system capable

of preventing water condensation and with a filter (either in

stack or heated out-stack) to remove particulate matter, includ

ing sulfuric acid mist. When an in-stack filter is utilized, the

probe should have an expanded diameter (38-40 mm) for the first

4 cm on the in-stack end, and this expanded end should be packed

with glass wool prior to sampling. The probe's opposite end must

have a fitting suitable for attaching it to the midget bubbler.

A probe of approximately 1.2 m (4 ft) total length is usually

sufficient for sampling. However, the probe tip can be no closer



PROBE (END PACKED ITC:SS NOOl)
~~

STACK WAll/

Figure 1.1.

SURGE TANK

802 sampling train.



Purchase
order Date Dispo-

Item description Qty. number Vendor Ord. Rec. Cost sition Comments

~ I3I]L, 17~ 151 ~tec fI:t X. 1170~ UI;6"tAI~ (J;,//brAluI
(Md1tJtI') I 7Jdv",J(J1t ~h1 "h1 I?~ ~S.B.

hI' lASt.-

~~ Y'h1

Figure 1.2. Example of a procurement log.
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than 1 m (3.28 ft) from the inner wall of stacks >2 m in diame

ter. When stack gas temperatures exceed 480°C (900°F), a probe

fabricated from quartz (vycon) should be used. The main

criterion in selecting a probe material is that it be nonreactive

with the gas constituents and therefore not introduce bias into

the analysis.

A new probe should be visually checked for specifications

(i.e., the length and composition ordered). It should be checked

for cracks and breaks, and then leak checked on a sampling train,

as described in section 3.5.3. The probe heating system should

be checked as follows:

1. Connect the probe (without filter) to the inlet of the

pump.

2. Electrically connect and turn on the probe heater for 2

or 3 min. If functioning properly, it will become warm to the

touch.

3. Start the pump and adjust the needle valve until a flow

rate of about 1.0 ~/min is achieved.

4. Check the probe. It should remain warm to the touch.

The heater must be capable of maintaining the exit air

temperature at a minimum of 100°C (212°F) under these conditions.

If it cannot, the probe should be rejected. Any probe not

satisfying the acceptance check should be repaired, if possible,

or returned to the supplier.

1.1.2 Midget BubblerjImpingers - Each sampling train requires

one midget bubbler (30 ml) of medium coarse glass fri t, with

glass wool packed in the top to prevent carryover of sulfuric

acid mist. A midget impinger may be used in place of the midget

bubbler.

Each sampling train requires three midget impingers (30 ml)

with glass connections between the midget bubbler and the midget

impingers. (Plastic or rubber tubing is not permitted because

these materials absorb and desorb gaseous species.) Silicone

grease may be used to prevent leakage.
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Each bubbler/impinger is checked visually for damage, such

as breaks or cracks, and for manufacturing flaws, such as poorly

shaped connections.

other nonspecified collection absorbers and sampling flow

rates may be used, subject to the approval of the administrator,

but collection efficiency must be shown to be at least 99% for

each of three test runs and must be documented in the emission

test report. For efficiency testing, an extra absorber must be

added and analyzed separately and must not contain more than 1%

of the total 502.

1.1.3 Vacuum Pump - The vacuum pump should be capable of main

taining a flow rate of approximately 1 to 2 i/min for pump inlet

vacuums up to 250 mm (10 in.) Hg with the pump outlet near

standard pressure that is, 760 mm (29.92 in.) Hg. The pump must

be leak free when running and pulling a vacuum (inlet plugged) of

250 mm (10 in.) Hg. Two types of vacuum pumps are commonly

used--either a modified sliding fiber vane pump or a diaphragm

pump. For safety reasons, the pump should be equipped with a

three-wire electrical cord.

To check the pump for leaks, install a vacuum gauge in the

pump inlet line. Plug the inlet line and run the pump until the

vacuum gauge reads 250 mm (10 in.) Hg of vacuum, clamp the pump

outlet line and turn off the pump. The vacuum reading should

remain stable for 30 s.

1.1.4 Volume Meter - The dry gas meter must be capable of

measuring total volume with an accuracy of ±2%, calibrated at the

selected flow rate of 1.0 .£/min and at the gas temperature

actually encountered during sampling, and must be equipped with a

temperature gauge (dial thermometer, or equivalent) capable of

measuring the gas temperature to within 3°C (S.4°F).

A new dry gas meter may be checked for damage visually and

by performing a calibration according to Section 3.5.2. Any dri

gas meter that is damaged, behaves erratically, or does not giVE

readings within :t.2% of the selected flow rate for each run il:
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unsatisfactory. Also upon receipt the meter should be calibrated

over a varying flow range to see if there is any effect on the

calibration.

Dry gas meters that are equipped with temperature compen

sation must be calibrated over the entire range of temperature

that the meter encounters under actual field conditions. The

calibration must contain at least one data point at each 100F

interval. All temperatures that are to be used in the field must

be within ±2% of the calibrated value.

The wet test meter used to check the dry test meter should

be calibrated using the primary displacement technique explained

in Section 3.5.2. The wet test meter must have a capacity of at

least 0.003 m3/min (0.1 ft3/min) with an accuracy of ±l%; other

wise at the higher flow rates, the water will not be level and

possibly will result in an incorrect reading.

1.1.5 Rotameter - A rotameter, or its equivalent, with a range

of 0 to 2 Q/min is used to monitor and control the sampling flow

rate. The rotameter is checked against the calibrated dry gas

meter with which it is to be used or against a wet test meter.

The rotameter flow setting of about 1 Q/min should be determined.

Changes in pressure, density, and viscosity of the sample

gas will affect the calibrated sample rate. However, since

sampling is performed at a constant rate, which need not be

isokinetic, these changes do not affect the sample volume

measured by the dry gas meter.

1.1.6 Needle Valve - A metering valve with conveniently sized

fittings is required in the sampling train to adjust the sample

flow rate. It is recommended that the needle valve be placed on

the vacuum side of the pump.

1.1.7 Drying Tube - The drying tube should be packed with 6- to

l6-mesh indicating-type silica gel, or equivalent, to dry the

sample gas and protect the meter and pump. A drying tube can be

made by filling a 10-mm polyethylene tube with silica gel and

packing glass wool in each end to hold the silicia gel and
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protect the sampling system. Plastic tubing can be utilized in

any connections past the collection system without affecting the

sampling results. The drying tube should have a minimum capacity

of 30 to 50 g of silica gel and should be visually checked for

proper size and for damage.

If the silica gel has been used previously, it must be dried

at 175°C (350°F) for 2 h. New silica gel may be used, subject to

approval of the administrator.

1.1.8 Thermometers - A dial thermometer, or its equivalent, is

used to measure the temperature of gas leaving the impinger train

to within ±loC (2°F). Dial type thermometers are easily damaged,

so each new thermometer must be checked visually for damage such

as a dented or bent stem. Each thermometer should read within

±loC (2°F) of the true value when checked in an ice water bath

and at room temperature against a mercury-in-glass thermometer

that conforms to ASTM E-l No. 63C or 63F. Damaged thermometers

that cannot be calibrated must be rejected.

1.1.9 Meter System - For ease of use, the metering system-

which contains the dry gas meter, thermometer ( s ), vacuum pump,

needle valve, and rotameter--can be assembled into one unit

(meter box). After a meter box has been either constructed or

purchased, then positive and negative pressure leak checks should

be performed. The positive pressure leak check, similar to the

procedure described in Method 5 (Section 3.4), is performed as

follows:

1. Attach rubber tubing and inclined manometer, as shown

in Figure 1.3.

2. Shut off the needle valve and insert positive pressure

in the system by blowing into the rubber tubing until the in

clined manometer or magnehelic gauge reads from 12.5 to 17.5 em

(5 to 7 in.) H20.

3. Pinch off the tube and observe the manometer for 1 min.

A loss of pressure indicates a leak of the apparatus in the meter

box.



~--------BLOW INTO TUBING
UNTIL MANOMETER

READS 5 TO 7 INCHES
WATER COLUMN

Figure 1.3. Meter box leak check.
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After the meter box apparatus has passed the positive leak

check, then the negative leak check should be performed as fol

lows:

1. Attach the vacuum gauge at the inlet to the drying

tube, and pull a 250 rom Hg (10 in.) vacuum.

2. Pinch or clamp the outlet of the flow meter. This can

be accomplished by closing the optional shutoff valve if em

ployed.

3. Turn off the pump. Any deflection noted in the vacuum

reading within 30 s indicates a leak.

4. Carefully release the vacuum gauge before releasing the

flow meter end.

If either of these checks detects a leak that cannot be cor

rected, the meter box must be rejected and/or returned to the

manufacturer.

The dry gas meter must be equipped with a temperature gauge

(dial thermometer or equivalent). Each thermometer is checked

visually for damage, such as dented or bent face or stem. Each

thermometer should read wi thin ±3 ° C ( 5.4°F) 0 f the true value

when checked at two different ambient temperatures against a

mercury-in-glass thermometer that conforms to ASTM E-l No. 63C or

63F. The two ambient temperatures used to calibrate the ther

mometer must differ by a minimum of 10°C (18°F). Damaged ther

mometers that cannot be calibrated are to be rejected.

1.1.10 Barometer - A mercury, aneroid, or other barometer

capable of measuring atmospheric pressure to wi thin 2.5 rom (0.1

in.) Hg may be used. However, in many cases, the barometric

reading can be obtained from a nearby National Weather Service

Station, in which case the station value (which is the absolute

barometric pressure) is requested. The tester should be aware

that the pressure is normally corrected to sea level. The

station value is the uncorrected reading. An adjustment for

differences in elevations of the weather station and sampling

point is applied at a rate of -2.5 rom Hg/30 m (-0.1 in. Hg/IOO

ft) of elevation increase, or vice versa for elevation decrease.
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Accuracy can be ensured by checking the field barometer

against a mercury-in-glass barometer or its equivalent. If the

field barometer cannot be adj usted to agree with the mercury

in-glass barometer, it is not acceptable.

1.1.11 Vacuum Gauge - At least one 760-mrn (29.92-in.) Hg gauge

is necessary to leak check the sampling train. An acceptable

vacuum gauge, when checked in a parallel leakless system with a

mercury U-tube manometer at 250-mrn (IO-in.) Hg vacuum, will agree

within ±25 mrn (1.0 in.) Hg.

1.2 Sample Recovery Apparatus

1.2.1 Wash Bottles - Two 500-ml polyethylene or glass wash

bottles are needed for quantitative recovery of collected

samples.

1.2.2 Storage Bottles - One 100-ml polyethylene bottle is re

quired to store each collected sample. An addi tional

polyethylene bottle is necessary to retain a blank for each

absorbing solution used in testing. Wash and storage bottles

should be visually checked for damage. In addition, check each

storage bottle seal to prevent sample leakage during transport.

1.3 Analysis Glassware

1.3.1 Pipettes - Several volumetric pipettes (Class A) ,

including 5-, 10-, 20-, and 25-ml sizes, are required for the

analysis.

1.3.2 Volumetric Flasks - Volumetric flasks (Class A) are re

quired in 50-, 100-, and 1000-ml sizes.

1.3.3 Burettes - A 50-ml standard burette (Class A) is re

quired for all titrations.

1.3.4 Erlenmeyer Flasks - One 250-ml Erlenmeyer flask is re

quired for each sample, blank, standard, and control sample.

1.3.5 Dropping Bottle - One 125-ml glass dropping bottle is

needed to prepare the thorin indicator.

1.3.6 Graduated Cylinder - A 100-ml glass

cylinder is needed in the preparation of the

the sample.
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All glassware must be checked for cracks, breaks, and dis

cernible manufacturing flaws.

1.4 Reagents

Unless otherwise indicated, it is intended that all reagents

conform to the specifications established by the Committee on

Analytical Reagents of the American Chemical Society (ACS), where

such specifications are available; otherwise the best available

grade is to be used.

1.4.1 Sampling-

Water - Use deionized distilled water to conform to ASTM

specification 01193-74, Type 3. At the option of the analyst,

the KMn04 test for oxidizable organic matter may be omitted when

high concentrations of organic matter are not expected to be

present.

Isopropanol, 80% - Mix 80 ml of reagent grade or certified

ACS isopropanol (100%) with 20 ml of deionized distilled water.

Check each lot of isopropanol for peroxide impurities as follows:

1. Shake 10 m1 of isopropanol with 10 m1 of freshly pre

pared 10% potassium iodide (RI) solution.

2. Prepare a blank by similarly treating 10 ml of

deionized distilled water.

3. After 1 min, read the absorbance of the alcohol sample

against the H20 blank at 352 nm on a spectrophotometer. If

absorbance exceeds 0.1, rej ect the alcohol for use. Peroxides

may be removed from isopropanol by redistilling or by passing

through a column of activated alumina. After peroxides are re

moved, check for peroxide impurities using the same method as

above. However, reagent grade isopropanol with suitably low

peroxide levels may be obtained from commercial sources. There

fore, rejection of contaminated lots may be a more efficient

procedure.

Hydrogen Peroxide, 3% - Dilute 30% reagent grade or certi

fied ACS hydrogen peroxide 1: 9 (v/v) with deionized distilled

water. Prepare fresh daily. The 30% hydrogen peroxide should be

stored according to manufacturer's directions.
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Potassium Iodide Solution, 10% - Dissolve 10.0 g of reagent

grade or certified ACS potassium iodide in deionized distilled

water and dilute to 100 mI. Prepare when needed. This solution

is used to check for peroxide impurities in the isopropanol only.

1.4.2 Sample Recovery -The following are required for sample

recovery:

Water

tion 1.4.1.

Isopropanol, 80% - Mix 80 ml of reagent grade or certified

ACS isopropanol with 20 ml of deionized distilled water.

1.4.3 Analysis -The following are required for sample analysis:

Water Use deionized distilled water, as in Subsec-

tion 1.4.1.

Isopropanol, 100% Use reagent grade or certified ACS

isopropanol.

Thorin Indicator Use reagent grade or certified ACS

1-(0-arsonophenylazo)-2-naphthol-3, 6-disulfonic acid, disodium

salt. Dissolve 0.20 g in 100 ml of deionized distilled water.

Barium Perchlorate Solution, O. OIOON Dissolve 1.95 g of

reagent grade or certified ACS barium perchlorate trihydrate

(Ba(CI04 )2 . 3H20) in 200 ml of distilled water and dilute to 1 Q

with 100% isopropanol. Alternatively, use 1.22 g of (BaC12
2H20) instead of the perchlorate. Standardize, as in

Section 3.5.5.

Sulfuric Acid Standard, O. OIOON - Either purchase the man

ufacturer's certified or standardize the H2S04 at O.OlOON

to.0002N against O.OlOON reagent grade or certified ACS NaOH that

has been standardized against primary standard grade potassium

acid phthalate.

1.5 Analytical Equipment

A spectrophotometer is needed to check the isopropanol for

peroxide impurities. The absorbance is read at 352 run on the

spectrophotometer.
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ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS AND
SUPPLIES

Apparatus and
supplies

Sampling

Sampling probe
with heating
system

Midget bubbler/
impinger

Vacuum pump

Dry gas meter

Wet test meter

Rotameter

Drying tube

Thermometers

(continued)

Acceptance limits

Capable of maintaining
100°C (212°F) exit air
at flow rate of
1. 0 Q/min

Standard stock glass

Capable of maintaining
flow rate of 1 to 2
Q/min; leak free
at 250 mm (10 in.) Hg

Capable of measuring
total volume within !2%
at a flow rate of
1 Q/min

Capable of measuring
total volume within !l%
at a flow rate of
1 Q/min

Within !5% of manufac
turer's calibration
curve (recommended)

Minimum capacity of
30 to 50 g of silica
gel

Within +loC (2°F) of
true value in the
range of OoC to 25°C
(32° to 77°F) for
impinger and +3°C
(S.4°F) for dry gas
meter thermometer

Frequency and method
of measurement

Visually check and
run heating system
checkout

Visually check upon
receipt for breaks
or leaks

Check upon receipt
for leaks and capac
ity

Check for damage upon
receipt and calibrate
(Sec. 3.5.2) against
wet test meter

Upon assembly, leak
check all connections
and check calibration
by liquid displace
ment

Check upon receipt
for damage and cali
brate (Sec. 3.5.2)
against wet test
meter

Visually check upon
receipt for damage
and proper size

Check upon receipt
for damage (i.e.,
dents and bent stem),
and calibrate
(Sec. 3.5.2) against
mercury-in-glass
thermometer

Action if
requirements
are not met

Repair or
return to
supplier

Return to manu
facturer

As above

Reject if damaged,
behaves erratical
ly, or cannot be
properly adjusted

As above

Recalibrate and
construct a new
calibration
curve

Return to
supplier

Return to
supplier if
unable to
calibrate
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Apparatus and
supplies

Sampliny
(cont d)

Barometer

Vacuum gauge

Sample Recovery

Wash bottles

Storage
bottles

Analysis Glass
ware

Acceptance limits

Capable of measuring
atmospheric pressure
to within +2.5 mm
(0.1 in.) Hg calibrate

o to 760 mm (0 to
29.92 in.) Hg range,
+2.5 rom (0.1 in.) Hg
accuracy at 250 mm
(10 in.) Hg

Polyethylene or glass,
500 ml

Polyethylene, 100 ml

Frequency and method
of measurement

Check against mer
cury-in-glass barome
ter or equivalent
(Sec. 3.5.2)

Check against U-tube
mercury manometer
upon receipt

Visually check for
damage upon receipt

Visually check for
damage upon receipt,
and be sure that caps
seal properly

Action if
requirements
are not met

Determine cor
rection factor
or reject if
difference is
more than ±2.5

Adjust or re
turn to sup
plier

Replace or re
turn to sup
plier

As above

Pipettes, volu- Glass, Class A
metric flasks,
burettes, and
graduated
cylinder

Reagents

Upon receipt, check
for stock number,
cracks, breaks, and
manufacturer flaws

As above

Distilled
water

Isopropanol

(continued)

Must conform to ASTM
Dll93-74, Type 3

100% isopropanol, re
agent grade or certi
fied ACS with no
peroxide impurities

Check each lot or
specify type when
ordering

Upon receipt, check
each lot for perox
ide impurities with
a spectrophotometer

As above

Redistill or
pass through
alumina column
or replace
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Table 1.1 (continued)

Apparatus and
supplies

Hydrogen
peroxide

Potassium
iodide solu
tion

Thorin indica
tor

Barium per
chlorate
solution

Acceptance limits

30% H202 , reagent grade
or cert1fied ACS

Potassium iodide, re
agent grade or certified
ACS

l-(o-arsonophenylazo)
2-naphthol-3,6-disul
fonic acid dis odium
salt, reagent grade or
certified ACS

Barium perchlorate tri
hydrate (Ba(CI04)2.
3H20) , reagent grade
or certified ACS

Frequency and method
of measurement

Upon receipt, check
label for grade or
certification

As above

As above

As above

Action if
requirements
are not met

Replace or re
turn to manu
facturer

As above

As above

As above

--------+-------_._----.j------------+--------
Sulfuric acid

solution
Sulfuric acid, O.OIOON
±O.0002N

Have certified by
manufacturer or
standardize against
O.OIOON NaOH that
has been standard
ized against potas
sium acid phthalate
(primary standard
grade)

As above
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2.0 CALIBRATION OF APPARATUS

Calibration of the apparatus is one of the most important

functions in maintaining data quality. The detailed calibration

procedures included in this section were designed for the equip

ment specified by Method 6 and described in the previous section.

I f the tester opts to use Method 5 or Method 8 sampling appa

ratus, then the calibration procedures governing that equipment

will apply and must be used. Table 2.1 at the end of this sec

tion summarizes the quality assurance functions for calibration.

All calibrations should be recorded on standardized forms and

retained in a calibration log book.

2.1 Metering System

2.1.1 Wet Test Meter - The wet test meter must be calibrated and

have the proper capacity. For Method 6, the wet test meter

should have a capacity of at least 3 Qjmin. No upper limit is

placed on the capacity; however, a wet test meter dial should

make at least one complete revolution at the specified flow rate

for each of the three independent calibrations.

Wet test meters are calibrated by the manufacturer to an

accuracy of ~O. 5%. Calibration of the wet test meter must be

checked initially upon receipt and yearly thereafter.

The following liquid positive displacement technique can be

used to verify and adjust, if necessary, the accuracy of the wet

test meter to ~l%:

1. Level the wet test meter by adjusting the legs until

the bubble on the level located on the top of the meter is cen

tered.

2. Adjust the water volume in the meter so that the

pointer in the water level gauge just touches the meniscus.

3. Adjust the water manometer to zero by moving the scale

or by adding water to the manometer.
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4. Set up the apparatus and calibration system as shown ln

Figure 2.1.

a. Fill the rigid-wall 5-gal jug with distilled water
to below the air inlet tube. Put water in the
impinger or saturator and allow both to equili
brate to room temperature (about 24 h) before use.

b. Start water siphoning through the system and
collect the water in a I-gal container, located in
place of the volumetric flask.

5. Check operation of the meter as follows:

a. If the manometer reading is <10 rom (0.4 in.)
the meter is in proper working condition.
tinue to step 6.

H20,
COn-

b. If the manometer reading is >10 rom (0.4 in.) H 0,
the wet test meter is defective or the saturat.or
has too much pressure drop. If the wet test meter
is defective, return to the manufacturer for
repair if the defect(s) (e.g., bad connections or
joints) cannot be found and corrected.

6. Continue the operation until the I-gal container is

almost full. Plug the inlet to the saturator. I f no leak

exists, the flow of liquid to the gallon container should stop.

If the flow continues, correct for leaks. Turn the siphon system

off by closing the valve, and unplug the inlet to the saturator.

7. Read the initial volume (Vi) from the wet test meter

dial, and record on the wet test meter calibration log, Figure

2.2.

8. Place a clean, dry volumetric flask (Class A) under the

siphon tube, open the pinch clamp, and fill the volumetric flask

to the mark. The volumetric flask must be large enough to allow

at least one complete revolution of the wet test meter with not

more than two fillings of the volumetric flask.

9. Start the flow of water and record the maximum wet test

meter manometer reading during the test after a constant flow of

liquid is obtained.

10. Carefully fill the volumetric flask, and shut off the

liquid flow at the 2-~~ mark. Record the final volume on the wet

test meter.
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2000-ML l1NE
WATER IN

TYPE-A
VOLUMETRIC

FLASK

VALVE

WATER OUT~~~Jf
LEVEL ADJUST

AIR INLET

1THERMOMETER

IMPINGER
OR

SATUR.l\rOR

Figure 2.1. Calibration check apparatus for
wet test meter.



Wet test meter serial number '13 -, 'If:, Date J /:>7/77

Range of wet test meter flow rate 0 -160 ..tlmia
Volume of test flask Vs = __~~~.~Ouo~~~ __

Satisfactory leak check? --~4~L4~-- __

Ambient temperature of equil~brate liquid in wet test meter and reservoir 7'1·;=

Manometer Final Initial Total b Flask Percent
reading, a

(Vf), volume (V.), volume (Vs),
cTest volume volume (Vm) , error,

number rom H2O Q Q 1 Q Q %
I I

1 I I
I5 J.9Q 0 J. q q ,

~·()O (). S'

2
S ~.oO D ~ .00 ;).Qn 0

3
S- ~.tJO 0 ~.OO ;).·00 0

a
Must be less than 10 rom (0.4 in.) H20.

Calculations:

Figure 2.2. Wet test meter calibration log.

signature of calibration person

Mj tHtl en
~~roro
\Qrt<:O
roro ....·rt

til .....
~:s: ....·o

~ 0 ::s
o I.<: ::s
Hl z...... zo......... o·
U1 •

...... W
\0 o·
-...l U1
\0 •

l\J

(:!:.l%) •V )/V =s s
c % error = 100 (Vm
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11. steps 7 through 10 must be performed three times.

since the water temperature in the wet test meter and res

ervoir has been equilibrated to the ambient temperature and

since the pressure in the wet test meter will equilibrate with

the water reservoir after the water flow is shut off, the air

volume can be compared directly with the liquid displacement

volume. Any temperature or pressure difference would be less

than measurement error and would not affect the final calcu

lations.

The error should not exceed ~l%; should this error magnitude

be exceeded, check all connections within the test apparatus for

leaks, and gravimetrically check the volume of the standard

flask. Repeat the calibration procedure, and if the tolerance

level is not met, adjust the liquid level within the meter (see

the manufacturer's manual) until the specifications are met.

2.1.2 Sample Meter System - The sample meter system--consisting

of the drying tube, needle valve, pump, rotameter, and dry gas

meter--is initially calibrated by stringent laboratory methods

before it is used in the field. The calibration is then re

checked after each field test series. This recheck requires less

effort than the initial calibration. When a recheck indicates

that the calibration factor has changed, the tester must again

perform the complete laboratory procedure to obtain the new

calibration factor. After the meter is reca1ibrated, the metered

sample volume is multiplied by the calibration factor (initial or

recalibrated) that yields the lower gas volume for each test run.

lnitial Calibration - The metering system should be cali

brated when first purchased and at any time the posttest check

yields a calibration factor that does not agree within 5% of the

pretest calibration factor. A calibrated wet test meter (prop

erly sized, with ~l% accuracy) should be used to calibrate the

metering system.

The metering system should be calibrated in the following

manner before its initial use in the field.
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1. Leak check the metering system (drying tube, needle

valve, pump, rotameter, and dry gas meter) as follows:

a. Tempora5ily attach a suitable rotameter (e. g. ,
0-40 cm /min) to the outlet of the dry gas meter,
and place a vacuum gauge at the inlet to the
drying tube.

b. Plug the drying tube inlet. Pull a vacuum of at
least 250 rom (10 in.) Hg.

c. Note the flow rate as indicated by the rotameter.

d. A leak of <0.02 Q/min must be recorded or leaks
must be eliminated.

e. Carefully release the vacuum gauge before turning
off pump.

2. Assemble the apparatus, as shown in Figure 2.3, with

the wet test meter replacing the drying tube and impingers; that

is, connect the outlet of the wet test meter to the inlet side

of the needle valve and the inlet side of the wet test meter to

a saturator which is open to the atmosphere. Note: Do not use

a drying tube.

3. Run the pump for 15 mln with the flow rate set at

1 Q/min to allow the pump to warm up and to permit the interior

surface of the wet test meter to become wet.

4. Collect the information required in the forms provided,

Figure 2.4A (English units) or 2.4B (metric units), using sample

volumes equivalent to at least five revolutions of the dry test

meter. Three independent runs must be made.

5. Calculate Yi for each of the three runs using Equation

2-1. Record the values in the form (Figure 2.4A or 2.4B).

Equation 2-1



MANOMETER

THERMOMETER

NEEDLE VALVE

Figure 2.3. Sample meter system calibration setup.

AIR
INLET

U1PINGER
OR

SATURATOR



Calibrated by __:5__._:5_._~__o_~__~_~ _ ~~ -IDate

Barometer pressure, Pm = --->&)=')"""--......'1"'-, in. Hg

Meter temperature correction factor ~/It of

Meter box number

Wet test meter number
_L..:.-'-----:.~ _

Wet test Rota- Wet test Dry test meter Wet test Dry test meter
meter meter meter gas gas volume meter Inlet Outlet Average Time Average

pressure setting volume (Vd),b ft 3 gas temp gas temp gas temp gas temp of run ratio
drop (D ),8 (R ), (Vw),b

(t ), (td ), (td ), c (8),d e
(Yr.) ,fm s (td) , (Y i ) ,w

ft3/min ft3 i 0 1
in. H

2
O Initial Final of of of of min

0.03..)- J. OS~ 1a5. b 1\ li~('. c.~ 1d-
I

~D ...,~ 7ct :a. 0 1.0/':> 1.0~)"O· ~S- I

Q t,).; o. D~5' ,. OS~ I, ~'ll. q 6/ 7'?J>. t»/ ,~ I ~~ ~l') ~I :\0 '.0 I q ,.O~~

D. a.1) (').0,\5 I Dc.. I Ii".:! 09i Ii ' .... IS'~ ,~ ta.{ ~O ~~ 3-0 ,. () J~ /.030

Dry gas volume is minimum for at least five revolutions of the meter.

a
D expressed as negative number.

b m
Volume passing through meter.

c
The average of t d . and t d if using two thermometers; the actual reading if using one thermometer.

d The time it takes
1
to comp~ete the calibration run.

(Eq. 4)

(Eq. 2)

= I.Dab.

e
With Y defined as the average ratio of volumes for the wet test and the dry test meters, Y

i
= Y +0.02 Y for

calibration and Y. = Y +0.05 Y for the posttest checks, thus,
1 -

Vw (td + 460
o
F) [Pm + (Dm/13.6B

Y. = (Eq. 1) and
1 V

d
(t + 460oF) P

f w m
With Y defined as the average ratio of volumetric measurements by wet test meter to rotameter,
toleraace Y = 1 +0.05 for calibration and Y +0.1 for posttest checks.r - -

V (td + 460°F) [p + (D /13.6) 6~
Y = w_ m m ~ (Eq. 3)

r i 8 (t + 460oF) P 0.035
w m

Figure 2.4A. Dry gas meter calibration data form (English units).



Date I/,s /78 Calibrated by V. 0". :$'" h f-. ~ Meter box number S' -'f - I
Barometer pressure, Pm = ) '18 mm Hg Wet test meter number _....Jl~o'-Il---...:8..L- _

Meter temperature correction factor tJle °c

Wet test Rota- Wet test Dry test meter Wet test DrY' test meter
meter meter meter gas gas volume meter Inlet Outlet Average Time Average

setting volume b 5/, of run ratiopressure (Vd), gas temp gas temp gas temp gas temp
a (R ), (Vw),b (Y

r
),fdrop (D ), (t ), (td .), (t

d
), c (0), d em s (t

d
) , (Y

i
) ,

w
1 0 i

mm H2O 5/,/min 5/, Initial Final °c °c °c °c min

c.. '1 '.0 i~9.'15i I/b5:. ,,,,,/ l/'l.t;; e./"i ~~ ~l ;)..t ;},. s ~O /.01 S' ,. 0;)

'.'/ J,() ~~.q~, I.,(J·~':! 1/")0. ~1'" ~~ IJ-i Ai ;"i.'; ~o J. 0 I CJ J.O~

,. 'I 1.0 ~C>. 0"/ 't '~/. " , I~".' ~C/ ~9. ~q ~, ~~.S ~() J. ()/~ I. 0 ~

(Eq. 4)=

a D expressed as negative number.
b m

Volume passing through meter. Dry gas volume is minimum for at least five revolutions of the meter.

c The average of t d . and t d if using two thermometers; the actual reading if using one thermometer.

d The time it takes1 to comp~ete the calibration run.
e With Y defined as the average ratio of volumes for the wet test and the dry test meters, Y. = Y +0.02 Y

1
for calibration and Yi = Y +0.05 Y for the posttest checks, thus,

Vw (td + 273
0

F) [Pm + (Dm/13.6)] Y1 + Y2 + Y3
Y. = (Eq. 1) and Y = 3 = , 0'''' (Eq. 2)

1 V
d

(t + 2730 F) p . J'
w m

f With Y defined as the average ratio of volumetric measurements by wet test meter to rotameter,
to1era~ce Y = 1 +0.05 for calibration and Y +0.1 for posttest checks.r -

__ Vw (td + 273
0

F) [Pm + (Dm/13.6) 6q Y1 + Y2 + Y3Y (Eq. 3) and Y =
r i 0 (t + 2730 F) P (0.035) r 3

w m

Figure 2.4B. Dry gas meter calibration data form (metric units).
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where

= temperature of wet test meter, °c (OF),

= barometric pressure at the meters, rom (in.) Hg,

= pressure drop across the wet test meter, rom (in.) H20,

= average temperature of dry gas meter, °c (OF),

= volume measured by the dry gas meter, m3 (ft3 ), and

= ratio for each run of volumes measured by the wet
test meter and the dry gas meter, dimensionless
calibration factor,

= volume measured by wet test meter, m3 (ft3 ),

y.
1

t d

Vd

t w

6.

one or

Adjust and recalibrate or reject the dry gas meter if

more values of Yi fall outside the interval Y :to. 02Y,

where Y is the average for three runs. Otherwise, the Y (cali

bration factor) is acceptable and will be used for future checks

and subsequent test runs. The completed form should be forwarded

to the supervisor for approval, and then filed in the calibration

log book.

An al ternative method of calibrating the metering system

consists of substituting a dry gas meter, which has been properly

prepared as a calibration standard, in place of the wet test

meter. This procedure should be used only after obtaining ap

proval of the administrator.

Posttest Calibration Check - After each field test series,

conduct a calibration check as in Subsection 2.1.2 with the

following exceptions:

1. The leak check 1S not conducted because a leak may have

been corrected that was present during testing.

2. Three or more revolutions of the dry gas meter may be

used.

3. Only two independent runs need be made.

4. I f a temperature-compensating dry gas meter was used,

the calibration temperature for the dry gas meter must be within

±6°C (10.8°F) of the average meter temperature observed during

the field test series.
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When a lower meter calibration factor is obtained as a

result of an uncorrected leak, the tester should correct the leak

and then determine the calibration factor for the leakless

system. If the new calibration factor changes the compliance

status of the facility in comparison to the lower factor, either

include this information in the report or consult with the admin

istrator for reporting procedures. I f the calibration factor

does not deviate by >5% from the initial calibration factor Y

(determined in Subsection 2.1.2), then the dry gas meter volumes

obtained during the test series are acceptable. If the calibra

tion factor does deviate by >5%, recalibrate the metering system

as in Subsection 2.1.2, and for the calculations, use the cali

bration factor (initial or recalibration) that yields the lower

gas volume for each test run.

2.2 Thermometers

The thermometers used to measure the temperature of gas

leaving the impinger train should be initially compared with a

mercury-in-glass thermometer that meets ASTM E-l No. 63C or 63F

specifications:

1. Place both the mercury-in-glass

equivalent thermometer in an ice bath.

after the bath stabilizes.

2. Allow both thermometers to come to room temperature.

Compare readings after both stabilize.

3. The dial type or equivalent thermometer is acceptable

if values agree within flOC (2°F) at both points. If the

difference is greater than floC (2°F), either adjust or recali

brate the thermometer until the above criteria are met, or reject

it.

4. Prior to each field trip, compare the temperature

reading of the mercury-in-glass thermometer with that of the

meter thermometer at room temperature. If the values are not

within ~2°C (4°F) of each other, replace or recalibrate the meter

thermometer.
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The thermometer(s) on the dry gas meter inlet used to

measure the metered sample gas temperature should be initially

compared with a mercury-in-glass thermometer that meets ASTM E-l

No. 63C or 63F specifications:

1. Place the dial type or an equivalent thermometer and

the mercury-in-glass thermometer in a hot water bath, 40° to 50°C

(104° to 122°F). Compare the readings after the bath stabilizes.

2. Allow both thermometers to come to room temperature.

Compare readings after the thermometers stabilize.

3. The dial type or equivalent thermometer is acceptable

if values agree within 3°C (5.4°F) at both points (steps 1 and 2

above) or if the temperature differentials at both points are

within ±3°C (5.4°F) and the temperature differential is taped to

the thermometer and recorded on the meter calibration form

(Figure 2.4A or 2.4B).

4. Prior to each field trip, compare the temperature

reading of the mercury-in-glass thermometer at room temperature

with that of the thermometer that is part of the meter system.

If the values or the corrected values are not within ±6°C

(10.8 OF) of each other, replace or recalibrate the meter ther

mometer.

2.3 Rotameter

The Reference Method does not require that the tester cali

brate the rotameter. The rotameter should be cleaned and main

tained according to the manufacturer's instructions. For this

reason, it is recommended that the calibration curve and/or

rotameter markings be checked upon· receipt and then routinely

checked with the posttest meter system check. The rotameter may

be calibrated as follows:

1. Ensure that the rotameter has been cleaned as specified

by the manufacturer, and is not damaged.

2. Use the manufacturer's calibration curve and/or

markings on the rotameter for the initial calibration. Calibrate

the rotameter as described in the meter system calibration of
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Subsection 2.1.2, and record the data on the calibration form

(Figure 2.4A or 2.4B).

3. Use the rotameter for testing if the pretest calculated

calibration is within 1.0 +0.05 .Q./min. If, however, the cali

bration point is not within ~5%, determine a new flow rate set

ting, and recalibrate the system until the proper setting is

determined.

4. Check the rotameter calibration with each posttest

meter system check. If the rotameter check is within ~10% of the

l-.Q./min setting, the rotameter can be acceptable with proper

maintenance. If, however, the check 1S not within ~10% of the

flow setting, disassemble and clean the rotameter and perform a

full recalibration.

2.4 Barometer

The field barometer should be adjusted initially and before

each test series to agree wi thin +2.5 mm (0.1 in.) Hg with a

mercury-in-glass barometer or with the pressure value reported

from a nearby National Weather Service station and corrected for

elevation. The tester should be aware that the pressure readings

are normally corrected to sea level. The uncorrected readings

should be obtained. The correction for the elevation difference

between the weather station and the sampling point should be

applied at a rate of -2.5 mm Hg/30m (-0.1 in. Hg/IOO ft)

elevation increase, or vice versa for elevation decrease.

The calibration checks should be recorded on the pretest

sampling form (Figure 2.5).
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Dry Gas Meter*

Pretest calibration factor = O. 99& (wi thin ±2% of average
factor for each calibration run).

Impinger Thermometer

Was a pretest temperature correction used? ---yes v/no
If yes, temperature correction (within ±loC (2°F) of

reference values for calibration and within ±2°C (4°F) of
reference values for calibration check).

Dry Gas Meter Thermometer

Was a pretest temperature correction made? yes vlno
If yes, temperature correction (within ±3°C (5.4°F) of

reference values for calibration and within ±6°C (lo.aOF) of
reference values for calibration check).

Barometer

Was the pretest field barometer reading correct? vi yes no
(within ±2.5 rom (0.1 in) Hg of mercury-in-glass barometer)

* Most significant items/parameters to be checked.

Figure 2.5. Pretest sampling checks.
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Table 2.1. ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT

Apparatus

Wet test meter

Dry gas meter

Impinger ther
mometer

Dry gas meter
thermometer

Rotameter

Barometer

Acceptance limits

Capacity of at least 2
Qjmin and an accuracy
within ~1. 0%

Y. = Y+0.02Y at a
flow rate of about
1 Qjmin

Within floC (2°F)
of true value

Within +3°C (5.4°F)
of true value

Clean and maintain ac
cording to manufactur
er's instructions
(required); calibrate
to ~5% (recommended)

Within +2.5 mm
(0.1 in~) Hg of mer
cury-in-glass
barometer or of weather
station value

Frequency and method
of measurement

Calibrate initially
and then yearly
by liquid displace
ment

Calibrate vs. wet
test meter initially
and when the posttest
check is not within
Y+0.05

Calibrate each ini
tially as a separate
component against a
mercury-in-glass
thermometer; after
train is assembled
before each field
test, compare with
mercury-in-glass
thermometer

As above

Initially and after
each field trip

Calibrate initially
using a mercury-in
glass barometer;
check before and
after each field test

Action if
requirements
are not met

Adjust until
specifications
are met, or re
turn to manu
facturer

Repair and then
recalibrate, or
replace

Adjust, deter
mine a constant
correction
factor, or
reject

As above

Adjust and
recalibrate,
or reject

Adjust to
agree with
certified
barometer
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3.0 PRESAMPLING OPERATIONS

The quality assurance activities for presampling preparation

are summarized in Table 3.1 at the end of this section. See

section 3.0 of this Handbook for details on preliminary site

visits.

3.1 Apparatus Check and Calibration

Figure 3.1 or a similar form is recommended to aid the

tester in preparing an equipment checklist, status report form,

and packing list.

3.1.1 Sampling Train - The schematic of the S02 train is given

in Figure 1.1. Commercial models of this system are available.

Each individual or fabricated train must be in compliance with

the specifications in the Reference Method, section 3.5.10.

3.1.2 Probe - The probe should be cleaned internally by

brushing first with tap water, then with deionized distilled

water, and finally with acetone. Allow probe to dry in the air.

In extreme cases, the glass or stainless steel liner can be

cleaned with stronger reagents; the objective is to leave the

liner free from contaminants. The probe's heating system should

be checked to see that it is operating properly. The probe must

be leak free when sealed at the inlet or tip and checked for

leaks at a vacuum of 250 rom (10 in.) Hg with the meter box. Any

leaks should be corrected. The liner should be sealed inside the

metal sheath to prevent diluent air from entering the source

since most stacks are under negative pressure.

3.1.3 Midget Bubbler, Midget Impingers, and Glass Connectors 

All glassware should be cleaned with detergent and tap water,

and then with deionized distilled water. Any items that do not

pass a visual inspection for cracks or breakage must be repaired

or discarded.
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Loaded
Acceptable Quantity Readv and packed

Apparatus check Yes No required Yes No Yes No

Probe

Type linerV'"
.,/ 3 v' V

Glass
stainless

steel
Other

Heated properly V'
Leak checked on

y'"sampling train

Filter .:5rn4l16oJ(
/

.,/ v
Glass wool /
Other

Glassware
~ / ~

Midget bubbler a/
Midget impinger V- 18 V ~'Size ~:.fgetType

Meter System 1.- V ~
Leak-free pumps* V
Rate meter* a/
Dry gas meter* V'
Reagents

2~a.L V ~

Distilled water V" V
H20 2 , 30% v' I~ .,/

./
J ?a.L. .,/Isopropanol, 100%* V-

a/'Silica gel ,V" 5#= .,-/

Other V VJ
Barometer V
Drying tube V /0 V vi"
* Most significant items/parameters to be checked.

Figure 3.1. Pretest preparations.
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3 . 1 .4 Drying Tubes - Drying tubes should be packed with 6-to

16-mesh silica gel and sealed at both ends.

3.1. 5 Valve and Rotameter - Prior to each field trip or at any

sign of erratic behavior, the flow control valve and rotameter

should be cleaned according to the maintenance procedure recom

mended by the manufacturer.

3.1.6 Pump - The vacuum pump and oiler should be serviced as

recommended by the manufacturer, every 3 mo, or every lOth test

(whichever comes first), or upon erratic behavior (nonuniform or

insufficient pumping action).

3.1.7 Dry Gas Meter - A dry gas meter calibration check should

be made in accordance with the procedure in Section 3.5.2. An

acceptable posttest check from the previous test is sufficient.

3 .1 .8 Thermometers - The thermometers should be compared with

the mercury-in-glass thermometer at room temperature prior to

each field trip.

3.1.9 Barometer - The field barometer should be compared with

the mercury-in-glass barometer or with a National Weather Service

station reading prior to each field trip.

3.2 Reagents and Equipment

3.2.1 Sampling - The midget bubbler solution is prepared by

mixing 80 ml of reagent grade or certified ACS isopropanol (100%)

wi th 20 ml of deionized distilled water. The midget impinger

absorbing reagent (3% hydrogen peroxide) is prepared by diluting

100 ml of 30% hydrogen peroxide to 1 Q with deionized distilled

water. All reagents must be prepared fresh for each test series,

uSlng ACS reagent grade chemicals. Solutions containing isopro

panol must be kept in sealed containers to prevent evaporation.

3.2.2 Sample Recovery - Deionized distilled water is required on

site for quantitative transfer of impinger solutions to storage

containers. This water and reagent grade isopropanol are used to

clean the midget bubbler after testing and prior to taking

another sample.
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3.3 Packaging Equipment for Shipment

Equipment should be packed in rigid containers to protect it

against rough handling during shipping and field operations (not

mandatory) .

3.3.1 Probe - The inlet and outlet of the probe must be sealed

and protected from breakage. A suggested container is a wooden

case lined with polyethylene foam or other suitable packing

material; the case should have separate compartments for indi

vidual devices. The case should be equipped with handles or eye

hooks that can withstand hoisting, and should be rigid to prevent

bending or twisting during shipping and handl~ng.

3.3.2 Midget Bubblers, Impingers, Connectors, and Assorted

Glassware - All bubblers, impingers, and glassware should

be packed in a rigid container and protected by polyethylene foam

or other suitable packing material. Individual compartments for

glassware help to organize and protect each item. The impinger

train may be charged and assembled in the laboratory if sampling

is to be performed within 24 h.

3.3.3 Drying Tubes and Volumetric Glassware - A rigid container

lined with polyethylene foam material protects drying tubes and

assorted volumetric glassware.

3.3.4 Meter Box - The meter box--which contains the valve,

rotameter, vacuum pump, dry gas meter, and thermometers--should

be packed in a rigid shipping container unless its housing is

strong enough to protect components during travel. Additional

pump oil should be packed if oil is required for operation. It

is advisable to ship a spare meter box in case of equipment

failure.

3.3.5 Wash Bottles and Storage containers - Storage containers

and miscellaneous glassware may be safely transported, if packed

in a rigid foam-lined container. Samples being transported in

the containers should be protected from extremely high ambient

temperatures (>50 o C or about 120°F).
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Table 3.1 ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS

Operation Acceptance limits
Frequency and method

of measurement

Action if
requirements
are not met

Apparatus

Probe 1. Probe liner free of
contaminants

1. Clean probe in
ternally by brushing
with tap water, then
deionized distilled
water, then acetone;
allow to dry in air
before test

1. Retrace
cleaning pro
cedure and
assembly

2. Probe leak free
at 250 mm (10 in.) Hg

2. Visual check be
fore test

2. Replace

3. No moisture con
densation

3. Check out heating
system initially and
when moisture appears
during testing

3. Repair or
replace

Midget bubbler,
midget impin
ger, and
glass connec
tors

Clean and free of
breaks, cracks, etc.

Clean with detergent,
tap water, and then
with deionized dis
tilled water

Repair or
discard

Flow control
valve and
rotameter

Clean and without sign Clean prior to each
of erratic behavior field trip or upon
(ball not moving freely) erratic behavior

Repair or
return to
manufacturer

Service every 3 mo or As above
upon erratic behav-
ior; check oiler
jars every 10th test

Maintain sampling rate
of about 1 ~/min up to
250 mm (10 in.) Hg

Vacuum pump

--------+--------------_.~----

Dry gas meter Clean and within !2%
of calibration factor

Calibrate according
to Sec. 3.5.2; check
for excess oil if

• oiler is used

As above

Reagents

Sampling Requires all ACS grade
reagents

Prepare fresh daily
and store in sealed
containers

Prepare new
reagent

(continued)

•
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Action if
Frequency and method requirements

Operation Acceptance limits of measurement are not met

Sample recovery Requires deionized dis- Use water and reagent Prepare new
tilled water on site grade isopropanol to reagent

clean midget bubbler
after test and before
sampling

Package Equip-
ment for Ship-
ment--
Probe Protect with poly- Prior to each ship- Repack

ethylene foam ment

Midget bubbler, Pack in rigid con- As above As above
impingers, tainers with poly-
connectors, ethylene foam
and assorted
glassware

Drying tubes, Sturdy container As above As above
volumetric lined with foam
glassware

Meter box Meter box case and/or As above As above
container to protect
components; pack spare
meter box and oil

Wash bottles Pack in rigid foam- As above As above
and storage lined container
containers
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4.0 ON-SITE MEASUREMENTS

On-site activities include transporting the equipment to the

test site, unpacking and assembling, sampling for sulfur dioxide,

and recording the data. The quality assurance activities are

summarized in Table 4.1 at the end of this section.

4.1 Transport of Equipment to the Sampling site

The most efficient means of transporting the equipment from

ground level to the sampling site (often above ground level)

should be decided during the preliminary site visit or by prior

correspondence. Care should be taken to prevent damage to the

equipment or injury to test personnel during the moving. A

laboratory type area should be designated for preparation of the

absorbing reagents, for charging of the bubbler and impingers,

and for sample recovery.

4.2 Preliminary Measurements and Setup

The Reference Method outlines the procedure used to deter

mine the concentration of sulfur dioxide in the gas stream. The

accuracy of the equipment that has been transported to the samp

ling site and that may have been handled roughly can be deter

mined by making a one-point check of the rotameter reading

against the dry gas meter reading at the test site. Use Equation

3 in Figure 2.4A or 2.4B and substitute dry gas meter readings in

place of wet test meter readings (i.e., Vd = Vw)' Yri should be

between 0.9 and 1.1; if not, the meter box has lost its rate or

volume calibration. The tester can still use the meter box, but

the data should not be released for decision making until a post

test recalibration has been made. If the dry gas meter calibra

tion factor did change, the dry gas meter volumes may have to be

corrected. Record the test identification number on the sampling

data form, Figure 4.1.

4.3 Sampling

The on-site sampling includes the following steps:



Plant name f)c/J7 E. PaWL£.- PlANT
Sample location Zo,./c,t. I1JQ. 3
Operator .7Q e. S/h,.tA
Barometric pressure, mm ~ Hg ,?Sg

Probe material ~/~SS
------""~~~------

Meter box number :r:s -J

Ambient temperature, °C ~) __,JII<!..-"S"'-- _

Initial leak check 0.00 I{ LIlItH'. f);>SOmrh Ht;
Final leak check OOOG lla,w,.,. G ~ SO I'M"'" IJS

City _----'/J~M___''1l_uJ--:....IJ:...:::E~£:...::::G~,l-U:....:c-:::..S.:....::/}--
Date --'<-,.L.b.:..;/o'-'./---'7:-7=---- _

Sample number ........::::.5"<_0=---..:./ _

Probe length m~ / S'"
Probe heater setting ,?jl~-;;

Meter calibration factor (Y) I~/

Sample point location /.3Sm ~ !Mr--. p,,* II
u

Sample purge time, min _--'/r....5.L- _

Rema r ks 'mAx. 0/. Df, v . ~ I Q coIQ

Figure 4.1. Field sampling data form for 502'

Sampling Clock Sample Sample flow Sample volume Percent Dry gas Impinger
time, time, volume, rate setting, metered (liV ), deviation,

a
meter temp, temp,

min 24 h Q~ Q/min ~) Q~m % °C ~ °C (;?-F1

0
i

1100 IdO. ~O - - - --
c:.- "05 1:1~. ').0 ,. Ii S. f ~ ~., ,q

/0 1110 J 7,0· 10 .1,0 £.I. ~ L/ !)q ~f\

IS I I IS' I :!0-. ~O 1.0 S". J ~ ~O ~D

~(') ',~O ''''().~f) '·0 J;".n (') "'\/\ :l.f'J

C)S " ~O I L(S. f)0 I. () ~.rJ 0 ~o .Q."----

Total Total liV Avg Avg Maxm
S.O dev I.G ~~ temp ~C>~S ~SOO

avg

100.
liV - liV avg

m ma Percent deviation =
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the data in Figure 4.1.

of the train is always performed after samp-

Preparation and/or Addition of Absorbing Reagents

to Collection System - Absorbing reagents can be prepared

site, if necessary, according to the directions inon

1. Preparation and/or addition of the absorbing reagents

to the midget bubbler and impingers.

2. Setup of the sampling train.

3. Connection to the electrical service.

4. Preparation of the probe (leak check of entire sampling

train and addition of particulate filter).

5. Insertion of the probe into the stack.

6. Sealing the port.

7. Checking the temperature of the probe.

8. Sampling.

9. Recording

A final leak check

ling.

4.3.1

section 3.5.3.

1. Use a pipette or a graduated cylinder to introduce

15 ml of 80% isopropanol (IPA) into the midget bubbler or into a

graduated impinger bottle. Do not use the pipette or graduated

cylinder that was used to add the hydrogen peroxide solution.

Pipettes or graduated cylinders should be marked for use of H20 2
or IPA to minimize any possibility of introducing hydrogen perox

ide into the isopropanol.

2. Add 15 ml of 3% hydrogen peroxide to each of the first

two midget impingers; leave the final midget impinger dry.

3. Pack glass wool into the top of the midget bubbler to

prevent sulfuric acid mist from entering the midget impingers and

causing a high bias for S02.

4.3.2 Assembling the Sampling Train After assembling the

sampling train as shown in Figure 1.1, perform the following:

1. Adjust probe heater to operating temperature. Place

crushed ice and water around the impingers.

2. Leak check the sampling train just prior to use at the

sampling site (not mandatory) by temporarily attaching a
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rotameter (capacity of 0 to 40 cm3/min) to the outlet of the dry

gas meter and placing a vacuum gauge at or near the probe inlet.

Plug the probe inlet, pull a vacuum of at least 250 mm (10 in.)

Hg, and no~e the flow rate indicated by the rotameter. A leakage

rate not ~2% of the average sampling rate is acceptable. Note:

Carefully release the probe inlet plug before turning off the,
pump. It is suggested (but not mandatory) that the pump be leak

checked separately, either prior to or after the sampling run.

If prior to the run, the pump leak check shall precede the leak

check of the sampling train. If after, the pump leak check shall

follow the train leak check. To leak check the pump, proceed as

follows: Disconnect the drying tube from the probe impinger

assembly. Place a vacuum gauge at the inlet to either the drying

tube or the pump. Pull a vacuum of 250 mm (10 in.) Hg. Plug or

pinch off the outlet of the flow meter and then turn off the

pump. The vacuum should remain stable for at least 30 s.

3. Place a loosely packed filter of glass wool in the end

of the probe, and connect the probe to the bubbler.

4.3.3 Sampling (Constant Rate) - Sampling is performed at a

constant rate of approximately 1.0 Q/min as indicated by the

rotameter during the entire sampling run. The procedure is as

follows:

1. Record the initial dry gas meter readings, barometer

reading, and other data as indicated in Figure 4.1. Double check

the dry gas meter reading and be sure that no hydrogen peroxide

has been allowed to back up and wet the glass wool.

2. Posi tion the tip of the probe at the sampling point,

connect the probe to the bubbler, and start the pump. warning:

If the stack is under a negative pressure of >50 mm (2 in.) H20

while disconnected from the impinger, the probe should be posi

tioned at the sampling point, the sample pump turned on, and then

the probe immediately connected to the impinger to prevent the

impinger solutions from being siphoned backwards and contaminat

ing the isopropanol.
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3. Adjust the sample flow to a constant rate of approxi

mately 1.0 Q/min as indicated by the rotameter.

4. Maintain this constant rate within 10% during the

entire sampling run, and take readings (dry gas meter, tempera

tures at dry gas meter and at impinger outlet, and rate meter) at

least every 5 min. Add more ice during the run to keep the

temperature of the gases leaving the last impinger at 20°C (68°F)

or less. Salt may be added to the ice bath to further reduce the

temperature.

5. Refer to emission standards for minimum sampling time

and/or volume. (For example, the Federal standard for fossil

fuel-fired steam generators specifies a minimum sampling time of

20 min and a minimum sampling volume of 20 Q corrected to stand

ard conditions.) The total sample volume at meter conditions

should be approximately 28 Q (1 ft3 ). Make a quick calculation

near the end of the run to guarantee that sufficient sample

volume has been drawn; if the volume is insufficient, sample for

an additional 5 min.

6. Turn off the pump at the conclusion of each run, remove

probe from the stack, and record the final readings. Warning:

Again, if the stack is under a negative pressure, disconnect the

probe first, and turn off the pum? immediately thereafter.

7. Conduct a leak check, as described in Subsection 4.3.2

(mandatory) .

8. If the train passes the leak check, drain the ice bath

and purge the remainder of the train by drawing clean ambient air

through the system for 15 min at the sampling rate. To provide

clean ambient air, pass air through a charcoal filter or through

an extra midget impinger with 15 ml of 3% H20 2 . The tester may

opt to use ambient air without purification.

9. Calculate the sampling rate during the purging of the

sample. The sample volume (~Vm) for each point should be within

~10% of the average sample volume for all points. If the average

of all points is within the specified limit, the sample rate is

acceptable. Noncompliance with the ~10% of constant rate for a
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single sample should not have a significant effect on the final

results of the test for noncyclic processes.

10. Change the particulate filter (glass-wool plug) at the

end of each test since particulate buildup on the probe filter

may result in a loss of S02 due to reactions with...;,\particulate

matter.

4.4 Sample Recovery

The Reference Method requires transfer of the impinger

contents and the connector washings to a polyethylene storage

container. This transfer should be done in the "laboratory" area

to prevent contamination of the test sample.

After completion of the purge, disconnect the impingers and

transport them to the cleanup area. The contents of the midget

bubbler (contains isopropanol) may be discarded. However, it is

usually advisable to retain this fraction until analysis is

performed on the H202 . Analysis of the isopropanol may be useful

in detecting cleanup or sampling errors. cap off the midget

impinger section with the use of polyethylene or equivalent caps

before transport to the cleanup area. Transfer the contents of

the midget impingers into a labeled, leak-free polyethylene

sample bottle. Rinse the three midget impingers a couple of

times and the connecting tubes with 3 to 15 ml portions of dis

tilled water. Add these washings to the same sample bottle, and

mark the fluid level on the side. The total rinse and sample

volume should be <100 ml i a 100-ml mark can be placed on the

outside of the polyethylene containers as a guide. Place about

100 ml of the absorbing reagent (3% H202 ) in a polyethylene

bottle and label it for use as a blank during sample analysis.

An example of a sample label is shown in Figure 4.2.

4.5 Sample Logistics (Data) and Packing Equipment

The sampling and sample recovery procedures are followed

until the required number of runs are completed. Log all data on

the Sample Recovery and Integrity Data Form, Figure 4.3. If the

bubbler, impingers, and connectors are to be used in the next

test, they should be rinsed with distilled water, and the bubbler
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Plant /lc~'lttdtr P!alLt City ~WkH.1 US/!
Site ~)o;/(". No. 3 Sample type ..x;?~

Date 8//0/77 Run number S()-/
Front rin;eOFront filterD Front solutionD

Back rinse 0 Back filter 0 Back solution~

Solution HLOZ Level marked~

Volume: Initial ,,3QIM l Final c::: /0 ""L
Cleanup by _tw1...Ju6i)_~ _

Figure 4.2. Example of a sample label.
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location t:JtJi/tj,- N,· 3

Lab person with direct

Field Data Checks

Sample recovery personnel __~~~~~~=-__:S~~~'_'~~ __
Person with direct responsibility for recovered samples

Sample Date Liquid Stored
Sample identification of level in locked
number number recovery marked container

1 .$0-1 S/IO/71 Yes y~s

2

3

4

5

6

Blank

Remarks~~ 'foA-l~ .S4~
~..... c I"D Yd-

Signature of field sample trustee __~~~~~4&..L-~~~~<k·at~~~, _

Laboratory Data Checks

responsibility for recovered samples~. ~I<JI
Date recovered samples received __~,rL4~~t~/~1~1 _
Analys t ~"/OdAiIIIJ~ _

Sample Date Liquid
Sample identification of at marked Sample
number number analysis level identified

1 SfJ-/ 8#2/17 Ve.s Y~5
2

3

4

5

6

Blank
Remarks _

Signature of lab sample trustee f)J(,«,~__

Figure 4.3. Sample recovery and integrity data.
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should be rerinsed with isopropanol. A new drying tube should be

inserted into the sampling train. At the completion of the test:

1. Check all sample containers for proper labeling (time,

date, location, number of test, and any pertinent documentation).

Be sure that a blank has been taken.

2. Record all data collected during the field test in

duplicate by using carbon paper or by using data forms and a

field laboratory notebook. One set of data should be mailed to

the base laboratory, given to another team member or to the

Agency. Hand carrying the other set (not mandatory) can prevent

a very costly and embarrassing mistake.

3. Examine all sample containers and sampling equipment

for damage, and pack them for shipment to the base laboratory,

being careful to label all shipping containers to prevent loss of

samples or equipment.

4. Make a quick check of the sampling and sample recovery

procedures using the data form, Figure 4.4.
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Sampling

Bubbler and impinger contents properly selected, measured,
and placed in impinger?* V!~ _
Impinger Contents/Parameters*

1st: 15 ml of 80% isopropanol vi----=,-------------------------
2nd: 15 ml of 3% H

2
0

2
....l/~ _

3rd: 15 ml of 3% H
2

0
2

~.,/ _

Final impinger dry? ~------------"""--------------------------
Probe heat at proper level? ~--------------------------
Crushed ice around impingers? __-LV _

Pretest leak check at 250 rom (10 in.) Hg? _~I~~ _

Leakage rate? 0.004 J../rn.~
I

Probe placed at proper sampling point? __~~~ __

Flow rate constant at approximately 1.0 Q/min?* ~~ __

Posttest leak check at 250 rom (10 in.) Hg?* __~~ _

Leakage rate? O. 0 Ole ....Llrn.~,
Sample Recovery

System purged at least. 15 min at test sampling rate?* V'

Contents of impingers placed in polyethylene bottles? ~

Fluid level marked?* ~~~ _

Sample containers sealed and identified?*

* Most significant items/parameters to be checked.

Figure 4.4 On-site measurements.
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Table 4.1 ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS

Activity Acceptance limits
Frequency and method

of measurement

Action if
requirements
are not met

Preparation
and/or addi
tion of ab
sorbing re
agents

Add 15 ml of 80% iso
propanol to midget
bubbler and 15 ml of
3% H20

2
to first two

midget impingers

Prepare 3% H
Z

0
2

fresh
daily; use p1pette
or graduated cylinder
to add solutions

Reassemble col
lection system

2. Correct the
leak

1. Repeat the
sampling, or
obtain accept
ance from a
representative
of the
Administrator

1. Reassemble1. Before each sam
pling

2. Leak check before
sampling (recommended)
by attaching a rotame
ter to dry gas meter
outlet, placing a
vacuum gauge at or
near probe inlet, and
pulling a vacuum of
>250 mm (10 in.) Hg

-- ----------
1. Calculate % devi
ation for each sample
using equation in
Fig. 4.1

2. A leakage rate ~2%

of the average sampling
rate

1. Assemble to speci
fications in Fig. 1.1

1. Within ±10% of a
constant rate

Assembling the
sampling
train

Sampling (con
stant rate)

2. Minimum acceptable
time is 20 min and vol
ume is 20 Q corrected
to STP or as specified
by regulation

2. Make a quick cal- 2. As above
culation prior to
completion and an ex-
act calculation after
completion

3. Less than 2% leakage
rate at 250 mm (10 in.)
Hg

3. Leak check after 3. As above
sample run (manda-
tory); use same pro-
cedure as above

4. Purge rema1n1ng S02
from isopropanol

4. Drain ice and
purge 15 min with
clean air at the
sample rate

4. As above

(continued)
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Activity

Sample logis
tics (data)
and packing
of equipment

Acceptance limits

1. All data are re
corded correctly

2. All equipment ex
amined for damage and
labeled for shipment

3. All sample contain
ers properly labeled
and packaged

Frequency and method
of measurement

1. Visually check
upon completion of
each run and before
packing

2. As above

3. Visually check
upon completion of
test

Action if
requirements
are not met

1. Complete
the data
form

2. Redo test
if damage
occurred during
testing

3. Correct when
possible
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5.0 POSTSAMPLING OPERATIONS

Table 5.1 at the end of this section summarizes the quality

assurance activities for postsampling operations.

5.1 Apparatus Check

A posttest check--including a calibration check, the

cleaning, and/or the performance of routine maintenance--should

be made on most of the sampling apparatus. Cleaning and mainte

nance of the sampling apparatus are discussed in section 3.5.7.

Figure 5.1 should be used to record the posttest checks.

5.1.1 Metering System - The metering system has three components

that must be checked: dry gas meter thermometer ( s), dry gas

meter, and rotameter.

The dry gas meter thermometer should be checked by compari

son with the ASTM mercury-in-glass thermometer at room tempera

ture. If the readings agree within 6°C (10.8°F), they are accept

able. When the readings are outside this limit, the thermometer

must be recalibrated according to section 2.5.2 after the post

test check of the dry gas meter. For calculations, the dry gas

meter thermometer reading (field or recalibration) that would

give the higher temperature is used. That is, if the field read

ing is higher, no correction of the data is necessary; if the

recalibration value is higher, the difference in the two readings

is added to the average dry gas meter temperature reading.

The posttest checks of the dry gas meter and rotameter are

similar to the initial calibration, as described in

section 3.5.2, but they include the following exceptions:

1. The metering system should not have had any leaks

corrected prior to the posttest check.

2. Three or more revolutions of the dry gas meter are

sufficient.

3. Only two independent runs need be made. If the post

test dry gas meter calibration factor (Y) does not deviate by >5%
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Dry Gas Meter*
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(within ±2% of calibra
run)

for pretest or posttest

Pretest calibration factor Y = I. ()/
Posttest check Yl = /. all Y2 = to/I (±5% of pretest factor)*
Recalibration required? yes ~no

If yes, recalibration factor Y =
tion factor for each calibration

Lower calibration factor, Y =
calculations

Rotameter

Pretest calibration factor Y = I. () 3
Posttest check Y = lOS- (within ±10% of pretest factor)
Recalibration reeommended? ---yes ~no

~~sp~~~~~:~~~ ~~~:~~~~a~~e;actorn;r=

Dry Gas Meter Thermometer

Was a pretest meter temperature correction used? yes ~no
If yes, temperature correction
Posttest comparison with mercury-in-glass thermometer

-,;J.°C within ±6°C (10.8°F) of reference values
Recalibration required? yes ~o
Recalibration temperature correction if used within ±3°C

(5.4°F) of reference values
If meter thermometer temperature is higher, no correction is

needed
If recalibration temperature is higher, add correction

to average meter temperature for calculations

Barometer

Was pretest field barometer reading correct? ~yes no
Posttest comparison -fl. 0 mm (in.) Hg within ±5.0 mm (0.2 in.)

Hg of mercury-in-glass barometer
Was recalibration required? ---yes ~no
If field barometer reading is lower, no correction is needed
If mercury-in-glass reading is lower, subtract difference from

field data readings for calculations

* Most significant items/parameters to be checked.

Figure 5.1 Posttest sampling checks.
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from the initial calibration factor, the dry gas meter volumes

obtained during the test series are acceptable. If it deviates

by >5% recalibrate the metering system as in section 3.5.2, using

the calibration factor (initial or recalibration) that yields the

lower gas volume for each test run. The lesser calibration

factor will give the lower gas volume.

The rotameter calibration factor (Yr ) can also be determined

during the calibration of the dry gas meter. If Yr does not

deviate by >10% from the initial calibration factor, the rotame

ter operation is acceptable. If Y changes by >10%, the rotameter

should be cleaned and recalibrated. No corrections need be made

for any calculations.

5.1.2 Barometer - The field barometer readings are acceptable if

they agree within ~5 rom (0.2 in.) Hg when compared with those of

the mercury-in-glass barometer. When the comparison is not

wi thin this range, the lesser calibration value should be used

for the calculations. I f the field barometer reads lower than

the mercury-in-glass barometer, the field data are acceptable;

but if the mercury-in-glass barometer gives the lower reading,

the barometric value adjusted for the difference in the two

readings should be used in the calculation.

5.2 Analysis (Base Laboratory)

Calibrations and standardizations are of the utmost import

ance to a precise and accurate analysis. The analysis is based

on the insolubility of barium sulfate (BaS04 ) and on the forma

tion of a colored complex between excess barium ions and the

thorin indicator, 1-(o-arsonophenylazo)-2-naphthol-3,6-disulfonic

acid, disodium salt. Aliquots from the impinger solution are

analyzed by titration with barium perchlorate to the pink end

point. The barium ions react preferentially with sulfate ions in

solution to form a highly insoluble barium sulfate precipitate.

When the barium has reacted with all of the sulfate ion3, the

excess barium then reacts with the thorin indicator to form a

metallic salt of the indicator and to give a color change as

shown in Equation 5-1.
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Ba++ + S04 + thorin(x++) ~ BaS0
4

+ thorin(Ba++)

(yellow) (pink) Equation 5-1

Upon completion of each step of the standardization or of

each sample analysis, the data should be entered on the proper

data form. At the conclusion of the sample analysis, the data

form should be reviewed and signed by the laboratory person

with direct responsibility for the sample.

5.2.1 Reagents (Standardization and Analysis) The following

reagents are required for the analysis of the samples:

1. Water. Deionized distilled water that conforms to ASTM

specification Dl193-74, Type 3. At the option of the analyst,

the KMn04 test for oxidizable organic matter may be omitted when

high concentrations of organic matter are not expected. Note:

The water must meet the ASTM specifications since sulfate ions

and many other anions present in distilled water are not identi

fied in the normal standardization of the acid by NaOH titration,

which measures the hydrogen ion concentration rather than the

sulfate ion concentration. This added sulfate concentration will

result in an erroneous standardization of the barium perchlorate

titration, which directly measures sulfate ion concentration and

not hydrogen ion concentration. A check on the acceptability of

the water is detailed in Subsection 5.2.4.

2. Isopropanol. 100%, ACS reagent grade. Check for per

oxide impurities as described in section 3.5.1.

3. Thorin indicator. Dissolve 0.20 2:.0.002 g of l-(o-ar

sonophenylazo)-2-naphthol-3,6-disulfonic acid, disodium salt, or

the equivalent, in 100 ml of deionized distilled water. Measure

the distilled water in the 100-ml graduated cylinder (Class A).

4. Sulfuric acid standard, O.OlOON Either purchase

manufacturer-guaranteed or standardize the H2S04 to +0.002N

against O.OlOON NaOH that has been standardized against potassium

acid phthalate (primary standard grade) as described in Subsec

tion 5.2.3. The O. OIN H2S04 may be prepared in the following

manner:



a.

b.

c.

d.

e.

f.
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Prepare 0.5N H?S04 by adding approximately 1500 ml
of distilled """'Wat:"er to a 2-Q volumetric flask.

Cautiously add 28 ml of concentrated sulfuric acid
and mix.

Cool if necessary.

Dilute to 2 Q with distilled water.

Prepare O.OlN ~2S04 by first adding approximately
800 ml of disnll-ed water to a l-Q volumetric
flask and then adding 20.0 ml of the O. 5N H2S04 ,

Dilute to 1 Q with distilled water and mix thor
oughly.

5. Barium perchlorate solution O.OlOON. Dissolve 1.95 g

of barium perchlorate trihydrate (Ba(CI04 )2 . 3H20) in 200 ml of

distilled water and dilute to 1 Q with isopropanol. Al terna

tively, 1.22 g of barium chloride dihydrate (BaC12 . 2H20) may be

used instead of the perchlorate. Standardize, as in Subsection

5.2.4, with O. OIN H2S04 . Note: Protect the O. OIOON barium

perchlorate solution from evaporation at all times by keeping the

bottle capped between uses.

Note: It is recommended that O.lN sulfuric acid be pur

chased. Pipette 10.0 ml of sulfuric acid (0 .1N) into a 100 ml

volumetric flask and dilute to volume with deionized distilled

water that has been determined to be acceptable as detailed in
Subsection 5.2.4. When the O. OIN suI furic acid is prepared in
this manner, procedures in Subsections 5.2.2 and 5.2.3 may be

omitted since the standardization of barium perchlorate will be

validated with the control sample.

5.2.2 Standardization of Sodium Hydroxide - To standardize NaOH,

proceed as follows:

1. Purchase a 50% wjw NaOH solution. Dilute 10 ml to 1 Q

with deionized distilled water. Dilute 52.4 ml of the diluted

solution to 1 Q with deionized distilled water.

2. Dry the primary standard grade potassium acid phthalate

for 1 to 2 h at 110°C (230°F) and cool in desiccator.
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3. Weigh to the nearest 0.1 mg, three 40-mg portions of

the phthalate. Dissolve each portion in 100 ml of freshly boiled

deionized distilled water in a 250-ml Erlenmeyer flask.

4. Add two drops of phenolphthalein indicator, and titrate

the phthalate solutions with the NaOH solution. Observe titra

tions against a white background to facilitate detection of the

pink endpoint. The endpoint is the first faint pink color that

persists for at least 30 s.

5. Compare the endpoint colors of the other two titrations

against the first. The normality is the average of the three

values calculated using the following equation.

mg KHP
NNaOH = ml titrant x 204.23

where

NNaOH = calculated normality of sodium hydroxide,

mg KHP = weight of the phthalate, mg, and

ml titrant = volume of sodium hydroxide titrant, mI.

The chemical reaction for this standardization is shown in Equa

tion 5-3. The sodium hydroxide is added to the potassium hydro

gen phthalate and colorless phenolpthalein solution until there

is an excess of diluted hydroxyl ions which causes the phenolph

thalein solution to change to a pink color.

NaOH + KHP + phenolphthalein ~ KNaP + HOH + phenolphthalein.
(colorless) (pink) Equation 5-3

5.2.3 Standardization of Sulfuric Acid - To standardize sulfuric

acid, proceed as follows:

1. pipette 25 ml of the H2S04 into each of three 250-ml

Erlenmeyer flasks.

2. Add 25 ml of deionized distilled water to each.

3. Add two drops of phenolphthalein indicator, and titrate

with the standardized NaOH solution to a persistent pink end

point, using a white background.
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4. Titrate a blank of 25 ml of deionized distilled water,

using the same technique as step 3. The normality will be the

average of the three independent values calculated using the

following equation:

where

(ml NaOHacid - ml NaoHblank) x NNaoH
25 Equation 5-4

NH2S04 = calculated normality of sulfuric acid,

ml NaoHacid = volume of titrant used for H2S04 , ml,

ml NaOHblank= volume of titrant used for blank, ml, and

NNaoH = normality of sodium hydroxide.

5.2.4 Standardization of Barium Perchlorate (O.OlOON) - To

standardize barium perchlorate, proceed as follows:

1. Pipette 25 ml of sulfuric acid standard (O.OlOON) into

each of three 250-ml Erlenmeyer flasks.

2. Add 100 ml of reagent grade isopropanol and two to four

drops of thorin indicator, and titrate to a pink endpoint using

O.OlOON barium perchlorate. Perform all thorin titrations

against a white background to facilitate the detection of the

pink endpoint color.

3. Prepare a blank by adding 100 ml of isopropanol to

25 ml of deionized distilled water. If a blank requires >0.5 ml

of titrant, the analyst should determine the source of contamina

tion. If the distilled water contains high concentrations of

sulfate or other polyvalent anions, then all reagents made with

the distilled water will have to be remade using distilled water

that is acceptable.

4. Use the endpoint of the blank or the endpoint of the

first titration as a visual comparator for the succeeding titra

tions.

5. Record data on analytical data form, Figure 5.2. The

normality of the barium perchlorate will be the average of the

three independent values calculated using Equation 5-5.
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Date j l/~ )21

Analys t _D~fc...b,""b,L.jiu;e. ~~O:.Ln<..le._s _

l~'l.Sd. ml 0.0/019 N}
2 ;)'1.50 ml 0,0 lOG)O N

3 a.'1.S0 ml O. O/OaD N

Total Sample
sample aliquot

Volume b mlvolume volume of titrant (Vt ) ,

Sample (V
soln

), (V )a
Sample identification a ' 1st 2nd
number number ml ml titration titration Average

1 5"0- I I tl t"l ~O ".~, JJ.~ct ",30
2

3

4 -- -

5
- ------ -

6

Blank N/A 0 0 Vtb =0

a Volume for the blank must be the same as that of the sample aliquot.

b 1st 't .t1 rat10n
2nd titration = 0.99 to 1.01 orllst titration - 2nd titration'~0.2 mI.

Signature of analyst __~OuJ~J~~~~'__3~~~OL ___

Signature of reviewer or supervisor I~~

Figure 5.2 Sulfur dioxide analytical data form.
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Equation 5-5

where

NBa (CI04 )2 = calculated normality of barium perchlorate,

NH2S04 = normality of standardized sulfuric acid, and

ml Ba(CI04 )2 = volume of barium perchlorate titrant, mI.

The chemical reaction for this standardization was shown in

Equation 5-1. The standardized barium perchlorate should be

protected from evaporation of the isopropanol at all times.

Note: It is suggested that the analyst unfamiliar with this

titration carry out ti trations on aliquots at low, medium, and

high concentrations in the following manner:

1. Pipette 2.0-, 10.0-, and 20. O-ml aliquots of O. OIOON

H2S04 into three 250-ml Erlenmeyer flasks.

2. Dilute to 25 ml with distilled water.

3. Add a 100-ml volume of 100% isopropanol and two to four

drops of thorin indicator to each.

4. Titrate with barium perchlorate to become familiar with

the endpoint.

5.2.5 Control Samples - The accuracy and precision of the sample

analysis should be checked. The accuracy of the analytical tech

nique is determined by control samples. The precision is checked

by duplicate analyses of both the control and the field samples.

Acceptable accuracy and precision should be demonstrated on the

analysis of the control sample prior to the analysis of the

field samples.

The control sample should be prepared and analyzed in the

following manner:

1. Dry the primary standard grade ammonium sulfate

«NH4)2S04) for 1 to 2 h at 110°C (230°F), and cool in a desic

cator.

2. Weigh to the nearest 0.5 mg, 1.3214 g of prlmary stand

ard grade ammonium sulfate.
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3. Dissolve the reagent in about 1800 ml of distilled

water in a 2-Q volumetric flask.

4. Dilute to the 2-Q mark with distilled water. The

resulting solution is O.OlOON ammonium sulfate.

5. Enter all data on the form shown in Figure 5.3.

6. Pipette 25 ml of the control sample into each of three

250-ml Erlenmeyer flasks, and pipette a 25-ml blank of distilled

water into a fourth 250-ml Erlenmeyer flask. Note: Each control

sample will contain 16.5 mg of ammonium sulfate.

7. Add 100 ml of reagent grade isopropanol to each flask

and then two to four drops of thorin indicator.

8. Initially, titrate the blank to a faint pink endpoint

using the standardized barium perchlorate. The blank must con

tain <0.5 ml of titrant, or the distilled water is unacceptable

for use in this method.

9. Titrate two of the control samples with the standard

ized barium perchlorate to a faint pink endpoint using the blank

endpoint as a guide. The endpoint is the first faint pink end

point that persists for at least 30 s. All titrations should be

done against a white background.

10. If the titrant volumes from the first two control

samples agree within 0.2 ml, the average of the two values can be

used to complete the calculations shown in Figure 5.3. I f not

within 0.2 ml, titrate the third control sample. If the titra

tion volume agrees wi thin 0.2 ml of either of the first two

samples, use the two titrant volumes that are consistent for the

remaining calculations. If this criterion cannot be met with the

first set of two control samples, follow the same procedure on

a second set of two control samples.

11. I f the criterion cannot be met for the second set of

control samples, the analyst should have the analytical tech

niques observed by a person knowledgeable 1n chemical analysis,

or should have all reagents checked.

12. After consistent titrant volumes are obtained, calcu

late the analytical accuracy as shown in Figure 5.3. I f the

measured value is within 5% of the stated value, the technique
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Date analyzed ~ I ~ .. I, y

Analyst 0.010 AJ

weight of ammonium sulfate is 1.3214 g? _~y~e~s~ _

Dissolved in 2 Q of distilled water? yes
Titration of blank 0.0 ml Ba(CI04 )2 (must be < 0.5-ml)

Control Time of
sample analysis, Titrant volume a ml
number 24 h 1st 2nd 3rd Avg

1 o'l ~O ~S. 0 ~S·O :>5.0

a Two titrant volumes must agree within 0.2 mI.

25 ml x
(control sample)

O.OIN
(control sample)

d$.() ml x 0.010 N = o. ;}SO

(must agree within ±5%, i.e., 0.238 to O.262)

Does value agree? ~yes no

Signature of analyst

Signature of reviewer

Figure 5.3. Control sample analytical data form.
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and standard reactions are acceptable, and the field samples may

be analyzed. When the 5% accuracy cannot be met, the barium

perchlorate must be restandardized or the control sample must be

checked until the accuracy criterion of the control sample

analysis can be obtained. The accuracy limit of ±5% for intra

laboratory control samples is recommended based on the control

limi t of ±7% for interlaboratory audit results discussed in

Section 3.6.8.

13. The recommended frequency for analysis of control

samples is the following:

a. Analyze two control samples each analysis day

immediately prior to analysis of the actual collected source

samples.

b. Analyze two control samples after the last collected

source sample is analyzed each analysis day.

14. Enter results from the control sample analyses on

Figure 5.3 and submit Figure 5.3 with the source test report

as documentation of the quality of the source test analysis.

5.2.6 Sample Analysis - Check the level of liquid in the con

tainer to determine whether any sample was lost during shipment,

and note this on the data form, Figure 4.3. Figure 5.4 can be

used to check analytical procedures. If a noticeable amount of

leakage has occurred, follow the alternative method described

below. Approval should have been requested prior to testing in

case of subsequent leakage. The al ternative method is as fol

lows:

1. Mark the new level of the sample.

2. Transfer the sample to a 100-ml volumetric flask, and

dilute to exactly 100 ml with deionized distilled water.

3. Put water in the sample storage container to the ini

tial sample mark, and measure the initial sample volume (Vsoln .)'
1

4. Put water in the sample storage container to the mark

of the transferred sample, and measure the final volume (Vsoln ).
f
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Reagents

Normality of sulfuric acid standard* D. DIOI N
Date purchased ID/;<{P/78 Date standardized 11/l1,/1B, r r ,
Normality of barium perchlorate titrant* O. O()91a tv
Date standardized 11111.# J'7 S

-~r~~I~'=""---------------

Normali ty of control sample* O. 0 100 N
Date prepared ---£-/~I/~(,~/~'7~S~ _
Volume of burette' I SO J7} l Graduations O. I rx..t2
Sample Preparation

Has liquid level noticeably

Original volume

Samples diluted to 100 ml?*

Analysis

Volume of aliquot analyzed* ~__O__rry~L=- __
Do replicate titrant volumes agree within 1% or 0.2 ml?~
Number and normality of control samples analyzed 2.j) a.IOON
Are replicate control samples wi thin 0.2 ml? LI ts.
Is accuracy of control sample analysis ±5%?* _~~~f~SL- _
All data recorded? V Reviewed by We, p

* Most significant items/parameters to be checked.

Figure 5.4. Posttest operations.
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If V 1S <V correct the sample volumesolnf solni '

(Vsoln ) by using Equation 5-6,

where

Vsoln ' = Vsoln Equation 5-6

Vsoln '

Vsoln

= sample volume to be used for the calculations, ml,

= total volume of solution in which the sulfur diox
ide is contained, ml,

= initial sample volume placed in storage container,

ml, and

= final sample volume removed from storage container,

6.

mI.

Both the corrected and uncorrected values should be

submitted in the test. report to the Agency.

Proceed with the analysis as follows:

1. Transfer the contents of the sample bottle to a 100-ml

volumetric flask (Vsoln )' and dilute to the mark with deionized

distilled water.

2. Pipette a 20-ml aliquot (Va) of this solution into a

250-ml Erlenmeyer flask, and add 80 ml of 100% isopropanol.

3. Add two to four drops of thorin indicator and titrate

to an orange-pink endpoint using standardized O. OIOON barium

perchlorate. Record the volume of barium perchlorate used in

titrating the sample (Vt ).

4. Repeat the above analysis on a new aliquot from the

same sample. Replicate titrant volumes must be within 1% or 0.2

101, whichever is greater. I f the titrant volumes do not meet

this criterion, repeat analyses on new aliquots of the sample

until two consecutive titrations agree within 1% or 0 . 2 101,

whichever is larger, or until sample is spent.
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5. Record all data on the data form, Figure 5.2. Average

the consistent titrant volumes, and use them as Vt in subsequent

calculations. All analytical data must then be reviewed by a

person familiar with procedures, and this review should be noted

on the data form, Figure 5.2. Note: Protect the O.OlOON barium

perchlorate solution from evaporation at all times.
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Table 5.1. ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS

Activity

Sampling
Apparatus

Dry gas meter

Rate meter

Meter thermome
ter

Acceptance limits

Within ±5% of pretest
calibration factor

Within +10% of desired
flow rate (recommended)

Within +6°C (10.8°F) at
ambient-temperature

Frequency and method
of measurement

Make two independent
runs after each field
test

Make two independent
runs during the check
of the rate meter

Compare with ASTM
mercury-in-glass
thermometer after
each field test

Action if
requirements
are not met

Recalibrate
and use cali
bration factor
that gives
lower sample
volume

Recalibrate

Recalibrate
and use
higher temper
ture value for
calculations

Barometer

Analysis

Within +5.0 mm (0.2 in.) Compare with mercury
Hg at ambient pressure in-glass barometer

after each field test

Recalibrate
and use lower
barometric
value for
calculations

Reagents

Control Sample

Sample analysis

Prepare according to
requirements detailed
in Subsec. 5.2

Titrants differ by ~0.2

ml; analytical results
within ±5% of stated
value

Titrant volumes differ
by ~l% or ~0.2 ml,
whichever is greater

Prepare and/or stand
ardize within 24 h
of sample analysis

Before and after
analysis of field
samples

Titrate until two or
more sample aliquots
agree within 1% or
0.2 ml, whichever is
greater; review all
analytical data

Prepare new
solutions
and/or re
standardize

Prepare new
solutions and/
or restan
dardize

Void sample
if any two
titrations do
not meet
criterion
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6.0 CALCULATIONS

Calculation errors due to procedural or mathematical mis

takes can be a part of total system error. Therefore, it is

recommended that each set of calculations be repeated or spot

checked, preferably by a team member other than the one who

performed the original calculations. I f a difference greater

than typical round-off error is detected, the calculations should

be checked step-by-step until the source of error is found and

corrected. A computer program is advantageous in reducing calcu

lation errors. If a standardized computer program is used, the

original data entry should be included in the printout to be

checked; if differences are observed, a new computer run should

be made. Table 6.1 at the end of this section summarizes the

quality assurance activities for calculations.

Calculations should be carried out to at least one extra

decimal figure beyond that of the acquired data and should be

rounded off after final calculation to two significant digits for

each run or sample. All rounding off of numbers should be per

formed in accordance with the ASTM 380-76 procedures. All calcu

lations should then be recorded on a calculation form such as the

ones in Figures 6.lA and 6.1B, at the end of this section.

6.1 Nomenclature

The following nomenclature is used in the calculations.

CS02 = concentration of sulfur dioxide, dry basis
corrected to standard conditions, gjdscm
(lb/dscf) .

N = normality of barium perchlorate titrant,
meq/ml.

= barometric pressure at the exit orifice of the
dry gas meter, mm (in.) Hg.

= standard absolute pressure, 760 mm (29.92
in.) Hg.
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= dry gas meter average absolute temperature, K
(OR) •

Tstd

Va

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

= volume of sample aliquot titrated, mI.

= dry gas volume measured by dry gas meter,
dcm (dcf).

Vm(std) =

V =soln

Vt =

V
tb =

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

total volume of solution in which the sulfur
dioxide sample is contained, 100 mI.

volume of barium perchlorate titrant used for
the sample (average of replicate titrations), mI.

volume of barium perchlorate titrant used for
the blank, mI.

Y = dry gas meter calibration factor.

32.03 = equivalent weight of sulfur dioxide.

6.2 Calculations

The following formulas for calculating the concentration of

sulfur dioxide are to be used along with example calculation

forms shown in Figures 6.lA and 6.lB.

6.2.1 Dry Sample Gas Volume, Corrected to Standard Conditions -

where

Vm(std)

Tstd Pbar= V Y =m Tm Pstd

V Pm bar
Tm

Equation 6-1

Kl = 0.3858 K/rnm Hg for metric units, or

= 17.64 oR/in. Hg for English units.

6.2.2 Sulfur Dioxide Concentration

(V t

Vm(std)

Equation 6-2
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K2 = 32.03 mg/meg for metric units, or

= 7.061 x 10-5 1b/meg for English units.
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a
Sample Volume

Vm(std)

o

= 17.64 in.RHg x
Y Vm Pb_-=----"..;;.;a""'-r = () ., , 0 ft3

T - - --m
Equation 6-1

S02 Concentration

N =l2-.~ L ~ ~(g-eq)/ml, Vt = 11·! ~ ml, Vtb = _ O.Q Q. ml

Vsoln = ~ ~ . eJ ml

Cso = 7.06 x 10-5

2

N (Vt - Vtb)(Vsoln/Va)

Vm(std)
~.f ~ Q x 10-4 Ib/dscf

Equation 6-2

a Calculation form for data collected using Method 6
type equipment. The alternative use of Method 5 or
Method 8 equipment will change V and V ( td) to
V = ft3 m m s

m( s td ) - _. - - -

Figure 6.1A. Sulfur dioxide calculation form (English units).
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Sample Vo1umea

= _3 Q "2.._. Q K, Pb = , S- i. rom Hg, Y =ar -- 1·1) 1 ~

Vm(std) = 0.3858

Equation 6-1

S02 Concentration

N = .~!Q ~(g-eq)/m1, Vt = L ~.~~ m1, Vtb = o. t»O m1- - --

Vso1n = l ~ Q..Q m1, Va = ~O .0 m1

Cso = 32.03
2

N (Vt - Vtb ) (Vso1n/Va)

Vm(std)
= _ J~~. mg/dscm

Equation 6-2

a
Calculation form for data collected using Method 6
type equipment. The alternative use of Method 5 or
~ethod 8_equipment wi1l change Vm and Vm(std) to

m( s td ) - _. _ _ _ _ m •

Figure 6.1B. Sulfur dioxide calculation form (metric units).
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Table 6.1 ACTIVITY MATRIX FOR CALCULATION CHECKS

Action if
Frequency and method requirements

Characteristics Acceptance limits of measurement are not met

Analysis data All data and calcula- Visually check Complete the
form tions are shown missing data

values

Calculations Difference between Repeat all calcula- Indicate
check and original cal- tions starting with errors on
culations should not raw data for hand sulfur
exceed round-off error calculations; check dioxide cal-

all raw data input culation form,
for computer calcu- Fig. 6.1A or
lations; hand cal- 6.1B
culate one sample per
test
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7.0 MAINTENANCE

The normal use of emission-testing equipment subjects it to

corrosive gases, extremes in temperature, vibration, and shock.

Keeping the equipment in good operating order over an extended

period of time requires knowledge of the equipment and a program

of routine maintenance which is performed quarterly or after 2830

Q (100 ft3 ) of operation, whichever is greater. In addition to

the quarterly maintenance, a yearly cleaning of the entire meter

box 1S recommended. Maintenance procedures for the various

components are summarized in Table 7.1 at the end of the section.

The following procedures are not required, but are recommended to

increase the reliability of the equipment.

7.1 Pump

In the present commercial sample train, several types of

pumps are used; the two most common are the fiber vane pump with

in-line oiler and the diaphragm pump. The fiber vane pump re

quires a periodic check of the oiler jar. Its contents should be

translucent; the oil should be changed if not translucent. Use

the oil specified by the manufacturer. If none is specified, use

SAE-IO nondetergent oil. Whenever the fiber vane pump starts to

run erratically or during the yearly disassembly, the head should

be removed and the fiber vanes changed. Erratic operation of the

diaphragm pump is normally due to either a bad diaphragm (causing

leakage) or to malfunctions of the valves, which should be

cleaned annually by complete disassembly.

7.2 Dry Gas Meter

The dry gas meter should be checked for excess oil or corro

sion of the components by removing the top plate every 3 mo. The

meter should be disassembled and all components cleaned and

checked whenever the rotation of the dials is erratic, whenever

the meter will not calibrate properly over the required flow rate

range, and during the yearly maintenance.
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7.3 Rotameter

The rotameter should be disassembled and cleaned according

to the manufacturer's instructions using only recommended clean

ing fluids every 3 mo or upon erratic operation.

7.4 Sample Train

All remaining sample train components should be visually

checked every 3 mo and completely disassembled and cleaned or

replaced yearly. Many items, such as quick disconnects, should

be replaced whenever damaged rather than checked periodically.

Normally, the best procedure for maintenance in the field is to

use another entire unit such as a meter box, sample box, or

umbilical cord (the hose that connects the sample box and meter

box) rather than replacing individual components.
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Table 7.1. ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS

Apparatus Acceptance limits

Routine main- No erratic behavior
tenance

Fiber vane pump In-line oiler free of
leaks

Frequency and method
of measurements

Routine maintenance
performed quarterly;
disassemble and
clean yearly

Periodically check
oiler jar; remove
head and change fiber
vanes

Action if
requirements
are not met

Replace parts
as needed

Replace as
needed

Diaphragm pump

Dry gas meter

Rotameter

Sample train

Leak-free valves func
tioning properly

No excess oil, corro
sion, or erratic rota
tion of the dial

Clean and no erratic
behavior

No damage

Clean valves during
yearly disassembly

Check every 3 mo
for excess oil or
corrosion by removing
the top plate; check
valves and diaphragm
whenever meter dial
runs erratically or
whenever meter will
not calibrate

Clean every 3 mo or
whenever ball does
not move freely

Visually check every
3 mo; completely dis
assemble and clean
or replace yearly

Replace when
leaking or
malfunctioning

Replace parts
as needed or
replace meter

Replace

If failure
noted, use
another entire
meter box,
sample box,
or umbilical
cord
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8.0 AUDITING PROCEDURE

An audit is an independent assessment of data quality.

Independence is achieved if the individual (s) performing the

audi t and their standards and equipment are di fferent from the

regular field crew and their standards and equipment. Routine

quality assurance checks by a field team are necessary in genera

tion of good quality data, but they are not part of the auditing

procedure. Table 8.1 at the end of this section summarizes the

quality assurance functions for auditing.

Based on the results of collaborative tests2 ,3,4 of Method

6, two specific performance audits are recommended:

1. Audit of the analytical phase of Method 6.

2. Audit of data processing.

It is suggested that a systems audit be conducted as specified by

the quality assurance coordinator, in addition to these perform

ance audits. The two performance audits and the systems audit

are described in detail in Subsections 8.1 and 8.2, respectively.

8.1 Performance Audits

Performance audits are made to quantitatively evaluate the

quality of data produced by the total measurement system (sample

collection, sample analysis, and data processing). It is recom

mended that these audits be performed by the responsible control

agency once during every enforcement source test. A source test

for enforcement comprises a series of runs at one source. The

performance audit of the analytical phase is subdivided into two

steps: (1) a pretest audit which is optional and (2) an audit

during the actual analysis of the field samples which is re

quired.

8.1.1 Pretest Audit of Analytical Phase Using Aqueous

Ammonium Sulfate (Optional) - The pretest audit described

in this subsection can be used to determine the proficiency of

the analyst and the standardization of solutions in the Method 6
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analysis and should be performed at the discretion of the agency

audi tor. The analytical phase of Method 6 can be audited with

the use of aqueous ammonium sulfate samples provided to the

testing laboratory before the enforcement source test. Aqueous

ammonium sulfate samples may be prepared by the procedure de

scribed in Section 3.5.5 on control sample preparation.

The pretest audit provides the opportunity for the testing

laboratory to check the accuracy of its analytical procedure.

This audit is especially recommended for a laboratory with little

or no experience with the Method 6 analysis procedure described

in this Handbook.

The testing laboratory should provide the agency/organiza

tion requesting the performance test with a notification of the

intent to test 30 days prior to the enforcement source test. The

testing laboratory should also request that the agency/organiza

tion provide the following performance audit samples: two

samples at a low concentration (500 to 1000 mg S02/dscm of

gas sampled or approximately 10 to 20 mg of ammonium sulfate per

sample) and two samples at a high concentration (1500 to 2500 mg

S02/dscm of gas sampled or about 30 to 50 mg of ammonium sulfate

per sample). At least 10 days prior to the enforcement source

test, the agency/organization should provide the four audit

samples. The concent.ration of the two low and the two high

audit samples should not be identical.

The testing laboratory will analyze one sample at the low

concentration and one at the high concentration, and submit their

results to the agency/organization prior to the enforcement

source test. (Note: The analyst performing this optional audit

must be the same analyst audited during the field sample analysis

described in Subsection 8.1.2).

The agency/organization determines the percent accuracy, roA,
between the measured S02 concentration and the auditor known

values of concentration. The roA is a measure of the bias of the

analytical phase of Method 6. Calculate %A using Equation 8-1.
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where

%A= Cso (A)
2

(A)

x 100 Equation 8-1

Cso (M) = concentration measured by the lab analyst
2 mg/ml, and

Cso (A) = audit or known concentration of the audit
2 sample, mg/ml.

The recommended control limit for the pretest audit is the

90th percentile value for %A based on the results of three

audits (11/77, 5/78, and 10/78) performed by the Environmental

Monitoring and Support Laboratory, USEPA, Research Triangle Park,

North carolina. 13 ,14 By definition, 90% of the laboratory

participants in the audit obtained values of %A less than the

values tabulated below. The control limit is expected to be

exceeded by 10% of the laboratories to be audited, based on these

three audits. The 90th percentile values and the known audit con

centrations are given below for each concentration range, 500 to

1000 mg S02/dscm and 1500 to 2500 mg S02/dscm.

500 to 1000 mg s02/dscm

Audit date

5/78

10/78

Audit date

11/77

11/77

5/78

5/78

10/78

10/78

Known audit
concentration 90th percentile for %A,

mg s02/dscm %
686 4.1

572 6.4

1500 to 2500 mg S02/dscm

Known audit
concentration 90th percentile for %A,

mg s02/dscm %
1411 6.6

2593 4.0

2479 4.5

1907 4.5

2555 4.9

1754 5.2
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Based on the results of these audits, the recommended 90th per

centile control limit for pretest audits is 7% for both con

centration ranges.

I f the results of the pretest audit exceed 7% the agency/

organization should provide the correct results to the testing

laboratory. After taking any necessary corrective action, the

testing laboratory should then analyze the two remaining samples

and report the results immediately to the agency/organization

before the enforcement source test analysis.

8.1.2 Audit of Analytical Phase Using Aqueous Ammonium

Sulfate (Required) The agency should provide two

audi t samples to be analyzed along with the field samples from

the enforcement source test. The purpose of this audit is to

assess the data quality at the time of the analysis. The

percent accuracy of the audit samples is determined using

Equation 8-1. The results of the calculated %A should be

included in the enforcement source test report as an

assessment of accuracy of the analytical phase of Method 8

during the actual enforcement source test.

8.1.3 Audit of Data Processing - Calculation errors are

prevalent in Method 8. Data-processing errors can be deter

mined by auditing the data recorded on the field and

laboratory forms. The original and audit (check) calculation

should agree within roundoff; if not, all of the remaining

data should be checked. The data processing may also be

audi ted by providing the testing laboratory with specific data

sets (exactly as would occur in the field) and by requesting

that the data calculation be completed and that the results be

returned to the agency/organization. This audit is useful in

checking both computer programs and manual methods of data

processing.

8.2 Systems Audit

A systems audit is an on-site quali tative inspection and

review of the total measurement system (sample collection,
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techniques of the field team

the

and leak testing the sampling train.

and adding the absorbing solution to

sample analysis, data processing, etc.). Initially, a systems

audi t is recommended for each enforcement source test, defined

here as a series of three runs at one source. After the test

team gains experience with the method, the frequency of audit

may be reduced--once for every four tests.

The auditor should have extensive background experience

in source sampling, specifically with the measurement system

being audited. The functions of the auditor are summarized in

the following:

1. Inform the testing team of the results of pretest

audits, specifying any area(s) that need special attention or

improvement.

2. Observe procedures and

during sample collection.

3. Check/verify records of apparatus calibration checks

and quality control used in the laboratory analysis of control

samples from previous source tests, where applicable.

4. Record the results of the audit and forward them

with comments to the team management so that appropriate

corrective action may be initiated.

While on site, the auditor observes the source test team's

overall performance including the following specific

operations:
1. Setting up

2. Preparing

impingers.

3. Checking for constant rate sampling.

4. Purging the sampling train.

Figure 8.1 is a suggested checklist for the auditor.
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Presampling Preparation

~

V----

OK.

OK

1.

2.

3.

4.

5.

6.

7.

8.

Knowledge of process conditions

Calibration of pertinent equipment, in particular,
the dry gas meter, prior to each field test

On-site Measurements

Leak testing of sampling train after sample run

Preparation and addition of absorbing solutions
to impingers

Constant rate sampling

Purging of the sampling train and rinsing of the
impingers and connecting tubes to recover the
sample

Recording of pertinent process conditions during
sample collection

Maintaining the probe at a given temperature

Postsampling

R_ 9.

OK 10.

t)K 11.

12.

~K 13.

~K 14.

~K 15.

Control sample analysis--accuracy and precision

Sample aliquoting techniques

Titration technique, particularly endpoint
precision

Use of detection blanks in correcting field
sample results

Calculation procedure/check

Calibration checks

Standardized barium perchlorate solution

General Comments

*~~~~3~~ww/~~~

*t-~~4drf~~~ ~.
Figure 8.1. Method 6 checklist to be used by auditors.
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Table 8.1 ACTIVITY MATRIX FOR AUDITING PROCEDURE

Audit

Analytical
phase using
aqueous
ammonium sul
fate

Data-processing
errors

Systems audit

Acceptance limits

Measured %A of the
pretest audit sample
should be less than the
90th percentile value,
7%

The original and check
calculations within
round-off error

Operation technique
described in this
section of the Hand
book

Frequency and method
of measurement

Frequency: Once dur
ing every enforcement
source test

Method: Measure ref
erence samples and
compare with true
values

Frequency: Once dur
ing every enforcement
source test

Method: Independent
calculations, starting
with recorded data

Frequency: Once dur
ing every enforcement
test until experience
gained, then every
fourth test

Method: Observation
of techniques, assist
ed by audit checklist,
Fig. 8.1

Action if
requirements
are not met

Review oper
ating tech
nique

Check and
correct all
data for the
source test

Explain to
team the
deviations
from recom
mended tech
niques; note
on Fig. 8.1
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To achieve data of desired quality, two considerations are

essential: the measurement process must be in a state of statis

tical control at the time of the measurement, and the systematic

errors, when combined with the random variation (errors of meas

urement), must result in an acceptable uncertainty. To ensure

good quality data, it is necessary to perform quality control

checks and independent audits of the measurement process; to

document these data by means of a quality control chart as appro

priate; and to use materials, instruments, and measurement proce

dures that can be traced to an appropriate standard of reference.

Data must be routinely obtained by repeat measurements of

control standard samples and working standards. The working

calibration standards should be traceable to standards that are

considered primary, such as those listed below.

1. Dry gas meter must be calibrated against a wet test

meter that has been verified by an independent liqui~ displace

ment method (Section 3.5.2) or by use of a spirometer.

2. The barium perchlorate is standardized against sulfuric

acid. The sulfuric acid should have been standardized with

primary standard grade potassium acid phthalate. The standard

ized barium perchlorate should then be validated with an aqueous

solution of primary standard grade ammonium sulfate. This makes

the titrant solution traceable to two primary standard grade

reagents.
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20 mlnu1('s B3Sfd on \.ht'orc\lI..al calcul1111Ons, thE' upPf'r
eon(.t'ntra\1on limIt III a 2O-11lE'r sample IS about ~3,3W

m¥'m~,

Posslule mterfl'rE'\\1s arf" 'ree ammonia, wattr~oluble
cahons, and 6uondf'~. Tl1e cations and fluorJdl's Are
remol"eJ b}· (lass ""'001 llltrrs and an isopropanol bubblf'r.
and hroec do not afltet the SO: anal't'sls. \\ hen sampl~

are bemg t.ak('n from. I[as slHam '\-llh hlJ::h eOHctIHra·
lions of ver.¥ 1me mE-lalhe fumes (snch as in inlrU! to
WOllOl dHil'('S), • hl~h~ll\d('ney I!'lass t11.H'r bl1er mu.ct
be used m pl..k~ of th~ ,la..c:.g .001 pitH! H.t., the ont 111
tht probf') to ff'llH)'t·f' the cat lOU mt('r'l.J"t'nl~,
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knowledgf' of tht prOCf~. and uotll'lIllf ,.:bitt' pwt.iculate
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III Method 8.
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IIIIld. dl.meter. wltb. beatlnllystem to prevent w.ter
collde_tlon and • lIIter (eltber IIl..tack or beated out
stact) to remove particulate matter. IllCludine lU1Iuric

~I.;'''u~b~~n~ ~I':~.IIO:' ·;.=ti7u:~\:~:
wltb medium..,..,... lIMa lrIt .nd borOIlUealll or quarts
lIMa ...001 packed III top (see FlllUre 6-1l to prevent
Iu1IurIc acid milt carryover, .Ild three 3().mJ midlet
ImplDcen. Tbe bubbler .Ild midlet Implneers must be
oonnected In ..rles wltb leak·free lIMa connectors. Sill·
CODe ........ may be ....d. II nee_yo to prevent leakalre.

At tbe option 01 tb. tester•• mldlet ImpiDIer may be

~~~l'cl,~~l::~:':'~t~~b~::~~;,rates m.y b. used.
but are subject to tb••ppro...1 01 tb. Admlnlltrator.
.llIo, collection .lIlcleney mUlt be sbown to be .t1_
... parcellt lor .acb test om .nd mUit be dorum.nted In

~:;=r:.il~~e~~I~~~n~~'::~~:f{o":lrs·~~~
nquired. To conduct tb. elllelency test, .n .nra .1>
_her mlllt be added and .naly.ed .._.t.ly. Tbls
-. .beorller mUlt not oontaln more than I percent Dr
SII. tot&! SO•.

1.108 Olau Woul. Boroelllcato or quartl.1.1.. Stopeoek 0...... Aceton..lnlOlubl.. baat-

"~I.~11~:::~:mrl.~.~iJ~~=._, or
~~!valAlnt, to m-.re temmtun oliU 1M"", 1m.

Pwa:'l~~ towI~~~~~ked wltb &- to 16-IDMb
IJullcatlnlrr,: IIUca ,.1. or aqulnlant. to cIr7 til. I"
_pl. and to pI'Dtect tb. meter and _p, U tb. sWac

1.lliu been uIed pr.vloUlI,.. dry.t 17&· C (3010' F) lor
bourl. N.... sWea ,.1 ID.,. be UIecI U received. Alt.m.·

ttv.ly. otb.r typea 01 desiccants (equl...l.nt or bett.r)
lD'y b. UIecI, sublect to .pprOyal 01 tb. Admlnistr.tor.

2.1.7 Value. N'eedl. vlillle. to l'OIulate ....pIa IUlIow
rate.

2.1.8 Pump. LeaJt·frea dIIpbngm pumP. or equly·
alant. to pull I" tbroucb tb. train. InotaI1 • sma1I tank
between tb. pump and rate melllr to e\lmln.lII tbe
pu1l&tlon elleet 01 tb. dl.pbngm pump on tbe rotameter.

2.t.9 R.te Meter. Rotameter, Dr equlval.nt. capabl.
of m-mne lIow rat. to wltblo 2~nt o! th. elected
II~.,. ra'" 01 about tOO!) oclmln.

*40 CFR 60, J~ly 1, 1978

2.1.10 Volum. Meter. Dry I" meter. lulIlci.ntly
ACCurate to meuurfl thE' samptf' volume Wlt.hin 2 percent,
calIbratpd .t the selected flow rate and conditions
actually encountel'1!d dwiflll sampltflll. and .qulpped

:~t)· ~~I':t::fe:'=~~a1~t;.,-=~.:.,:,,~r:l~~i'~
:l"C (MOF).

2.1.11 Barometer. Mercury, amerold. or otber barom-
• ter capable 01 meuurlne .tmospherlc p.....ure to within
2.6 mm HI (0 I In. HI). In many s, the barometric
readlne m.y be obtained from • n by n.llon.1 weather
eervloe stallon, In which .... the Ilotlon ...lu. (whkh
II the .bsolute barometric pre.....r.) Ih.ll be requ••ted
and an adJuatment for elevation dlfTeren('f'~ betweot"n
tb. we.th... station and samplln~ point sholl be .pplll·d

:f.~~~~II~;=·~r"':oeH~:~I;:;r~f~':~~ ~e~~~)
2.1.12' Vacuum G,uee. At leest 750 mm HI (30 In.

Rc) _e. to be UIecI for leak .b.ct 01 tb. sampling
tr.ln.

2.2 Sampl. Recovery.
2.2.1 Wub bottles. Poly.tbyl.n. or II.... 500 nil.

t ...o.
2.2.2 Storag. Botti... Poly.thylen•• 100 mI, to swre

Implnger sampl.. (one per IllWIpl.).
2.3 AnllyslS
2.3.1 Pipettes. Volumetric type, 6-ml. 2O-mI (on. per

_pIe), and 2b-ml slles.
';ci3i~~oI~~trlC Fluks. I~mllise (on. per aampl.)

2.3.3 BW1lttel. 6- and 500ml sI....
2.8.. Erlenm.yer Flasks. 250 ml-eise (on. for each

.lDple, blank, and standard).

~:U 8~e~~BC';l:~d~~~~~e.I~.add Indicator.
2.3.7 Spectrophotom.ter. To measure .beorbance .t

162 nanomet.en

3. &GI,""
Unless otb.rwlse Indicated, .U r....nts mUllt conform

to tbe spelClfi, atlono est.bUshed by the Committee on
Analytlc.l ReaI.nts oltb. Am.rlcan CbemicalSoc.e!)·.
:~ir:b1~e:rlllC.tlonoare not ....llable. u.se tb. best

3.1 SampUna.
3.1.1 W.ter.l>elonlsed dlstlll.d to conlorm to ASTM

lpeeillration D1I93-74. Type 3. At tho option 01 tb.
analyst, tb. KMnO. test lor olldi••bl. Ol'lanlC m." or
::lt~ar~~~:~~~~ ~~ ~~~~~~rations of ofl~na

wI~'~ io ~'i'gr~~~J~ :rr~~ll~ ~~:. ~~::".f:~ro~~l
IIOprop.nol for perolid. Impurities" 10Uo...a: sb.te 10
ml 01 Isopropanol with 10 ml of freshly prepared 10
peroent po.....'tum Iodide solutIOn. Prepare a blant by
similarly tre.tinllO ml of d"tllled w.t<>r. Alter I minute.

~:~:t:r~SXl~:;~;l="Jel~J:e~~c~~t~:......
Perolld.. m'y be removed from isopropanlll by redt..

~\::fn~~ ~~w~~e...::.an~bl~':'I~nroOf~11~~~g
suitably low perolid. levels m'y be ob~n~rom rOIll'
mercial sources Rejection or contaminated lots mal·,

th~~reH~':':'~":"~~~~~f~~~~'Dllute80 reent
hYdrolien peroJ.ld. 1:9 (v/v) Wltb deiomzed. ~t1Ued
water (80 mils noeded per sample). Prepare lre,h dall)'

8.U Potaoslum Iodide Solution, 10 Pereent. Dissal ••
10.0 crams K I 111 delonl.ed. distilled w.ter .nd dllul~ to
100 ml. Prop.r. wben needed.

'.2 S.mpl. Reoeovery.
8.2.1 W."'r. Dplonl.ed. distilled, II! In 8 I 1.

wI'i:'io ;"fgf':f.~~gl.::;.~~~m~d ~:tS;;.ml of Isopropanol
3.3 Analysis
38.1 W.t.,. Delonised. distilled, u In 3.\.l.
3.3.2 IlOpropanol, 100 perrent.
8.83 Thorln Indleator 1-(lHlrIOnopbanywo)-2·

napbtbol-3,6-cllsul!onlc acid. dleodlum salt. or equl ...·
lerit. Dissoin 0.20 I In 100 ml 01 d.lonlsed. di'tllled
....ter.

3.3.. Barium Percblorate Solution. 0.0100 N. V ...
lOin 1.1161 of barium percblorate tr\IlydralllIB.(l"IO,lt·
3R,o) In 200 ml d,sUlled wat.r and dilute to 1 liter ,,·lth
IOpropanol. Altnnativ.ly. 122101 (B.CI,·2H.01 n,,'

be tiled Insteeci 01 tile percblora~. Standllrdi.. U III
SecUon 6.5.

3.35 Sulfuric Arid Standard. 0 0100 N. Puft'b.. or
standardl.. to ..0.0002 N llPInst 0 0100 N N.OH whlcb
hu preY10llsly !>eon standardl.ed ..alnst potalllum
acid pbtb.lat. (primary standard lTfoC\e).

•. Proe"'u".
U S.mpllnl·
4.1.1 Proparatlon 01 collection train. MlllSu" 15 miDI

80 perrent lSOpropallOI Into the m.d~.t bubbler and 15
ml 013 percent hydrOien perollde Into each 01 the ftrst
t ...o midl.t Implnlers. Le.... th. nn.1 mld,.t Impln••r
dry Assembl. tb. tralll .. shown In FIIlW" 6-1. AdJuol

~~~~:~~~n~;~~~~e ~~ft\~dn~~o~~~datt~~
implngtn

" 1:..' L#u'"Chf"('k prOf'~dl1rr A leak ('h~1r (mor to the
--amplJnI n111IS optional. however, a h"ak rhf"('k artpr the
sampling run is mandltory. The leuo("heck procedure)s
as follows:

With thf! probe dlcronnf"C'ted, place a vacuum lI'al'l(l It
the mitt to the bubhler alld pull I v&Cuum of 2,)() mm
(10 In ; 11«: pill' or ollll'h ollth. outlet olthe flow mpter.
and then turn ott thfl pump. The varuum shall rpmaln
,tabl. lor It I...t 30 seconds. Carefully rei.... th•
vacullln gallll'p berore releasing the flow meter end to
prevent bade: ftow of the lmplr1fCflr fluid,

Other I••k rh.ek prOCedllTN m.y be used, sub)ert to
the approval of the Admlntstrator, U S EnVironmental
Protel't!on AIlPney, The procedure used In )fethod S is
not ~\ut&bte for dl&phrarm pum~

~ I 3 S.mpl. collection Rerord tb. Initial dry IU
meter readmg and baromptrlc pressure To btgm sam..
plin•• poslt1on ttle tiP of the pro~ at the sampling pomt,

\onnf"ct the probt' to the bUbbler, and start the pump
Adjust the sample now to a constant raU' of ap-

~r~,~~~~eitt~°e~I~~~nr:~i(~10t~~~ntt~eJ~~eihe
fontlrt ~amphng nm Take rtadinp·(dry IU metf'r,

~~d~:t~t~~e;:~p~~e~~r6~?n~~~1~1~o~~t~~
dllrine the nlll to ke.p the temper.ture 01 the ~ases
lea\'lnl the last Implne...t 20" C (1\8" F) or I... At the
('on('!uslon of each run, turn at! the pump, remove probe
Irom the .tack.•nd record the ftnal readllllls. Conduct.
le&lI: .heek .. III Section 4 I 2 (Tbls le&lI: cbeek IS mand.·
tory ) II • leat Is found, void tb. test run. Drain the I....
b.th.•nd pWlle the rem.lnln, part of the train by dra •
:nl clean .mblent .ir throulb tb. system lor I> minutes
.t th. samplin. rate

tS~~~ :~~~~~ar~Il~:::: t~~::d~~.r:'~d:~~
Implne.r ...Ith 15 ml 013 parcent H,O •. Th. tester m.y
opt to slmplr. use .mblent air, wltbout purlllc.Uon.

p~n:~fW~r~et<j,Oev~i.~I:W~l::r~lt~:.~~~b'i,':~'~~~
the contents 01 tb. midlet ImpinR.... Into. le.t·f"",

rmtt~~.~·~~~ottt~~1~~~~~~l'tW't~bn: ~'t~br3:1~~~~t
distilled ....ter, and .dd the ....bini' to the sam. sto.....
container. Mart tb. lIuld l.v.1. S...I and Identlfy the
sample cont&lner.

.3 Sampl. An.lysll. Not.I....10fll~u1dIn container,

~.c:,r:::t~h'jsh~~b~:t'Jj:F::.":r..t~' ~u:o'irc:~t.
amount of le.t... hu occurred, eltber void tb. sample
or tile m.thodo. subject to tb••pprov.1 01 th. AdmlnJo.
trator, to corr.ct tb. tlnaI resulla.

Transl.r th. cont.nts 01 tb. ltonll' c:ontaineT to •
loo.lDl volum.trlc flask .nd dllut. to euctly 100 IDI
witb d.lonlled. distilled w.t.r. Pipetlll. ~ml.liquot01
thil solution Into. 2.\(\.ml Erl.nm.yer lIut. add 80 ml
of 100 percent lsoprop.nol and two to four drops 01 tbOM
Indlc.tor••nd tltrat. to • pink .ndpolnt uslne 00100 N
barium perchlorat.. R.peat .nd ....r... tb. lttr.tlon
volumes. Run. blanll: witb e&tb serl.. 01 samples. R.pU
cate tltrlotlons mUllt .."'" within I pelCtent or 0.2 inI,
whlcb..... Is 1arI.r.

(NOTE.-Protect tb. 0.0100 N barium perchlorate
solution Irom ....poratlon .t all tim...)
5. Col/b,.,,,,,,

~.I M.terllll System.
S 1.1 Initial Calibration. Befo" Its Inlt.ia1 11M in tb.

~:~~:':;I~e:,t:::'~~.~~rte~~~.~:,~

:~~~J'="~'::..~':?&'::(~.~J:~~:
pineh 011 tb. outlet or the 110'" meter, and than tum 01

~'=J'•.1:b.=..~g.~I=lt~~u='~::'·~=
releullll tho 1I0w m.ter end.

Neat. e&llbrate tb. m.terlne IYItem (at SII pu.
1I0w rat. lpeeill.d by the m.tbod) U 10UO : connlDi

~:y~l:ftrg~r~elr:esl~~t~r\b~~~t~1i::'JJ~":
Independ.nt c.llbratlon runa, ~.t1_ lIy...volu-

:l~~s:t~~~ t'rJ.~t::~&":~bracf~o?~~~~':d
~~.t~:~e'~::'~:'=~~;Olum..~1:~
run. and ....nII. tb. r.lIlllS. lI.ny ~"'I.taIb,.

~~":~~n:a..:~~I.I~~~ot~:~:e.~ :l:~~~:
... u tb. calibration taotor tor subsequent test runs.

U.2 Poet-T..t Callbratloll Cback. Alter _b 1I.1d
tllst serllS, conduct. calibration chack u In Section U.I

~r'::'I:~~t":'I~~:~~~,'\)t=~::~~~t~y~~
tlono of tb. dry '"m.ter may be used, and (c) only two
Ind.pandent runt need be lDadl. It tb. callb'1t1on I",tor
doel not d.vl.t. by mOra tban 5 perc.nt frOID tb. initial
eallbratlon I",tor (d.tennlnedln Section 5.1.1). tb.1l the

~~:;.~r:.rrl~~::lIt':.~~~~'1.:~~~~;=
th.n 5 percent, reealibrate tb. met.rlnl system u lD
Section 5.1.1, .nd for tb. calculatio.... lIM tb. eal1braU..
ractor (Initl.1 or reeallbratlon) tb.t ylelda th. 10........
volume ;.>r MCh test run.
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5 ~ Tbennometer:s. Calibrtlte lIg&lnn met'CUrJ·!n·
glAss t hermoml'tu'5.

53 Rota",et ... The rotuneter need not be caUbrated
but should be cleaned and maintained accord!nl to the
manW&etUIcr's Instruction.

5.. Barometer. Calibrate aplnn a mercWT barom·
eter.

5.5 Barium Percblorate Solution. 8taadardi.. tbe
barium perchlorate solation aplnn 25 ml of standard
!Ul!w1c acid to which 100 ml of 100 percent Isopropanol
has beea added.

8. C'akulatI_
Carry oat wculatlou, retalnJnl at least one extra

decimai l\cure be,ond thet of th. acquired data. Round
011 fteures alter ftnal calculation.

6.1 No_Jatur..

C-s- Concentratlon of aullur dlollde, dll' basls
CO!Tected to ltandard conditions, ml/dscm
IIb/dseO.

lV-Normallt, nf barilim pereblorate titrant,
mllllequlyalents!mJ.

Pe., - Barometrtc pressure at tbe ezlt orUloe of tbe
dry PI meter, mm HI (In. HI).

P..4- S\.UIdard absolute pressure, 7110 mm HI
(29.9210. HI).

T .-AYarale dry au meler absolute temperature,
OK (OR).

T....- Standard absolate temperatan, 283" K
(5210 R).

Vo-Volame of_pte aliquot titrated, mI.
V._Dry au Yol1Ull8 as IIIIuured by the dll' au

meter, clem (del).

V.(".)-Dry IIlI volUJlJe measured by the c:,y I'"
meter, oorrect<>d to st.andard conditioN,
dscm (d8eO.

V ..,._Total volume of solation In which the sulfur
dioxide semple Is contained, 100 mi.

V,-Volume of barium perchlorate titrant ased
for tbe sample. ml (aYer&p of replicate
tltratlooa).

V•• -Volume of barium percblorate titrant ased
for the blank, mJ.

y- Dry PI meter calibration factor.
32.03- EqulYalent wellht of sulfur dlosJde.

6.2 Dry sam pIe PI volume, corrected to standard
conditlons.-

v: -v: y(TIWI) (Pba')_K yVooPba•
.. (oWl) -oo Too PoWl - • ----r;:-

Equalloa 8-1
when:

K ,_O.I85II°K:/mm Be for metric anita.
-17.114 ·R/ln. HI lor Enallsh anlt.s.

U Sullur diosJde concentratloa.

(V.- V,,) N(~O~)
Caol-=K1 v: V.

ooCold)
Equation 8-2

whet'O:
K.-32.03 malmoq. lor metric anllll.

-7.0lIIXIO"I Ib/moq. for EllIlIsh W111l1.

7. HIhlIO(fTf1pA,

I. Atmospheric Emissloflll from l'ulfurlc Acid Manu.
facturlng Proc".....,.. U.S. 1.JI1EW, PHS. Dlvl.lon I,f Air
Pollution. I')1bllc Health SerYioe Publication No.
\l99-AP-13. Cincinnati, Ohio. 1965.

2. Corbett, P. F. The Determination of SO. and SO.
In Flue 0_. 10arrt&l of the Institute of Fuel. t,: ~
243, IIMII.

3. Matty. R. E. and E. K. Diehl. Measuring Flue-Ou
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•. Patton, W. F. and 1. A. Brlnlr,lr. N..w Equlpmlnt
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1. Air Pollution Control ASIIOCiaUon. I~: 182. 1%3.

S. HoID,I.1. Malnlenance. Calibration, aDd Operation
of llOlrlnetic Source-Sampling E'lulpment. Olll.., of
Air Proanuns, EnYlronmenlal Protl'Ction Agen."..
R....ch TrIanIle Parlr, N.C. APTD-057l1. MardI 11172.

8. Hamil, H. 1". and D. B. Camann. Collaboratl..
Stud, of Method for the Determination of Sulfur DiOXIde
Emissions from Stationary Sour_ (F_ll·Fuel Fired
Steam Generators). Enyironmenlal Protection Ag..nc,.
Research Triangle Parlr, N.C. EPA-GSO/4-7+-O'~.
Deoemberl973.

7. Annual BooIr of ASTH Standards. Part 31; Watu.
Almoapberlc Analysis. American SocIety for Testina
and N&wlals. Philadelphia, Pa. 197•• pp.~.

8. Knoll,l~B. and M. R. Mldlett. The Application I)f
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POorIr, N.C. EPA-lIOO/4-7&-038.1u1, 1978.
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Amendments to Reference Method 8; Correction*

In Method 8 of Appendix A.. 8ectlona
2.1. 2.1.6. 2:1.'1. 2.1.8, 2.1.11. 2.1.12
2.3.2, 3.3.4. 4.1.2, 4.1.3. and 6.1.1 are
amended as foUo1nl:

1. In Section 2.1. the word "perlox
ide" in the fourth llne of the second
paragraph ill corrected to read ·"perox.
ide."

2. In Sectldn 2.1.6. the word "sUlae"
In the third l1ne is corrected to reed
"sWca."

3. In Sectlon-2.1.7. the word ··value",
which appears twice is corrected .to
read "Valve."

4. In Section 2.1.8. the word "disph
ragm" 'is corrected to read "dia
phragm" and the word "surge" ,ill in
serted between the words "sma.U" and
·'tank."

5.10 Section 2.1.11. the wonl ··amer
oid" is corrected to read "aneroid."

6. In Section 2.1.12, the phrase "and
Rotameter." is inserted after the
phrase "Vacuum Gauge" and the
phrase "and 0-40 oc/min rot&metel"'1s
tnserted between the words .'gauge"
and ... to.'·

'1. In section 2.3.2. the phrase "and
lOO-ml size" is corrected to read ·'and
1000·ml size!'

8. In Section 3.3.4, the word <Isopro
panol" In the fourth Jine is cor.rected
to read "isopropanol,"

9. In Section 4.1.2, delete the-last
sentence of the last paragraph. Also
delete the second paragraph and re
place it with the following paragrapb8:

'Temporarily attach a suitable (e.g., 0--40
ecfmln) rotameter to the outlet of the drY
gas meter and place a vacuum gauge at or
near the probe Inlet. Plug the probe tnlet,
pull a vacuum of at least 250 rom Hg (10 In.
Hg>. and note the flow rate a.s Indicated b)'
the rotameter. A leakage rate not In exeesa
of 2 percent of the average .amp~rate Je
acceptable.

Non:: Carefully releaae the probe Inlet
plug before tuming off the pump.

It Is suggested (not mandatorY> t.ha.t the
PW11P be 1ealt-check:ed separately. either
prior to or after the Bampl1ng run. If done
Prior to the llampllng run. the pump leak
check shall precede the leak check of the
sampling train described immediately above;
if done~ the sampllng run, the pump
Jeak-ehect sha1l1ollow the tr&1n lea.t-ehedt.
To leak check the pumP. proceed as folloWS:
Disconnect the drying tube from the probe
Implnger assembly. Place a vacuum gauge at
the Inlet to either the drying tube or the
~:>ump. pull a vacuum of 250 mm no m.) B&
plug or pinch off the outlet of the flow
meter and then tum off the pump. The
vacuum should remain stable for at least 30
seconds.

10. 'In Section 4.1.3. the sentence '-'If
a leak is found, void the test ron" on
the tllxteenth line is corrected to read
"If a leak ls found, void the teat run, or uae
]ll''OCedures acceptable to the Admlnlatrator

tel adJuat &.he MIllple volume lor the leak-
age." '

11. In Section 5.1.1. the word ··or" on
the sixth line is corrected to read "of."

Section No. 3.5.10
Revision No. 0
D&te May I, 1979
l?age 3 o;f 3
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12.0 DATA FORMS

Blank data forms are provided on the following pages for the

convenience of the Handbook user. Each blank form has the cus

tomary descriptive title centered at the top of the page. How

ever, the section-page documentation in the top right-hand corner

of each page of other sections has been replaced with a number in

the lower right-hand corner that will enable the user to identify

and refer to a similar filled-in form in a text section. For

example, Form M6-1.2 indicates that the form is Figure 1.2 in

section 3.5.1 of the Method 6 Handbook. Future revisions of

these forms, if any, can be documented as 1.2A, 1.2B, etc. Thir

teen of the blank forms listed below are included in this sec

tion. Five are in the Method Highlights subsection as shown by

the MIl following the form number.

Form

1.2

2.2

2.4A and 2.4B

2.5 (MH)

3.1 (MH)

4.1

4.2

4.3

4.4 (MIl)

5.1 (MIl)

5.2

5.3

5.4 (MIl)

Title

Procurement Log

Wet Test Meter Calibration Log

Dry Gas Meter Sample Calibration Data
(English and metric units)

Pretest Sampling Checks

Pretest Preparations

Sampling Data Form for S02

Sample Label

Sample Recovery and Integrity Data

On-site Measurements

Posttest Sampling Checks

Sulfur Dioxide Analytical Data

Control Sample Analytical Data

Posttest Operations



6.1A and 6.1B

8.1
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Sulfur Dioxide Calculation Forms
(English and metric units)

Method 6 Checklist To Be Used by
Auditors



PROCUREMENT LOG

Purchase
order Date Dispo-

Item description Qty. nwnber Vendor Ora. Rec. Cost sition Counnents

Quality Assurance Handbook M6-l.2



WET TEST METER CALIBRATION LOG

Wet test meter serial number Date

Range of wet test meter flow rate

Volume of test flask V =s
Satisfactory leak check?

Ambient temperature of equilibrate liquid in wet test meter and reservoir

ManometeIi Final Initial Total b Flask Percen~
Test reading, volume (Vf), volume (V. ), volume (Vm) , volume (Vs ), error,
number rom H2O Jl, Jl, l. Jl, Jl, %

1 I I

2

3

a
Must be less than 10 rom (0.4 in.) H

2
0.

Calculations:

b
V = V-V"m f 1

c % error = 100 (V - V)/V =m s s (:t1%) •

Signature of calibration person

Quality Assurance Handbook M6-2.2



DRY GAS METER SAMPLE CALIBRATION DATA
(English units)

Calibrated by -------------- Meter box number

Barometer pressure, Pm = in. Hg Wet test meter number __
Dry test meter temperature correction factor oF

Date _

Wet test Rota- Wet test Dry test meter Wet test Dry test meter
meter meter meter gas gas volume meter Inlet Outlet Average Time Average

pressure setting volume (Vd) , b ft 3 gas temp gas temp gas temp gas temp of run ratio

drop (D ), c (R ), (V ), b d f
(t ), (td .), (t

d
), (td), c (8) , (Y.) ,

e
(Y ),m s w w ~ r i

ft 3/min ft 3
~ 0

in. H?O Initial Final of of of of min

a D expressed as negative number.
b m

Volume passing through meter. Dry gas volume is minimum for at least five revolutions of the meter.
c The average of t

d
. and t

d
if using two thermometers; the actual reading if using one thermometer.

d The time it takes~to comp~ete the calibration run.

Y +0.02 Y for

(Eq. 4)

(Eq. 2)

=

and the dry test meters, Y.
~

by wet test meter to rotameter.
checks

Y
r

Y

(Eq. 3)

e With Y defined as the average ratio of volumes for the wet test
calibration and Y. = Y +0.05 Y for the posttest checks, thus,

~ -
V (td + 460

o
F) [p + (D /13.6)]

Y. = w m m (Eq. 1)
~ V

d
(t + 460oF) (p )

f w m
With Y defined as the average ratio of volumetric measurement
To1eraKce Y = 1 +0.05 for calibration and Y +0.1 for posttest

r - -

= Vw (td + 460
o
F) ~m + (Dm/l3.6~ (60)

8 (t + 460oF) (P ) (0.035)w m
Quality Assurance Handbook M6-2.4A



DRY GAS METER SAMPLE CALIBRATION DATA
(metric units)

Meter box number

Wet test meter number ----------
°c

_______ nun Hg

Calibrated by ----------
Barometer pressure, P

m
Dry test meter temperature correction factor ----

Date _

Wet test Rota- Wet test Dry test meter Wet test Dry test meter
meter meter meter gas gas volume meter Inlet Outlet Average T1me IAverage

setting volume (V
d

) , b
~ temp of run ratiopressure gas gas temp gas temp gas temp

drop (Dm) , a (R ), (V ), b d f
(t ), (td ), (t

d
), (t

d
), c (0) , (Y.) ,

e (Y ),s w
W 1 r.

i ° 1

mm H2O ~/min t Initial Final °c °c °c °c min

a D expressed as negative number.
b m

Volume passing through meter. Dry gas volume is minimum for at least five revolutions of the meter.
c The average of t

d
. and t

d
if using two thermometers; the actual reading if using one thermometer.

d The time it takes1to comp~ete the calibration run.

(Eq. 2)

e With Y defined as the average ratio of volumes for the wet test
calibration and Y. = Y +0.05 Y for the posttest checks, thus,

1 -

V (t
d

+ 273°c) [p + (D /13.6)1
Y. = w m m 'j (Eq. 1) Y =

1 V
d

(t + 273°C) (p )
w m

and the dry test meters, Yi

=

Y +0.02 Y for

(Eq. 4)

by wet test meter to rotameter.
checks

y
r

(Eq. 3)Yr.
1

f With Y defined as the average ratio of volumetric measurement
To1era~ce Y = 1 +0.05 for calibration and Y +0.1 for posttestr - -

V
w

(t
d

+ 273°C) [Pm + (Dm/B.6)] (60)'

e (t + 273°C) (P ) (0.035)
w m

Quality Assurance Handbook M6-2.4B



SAMPLING DATA FORM FOR S02

Plant name

Sample location

Operator ------------------
Barometric pressure, mID (in.) Hg

Probe material

Meter box number --------------
Ambient temperature, °C (OF)

Initial leak check

Final leak check --------------

City _

Date

Sample number

Probe length m (ft)

Probe heater setting

Meter calibration factor (Y)

Sample point location --------
Sample purge time, min _

Remarks

Sampling Clock Sample Sample flow Sample volume Percent Dry gas Impinger
time, time, volume, rate setting, metered UN ), deviation, a meter temp, temp,

Jl. (ft3) Jl./min (ft3/min)
m

min 24 h Jl. (ft3) % °C (oF) °C (oF)

Total Total 6.V Avg Avg Max
m dev tempavg

a Percent deviation =
6.V - 6.V avgm m

6.V
100.

Quality Assurance Handbook M6-4.l



SAMPLE LABEL

Plant City

Site Sample type

Date Run number

Front rinse D Front filter D Front solution D

Back rinse D Back filter D Back solution D

Solution Level markedD

Volume: Initial

Cleanup by

Final-----

Quality Assurance Handbook M6-4.2



SAMPLE RECOVERY AND INTEGRITY DATA

Plant Sample location _

Field Data Checks

Sample recovery personnel ___

Person with direct responsibility for recovered samples

Sample Date Liquid Stored
Sample identification of level in locked
number number recovery marked container

1

2

3

4

5

6

Blank

Remarks -----------------------------------------------
Signature of field sample trustee __

Laboratory Data Checks

Lab person with direct responsibility for recovered samples -------
Date recovered samples received ----------------------Analyst _

Sample Date Liquid
Sample identification of at marked Sample
number number analysis level identified

1

2

3

4

5

6

Blank

Remarks ------------------------------------
Signature of lab sample trustee _

Quality Assurance Handbook M6-4.3



SULFUR DIOXIDE ANALYTICAL DATA

Plant Date

Sample location Analyst

Volume and normality of barium 1 ml

perchlorate 2 ml

3 ml

N

N

N

N, avg---

Total Sample
sample aliquot b
volume volume Volume of titrant (Vt ), ml

Sample (Vsoln), (V )a
Sample identification a ' 1st 2nd
number number ml ml titration titration Average

1

2

3

4

5

6

Blank N/A Vt-h =

a Volume for the blank must be the same as that of the sample aliquot.

b 1 . . I ,st t1trat10n
2 d tOt t' =0.99 to 1.01 or 1st titration - 2nd titration ~0.2 mI.n 1 ra 10n

Signature of analyst

Signature of reviewer or supervisor

Quality Assurance Handbook M6-5.2



CONTROL SAMPLE ANALYTICAL DATA FORM

Plant Date analyzed

Analyst N---------- Ba(CI04 )2

Weight of ammonium sulfate is 1.3214 g?

Dissolved in 2 ~ of distilled water?

Titration of blank ml Ba(CI04 )2 (must be < 0.5-ml)

Control Time of
sample analysis, Titrant volume a ml
number 24 h 1st 2nd 3rd Avg

I

L
a Two titrant volumes must agree within 0.2 mI.

25 ml x
(control sample)

O.OIN
(control sample)

ml x N =-----
(must agree within ±5%, i~e., 0.238 to 0.262)

Does value agree? yes no

Signature of analyst

Signature of reviewer

Quality Assurance Handbook M6-5.3



SULFUR DIOXIDE CALCULATION FORM
(English units)

aSample Volume

v =m .- - -- OR, P
bar = .- -- in. Hg, Y =

Vm(std)
OR

= 17.64 in. Hg .- - --
Equation 6-1

S02 Concentration

N = . (g-eq)!ml, V
t

= __._ ml, Vtb = ml

Vso1n = mI, Va = ml

= 7.06 x 10-5 N (Vt - Vtb ) (Vsoln!Va)
=

Vm(std)
.- - -- x 10-4 lb!dscf

Equation 6-2

a Calculation form for data collected using Method 6
type equipment. The alternative use of Method 5 or
Method 8 equipment wil~ change V and V ( td) to
V - ft m m s

m(std) - - _.- - - .

Quality Assurance Handbook M6-6.lA



SULFUR DIOXIDE CALCULATION FORM
(metric units)

a
Sample Volume

Q, x 0.001 = .- --

T =m
. K, P

bar
= . rom Hg, Y = .

Vm(std) = 0.3858 K
rom Hg = 3m

Equation 6-1

S02 Concentration

N =

V soln =

(g-eq) /m1, Vt =

. m1, Va =

. _ m1, V
tb

=

m1

m1

CSO = 32.03
2

N (Vt - Vtb ) (Vso1n/Va)

Vm(std)
= • mg/dscm

Equation 6-2

a
Calculation form for data collected using Method 6
type equipment. The alternative use of Method 5 or
Mvethod 8 equipment wi11 change Vm and Vm(std) to

- mm ( s td) - _. - - - - .

Quality Assurance Handbook M6-6.1B



Yes No

METHOD 6 CHECKLIST TO BE USED BY AUDITORS

Presampling Preparation

Comment

1. Knowledge of process conditions

2. Calibration of pertinent equipment, in particular,
the dry gas meter, prior to each field test

On-site Measurements

3. Leak testing of sampling train after sample run

4. Preparation and addition of absorbing solutions
to impingers

5. Isokinetic sampling

6.

7.

Purging of the sampling train and rinsing of the
impingers and connecting tubes to recover the
sample

Recording of pertinent process conditions during
sample collection

8. Maintaining the probe at a given temperature

Postsampling

9.

10.

_____ 11.

12.

_____ 13.

Control sample analys~s--accuracy and precision

Sample aliquoting techniques

Titration technique, particularly endpoint
precision

Use of detection blanks in correcting field
sample results

Calculation procedure/check

14. Calibration checks

15. Standardized barium perchlorate solution

General Comments

Quality Assurance Handbook M6-8.l
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Section 3.6

METHOD 7--DETERMINATION OF NITROGEN OXIDE

EMISSIONS FROM STATIONARY SOURCES
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SUMMARY

A gas sample is extracted from the sampling point in the

stack. The sample is collected in an evacuated 2-Q round bottom

borosilicate flask containing 25 ml of dilute sulfuric acid

hydrogen peroxide absorbing solution. The nitrogen oxides,

except nitrous oxide, are measured colorimetrically using the

phenoldisulfonic acid (PDS) method for analysis.

I f the gas being sampled contains insufficient oxygen for

the conversion of NO to N02 , then oxygen should be introduced

into the flask to permit this conversion. Oxygen may be intro

duced into the flask by one of three methods: (1) Before

evacuating the sampling flask, flush with pure cylinder oxygen,

and then evacuate flask to 75 mm (3.0 in.) Hg absolute pressure

or less; or (2) inj ect oxygen into the flask after sampling; or

(3) terminate sampling with a minimum of 50 mm (2.0 in.) Hg

vacuum remaining in 1:he flask, record this final pressure, and

then open the flask to the atmosphere until the flask pressure is

almost equal to atmospheric pressure. The chemical reactions

that occur during sampling absorption are:

NO sample:

N02 sample:

NO sample:

NO + H20 2 -? N02 + H20 -? 2N02 + H20 2 -? 2HN03
2N02 + H20 2 -? 2HN03

(2NO) gaseous + 02 -? 2N02 + H20 2 -? 2HN03

Method 7 1S applicable to the measurement of nitrogen oxides

emitted from stationary sources. The range of the method has

been determined to be 2 to 400 mg NOx ' expressed as N02 per dry

standard cubic meter ,,,,i thout having to dilute the sample.

The precision of the method (as measured by repeatability

and reproducibility of the measurements) in the collaborative
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studies varies from 6.6% to 15% (repeatability) and from 9.5% to

19% (reproducibility). See Appendixes A and K, Volume I of this

Handbook1 for definition and discussion of these measures of data

quality.

The method description given herein draws heavily on the

corresponding guideline document,2 the collaborative test re-
345ports, " and the Reference Method from the 40 CFR 60, July 1,

1978. Section 3.6.10 contains a complete copy of the Reference

Method. Blank data forms are provided in section 3.6.12 for

the convenience of the Handbook user.
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METHOD HIGHLIGHTS

section 3.6 provides the procedures for collecting and

analyzing a grab sample of oxides of nitrogen (NOx ). The results

are expressed as concentrations of nitrogen dioxide (N02 ). The

applicable regulation should be consulted to determine any addi

tional requirements (i.e., velocity traverse or 02 grab sample).

Method 7 requires less experience and manpower to collect the

sample than most of the other reference methods. However, based

on the wide variations in the collaborative results of analyses

on aqueous ammonia nitrate audit samples, it is imperative that

the analyst be familiar with the analytical techniques described

in the Reference Method in Section 3.6.10. A larger number of

samples (normally 12) is also required to be taken because the

method collects a grab sample not an integrated sample over an

extended time.

The four blank data forms at the end of this section may be

removed from the Handbook and used in the pretest, test, and

posttest operations. Each form has a subtitle (e.g., Method 7,

Figure 3.1) for helping the user find a similiar filled-in form

in the method description (Section 3.6.3). On the blank and

filled-in forms, the items/parameters that can cause the most

significant errors are starred.

1. Procurement of Equipment

Section 3.6.1 (Procurement of Apparatus and Supplies) gives

the specifications, criteria, and design features of the equip

ment and material required to perform Method 7 tests with the

evacuated flask sampling train. This section is designed to

guide the tester in the procurement and initial check of equip

ment and supplies. The activity matrix (Table 1.1) at the end of

Section 3.6.1 can be used as a quick reference and is a summary

of the corresponding written description.

2. Pretest preparations

Section 3.6.2 (Calibration of Apparatus) provides a step-by

step description of the calibration procedures along with the
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required accuracy for each component. The optimum wavelength

should be determined every 6 mo, and the calibration factor

should be determined each time the spectrophotometer is used to

analyze NOx samples. The volume of each collection flask must be

determined with stopcock in place. This volume measurement is

required only on the initial calibration, provided the stopcock

is not changed. The calibration section may be removed along

with the corresponding sections from the other methods and made

into a separate quality assurance reference manual for use by

calibration personnel.

Section 3.6.3 (Presampling Operations) provides the tester

with a guide for equipment and supplies preparation for the field

test. The calibration data should be summarized on a pretest

checklist (Figure 3.1, section 3.6.3) or similar form. A pretest

preparation form (Figure 3.2, section 3.6.3) can be used as an

equipment checkout and packing list. The flasks may be charged

with the absorbing reagent in the base laboratory. The method of

packing and the use of the described packing containers should

help protect the equipment, but neither is required by the

Reference Method.

3. On-Site Measurements

section 3.6.4 (On-Site Measurements) contains step-by-step

procedures for the sample collection and for the sample recovery.

The on-site checklist (Figure 4.3, section 3.6.4) provides the

tester with a quick method of checking the requirements. When

high negative stack pressures are present, extra care should be

taken to purge the leak-tested sample system and to be sure the

flask is <75 rom (3 in.) Hg absolute pressure prior to testing.

Also the 16-h sample residence time in the flask must be observed.

4. Posttest Operations

section 3.6.5 (Postsampling Operations) gives the posttest

equipment procedures and a step-by-step analytical procedure for

determination of NOx ' expressed as N02 . Posttest calibration is

not required on any of the sampling equipment. The posttest



section No. 3.6
Revision No. 0
Date May 1, 1979
Page 6 of 11

operation forms (Figure 5.3, Section 3.6.5) provide some key

parameters to be checked by the tester and laboratory personnel.

The step-by-step analytical procedure description can be removed

and made into a separate quality assurance analytical reference

manual for the laboratory personnel. Analysis of a control

sample is required prior to the analysis of the field samples.

This analysis of an independently prepared known standard will

provide the laboratory with quality control checks on the

accuracy and precision of the analytical techniques. strict

adherence to the Reference Method analytical procedures must be

observed; for example in the evaporation of the sample, the

substitution of a hot plate for the steam bath is not acceptable.

Section 3.6.6 (Calculations) provides the tester with the

required equations, nomenclature, and significant digits. It is

suggested that a calculator be used if available to reduce the

chance of calculation error.

Section 3.6.7 (Maintenance) provides the tester with a guide

for a maintenance program. This program is not required, but

should reduce equipment malfunctions.

5. Auditing Procedure

section 3.6.8 (Auditing Procedure) provides a description

of necessary activities for conducting performance and system

audits. The performance audit of the analytical phase can be

conducted using an aqueous ammonium nitrate solution. Perform

ance audits for the analytical phase and the data processing are

described in Section 3.6.8. A checklist for a systems audit is

also included in this section.

Section 3.6.9 (Recommended Standards for Establishing Trace

ability) provides the primary standards to which the data should

be traceable. The analysis of NOx is traceable to primary stand

ard grade ammonium nitrate.

6. Reference Material

section 3.6.10 (Reference Method) is a copy of the Reference

Method, on which the quality assurance method description was

based.



section No. 3.6
Revision No. 0
Date May 1, 1979
Page 7 of 11

Section 3.6.11 (References) is a listing of the references

that were used in this method description.
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PRETEST SAMPLING CHECKS
(Method 7, Figure 3.1)

Date

Flask Volume

Calibrated by

Flask volumes measured with valves? __.....yes no

Volume measured within ±10 ml of actual volume?

Temperature Gauge

____yes ___.no

Was a pretest temperature correction used? ---yes no

If yes, temperature correction (within +loC (2°F) of
reference values for calibration and within-±2°C (4°F) of
reference values for calibration check)

Vacuum Gauge

Was gauge calibrated against a U-tube mercury manometer
(If it was a mechanical gauge)? ---yes __no not
applicable?

Barometer

Was the pretest field barometer reading within +2.5 rom (0.1 in.)
Hg of the mercury-in-glass barometer? __yes no

* Most significant items/parameters to be checked.
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PRETEST PREPARATIONS
(Method 7, Figure 3.2)

Loaded
Acceptable Quantity Ready and packed

Apparatus check Yes No required Yes No Yes No

Probe

Glass liner
clean

Heated properly

Leak checked

Collection Flask

Clean

Leak checked

Temperature
gauge

Evacuation System

Leak-free pumps

Manifold and
tubing

u-tube manometer

Barometer

Reagents
Distilled water
Absorbing solu-

tion*

Sodium hydrox-
ide, IN

pH paper

Sample Recovery

Dropper or
burette

Sample bottles

Pipette, 25 ml

* Most significant items/parameters to be checked.
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ON-SITE MEASUREMENTS
(Method 7, Figure 4.3)

Sampling

Volume of 25 ml of absorbing solution placed in flask?

Flask valve stopper in purge position?

Sampling train properly assembled?

Leak free?* stopcock grease used?

Type?

Flask evacuated to 75 rom (3 in.) Hg pressure?

Leakage from manometer observation?*

(e.g., maximum change in manometer of <10 rom (0.4 in.)

Hg/min)

Initial pressure of flask recorded?*

Initial temperature of flask recorded?

Probe purged before sampling?

Sample collected properly?*

Flask shaken for 5 min after collection and disassembly
from train?*

Oxygen introduced to flask? Method used?

Samples properly labeled and sealed and stored for shipment?

Sample Recovery

Samples allowed to remain in flasks for minimum of 16 h?*

Final flask temperature and pressure recorded?*

Sample transferred to leak-free polyethylene bottle?

Flask rinsed twice with 5-ml portions of distilled water
and rinse added to bottle containing sample?

pH adjusted to between 9 and 127*

* Most significant items/parameters to be checked.
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POSTTEST OPERATIONS
(Method 7, Figure 5.3)

Reagents

Phenoldisulfonic acid stored in dark stoppered bottle?

Sulfuric acid, concentrated, 95% minimum assay reagent
grade?

Ammonium hydroxide, concentrated reagent grade?

Sample Preparation

Has liquid level noticeably changed?*

Original volume Corrected volume

Analysis

Spectrophotometer calibrated?*

Setting for maximum absorbance of standard nm

Control sample prepared?*

Any solids in sample removed through Whatman No. 41 filter
paper?

Absorbance measured at optimum wavelength used for the stand
ards, using the blank solution as a zero reference?

All analytical data recorded on checklist and laboratory form?

* Most significant items/parameters to be checked.
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES

The activity matrix for apparatus is given in Table 1.1 at

the end of this section. The required apparatus for a Method 7

sampling train is shown in Figure 1.1. Addi tional specifica

tions, criteria, and/or design features as applicable are given

here to aid in the selection of equipment to ensure the collec

tion of good quality data. All new items of equipment are to be

inspected visually for identification and damage before accept

ance. Also, if applicable, new equipment is to be calibrated

according to Section 3.6.2, as part of the acceptance check.

During the procurement of equipment and supplies, it is

suggested that a procurement log be used to record the descrip

tive title of the equipment, identification number (if applica

ble) , and the results of acceptance checks. An example of a

procurement log is shown in Figure 1.2. A blank copy of this

form is given in Section 3.6.12 for the Handbook user. Calibra

tion data generated in the acceptance check are to be recorded in

the calibration log book. Alternative grab sampling systems or

equipment capable of measuring sample volume to wi thin ~2% and

collecting a sufficient sample volume to allow analytical re

peatability to wi thin ~5% is acceptable, subj ect to approval.

The following equipment is specified in the Reference Method.

1.1 Sampling

1.1.1 Sampling Probe - The sampling probe should be made of

glass (borosilicate) encased in a stainless steel sheath and

equipped with a heating system capable of preventing water con

densation and with a filter (either in-stack or heated out of

stack) to remove particulate matter. A plug of glass wool in the

sample probe is satisfactory for the in-stack filter. stainless
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steel or TeflonR tubing may also be used for the probe liner.

Heating is not required if the probe remains dry during the

purging period, but it is recommended that the probe have pro

vision for heating. The in-stack end of the probe should have an

expanded diameter for about the first 4 cm to be used for the

glass-wool filter. A probe of approximately 1.2 m (4 ft) total

length is usually sufficient for sampling. However, the probe

tip can be no closer than 1 m (3.28 ft) from the inner wall of

stacks >2 m in diameter. When stack gas temperatures exceed

480°C (900°F), a probe fabricated from quartz (Vycor) should be

used along with quartz wool for filter material. The main crite

rion in selecting a probe material is that it be nonreactive with

the gas constituents and therefore not introduce a bias into the

analysis.

A new probe should be checked visually for specifications

(i.e., the length and composition ordered). It should be checked

for cracks, breaks, and leaks on a sampling train. The probe

heating system should be checked as follows:

1. Connect the probe (without filter) to the inlet of the

pump.

2. Electrically connect and turn on the probe heater for 2

or 3 min. I f functioning properly, it will become warm to the

touch.

3. Start the pump and adjust for a flow rate of about

1.0 .11./min.

4. Check the probe. It should remain warm to the touch.

The heater must be capable of maintaining the exit air tempera

ture at a minimum of 100°C (212°F) under the above conditions.

If it cannot, the probe should be replaced. Any probe not

satisfying the acceptance check should be repaired if possible,

or returned to the supplier.

1.1.2 Collection Flask - A 2-.11. borosilicate round bottom flask,

with a short neck and 24/40 standard taper opening is required.

RTrade name.
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The collection flask should be protected from implosion or break

age by using (1) tape, (2) a commercial unit encased in foam, or

(3) a fabricated closed-cell foam enclosure. Once the flask has

been connected to the flask valve, both should be marked as a set

and neither should be used at random with other flasks as this

will cause volume fluctuations with the sample.

1.1.3 Flask Valve - A T-bore stopcock is connected to a 24/40

standard taper joint. Bores should be numbered but not switched

to prevent leakage problems. The T-bore should be marked to

avoid turning the stopcock in the wrong direction when sampling.

The flask valve should be marked to identify its matched flask.

1.1.4 Temperature Gauge - A temperature gauge should consist of

a dial-type thermometer, or equivalent, capable of measuring 10C

(2°F) intervals from _5° to 50°C (25° to 125°F). Dial-type

thermometers are easily damaged, so each new thermometer must be

checked visually for damage, such as a dented or bent stem. Each

thermometer should read within ~loC (2°F) of the true value when

checked in an ice water bath and at room temperature against a

mercury-in-glass thermometer that conforms to ASTM E-l No. 63C or

63F. Damaged thermometers that cannot be calibrated must be

replaced.

1.1.5 Vacuum Line - The vacuum line should be of a nonreactive,

thick wall type and should be leak checked at 75 mm (3 in.) Hg of

absolute pressure while connected to the sampling train. The

tUbing should be flexible and approximately 1 to 1.6 m (3 to

5 ft) in total length. If the tUbing is found to leak, it

should be rejected.

1.1.6 Vacuum Gauge - A U-tube manometer should be about 1 m

(36 in.) in length with I-mm (0.1 in.) divisions, or the equiva

lent, capable of measuring pressure to within ~2.5 mm (0.1 in.)

Hg. If a U-tube manometer is used, no calibration is required.

Upon receipt, the user should verify by reading the instructions

that the manometer was designed to use mercury. If the manometer

is acceptable, it must then be leak checked. When a mechanical

vacuum gauge is used, it must be calibrated upon receipt by the
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procedures described in section 3.6.2. If it fails to calibrate,

it should be replaced.

The vacuum gauge should be leak checked as follows: (1)

connect vacuum line to the manometer at the end that connects to

the sampling train, as shown in Figure 1.1 (2) pull a vacuum of

75 mm (3 in.) Hg or less, (3) shut off the valve between the

manometer and the pump, (4) shut off the pump, (5) observe the

vacuum registered on the manometer for any deviation over a I-min

period. If there is no deviation, the vacuum gauge is accept

able; if there is a deviation, the gauge is unacceptable and

should be corrected or replaced.

1.1.7 Vacuum Pump - The vacuum pump should be capable of produc

ing a vacuum of 75 mm (3 in.) Hg or less. The pump must be leak

free when running and when pulling a vacuum (inlet plugged) of 75

mm (3 in.) Hg. Two types of vacuum pumps are commonly used--a

modified sliding fiber vane pump or a diaphragm pump. For safety

reasons, the pump should be equipped with a three-wire electrical

cord. To check the pump for leaks, install a vacuum gauge in the

pump inlet line. Plug the inlet line and run the pump until the

vacuum gauge reads 75 mm (3 in.) Hg of vacuum. The vacuum read

ing should remain stable for 30 seconds.

1.1.8 Squeeze Bulb - A one-way, hard rubber bulb with about a

50-ml capacity is needed to purge the sampling system.

1.1.9 Volumetric pipette A 25-ml volumetric glass pipette

(Class A) is needed for addition of reagent to the collection

flask.

1.1.10 stopcock Grease - An inert, high-vacuum, high-temperature

chlorofluorocarbon grease should be used. Halocarbon 25 - 55 has

been found to be effective.

1.1.11 Barometer - Mercury, aneroid, or other barometers capable

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

are required. In many cases, the barometric reading may be

obtained from a nearby National Weather Service station, in which
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case the station value (which is the absolute barometric pres

sure) should be requested and an adjustment for elevation differ

ences between the weather station and the sampling point should

be applied at a rate of -2.5 rom Hg/30 m (0.1 in. Hg/IOO ft)

of elevation increase, or vice versa for elevation decrease.

Upon receipt, check the barometer against a mercury-in-glass

barometer. Replace it if it cannot be calibrated to read cor

rectly.

1.2 Sample Recovery

1.2.1 Graduated Cylinder - A 50-ml glass or polyethylene gradu

ated cylinder with I-ml divisions is required.

1.2.2 Storage Bottles - A minimum of 12 leak-free polyethylene

bottles for recovery of samples are needed. The bottles should

be packed in a cushioned, locked container (box or footlocker)

for shipment. The leak-free seal can be initially checked by

putting water in each, sealing, and then shaking the container

upside down.

1.2.3 Wash Bottle - Glass or

needed for rinsing (transferral)

age bottles.

1.2.4 Stirring Rod - A stirring rod (glass or polyethylene) is

required to check the pH of the absorbing reagent.

1.2.5 pH Indicating Paper - pH paper with the range of 7 - 14 is

required to test the alkalinity of the samples.

1.3 Analysis

1.3.1 Pipettes - Several volumetric pipettes are required (two 1

ml, two 2 ml, one 3 ml, one 4 ml, two 10 ml, and one 25 ml); one

transfer pipette (10 ml with O.l-ml divisions) is required.

1.3.2 Volumetric Flasks - One 100-ml volumetric flask, is needed

for each sample and each standard. Two 1000-ml volumetric

flasks are required for the blank and the standard nitrate.

Additional volumetric flasks (50 ml) are required for aliquots

for analysis and for dilution of samples that fall outside the

calibration range (absorbance >400-~g standard).
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1.3.3 Evaporating Dishes Several 175- to 250-ml capacity

porcelain dishes with lip for pouring are needed, one for each

sample and one for each standard. The Coors No. 45006 (shallow,

195 ml) has been found to be satisfactory. Alternatively,

polymethyl-pentene beakers (Nalge No. 1203, 150 ml) or glass

beakers (150 ml) may be used. When glass beakers are used,

etching of the beakers may cause solid matter to be present in

the analytical step; the solids should be removed by filtration.

For this reason, glass beakers should be used only if necessary.

1.3.4 Steam Bath - A steam bath is required to evaporate the

absorbing solution. Low-temperature ovens or thermostatically

controlled hot plates kept below 70°C (160°F) are acceptable

alternatives.

1.3.5 Polyethylene Policeman - One stirring rod (polyethylene

policeman) is required for each sample and standard. A glass

stirring rod is not recommended.

1.3.6 Graduated Cylinder - A 100-ml graduated glass cylinder

(Class A) with I-ml divisions is required for additions of dis

tilled water.

1.3.7 Spectrophotometer - A spectrophotometer capable of measur

ing the absorption at 410 nm (or the maximum peak), a set of

neutral density filters, and a filter for wavelength calibration

are required.

1.3.8 pH Paper - The paper should cover the pH range of 7 - 14

with intervals of I-pH unit.

1.3.9 Analytical Balance - One analytical balance that weighs to

0.1 mg and a set of Class-S calibration weights to check the

accuracy of the balance (~0.3 mg) upon receipt are needed. The

balance should be serviced by or returned to the manufacturer if

agreement cannot be met.

1.3.10 Dropping Pipette or Dropper - A dropping pipette, or a

dropper, or its equivalent for addition of ammonium hydroxide to

the evaporation dish is needed.
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1.4 Reagents

Unless otherwise indicated, it is intended that all reagents

conform to the specifications established by the Committee on

Analytical Reagents of the American Chemical Society (ACS), where

such specifications are available; otherwise, use the best avail

able grade.

1.4.1 Sampling - To prepare the absorbing solution, cautiously

add 2.8 ml of concentrated H2S04 to 1 Q of deionized distilled

water and mix well. Add 6 ml of 3% hydrogen peroxide, freshly

prepared from 30% hydrogen peroxide (ACS reagent grade) solution.

The absorbing solution must be used within 1 week of its prepara

tion and if possible within 24 h. Store in a dark-colored bot

tIe. Do not expose to extreme heat or direct sunlight. Note:

The 30% hydrogen should be stored in the refrigerator.

1.4.2 Sample Recovery - Two reagents are required for sample

recovery.

Sodium hydroxide (IN) - Dissolve 40 g of NaOH ACS reagent

grade in deionized distilled water and dilute to 1 Q.

Water - Use deionized distilled to conform to ASTM speci

fication Dl193-74, Type 3. At the option of the analyst, the

KMn04 test for oxidizable organic matter may be omitted whenever

high concentrations of organic matter are not expected to be

present.

1.4.3 Analysis - For the analysis, the following reagents are

required.

Fuming sulfuric acid - Use 15% to 18% by weight of free sul

fur trioxide, ACS reagent grade. Note: Handle with caution.

Phenol - Use white solid, ACS reagent grade.

Sulfuric acid Use concentrated, 95% minimum assay, ACS

reagent grade. Note: Handle with caution.

Potassium nitrate - Dry at 105° to 110°C (220° to 230°F) for

a minimum of 2 h just prior to preparation of standard solution,

ACS reagent grade.

Standard KN03 solution - Dissolve exactly 2.198 g of dried

potassium nitrate (KN03 ) in deionized distilled water and dilute
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to 1 .£ with deionized distilled water. One ml of the working

standard solution is equivalent to 100 IJg of nitrogen dioxide

(N0
2

) •

Water - Deionized distilled as in Subsection 1.4.2.

Phenoldisulfonic acid solution - Dissolve 25 g of pure white

phenol in 150 ml of concentrated sulfuric acid on a steam bath.

Cool; add 75 ml of fuming sulfuric acid; and heat at 100 °c
(212°F) for 2 h. Store in a dark, stoppered bottle. Alterna

tively, this solution may be purchased prepared, if it meets the

American Public Health Association specification for nitrate

nitrogen in water.

Ammonium hydroxide - Use concentrated, ACS reagent grade.
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Table 1.1. ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS
AND SUPPLIES

Action if
Apparatus/ Frequency and method requirements
reagents Acceptance limits of measurement are not met

Probe Borosilicate glass tub- Upon receipt, visual- Return to
ing, stainless steel or ly check for cracks supplier and
Teflon capable of re- or flaws and heating note in pro-
moving particulate and capability curement log
preventing moisture
condensation

~---

Collection Two-liter borosilcate Upon receipt visual- As above
flask glass round bottom, ly check and leak

short neck w/24/40 check
standard taper opening

Flask valve Borosilicate glass T- Visually check upon As above
bore stopcock w/24/40 receipt
standard taper male
joint (joint connection
to be made by glass-
blower)

--

Temperature Dial-type, capable of Visually check upon As above
gauge measuring from -5° to receipt, and compare

+50 0 C within 1°C against Hg-in-glass
thermometer

Vacuum line Capable of withstanding Upon receipt visual- As above
tubing 75 rom absolute pres- ly check and leak

sure check

Vacuum gauge U-tube manometer, open Visually check upon As above
end, 1 m with I-rom div- receipt
isions

Vacuum pump Pump capable of pulling Upon receipt check As above
vacuum of 75 rom Hg or with suitable pres-
less sure gauge

Squeeze bulb Rubber, one-way Visually check upon As above
receipt

Volumetric 1- 2- 3-, 4- 10-, As above As above, , ,
pipettes 25-ml glass (Class A)

(continued)
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Table 1.1 (continued)

d

Action if
Apparatus/ Frequency and method requirements
reagents Acceptance limits of measurement are not met

Stopcock grease High vacuum, high temp- As above As above
perature chlorofluoro-
carbon grease

Barometer (or Capable of reading at- Visually check; cali- As above
consult local mospheric pressure to brate against
weather sta- +2.5 mm Hg mercury-in-glass-
tion barometer

Storage bottle Polyethylene, 100-ml, Visually check upon Return to
or greater capacity, receipt supplier and
screw cap note in pro-

curement
log

Wash bottle Polyethylene or glass Visually check label As above
upon receipt

Glass stirring As above As above As above
rod

pH paper Sensitive in pH range As above Return to
7-14 supplier

Volumetric 50-, 100-, 1000-ml As above As above
flasks glass (Class A)

Evaporating Porcelain evaporating As above Discard when
dishes dishes or polymethyl- the bottoms

pentene beakers become etche

Steam bath Evaporate the sample As above Return to
solution at a low supplier
controlled temperature

Polyethylene Polyethylene stirring As above As above
policeman rod

._---
Graduated cyl- 50, 100 ml (Class A) As above As above

inders with I-ml divisions

(continued)
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Action if
Apparatus/ Frequency and method requirements
reagents Acceptance limits of measurement are not met

Spectrophotome- Capable of measuring Upon receipt, either Adjust, re-
ter absorbance at 410 om check-wavelength calibrate as

(such as Bausch & Lomb with filters or en- per manu-
Spectronic 70) sure optimum wave- facturer's

length is between instructions
400 and 415 om and note in

procurement
log

Dropping Able to add reagents Visually check upon Return to
pipette or dropwise receipt supplier
dropper

Sulfuric acid Concentrated, ACS rea- Visually check upon As above
gent grade receipt; check speci-

fications

Hydrogen perox- 30% aqueous solution, As above As above
ide ACS reagent grade

Sodium hydrox- ACS reagent grade pel- Visually check upon Return to
ide lets receipt; check speci- supplier

fications

Sulfuric acid Fuming, 15-18% free As above As above
sulfur trioxide

Phenol White solid, ACS rea- As above As above
gent grade

Potassium ni- ACS reagent grade As above As above
trate
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2.0 CALIBRATION OF APPARATUS

Calibration of the apparatus is one of the most important

functions in maintaining data quality. The detailed calibration

procedures included in this section are designed for the equip

ment specified by Method 7 and described in the previous section.

Table 2.1 at the end of this section summarizes the quality

assurance functions for calibration. All calibrations should be

recorded on standardized record forms and retained in a calibra

tion log book.

2.1 Collection Flask

Assemble the clean flasks and valves and fill with water

(room temperature) to the stopcock. Measure the volume to +10 ml

by transferring the water to a SOO-ml glass (Class A) graduated

cylinder. Do duplicate volume determinations, and use the mean

value. Number and record the volume mean value on the flask or

foam encasement and in the laboratory log book. This volume

measurement is required only on the initial calibration if the

flask valves are not switched.

2.2 Spectrophotometer

2.2.1 Determination of Optimum Wavelength - Calibrate the wave

length scale of the spectrophotometer every 6 mo. The calibra

tion may be accomplished by using an energy source with an in

tense line emission such as a mercury lamp, or by using a series

of glass filters spanning the measuring range of the spectropho

tometer. Calibration materials are available commercially and

from the National Bureau of Standards. Specific details on the

uses of such materials should be supplied by the vendor.

In general, when using glass filters, each filter J.S in

serted into the light path and the wavelength dial is rotated

until the instrument response is greatest. Then the reading on

the dial is noted and can be compared with the true value. When

using an alternate light source, the instrument lamp is replaced
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by the alternate lamp. The wavelength dial is rotated, and the

dial reading is noted at each peak for comparison with the true

value. The wavelength scale of the spectrophotometer must read

correctly within ~5 nm of the true wavelength at all calibration

points; otherwise, the spectrophotometer should be repaired and

recalibrated. Once the wavelength scale of the spectrophotometer

is properly calibrated, use 410 nm as the optimum wavelength for

the measurement of the absorbance of the standards and samples.

Alternatively, a scanning procedure may be employed to

determine the optimum wavelength. If the instrument is a double

beam spectrophotometer, scan the spectrum between 400 and 415 nm

using a 200 J..lg N02 standard solution in the sample cell and a

blank solution in the reference cell. If a peak does not occur,

the spectrophotometer is probably malfunctioning and should be

repaired. If a peak is obtained within the 400- to 415-nm range,

the wavelength at which this peak occurs should be the optimum

wavelength for the measurement of absorbance of both the stand

ards and the samples. For a single-beam spectrophotometer,

follow the scanning procedure described, but scan the blank and

the standard solutions separately. The optimum wavelength should

be the one at which the maximum difference in absorbance between

the standard and the blank occurs. The data obtained for this

alternative optimum wavelength determination should be recorded

on the data form as shown in Figure 2.1.

2.2.2 Determination of Calibration Factor - K - The calibration-c
factor (K ) must be determined in the verification of the analyt-c
ical technique and solution preparation prior to sample analysis

wi th the control sample. After the analytical technique and

solutions have been verified as to their accuracy and precision,

a new calibration factor should be determined simultaneously with

the field sample analysis. Since a detailed discussion of this

procedure is included in the sample analysis section 3.6.5, it is

omitted here.

2.3 Barometer

The field barometer should be adjusted initially and before

each test series to agree within 2.5 rom (0.1 in.) Hg of the
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Date 2.. / I ()!7 7

Reviewed by -r~~
Absorbance Absorbance Actual

Spectrophotometer of standard of heank absorbance of
setting, nm ODa OD ODe

399 .955 ./85 .770
400 .Q3'1- · I ~'1 .177
401 · q 2.0 · , 3£:, ·78"-
402 · q 05 · 1 J 10 .7eQ
403 .895 .Dq 7 .7QB
404 · eq I .O~b · B05
405

:~~~
.080 · ~D8

406 · 07~ · 10
407 .81Q · Ot:,tp · B/3
408 · ~1 1 .O!.i~ · B;tt
409 .873 .057 · BI {P

410 · 8'1l1 .0421 · gOI
411 · ~30 . 03 (., .794/-
412 .8~ .03/ · gq).
413 .81/ .o~8 .7B3-
414 · COQb .OIS · 7q I
415 · 785" .ooq .17/P
416 .777 .000 .117

a
Absorbance of the 200 ~g N02 standard in a single beam
spectrophotometer.

b Absorbance of the blank in a single-beam spectrophotometer.
c

For a single-beam spectrophotometer--absorbance of the standard
minus absorbance of the blank. For a double beam spectrophoto
meter--absorbance of the 200 ~g N02 standard with the blank
in the reference cell.

Spectrophotometer setting for maximum actual absorbance of
standard 40'2; nm.

If the maximum actual absorbance occurs at a spectrophotometer
setting of <399 or >416 nm, the spectrophotometer must be
repaired or-recalibrated.

Figure 2.1. Optimun wavelength determination data form.
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mercury-in-glass barometer or with the pressure value reported

from a nearby National Weather Service Station and corrected

for elevation. The correction for elevation difference between

the station and sampling point should be applied at a rate of

-2.5 rom Hg/30 m (-0.1 in Hg/IOO- ft) elevation increase, or vice

versa for elevation decrease.

and the dial-type or an

Compare readings after

used to measure the temperature of the

initially compared with a mercury-in-glass

ASTM E-l No. 63C or 63F specifications as

Thermometer

The thermometers

2.4

sample flask should be

thermometer that meets

follows:

1. Place both the mercury-in-glass

equivalent thermometer in an ice bath.

the bath stabilizes.

2. Allow both thermometers to come to room temperature.

Compare readings after both stabilize.

3. The dial-type or equivalent thermometer is acceptable

if values agree within 1°C (2°F) at both room and ice bath temp

eratures. I f the difference is greater than :!:,loC (2 OF) , the

thermometer should be either adjusted and recalibrated until the

above criteria are met, or replaced.

4. Prior to each field trip the temperatures should then

be compared at room temperature with the thermometer in the

equipment. If the value is not within :!:,2°C (4°F) of the mercury

in-glass thermometer value, the meter thermometer should be

replaced or reca1ibrated.

2.5 Vacuum Gauge

When a mercury U-tube manometer is used, no calibration is
required. The U-tube manometer should be checked initially to

ensure that it is leak free.

When a mechanical gauge 1S used, it must be calibrated

against a mercury U-tube manometer before the field test unless

otherwise specified by the administrator. The mechanical gauge

should be calibrated in the following manner:
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1. Connect the mechanical gauge and the U-tube manometer

in parallel with the vacuum pump. This can be accomplished with

a T-connection. One line should be placed on the vacuum side of

the pump, and the other two lines should be placed on the vacuum

side of the gauge and manometer.

2. Turn the pump on, and pull a vacuum of about 25 to 50

rom (1 to 2 in.) Hg. Shut off main pump valve and then shut off

pump.

3. Observe the U-tube manometer to be sure that the system

is leak free. Any variation >10 rom (0.4 in.) Hg over a I-min

period is not acceptable. The manometer and gauge readings must

agree wi thin .:t.2. 5 rom (0.1 in.) Hg, or the gauge should be re

paired or replaced.

4. Turn the pump on, and pull the maximum vacuum for which

the pump is capable (must be within 75 rom (3 in.) Hg of absolute

pressure). Shut off the main valve, and then the pump.

5. Be sure that the system is leak free and again compare

readings.

6. The gauge must agree within 2.5 rom (0.1 in.) Hg at both

vacuums, or the gauge is not acceptable.

2.6 Analytical Balance

The analytical balance should always be zeroed and cali

brated against a standard Class-S weight( s) just before the

potassium nitrate (KN03 ) is weighed for the formulation of the

working standard. This calibration should be done in the fol

lowing manner:

1. Zero the balance.

2. Place a 5-g and then a 10-g standard weight on the

balance.

3. Be sure the balance readings of the standardized weights

agree within .:t.2 mg of the standard weights.

4. Enter the data on the calibration form, Figure 2.2.

5. The weight of the weighing boat and the potassium

nitrate should be <10 g; if not, heavier standard weights should

be used to calibrate the balance.
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Classification of standard weights 's II

~I

Date 0.5000 g 1.0000 g 10.000 g 50.0000 g 100.0000 g Analyst

"/~ o. soo4.f o·qqft' 10.0001.. ~O·OOOc. /00 .0004 B..L~

Figure 2.2. Analytical balance calibration form.
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Table 2.1. ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT

Action if
Frequency and method requirements

Apparatus Acceptance limits of measurement are not met

Collection Measure volume within On receipt, measure Recalibrate
flask +10 ml with graduated cyl--

inder

Spectropho- l. *Calibrate wave- l. Upon receipt and l. Return
tometer length scale every 6 mo, use glass to manufac-

filters or light turer for
source repair

2. *Determine optimum 2. Upon receipt and 2. As above
wavelength within 399 every 6 mo scan be-
to 416 nm tween 400 and 415 nm

with 200 mg N0
2

stand-
ard solution

Barometer Reading agrees within Upon receipt and be- Repair or
~2.5 mm (0.1 in.) Hg fore each field test return
of mercury-in-glass
barometer

Thermometer Reading agrees within As above As above
+loC (2°F) of mercury-
in-glass thermometer

Vacuum gauge Reading agrees within As above As above
(mechanical +2.5 mm (0.1 in.) Hg
only) of mercury U-tube man-

ometer

Analytical bal- Weight within +2 mg of Use standard weight Repair or-ance standard weights (Class before preparation return to
S) of working solution manufacturer

* The tester may opt to perform either step 1 or 2, both are not
required.
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3.0 PRESAMPLING OPERATIONS

The quality assurance functions for presamp1ing operations

are summarized in Table 3.1 at the end of this section. See

Section 3.0.1, Planning the Test Program, of this Handbook for

details on preliminary site visits.

3.1 Apparatus Check and Calibration

Previously used equipment should be visually checked for

damage and/or excessive wear before each field test. Items

should be repaired or replaced (as applicable) if judged to be

unsuitable for use. A pretest checklist (Figure 3.1) summarizes

equipment calibration. The pretest operations form (Figure 3.2)

can be used as an equipment check and packing list. The com

pleted form should be dated, signed by the field crew supervisor,

and filed in the operational log book. The replacement of worn

or damaged items of equipment should be initiated. Procedures

for performing the checks are given herein; a check is placed in

the proper row and column as the check/operation is completed.

Each team will have to construct its own checklist according to

the type of sampling train and equipment it uses.

3.1.1 Probe (Filter) - Clean the probe internally by brushing

first using tap water, then with distilled deionized water, next

with acetone, and finally allow it to dry in the air. In extreme

cases, the glass liner can be cleaned with stronger reagents.

Note: Do not use nitric acid to clean the probe unless a thor

ough cleaning is performed to remove all the nitrates. In either

case, the object is to leave the glass liner chemically inert to

oxides of nitrogen. I f the probe is equipped with a heating

system, check to see whether it is operating properly. The probe

should be sealed on the filter side and checked for leaks at an

absolute pressure of <380 mm (15 in.) Hg. The probe must be leak

free under these conditions. This leak check may be performed

following the leak check of the sample flask and using the same
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no---

Flask Volume

Flask volumes measured with valves? / yes

Volume measured within ±10 ml? yes

no

Temperature Gauge

Was a pretest temperature correction used? ---yes ~no

If yes, temperature correction (within +loC (2°F) of
reference values for calibration and within-±2°C (4°F) of
reference values for calibration check).

Vacuum Gauge

Was gauge calibrated against a U-tube mercury manometer
(If it was a mechanical gauge)? yes no v/ not
applicable? -- --

Barometer

Was the pretest field barometer reading within +2.5 rom (0.1 in.)
Hg of the mercury-in-glass barometer? ~yes no

* Most significant items/parameters to be checked.

Figure 3.1. Pretest sampling checks.
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Loaded
Acceptable Quantity Ready and packed

Apparatus check Yes No required Yes No Yes No

Probe
~ V- a./"

Glass liner V
clean

Heated properly "
Leak checked V

Collection Flask
ILl V-VClean t/

Leak checked a/
Temperature

,/gauge
I

Evacuation System v V
Leak-free pumps V ~

Manifold and ,/ 3 V V
tubing

VU-tube manometer ,,/ ). V

Barometer V I V V

Reagents
I I ;-4-e r V V

Distilled water V
Absorbing solu- v I lifer V V

tion*
,/Sodium hydrox-

,
'.~e~ v

./ide, 1 N

pH paper ,/ , pke,. V a/
Sample Recovery v y
Dropper or V ~

burette ,4 ~ V
Sample bottles V
Pipette, 25 ml V 'l V V

* Most significant items/parameters to be checked.

Figure 3.2. Pretest preparations.
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setup as described below in Subsection 3.1.2. The glass liner

should be sealed inside the metal sheath to prevent ambient air

from entering the duct.

3.1.2 Collection Flask, Flask Valve, and Evacuation System - The

collection flask and valve in contact with sample gas should be

cleaned with a strong detergent and hot water, and rinsed with

tap water and deionized distilled water. Periodically, the

glassware can be cleaned with a grease remover such as decahydro

napthalene (CIOHlS ), followed with acetone, and then with the

cleaning agents named above. An alternate procedure is to use

dichromate cleaning solution. Do not use solutions containing

nitrogen. Vapor degreaser can be used to remove the stale vacuum

grease.

stopcocks and joints should be lubricated with a chemically

inert lubricant. An inert hydrogen-free chlorofluorocarbon

lubricant can be used.

The evacuation system (Figure 1.1) is assembled, and a

minimum vacuum of 75 rom (3 in.) Hg absolute pressure is produced

in each flask with the flask valve in the "evacuation" position.

The vacuum should be held for at least I min with the pump valve

in the "vent" position without appreciable fluctuation (~10 rom

(0.4 in.) Hg)i if this is not possible, check for leaks.

If the leak check of the probe is to be performed using the

same setup, the probe tip should be plugged with a rubber stop

per. Immediately after the sample flask has been determined to

be leak free, turn the flask valve to the "purge" position. The

vacuum will initially drop. After the vacuum stabilizes there

should not be any appreciable fluctuation--that is <10 rom (0.4

in.) Hg over a I-min period. If stabilization is not obtained,

check for leaks and correct.

3.2 Reagents

Unless otherwise indicated, it is intended that all reagents

conform to the specifications established by the coromittee on

Analytical Reagents of the American Chemical Society (ACS), where
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such specifications are available; otherwise, use the best avail

able grade.

Chloride is an interference in the phenoldisulfonic acid

method because even rather low concentrations of chloride result

in nitrate losses. It is important that the chloride content be

reduced to a minimum, preferably below 10 mg/~.

3.2.1 Sampling - The absorbing reagent is prepared by adding 2.8

ml of concentrated sulfuric acid (H2S04 ) to 1 ~ of deionized

distilled water. Mix well, and add 6 ml of 3% hydrogen peroxide

(H20 2 ) . Prepare a fresh absorbing solution weekly, store in a

dark-colored pyrex container, and do not expose to extreme heat

or direct sunlight. If the reagent must be shipped to the field

site, it is advisable that the absorbing reagent be prepared

fresh on site.

3.2.2 Sample Recovery - A sodium hydroxide solution (NaOH) is

prepared by dissolving 40 g NaOH in distilled water and diluting

to 1 ~. This solution can be transferred to a polyethylene

1000-ml (32-oz) jar for shipment. Deionized distilled water and

pH paper are required to test for basicity and for transferral of

samples.

3.2.3 Analysis - The following reagents are needed for analysis

and standardization:

Fuming sulfuric acid - 15% to 18% (by weight) free sulfur

trioxide (S03).

Phenol - White solid ACS reagent grade.

Sulfuric acid Concentrated reagent, 95% minimum assay,

ACS reagent grade.

Standard solution Dissolve 2.198 g of dried potassium

nitrate (KN03 ) ACS reagent grade in distilled water, and dilute

to 1 ~ in a volumetric flask. For the working standard solution,

pipette 10 ml of the resulting solution into a 100-ml volumetric

flask and dilute to the mark. Note: One ml of the working

standard solution is equivalent to 100 ~g of nitrogen dioxide.
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Water - Deionized distilled.

Phenoldisulfonic acid solution - Dissolve 25 g of pure white

phenol (no discoloration) in 150 ml of concentrated sulfuric acid

on a steam bath. Cool. Add 75 ml of fuming sulfuric acid, and

heat at 100°C (212°F) on a steam bath for 2 h. Store in a dark

stoppered bottle. This acid may also be purchased if it meets

the American Public Health Association specification for nitrate

nitrogen in water.

3.3 Packing Equipment for Shipment

Equipment should be packed in rigid containers to protect it

against rough handling during shipping and field operations (not

mandatory) .

3.3.1 Probe - Pack the probe in a case protected by polyethylene

foam or other suitable packing material. An ideal container is a

wooden case (or the equivalent) lined with foam material in which

separate compartments are cut to hold the individual devices.

This case can also contain a pitot tube for velocity determina

tions. The case should have handles that can withstand hoisting

and should be rigid enough to prevent bending or twisting of the

devices during shipping and handling.

3.3.2 Collection Flask and Valve The collection flasks and

valves should be packed securely in a suitable shipping con

tainer. An ideal container is a case or footlocker of approxi

mately the following dimensions: 30 in. x 15 in. x 15 in. This

container, when lined with foam, will accommodate eight collec

tion flasks with the appropriate mated flask valves.

3.3.3 Evacuation System, Temperature Gauges, Vacuum Lines,and

Reagents A sturdy case lined with foam material can

contain the evacuation manifold, squeeze bulb, manometer, and

reagents for sample recovery. Special care should be taken with

mercury U-tube manometers to avoid any spillages.

3.3.4 Evacuation Pump - The vacuum pump should be packed in a

shipping container unless its housing is sufficient for travel.

Additional pump oil and oiler jar should be packed with the pump

if oil is required for its operation.
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3.3.5 Glass Storage Containers - All glass storage containers

must be packed with cushion material at the top and bottom of the
case, and with some form of dividers to separate the components.
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Table 3.1. ACTIVITY MATRIX FOR PRESAMPLING PREPARATION

Characteristic

Apparatus Check

Probe

Acceptance limits

1. Clean; glass liner
inert to oxides of ni
trogen

Frequency and method
of measurement

1. Before each test

Action if
requirements
are not met

Must be re
placed

2. Heating properly if 2. As above
equipped with heating
system

Collection
flask

3. Leak free

Clean; volume within
+10 ml

3. Pressure <380 rom
(15 in.) Hg

Before each test,
clean with strong de
tergent and hot wa
ter and rinse with
tap and deionized dis
tilled water; periodi
cally clean with
grease remover

Repeat cleans
ing of flask
andlor measure
volume

Evacuation
system

Absorbing
Reagents

Vacuum of 75 rom (3 in.)
Hg absolute pressure
in each flask; leakage
rate <10 rom (0.4 in.)
Hg/min

Before each test, Correct leaks
check for leaks using
Hg-filled U-tube man-
ometer

Sulfuric acid,
concentrated

Hydrogen perox
ide, 3%

(continued)

2.8 mIl!

6 mIl!

Prepare fresh absorb
ing solution weekly;
use graduated pipette

As above

Make up new
solution

As above
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Characteristic

Sample Recovery
Reagents

Acceptance limits
Frequency and method

of measurement

Action if
requirements
are not met

Sodium hydrox
ide

Water

Analytical
Reagent

Potassium
nitrate

40 g ACS reagent grade
NaOH in a l-i
volumetric flask
(Class A)

Deionized distilled
to ASTM specifications
Dll 93-82, Type 3

2.198 ~0.001 g KN0
3ACS reagent grade

into a I-f volumetric
flask (Class A)

On makeup of solution, As above
use triple-beam bal-
ance and Class A
volumetric flask

Prepare
fresh for
each analy
sis period

On makeup of solution, Purchase new
use analytical bal- solution
ance

Phenoldisul
fonic acid
solution

25 g white phenol
ACS reagent grade in
150-ml concentrated
cylinder (Class A)

On makeup of solution,
use triple-beam bal
ance and graduated
cylinder

Make up new
solution.

75 ml fuming sul
furic acid

On makeup of solution, As above
graduated cylinder
(Class A)



includes preparation and/or addition of

collection flasks (if not performed at

of the evacuation system, connection

section No. 3.6.4
Revision No. 0
Date May 1, 1979
Page 1 of 11

4.0 ON-SITE MEASUREMENTS

The on-site measurement activities include transporting the

equipment to the test site, unpacking and assembling the equip

ment, confirming duct measurements and traverse points (if volu

metric flow rate is to be determined), velocity traverse, molec

ular weight determination of the stack gas, moisture content,

sampling for oxides of nitrogen, and data recording. Table 4.1

at the end of this section summarizes the quality assurance

activities relative to on-site measurements.

4.1 Transport of Equipment to the Sampling site

The most efficient means of transporting or moving the

equipment from ground level to the sampling site (as decided

during the preliminary site visit) should be used to place the

equipment on site. Care should always be exercised against

damage to the test equipment or injury to test personnel during

the moving phase. A 1I1aboratoryll type area should be designated

for preparation of absorbing reagent and charging of the flasks.

An acceptable al ternative is to charge the flasks in the home

laboratory. utilization of plant personnel or equipment (winches

and forklifts) in movement of the sampling gear is highly recom

mended.

4.2 Preliminary Measurements and Setup

The Reference Method outlines the determination of the

concentration of oxides of nitrogen in the gas stream. The

volumetric flow rate must be determined utilizing Method 2,

section 3.1, and Method 4, section 3.3 of this Handbook so that

mass emission rate may be determined.

4.3 Sampling

The on-site sampling

the absorbing reagent to

home laboratory), setup
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of the electric service, preparation of the probe (leak check and

addi tion of particulate filter) , insertion of probe into the

stack, purging of the probe, sealing of the port, evacuation of

flasks, sampling and recording of the data, and a final leak

check. In addition, EPA Reference Methods 1, 2, 3, and/or 4 may

have to be performed simultaneously with Method 7. This will be

specified by the applicable regulation, and the applicable refer

ence method should be followed.

4.3.1 Preparation and/or Addition of Absorbing Reagent

to Collection Flasks - If preparation of absorbing reagent

is necessary on site, follow directions given in section 3.6.3.

Pipette exactly 25 ml of absorbing reagent into the sample flask.

Place a properly lubricated flask valve into the collection flask

with the valve turned in the "purge" position. Lubrication of

joints is intended to prevent leaks and should not seal the bore

of the stopcock or contaminate the sample.

4.3.2 Assembling Sampling Train - Assemble the sampling train as

shown in Figure 1.1 and perform the following:

1. Visually check probe for liner separation (cracks,

etc. ) .

2. Place a loosely packed filter of glass or quartz wool

in the inlet end of the probe to trap any particulates.

3. Insert the probe into the stack to the sampling point,

and seal the opening around the probe.

4.3.3 Evacuation, Purge, and Sampling A sample is taken as

follows:

1. Turn the pump and flask valves to the "evacuate" posi

tions and evacuate to a minimum of 75 rom (3 in.) Hg absolute

pressure or until the apparent boiling point is reached (bubbling

of absorbing solution).

2. Turn the pump valve to the "vent" position, turn off

the pump and check the manometer for fluctuations. The manometer

should stay stable (maximum deviation ~lO rom (0.4 in.) Hg) for at

least 1 minute. If the mercury level changes, check for leaks
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and eliminate the problem. Pressure in the flask should be

<75 mm (3 in.) Hg absolute when sampling is commenced.

3. Record the volume of the flask and valve (VF ), the

flask temperature (ti ), and the barometric pressure (Pbar ) on a

data form (see Figure 4.1A or 4 .1B) or in a field laboratory

notebook.

4. Turn the flask valve counterclockwise to the "purge"

position.

5. Turn the pump valve to the "purge" position.

6. Purge the probe and the vacuum line using the one-way

squeeze bulb.

sample posi-

pressures in

equal. This

indicates a

sampling is

turn the flask valve to the

gas to enter the flask until

line (i. e., duct, stack) are

about 15 s; a longer period

which must be corrected before

7. If condensation occurs in the probe or the flask valve,

heat the probe until (upon purging) the condensation disappears.

8. Turn the pump valve to the "vent" position.

9. Turn the flask valve clockwise to its "evacuate" posi

tion, and record the difference in the mercury levels in the

manometer. The absolute internal pressure in the flask (Pi) is

equal to the barometric pressure less the manometer reading (Leg

A and Leg B).

10. Immediately

tion, and permit the

the flask and sample

will usually require

"pIug" in the probe,

continued.

11. After collecting the sample, turn the flask valve to

its "purge" position.

12. Disconnect the flask and valve from the sampling train

and shake the flask for at least 5 min.

4.3.4 Chemical Reactions of Sample Collection - If the gas being

sampled contains insufficient oxygen for the conversion of NO to

N02 (e. g., an applicable subpart of the standard may require

taking a sample of a calibration gas mixture of NO in N2 ), then

oxygen should be introduced into the flask to permit this
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conversion. Oxygen may be introduced into the flask by one of

three methods: (1) Before evacuating the sampling flask, flush

with pure cylinder oxygen, and then evacuate flask to 75 rom (3.0

in.) Hg absolute pressure or less; or (2) inject oxygen into the

flask after sampling; or (3) terminate sampling with a minimum of

50 rom (2.0 in.) Hg vacuum remaining in the flask, record this

final pressure, and then vent the flask to the atmosphere until

the flask pressure is almost equal to atmospheric pressure.

Chemical reactions which occur during sampling adsorbtion

are:

NO sample:

N02 sample:

NO sample:

NO + H20 2 ~ N02 + H20 ~ 2N02 + H202 ~ 2HN03 .

2N02+ H20 2 ~ 2HN03 ·

(2NO) gaseous + 02 ~ 2N02 + H20 2 ~ 2HN03 ·

4.4 Sample Recovery

The Reference Method requires a minimum sample absorption

period of 16 h in the flask. If the laboratory is close by, the

sample may be left in the flasks for return to the laboratory.

Otherwise, the appropriate data may be taken in the field, solu

tions made alkaline and transferred to leak-free polyethylene

bottles after the required absorption period.

4.4.1 Flask Pressure, Temperature, and Barometric Pressure

After the absorption period is completed (~16 h), record the

barometric pressure and the room temperature (final temperature

(tf ) on the integrity data forms (Figures 4.2A or 4.2B.)

1. Shake the flask and contents for 2 min.

2. Connect the flask to a mercury-filled U-tube manometer.

3. Open the valve from the flask to the manometer and

record the flask temperature (tf ), the barometric pressure, and

the difference between the mercury levels in the manometer (Leg A

and Leg B). The absolute internal pressure in the flask (P f ) is

the barometric pressure less the manometer reading.

4. Transfer the contents of the flask to a leak-free

polyethylene bottle.
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5. Rinse the flask three times with 5-ml portions of

deionized distilled water, and add the rinse water to the bottle.

6. Adjust the pH to between 9 and 12 by adding sodium

hydroxide (IN) dropwise (about 25 to 35 drops). Check the pH by

dipping a stirring rod into the solution and then touching the

rod to the pH test paper. Remove as little material as possible

during this step. The pH adjustment is mandatory. The NaOH

changes the sample, which is in the form of HN03 , to NaN03 . If

the pH is not adjusted, the HN03 will be liberated during the

evaporation phase of analysis.

4.5 Sample Logistics (Data) and Packing of Equipment

The above procedures are followed until the required number

of runs are completed. Log all data on the form shown in Figure

4.2 A or 4.2.B

1. Check all sample containers for proper labeling (time,

date, location, number of test, and any pertinent documentation).

Be sure that a blank has been taken.

2. Record all data collected during the field test and

duplicate by the best means available. One set of data should be

mailed to the base laboratory, or given to another team member or

to the Agency; the original data should be hand carried.

3. Examine all sample containers and sampling equipment for

damage, and pack them properly for shipment to the base labora

tory. All shipping containers should be properly labeled to

prevent loss of samples or equipment.

4. The sampling procedures can be reviewed after testing or

during the testing using an on site measurement checklist (Figure

4.3) .
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Sampling

Volume of 25 ml of absorbing solution placed in flask?

Flask valve stopper in purge position? ~-----------
sampling train properly assembled? v/--------------

Leak free?* v'" stopcock grease used? v/
Type? C - z3lfO

Flask evacuated to 75 rom (3 in.) Hg pressure? ~

Leakage from manometer observation?* 0.///1'7,.11/
(e.g., maximum change in manometer of ~10 rom (0.4 in.)

sealed and stored for shipment?

181;£ led
Sample Recovery

Samples allowed to remain in flasks for minimum of 16 h?*

v'"
Final flask temperature and pressure recorded?* ~

Sample transferred to leak-free polyethylene bottle? v/

Flask rinsed twice with 5-ml portions of distilled water
and rinse added to bottle containing sample? ~

pH adjusted to between 9 and 12?* ~

* Most significant items/parameters to be checked.

Figure 4.3. on-site measurements.
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Table 4.1. ACTIVITY MATRIX FOR ON-SITE MEASUREMENTS

Characteristic

Apparatus
assembly

Operational
check

Acceptance limits

Assemble using Fig.
1.1; no leakage

Maximum vacuum of
75 mID (3 in.) Hg abso
lute pressure

Leakage rate <10 mID

(0 . 4 in.) Hgjmin

Frequency and method
of measurement

Before sample collec
tion, visually and
physically inspect
all connections

Before sample
collection, use Hg
filled U-tube man
ometer

As above

Action if
requirements
are not met

Check for
leaks; repair
system; repair
test

Check system
for leaks;
check vacuum
pump

Check all
joints and
valves for
source of
leakage

--------+-----------·---t---------------I--------
Shake flask for 5 min

Sample recovery Let flask set for a
minimum of 16 h

Shake flask for 2 min

Determine flask pres
sure and temperature

Adjust pH of sample to
9-12 with NaOH

Mark sample level on
container

Record data on data
form (Fig. 4.2)

During each sample
collection, use
manometer, centigrade
thermometer, and pH
paper

Reject
sample, re
run test

Sample logis
tics

Properly label all
containers, etc

Record all data on
field data forms
(Fig. 4.1 and Fig.
4.2)

Visually check
each sample

As above

Complete the
labeling

Complete the
data records
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5.0 POSTSAMPLING OPERATIONS

Table 5.1 at the end of this section summarizes the quality

assurance activities for sample analysis. I f the laboratory

receives the samples in the sample flask, laboratory personnel

will have to complete the sample recovery procedures previously

explained in section 3.6.4.

5.1 Procedures For Operating a Spectrophotometer

The correct manipulations of blanks and sample

critical. Careless technique is unacceptable. The

points are recommended and should be adhered to.

1. Designate the cuvettes as either a blank or a sample

cell. Do not interchange the cells during an analysis because

they are not always matched.

2. Do not touch the bottom of the cuvette with your fin-

gers.

3. Rinse the cuvette at least twice with the solution you

are about to measure.

4. Remove lint, liquid, and so forth with a lens tissue or

its equivalent.

5.2 Base Laboratory (Analysis)

5.2.1 Check of Field Sample Integrity I f the field samples

have been shipped in sample containers, be sure that all samples

are identifiable and that the liquid level of each is at its

mark. If a sample is not identifiable or if a loss of liquid is

detected, note it on the data form, as shown in Figures 4.2A and

4.2B. When a noticeable amount of leakage has occurred, use an

alternative method, subject to the approval of the administrator,

to correct the final value; approval should have been requested

prior to testing. An alternative method is as follows:

1. Mark the new level of the sample.
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2. Transfer the sample to a 50-ml volumetric flask, along

with two 5-ml deionized distilled water rinsings of the con

tainer.

3. Add water to the sample storage container to the init

sample mark, and measure the initial sample volume (Vsoln .)
~. 1

4. Add water to the

of the transferred sample,

in mI.

sample storage container to the mark

and measure the final volume (V I )so n f

5. I f (V I )so n f
<V correct the sample volumesolni '

where

(Vsoln ) by using Equation 5-1.

rV
so1n

, ]
Vsoln ' = Vsoln lV I 1 .

so n f

Equation 5-1

Vsoln =

V =solni

Vsoln =
f

Vsoln ' = sample volume to be used for the calculations, ml,

total volume of solution in which the sulfur
dioxide is contained, ml,

initial sample volume placed in storage container,
ml, and

final sample volume removed from storage con
tainer, mI.

6. Both the corrected and uncorrected values should be

submitted in the test report to the Agency.

5.2.2 Control Samples and Working standards Preparation The

accuracy and prec1s10n of the analytical technique can be

determined with control samples. For analysts that are unfamil

1ar with these procedures it 1S recommended that acceptable

accuracy and precision be demonstrated with the working solution

prior to the analysis of the field samples. This procedure may

help the testing company to detect analytical errors prior to
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sample analysis and thus prevent having to invalidate the field

samples and to require a complete retest of the source.

The control samples and the standard KN03 solution should be

prepared using the following procedure.

1. Dry the potassium nitrate (KN03 ) ACS reagent grade at

105° to 110°C for a minimum of 2 h prior to the preparation of

the control sample and the standard solution.

2. Place a 2 g Class-S weight on the balance. The

balance must agree within ±2 mg of the Class-S standard weight.

3. Cool and store KN03 in desiccator. Weigh and then

dissolve 2.198 ±0.002 g of dried KN03 in about 800 ml of

deionized distilled water in a l-.R. volumetric flask (Class A).

4. Dilute to the mark with deionized distilled water, and

label and date the solution.

5. Dilute 10.0 ml of the standard solution to the mark in

a 100-ml volumetric flask with deionized distilled water, and

label as "control sample" for analysis.

6. Weigh and then dissolve 2.198 ±O. 002 g of dried KN03
in about 800 ml of deionized distilled water in a l-.R. volu

metric flask (Class A).

7. Dilute to the mark with distilled deionized water, and

label and date as the standard KN03 solution.

8. Dilute 10.0 ml of the standard KN03 solution to the

mark in a 100-ml volumetric flask with deionized distilled water,

and label as "working standard KN03 solution" for analysis.

9. Pipette 0.0, 2.0, 4.0, 6.0, and 8.0 ml of the working

standard KN03 solution into five 50-ml volumetric flasks.

10. Pipette 2.0, 4.0, and 6.0 ml of the control sample

into another set of 50-ml volumetric flasks.

11. Add 25 ml of absorbing solution, 10 ml of deionized

distilled water, and then sodium hydroxide (IN) dropwise to each

of the eight flasks until the pH is between 9 and 12 (about 25 to

35 drops each). Check for alkalinity by touching a glass rod

first to the solution and then to pH paper. Note: The pH check

is mandatory.
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12. Dilute to the mark with deionized distilled water, and

mix thoroughly.

5.2.3 Analysis of Control Samples, Standard Solutions, and

Field Samples - The analysis of the samples has a time-dependent

color change. To provide an estimate of the accuracy and preci

sion of the analysis, the control sample is analyzed at the same

time as the field sample. The standard solutions, field samples,

and control samples should be analyzed in the following manner.

1. Pipette a 25-ml aliquot of each solution into a separ

ate porcelain evaporating dish.

2. Evaporate the solutions (standards, field samples, and

control samples) to dryness on a steam bath and then cool. Note:

Do not evaporate on a hot plate or in an oven unless it is

thermostatically controlled below 70°C (160°F). Remove samples

from steam bath just before complete dryness is reached (the

bottom of the dish should be covered with a smooth film), so

that the last droplet evaporates as the dishes cool.

3. Add 2.0 ml of phenoldisulfonic acid reagent to each

dried residue and either mix thoroughly with a polyethylene

policeman or let the solution stand for 5 min.

4. Add 1.0 ml of deionized distilled water and four drops

of concentrated sulfuric acid, and then heat the solution on a

steam bath for 3 min with occasional stirring.

5. Cool. Add 20 ml of deionized distilled water, and mix

well by stirring.

6. Add concentrated ammonium hydroxide dropwise (a 50-ml

burette is suggested) with constant stirring until the pH is 10,

as determined either by pH paper or by the first yellow color

that does not fade.

7. Transfer directly to a 100-ml volumetric flask if the

sample does not contain solids. Rinse the evaporating dish with

at least three 5-ml portions of deionized distilled water, and

then add the washings to the contents of the flask.



-

Section No. 3.6.5
Revision No. 0
Date May 1, 1979
Page 5 of 10

8. Remove any solids from the sample by filtering the

sample through a Whatman No. 41 filter paper into a 100-ml volu

metric flask; rinse each evaporating dish with three 5-ml por

tions of deionized distilled water; filter these

three rinses. Wash the filter with at least three 15-ml portions

of deionized distilled water, and then add the filter washings to

the contents of the volumetric flask.

9. Dilute to the 100-ml mark with deionized distilled

water and mix the contents of the flask thoroughly.

10. Measure the absorbance of the standard solutions at

the optimum wavelength, using the blank solution as a zero

reference. Note: The flasks should not sit in warm or light

areas for very long before analysis because precipitates may

form.

11. Record the standard solutions and control sample data

on Figure 5.1 or similar form.

12. Read the absorbance of the field samples from Run 1 and

then one of the control samples; Run 2 and another control

sample; and Run 3 and the last control sample.

13. If the absorbance reading of any field sample is

greater than the absorbance reading of the standard sample A4
(the absorbance of the 400 J.lg N02 standard), then dilute the

sample and the blank with equal volumes of deionized distilled

water using pipettes to get ratios of 25/5, 25/10, and so forth.

14. Record all field sample analysis data as shown ln

Figure 5.2, and calculate the mass (m) of NO for each sample as
x

J.lg of N02 ·
15. Perform the calculations and the accuracy checks of the

three control samples as shown in Figure 5.1. It is recommended

that the agreement for each control sample be within ±15%. The

standard solution and control sample analytical form should be

included in the emission test report as a documentation of the

analytical accuracy. This accuracy limit of ±15% for intra

laboratory control samples is recommended based on the control

limi t of ±20% for interlaboratory audit results discussed in

Section 3.6.8.
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Plant Acm~ PDuJER PLANT

Analyst J: mQ'?}4rl

Blank used as reference? YeS

Date .3 -.3 - 7 7

Optimum wavelength 41)8 nm

Measured, Calculated Absorbance
Sample Sample, Working Control absorbance, absorbance, a

compari~on
number j.lg solution sample aD aD error, %

Al 100 x O. /9'A. - -
A2 200 x D.380 - -
A3 300 x O.S'/'O - -
A4 400 x D·77D - -
Sl 100 O~/qD o.f:ll - O.S"x
S2 200 x 0.38/ ().~I D.O
S3 300 x O.S'7o () S?/ - O. Z.

c
Avg O. Z.

K = 100c

i.e., Sl calculated absorbance = lOO/K .
c

~
Al + 2A2 + 3A3 + 4A4~ = 51.5 .
A

2
+ A2 + A2 + A2

1 2 3 4

b
Absorbance comparison errors:

%= 100 x [(meaSUred absorbance, aD) - (calculated absorbance, OD)l.
calculated absorbance, aD J

c
Average of absolute values.

Figure 5.1. Standard solution and control sample
analytical data form.

r



Plant Aont;owER ~Af\f[,

Date samples received .:3/1./77

Aliquot factor --"'---------
Blank absorbance VSU> AS AfPt!fEtrCe

Calibration factor (Kc)~__~~8~ __
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Run number ( s ) PI ?- I TU RouGI-I A;:>-I z..

Date analyzed 3/3/77

Samples analyzed by .1. /1toP¥DRn

Date reviewed by r: SfAVEJ(

Date of review .31.5"/77. ,
Sample Dilution Total mass of NO

Sample absorbance, factor, as N02 in sample~
number A F m

AP- , O.74?; I. D 784
AP-1. D. ~!J I I. D t.olo~
ItP- .3 D. '-I s-D 1...0 95"0

m = 2 K AF, Note: If other than a 25 ml aliquot is used for
analysis, the factor 2 must be replaced by a corresponding
factor.

Figure 5.2 NOx laboratory data form.
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16. When the above criteria cannot be met, it is recom-

mended that the analytical techniques be checked and then the

field sample and control sample analysis be repeated using a

20.0-ml aliquot of the remaining field samples.

17. The main parameters of the analytical procedures may

be checked during or after the analysis, using a posttest

operations form (Figure 5.3).
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Reagents

Phenoldisulfonic acid stored in dark stoppered bottle?

Sulfuric acid, concentrated, 95% minimum assay reagent
grade?

Ammonium hydroxide, concentrated reagent grade?

Sample Preparation

Has liquid level noticeably changed?* -LI\6~D~ _
Original volume Corrected volume

Analysis

nm

through WhatmaAl~. 41 filter

Spectrophotometer calibrated?*

Setting for maximum absorbance of standard __~i~D~8,- __
Control sample prepared?* v/
Any solids in sample removed

paper?

Absorbance measured at optimum wavelength used for the stand
ards, using the blank solution as a zero reference? v/

All analytical data recorded on checklist and laboratory form?

~

* Most significant items/parameters to be checked.

Figure 5.3. Posttest operations.
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Table 5.1. ACTIVITY MATRIX FOR SAMPLE ANALYSIS

Characteristic

Control sample
analysis

(recommended)

Field sample
analysis

Data recording

Acceptance limits

Agree within 15% of
the working standards
for each sample

No sample volume lost,
or final results
corrected

Working standard
analyzed simultaneous
ly with field sample

No absorbance readings
outside working
standard solution
concentration

All pertinent data
recorded on Figs. 5.1
and 5.2

Frequency and method
of measurement

Compare control sample
analysis to working
standards analysis

Compare liquid level
to mark before
analysis

Use same solutions
and techniques used
for control samples

Dilute sample and
blank with equal
amounts of deionized
distilled water

Visually check

Action if
requirements
are not met

Redo field
and control
samples and/
or seek
assistance
with analyti
cal technique

Void sample

As above

Dilute and
reanalyze

Supply missing
data
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6.0 CALCULATIONS

Calculation errors due to procedural or mathematical mis

takes can be a large component of total system error. Therefore,

it is recommended that each set of calculations be repeated or

spot-checked, preferably by a team member other than the one who

performed the original calculations. If a difference greater

than typical round-off error is detected, the calculations should

be checked step-by-step until the source of error is found and

corrected. A computer program is advantageous in reducing calcu

lation errors. If a standardized computer program is used, the

original data entry should be checked, and if differences are

observed, a new computer run should be made. Table 6.1 at the

end of this section summarizes the quality assurance activities

for calculations.

Calculations should be carried out at least one extra deci

mal figure beyond that of the acquired data and should be rounded

after final calculation to two significant digits for each run or

sample. All rounding of numbers should be performed in accord

ance with the ASTM 380-76 procedures. All calculations are then

recorded on a form such as the one in Figure 6.1A or 6.1B, fol

lowing the nomenclature list.

6.1 Nomenclature

The following nomenclature is used in the calculations.

A = Absorbance of sample.

C =

F =

m =

Concentration of NO as N0
2

, dry basis, corrected
to standard conditi~ns, mg7dscm (lb/dscf).

Dilution factor (i.e., 25/5, 25/10, etc.) required
only if sample dilution was needed to reduce the
absorbance to the range of calibration.

Spectrophotometer calibration factor.

Mass of NOx as N02 in gas sample, ~g.
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Final absolute pressure of flask, rom (in.) Hg.

Initial absolute pressure of flask, rom (in.) Hg.

standard absolute pressure, 760 rom (29.92 in.) Hg

Final absolute temperature of flask, K (OR).

Initial absolute temperature of flask, K (OR).

standard absolute temperature, 293K (528°R).

Sample volume at standard conditions, dry basis,
mI.

Vf = Volume of flask and valve, mI.

Va = Volume of absorbing solution, 25 mI.

6.2 Calculations

The following are the equations used with example calcula

tion forms Figures 6.IA and 6.IB to calculate the concentration

of nitrogen oxides.

6.2.1 Sample Volume .. Calculate the sample volume on a dry basis

at standard conditions (760 rom (29.92 in.) Hg and 293K (528°R»

by using the followin9 equation.

Vsc = Tstd(Vf - Va)
Pstd

where

K1 0.3858 K for metric units, or= rom Hg

°
K1 17.64 R for English units.= In. Hg

Equation 6-1
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6.2.2 Total ~g of N02 Per Sample - Calculate the total ~g of N02
per sample by using Equation 6-2.

Equation 6-2

where

2 = 50/25, the aliquot factor (if other than a
25-ml aliquot was used for analysis, the
corresponding factor must be substituted).

6.2.3 Sample Concentration - Calculate the sample concentration

on a dry basis at standard conditions using Equation 6-3.

Equation 6-3

for metric units, or

where

= 3 mgfm3
K2 10 IJg/m1

K2 = 6.243 x 10-5 lb/scf for English units.
IJg/m1
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Sample Volume

p. = _ D.~'i in. Hg, T. =5 3 2,.. OR
1 1 --

~Pf Pijvsc = 17.64 (Vf - 25) -- - -- = I 1 So mlT
f

T i - - -

Total ~g N02 Per Sample

Equation 6-1

Kc = _ ~ ~ 8·, A = Q..'1 ~ 2 OD, F = .!...Q Q Equation 6.2

Sample Concentration

C = 6.243 x 10-
5

[ m ] = Z:..?. 5' x 10-
5 lbjdscfVsc

Figure 6.1A. Nitrogen oxide calculation form
(English units).
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Sample Volume

Vf = ~ Q .L ~. ml, Pf = 1 Q z· Q rom Hg, T f = ~ '1 ~. ~ K

Pi = - L "L •.Q rom Hg, Ti :: ~ 9... ~.~ K

[
Pf P,]Vsc :: 0.3858 (V

f
- 25) - - -.!. :: I 7 7 <". mlT

f
T

i
- - -~'

Total ~g N02 Per Sample

K
C

= _ S 1: !.., A = Q·1 'i ~ 00, F = _ 1·~ Q

Sample Concentration

Equation 6-1

Equation 6-2

Equation 6-3

Figure 6.1B. Nitrogen oxide calculation form
(metric units).
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Table 6.1 ACTIVITY MATRIX FOR CALCULATIONS

Action if
Frequency and method requirements

Characteristic Acceptance limits of measurement are not met

Sample volume All data available; For each sample, exam- Complete the
calculation calculations correct ine the data form data or void

within round-off error the sample

Sample mass As above As above As above
calculation

Sample concen- As above As above As above
tration

Calculation Original and check For each sample, per- Check and
check calculations agree form independent cal- correct

within round-off error culation using data all data
on Figs. 4.1, 4.2, and
4.3

Document and All data available; For each sample, exam- Complete the
report re- calculations correct ine the data form data or void
suIts within round-off error the sample
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7.0 MAINTENANCE

The normal use of emission-testing equipment subjects it to

corrosive gases, extremes in temperature, vibration, and shock.

Keeping the equipment in good operating order over an extended

period of time requires knowledge of the equipment and a routine

maintenance program which should be performed quarterly or upon

improper functioning of the apparatus. It is suggested that the

vacuum pump be disassembled and cleaned yearly. A summary of

the components with maintenance procedures is presented in

Table 7.1 at the end of this section. The following procedures

are not required, but are recommended to increase the reliability

of the equipment.

7.1 Pumps

Several types of pumps are used in the present commercial

sampling trains. The two most common are the fiber vane pump

with in-line oiler and the diaphragm pump. The fiber vane pump

requires a periodic check of the oiler jar. The oil should be

translucent. During the yearly disassembly or if the fiber vane

pump starts to run erratically, the head should be removed and

the fiber vanes changed. The diaphragm pump will show a leak

when the diaphragm needs changing. I f the diaphragm pump runs

erratically, it is usually due to a bad diaphragm (causing leak

age) or to malfunctions in the valves. The valves should be

cleaned annually by complete disassembly of the pump.

7.2 Shipping Containers

Since the majority of the sampling train is glassware, the

shipping containers are very important for protection and safety.

All shipping containers should be inspected quarterly for their

condition, and repaired or modified to assure the safety of the

equipment.
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Table 7.1 ACTIVITY MATRIX FOR MAINTENANCE

Action if
Frequency and method requirements

Apparatus Acceptance limits of measurement are not met

Routine main- Proper functioning Perform routine main- Replace parts
tenance tenance quarterly; as needed

disassemble and clean
yearly

Fiber vane pump Oil translucent pump Check of oiler jar Replace as
leakless and capable periodically; remove needed
of pulling a vacuum of head and change fiber
less than 75 mm (3 in.) vanes
Hg absolute pressure

Diaphragm pump Leak free, valves func- Clean valves during ,Replace when
tioning properly, and disassembly; replace leaking or
capable of pulling a diaphragm as needed malfunctioning
vacuum of <75 mm
(3 in.) Hg absolute
pressure

Shipping con- Protect equipment Inspect quarterly; Replace
tainer from damage repair as needed
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8.0 AUDITING PROCEDURE

An audit is an independent assessment of data quality.

Independence is achieved if the individual (s) performing the

audi t and their standards and equipment are different from the

regular field crew and their standards and equipment. Routine

quality assurance checks by a field team are necessary in genera

tion of good quality data, but they are not part of the auditing

procedure. Table 8.1 at the end of this section summarizes the

quality assurance functions for aUditing.

Based on the results of collaborative tests3 ,4,5 of Method

7, two specific performance audits are recommended:

1. Audit of the analytical phase of Method 7.

2. Audit of data processing.

It is suggested that a systems audit be conducted as specified by

the quality assurance coordinator, in addition to these perform

ance audits. The two performance audits and the systems audit

are described in detail in Subsections 8.1 and 8.2, respectively.

8.1 Performance Audits

Performance audits are made to quantitatively evaluate the

quality of data produced by the total measurement system (sample

collect~on, sample analysis, and data processing). It is recom

mended that these audits be performed by the responsible control

agency once during every enforcement source test. A source test

for enforcement comprises a series of runs at one source. The

performance audit of the analytical phase is subdivided into two

steps: (1) a pretest audit which is optional, and (2) an audit

during the actual analysis of the field samples which is re

quired.

8.1.1 Pretest Audit of Analytical Phase Using Aqueous

Potassium Nitrate (Optional) - The pretest audit described

in this subsection can be used to determine the proficiency of

the analyst and the standardization of solutions in the Method 7
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analysis and should be performed at the discretion of the agency

auditor. The analytical phase of Method 7 can be audited with

the use of aqueous potassium nitrate samples provided to the

testing laboratory before the enforcement source test. Aqueous

potassium nitrate samples may be prepared by the procedure de

scribed in section 3.6.5 on control samples preparation.

The pretest audit provides the opportunity for the testing

laboratory to check the accuracy of its analytical procedure.

This audit is especially recommended for a laboratory with little

or no experience with the Method 7 analysis procedure as de

scribed in this Handbook.

The testing laboratory should provide the agency/organi

zation requesting the performance test with a notification of the

intent to test 30 days prior to the enforcement source test. The

testing laboratory should also request that the agency/organiza

tion provide the following performance audit samples: two

samples at a low concentration (250 to 500 mg N02/dscm of gas

sampled) and two samples at a high concentration (600 to 1000 mg

N02/dscm of gas sampled). At least 10 days prior to the

enforcement source test, the agency/organization should provide

the four audit samples. The concentrations of the two low and

two high samples should not be identical.

The testing laboratory will analyze one sample at the low

concentration and one at the high concentration, and submit their

results to the agency/organization prior to the enforcement

source test. Note: The analyst performing this optional audit

must be the same analyst audited during the field sample

analysis described in Subsection 8.1.2.

The agency/organization determines the percent accuracy, %A,
between the measured N02 concentration and the auditor known

values of concentration. This %A is a measure of the bias of the

analytical phase of Method 7. Calculate %A using Equation 8-1.
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Equation 8-1

(A)CNo (00) - CNo
_---'-2--=__-.-:-'7"'""'_2__ x 100

CNo (A)
2

%A::::

where

CNo (00) :::: concentration measured by the lab analyst
2 mg/ml, and

16.2

13.6

14.9

15.6

17.2

80th percentile for %A,
%

11177

5178

5/78

10/78

10/78

Audit date

CNo (A) :::: audit or known concentration of the audit
2 sample, mg/ml.

The recommended control limit for the pretest audit is the

80th percentile value for %A based on the results of three

audits (11/77, 5/78, and 10/78) performed by the Environmental

Monitoring and Support Laboratory, USEPA, Research Triangle Park,

North carolina. 12 ,13 The 80th percentile values and the known

audit concentrations are given below for each concentration

range, 250 to 500 mg NOx/dscm and 600 to 1000 mg NOx/dscm. By

definition, 80% of the laboratory participants in the audit

obtained values of %A less than the 80th percentile values tabu

lated below. The 80th percentile is recommended for NOx instead

of the 90th percentile as used for S02 in Method 6, section

3.5.8, even though it is recognized that about one out of five

laboratories audited would be expected to exceed the 80th per

centile limits for the pretest audits.

250 to 500 mg NOx/dscm

Known audit
concentration

mg NOx/dscm

421

516

328

246

458
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80th percentile for %A,
%Audit date

11/77

5/78

5/78

10/78

10/78

600 to 1000 mg NOx/dscm

Known audit
concentration

mg NOx/dscm

804

703

938

731

880

16.4

19.7

21.3

17.5

18.7

Based on the results in the previous tables, a control limit

of 20% is suggested for both concentrations levels.

If the results of the pretest audit exceed 20% the agency/

organization should provide the correct results to the testing

laboratory. After taking any necessary corrective action, the

testing laboratory should then proceed to analyze the two re

maining samples and report the results immediately to the

agency/organization before the enforcement source test analysis.

8.1.2 Audit of Analytical Phase Using Aqueous Potassium

Nitrate (Required) - The agency should provide two audit

samples to be analyzed along with the field samples from the

enforcement source test. The purpose of this audit is to assess

the data quality at the time of the analysis. The %A of the

audit samples is determined using Equation 8-1. The results of

the calculated %A should be included in the enforcement source

test report as an assessment of accuracy of the analytical phase

of Method 7 during the actual enforcement source test.

8.1.3 Audit of Data Processing - Calculation errors are preva

lent in Method 7. 3 ,4,5 Data processing errors can be determined

by auditing the recorded data on the field and laboratory forms.

The original and audit (check) calculations should agree within

round-off error i if not, all of the remaining data should be

checked. The data processing may also be audited by providing

the testing laboratory with specific data sets (exactly as would

occur in the field)and by requesting that the data calculation be
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completed and the results returned to the agency/organization.

This audit is useful J.n checking both computer programs and

manual methods of data processing.

8.2 Systems Audit

A systems audit is an on-site qualitative inspection and

review of the total measurement system (sample collection, sample

analysis, data processing, etc.). Initially, a systems audit is

recommended for each enforcement source test, defined here as a

series of three runs at one source. After the test team gains

experience with the method, the frequency of audit may be re

duced--for example, to once for every four tests.

The auditor should have extensive background experience in

source sampling, specifically with the measurement system being

audited.

The functions of the auditor are summarized in the follow-

ing:

1. Inform the testing team of the results of pretest

audits, specifying any area(s) that need special attention or

improvement.

2. Observe procedures and techniques of the field team

during sample collection.

3. Check/verify records of apparatus calibration checks

and quality control charts used in the laboratory analysis of

control samples from previous source tests where applicable.

4. Record the results of the audit and forward them with

comments to the team management so that appropriate corrective

action may be initiated.

While on site, the auditor observes the source test team's

overall performance including the following specific operations:

1. Setting up and leak testing the sampling train.

2. Preparing the absorbing solution and adding it to the

collection flasks.

3. Collecting the sample.
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4. Sample absorption, recovery, and preparation for ship-

ment.

Figure 8.1 is a suggested checklist for the auditor.
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Presampling Preparation

Yes No

~ 1. Information concerning combustion effluents that may
act as interferents

vi 2. Plant operation parameters variation

~ 3. Calibration of the flask and valve volume---
three determinations

~ 4. Absorbing reagent preparation

On-site Measurements

5. Leak testing of the sampling train

6. Preparation and pipetting of absorbing solution
into sampling flask

Postsampling
(Analysis and Calculation)

~ 7. Control sample analysis

~ 8. Sample aliquotting technique

~ 9. Evaporation and chemical treatment of sample

~ 10. Spectrophotometric technique

a. Preparation of standard nitrate samples

b. Measurement of absorbance, including blanks

c. Calibration factor

d. Wavelength and absorbance, including blanks

~ 11. Calculation procedure and checks

a. Use of computer program

b. Independent check of calculations

Figure 8.1. Method 7 checklist to be used by auditors.
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Table 8.1. ACTIVITY MATRIX FOR AUDITING PROCEDURE

Audit Acceptance limits
Frequency and method

of measurement

Action if
requirements
are not met

Review opera
ting technique
and/or cali
bration check

Frequency: Once dur
ing every enforcement
source testi •

Method: Measure
reference samples and
compare to their true
values Itrue conc.(A) .-

CNO (M)
20.80 < <1. 20CNO (A)
2

(M) .- measured

Spectrophotom
eter analysis
using reference
samples of
dilute KN0

3solutions

Data processing
errors

Original and check cal
culations agree within
round-off error

Frequency: Once dur
ing every enforcement
source test"'\-
Method: Independent
calculations starting
with recorded data on
Figures 4.1 and 5.1

Check and
I correct all
data for the
audit period
represented by
the sampled
data

Systems audit-
observance of
technique

Operational technique
as described in this
section of the Handbook

Frequency: Once dur
ing every enforcement
source test* until
experience gained,
then every fourth test
Method: Observation
of techniques assisted
b¥ audit checklist,
F~g. 8.1

Explain to
team their
deviations
from recom
mended tech
niques and
note on
Fig. 8.1

* As defined here, a source test for enforcement comprises a series of runs at
one source. Source tests for purposes other than enforcement (e.g., a research
project) may be audited at a lower frequency.
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To achieve data of desired quality, two essential considera

tions are necessary: (l) the measurement process must be in a

state of statistical control at the time of the measurement and

(2) the systematic errors, when combined with the random varia

tion (errors or measurement), must result in an acceptable uncer

tainty. As evidence in support of good quality data, it is

necessary to perform quality control checks and independent

audits of the measurement process; to document these data; and to

use materials, instruments, and measurement procedures that can

be traced to an appropriate standard of reference.

Data must be routinely obtained by repeat measurements of

standard reference samples (primary, secondary, and/or working

standards) and the establishment of a condition of process con

trol. The working calibration standards should be traceable to

standards of higher accuracy, such as that below.

Class-S weights (made to NBS specifications) are recommended

for the analytical balance calibration. See Section 3.6.2 for

details on balance calibration checks.
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10.0 REFERENCE METHOD *
MeTHOD 7-DETUlln<AnON or NITaOOI:" O;oD.

Eln_ONI Faoll STATIONAay 80UII(:"

1. PrI11<ipl. And Al1plloJbilltr

1.1 Principle. A Ill'8b sample Is collected In an e..acu·

~~Xi~~~b~~~:n:'l~tI~~~Ju~~~i~,::;~y~1:'~
except nitrous oxide. are measured colonmeterieall,
USlog the pbenoldlsultonle acid (PD8) p~dure.

1.2 ApplicabIlity. This method ls applicable to tbe
measurement 01 nlUOCen OXIdes emitted from statlonscy
1Ources. The ran,e of tbe method hIlS been determined
to be 2 to 400 miWcnma NO. (lIS NO,) per drJ' standII'd
cubic meter. WIthout b.nna to dilute tbe sample.
2. Appal'GtUl

2.1 S.mpUnl (1M FI(Ure 7-1). Otber fI'Ilb I&IIIPUnc
I7IteIM or equJpment, capable at meuurinl sample
..olume to within >1:2.0 pvoont and oolleetlnl a sulllclent
sample voll1lDe to .liow analytl~ reproducibility to
witbln "'~ percent. wlU be ool1l1derecl acceptable alter·
n.tl..... lubject to .ppronl oUbe Administrator, U.8.
Environmental Protection Alene,. Tbe loliowilll
equJpment I. wed In sampUnc:

2.1.1 Probe. Borosilicate 11_ tub1lll. luJllelentl,
boated to pre90nt water oondenstlon and equJpped
wltb an llWt8Ct or ouwtact IlIter to remo..e parttculate
matter (. p1l1l ot 11_ wool Ia satilfactorJ' lor tbl.

=rc:)ib~~r~::~r.e~gr~=~~te~~
remains drJ' dwine tbe Pure!nl period.

, Mention of trade lWllea or specillo prodnets does not
constitute endorsement b, tbe Environmental P/'l>o
tectlDn Apnc,.

2.1.2 Collection FllISk Two-liter bOTOIliicate, round 2.2.3 W....b Rottle. Polyetbylene or llass.
bottom lias\;...1th short ner'l, and 24/40 standard taper 2.2.4 Ql&.'l5 8Urrlnl Rod.
o~.~~~g'iJ~r~'~::.ll~~~P~~~;'''c;i be':::~d to. ra~eSolr~\raptT lor IndicaUnc pH. To co..er tbe pH
24/40 standard taper jomt. m~n·3ti,AnnaIYestd•.: For tbe &n&Iyala. tbe followlnl equip-

2.1.4 Tempera'ure GaUie. D,al·type thermometer. Or oedl
(~~V) rn~rv:~'t:~,:~!~ rofCb\i;o~':b~nnl I' C 2.3.1 Volumetric Pipettes. Two 1 m!, t ...o 2 mi. one

2.1.5 Vacuum Line. Tubilllli capable 01 wlthstandillf :C':1I~~':e' t ...o 10 mi. and one 2.~ ml for eacllsamplp
• ..acuum 01 i5 mm 1l.Il (3 m. HI') .bsolute pressure, ...ilh
"T" connectIon .nd T·bore stopcock. 2.3.2 Porcelain £vaporatllll Dlsb•• 17a- to 26C>-mi

2.1.6 Vacuum GaUj!e. U·tube manometer. I meter capacity Wltb Up tor pourllllli. one for each sample IoIld
(3G In.), with I-mm (O.l-1n.) <1I\"lsious. or other la",e eaeb standard. The Coors No. 45006 (shallo...·lonn. 195
capable 01 Measurinl pressure to wlllun >1:2.5 mm HI ml) hIlS been found to be sattsC...tory. Altemstl ..ely.
(0.10 In. Hg), polymethyl pentene beakers (Nalge No. 1203. 150 mn. Of

2.1.7 Pump. C.pable 01 e..acuatlng the t.ollectlon llass beakers (150 mil may be used. When IIllSS b..k....
lIask to. pressure equal to or Ius ttlan i5 mm HI (3 In. are used. etching 01 tbe beakers m.y ~.uae solid matter
Hgl.fol)solute. to be present In tbe analytical steD. the soUds should be

2.1.8 Squeeze Bulb. One·...')·. 1 ",mo"ed b:.- III\ratlon (," 8ectlon U).
21 9 Yolumetnc Pipette 25 ml 2..U StNIn Bath. Low·temperatUft o"en. or therlD~
2:1:10 Stopcock .nd Ground joInt Greue. A blih· statlc.lly rontrolled hot plates kept below 700 C (leo- F)

vacuum. hlgh·temperature chlorofluoroc.rbon~ II "'" acceptabl~alternatives.
requil'ed Halocarbon 25-5S hIlS been lound to be effectl"e 2.3.. DrQpplnr PIpette or Dropper. Three reqUired.

2.1.11 .Barometer. Mereury. anerOid. or other barom: .!d·3=.hPsta0IYnedtharYdle.n. Pol1cOJnIoll. One lor eacb aaml'le
eter e.pab1e 01 measuring stmoapherle pre..ureto within _.-
2..~ mm Hg <0.1 In. Hg), In man)' cues. the barometric 2.3.~ Onaduated Cylinder. lOOml1l'ltll I'ml divisions.
reading may be obtained !rom a nearb)' oallonal weatber 2.3.. Volumetrtc Flasks. 50 ml (one tor each aamplp).
1O"'lce station, In ...hich eaae the Itation ..alue (wblcb \I 100 ml (one Cor eaeb sample .nd _b standard, .nd one
the .bsolute barometric prwure) shall be requested and ~(oron!b).e wartlne standard XNO, solution). and WOO ml
an adjustment lor elevation dUTerene. bet"..n tbe '
we..th.. st.lion and sampling point shall be appUed al a '120·nm3.8. 8poctropbotometer. To m_1U'O absorbance .t
rate 01 m1l1us 2.b mm HI' ,0 I 111. Hg) per 30 n' (100 It) •
elevatIon increase, or "Ice versa Inr elevation decr_. 2.8.9 Oraduated Pipette. 10 ml with 0.1'1111 tUvisions.

2.2 S.mpl. Recovery. Tbe foll01l'log equipment Is ftB2.3ra·I,~.eTot'1,.,ttoPlaper. for lndioatilll pH. To eo.... the
required for ,ample reco..ery· y....

2.2.1 Graduated Cylinder. 50 mt with I-ml divtalona. ",;•.3.11 Analytical Balalloo. To moamn to 1I'Itbin 0.1
2.2.2 8torace Containers. Leelt·!r.. polyethylene __

bottl~.

FILTER

PROlE

SQUEEZE BULB

FOAM ENCASEMENT

BOILING FLASK-
:H!TER. ROUND-BOTTOM. SHORT NECK.
WITH i SLEEVE NO. 24/40

@EVACUATE

(BVENT

E9PURGf
THERMOMETER

CB EVACUATE

€) PURGE

SAMPLEFLASK VALVE

FLASK SHIEL

GROUND-GLASS
SOCKET. §NO.1M
PYREX

GROUND-GLASS CONE.
STANDARD TAPER.

I SLEEVE NO. 24/40

3-WAY STOPCOCK.
T-BORE. I PYREX;
2-nvn BORE. 8-nvn OD

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

*40 CFR 60, July 1, 1978
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K.=100 A.+2A2+3A,+4A.
A.2+ A2'+ A,'+.A.2

Equation 7-1

3. &4gtr./f
Ur.I...... otherwise lndlcat.ed. It Is Intended tbat &II.

t'OBf.tnts conlorm to tb_ "l*'llleaUons established by the
Comm!!!.. on AnAl)1ical R_ents 01 the American
Cbew;,,,1 Socltl)·. ,.bere ",on 'IMIC,ftcatlollS are ."811·
.~Ie; otlle""lse' 11.<e tbe best ....allable grade.

1.\ 6Ilmpllllg. To preJlB"' the absorbi'llt solutiOn
cautlou.'ly add 2 ~ ml oonctntrated H.SO. to 1 Ilter 01
<lolonlt<'<l. distlllt'li ......ter. MIx ....ll and add 6 lnl 013
porewt bydl'Of(tn peroxld.. freshly pr.pared f!"Om 30
pcrrent hydrOien ~de solution. The alJ50rblng
IOluUon should b. used wltbln 1 ....POk 01113 preparation.
Do not u-po;e W f!lUeme heat or di~t sunlight

8.2 llluilple RfOCOftry. Two ..-cen'" _ reqUired lor
1&:1l~1c r"""very:

3.2.1 Bodlum Hydroxlde (IN). D'-I..~ g NaOH
In delonlced. diltilled W"ter &lid dilute to I liter.

1.2.2 Waler. Delonlu~ clJstlUed W conform W ASTM
IIPfIClllclIotioll DUll3-7•• ~'J'P8 So At the OpUOll of the
analyst, the ItMNO. test (or o'lldir.able orpnIc matter
may be otnltted wilen bl«h ooncentratlons ot orpnic
matter are not ulMiCted to"be present.

3.3 Anal)'Sis. Por the ana1)'S1s, the followllll ....ents
anl~utred:

3.3.1 Fumllle BulIurlcAcld.15to 18pereent bywe!cht
free ItIlfur tt1o~lde. HANDLE WITH CAUTION.

3.3.2 Phenol. Whlte lOUd.
3.3.1 8UlfUric Acid. ConcentratedLoll5 percent mlnl·

mum ...y. HANDLE WITH OA U·dON.
303.. Potlllium Nitrate. Dried at 1M to noo C (220

w 230" Fl for a mlnlmum of2 boursJust prior w prepara·
tlon of standard IOlution.

3.1.5 Standard JOIO, Solution. Diaol.. uartly
2.1118" of dried potlllluftl aitrate (ItNO,) In d.lonloed.
dlltlllt<! waler and dilu... to 1 liter with deloNoed.
di.lIl"'d Water In a I,OQO.ml .olumetrlo f1uk.

U.S Worklne IlaIrdard ItNO, Solution. Dilute 10
ml of tbe .Wldard aohatlon to 100 ml with delonlloed
dl.tliled water. Olle znJWllter 01 the worklne .tandard
aolutlon I. equl.a1ent w IOOlll nltlucen dlollde (1'10,1.

8.3.7 Water. Delonlled, dl.tllled u In Section 8.2.~.
1.3,8 Ph.lIOIdlsultonlc Aeld Solution. DlIIol•• 25 I

of pure wbl&e pb.nol In 150 ml concentrated sulfurie
&c!d on a Stalllll bath. Cool, add 75 ml futulns ,ullurlr
...~d. and bat at 100" 0 (212" F) ror 2 boWll. Store In
a dark.ltoppertd bottle.

•. Proudu,u
U SampUns.
4.1.1 Pipette 2~ ml ofablorbllllSOluUon Into a sample

llask. retaining a sumrlent quantity for IL.. ln preparlne
tbe calIbration 'tandards. Insert the II...,. ul... stopllfr
Into th~ lIult with the nJ... In the "puree" position.
A.sselnb1e the .m~llnll: train loS Sh01m In FI,ure 7-1
and 1'1_ the probe at the ..m~llnll: point Mak. sure
that all IItllngs Ion! tlr;ht and leak·lree. and thaI all
lround Klass lolftt.q h.~e been properly er_ed with a
hlgh·..8('uum, hlgh.telnporature ehlorolluororllrboll'
butd Moooclt gr~. Turn the flask ..I•• alld lhe
pum~ ..&1-e W th.lr ""notuate" JlO'Itions. E...mate
the flask W .5 mm He (3 In. Hg) absolute ~ressure. or
1_ E"lI::uation w a pressure appn»ehing the ..aflOr
pressUl'e or..ater It tbe ulstl~temperatl1re Is desiMlobl.
Turn the pump nJ.." W Its •..ent" position and turn
olf the pump. Cbeek for leakace by oboer\'lna the me·
ao_tar lor an,~ tluetuatlon. (AJl,. .arlatlvn

,rater tban 10 mm He (0.• In. Ha) Mer a perl"'; 01
I m1n_ Is not arteptaDle. and tbe ftafll: Is not to be

. IlSed UDtll the leakage problem Is corrected. Pr...ure
In tMtIaslt Is not to ucMd 75mm Hll (3In. Hglabsolute
at the time eampllnc Is cottUDenced.) Record the ..olume
of tho ftIwal\d ...1'96 (V,), Ibe fI..,k \empentuTe (T.l,
and the barometric pressure. Tum tbe twk ...1..,
counWdac1l:wUe to tta "DUn~"position and do the
"""'e with the pump ...I..e. , tbe be and the
vacuum tube ualnl \be Iqlaeoe IIlb. lr.::.ndenll8t1ol1
occurs In the probe and tbe flask nJ..e area. beal the
probe al1d JJW'lI:. until tbe mndell!&tion dlsappe.an
~ert, turn tb. pump \'&I .., Wlu "v,nt" ~ttlon.Tum
the twk ftlye clocktrlJl! W Its "e..ee\la~ • position and
record the dllference In tb. mereuryle...1s In tbe manom·
eter. Tbe absolute Internal pre&slll'e In Ibe flask (P,l
U &Qual W tbe barometric pressure less tbe D\&Ilometer
readIng. Jmmediatel,. tum the twit ..alve W the .....':11.
pIe" poslli011 and permit the PI to el\\er tbe fla.-k until
pre.ssuret In the f1...1t and ample Ime (I •., duct. st""k)
are equal. This will Ul;uaU)' require .bout 15 5econd5;
a lon£er period indirates a "plug" In the probe .....hleb
roll..<t be l'OITffted before sampllOR iJ continued. After
""Ueetine the ample. tum the fl k ..alve to Its "~\lrg."
position and dJsconnect the fl k from the sampllne
traln. Shake tbe fla.'1t fOr at least 5 minutes.

41.2 It tbe cas being lIllJTIpl.d rontalns Insullident
Ol)'gen for the con..ersion 01 r-;o to NO, (e.g, an ap
plicable mbp8l1 01 the,.standerd m.y require talong a
sampl. 01 a ealibnltion EllS mixture of NO In N,), then
olygen sball be Introduced Inw the flask to pero:llt this
oon"e"5l0n. Olnen may be Introduced Inw the flask
by one of three methods; (I) Before ...aruating th.
lIrlJDl'Ung flask, flush with pure cylind.r olnen. then
e.....·118:'· fl.."k to 75 mm H, (3 in. Ha) absolute pressure
or less; or (2)lnlect olY~en into tb. flllSk after aamplin•.
or (3) tenninat. sampl:ng wltb a minimum or 50 D1lD
BR (2 In. Hg) \'8Cuum remaining In tM flask. reoorct
Ull5 :1nll p.o",ur•• and then vent the tlask to the al·
mosphere UDt it lb. flask pressure Is almost equal "
aUnospberic ~ressur.

~ 2 s..m~l. Reoo..er)·. lA!t tb. flask ..lfGr amlnimum
01 16 honn; an~ th.n sh.k. the conlents for 2 mmutes
Con...ecl lhe fI",k 10 • m.rcury fill.d U-tube manomet <1
Opo.TJ 1~8 ~Bl"e fro~ lhf t1~k to tbe manOmf'tf'l all,j

""",rd 'be flask t~t:',p""ture (T,), the balometrle
pressure, and tbe ditreteno" bet......n the mercury levels
n the manometer. Tbe absolute Internal pressure In
the flask (P,) Is tbe barometric pressure less the man·
ometer noadmg. Transler the contents 01 the lIesk to a
leak-free polyethylene boltle Rinse the flask twice
,nth 5-mJ portions of deionited. dtstill.d wales and aodd
the rinse ...ater te tbe bottle. Adjust the pH to between
II and 12 by adding sodium hydroxide (1 N). dropwise
(about 25 W 15 drops). Choclr the ~H by dipping a
.u1Tinl rod Into the r<>lutlon Md then wuch\ng the rod
to the pH test paper Remove as IlttlemalUinl a., possible
clur1J:lc thls·sl.ep. Marlt the height o! the liqu.,Q le..el so
tbat tb. container can be checked lor le<J::age after
transport. Label the conlainer to clearly IdiIDt!1y tts
OODtents. Seal tbe container for shJPP!n&.

4.3 AnAlysis. No\e the 1....1 01 tbe liquid In container
and oonllrm wbether or not any sample ....as lost donna
.blpment; note tbls on the analytlcel data sbeet. It a
Doticeable amoWlt of leakage has occurred, ~Itber void
the I8IIlple or use methods. subject W the appro..al 01
the Admlnistrater. w correct tbe C\na.l results. 1Jnmedl·
at.ely prior to anelySls. \Tansler the contenu of tbe
IbI~pl.i1e container to a li().ml volumetric flask, and
rinse the container t,nce ...-lth 5-ml portions or deionized
dlstill<'<l w.ter. Add tbe rinse ",·ater '" tbe 1lasII: and
dilute to tb. mart wltb delonlud, dlrtlUed water; mix .'
thorougbly. Pipette a 25-ml aliquot Into tbe prooelaln
....por.Una dlsb. Return lID)' unused portion of tbe
-.mple to tbe polyethylen. Btor&ge bottie. Evaponlte
the 2.'>-ml aliquot to dryness on a steam bath and allow
to 0001. Add 2 mJ phenoldlsulfonle acid aolutlon to the
drl.d reaidue alld triturate thoroughly with a povleth)·I·
ene policeman. Mate Sure the IOlutton contacts' aU the
naldue. Add 1 ml delonlted, dlatlUed "ater and four
4rops·of concentrated .ulfuric acid. Heat the IOlutton
on a .tum bath lor 8 znJnutel with occasIonal stlrrIng.
Allow the aolutton to 0001. add 20 1111 d,loni&ed, dlltJlled
water. mls well b, fllrTlna. and add conaeotrated am·
monlum bydroldde. dropWl.., with constant rtlrTllII,
Wltll the pB Is 10 (M d.term1ned by pB paper). 11 the
ample contain. lOUd.. these must be remand by
IlJtration (C8IItrlfuaatlon II an _~table altem.t.....
tublect to the appro..a1 of tbe AcImlnlllrator). u rouows:
filter through Wb.tman No. U IlJter pa~r Into a l000ml
'Polumetric /\ast; rin.. the evaporettn. dl.h with three
5-ml portions 01 deionlted. distilled ..'ster; tIlter these
tbr... rinses. W",h the lIlter with .t least three 150ml
portIons of delonilld, dlstill.d ",·.ter. Add the lilter
wuhmgs w tbe contents of the ..olumetrlc /\ast and
dilute to the mart with delonited. dlstlUed ..ater 11
&Gilds are absent\th.IOIUtion can be transferred dlreetly
to ttle loo.ml "0 umetlie twk and diluted w the mark
witb delOOlted. distilled ,,·ster. Mix the contents of the
lIask thoroughly. and measure the ab50rb.nce .t the
optimum wavelength used for the standards (Section
5.2.1). using the bl..n\: &clutlon as a tero relerence. Dilute
tbe IImple and tbe blank with equal ..olumes 01 deion·
l&e.d, dlstill.d ",·.,t.. 11 the ahsorhance .._ds A •• the
absorbance olthe WO,.g NO, slandard (It< Section 5.2 2).

5 Callbrlll'''''
& 1 Flask VollUDe. The ..olUnte 01 the eollerhon f1a,~

ftask ..a1..e combinalion must bo known pnor 10 IIlJll'
piing. A_mbl. the lIask and Ilask ..a1... and flll '" JI'
_t..r. te the swpopek. Measure the ..olume or _tar to,
::1:10 ml Record this .olume on the /\ask.

&.2 Spectrophotometer C.libratlon.
...2.1 Optimum W len~th Delertnlnatlon. For boll·

Illed and ..arlable el.ngth lpectrophotomel6s.
ealibrate lIBalnst ltaodard certified .....el.ngth 01 410
nm.....ry 6 months. Alternatively, lor ...liable " .
l.ngth spectrophotom.ten. eean the spectrum bet ,.
400 and 416 nm using a:!OO,.g NO, standard solutiGn (....
SectIon 6.2.2). II a peak does not OC'Cur. tbe spectropho
tometer I. probebl)' maUunctloninR. and should be ..,.
paired Wh.n a peak Is obtalneoJ. 'III1thln the WO W 415 fUll
range. the ...avel.n~th at whicb this peak occun shall be
the opUmum ...a...len~th for the measurement of Ab
sorbance lor botb the standerds and samples.

6 2 2 De~l'lllInation 01 Spectrophotometer Calihra·
tion Factor K •. Add 0.0. 1.0. 2.0.8 O. and 4.0 ml or Ihe
KN O.....orklng standerd solution (I ml-l00 I'll NO,) W
a aeri.s 01 fl ... porcelain evaporatlnll: dishes. To each. add
25 ml at absorbmg <.elution. 1(\ ml delonited, dl.tm.d
,,·al.r. and .ooium hydrollde (1 N), dropwi~. until tne
~H is bet·..-een 9 and 12 (aboul25 to 35 drop, _t,)
B ...innilJ~ ..11h the evaporalton steP. lollow VIe anall'
sis procedure 01 Section 43. until the solution he.' hef'n
transf.rred to the 100 ml ..olumetrie ft..k and ddnl.d to
the mark M.asure the absorbance 01 each solulion. at the
optlmum "'....I.n.th. as detannined In Section 6 2 l.
This ealibration pr0re4ure must be repeate<! on each day
that samples a... anal)·tr~. Cakulal# the spectrophotom·
.ter cahbration factor as lollows

where:
K,~CaUbretlonfll::Wr
AI-Absorbanceolthel~J'i' Nt),Handard
A,-Amorbence of tho 2/X}-1'll NO,stendard
A,-Absorban"" 01 the a(l().~ NO, standard
A.4-=AbsorbBnce ofthf' 4!OC1 f4;: """0. !i=W-,(Rrrl
5.3 flarom.""r. Callbrs\<' &ralllsi • mercury ba: 1n .

pter.
S 4: Tcrnl>eratuu uau~f' Call1"lnHA:' dud Ulfrm·.r i'

&.ga..lll~t mfTCury-m'i!.It'...,\ tJJf'nIlOlDE'ters.

6.5 Vacuum G8U~'" c.ulJ"'t~ m""ha,tlcal ~.ul'cs. tr
Ul(ld. agHJnst a mt"'('ur) manoIDc'{.t'r ~ch loS tha.t 5V"-..A'1&
lied tn 2.1.6.

5.6 Analytical BalanC!'. Ca1Jb....tc lIgaJrst .ta"dllJ'd
welebU.

6. C..za.lGlionl

Carry OIlt the ralculatfons. reWning ..1 I.,.,.t one er~..
d«:lm.l fieure beyond tIlllt of th~ &Clluir,1 <lata. R"'~l!d
off figures after !Ina! caleulatfona.

6.1 Nomenelatu...
A-Ab""rbence of sample.
C-Conrentra1ion 01 NO. as NO•• d'Y basis. "'>T'

recl~ to standard oondilloru-. ms/d",m
Ob/dscf).

F&Dilution rselor (l e. 25/S. 2SilO, ek.• ...,qulre4
only II sample dilution ...as n~.d to rtodll'....
the absorben"" tnto the range or ealibraUon).

K.-8pertropho\0n2eter co.lIbration rartor.
tII-H.ss<>fNO. as NO. In gas &IWIP'O.Il¥.P,_FinAlabsolule ,,~r.01 f1esk. mm Hg (in. H.).
P,-lnlUaI absolute pressure 01 lIask, DlUl H~ (In.

HJ[).
P-u -Standard abaolDte pIWSIIl'e, 780 mm He (2') 9~ 10

T,-~rJal absolute temperature olflast:X ("Rl
T,-lnltlalabsolute texnperalure olllask. oJ!: (OR).

T..e-Slanaard absolute tempezature,293" K (5:'8° R)
V..-8ample .olum. at standard oondltlons <dry

basis). m!.
V,-Volume olllast and .at..e. ml.
V.- "olume or ablOrbb1l! &olutlon, 25 ml.

:1-&0125, the all!Juot laetor. (If ot""r th.n a 25-ml
aWluot Wllft UlIed for anal)'sl'. tb. eorr..,pond·
!nil lactor must helubstltuted).

eJi:IU=Ple ..olum~. dry buts. corraclol'd til 5tanderd

V T.14 (V [PI Pi]..-p;; 1- V.) -r;-Ti

-K t (V/-25m}) [;~-~J

Equntion i-2
where:

K ...O.3858~ {or metric units
mmcg

"" 17.64. OR
H

{or English units
In. g

G.3 Tot.l,.g NO, per .ample.

m=2K.AF

Equat.io!. 'j'- 3

Nou.-11 ether than a 2.'>-ml aliquot I. us.d lor 1I1111y
als, tbe factor 2 must be r,plaeed by a corresllOndh.J
facwr.

6.. Sample concentration, drf balla, D02Tee1.od to
standard conditlona.

fitC-K, _
y ••

Equation 7-4

wbere:

K , -1CJ1 ~~::; {or metric units

1b/scC .
-6.243X 10-1 -'-1 for Engltsh UJ:1lt!

"g m
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In MeUaod Vof Append1% A, SecUona

2.3.2,2.3.7. 4.2. U, 5.2.1. &.2.2, 8 and 'I
e.re amended BB follows:

1. In Sectlon 2.3.2. a semlcolOD re
places the comma between the warda
"step" and "the."

2. In Sectlon 2.3.7. the phrase "Cone
tor each sample'" 1n the first llne is
corrected to read "(one for eaeh
sample and each standard)."

3. In Sectlon 4.2. the letter "n" in
the seventh line is corrected to read
"In.''

4. In Section 4.3. the word "poyleth·
ylene" in the seventeenth line 15 ClOr
zected to read "polyethylene."

5. In Sectlon 5.~.1. deleie the entire
sectlon and insert the following:

Optimum Wavelength Detenntnatfon.
caIlbrate the wavelength scale of the spec.
tropbotometer every 8 months. The caltbr&
tion may be aocomplJahed by WI1nI an
energy source with an Intense lIne em1asioD
such as a mercury lamp, or by using a serlea
of gla.ss tlltera SPanntna the melUll1rlne
range of the spectrophotometer. C&llbraUDn
materials are avaUable commercIally' and
from the National Bureau of Standards.
Speet!ic deta1Js on the use ot such materiala
should be supplied by the vendor; PDeI'&l
information about ca.llbratlon teclm1qUfll
Q.D be obtained Irom general l'elerence
books on analytical chemistry. The wave
length scale of the spectrophotometer must
read correctly within ± 5 nm at all caUbra
tlon points; otherw1lle. the BPectrophoto
meter shall be repaired and reca1fbrated.
Once the wavelength scale of ,the spectr0
photometer Is in proper calibration. use no
nm as the optimum wavelength for the mea·
surement of the absorbance of the stan·
dards and samples.

Alternatively. a sca.nnlng procedure lI1&Y
be employed to determine the proper mea
aur1nlr wavelength. U the instrument Js a
double-beam spectrophotometer. scan the
spectrum between 400-and- 415 nm us1na' a
200 ,.g NO. standard solution In the sample

-CoeD &nd a blank solutiQn in the reference
cell. U a peak. does not occur. the lq)eCb'o-
photometer is probably malfunctioning and
should be repaired. When a peak Is obtained
within the 400 to 415 nm 1'1I.n8e. the wave
.tenatb at which thJs peat: oecun; shall be
the optimum wavelength for the measure
ment of absorbance of both the standards
and the samplell. For a single-beam spectro
photometer. follow the IC&llIllng procedure
<Iesa-ibed above. except that the blank and
standard solutions shall be scanned sepa
Tately. The optimum wavelength shall be
the- wavelength at which the maximum dIf·
ference in absorbance between the standard
and tbe blank occurs.

6. In Section 5.2.2, delete the first
seven lines and insert the following:

DetermJ.nation ot Spectrophotometer
Calibration Factor K.. Add CU) ml, 2 ml, 4
mI. 6 mI. and 8 ml of the KNO. work1nc
standard solution <l mI=l00 /&g NO.) to a
series of five 50-ml volumetric fluu. To
each flask, add 25 mI of abeorblng IOluUon,
10 ml deionized, distilled water. and.ootum
hydroxide Cl N) dropw. until the pH Ia ..

tween • and 12 (about 25 to 35 clrolM each).
Dtlute to the Dlark with deion1llled. dlltllleel
water. Mix thoroughly and 'pipette a 25-m!
aliquot of eaeh IOlutlon into a separate por-
celain evaporating dlah. .

7. In section 6.1. the word "Ha.sa" in
the tenth llne Is corrected to read
..M:.....

8. In section 7. the word "Vna" In
(1) is corrected to read "Van." The
word "cirWnnlnatlon" in (6) is correct
ed to read "Determination."

*Fedcral Register, Vol. 43, 110. 57-March 23, 1978
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12.0 DATA FORMS

Blank data forms are provided on the following pages for the

convenience of the Handbook user. Each blank form has the cus

tomary descriptive title centered at the top of the page. How

ever, the section-page documentation in the top right-hand corner

of each page has been replaced with a number in the lower right

hand corner that will enable the user to identify and refer to a

similar filled-in form in a text section. For example, Form

M7-1.2, indicates that the form is Figure 1.2 in Section 3.6.1 of

the Method 7 Handbook. Future revisions of these forms, if any,

can be documented by 1.2A, 1.2B, etc. Twelve of the blank

forms listed below are included in this section. Four are in the

Method Highlights subsection as shown by the MH following the

form number.

Form

1.2

2.1

2.2

3.1 (MIl)
3.2 (ME:)

4.lA and 4.1B

4.2A and 4.2B

4.3 (MIl)
5.1

5.2

5.3 (MIl)

6.lA and 6.1B

8.1

Title

Procurement log

Optimum Wavelength Determination Data Form

Analytical Balance Calibration Form

Pretest Checklist

Pretest Preparations

Nitrogen Oxide Field Data Form
(English and metric units)

NO Sample Recovery and Integrity Data Form
(Eftglish and metric units)

On-site Measurements

Standard Solution and Control Sample
Analytical Data Form

NOx Laboratory Data Form

Posttest Operations

Nitrogen Oxide Calculation Form
(English and metric units)

Method 7 Checklist to be Used by Auditors



PROCUREMENT LOG

Purchase
order Date Dispo-

Item description Qty. number Vendor Ord. Rec. Cost sition Comments

Quality Assurance Handbook M7-l.2



OPTIMUM WAV~LENGTH DETERM~NA~IqN ,DATA FORM

Spectrophotometer number Date

Calibrated by Reviewed by

Absorbance Absorbance Actual
Spectrophotometer of standard of blank absorbance of

setting, nm ODa ODb ODc

399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416

a
Absorbance of the 200 ~g N02 standard in a single beam
spectrophotometer.

b Absorbance of the blank in a single-beam spectrophoto
meter.

c For a single-beam spectrophotometer-- absorbance of the
standard minus absorbance of the blank. For a double
beam spectrophotometer-- absorbance of the 200 ~g N02
standard with the blank in the reference cell.

Spectrophotometer setting for maximum actual absorbance
of standard nm.

If the maximum actual absorbance occurs at a spectrophotometer
setting of <399 or >416 nm, the spectrophotometer must be
repaired or-reca1ibrated.

Quality Assurance Handbook M7-2.1



Balance name

ANALYTICAL BALANCE CALIBRATION FORM

Number

Classification of standard weights

Date 0.5000 g 1. 0000 g 10.000 g 50.0000 g 100.0000 g Analyst

Quality Assurance Handbook M7-2.2



NITROGEN OXIDE FIELD DATA FORM
(English units)

Plant ----------------------
Sample location ----------------
Operator _

City _

Date _

Barometric pressure (Pbar) in. Hg

Volume Initial pressure
Sample Sample Probe Flask of flask in. Hg Initial temperature

Sample point time temperature, and valve and valve (VF),
oR (T .)bnumber location 24-hr OF number ml Leg Ai Leg Bi

P a OF (t.)
i :1. :1.

I

I

a P. = Pb - (A. + B.) .
:1. ar :1. :1.

°t. + 460 F.
:1.

Quality Assurance Hapdbook M7-4.lA



NITROGEN OXIDE FIELD DATA FORM
(metric units)

___ rom Hg

Plant _

Sample location ----------------Operator _

City _

Date ----------------
Barometric pressure (Pb )ar

Volume Initial pressure
Sample Sample Probe Flask of flask rom Hg Initial temperature

Sample point time temperature, and valve and valve (VF),
(T )bnumber location 24-hr °c number ml Leg Ai Leg Bi P. a °c (ti ) OK

l. i

Quality Assurance Handbook M7-4.lB



NO
x

SAMPLE RECOVERY AND INTEGRITY DATA FORM
(English units)

Plant _

Sample recovery personnel _

Date _

Barometric pressure, (Pbar) in. Hg

Person with direct responsibility for recovered samples

Final pressure, Sample Samples
in. Hg Final temperature, recovery pH Liquid stored

Sample time, adjusted level in locked
number Leg A

f
Leg B

f
P a of (t

f
) oR (T )b 24-h 9 to 12 marked container

f f

o
Pf = Pbar - (Af + Bf ) • Tf = t f + 460 F •

Lab person with direct responsibility for recovered samples _

Analyst _

All liquids at marked level?._-----
Date recovered samples received -----
All samples identifiable?-----
Remarks ---------------------------------
Signature of lab sample trustee _

Quality Assurance Handbook M7-4.2A



NO
X

SAMPLE RECOVERY AND INTEGRITY DATA FORM
(metric units)

Plant _

Sample recovery personnel __

Date _

Barometric pressure, (Pbar ) rom Hg

Person with direct responsibility for recovered samples _

Final pressure, Sample Samples
rom Hg Final temperature, recovery pH Liquid stored

Sample time, adjusted level in locked
number Leg A

f
Leg B

f
P

f
°c (t

f
) K (T

f
) 24-hr 9 to 12 marked container

oP
f

= Pbar - (A
f

+ B
f
). Tf = t

f
+ 273 C.

Lab person with direct responsibility for recovered samples
Analyst _

All liquids at marked level?------

Date recovered samples received ----
All samples identifiable?~. _
Remarks _

Signature of lab sample trustee ___

Quality Assurance Handbook M7-4.2B



Plant

Analyst

STANDARD SOLUTION AND CONTROL SAMPLE

ANALYTICAL DATA FORM

Date

Optimum wavelength nm

Blank used as reference?-----------

Measured, Calculated Absorbance
Sample Sample, Working Control absorbance, absorbance, a

compari~on
number J-lg solution sample OD OD error, %

Al 100 x - -,
AZ ZOO x - -
A3 300 x - -
A4 400 x - -
Sl 100 x
SZ ZOO x
S3 300 x

Avgc

K = 100 [AI + ZAZ + 3A3+ 4Aj =
c AZ + AZ + AZ + AZ

1 Z 3 4

a Calculated absorbance: OD = (J-lg)/K i.e., Sl calculated absorbance = lOO/K .
c c

b Absorbance comparison errors:

%= 100 x (measured absorbance, OD) - (calculated absorbance, OD).
calculated absorbance, OD

c
Average of absolute values.

Quality Assurance Handbook M7-S.1



NO LABORATORY DATA FORMx

Plant ----------------
Date samples received

Aliquot factor __

Blank absorbance

Calibration factor (Kc )

Run number(s)

Date analyzed

Samples analyzed by _

Date reviewed by -------
Date of review --------

Sample Dilution Total mass of NO
. 1 xSample absorbance, factor, as N02 ln samp e,

number A F m

m = 2 K AF, Note: If other than a 25 ml aliquot is used for
analysis, the factor 2 must be replaced by a corresponding
factor.

Quality Assurance Handbook M7-5.2



NITROGEN OXIDE CALCULATION FORM
(English units)

Sample Volume

Vf = ml, Pf = . in. Hg, Tf = oR
- - - - - - - - - - -

P. = . in. Hg, T. = . oR
~ - - - - ~ - - -

Vsc = 17.64 (Vf - 25) Equation 6.1

Total ~g N02 Per Sample

K =c - - - _., A = _. OD, F = •- - -- Equation 6.2

m = 2K
c

AF = . ~g of N0
2

Sample Concentration

C = 6.243 x 10-5 [ mVsc ] = _. __ x 10-5 lb/dscf

Quality Assurance Handbook M7-6.lA



NITROGEN OXIDE CALCULATION FORM
(metric units)

Sample Volume

Vf = _ _ _ _ ° m1, Pf = _ _ _0 _ rom Hg, Tf = ° K- - --
P. =
~

° nun Hg, T. =---- ~
° K- - --

Vsc = 0.3858 (V f - 25) m1 Equation 6-1

Total ~g N02 Per Sample

Kc = ____0' A = _0 00, F = o- - --

m = 2Kc AF = ____0 ~g of N0
2

0

Sample Concentration

Equation 6-2

= o- - -- x 10 3 mg/dscfo Equation 6-3

Quality Assurance Handbook M7-601B



Yes No

METHOD 7 CHECKLIST TO BE USED BY AUDITORS

Presampling Preparation

1. Information concerning combustion effluents that may
act as interferents

2. Plant operation parameters variation

3. Calibration of the flask and valve vo1ume--
three determinations

4. Absorbing reagent preparation

On-site Measurements

5. Leak testing of the sampling train

6. Preparation and pipetting of absorbing solution
into sampling flask

Postsamp1ing
(Analysis and Calculation)

7. Control sample analysis

8. Sample a1iquotting technique

9. Evaporation and chemical treatment of sample

10. Spectrophotometric technique

a. Preparation of standard nitrate samples

b. Measurement of absorbance, including blanks

c. Calibration factor

d. Wavelength and absorbance, including blanks

11. Calculation procedure and checks

a. Use of computer program

b. Independent check of calculations

Comments

Quality Assurance Handbook M7-8.l
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Section 3.7

METHOD 8--DETERMINATION OF SULFURIC ACID MIST
AND SULFUR DIOXIDE EMISSIONS FROM STATIONARY SOURCES

OUTLINE

Number
Section Documentation of Pages

SUMMARY 3.7 2

METHOD HIGHLIGHTS 3.7 10

METHOD DESCRIPTION

1. PROCUREMENT OF APPARATUS 3.7.1 13
AND SUPPLIES

2. CALIBRATION OF APPARATUS 3.7.2 20

3. PRESAMPLING OPERATIONS 3.7.3 7

4. ON-SITE MEASUREMENTS 3.7.4 18

5. POSTSAMPLING OPERATIONS 3.7.5 17

6. CALCULATIONS 3.7.6 10

7. MAINTENANCE 3.7.7 3

8. AUDITING PROCEDURE 3.7.8 7

9. RECOMMENDED STANDARDS 3.7.9 1
FOR ESTABLISHING
TRACEABILITY

10. REFERENCE METHOD 3.7.10 4
11. REFERENCES 3.7.11 1

12. DATA FORMS 3.7.12 20
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SUMMARY

A gas sample is extracted isokinetically from the stack.

The sulfuric acid mist (including sulfur trioxide, or S03) and

the S02 are separated, and both fractions are measured separ

ately by the barium-thorin titration method. The barium ions

react preferentially with sulfate ions in solution to form a

highly insoluble barium sulfate precipitate. When the barium

has reacted with all sulfate ions, the excess barium reacts

with the thorin indicator to form a metal salt of the

indicator and to give a color change.

This method is applicable for the determination of

sulfuric acid mist (including S03) emissions from stationary

sources. Collaborative tests have shown that the minimum

detectable limits of the method are 0.05 mg SO_11m3 (0.03 x
-7 3 3 -7 310 Ib/ft) and 1.2 mg S02/m (0.74 x 10 Ib/ft). No upper

limits have been established. Based on theoretical calcula

tions for 200 ml of 3% hydrogen peroxide solution, the upper

concentration limit in a 1.0 m3 (35.3 ft3 ) gas sample is about
3 -4 3 ..12,500 mg S02/m (7.7 x 10 Ib/ft). The upper Ilmlt can be

extended by increasing the quantity of peroxide solution in

the impingers.

possible interferences with this method are fluorides,

free ammonia, and dimethyl aniline. If any of these interfer

ents are present (as determined by knowledge of the process),

alternative methods subject to the approval of the

administrator, U.S. Environmental Protection Agency, are

required. For example, if free ammonia is present, white

particulates can be seen in the probe and ln the isopropanol

impinger.

Filterable particulate matter may be determined along

with S03 and S02 (subject to the approval of the administra

tor); however, the procedure used for particulate matter must
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be consistent with the specifications and procedures given in

Method 5.

The Method 8 description which follows is based on the

Reference Method that was promulgated on August 18, 1977. A

complete copy of the Reference Method is in Section 3.7.10.

Data forms are provided in Subsection 12 for the convenience

of the Handbook user.

Reference 1 was used extensively in preparing the method

description. References 2 and 3 are the collaborative test

studies of this method and other related methods; data from

these test studies were used in establishing quality control

limi ts. References 4 and 5 were used extensively in those

sections which include the description, calibration, and

maintenance of the sampling train. All references are listed

ln Section 3.7.11.

A collaborative test program was conducted at a sulfuric

acid (H2S04 ) plant to determine the accuracy of Method 8. six

laboratories simultaneously sampled the same stack, using two

Method 8 sampling trains per laboratory.6 The collaborative

test determined that the repeatability (within-laboratory
3precision) of the method was 7.19 mg H2So4/m and 22.30 mg

s02/m3 and that reproducibility (between-laboratory precision)

of the method was 8.03 mg H2 so4/m3 and 31.10 mg s02/m3.6
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METHOD HIGHLIGHTS

Specifications described in Section 3.7 are for

sampling and analysis of sulfuric acid mist (including

sulfur trioxide) and sulfur dioxide emissions from

stationary sources. The sampling system consists of the EPA

Method 5 sampling train modified by placing the filter

(unheated) between the first and second lmplngers.

Filterable particulate matter may be determined along with

S03 and S02 (subj ect to the approval of the administrator);

however, the procedure used for particulate matter must be

consistent with the specifications and procedures given in

Method 5.

The results of collaborative tests have shown that the

overall precision of the test method is good if sound

quali ty assurance procedures are applied. 6 On the basis of

these results these procedures are recommended:

1. On-site checks of the orifice and dry gas meter

calibration coefficients of all control consoles with a dry

gas meter that has been calibrated with a spirometer.

2. Certification that all reagent isopropyl alcohol

is peroxide-free prior to the test.

3. Leak checks are performed at the beginning and at

the end of each sampling run before and after every port

change. Care should be taken to be sure that the sulfur

dioxide absorbing reagent, hydrogen peroxide, does not

contact the filter when the leak check is conducted; if

peroxide does contact the filter, the filter should be

replaced before sampling is continued.

The five blank data forms at the end of the highlights

may be removed from the Handbook and used in the pretest,

test, and posttest operations. Each form has a subtitle

(e. g., Method 8, Figure 3.1) for helping the user find a

similar filled-in form in the method description (e. g., in

Section 3.7.3). On the blank and filled-in forms, the

items/parameters that can cause the most signi ficant errors

are starred.
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1. Procurement of Equipment

section 3.7.1 (Procurement of Apparatus and Supplies)
.j

gives the specifications, criteria, and design features for

equipment and materials required for performing Method 8

tests. The sampling apparatus has the same design criteria as

Method 5, with the exception of the filter-impinger

arrangement. This section is designed as a guide in the

procurement and initial check of equipment and supplies. The

activity matrix (Table 1.1) at the end of section 3.7.1 can be

used as a quick reference; it follows the same order as the

written descriptions in the main text.

2. Pretest Preparations

section 3.7.2 (Calibration of Apparatus) provides a

step-by-step description of the required calibration

procedures. The calibration of the Method 8 equipment is

similar to that of- Method 5, with the exception that the

Method 8 sampling rate is not to exceed 28.3 Q/min (1 scfm),

and the stack thermometer need not be calibrated at the higher

temperatures if the equipment 1S used to measure acid plant

emissions only. The calibration section can be removed and

compiled, along with calibration sections from all other

methods, into a separate quality assurance reference manual

for use by calibration personnel. A pretest checklist

(Figure 2.5 of section 3.7.2) or similar form should be used to

summarize the calibration data.

Section 3.7.3 (Presampling Operations) provides the

tester with a guide for supplies and equipment preparation for

field tests. Sample impingers may be charged in the base

laboratory if testing is to be performed wi thin 24 h of

charging. The pretest preparation form (Figure 3.1 of section

3.7.3) can be used as an equipment checkout and packing list.

The method for packing and the descriptions of the packing

containers should help protect the equipment, but are not

required.
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3. On-Site Measurements

Section 3.7.4 (On-site Measurements) contains a

step-by-step procedure for performing sampling and sample

recovery. Testing is performed isokinetically and similarly

to Method 5, with the exception that the sample rate is not to

exceed 1 ft3/min. The most common error results when hydrogen

peroxide solution is allowed to backup, wet the filter, and

enter the isopropanol impinger. Also precautions must be

taken to ensure that the isopropanol does not have hydrogen

peroxide impurities and that the same pipette or graduated

cylinder is not used to charge both isopropanol and hydrogen

peroxide. The on-site measurement checklist (Figure 4.4 of

Section 3.7.4) is provided to assist the tester with a quick

method of checking requirements.

4. Posttest Operations

section 3.7.5 (Postsampling Operations) gives the post

test equipment check procedures and a step-by-step analytical

procedure. Figure 5.1 (Section 3.7.5) or a similar form

should be used to summarize the posttest calibration checks

and should be included in the emission test report. The

posttest operation form (Figure 5.4 of section 3.7.5) will

provide the tester and laboratory personnel with key parame

ters to be checked. The step-by-step analytical procedure de

scription can be removed and made into a separate quality as

surance analytical reference manual for laboratory personnel.

Analysis of a control sample is required prior to the analysis

of the field samples. This analysis of an independently pre

pared known standard will provide the laboratory with a qual

ity control check on the accuracy and precision of the analyt

ical techniques.

Section 3.7.6 (Calculations) provides the tester with the

required equations, the nomenclature, and the suggested number

of significant digits. It is suggested that a programmed

calculator be used if available to reduce the chance of

calculation error.
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Section 3.7.7 (Maintenance) provides the tester with a
guide for a routine maintenance program. This program is not
required, but should reduce equipment malfunctions.
5. Auditing Procedure

Section 3.7.8 (Auditing Procedure) provides a
description of necessary activities for conducting performance
and system audits. The performance audit of the analytical
phase can be conducted using an aqueous ammonium sulfate
solution. Performance audits for the analytical phase and the
data processing are described in section 3.7.8. A checklist
for a systems audit is also included in this section.

section 3.7.9 (Recommended Standards for Establishing
Traceability) recommends the primary standards to which the
working standards should be traceable.
6. References

sections 3. 7 .10 and 3. 7 .11 contain the Reference Method
and the suggested references.
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PRETEST SAMPLING CHECKS
(Method 8, Figure 2.5)

Date

Meter box number

Calibrated by

LlH@

Dry Gas Meter*

Pretest calibration factor =
factor for each calibration run).

Impinger Thermometer

(within ±2% of the average

Was a pretest temperature
If yes, temperature correction
ference values for calibration
ference values for calibration

Dry Gas Meter Thermometer

Was a pretest temperature
If yes, temperature correction
ference values for calibration
values for calibration check).

Barometer -

correction used? ---yes no.
(within ±l°C (2°F) of re

and within ±2°C (4°F) of re
check) .

correction made? ---yes no.
(within ±3°C (5.4°F) of re

and 6°C (10.aOF) of reference

Was the pretest field barometer reading correct? yes no
(within ±2.5 rom (0.1 in) Hg of mercury-in-glass barometer).

* Most significant items/parameters to be checked.
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Acceptable Quantity Ready Loaded
Apparatus check Yes No required Yes No and packed

Probe

Type glass liner

Borosilicate --Quartz

Heated

Leak checked

Nozzle

Glass

stainless steel -
Other

pitot Tube

Types

Other

Properly at-
tached

Modifications --
Cp

Differential
Pressure Gauge

Inclined manome-
ter

Other

Filter Holder

Borosilicate glass

Glass frit

Gasket

Silicone
Teflon

viton

(continued)



Section No.3. 7
Revision No. 0
Date May 1, 1979
Page 10 of 13

Acceptable Quantity Ready Loaded
Apparatus check Yes No required Yes No and packed

Condenser

Impingers

Greenburg-Smith
Modified Green-

burg-Smith

Impinger Temper-
ature Sensor

Thermometer --
Other

Calibrated --
Other

Barometer

Mercury

Aneroid

Other

Calibrated* --
Stack Temperature
Sensor

Type
Calibrated* --
Reagents
Distilled water
Hydrogen perox-

ide (30%)
Isopropanol (80%)

(checked for
peroxides)

Silica gel

Meter System

Pump leak free*

Orifice meter*
Dry gas meter*

* Most significant items/parameters to be checked.
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ON-SITE MEASUREMENTS

(Method 8, Figure 4.4)

Sampling

ground-glass joints?
(optional) Leakage?

plugging or leaks?*
Periodically?

Impingers properly assembled?
Contents:* 1st

2nd
3rd
4th

Cooling system
Filter between 1st and 2nd impinger?
Proper connections?
Silicone grease added to all
Pretest leak check?
pitot tube lines checked for
Meter box leveled?
Manometers zeroed?*
Heat uniform along length of probe?*
~H@ from most recent calibration
Nomograph set up properly?
Care taken to avoid scraping sample port or stack wall?

Seal around in-stack probe effective?
Probe moved at proper time?
Nozzle and pitot tube parallel to stack wall at all times?

Data forms complete and data properly recorded?
Nomograph setting changed when stack temperature changes

significantly?
Velocity pressures and orifice pressure readings recorded

accurately?
Posttest leak check performed?* (mandatory)
Leakage rate*

Sampling Recovery

System purged at least 15 min at test sampling rate?*
Filter placed in 1st impinger contents?
Ice removed before purging?
Contents of impingers placed in polyethylene bottles?
Glassware rinsed with distilled water?
Fluid level marked?*
Sample containers sealed and identified?*
Blanks obtained?*

* Most significant items/parameters to be checked.
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POSTTEST SAMPLING CHECKS
(Method 8, Figure 5.1)

Meter Box Number

Dry Gas Meter

Pretest calibration factor Y =
Posttest check Y1 = Y

2
=

Recalibration required? yes
If yes, recalibration factor Y =
Lower calibration factor, Y =

calculations

Dry Gas Meter Thermometer

_______ (~5% of pretest factor)*
no

(within +2% of average)
for pretest-or posttest

Was a pretest meter temperature correction used? yes no
If yes, temperature correction
Posttest comparison with mercury-in-glass thermometer

(within +6°C (10.8°F) of reference values)
Recalibration requIred? yes no
Recalibration temperature correction, if used (within +3°C

(S.4°F) of reference values)
If yes, no correction is needed whenever meter thermometer

temperature is higher
If recalibration temperature is higher, add correction to

average meter temperature for calculations

Barometer

Was pretest field barometer reading correct? yes no
Posttest comparison rom (in.) Hg (within ±5.0 rom (0.2 in.)

Hg of mercury-in-glass barometer)
Was recalibration required? yes no
If yes, no correction is needed whenever the field barometer

has the lower reading
If the mercury-in-glass reading is lower, subtract the dif

ference from the field data readings for the calculations

*Most significant items/parameters to be checked.
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POSTTEST OPERATIONS
(Method 8, Figure 5.4)

Reagents

Normality of sulfuric acid standard*

Date of purchase Date standardized

Normality of barium perchlorate titrant*

Date standardized

Normality of control sample*

Date prepared

Volume of burette* Graduations

Sample Preparation

Has liquid level noticeably changed?

Original volume Corrected volume

Sulfuric acid samples diluted to 250 ml?*

Sulfur dioxide samples diluted to 1000 ml?*

Analysis

Aliquot analyzed*

Do replicate titrant volumes agree within 1% or 0.2 ml?

Number of control samples analyzed

Are replicate control samples within 0.2 ml?

Is accuracy of control sample analysis ~10%?*

All data recorded? Reviewed

* Most significant items/parameters to be checked.
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES

A schematic of the sampling train used in Method 8 is

shown in Figure 1.1. It is similar to the Method 5 train, but

the filter position is different and the filter holder does

not have to be heated. Commercial models of this train aL'e

available. For those who desire to build their own, complete

construction details are described in APTD-058l. 4 Changes

from the APTD-0581 document and allowable modifications to

Figure 1.1 are discussed in the following subsections.

The operating and maintenance procedures for the sampling

train are described in APTD-0576. 5 Since correct usage is

important in obtaining valid results, all users should read

the APTD-0576 document and adopt the operating and maintenance

procedures therein, unless otherwise specified. Further

details and guidelines on operation and maintenance in Method

5 should be read and followed whenever they are applicable.

Maintenance of equipment is also covered in section 3. 7.7.

Specifications, criteria, and/or design features as

applicable, are given in this section to aid in the selection

of equipment to ensure the collection of data of good quality.

Procedures and, where applicable, limits for acceptance checks

are given. During the procurement of equipment and supplies,

it is suggested that a procurement log (Figure 1.2) be used to

record the descriptive title of the equipment; the

identification number, if applicable; and the results of

acceptance checks. Also, if calibration is required as part

of the acceptance check, the data are to be recorded in the

calibration log book. Table 1.1 at the end of this section

contains a summary of the quality assurance activities for

procurement and acceptance of apparatus and supplies.
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REVERSE TYPE
pnOT TUBE

PilOT MANOMETER

VACUUM
LINE

THERMOMETER
'\;: PlTOT TUBE

TEMPERATURE SENSOR

IPROBE

ICE BATH IMPINGERS

AI RTIGIIT
PUMP

~""I--""- '"VACUUM
GAUGE

MAIN VALVE

THERMOMETERS

ORIFICE

ORIFICE-INCLINED
11ANOMETER"

DRY TEST METER

Figure 1.1. Schematic of Method 8 sampling train.



Purchase
order Date Dispo-

Item description Qty. number Vendor Ord. Rec. Cost sition Comments
(,\ M~ e.OX J. 17Ii:J 25 ~12e. '%~ ~86 15,000 CelliIw.ftd CG.ll~wi F;ber V9.ne. TecltnfJft,J-J

:1 7,
17 ReQc!d at.'"11.tMp, Mtjnal.Jit

"" U c.. ~ c;.,-~
Gf,."",e.

Figure 1.2. Example of a procurement log.



Section No. 3.7.1
Revision No. 0
Date May 1, 1979
Page 4 of 13

Determination of filterable particulate matter

simultaneously with sulfuric acid mist (and with S03 and S02)

will not be discussed in this subsection.

1.1 Sampling

1.1.1 Probe Liner Borosilicate or quartz glass tubing

equipped with a heating system capable of preventing visible

condensation during sampling should be protected with an outer

sheath of stainless steel. Borosilicate or quartz probe

liners can be used for stack temperatures up to about 4800 e

(900 0 F). Quartz liners should be used for high-temperature

probes for stacks with temperatures between 480 0 and 9000 e

(900 0 and 16500
F). Both types of liners may be used at

temperatures higher than specified for short periods of time,

subj ect to the approval of the administrator. Metal probe

1 iners may not be used because of the requirement that the

liner material must not react with the gas constituents.

Upon receiving a new probe, it should be visually checked

for the length and composition ordered and for breaks or

cracks and then leak checked on a sampling train as shown in

Figure 1.1. Also the probe heating system should be checked

as follows:

1. Connect the probe with a nozzle attached to the

inlet of the pump.

2. Electrically connect and turn on the probe heater

for 2 or 3 min. It should become warm to the touch.

3. Start the pump and adjust the needle valve until a

flow rate of about 0.02 m3/min (0.75 ft3/min) is achieved.

4. Check the probe. It should remain warm to the touch.

The heater should be capable of maintaining the exit air at a

minimum of 1000e (212 Cl F) under these conditions. If it cannot,

the probe should be repaired, returned to the supplier, or

rejected.
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1.1.2 Probe Nozzle - Same as Method 5, section 3.4.2.

1.1.3 pitot Tube - Same as Method 5, Section 3.4.2.

1.1.4 Differential Pressure Gauge Same as Method 5,

Section 3.4.2.

1.1.5 Filter Holder - A borosilicate glass filter holder with

a glass fri t filter support and a silicone rubber gasket is

required by the Reference Method. Other gasket materials

(e.g., Teflon or Viton) may be used, subject to the approval

of the administrator. The holder design must provide a

positive seal against leakage from the outside or around the

filter. A filter holder should be durable, easy to load, and

leak free in normal applications. The filter holder is placed

between the first and second impingers, and the filter is

located toward the direction of flow. Do not heat the filter

holder.

1.1.6 Impingers - Four impingers are required, as shown in

Figure 1.1. The first and third impinger must be of the

Greenburg-Smith design with standard tips. The second and

fourth should be of the Greenburg-Smith design, but modified

by replacing the insert with an approximately l3-mm (0.5-in.)

inside diameter (ID) glass tube having an unconstricted tip

located 13 mm (0.5 in.) from the bottom of the flask.

Connections between impingers should be of glass. (Plastic or

rubber tUbing is not permitted because of absorption and

desorption of gaseous species.) Silicone grease may be used,

if necessary, to prevent leakage.

Upon receipt of a new Greenburg-Smith impinger, fill the

inner impinger tube with water. If the water does not drain

through ori fice wi thin 6 to 8 s, the impinger tip should be

replaced or enlarged to prevent an excessive pressure drop in

the sampling system. Each impinger is checked visually for

damages such as breaks or cracks and for manufacturing flaws

such as poorly shaped connections.
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Collection absorbers and flow rates other than the

specifed ones may be used subject to the approval of the

administrator. The collection efficiency must, however, be

shown to be at least 99% for each test run to obtain approval

and must be documented in the emission test report. If the

efficiency is found to be acceptable after a series of three

tests, further documentation is not required. To conduct the

efficiency test, extra absorbers must be added for the

sulfuric acid mist and the S02' and then each must be analyzed

separately. These extra absorbers must not contain more than

1% of the total H2S04 or S02.

1.1.7 Metering System Same as Method 5, Section 3.4.1.

1.1.8 Barometer - Same as Method 5, section 3.4.1.

1.1.9 Gas Density Determination Equipment - Same as Method 5,

section 3.4.1.

1.1.10 Temperature Gauge - Same as Method 5, section 3.4.1.

1.2 Sample Recovery Apparatus

1.2.1 Wash Bottles - Two 500-ml polyethylene or glass wash

bottles are needed for quantitative recovery of collected

samples.

1.2.2 Storage Bottles - Two 1000-ml polyethylene bottles are

required for each sample run, plus one 100-ml polyethylene

bottle to retain a blank for each absorbing solution used in

testing. Visually check wash bottles and/or storage bottles

for damage. Also check each storage bottle seal to prevent

sample leakage during transport.

1.2.3 Graduated Cylinders - One 250-ml and one 1000-ml glass

graduated cylinder (Class A) or volumetric flasks are needed

to measure the impinger contents.

1.2.4 Trip Balance - A trip balance with a 500-g capacity and

an accuracy of ~0.5 g is needed to weigh the silica gel, only

if a moisture content analysis is to be done. A moisture

determination has to be performed unless the gas stream can be

considered dry. Check the trip balance by using a range of
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standard weights, and adjust or return to supplier if neces-

sary.

1.3 Analysis Glassware

1.3.1 Pipettes Several volumetric pipettes

including 5-, 10-, 20-, 25-, and 100-ml sizes,

available for the analysis.

1.3.2 Volumetric Flasks Volumetric flasks (Class A) are

required, and should include 50-, 100-, and 1000-ml sizes.

1.3.3 Burette - A 50-ml burette (Class A) is required for all

titrations.

1.3.4 Erlenmeyer Flasks One 250-ml Erlenmeyer flask is

required for each sample, blank, standard, and control sample.

1.3.5 Dropping Bottle - One 125-ml glass dropping bottle is

needed to prepare the thorin indicator.

1.3.6 Graduated Cylinder - A 100-ml glass graduated cylinder

(Class A) is needed in the preparation of the thorin indicator

and the sample. Check all glassware for cracks, breaks, and

discernible manufacturing flaws.

1.3.7 Trip Balance - Same as Subsection 1.2.4.

1.4 Reagents

Unless otherwise indicated, all reagents should conform

to the specifications established by the Committee on

Analytical Reagents of the American Chemical Society (ACS),

when such specifications are available; otherwise use best

available grade.

1.4.1 Sampling - The following are required for sampling:

Filters - Same as Method 5, Section 3.4.1.

Silica Gel - Same as Method 5, Section 3.4.1.

Water Deionized distilled water to conform to ASTM

specification Dl193-74, Type 3. At the option of the analyst,

the potassium permanganate (KMno4 ) test for oxidizable organic

matter may be omitted when high concentrations of organic

matter are not expected to be present.
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Isopropanol, 80% Mix 800 ml of reagent grade or

certified ACS isopropanol with 200 ml of deionized distilled

water. Check each lot of isopropanol for peroxide (H20 2 )

impurities as follows:

1. Shake 10 ml of isopropanol with 10 ml of freshly

prepared 10% potassium iodide (KI) solution.

2. Prepare a blank by similarly treating 10 ml of

deionized distilled water.

3. After 1 min, read the absorbance of the alcohol

sample at 352 nm on a spectrophotometer; if the absorbance

exceeds 0.1, reject the isopropanol.

Peroxides may be removed from isopropanol by redistilling

or by passing the mixture through a column of activated

alumina; after peroxides are removed, check for peroxide

impurities using the same method as above. However, reagent

grade isopropanol with suitably low peroxide levels may be

obtained from commercial sources. Therefore, rejection of

contaminated lots may be a more efficient procedure.

Potassium iodide solution, 10% Dissolve 10.0 g of

reagent grade or certified ACS KI in deionized distilled

water, and dilute to 100 mI. Prepare when needed. This

solution is used to check for peroxide impurities in the

isopropanol only.

Hydrogen peroxide~

certified ACS H20 2 1:9 (v/v)

Prepare fresh daily.

1.4.2 Sample Recovery - The following are required for sample

recovery:

Water - Deionized distilled water, as in Subsection 1.4.1

above.

samplefor
~I_s_o~p_r~o~p_a_n_o_l~l__O_O~% - See Subsection 1.4.1.

1.4.3 Analysis The following are required

analysis.

Water - Use deionized distilled water as described

Subsection 1.4.1.

ln
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Isopropanol 100% - Use reagent grade or certified ACS iso

propanol, and check for peroxide impurities, as in Subsection

1.4.1 above.

Thorin indicator - Reagent grade or certified ACS

1-(o-arsonophenylazo)-2-naphthol-3,6-disulfonic acid disodium

salt. Dissolve 0.20 g in 100 ml of deionized distilled water.

Barium perchlorate solution, O.OlOON - Dissolve 1.95 g of

reagent grade or certified ACS barium perchlorate trihydrate

(Ba(CI04 )2 . 3H20) in 200 ml deionized distilled water, and

dilute to 1 Q with isopropanol. Al ternatively, 1. 22 g of

(BaC12 . 2H20) may be used. Standardize as in Section 3.7.5.

Sulfuric acid standard, O.OlOON Either purchase the

manufacturer's certified O.OlOON H2 S04 , or standardize the

H2 S04 to O. OIOON ±-O. 0002N against O. OIOON reagent grade or

certified ACS sodium hydroxide (NaOH) that has previously been

standardized against primary standard grade potassium acid

phthalate.

1.5 Analytical Equipment

A spectrophotometer

for peroxide impurities.

the spectrophotometer.
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Table 1.1. ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS & SUPPLIES

Apparatus

Sampling

Sampling probe
with heating
system

Probe nozzle

Acceptance limits

Capable of 1000C
(212°F) exit air at
flow rate of 20 Qjmin

Stainless steel (316);
sharp, tapered leading
edge (angle <30°);
difference between
measured ID's <0.1 mm
(0.004 in.); no nicks,
dents, or corrosion;
uniquely identified
(Meth. 5, Sec. 3.4.2)

Frequency and method
of measurement

Visually check; run
heating system check
out

Visually check before
each test; use a mi
crometer to measure
ID before field use
after each repair

Action if
requirements
are not met

Repair, re
turn to sup
plier, or re
ject

Reshape and
sharpen, re
turn to the
supplier, or
reject

Pitot tube Type-S (Meth. 2,
Sec. 3.1.2); attached
to probe with impact
(high pressure) opening
plane even with or above
nozzle entry plane

Calibrate according Repair or re-
to Meth. 2, Sec. 3.1.2 turn to sup

plier

Differential
pressure
gauge (man
ometer)

Vacuum gauge

Vacuum pump

(continued)

Criteria in Meth. 2,
Sec. 3.1.2; agree
within 5% of gauge-oil
manometer used to cal
ibrate

0-760 mm Hg range;
+25 mm (1 in.) Hg
accuracy at 380 mm
(15 in.) Hg

Capable of maintaining
a flow3rate of 0.03- 3
0.05 m /min (1-1.7 ft /
min) for pump inlet
vacuum of 380 mm (15
in.) Hg with pump out
let at 760 mm (29.92
in.) Hg; leak free at
380 mm (15 in.) Hg

Check against gauge
oil manometer at a
minimum of three
points: ~.64(0.025),

12.7(0.5), 25.4(1.0~

mm (in.) H
2

0

Check against a mer
cury U-tube manometer
upon receipt

Check upon receipt
for leaks and capac
ity

As above

Adjust or re
turn to sup
plier

Repair or re
turn to sup
plier
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Table 1.1 (continued)

Apparatus

Orifice meter

Impingers

Filter holder

Acceptance limits

aH@ of 46.74 +6.35 mm
(1.84 +0.25 in.)
(ree_ended)

Standard stock glass;
pressure drop across
impingers not excessive
(Sec. 3.7.1)

Leak free

Frequency and method
of measurement

Visually check upon
receipt for damage;
calibrate against
wet test meter

Visually check upon
receipt; check pres
sure drop (Sec.3.7.l)

Visually check before
use

Action if
requirements
are not met

Repair, if
possible;
otherwise,
return to
supplier

Return to
supplier

As above

Filters Glass fiber without or- Manufacturer's guar
ganic binder designed antee that filters
to remove 99.95% «0.05% meet ASTM standard
penetration) of 0.3-~ method D2986-71; ob-
dioctyl phthalate smoke serve under light
particles for defects

Return to
supplier and
replace

Dry gas meter

Wet test meter

Thermometers

(continued)

Capable of measuring
total volume with
accuracy of !2% at
flow rate of
0.02 m3 jmin
(0.75 ft3 jmin)

Capable of measuring
total volume with
accuracy of !l%

Within +loC (2°F) of
value in range of OOC
to 25°C (32°F to 67°F)
for impinger thermome
ter; +3°C (6°F) of true
value-in range of OOC
to 90°C (32°F to 194°F)
for dry gas meter
thermometers

Check for damage upon
receipt; calibrate
against wet test
meter (Sec. 3.7.2)

Upon assembly, leak
check all connections
and check calibration
by a liquid displace
ment method

Check each thermome
ter upon receipt for
damage--i.e., dents
or bent stem; cal
ibrate (Sec. 3.7.2)

Reject if
damaged, be
haves errati
cally, or can
not be pro
perly adjusted

As above

Reject if
unable to
calibrate
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Table 1.1 (continued)

Apparatus

Barometer

Sample Recovery

Wash bottles

Acceptance limits

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

Polyethylene or glass,
500 ml

Frequency and method
of measurement

Check against a mer
cury-in-glass barome
ter or equivalent;
calibrate (Sec.
3.7.2)

Visually check for
damage upon receipt

Action if
requirements
are not met

Determine cor
rection factor,
or reject if
difference in
the readings
exceeds +2.5
mm (0.1 in.)
Hg

Replace or
return to
supplier

--------f--------------- -.--------------+---------
Storage bottles

Graduated cyl
inders

Trip balance

Analysis Glass
ware

Polyethylene, 1000 ml
and 100 ml

Glass (Class A), 250
ml and 1000 ml

500-g capacity, ~0.5 g;
needed to weigh silica
gel only if moisture
measurement desired

Visually check for
damage upon receipt;
be sure caps make
proper seals

Visually check upon
receipt

Check with standard
weights up to 500 g

As above

As above

Adjust or
return to
supplier

Pipettes, volu- Glass (Class A)
metric flasks,
burette, and
graduated
cylinder

Reagents

Distilled water ASTM-Dl193-74, Type 3

(continued)

Upon receipt, check
for stock number,
cracks, breaks, and
manufacturer's flaws

Check each lot or
specify type when
ordering

As above

As above
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Action if
Frequency and method requirements

Apparatus Acceptance limits of measurement are not met

Isopropanol 100% isopropanol, re- Upon receipt, check Redistill ,
agent grade or certified each lot for peroxide pass through
ACS with no peroxide impurities with a alumina column,
impurities; absorbance spectrophotometer or replace
~O.l at 352 nm on spec-
trophotometer

Hydrogen perox- 30% H20
2

, reagent grade Upon receipt, check Replace or
ide or cert1.fied ACS label for grade or return to

certification

Potassium KI reagent grade or As above As above
iodide certified ACS

Thorin indica- l-(o-arsonophenylazo)- Upon receipt, check As above
tor 2-naphthol-3,6 disul- label for grade or

fonic acid disodium certification
salt, reagent grade or
certified ACS

Barium perchlor- Ba(ClO4)2· 3H20, re- As above As above
ate trihydrate agent grade or
solution certified ACS

Sulfuric acid H2SO4 , O.OlOON +O.OOO2N Certified by manufac- As above-
solution turer, or standardize

against O.OlOON NaOH
previously standard-
ized against potassium
acid phthalate (pri-
mary standard grade)
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2.0 CALIBRATION OF APPARATUS

Calibration of the apparatus is one of the most important

functions in maintaining data quality. The detailed calibra

tion procedures included in this section are designed for the

equipment specified by Method 8 and described in the previous

section. A laboratory log book of all calibrations must be

maintained. Table 2.1 at the end of this section summarizes

the quality assurance functions for calibration.

2.1 Metering System

2.1.1 Wet Test Meter - Wet test meters are calibrated by the

manufacturer to an accuracy of +0.5%. The calibration of the

wet test meter must be checked initially upon receipt and

yearly thereafter. A wet test meter with a capacity of 3.4

m3/h (120 ft3/h) will be necessary to calibrate the dry gas

meter. For large wet test meters (> 3,Q./rev) , there 1S no

convenient method to check the calibration. For this reason,

several methods are suggested, and other methods may· be

approved by the administrator. The initial calibration may be

checked by any of the following methods:

1. Certification from the manufacturer that the wet

test meter is within ~l% of true value at the wet test meter

discharge, so that only a leak check of the system is then

required. Determine from manufacturer if the air entering the

wet test meter should be saturated.

2. Calibration by any pr1mary air or

displacement method that displaces at least one

revolution of the wet test meter.

3. Comparison against a smaller wet test meter that has

previously been calibrated against a primary a1r or liquid

displacement method, as described in Section 3.5.2.
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4. Comparison against a dry gas meter

viously been calibrated against a primary

displacement method.

The calibration of the test meter should be checked

annually. The calibration check can be made by the same

method as that of the original calibration, with the exception

that the comparison method need not be recalibrated if the

calibration check is within ~l% of the true value. When this

agreement is not obtained, then the comparison method or wet

test meter must be recalibrated against a primary air or

liquid displacement method.

2.1.2 Sample Meter System - The sample meter system--consist

ing of the pump, vacuum gauge, valves, orifice meter, and dry

gas meter--is initially calibrated by stringent laboratory

methods before it is used in the field. After the initial

acceptance, the calibration is rechecked after each field test

series. This recheck is designed to provide the tester with a

method that can be used more often and with less effort to

ensure that the calibration has not changed. When the quick

check indicates that the calibration factor has changed, the

tester must again use the complete laboratory procedure to

obtain the new calibration factor. After recalibration, the

metered sample volume must be multiplied by either the initial

or the recalibrated calibration factor--that is, the one that

yields the lower gas volume for each test run.

Before initial calibration of the metering system, a leak

check should be conducted. The meter system should be leak

free. Both positive (pressure) and negative (vacuum) leak

checks should be performed. Following is a pressure

leak-check procedure that will check the metering system from

the quick disconnect inlet to the orifice outlet and will

check the orifice-inclined manometer:
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1. Disconnect the orifice meter line from

downstream orifice pressure tap (the one closest to

exhaust of the orifice), and plug this tap.

2. Vent the negative side of the inclined manometer to

the atmosphere. If the inclined manometer is equipped with a

three-way valve, this step can be performed by merely turning

the three-way valve that is on the negative side of the

orifice-inclined manometer to the vent position.

3. Place a one-hole rubber stopper with a tube through

its one hole in the exit of the orifice, and connect a piece

of rubber or plastic tubing to the tube, as shown ln

Figure 2.1.

4. Open the positive side of the orifice-inclined

manometer to the "reading" position. I f the inclined

manometer is equipped with a three-way valve, this will be the

line position.

5. Plug the inlet to the vacuum pump. If a quick

disconnect with a leak-free check valve is used on the control

module, the inlet will not have to be plugged.

6. Open the main valve and the bypass valve.

7. Blow into the tubing connected to the end of the

orifice until a pressure of 127 to 178 mm (5 to 7 in.) H20 has

built up in the system.

8. Plug or crimp the tubing to maintain this pressure.

9. Observe the pressure reading for a I-min period. No

noticeable movement in the manometer fluid level should occur.

If the meter box has a leak, a bubbling-type leak-check

solution may aid in locating the leak(s) ..
After the metering system is determined to be leak free by

the positive leak-check procedure, the vacuum system to and in

cluding the pump should be checked by plugging the air inlet to

the meter box. If a quick disconnect with a leak-free stopper

system is presently on the meter box, then the inlet will not

have to be plugged. Turn the pump on, pull a vacuum within
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Figure 2.1. positive leak check of metering system.
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7.5 ern (3 in.) Hg of absolute zero, and

meter. If the leakage exceeds 1.5 x

ft3/min), the leak(s) must be found and

above specifications are satisfied.

Leak checking the meter system before initial calibration

is not mandatory, but is recommended.

Note: For metering systems having diaphragm pumps, the

normal leak-check procedure described above will not detect

leakages within the pump. For these cases, the following

leak-check procedure is suggested: make a 10-min calibration

run at 0.00057 m3/min (0.02 ft3/min); at the end of the run,

take the difference of the measured wet test meter and dry gas

meter volumes; divide the difference by 10, to get the leak

rate. The leak rate should not exceed 0.00057 m3/min (0.02

ft3/min) .

Initial calibration - The dry gas meter and orifice meter

can be calibrated simultaneously and should be calibrated when

first purchased and any time the posttest check yields a Y

outside the range of the calibration factor Y +0. 05Y. A

calibrated wet test meter (properly sized, with ~l% accuracy)

should be used to calibrate the dry gas meter and the orifice

meter.

The dry gas meter and the orifice meter should be

calibrated in the following manner:

1. Before its initial use in the field, leak check the

metering system, as described in Subsection 2.1.2. Leaks, if

present, must be eliminated before proceeding.

2. Assemble the apparatus, as shown in Figure 2.2, with

the wet test meter replacing the probe and impingers--that is,

wi th the outlet of the wet test meter connected to a needle

valve that is connected to the inlet side of the meter box and

with the inlet side of the wet test meter connected to an

impinger with water or to a saturator.
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Figure 2.2. Sample meter system calibration setup.
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forms

as shown,

therequired in

Sample volumes,

3. Run the pump for 15 min with the orifice meter

differential (AH) set at 12.7 mm (0.5 in.) H20 to allow the

pump to warm up and to permit the interior surface of the wet

test meter to be wetted.

4. Adjust the needle valve so that the vacuum gauge on

the meter box will read between 50 and 100 mm (2 to 4 in.) Hg

during calibration.

5. Collect the information

provided (Figure 2. 3A or 2. 3B) .

should be used.

using the

and record

6. Calculate Yi for each of the six runs,

equation in Figure 2.3A or B under the Y. column,
1

the results on the form in the space provided.

7. Calculate the average Y for the six runs using the

following equation:

of the six runs using the

the AH@. column, and record
1

Record the average on Figure 2.3A or B in the space provided.

8. The dry gas meter should be cleaned, adjusted, and

recalibrated, or rejected if one or more values of Y fall

outside the interval Y +0.02Y. Otherwise, the average Y

(calibration factor) is acceptable and will be used for future

checks and subsequent test runs.

9. Calculate LlH@i for each

equation in Figure 2.3A or B under

on the form in the space provided.

10. Calculate the average LlH@ for the six runs using the

following equation:

AH@
LlH@1 + AH@2 + AH@3 + LlH@4 + LlH@S + LlH@6 .

= 6
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Date 8/1(JI/~ Meter box number _oc:..J.,;,Wt---"'z;;.....- _

Calibrated bYM.. ·~-..D·in. Hg.Barometric pressure, P = :L'. f#¥b

Temperature8
Gss Vrllnmp

Orifice Wet test Dry gas Wet test Dry gas meter
manometer meter meter meter Inlet Outlet Avera§e Time
setting (V ), (Vd)' (t ), (td ), (td ), (td), (0) ,

(lUI) , w w
lUI@i

ft3 ft 3
i 0 Yiin. H2O of of of of min

0.5 5
/.30. 000 "1/.5 9/ 82.

/2. ~ '\)0)(.
/3 5. 1+0 7/5 98 85 69 1-79

1.0 5

1.5 10

2.0 10

3.0 10

4.0 10

Average

lUI Y.=
Vw Pb(td + 460) [<twv: 460)

0
lUI 13.6

~

boH@i = P
0.0317 l'.H

l'.H (tw + 460) (t d + 460)Vd(Pb + 13.6) b

0.5 0.0368 5 (2.9.6"1-)($49) It? 0317) Co, 5) [ ~3/.5J!I;Z.78)J.s
40./4 (7QJ,7) ('iV. 5) /20 ~+ I f~4Q}

1.0 0.0737

1.5 0.110

2.0 0.147

3.0 0.221

4.0 0.294

a If there is only one thermometer on the dry gas meter, record the temperature
under t d•

Figure 2. 3A. Dry gas meter calibration data (English units) .
(front side)



Nomenclature:

V = Gas volume passing through the wet test meter, ft 3•w

Vd = Gas volume passing through the dry test meter, ft 3 .

t == Temperature of the gas in the wet test meter, of.
w

t d . == Temperature of the inlet gas of the dry test meter, of.
].

t d == Temperature of the outlet gas of the dry test meter, of.o

by the average t d and
i

t d == Avera§e temperature of the gas in the dry test meter, obtained
t d , F.

o
6H = Pressure differential across orifice, in. H20.

Yi = Ratio of accuracy of wet test meter to dry test meter for each run. Tolerance Yi =
Y +0.02 Y.

Pb = Barometric pressure, in. Hg.

Figure 2.3A. Dry gas meter calibration data (English units).
(back side) N

'Uo:;ow
l» III (1) (1)
lQ c1" <: ()
(1) (1) 1-'- c1"

Ul 1-"
1.0 :s: 1-'- 0

III 0 ::1
0'<:::1
H1 Z

I-'ZO
N" O.
o .

I-' W
1.0 0 •
-...J ...,J
1.0

Time for each calibration run, min.e

Y Average ratio of accuracy of wet test meter to dry test meter for all six runs.
Tolerance Y = Y +0.01 Y.

Orifice pressure differential at each flow rate that gives 0.75 ft3/min of air at
standard conditions for each calibration run, in. H20. Tolerance = 6H@ +0.15 (recommended).

Average orifice pressure differential that gives 0.75 ft 3/min of air at standard
conditions for all six runs, in. H20. Tolerance = 1.84 +0.25 (recommended).

6H@

6H@.
].
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Calibrated by wP~

Meter box number EI'f-g.--<-LJ.-......:.. _

mm Hg.Barometric pressure, P = ~~

Date 8/;0 /14
i

b

Gas volume Temperaturea
Orifice Wet test Dry gas wet test Dr ~as me ...er

manometer meter meter meter Inlet Outlet Average Time
setting (v ), (Vd) , (t ), (td ), (td ), (td), (8),

(llH) , w w Yi llH@i3 3
i 0

mm H2O m m °c °c °c °c min

10
t,5.0Y.O 18 /!O 16

/01J1J0.15
t.f. ~81JO /8 .~ ?-3Id 19 17

25 0.15

40 0.30

50 0.30

75 0.30

100 0.30

Average

10 0.7 (0.15) UJ6) (2-9[)
to' /5.2-) (737) (2. 91)

0.00117 fiR
= P

b
(t

d
+ 273)

(c7, 001/7)(/02
(736) (2.9)

[<t< 273) aT
r (Z9!) ((0. IJZ'Y 2
L 0'. /52 '

25 1.8

40 2.94

50 3.68

75 5.51

100 7.35

a If there is only one thermometer on the dry gas meter, record it under t d•

Figure 2.3B. Dry gas meter calibration data (metric units).
(front side)



Nomenclature:

V Gas volume passing through the wet test meter, 3m.w

Vd
= Gas volume passing through the dry test meter, 3m.

t = Temperature of the gas in the wet test meter, °C.w

t d . = Temperature of the inlet gas of the dry test meter, °C.
l.

t do Temperature of the outlet gas of the dry test meter, °C.

l'IH

Avera§e temperature of the gas in the dry test meter, obtained by the average of t d and
t d , C. i

o
Pressure differential across orifice, mm H20.

Y.
l.

= Ratio of accuracy of wet test meter to dry test meter for each run.
Y +0.02 Y.

Tolerance Y
i

=

l'Iil@

Y = Average ratio of accuracy of wet test meter to dry test meter for all six runs.
Tolerance Y = Y +0.01 Y.

= Orifice pressure differential at each flow rate that gives 0.021 m3 of air at standard
conditions for each calibration run, mm H20. Tolerance l'IH@i = l'IH@ ±3.8 mm H20 (recommended).

= Average orifice pressure differential that gives 0.021 m3 of air at standard
conditions for all six runs, mm H20. Tolerance l'IH@ = 46.74 +6.3 mm H20 (recommended).

G Time of each calibration run, min.

Pb = Barometric pressure, mm Hg.

Figure 2.3B. Dry gas meter calibration data (metric units).
(back side)
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Record the average on Figure 2.3A or B in the space provided.

11. Adjust the orifice meter or reject it if ~H@i varies

by more than .:t.3. 9 rom (0.15 in.) H20 over the range of 10 to

100 rom (0.4 to 4.0 in.) H20. Otherwise, the average ~H@ is

acceptable and will be used for subsequent test runs.

Posttest calibration check After each field test

series, conduct a calibration check of the metering system, as

in Subsection 2.1.2, except for the following variations:

1. Three calibration runs at a single intermediate

orifice meter setting may be used with the vacuum set at the

maximum value reached during the test series. The single

intermediate orifice meter setting should be based on the

previous field test. A valve must be inserted between the wet

test meter and the inlet of the metering system to adjust the

vacuum.

2. If a temperature-compensating dry gas meter was

used, the calibration temperature for the dry gas meter must

be within +6°C (10.8°F) of the average meter temperature

during the test series.

3 . Use Figure 2. 4A or 2. 4B, and record the required

information.

I f the calibration factor Y deviates by <5% from the

initial calibration factor Y (determined in Subsection 2.1.2),

then the dry gas meter volumes obtained during the test series

are acceptable. If Y deviates by >5%, recalibrate the meter

ing system (as in Subsection 2.1.2), and use whichever meter

coefficient (initial or recalibrated) yields the lower gas

volume for each test run.

Alternate procedures--for example, using the orifice

meter coefficients--may be used, subject to the approval of

the administrator.

2.2 Thermometers

The thermometers used to measure the temperature of gas

leaving the imp~nger train should be initially compared with a



Plant Ame fll4U- ffa"t
Pretest Y t).~T'

Test numbers --f...;11:..::::~~/_-....;:3~ _
Meter box number FH - 1
Dry gas meter number FM-1P =:1.1·72. in HgBarometric pressure

Date
_--J~---=----=:'-__

, b .
Temperature Yi =

Orifice Gas volume Gas volume
manometer wet test dry gas Wet test Dry gas meter
setting, meter meter meter Inlet Outlet Average Vacuum Vw Pb (td + 460)

(till), (V), (Vd) , (t ), (td ), (td ), a Time setting, Y.
in H2O w w (td) ,

(8),
1 Vd Pb + 6H (t + 460 )ft 3 ft3 OF i 0

OF min in. Hg w
OF OF 13.6

/.4/ 886.5#-# 83 7S 1'1 /3.35 " ().f', I'O{,&8.7ZH""'" <0#0 4L1'.

10 &~. ~Zl 72. /0 (~.i)'7A_"7;r. .. vl'''/'•.I.)('1a't'4c.o

10

10

Y=

a If there is only one therometer on the dry gas meter, record the temperature under t d •

where

Gas volume passing through the wet test meter, ft3 •

Gas volume passing through the dry test meter, ft 3•

Temperature of the 0gas in the wet test meter, F.

Temperature of the inlet gas of the dry test meter, OF.

V
w

Vd =
t
w

t d .
1

t d = Temperature of the outlet gas of the dry test meter, OF.o
t d = Average temperature of the gas in the dry test meter, obtained by the average of t d and t

d
' OF.

i 0till = Pressure differential across orifice, in H20.

Yi = Ratio of accuracy of wet test meter to dry test meter for each run.

Y = Average ratio of accuracy of wet test meter to dry test meter for all three runs.
Tolerance = Pretest Y +o.OSY

Pb = Barometric pressure, in. Hg.

8 = Time of calibration run, min.

Figure 2.4A. Posttest meter calibration data form (English units).



Barometric pressure, Pb 730 nun Hg

Test numbers /115/- .3
Meter box number ~- 7
Dry gas meter number FM- 1

Plant I9cme 1=b1lHr Pb//t
Pretest Y O. qq3

Temperature Y=
i

V
d

P
b

+ AM (t + 273 )
13.6 w

Y.
1

15

mm Hg

Vacuum
setting,Time

(8),
min

:23.$ .:u.S' 22.S 13.50

I
~I

Wet test Dry gas meter
meter ...r....ln...."ll.....e--t,...--r.;.....Ou':;:'t:"'-lle-:-t-'-AT'",v--e""'r--a~g--'e,..-l

a
(tw) , (td ), (td ), (td) ,
0c i 0 0c

°c °c

Gas volume~---.....------------1
dry gas
meter
(V

d
),
3m

o.~

Gas volume
wet test
meter
(V),w

3
m

Orifice
manometer
setting,

(lm) ,
mm H

2
0

y=

a If there is only one therometer on the dry gas meter, record the temperature under t d •

where

Pb Barometric pressure, nun Hg.

8 = Time of calibration run, min.

Gas volume passing through the wet test meter, 3m •

Gas volume passing through the dry test meter,
3m •

Temperature of the gas in the wet test meter, °e.

Temperature of the inlet gas of the dry test meter, °c.

V =w
V =

d
t w

t d .
1

t d Temperature of the outlet gas of the dry test meter, °c.
a

t
d

= Average temperature of the gas in the dry test meter, obtained by the average of t d and t d ' °c.
i a

~H = Pressure differential across orifice, mm H20.

Y
i

Ratio of accuracy of wet test meter to dry test meter for each run.

Y = Average ratio of accuracy of wet test meter to dry test meter for all three runs.
Tolerance = Pretest Y +O.OSY

Figure 2.4B. Posttest meter calibration data form (metric units).
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mercury-in-glass thermometer that meets ASTM E-l No. 63C or

63F specifications as follows:

1. Place both the mercury-in-glass and the dial type or

equivalent thermometer in an ice bath. Compare readings after

the bath stabilizes.

2. Allow both thermometers to come to room temperature.

Compare readings after both stabilize.

3. Accept the dial type or equivalent thermometer if

values agree within ±loC (2°F) at both points. If the

difference is greater than ~loC (2°F), the thermometer should

be either adj usted and recalibrated until the above criteria

are met, or rejected.

4. Prior to each field trip, compare the temperature

reading of the mercury-in-glass thermometer at room temperature

with that of the meter thermometer in the equipment. If the

readings are not within ~2°C (4°F) the meter thermometer should

be replaced or recalibrated.

The thermometers used to measure the metered sample gas

temperature should also be initially compared with a

mercury-in-glass thermometer that meets ASTM E-l No. 63C or

63F specifications:

1. Place the dial type or equivalent thermometer and

the mercury-in-glass thermometer in a hot water bath, 40° to

50°C (105° to 122°F). Compare readings after the bath

stabilizes.

2. Allow both thermometers to come to room temperature.

Compare readings after thermometers stabilize.

3. Accept the dial type or equivalent thermometer if:

(l) values agree within ±3°C (5.4°F) at both points or (2) the

temperature differentials at both points are within ±3°C

(S.4°F) and the temperature differential 1S taped to the

thermometer and recorded on the pretest sampling checks form

(Figure 2.5).
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Calibrated by __~~~~~j)=- ___

LiH@ 1.4= I

Dry Gas Meter*

Pretest calibration factor = o. q tfJ,
factor for each calibration run).

Impinger Thermometer

(within ~2% of the average

Was a pretest temperature
If yes, temperature correction
ference values for calibration
ference values for calibration

correction used? ---yes ~no.
(within +l°C (2°F) of re

and within ±2°C (4°F) of re
check) .

Dry Gas Meter Thermometer

Was a pretest temperature correction made? yes ~no.
If yes, temperature correction (within +3°c-T3.4°~of
reference values for calibration and within ±6°C (10.8°F) of
reference values for calibration check).

Barometer

Was the pretest field barometer reading correct? ~yes no
(within ±2.5 rom (0.1 in) Hg of the mercury-in-glaSS-barometer).

* Most significant items/parameters to be checked.

Figure 2.5. Pretest sampling checks.
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4. Prior to each field trip, compare the temperature

reading of the mercury-in-glass thermometer at room temperature

with that of the meter system thermometer. The values or

corrected values should be within ±6°C (10.8°F) of one another,

or the meter thermometer should be replaced or recalibrated.

Record any temperature correction factors on Figure 2.5 or on a

similar form.

2.3 Barometer

The field barometer should be adjusted initially and

before each test series to agree within ±2.5 rom (0.1 in.) Hg of

the mercury-in-glass barometer or the station pressure value

reported from a nearby National Weather Service station,

corrected for elevation. The tester should be aware that the

reported pressure is normally corrected to sea level; the

tester should request the uncorrected reading. The correction

for elevation difference between the weather station and the

sampling point should be applied at a rate of -2.5 rom Hg/30 m

(-0.1 in. /100 ft). Record results on Figure 2.5 or on a

similar form.

2.4 Probe Nozzle

The nozzle should be stainless steel (316) or glass with

sharp, tapered leading edges. The angle of taper should be

~30o, and the taper should be on the outside to preserve a

constant 10. Also the probe nozzles should be calibrated

before their initial use in the field. Using a micrometer,

measure the ID of the nozzle to the nearest 0.025 rom

(0.001 in.). Make three separate measurements using different

diameters each time, and then average the measurements. The

difference between the high and low numbers should not exceed

0.1 rom (0.004 in.).

When nozzles become nicked, dented, or corroded, they

should be reshaped, sharpened, and recalibrated before use.

Each nozzle should be permanently and uniquely identified.

Figure 2.6 is an example sample nozzle calibration data form.
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Calibrated by fA} ID.. ..
Nozzle

identificaton °1 ' °2' °3' b.O, °avgnumber rom, (in.) rom, (in.) rom, (in.) rom, (in. )

3'1 O. 2~1 0.2.53 0.2'2. O.OD'A 0.]..

Oate

where:

01'2'3'= Nozzle diameter measured on a different diameter, rom (in.).
Tolerance = measure within 0.025 rom (0.001 in.).

b.0 = maximum difference in any two measurements, rom (in.).
Tolerance = 0.1 rom (0.004 in.).

Figure 2.6. Nozzle calibration form.
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Method 2

calibratelbe

in

tube assembly should

procedure outlined

pitot

the

2.5 pitot Tube

The type-S

according to

Section 3.1.2.

2.6 Trip Balance

The trip balance should be calibrated initially by usinl

Class-S standard weights and should be wi thin ~O. 5 g of th~

standard weight. Adjust or return the balance to the manu·

facturer if limits are not met.
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ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT

Apparatus

Wet test meter

Dry gas meter

Thermometers

Barometer

Probe nozzle

Trip balance

Type-S Pitot
tube

Acceptance limits

Capac~ty of at l3ast
3.4 m /h (120 ft /h)
and an accuracy within
!1.0%

Y. = Y +0.02 Y at a
f~ow rate of O. 02~0. 03
m /min (0.66-1)

Impinger thermometer
+loC (2°F); dry gas
meter thermometer with
in +3°C (5.4°F) over
range

+2.5 mm (0.1 in.) Hg of
mercury-in-glass barom
eter

Average of three ID
measurements of nozzle;
difference between high
and low not to exceed
0.1 mm (0.004 in.).

ap r ~30o

Standard weights mea
sured within !0.5 g of
stated value

Initially calibrated
according to Sec. 2 of
Method 2, and tube tips
undamaged

Frequency and method
of measurement

Calibrate initially
and then yearly
by the liquid dis
placement technique

Calibrate vs. wet
test meter initially,
and when the posttest
check is not within
Y +0.05 Y

Calibrate each ini
tially as a separate
component against a
mercury-in-glass
thermometer and then
before each field
trip compare each as
part of the train
with the mercury-in
glass thermometer

Calibrate initially
using mercury-in
glass barometer, and
check before and
after each field test

Use a micrometer to
measure to the near
est 0.025 mm (0.001
in. )

Balance calibration
verified when first
purchased, any time
moved or subjected to
rough handling, and
during routine oper
ations when cannot
weigh within !0.5 g

Visually check before
each field test

Action if
requirements
are not met

Adjust until
specifications
are met, or
return to manu
facturer

Repair or re
place and then
recalibrate

Adjust; de
termine a con
stant correc
tion factor;
or reject

Adjust to
agree with
certified
barometer

Recalibrate,
reshape, and
sharpen when
nozzles are
nicked, dented,
or corroded

Manufacturer
should recali
brate or ad
just

Repair or
replace
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3.0 PRESAMPLING OPERATIONS

The quality assurance functions for presampling prepar

ations are summarized in Table 3.1 at the end of this section.

See section 3.0 of this Handbook for details on preliminary

site visits.

3.1 Apparatus Check and Calibration

Figure 3.1 or a similar form is recommended to aid the

tester in preparing an equipment checklist, status form, and

packing list.

3.1.1 Sampling Train - The schematic of the Method 8 sampling

train is given in Figure 1.1. Commercial models of this

system are available. Each individual or fabricated train

must be in compliance with the specifications in the reference

method, section 3.7.10.

3.1.2 Probe and Nozzle The probe and nozzle should be

cleaned internally by brushing first with tap water, then with

deionized distilled water followed by acetone, and finally

allowed to dry in the air. In extreme cases, the glass probe

liner can be cleaned with stronger reagents. The objective is

to leave the glass liner free from contaminants. The probe

heating system should be checked to see that it is operating

properly. The probe must be leak free at a vacuum of 380 mm

(15 in.) Hg when sealed at the inlet or tip.

3.1.3 Impingers, Filter Holder, and Glass Connections All

glassware should be cleaned first with detergent and tap water

and then with deionized distilled water. Any items that do

not pass a visual inspection for cracks or breakage must be

repaired or discarded.

3.1.4 Pump - The vacuum pump and oiler should be serviced as

recommended by the manufacturer, every 3 mo, or after the lOth

test (whichever comes first), or upon erratic behavior (nonuni

form or insufficient pumping action).
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Acceptable Quantity Ready Loaded
Apparatus check Yes NO required Yes No and packed

Probe J.I.-~ 'JH, V V"
Type glass liner

Borosilicate V'
Quartz --

Heated ~

Leak checked V

Nozzle 3.<Xta t/ V

Glass

Stainless steel V-
other

pitot Tube 4-1, ,f.1Jb· V' V
Type a/
Other

\

H oS"
Properly attached

v'
Modifications --
Cp ·tll-
Differential
Pressure Gauge
Inclined manometer I

v' D-O.:J.S' V v'Other

Filter Holder S V' V
Borosilicate glass V
Glass frit V
Gasket

Silicone V
Teflon
Viton

(continued)

Figure 3.1. Example of a pretest preparation checklist.
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Acceptable Quantity Ready Loaded

Apparatus check Yes No required Yes No and packed

Condenser

Impingers

Greenburg-Smith V- i, V V
Modified Green- V- II/ V v"burg-Smith

. -
Impinger Temper-
ature Sensor

V
Thermometer V 4 V'--
Other

Calibrated V V V

Other

Barometer

Mercury

Aneroid V I V V
Other

Calibrated* --
Stack Temperature

a/" VSensor 2
Type V
Calibrated* v
Reagents

V .........
Distilled water V' 3~
Hydrogen perox- V .2. tot V V

ide (30%)
Isopropanol (80%) V' ,?aL V V

(checked for
peroxides)

Silica gel V $'"-d V- I/'
Meter System 1.. V V
Pump leak free* V

Orifice meter* v V
y

Dry gas meter* y V V

* Most significant items/parameters to be checked.

Figure 3.1 (continued)
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calibration check

the procedure in

section 3.7.2.

3.1.6 Silica Gel - Either dry the used silica gel at 120° 

150°C (248° - 302°F) or weigh out fresh silica gel in several

200- to 300-g portions in airtight containers to the nearest

0.5 g. Record the total weight (silica gel plus container) on

each container. The silica gel does not have to be weighed if

the moisture content is not to be determined.

3.1.7 Filters - Check filters visually against light for lr

regulari ties, flaws, or pinhole leaks. The filters do not

have to be weighed, labeled, or numbered.

3.1.8 Thermometers - The thermometers should be compared with

the mercury-in-glass thermometer at room temperature prior to

each field trip.

3.1.9 Barometer - The field barometer should be compared with

the mercury-in-glass barometer or the weather station reading

after making an elevation correction, prior to each field

trip.

3.2 Reagents and Equipment

3.2.1 Sampling - The first impinger solution (80% isopropa

nol) is prepared by mixing 800 ml of reagent grade or certi

fied ACS isopropanol (100%) with 200 ml of deionized distilled

water. The second and third impinger absorbing reagent (H20 2 ,

3%) is prepared by diluting 100 ml of 30% H20 2 to 1 Q (1000

ml) with deionized distilled water. The 3% H20 2 should be

prepared fresh daily, using certified ACS reagent grade compo

nents. Solutions containing isopropanol must be kept in

sealed containers to prevent evaporation and must be prepared

fresh for each test series.

3.2.2 Sample Recovery Deionized distilled water and 80%

isopropanol are required on site for qU3ntitative transfer of

impinger solutions to storage containers. The water and iso

propanol are used to clean the sampling train in the process

of sample recovery.
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3.3 Packing Equipment for Shipment

The condition of equipment may depend upon the careful

packing of equipment with regard to (1) accessibility in the

field, (2) care of movement on site, and (3) optimum func

tioning of measurement devices in the field. Equipment should

be packed under the assumption that it will receive severe

treatment during shipping and field operations. One maj or

consideration in shipping cases is the construction materials.

3.3.1 Probe - Pack the probe in a case protected by poly

ethylene foam or other suitable packing material. The inlet

and outlet should be sealed and protected from breakage. An

ideal container is a wooden case, or equivalent, lined with

foam material in which separate compartments are cut to hold

individual devices. The case, equipped with handles or

eye-hooks that can withstand hoisting, should be rigid enough

to prevent bending or twisting of the devices during shipping

and handling.

3.3.2 Impingers, Connectors, and Assorted Glassware All

impingers and glassware should be packed in rigid containers

and protected by polyethylene foam or other suitable packing

material. Individual compartments for glassware help to

organize and protect each individual item.

3.3.3 Volumetric Glassware - A sturdy case lined with poly

ethylene foam material protects drying tubes and assorted vol

umetric glassware.

3.3.4 Meter Box - The meter box--which contains the manome

ters, orifice meter, vacuum gauge, pump, dry gas meter, and

thermometers--should be packed in a rigid shipping container

unless its housing is sufficient to protect components during

travel. Addi tional pump oil should be packed if oil is

required for its operation. It is advisable to always ship a

spare meter box in case of equipment failure.

3.3.5 Wash Bottles and Storage containers - Storage contain

ers and miscellaneous glassware should be packed in rigid

foam-lined containers.
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Table 3.1. ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS

Apparatus Acceptance limits
Frequency and method

of measurement

Action if
requirements
are not met

Probe 1. Probe liner should
be free of contaminants
and constructed of boro
silicate glass, or
quartz, or the equiva
lent (no metal liners)

1. Clean probe in
ternally by brushing
with tap deionized
distilled water, then
acetone; allow to dry
in air before test

1. Retrace
cleaning pro
cedure and
assembly

2. Probe must be leak
free at 380 mm (15 in.)
Hg

2. Visually check be- 2. Replace
fore test

3. Repair or
replace

3. Probe must prevent
condensation of mois
ture

3. Check out heating
system initially and
when moisture cannot
be prevented during
testing (Sec. 3.7.1)

._---+-------
Impingers, fil

ter holders,
and glass con
nectors

Clean, free of breaks,
cracks, leaks, etc.

Clean with detergent
and tap water, then
deionized distilled
water

Repair or
discard

Repair or
return to
manufacturer

Service every 3 mo or
upon erratic behavior;
check oiler jars every
10 tests

Pump Maintain a smooth sam
pling rat3 of about
0.1-0.5 m fmin (1-1.7
ft fmin) at up to 380
mm (15 in.) Hg vacuum
at pump inlet

---------+----------------1----------+------
Dry gas meter !2% of calibration

factor and clean
Calibrate according
to Sec. 3.7.2, and
check for excess oil

As above

Reagents and
Equipment

Sampling All reagents must be
certified ACS or rea
gent grade

Prepare fresh daily
and store in sealed
containers

Prepare new
reagent

(continued)
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Action if
Frequency and method requirements

Apparatus Acceptance limits
of measurement are not met

Sample Deionized distilled wa- Water and reagent Prepare new
recovery ter on-site and leak- grade isopropanol are reagent

free sample storage used to clean imping-
bottles as specified in er after testing and
Sec. 3.7.1 prior to taking sam-

ple.

Package Equip-
ment for Ship-
ment--

Probe Pack in rigid contain- Pack prior to each Repack
er and protect with shipment
polyethylene foam

Impingers, con- Pack in rigid contain- Pack prior to each Repack
nectors, and ers and protect with shipment
assorted polyethylene foam
glassware

Pump Sturdy case lined with As above As above
polyethylene foam ma-
terial or as part of
meter box

Meter box Meter box case and/or As above As above
additional material to
protect train compon-
ents; pack spare meter
box

Wash bottles Pack in rigid foam- As above As above
and storage lined containers
containers
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4.0 ON-SITE MEASUREMENTS

The on-site measurement activities include transporting

the equipment to the test site, unpacking and assembling the

equipment, making duct measurements, velocity traverse,

determination of molecular weight and stack gas moisture

content (in certain cases the moisture content can be assumed

to be zero), sampling for sulfuric acid mist and sulfur

dioxide, and recording data. Table 4.1 at the end of this

section summarizes the quality assurance activities for

on-site measurements. A copy of all field data forms

mentioned are contained in Section 3.7.12.

4.1 Transport of Equipment to the Sampling Site

The most efficient means of transporting the equipment

from ground level to the sampling site should be decided

during the preliminary site visit (or prior correspondence).

Care should be exercised to prevent damage to the test

equipment or injury to test personnel during the moving phase.

A laboratory type area should be designated for preparation of

absorbing reagents, placing the filter in the filter holder,

charging of the impingers, sample recovery, and documentation.

This area should be fairly clean and should not have excessive

drafts.

4.2 Sampling

The on-site sampling includes the following steps:

1. Preliminary measurements and setup,

2. Preparation and/or addi tion of the absorbing

reagents to the impingers,

3. Placement of the filter in the filter holder,

4. Setup of the sampling train,

5. Preparation of the probe,

6. Leak check of entire train,
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7. Insertion of the probe into the stack,

8. Sealing the port,

9. Checking the temperature of the probe,

10. sampling at designated points, and

11. Recording of the data.

A final leak check of the train must always be performed upon

completion of sampling.

4.2.1 Preliminary Measurements and Setup - The sampling site

location should be selected in accordance with Method 2. If

this is not possible due to duct configuration or other

reasons, the sampling site location should be approved by the

administrator. A lIS-V, 30-amp electrical supply is necessary

to operate the standard sampling train. Measure the stack and

either determine the minimum number of traverse points by

Method 1 or check the traverse points determined from the

preliminary site visit, section 3.0 of this Handbook. Record

all data on the traverse point location form, as shown in

Section 3.0. These measurements will be used to locate the

Pitot tube and the sampling probe during preliminary measure

ments and actual sampling.

4.2.2 Stack Parameters - Check the sampling site for cyclonic

or nonparallel flow as described in Method 1 (section 3.0).

The sampling site must be acceptable before a valid sample can

be made. Determine the stack pressure, temperature, and the

range of velocity heads using Method 2; it is recommended that

a leak check of the velocity pressure system (Method 2) be

performed. Be sure that the proper differential pressure

gauge is chosen for the range of velocity heads encountered

(see Method 2). Determine the moisture content using the

approximation Method 4 or its alternatives for the purpose of

setting the isokinetic sampling rate. If the particular

source has been tested before or a good estimate of the

moisture is available, this should be sufficient. The

Reference Method uses the condensate collected during sampling

to determine the moisture content used in final calculations.
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Note: For contact-process sulfuric acid plants, the

moisture can be assumed to be zero if a scrubber is not in

use.

Determine the dry molecular weight of the stack gas, as

required in Method 2. If an integrated gas sample is

required, follow Method 3 procedures and take the sample

simultaneously with, and for the same total length of time as,

the sulfuric acid mist and S02 sample run. Sampling and

analytical data forms for molecular weight determinations are

presented in Method 3.

Using the stack parameters obtained by these preliminary

measurements, the nomograph can be set up as outlined in

APTD-0576. An example of a nomograph data form is presented

in Method 5.

Method 8 sampling is performed isokinetically like

Method 5, but the sampling rate is not to exceed 0.03 m3/min

(1.0 ft3/min) during the test. To accomplish this, select a

nozzle size based on the range of velocity heads, so that it

is not necessary to change the nozzle S1ze in order to

maintain isokinetic sampling rates. Select also a nozzle that

will not allow the maximum sampling rate to exceed 0.03 m3/min

(1.0 ft3/min) during the run. Check the maximum AH, using the

following equation:

1.09 Pm M AH@
Maximum AH < Tm

where

Equation 4-1

Maximum AH = pressure differential across the orific3, in.
H20, that will produce a flow of 1.0 ft /min;

Pm = pressure of the dry gas meter, in. Hg;

M = molecular weight of stack gas;

AH@ = pressure differential across the orifice that will
produce a flow of 0.75 scfm, in. H20; and

Tm = temperature of the meter, oR.
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This maximum LlH will limit the sampling flow rate to <0.03

m3/min (1.0 ft3/min).

During the run, do not change the nozzle size. Install

the selected nozzle using a vi ton-A a-ring when stack temp

eratures are <260°C (500°F) and using an asbestos string

gasket when temperatures are higher (see APTD-0576 for

details). Other connecting systems such as Teflon ferrules

may be used. Mark the probe with heat resistant tape or by

some other technique to denote the proper distance into the

stack or duct for each sampling point.

Select a suitable probe liner and probe length so that

all traverse points can be sampled. For large stacks,

consider sampling from opposite sides of the stack to reduce

the length of the probe.

Select a total sampling time greater than or equal to the

minimum total sampling time specified in the test procedures

for the specific industry so that (1) the sampling time per

point is ~2 min (or some greater time interval specified by

the administrator) and (2) the sample volume taken (corrected

to standard conditions) will exceed the required minimum total

gas sample volume (normally 1.15 dscm (40.6 dscf». The

latter can be based on an approximate average sampling rate.

It is recommended that the number of minutes sampled at

each point be an integer or an integer plus one-half min, in

order to avoid timekeeping errors.

In some circumstances (e. g., batch cycles), it may be

necessary to sample for shorter times at the traverse points

and to obtain smaller gas sample volumes. In these cases, the

administrator's approval must first be obtained.

4.2.3 Preparation and/or Addition of Absorbing Reagents

and Filter to Collection System Absorbing reagents

can be prepared on site if necessary, according to the
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directions given in section 3. 7 .3 . A pipette or graduated

cylinder should be used to place 100 ml of 80% isopropanol

into the first impinger. Be sure that the pipette or

graduated cylinder was not used previously to add the HZOZ
solution. It is suggested that the graduated cylinders or

pipettes be marked to reduce the chance of interchanging.

Place 100 ml of 3% HZOZ into the second impinger and 100 ml of

3% HZOZ into the third impinger. Also, place approximately

ZOO g of silica gel into the fourth impinger.

Note: If moisture content 1S to be determined by

impinger analysis, either weigh each of the first three

impingers (plus absorbing solution) to the nearest 0.5 g and

record these weights, or determine to the nearest 1 ml

volumetrically. The weight of the silica gel (or silica gel

plus container) must also be determined to the nearest 0.5 g,

and recorded.

Using tweezers or clean disposable surgical gloves, place

a filter in the filter holder. Be sure that the filter is

properly centered and that the gasket is properly placed in

order to prevent the sample gas stream from circumventing the

filter. Check the filter for tears after assembly is

completed.

4.Z.4 Assembling Sampling Train During preparation and

assembly of the sampling train, keep all sample train surfaces

that are to be exposed to the sample covered until just prior

to assembly or until sampling is about to begin.

Assemble the sampling train as shown in Figure 1.1, using

(if necessary) a very light coat of silicone grease on all

ground-glass joints. Apply grease only to the outer portion

of the glass joint to avoid the possibility of contaminating

the sample. Place crushed ice and water around the impingers.

4.Z.5 Leak Checks - Leak checks are necessary to assure that

the sample has not been biased low by dilution air. The

Reference Method specifies that leak checks be performed at

certain times. These are discussed below in this subsection.
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Pretest leak check - A pretest leak check is recommended,

but not required. If the tester opts to conduct the pretest

leak check, the following procedure should be used:

1. After the sampling train has been assembled, turn on

the probe heating system, set it at the desired operating

temperature, and allow time for the temperature to stabilize.

2. If a Viton A a-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 380 mm (15 in.) Hg vacuum. Note: A lower

vacuum may be used, if it is not exceeded during the test.

I f an asbestos string is used for the probe gasket, do

not connect the probe to the train during the leak check.

Instead, leak check the train by first plugging the inlet to

the first impinger and pulling a 380 mm (15 in.) Hg vacuum

(see note immediately above). Then connect the probe to the

train and leak check at about 25 mm (1 in.) Hg vacuum;

alternatively, the probe may be leak checked with the rest of

the sampling train in one step at a vacuum of 380 mm (15 in.)

Hg. Leakage rates in excess of 4% of the average sampling

rate or at 0.00057 m3/min (0.02 ft3/min), whichever is less,

are not acceptable.

The following leak-check instructions for the sampling

train described in APTD-0576 and APTD-058l may be helpful:

1. start the pump with the bypass valve fully open and

the coarse adjust valve completely closed.

2. Partially open the coarse adjust valve and slowly

close the bypass valve until the desired vacuum is reached.

Do not reverse the direction of the bypass valve; this will

cause hydrogen peroxide to back up into the filter holder. If

the desired vacuum is exceeded, either leak check at this

higher vacuum or end the leak check as shown below and start

over.
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When the leak check is completed, first slowly remove the

plug from the inlet to the probe or the first impinger and

then immediately turn off the vacuum pump. This prevents the

absorbing solution in the impingers from being forced backward

into the filter holder and prevents the silica gel from being

entrained backward into the third impinger. Visually check to

be sure that H20 2 did not contact the filter and that the

filter has no breaks, and so forth.

Leak checks during the sample run If during the

sampling run a component (e.g., a filter assembly) change

becomes necessary, a leak check should be conducted

immediately before the change is made. The leak check should

be done according to the procedure outlined above, except that

it should be done at a vacuum equal to or greater than the

maximum value recorded up to that point in the test. If the

leakage rate is found to be no greater than 0.00057 m3/min

(0.02 ft3/min) or 4% of the average sampling rate (whichever

is less), the results are acceptable, and no correction will

need to be applied to the total volume of dry gas metered; if,

however, a higher leakage rate is obtained, the tester either

should record the leakage rate and plan to correct the sample

volume (as shown in section 3.7.6 of this method) or should

void the sampling run.

Note: Be sure to record the dry gas meter reading before

and after each leak check performed during and after each test

run so that the sample volume can be corrected.

Immediately after component changes, leak checks are

again optional; if such leak checks are done, the procedure

outlined above should be used.

Posttest leak check - A leak check is mandatory at the

conclusion of each sampling run. The leak check should be

done in accordance with the procedures previously outlined,

except that it should be conducted at a vacuum equal to or
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greater than 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 ft3/min) or 4% of the average sampling

rate (whichever is less), the results are acceptable, and no

correction will need to be applied to the total volume of dry

gas metered. If, however, a higher leakage rate is obtained,

the tester should record the leakage rate and should correct

the sample volume as shown in section 3.7.6 of this method.

Note: Be sure to record the dry gas meter reading before

performing the leak check in order to determine the sample

volume.

4.2.6 Sampling Train Operation Just prior to sampling,

clean the portholes to minimize the chance of sampling any

deposited material. Particulate matter can interfere with the

wet chemical analysis for sulfuric acid mist. Verify that the

probe heating system is at the desired temperature and that

both the pi tot tube and the nozzle are located properly.

Follow the procedure outlined below for sampling:

1. Record the initial dry gas meter readings, barometer

readings, and other data as indicated in Figure 4.1.

2. Position the tip of the probe at the first sampling

point so that the nozzle tip is pointing directly into the gas

stream; then turn on the pump.

3. Immediately adjust the sample flow to isokinetic

conditions.

4. Take other readings required by Figure 4.1 at least

once at each sampling point during each time increment.

5. Record the dry gas meter readings at the end of each

sampling time increment.

6. Repeat steps 3 through 5 for each sampling point.

7. At the conclusion of each traverse, turn off the

pump, remove the probe from the stack, and record the final

readings.
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Figure 4.1. Method 8 field test data form.
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8. Conduct a leak check, as described in Subsec

tion 4.2.4, at the conclusion of the last traverse. This

leak check is mandatory. Record all leakage rates. Note:

I f the velocity determination is required for the emissions

calculation, a leak check of the pitot-tube-manometer system

is mandatory. The procedures are detailed in Section 4 of
Method 2.

9. Disconnect the probe and then cap the nozzle and the

end of the probe with polyethylene caps or the equivalent.

See Subsection 4.3 on how to recover the probe contents.

10. Drain the ice bath, and purge the remaining part of

the train by drawing clean ambient air through the system for

15 min at the average sampling rate. Provide clean ambient

air by passing the air through a charcoal filter, or use

ambient air without purification. See Subsection 4.3 for

details on how to protect the probe from contamination during

purging, and so forth. Note: Ambient air that is 1n

compliance with normal state or Federal ambient air standards

for S02 will have less than a 0.5% effect on the final results

when not cleaned by passing it through a charcoal filter.

During the sampling run, maintain an isokinetic sampling

rate within ~10% unless otherwise specified by the

administrator. Adjust the sampling flow rates when a 20%

variation in the velocity head reading occurs. Make periodic

checks of the manometer level and zero during each traverse.

Vibrations and temperature fluctuations can cause the

manometer zero to drift.

Periodically during the test, observe the connecting line

between the probe and the first impinger for signs of

condensation. If signs do occur, adjust the probe heater

setting upward to the minimum temperature required to prevent

condensation.

4.3 Sample Recovery

The Reference Method requires the sample to be recovered

from the probe, the impingers, all connecting glassware, and

the filter. Sample recovery should be performed in a labora-
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tory type area to prevent contamination of the test sample.

Upon completion of sampling, the probe should have been

disconnected and capped off with polyethylene caps or the

equivalent. Also, the impinger section should be capped off

wi th polyethylene caps or the equivalent upon completion of

purging with clean ambient air. Then the impinger box and the

sampling probe can be transported safely to the clean-up area

without contaminating or losing the sample.

4.3.1 Sulfuric Acid Mist Sample Recovery - The sulfuric acid

mist (including S03) sample is collected in the probe, the

first impinger, all connecting glassware before the filter,

the front half of the filter holder, and the filter. To

recover the sample:

1. Transfer the contents of the first impinger into a

2S0-ml graduated cylinder. (If a moisture content analysis is

to be done, each impinger and its contents should be weighed

to the nearest 0.5 g and recorded before transferring its

contents.)

2. Rinse the probe, the first impinger, all connecting

glassware before the filter, and the front half of the filter

holder with 80% reagent grade or certified ACS isopropanol.

3. Add the rinse solution to the graduated cylinder and

dilute to 250 ml with 80% reagent grade or certified ACS
isopropanol.

4. Remove the filter with a pair of tweezers, and add

to the solution; mix; and transfer to the 1000-ml storage

containers. Protect the solution from evaporation.

s. Mark the level of liquid on the container I and

identify the sample container. An example of a sample label

is shown in Figure 4.2.

6. Place about 100 ml

polyethylene bottle, and label

during sample analysis.

4.3.2 Sulfur Dioxide Sample Recovery - The S02 is

the second and third impingers and in all

glassware. To recover the S02 sample:
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Plant S~I&n'(,ACid VIQ~i City .t)ci"V; lie I OSA
Site UMit J.. Ou.+J-e.t Sample type H2 S04
Date ql,t/, f Run number SAP - \ A
Front rinseDa'Front filter[] Front solution[]

Back rinse[] Back filter[] Back solution[]

Solution ~o'1. :t:PA Level marked [B'"
Volume: Initial IOOr'i'L Final 't1/_Z....:;&;.-.l) _
Cleanup by WGJ) _

Figure 4.2. Example of a sample label.
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1. Transfer the solutions from the second and third

impingers to a 1000-ml graduated cylinder. (If a moisture

content analysis is to be done, each impinger and its contents

should be weighed to the nearest 0.5 g and recorded before

transferring its contents.)

2. Rinse all connecting glassware (including back half

of the filter holder) between the filter and the silica gel

impinger with deionized distilled water; add this rinse water

to the graduated cylinder; and dilute to a volume of 1000 ml

with deionized distilled water.

3. Transfer the solution to a storage container; mark

the level of liquid on the container; and seal and identify

the sample container.

4. Place 100 ml of the absorbing reagent (3% H20 2 ) in a

polyethylene bottle, and label the bottle for use as a blank

during sample analysis.

4.4 Sample Logistics (Data) and Packing of Equipment

The above procedures are followed until the required number

of runs are completed. Log all data on the form shown in

Figure 4.3. If the probe and the glassware (impingers, filter

holder, and connectors) are to be used in the next test, rinse

all of the glassware and the probe with deionized distilled

water. Rinse the probe, the first impinger, all connecting

glassware before the filter, and the front half of the filter

holder with 80% isopropanol.

The following are recommended at the completion of the test

series:

1. Check all sample containers for proper labeling

(time and date of test, location of test, number of test, and

any pertinent documentation). Be sure that a blank has been

taken.

2. All data recorded during the field test should be

recorded and duplicated by the best means available. One set

of data can then be either mailed to the base laboratory or

given to another team member or to the Agency; the original

data should be hand-carried.
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Sample location UNa't 1 AeAdv:1~
Field Data Checks

Sample recovery personnel W. MaSCI\)---:;...;;;.....:.-....:-_----"'----------:-----
Person with direct responsibility for recovered samples J!. C>~~~

Sample Date Liquid Stored
Sample identification of level in locked
number number recovery marked container

H2SO
4 S02

1 SAP-IA SAP-I5 9/"/18 YC.5 Yes
2

3

Blanks yr~:.~ ~::t!' 9J18/", Yes '(~s

Remarks

Signature of field sample trustee __~lli~~.~A!2~~.~~~,~~~.l~d1~<~ ___
Laboratory Data Checks

Analyst

Date recovered samples received

~ '1::duJ~

Lab person with direct responsibility for recovered samples ~. ~~~~

9;1~/z8
.

,

Sample Date Liquid
Sample identification of at marked Sample
number number analysis level identified

H2SO4 S02

1 I;sItP-/A SAP... ,! 9,hz/78 ~s Yes
2

3

Blanks I~F?.-::t- ~r.-~ o/:z~hB Yes Ye~I. .~

Remarks

Figure 4.3. Sample recovery and integrity data.
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3. All sample containers and sampling equipment should

be examined for damage, and then properly packed for shipment

to the base laboratory. All shipping containers should be

properly labeled to prevent loss of samples or equipment.

4. A quick check of the sampling and sample recovery

procedures can be made using the data form, Figure 4.4.
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Sampling

Impingers properly assembled? ?I~
Contents: * 1s t tit) ~ p.-::/;-r----/t>-f)+.t:.;;;.:/YI~g.'--------

2nd 3 ~ fI~ 0.,. 11)0 mJ:
3rd J 70 H a 0. - /01) A'!k
4th .;l 00, ,,; S /1/CJ9 <j€/

Cooling system ;I:"cE dNtI t.eJA-T&~

Filter between,lst and 2nd impinger? ~~~~~~------------
Proper connect1ons? ~
Silicone grease adde~d~t-o--a~l~l~gr~r~.oe~u~n~d~--g~l~a-s-s--J~'o~i-n~t-S~?~~~~~-----

Pretest leak check? 'If4! (optional) Lealage? (), OIItff",'141
pitot tUbe lines checked for plugging and leaks? ~~
Meter box leveled? t/H Periodically? 9H ...~L
Manometers zeroed?* ~~
Heat uniform along l-e-n-g~t~h--O-f~~Tp~r~O~b~e~?~*--------~~~~--------------

6H@frommostrecent calibration __-L/~.~8~3~ __
Nomograph set up properly? ~_~~~~~----~~~--~~--
Care taken to avoid scraping sample!pOit or stack wall?

Seal around~stack probe effective?

(mandatory)

Sampling Recovery

System purged at least 15 min at test sampling rate?*~
Filter placed in 1st impinger contents? __~~~44!~ _
Ice removed before purging? tt~
Contents of impingers placed~i-n~~~p=o~l-y-e~t~h-y~l~e-n-e~b~o-t~t~l-e-s~?--~~NV-

Glassware rinsed with distilled water?s(~
Fluid level marked?* ~

Sample containers sealed and identified?* ~

Blanks obtained?* -----------,;t~~~---------------------------

* Most significant items/parameters to be checked.

Figure 4.4. On-site measurements checklist.
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ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS

Apparatus

Sampling

Preparation
and/or addi
tion of ab
sorbing rea
gents to col
lection sys
tem

Filter

Acceptance limits

100 ml of 80% isopro
panol to first impinger
and 100 ml of 3% H

2
0

to each of the secona
and third impingers

Properly centered; no
breaks, damage, or con
tamination during load
ing

Frequency and method
of measurement

Prepare H202 and 80%
isopropanol fresh
daily; use pipette or
graduated cylinder to
add solutions

Use tweezers or surg
ical gloves to load

Action if
requirements
are not met

Reassemble col
lection system

Discard fil
ter and
reload

Assembling sam
pling train

1. Assemble to speci
fications in Fig. 1.1

2. Leaka§e rate <4% or
0.gOOS7 m /min (0.02
ft /min)

1. Before each sam
pling

2. A leak check be
fore sampling is re
commended; plug the
nozzle or inlet to
the first impinger
and pull a vacuum of
380 mm (IS in.) Hg

1.

2.

Reassemble

Correct leak

Sampling (iso
kinetically)

1. Sampling must be
performed within ~10%

of isokinetic

1. Calculate for each
sample run

1. Repeat
sample or
obtain accept
ance from a
representative
of the
Administrator

2. Check applicable
standard for minimum
sampling time and vol
ume; lllinimum sampling
time/point should be
2 min

2. Make a quick cal- 2. As above
culation before and
an exact calculation
after testing

(continued)

3. Sampling rate3should 3. Select proper noz- 3. As above
not excjed 0.03 m /min zle size. Sec. 3.7.4,
(1.0 ft /min) Eq. 4-1



section No. 3.7.4
Revision No. 0
Date May 1, 1979
Page 18 of 18

Table 4.1 (continued)

Apparatus Acceptance limits
Frequency and method

of measurement

Action if
requirements
are not met

4. Minimum number of
points sampled, as spe
cified by Meth. I

4. Check before the 4.
first test run by mea
suring duct and sam
pling site location

As above

Sample recovery

Sample logistics
(data) and
packing of
equipment

5. Leakage rate
3
not to

exceed 0300057 m jmin
(0.02 ft jmin) or 4% of
average sampling rate;
apply correction to
sample volume if rate
is exceeded

6. Purge remaining S02
from isopropanol

Noncontaminated sample

1. All data recorded
correctly

5. Leak check after
each test run or be
fore equipment re
placement during a
run at maximum vacuum
occurring during the
run (mandatory)

6. Drain ice, and
purge with clean air
for 15 min

Transfer sample to
labeled polyethylene
container after each
test run. Mark level
of solution in the
container

1. Upon the comple
tion of each sample
and before packing
for shipment

5. Correct
sample volume
or repeat
sample

6. Repeat
sample

Repeat
sample

1. Complete
data

2. All equipment exam- 2. As above
ined for damage and la-
beled for shipment

2. Repeat
sampling if
damage occur
red during
testing

3. All sample contain
ers properly labeled
and packaged

3. Visually check up
on completion of each
sample

3. Correct
when possible
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5.0 POSTSAMPLING OPERATIONS

Table 5.1 at the end of this section summarizes quality

assurance activities for postsampling operations.

5.1 Apparatus Checks

Posttest checks have to be conducted on most of the

sampling apparatus. These checks include three calibration

runs at a single orifice meter setting; cleaning; and/or

routine maintenance. The cleaning and maintenance will be

discussed in section 3.7.7, and is discussed in APTD-0576. 5

Figure 5.1 should be used to record data from the posttest

checks.

5.1.1 Metering System The metering

components that must be checked--the dry gas

gas meter thermometer(s).

The dry gas meter thermometer ( s ) should be checked by

comparison with the ASTM mercury-in-glass thermometer at room

temperature. If the readings agree within 6°C (lO.aOF), they

are acceptable; if not, the thermometer must be recalibrated

according to section 3.7.2 after the posttest check of the dry

gas meter. For calculations, the dry gas meter thermometer

readings (field or recalibration) that would give the higher

temperature is used; that is, if the field reading is higher,

no correction of the data is necessary; if the recalibration

value is higher, the difference in the two readings should be

added to the average dry gas meter temperature reading.

The posttest check of the dry gas meter is described in

section 3.7.2. If the posttest dry gas meter calibration factor

(Y) is within 5% of the initial calibration factor, the initial

calibration is used for calculations; if it deviates by >5%, re

calibrate the metering system (as shown in section 3.7.2) and use

for the calculations the calibration factor (initial or recali-
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Meter box number f "N\. '" 1

Dry Gas Meter

Pretest calibration factor Y = 0.9 i b
Posttest check Y1 = Oeq." Y2 = (±-5% of pretest calibra-

tion factor)*
Recalibration required? yes~ no
If yes, recalibration factor Y = (within ~2% of the average

factor for each calibration run)
Lower calibration factor, Y = C. q 'I " for pretest or posttest

calculations

Dry Gas Meter Thermometer

Was a pretest meter temperature correction used?
If yes, temperature correction
Posttest comparison with mercury-in-glass thermometer

(within +6°C (10.8°F)of the reverence values)
Recalibration requIred? yes no
Recalibration temperature correcti~if used

(5.4°F) of the reference values)
If yes, no correction is needed whenever meter thermometer

temperature is higher
If recalibration temperature is higher, add correction to

average meter temperature for calculations

Barometer

Was pretest field barometer reading correct? yes no
Posttest comparison rom (in.) Hg within (+5.0 rom (0.2 in.)

Hg of mercury-in-glass barometer) -
Was recalibration required? yes ~ no
If yes, no correction is needed whenever the field barometer

has the lower reading
If the mercury-in-glass reading is lower, subtract the dif

ference from the field data readings for the calculations

*Most significant items/parameters to be checked.

Figure 5.1. Posttest sampling checks.
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brated) that yields the lesser gas volume. For each test run,

the lesser calibration factor will give the lower gas volume.

5.1.2 Barometer - The field barometers are acceptable if they

agree wi thin +5 rom (0.2 in.) Hg when compared with the

mercury-in-glass barometer. When they do not agree, the

lesser calibration value should be used for the calculations.

If the field barometer reads lower, no correction is

necessary. I f the mercury-in-glass barometer reads lower,

subtract the difference from the field data readings for the

calculations.

5.2 Analysis (Base Laboratory)

Calibrations and standardizations are of primary impor

tance to a precise and accurate analysis. The analytical

method is based on the insolubility of barium sulfate (BaS04 )

and the formation of a colored complex between barium ions and

the thorin indicator (1- (o-arsonophenylazo) -2-naphthol-3,

6-disulfonic acid disodium salt). Aliquots from the impinger

solutions are analyzed by titration with barium perchlorate to

the pink endpoint. The chemical reaction for this standardiza

tion is shown in Equation 5-1. The barium ions (Ba++) react

preferentially with sulfate ions (S04=) in solution to form a

highly insoluble barium sulfate (BaS04 ) precipitate. After the
++ h d' h 11 = ++ . h hBa as reacte Wl t a SO4 ' excess Ba reacts Wl t t e

thorin indicator (x++) to form a metal salt of the indicator

and to give a color change:

Ba++ + S04= + thorin(x++) 7 BaS0
4

+ thorin(Ba++) Equation 5-1

(yellow) (pink)

Upon completion of each step of the standardization or of

each sample analysis, the data should be entered on the proper

data form. At the conclusion of the sample analysis, the data
•

form should be reviewed and signed by the labora,tory person

with direct responsibility for the sample.
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5.2.1 Reagents (Standardization and Analysis) - The following

reagents are required for the analysis of the sulfuric acid

mist (including S03) and the S02 samples.

Water - Deionized distilled water to conform to ASTM

specification 01193-74, Type 3. At the option of the analyst,

the KMn04 test for oxidizable organic matter may be omitted

when high concentrations of organic matter are not expected to

be present. Note: It is imperative that the distilled water

meet the ASTM specifications since S04- and other polyvalent

ions present in distilled water are not determined in the

normal standardization of the acid by NaOH titration (which

measures the hydrogen ion (H+) concentration rather than the
= =804 concentration). This added 804 concentration would

result in an erroneous standardizat~on of the Ba(CI04 )2

titration, which directly measures S04- concentration and not

H+ concentration. .A. check on the acceptability of the

distilled water is detailed in section 3.7.1.

Isopropanol, 100% - certified ACS reagent grade isopro

panol. Check for peroxide impurities as described in section

3.7.1.

a

to

purchase

standardize

Thorin indicator - 1-o-arsonophenylazo-2-naphthol-3,

6-disulfonic acid disodium salt, or equivalent. Dissolve 0.20

g ~O. 002 g in 100 ml of deionized distilled water. Measure

the distilled water in a 100-ml Class-A graduated cylinder.

Barium perchlorate solution O.OlOON - Dissolve 1.95 g of

barium perchlorate trihydrate (Ba(Cl04 )2 . 3H20) in 200 ml of

deionized distilled water and dilute to 1 Q with isopropanol.

Alternatively, 1.22 9 of barium chloride dihydrate (BaC12
2H

2
0) may be used instead of the trihydrate. Standardize as in

the subsection below with H2S04 , Note: Protect the O.OlDON

barium perchlorate solution from evaporation at all times by

keeping the bottle capped between uses.

Sulfuric acid standard, O.OlOON - Either

standard guaranteed by the manufacturer or
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~0.0002N H2S04 against 0.0100N NaOH that has been standardized

against potassium acid phthalate (primary standard grade), as

described in the subsection below.

The O.OlN H2S04 may be prepared in the following manner:

a. Prepare O. 5N H2S04 by adding approximately 1500 ml

of deionized distilled water into a 2 Q volumetric flask.

b. Cautiously add 28 ml of concentrated H2S04 and mix.

Cool, if necessary.

c. Dilute to 2 Q with deionized distilled water.

d. Prepare O. OIN H2S04 by adding approximately 800 ml

of deionized distilled water to a 1 Q volumetric flask.

e. Add 20.0 ml of the 0.5N H2 S04 ,

£. Dilute to 1 Q with distilled water and mix

thoroughly. Note: It is recommended that O.lN sulfuric acid

be purchased. Pipette 10.0 ml of H2S04 (0.lN) into a lOO-ml

volumetric flask, and dilute to volume with deionized

distilled water that has been determined to be acceptable as

detailed in Subsection 5.2.4. When the O.OlN sulfuric acid is

prepared in this manner, procedures in Subsections 5.2.2. and

5.2.3. may be omitted since the standardization of the barium

perchlorate will be validated with the control sample.

5.2.2 Standardization of Sodium Hydroxide To standardize

NaOH, proceed as follows:

1. Purchase a 50% wjw NaOH solution. Dilute 10 ml to 1

Q with deionized distilled water. Dilute 52.4 ml of the

diluted solution to 1 Q with deionized distilled water.

2. Dry the primary standard grade potassium acid phtha

late (KHP) for 1 to 2 h at 110°C (230°F), and cool in desiccator.

3. Weigh, to the nearest 0.1 mg, three 40-mg portions

of the phthalate. Dissolve each portion in 100 ml of freshly

boiled deionized distilled water in a 250-ml Erlenmeyer flask.

4. Add two drops of phenolphthalein indicator, and

titrate the phthalate solutions with the NaOH solution. All

ti trations should be done against a white background to
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facilitate the detection of the endpoint--the first faint pink

color that persists for at least 30 s.

5. Compare the endpoint colors of the other two

titrations against the first one. The normality is the

average of the three individual values calculated using

Equation 5-1.

= mg KHP
ml titrant x 204.23 Equation 5-1

where

NNaOH = calculated normality of NaOH, N,

mg KHP = the weight of KHP, mg, and

ml titrant = the volume of NaOH titrant, ml.

The chemical reaction for this standardization is shown in

Equation 5-2. The NaOH is added to the KHP and the colorless

phenolpthalein solution until an excess of sodium ions (Na+)

causes the phenolphthalein to change to a pink color.

proceed as follows:

Pipette 25 ml of H2S04 into three 250-ml Erlenmeyer

NaOH + KHP + phenolphthalein(H+)
(colorless)

7 KNaP + HOH + phenolphthalein
(pink)

Standardization of Sulfuric Acid

Equation 5-2

To standardize

flasks.

2. Add 25 ml of deionized distilled water.

3. Add two drops of phenolpthalein indicator, and

titrate with the standardized NaOH solution to a persistent

pink endpoint, using a white background.

4. Titrate a blank of 25 ml of deionized distilled
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water, using the same technique as step 3 above. The normal

ity will be the average of the three independent values calcu

lated using Equation 5-3.

(ml NaO~ so - ml NaoHblank) x NNaOH
2 4

25
Equation 5-3

where

= calculated normality of H2 So4 , N,

ml NaO~ so
2 4

= volume of NaOH titrant used for H2S04 , ml,

ml NaOHblank = volume of NaOH titrant used for blank, ml, and

NNaOH = normality of NaOH, N.

5.2.4 Standardization of Barium Perchlorate (O.OIOON) To

standardize Ba(CI04 )2' proceed as follows:

1. Pipette 25 ml of standard O.OlOON H2 S04 into each of

three 250-ml Erlenmeyer flasks.

2. Add 100 ml of reagent grade isopropanol and two to

four drops of thorin indicator, and titrate to a pink endpoint

using O.OlOON Ba(CI04 )2. All thorin titrations should be done

against a white background to facilitate the detection of the

pink endpoint.

3. Run a blank that contains 25 ml of deionized

distilled water and 100 ml of isopropanol. The blank must not

exceed 0.5 ml of titrant to obtain the endpoint; otherwise the

distilled water has excess so4- . I f this O. 5-ml volume is

exceeded, all reagents made with the distilled water will have

to be remade using acceptable distilled water.

4. Use the endpoint of the first titration as a visual

comparator for the succeeding titrations.

5. Record data on the form in Figure 5.2. The

normality of the Ba(CI04 )2 will be the average of the three

independent values calculated using Equation 5-4.



Blank

Volume and normality of
barium perchlorate

N = 0.010

Plant SI41.f\Ar. c. Acid 1>1Q.~t

Sample location ON"f I IJc,Jvillt!.
1.

2.
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Date __--..!if /:....,.z,_z,...:.-I_'B _

Analyst _---=:...R.~._,(1.:...::u='N.:-.:....f.="Z _

2£.0 ml Ba(CI04) 2

~S.O m1 Ba(CI0
4
)2

.2$.() m1 Ba(CI0
4
)2

Sulfur Trioxide Analysis

Run 1 Run 2 Run 3
V 1 - Total volume of solution in which theso n sulfuric acid sample is contained, ml

V - Volume of sample aliquot, mla
Vt - Volume of barium perchlorate 1st titration

titrant used for sample, m1 2nd titration
Average

Vtb* - Volume of barium perchlorate 1st titration
titrant used for blank, m1 2nd titration

Average ().O

1st titration I
2nd titration = 0.99 to 1.01 or 1st titration - 2nd titration

Sulfur Dioxide Analysis

<0.2 m1

Run 1 Run 2 Run 3

1st titration
2nd titration

Average

1st titration
2nd titration

Average

vtb* - Volume of barium perchlorate
titrant used for blank, ml

V 1 - Total volume of solution in which theso n sulfur dioxide sample is contained, ml

V - Volume of sample aliquot, mla
V

t
- Volume of barium perchlorate

titrant used for sample, ml

1st titration I= 0.99 to 1. 01 or 11st titration - 2nd titration < 0.2 m12nd titration

Signature of analyst A?.?2t.d# ~~
Signature of reviewer or supervisor t:A4 1i C~..ltLtNLH.

* Volume of blank and sample titrated should be the same; otherwise a
volume correction must be made.

Figure 5.2. Method 8 analytical data form.
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Equation 5-4

where

= calculated normality of Ba(CI04 )2' N,

= normality of standard H2S04 , N, and

ml Ba(CI04 )2 = volume of Ba(CI04 )2 required to titrate
H

2
S0

4
, mI.

The chemical reaction for this standardization is shown in

Equation 5-5. The Ba++ reacts preferentially with SO4 = in

solution to form a highly insoluble BaS04 precipitate. When
++ . = ++

the Ba has reacted Wl th all of the S04 ' the excess Ba

reacts with the thorin indicator (x++) to form a metal salt of

the indicator and to give a color change.

Ba++ + S04= + thorin (x++) ~ BaS0
4

+ thorin (Ba++) Equation 5-5

(yellow) (pink)

The standardized Ba(CI04 )2 should be protected from

evaporation of the isopropanol at all times. Note: It is

suggested that the analyst unfamiliar with this titration

carry out titrations on aliquots of low, medium, and high

concentrations in the following manner:

1. Pipette 3.0-, 10.0-, and 20-ml aliquots of O. OIN

H2S04 into three 250-ml Erlenmeyer flasks.

2. Dilute each to 25 ml with distilled water.

3. Add a lOO-ml volume of 100% isopropanol and two to

four drops of thorin indicator to each flask.

4. Titrate with Ba(CI04 )2 to become familiar with the

endpoint.

5.2.5 Control Samples - The accuracy and precision of the

sample analysis should be checked. The accuracy of the

analysis technique is determined by control samples; the
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precision, by duplicate analyses of both the control and the

field samples. Acceptable accuracy and precision should be

demonstrated on the analysis of the control samples prior to

the analysis for the field samples.

Each control sample should be prepared and analyzed in

the following manner:

1. Dry the primary

«NH4)2S04) for 1 to 2 h at
cator.

standard grade ammonium sulfate

110°C (230°F), and cool in a desic-

with the stand

using the blank

All ti trations

2. Weigh, to the nearest 0.5 mg, 1. 3214 g of primary

standard grade (NH4)2S04'

3. Dissolve the reagent in about 1800 ml of distilled

water in a 2-Q volumetric flask.

4. Dilute to the 2-Q mark with distilled water. The

resulting solution is O.OlN (NH4)2S04'

5. Enter all data on the form shown in Figure 5.3.

6. Pipette 25 ml of the control sample into each of

four 250-ml Erlenmeyer flasks, and prepare a 25-ml blank of

distilled water in a fourth 250-ml Erlenmeyer flask. Note:

Each control sample will contain 16.5 mg of ammonium sulfate.

7. Add 100 ml of reagent grade isopropanol and two to

four drops of thorin indicator to each flask.

8. Initially titrate the blank to a faint pink endpoint

using the standardized Ba(CI04 )2' The blank must contain

<0.5 ml of titrant; otherwise, the distilled water is

unacceptable for use in this method.

9. Titrate two of the control samples

ardized Ba(CI04 )2 to a faint pink endpoint,

endpoint that persists for at least 30 s.

should be done using a white background.

10. I f the titrant volumes from the first two control

samples agree within 0.2 ml, the average of the two values can

be used to complete the calculations shown in Figure 5.3. If

the agreement is not within 0.2 ml, titrate the third control

sample. If the third titrant volume agrees within 0.2 ml of

either of the first two samples, use the two titrant volumes
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0.010 N

Weight of ammonium sulfate is 1.3214 gram? ~£S

Dissolved in 2 Q of distilled water? 0f~S

Titration of blank 0.0 ml Ba(CIO )
(must be less than the 0.5 ml titrinf)

Control Time of
sample Analysis Titrant volume ml
Number 24 h 1st 2nd 3rd Ave.

I 0930 2s-.0 .). S"·O ).S:D

(Two consecutive volumes must agree within 0.2 ml)

25 ml x
(control sample)

O.OlN
(control sample)

'<5.0 ml x tl.OIO N = O. ~SD

(must agree within ±5%, i.e., 0.233 to 0.268)

Does value agree? yes no

Signature of analyst

Signature of reviewer

Figure 5.3. Control sample analytical data form.
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that are consistent for the remaining calculations. When this

criterion cannot be met with the first set of two control

samples, the analyst. should follow the same procedure on a

second set of two control samples.

11. If the criterion cannot be met for the second set of

control samples, the analyst should have the analytical

techniques observed by a person knowledgeable in chemical

analysis.

12. After consistent titrant volumes are obtained, the

calculation of the analytical accuracy should be completed, as

shown in Figure 5.3. If the measured value is within ~5% of

the stated value, the technique is considered acceptable, and

the field samples may be analyzed. When the ~5% accuracy

cannot be met, the barium perchlorate must be restandardized,

or the control sample must be checked until the accuracy

criterion of the control sample analysis can be obtained.

The 5% accuracy limit is based on the control limit from EPA

audits discussed in section 3.5.8.

13. The recommended frequency for analysis of control

samples is the following:

a. Analyze two control samples each analysis day

immediately prior to analysis of the actual collected source

samples.

b. Analyze two control samples after the last col

lected source sample is analyzed each analysis day.

14. Enter results from the control sample analyses on

Figure 5.3 and submit Figure 5.3 with the source test report

as documentation of the quality of the source test analysis.

5.2.6 Sample Analysis Check the level of liquid in the

container, determine whether any sample was lost during

shipment, and note this on Figure 4.3. Figure 5.4 can be used

to check analytical procedures. I f a noticeable amount of

leakage has occurred, follow the alternative method prescribed

below. Approval should have been requested prior to testing

in case of subsequent leakage. The alternative method is as

follows:
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Reagents

Normality of sulfuric acid standard* ~OL!~O~I~O~QL- __
Date of purchase G/1 /7"$ Date standardized AJ/8
Normality of barium perchlorate titrant* __~O~,wO~I~O~ __

Date standardized __~9~J~~~a~/~7~i~ __
Normality of control sample* ~O~!~O~I~O~ __
Date prepared ----'.....I}~a.::.I~ILL)-I-,~"l:....- _

Volume of burette* sao Graduations ---'O~,.....' _

Sample Preparation

Has liquid level noticeably changed? ~~~Ow-------------_

Original volume tJ IA Corrected volume ---!.N)L...I./.....!I9~ _
Sulfuric acid samples diluted to 250 ml?* ~

Sulfur dioxide samples diluted to 1000 ml?* ~~~ __

Analysis

Volume of aliquots analyzed* _~/..JOJ-...!:m..u...J/~/-,s.~o~'Z__~J""oJ.,jOw"",=='L.....+-/..I.H.4,;&.aS_o.,

Do replicate titrant volumes agree within 1% or 0.2 ml? ~
Number of control samples analyzed -L- _

Are replicate control samples within 0.2 ml? ~es

Is accuracy of control sample analysis ~4%? yes
All data recorded? ... es Reviewed by --"'WW-l('OL,..I"l')"'-- __

1

* Most significant items/parameters to be checked.

Figure 5.4. Posttest operations.
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1. Mark the new volume level of the sample.

2. Transfer the sample to a 100-ml volumetric flask.

3. Put water in the sample storage container to the

initial sample mark, and measure the initial sample volume

(Vsoln .)·
~

4. Put water in the sample storage container to the

mark of the transferred sample, and measure the final volume

(Vsoln ).

i

5. Use Equation 5-6 to correct the sample volume

(V ) if the final volume (V ) is >50°% of the initialsoln soln
f

volume.

where

Vsoln ' = Vsoln
Equation 5-6

Vsoln '

Vsoln

Vsolni

= sample volume that will be used for the sample
calculations, ml,

= total volume of solution in which the sample
is contained, ml,

= initial sample volume placed in sample storage
container, ml, and

= final sample volume removed from sample storage
container, mI.

6. Report both the corrected and the uncorrected values

to the Agency, and proceed with the applicable analysis listed

below.

Sulfuric acid mist (including S03) analysis Proceed

with the analysis as follows:

1. Shake the container holding the isopropanol solution

and the filter. If the filter breaks up, allow the fragments

to settle for a few minutes before removing a sample.

2. Pipette a lOO-ml aliquot of this solution into a

250-ml Erlenmeyer flask.
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3. Add two to four drops of thorin indicator, and

titrate to a pink endpoint using O.OlOON Ba(CI04 )2'

4. Repeat the titration with a second aliquot from the

same sample. Replicate titrant volumes should be within 1% or

0.2 ml, whichever is greater. If the titrant volumes do not

meet this criterion, repeat analyses on new aliquots until two

consecutive titrations agree within 1% or 0.2 ml, whichever is

greater.

5. Record all data on Figure 5.2. The consistent

titrant volumes should be averaged and used as Vt in subse

quent calculations. All analytical data must then be reviewed

by an individual familiar with procedures. The review of the

data will also be noted on Figure 5.2. Note: Protect the

O.OlOON Ba(CI04 )2 solution from evaporation at all times.

S,ulfur dioxide analysis - Proceed with the S02 analysis

as follows:

1. Thoroughly mix the solution in the container holding

the contents of the second and third impingers.

2. Pipette a 10-ml aliquot of the sample into a 250-ml

Erlenmeyer flask.

3. Add 40 ml of isopropanol and two to four drops of

thorin indicator.

4. Titrate to a pink endpoint using O.OlOON Ba(Cl04 )2'

Note: Protect the O.OlOON Ba(Cl04 )2 solution from evaporation

at all times. Repeat titration with a second aliquot from the

same sample. Replicate titrant volumes should be within 1% or

0.2 ml, whichever is greater. If the titrant volumes do not

meet this criterion, repeat analyses on new aliquots until two

consecutive titrations are within 1% or 0.2 ml, whichever is

greater.

5. Record all data on the Method 8, Figure 5.2. The

consistent titrant volumes should be averaged and used as Vt
in subsequent calculations. All analytical data must then be

reviewed by an individual familiar with procedures. The

review of the data should also be noted on Figure 5.2.
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Blanks - Prepare blanks by adding two to four drops of

thorin indicator to 100 ml of 80% isopropanol. Titrate the

blanks in the same manner as the samples. Record on

Figure 5.2 in the space provided.

To aid the analyst or reviewer in a method of checking

the analytical steps or procedures, the posttest operations form

Figure 5.4 is given.
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ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS

Apparatus

Sampling
Apparatus

Dry gas meter

Meter thermome
ter

Acceptance limits

Within ~5% of pretest
calibration factor

Within +6°C (lO.BOF) at
ambient temperature

Frequency and method
of measurement

Make three runs at
one intermediate ori
fice setting and at
highest vacuum of
test (Sec. 3.7.2)

Compare with mercury
in-glass thermometer
after each test

Action if
requirements
are not met

Recalibrate
and use cali
bration factor
that gives
lower sample
volume

Recalibrate
and use higher
temperature
for calcula
tions

--------+--------------+--------------+---------
Barometer

Analysis

Within +5.0 mm (0.2 in.) Compare with mercury
Hg at ambient pressure in-glass barometer

after each test

Recalibrate
and use lower
barometric
values for
calculations

Reagents

Control sample

Sample analysis

Prepare according to
Sec. 3.7.5

Titrants differ by <0.2
ml; analytical results
within ±5% of stated
value

Titrants differ by <1%
or 0.2 ml, whichever is
greater

Prepare and/or stand
ardize within 24 h of
analysis

Before and after
analysis of field
samples

Titrate until two or
more aliquots agree
within 1% or 0.2 ml,
whichever is greater;
review all analytical
data

Prepare new
solutions and/
or restan
dardize

Prepare new
solutions and/
or restan
dardize

Void sample
if any two
consecutive
titrations
do not meet
criterion
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6.0 CALCULATIONS

Calculation errors due to procedural or mathematical

mistakes can be a large component of total system error.

Therefore, it is recommended that each set of calculations be

repeated or spot-checked, preferably by a team member other

than the one who performed the original calculations. I f a

difference greater than typical round-off error is detected,

the calculations should be checked step by step until the

source of error is found and corrected. A computer program is

advantageous in reducing calculation errors. Use a computer

program that prints the input data back out so that it can be

checked. If a standardized computer program is used, the

original data entry should be checked; if differences are

observed, a new computer run should be made. Table 6.1 at the

end of this section summarizes the quality assurance

activities for calculations.

Calculations should be carried out retaining at least one

decimal figure beyond that of the acquired data and should be

rounded after final calculation to two significant digits for

each run or sample. All rounding of numbers should be in

accordance with the ASTM 380-76 procedures. Record all

calculations on Figures 6.IA or B and on Figures 6.2A or B, or

on similar forms, following the nomenclature list.

6.1 Nomenclature

The nomenclature is used in the calculations that follow

this alphabetical list.

An = Cross-sectional area of nozzle, m2 (ft2 ).

Bws = Water vapor in the gas stream, proportion by
volume.

C = Sulfuric acid (including S03) concentration,
H2S04 gjdscm (lbjdscf).
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Sulfur dioxide concentration, gldscm (lb/dscf).

I = Percent of isokinetic sampling, %.

N = Normality of Ba(CI04 )2 titrant, g-eqj~.

= Barometric pressure at the sampling site, rom
(in.) Hg.

Ps = Absolute stack gas pressure, rom (in.) Hg.

= Standard absolute pressure, 760 rom (29.92 in.)
Hg.

= AveEage absolute dry gas meter temperature,
K ( R).

T
S

= AveEage absolute stack gas temperature,
K ( R).

= Standard absolute temperature, 293K (528oR).

Volume of sample aliquot titrated, 100 ml for
H2S04 and 10 ml for S02'

= Total volume of liquid collected in impingers
and silica gel, mI.

= Volume of gas sample measured by dry gas meter,
dcm (dcf).

Vm(std) = Volume of gas sample measured by the dry gas
meter and corrected to standard conditions, dscm
(dscf).

Vs = Average stack gas velocity calculated by Method
2, using data from Method 8, mls (ft/s).

Vsoln = Total volume of solution in which the H2S04 or
S02 sample is contained, 250 ml or 1000 ml,
respectively.

= Volume of Ba(CI0
4

)2 titrant used for the sample,
mI.

= Volume of barium perchlorate titrant used for
the blank, mI.

Y = Dry gas meter calibration factor.
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LiH = Average pressure drop across orifice meter, nun
(in. ) H2O.

e = Total sampling time, min.

13.6 = Specific gravity of mercury.

60 = s/min.

100 = Conversion to percent.

Equation 6-1
Vm(std)

6.2 Calculations

The following are the formulas used to calculate the

concentrations of sulfuric acid mist (including S03 and S02)

along with the calculation forms (Figures 6.1A, 6.lB, 6.2A,

and 6.2B) used to record the data.

6.2.1 Dry Sample Gas Volume, Corrected to Standard Conditions -

Correct the sample volume measured by the dry gas meter to

standard conditions 20°C and 760 nun (68°F and 29.92 in. Hg) by

using Equation 6-1. The average dry gas meter temperature and

average orifice pressure drop are obtained by averaging the

field data (see Figure 4.1).

= VY(Tstc!\ Ipbar + l:~6
m Tm) t Pstd

where

Kl = 0.3858 K/nun Hg for metric units, or

= l7.64°R/in. Hg for English units.

Note: If the leakage rate observed during any mandatory leak

check exceeds the specified acceptable rate, the tester should

either correct the value of V in Equation 6-1 (as describedm
in Reference Method 5) or invalidate the test run.
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Sample Volume

Vm = i5.Q za ft
3

, Tm = S~~.~ oR, Pbar = :J.((.!~ in. Hg

y = / •0 L f, ~H = I. ''-. in. H20

Equation 6-1

[

p b + (~H!13 • 6 ) ] 3
V = 17.64 Vm Y ar T

m
= 11..F 2, ftmstd

Sulfuric Acid Mist (Including S03) Concentrations

N = .~ 1. ~ D g-eg! R" Vt = L 1..... g 5 ml, Vtb =~. 0 ~ ml

vsoln = ~~O • .Q ml, va = I gQ...p' ml, V = ~'I.~~ ft
3

mstd

Equation 6-2

N(Vt - Vtb ) ( v so1n
Va 4

---=V------'--- = ·P.L 1.2 x 10- lb!dscf
mstd

Figure 6.lA. Sulfuric acid mist (including S03) calculation
form (English units).
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Sample Volume

Vm = L·~1.. <e m3 , Tm = J 01·1 K, Pbar = j , !....~rom Hg

y = /.g 1. j" liH = !I t· Q rom. H20

Equation 6-1

V = 0 3858 V yr~bar + (liH/13.6)] 3
mstd · m l Tm = L·J27Q m

Sulfuric Acid Mist (Including 803) Concentrations

N = • 0 1 QlL g-egl J/" Vt = 1. ,,-.~d' ml, Vtb = t2.!d 2, ml

Vsoln = g i Q.. ml , Va = .1 g ~. Q ml, V = L.1l7 ~ m
3

mstd

Equation 6-2

[ V]N(V - Vtb ) ( soln

= O. 0490 4 __t_---".,V~_--V-=a::--..--) = •~ .J .2~ 7. 9I dscm
mstd

Figure 6.lB. Sulfuric acid mist (including S03)
calculation form (metric units).



Section No. 3.7.6
Revision No. 0
Date May 1, 1979
Page 6 of 10

Sample Volume

Vm = 4~. () 10 ft 3 , Tm = .£'t~. , oR, Pbar = .3.,,-..11, in. Hg

y = I.'p!' ~..' ~H = L..l~ in. H20

~
Pbar + (~H/13. 6 >]_

= 17.64 Vm Y T -
m

Equation 6-1

Sulfuric Acid Mist (Including s03>' Concentrations

N = .1).1 'pgg-eg/R., Vt = LI_.~i:ml, Vtb = D.g.z.ml

Vsoln = ..!. P "tL'!l ml , Va = .1 (). 0 ml,

Equation 6- 2

Cso = 7.061 x 10-5

2
x 10-4 lb/dscf

Figure 6.2A. Sulfur dioxide calculation form (English units).
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Sample Volume

Vm = l. ~ 1 '- m3
, Tm = ~ ~ L·..!K, Pbar = 7 ~ ,-.iJmm Hg

y = /. 0 lit-, ~H = ~l-.~ mm H20

Equation 6-1

502 Concentration

N = .g L 00 g-eg/R-, Vt = .1,-. 31 ml, v tb = f!.. •.fJ~ ml

V 1 = I 0 0 o· ml, Va = L0_. 0 ml,so n - - - -

Equation 6-2

= 3.203 x 10-2
[

N(Vt - Vtb) ( v soln J
___=v,......- v~a~_) = O.~ Z ~ g/dscm

Instd

Figure 6.2B. Sulfur dioxide calculation form (metric units).



section No. 3.7.6
Revision No. 0
Date May 1, 1979
Page 8 of 10

6.2.2 Volume of Water Vapor and Moisture Content - Calculate

the volume of water vapor and moisture content of the stack

gas as described in Sections 6.4 and 6.5 of Method 5,

respectively.

6.2.3 Sulfuric Acid Mist (Including S03) Concentration

Equation 6-2

where

K2 = 0.04904 g/meq for metric units, or

-4 ..= 1.081 x 10 Ib/meq for Eng11sh un1ts.

6.2.4 Sulfur Dioxide Concentration -

Equation 6-3

where

K3 = 0.03203 g/meq for metric units, or

7.061 x -5 . units.= 10 Ib/meq for Engllsh

6.2.5 Isokinetic Variation (I) in Raw Data -

(

+ ~: ~bar + l~~~}xTs {K4VlC 100

I = Equation 6-4
60 e VsPsAn

where

K4 = 0.003464 rom Hg-m3/ml-K for metric units, or

= 0.002676 in. Hg-ft3/ml- oR for English units.
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6.2.6 Isokinetic Variation (I) in Intermediate Values 

_[Ts Vm(std)Pstd] 100

I - Tstd 60 e VsPsAn [1-Bws]

where

K5 = 4.320 for metric units, or

= 0.09450 for English units.

6.3 Acceptable Results

If 90% ~ I ~ 110%, the results are acceptable. If the

results are low in comparison with the standards and if the I

is beyond the acceptable range, the administrator may opt to

accept the results. Otherwise, the results may be rejected

and the test repeated. It is suggested that, for Method 8

tests, the data not be rejected only because of noncompliance

with isokinetic requirements.
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Table 6.1. ACTIVITY MATRIX FOR CALCULATION CHECKS

Characteristics

Analysis data
form

Calculations

Isokinetic
variations

Acceptance limits

All data and calcula
tions given

Difference between
check and original cal
culations not to exceed
round-off error; retain
at least one decimal
figure beyond that of
acquired data

90% ~ I ~ 110%

Frequency and method
of measurement

Visually check

Repeat all calcula
tions, starting with
raw data for hand cal
culations; check all
raw data input to com
puter calculations;
hand calculate one
sample/test

For each traverse
point, calculate I

Action if
requirements
are not met

Complete
missing
data values

Indicate
errors on
analysis data
form, Fig.
6.3

Repeat test
and adjust
flow rates
to maintain
I within 10%
variation
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7.0 MAINTENANCE

The normal use of emission testing equipment subjects it

to corrosive gases, extremes in temperature, vibrations, and

shocks. Keeping the equipment in good operating order over an

extended period of time requires a knowledge of the equipment

and a program of routine maintenance which is performed

quarterly or after 28.4 m3 (1000 ft3 ) of operation, whichever

is greater. In addition to the quarterly maintenance, a

yearly cleaning of the entire meter box is recommended.

Maintenance procedures for the various components are

summarized in Table 7.1 at the end of this subsection.

The following procedures are not required, but are

recommended to increase the reliability of the equipment.

7.1 Pumps

In the present commercial sample train, several types of

pumps are used. The two most common are the fiber vane pump

wi th in-line oiler and the diaphragm pump. The fiber vane

pump requires a periodic check of the oiler jar; its contents

should be translucent at the time of filling and at each

periodic check, and it is recommended that the oil be changed

if it is not translucent. Use the oil specified by the

manufacturer; if none is specified, use SAE 10, nondetergent

oil. Whenever the fiber vane pump starts to run erratically

or during the yearly disassembly, the head should be removed,

and the fiber vanes should be changed. Erratic operation of

the diaphragm pump is normally due either to a bad diaphragm,

which will cause leakage, or to malfunction of the valves,

which should be cleaned annually by complete disassembly of

the train.

7.2 Dry Gas Meters

The dry gas meter should be checked for excess oil or

corrosion of the components by removing the top plate every
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3 mo. The meter should be disassembled, and all components

should be cleaned and checked when the rotation of the dials

is erratic, when the meter will not calibrate properly over

the required flow rate range, and during yearly maintenance.

7.3 Sample Train

All remaining sample train components should be checked

visually every 3 mo and disassembled completely and cleaned or

replaced yearly. Many of the items such as quick disconnects

should be replaced when damaged rather than checked periodi

cally. Normally, the best procedure for maintenance in the

field is to use another entire unit such as a meter box,

sample box, or umbilical cord (the hose that connects the

sample box and the meter box) rather than to replace

individual components.

7.4 Inclined Manometer

The fluid in the inclined thermometer should be changed

whenever there is discoloration or visible matter in the fluid

and during the yearly disassembly. No other routine main

tenance is required since the inclined manometers will be leak

checked during both the leak check of the pitot tube and the

leak check of the entire control console.
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ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS

Apparatus

Routine main
tenance

Fiber vane pump

Diaphragm pump

Dry gas meter

Inclined mano
meter

Sample train

Nozzle

Acceptance limits

No erratic behavior

In-line oiler free of
leaks

Leak-free valves func
tioning properly

No excess oil, corro
sion, or erratic rota
tion of the dial

No discoloration or
visible matter in the
fluid

No damage

No dents, corrosion, or
other damage

Frequency and method
of measurement

Routine maintenance
quarterly. Disas
semble and clean
yearly

Periodic check of
oiler jar; remove
head and change fiber
vanes

Clean valves during
yearly disassembly

Check every 3 mo for
excess oil or corro
sion by removing top
plate. Check valves
and diaphragm when
meter dial runs er
ratically or when me
ter will not cali
brate

Check periodically
during yearly disas
sembly

Visually check every
3 mo and completely
disassemble and clean
or replace yearly

Visually check before
and after each test
run

Action if
requirements
are not met

Replace parts
as needed

Replace as
needed

Replace when
leaking or
malfunctioning

Replace parts
as needed, or
replace meter

Replace parts
as needed

If failure
noted, use
another entire
control con
sole, sample
box, or
umbilical cord

Use another
nozzle or
clean out,
sharpen, and
recalibrate
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8.0 AUDITING PROCEDURE

An audit is an independent assessment of data quality.

Independence is achieved if the individual(s) performing the

audit and their standards and equipment are different from the

regular field crew and their standards and equipment. Routine

quality assurance checks by a field team are necessary in

generation of good quality data, but they are not part of the

audi ting procedure. Table 8.1 at the end of this, section

summarizes the quality assurance functions for auditing.

Based on the results of a collaborative test2 of Method

8, two specific performance audits are recommended:

1. Audit of the analytical phase of Method 8, and

2. Audit of data processing.

It is suggested that a systems audit be conducted as specified

by the quality assurance coordinator, in addition to these

performance audits. The two performance audits and the

systems audit are described in detail in Subsections 8.1 and

8.2, respectively.

8.1 Performance Audits

Aqueous

pretest audit

to determine the

Phase Using

The

Performance audits are made to quanti tatively evaluate

the quality of data produced by the total measurement system

(sample collection, sample analysis, and data processing). It

is recommended that these audits be performed by the respon

sible control agency once during every enforcement source

test. A source test for enforcement comprises a series of

runs at one source. The performance audit of the analytical

phase is subdivided into two steps: (1) a pretest audit which

is optional and (2) an audit during the actual analysis of the

field samples which is required.

8.1.1 Pretest Audit of Analytical

Ammonium Sulfate (Optional)

described in this subsection can be used
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proficiency of the analyst and the standardization of

solutions in the Method 8 analysis and should be performed at

the discretion of the agency aUditor. The analytical phase of

Method 8 can be audited with the use of aqueous ammonium

sulfate samples provided to the testing laboratory before the

enforcement source test. Aqueous ammonium sulfate samples may

be prepared ,by the procedure described in Section 3. 7 . 5 on

control sample preparation.

The pretest audit provides the opportunity for the

testing laboratory to check the accuracy of its analytical

procedure. This audit is especially recommended for a

laboratory with little or no experience with the Method 8

analysis procedure described in this Handbook.

The testing laboratory should provide the agency/organi

zation requesting the performance test with a notification of

the intent to test 30 days prior to the enforcement source

test. The testing laboratory should request that the

agency/organization provide the following performance pretest

audi t samples: two samples at a low concentration (500 to

1000 mg S02/dscm of gas sampled or approximately 10 to 20 mg of

ammonium sulfate/sample) and two samples at a high

concentration (1500 to 2500 mg S02/dscm of gas sampled or

about 30 to 50 mg of ammonium sulfate/sample). At least 10

days prior to the time of the enforcement source test, the

agency/organization should provide the four audit samples.

The concentration of the two low and the two high audit samples

should not be identical.

The testing laboratory will analyze one sample at the low

concentration and one at the high concentration, and submit

their results to the agency/organization prior to the

enforcement source test. (Note: The analyst performing this

optional audit must be the same analyst audited during the

field sample analysis described in Subsection 8.1.2 below).

The agency/organization determines the percent accuracy,

%A, between the measured S02 concentration and the auditor

known values of concentration. The %A is a measure of the
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bias of the analytical phase of Method 8. Calculate %A using

Equation 8-1.

Cso (M) = concentration measured by the lab analyst
2 mg/ml, and

(A)

where

%A=
Cso (M) - C

SO
_--'-2_=- 7'-2-- x 100

C
SO

(A)
2

Equation 8-1

Cso (A) = audit or known concentration of the audit
2 sample, mg/ml.

4.1

6.4

90th percentile for %A,
%

5/78

10/78

Audit date

The recommended control limit for the pretest audit is the

90th percentile value for %A based on the results of three

audits (11/77, 5/78, and 10/78) performed by the Environmental

Monitoring and Support Laboratory, USEPA, Research Triangle Park,

North carolina. 6 ,7 By definition, 90% of the laboratory partici

pants in the audit obtained values of %A less than the values

tabulated below. The control limit is expected to be exceeded by

10% of the laboratories to be audited, based on these three

audits. The 90th percentile values and the known audit concen

trations are given below for each concentration range, 500 to

1000 mg S02/dscm and 1500 to 2500 mg S02/dscm.

500 to 1000 mg S02/dscm

Known audit
concentration,

mg S02/dscm

686

572

90th percentile for %A,
%Audit date

11/77

11/77

5/78

5/78

10/78

10/78

1500 to 2500 mg S02/dscm

Known audit
concentration,

mg S02/dscm

1411

2593

2479

1907

2555

1754

6.6

4.0

4.5

4.5

4.9

5.2
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Based on the results of these audits, the recommended 90th per

centile control limit for pretest audits is 7% for both con

centration ranges.

If the results of the pretest audit exceed 7% the agency/

organization should provide the correct results to the testing

laboratory. After taking any necessary corrective action, the

testing laboratory should then analyze the two remaining samples

and report the results immediately to the agency/organization

before the enforcement source test analysis.

8.1.2 Audit of Analytical Phase Using Aqueous Ammonium

Sulfate (Required) The agency should provide two

audit samples to be analyzed along with the field samples from

the enforcement source test. The purpose of this audit is to

assess the data quality at the time of the analysis. The

percent accuracy of the audit samples is determined using

Equation 8-1. The results of the calculated %A should be

included in the enforcement source test report as an

assessment of accuracy of the analytical phase of Method 8

during the actual enforcement source test.

8.1.3 Audi t of Data Processing - Calculation errors are

prevalent in Method 8. Data-processing errors can be deter

mined by auditing the data recorded on the field and

laboratory forms. The original and audit (check) calculation

should agree wi thin roundoff; if not, all of the remaining

data should be checked. The data processing may also be

audited by providing the testing laboratory with specific data

sets (exactly as would occur in the field) and by requesting

that the data calculation be completed and that the results be

returned to the agency/organization. This audit is useful in

checking both computer programs and manual methods of data

processing.

8.2 Systems Audit

A systems audit is an on-site qualitative inspection and

review of the total measurement system (sample collection,
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sample analysis, data processing, etc.). Initially, a systems

audit is recommended for each enforcement source test, defined

here as a series of three runs at one source. After the test

team gains experience with the method, the frequency of audit

may be reduced--once for every four tests.

The auditor should have extensive background experience

in source sampling, specifically with the measurement system

being audited. The functions of the auditor are summarized in

the following:

1. Inform the testing team of the results of pretest

audits, specifying any area(s) that need special attention or

improvement.

2. Observe procedures and techniques of the field team

during sample collection.

3. Check/verify records of apparatus calibration checks

and quality control used in the laboratory analysis of control

samples from previous source tests, where applicable.

4. Record the results of the audit and forward them

with comments to the team management so that appropriate

corrective action may be initiated.

While on site, the auditor observes the source test team's

overall performance including the following specific

operations:

1. setting up and leak testing the

2 . Preparing and adding the absorbing

impingers.

3. Checking for isokinetic sampling.

4. Purging the sampling train.

Figure 8.1 is a suggested checklist for the auditor.
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Presampling Preparation

Yes No Comment

1. Knowledge of process conditions

2. Calibration of pertinent equipment, in particular,
the dry gas meter, prior to each
field test

On-site Measurements

v 3. Leak-testing of sampling train after sample run

4. Preparation and addition of absorbing solutions
to impingers

oJ< 5. Isokinetic sampling

6. Purging of the sampling train and rinsing of the
impingers and connecting tubes to recover the
sample

7. Recording of pertinent process condition during
sample collection

8. Maintaining the probe at a given temperature

9.

oK 10.

Ot( 11.

12.

oK 13.

oK 14.

bK 15.

Postsampling

Control sample analysis - accuracy and precision

Sample aliquotting techniques

Titration technique, particularly endpoint
precision

Use of detection blanks in correcting field
sample results

Calculation procedure/check

Calibration checks

Standard barium perchlorate solution

Method 8 checklist to be used by auditors.

wc:u
General Comments

of P!'.0be~~~~c:.,Q !oA(.(n 3 bed
Q.,.{.l~""" bC.- Cc.,.,~Ilc..u.cL ~

Jtt '6 CUA<ttt .s~ {J1E$ ~ Q..Cu.p/4~-# 6u.~t
Figure 8.1
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Table 8.1. ACTIVITY MATRIX FOR AUDITING PROCEDURE

Audit

Analytical phase
of Method 8
using aqueous
ammonium sul
fate

Acceptance limits

The measured value of
the pretest audit sam
ple should be less than
the 90th percentile
value, 7%

Frequency and method
of measurement

Once during every en
forcement source test,
measure reference sam
ples and compare with
their true values

Action if
requirements
are not met

Review oper
ating techni
que

---------+-------------+-----------------+-------
Data-processing

errors

Systems audit-
observance of
technique

The original and check
calculations should
agree within round-off
error

Operation technique de
scribed in this section
of the Handbook

Once during every en
forcement source test,
perform independent
calculations, start
ing with recorded
data

Once during every en
forcement test until
experience gained;
then every fourth
test. Observation of
technique, assisted
by audit checklist,
Fig. 8.1

Check and
correct all
data for the
source test

Explain to
team its
deviations
from recom
mended tech
niques, and
note on
Fig. 8.1
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY

To achieve data of desired quality, two considerations

are necessary: (1) the measurement process must be in a state

of statistical control at the time of the measurement, and (2)

the systematic errors, when combined with the random variation

(errors of measurment), must result in a small uncertainty.

To ensure good quality data, it is necessary to perform

quality control checks and independent audits of the measure

ment process; to document these checks and audits by recording

the results on quality control charts, as appropriate; and to

use materials, instruments, and measurement procedures that

can be traced to an appropriate standard of reference.

Data must be routinely obtained by repeat measurements of

control standard samples and working standards. The working

calibration standards should be traceable to standards that

are considered to be primary. Two primary standards

recommended for establishing traceability are:

1. Dry gas meter should be calibrated against a wet

test meter that has been verified by an independent liquid

displacement meter, as described in Section 2.1.1.

2. Barium perchlorate should be standardized against

sulfuric acid that has already been standardized with primary

grade potassium acid phthalate. Then standardized barium

perchlorate should be validated with an aqueous ammonium

sulfate to make the titrant solution traceable to two primary

standard grade reagents.
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METHOD S-DETF.IUU~ATI0N 01 SOLIVale Aao MUl
ASl.> SULrua DIOXIDE Elf~ION8 FRON Sr_T10~ ,aY
Souuc&:.j •

I. l'r1nriplt and AppllCabil~~

II I'nnclp!p .~ gas sam pl. i. utr..tNl I"'klnetically
from the ~l&oCk. "he 5uHunc add mist (iuchllhog suUur
trtlJltidd end the ~u1tur dlol.lde are Sf'parated. and both
(r::w:t1olts are It1t'a.mrctl 5Cp&lOlel)' by tbe banUDl-thonn
utratlull method.

t.2 Appllc.bIlJly. Th.. mpthod I. applicable for the
dl'lormmatlOu or liuUuric leu! mist (Includlna sulfur
triolld~. and in th~ abS<"llce of ather particulate matter)
and sulfur dlodd6 eml3o.\IollS (rom stationary sources.
Collaborative te~ls have shown that the milUmum
delectable IImlLs ot tht! ffit'lhod are 0 0,'; ffillliltrams/cubic
nle'.r (0 OJ> 10-' poumls!cub,c foot) for sulfur trlOlll1e
and I 2 nilil/III' (074 10-1 Ih/lt1) for w.Uur dlolide. No
ut.per ltnut5 have been eqalth"hcd, lJased 011 theoretical
cwculahons for 2'JO milhhtN$ o( 3 percent hydrocen
pt'rollde $OlutiflO. the upper e<>ncentratlon limn, (or
sul(tu diOILd~ III a 1 U mJ (3.'>.:1 ttl) gu sample 15 about

~~l~d~K~~Jh~r~~~~·t~;!~~~nli~; ~f::U~ild~t~iu~l::
in th~ llnplII~ees.

POSSible intrr(crlill acent! 01 thi! method are ftuorides,
tree ammoma, and wmethyl aniline. Il any or theSi
tnterrenog ~eht.3 are preSt'nt (this can be detemuncd by
kllowle1lge 01 the pr~('s.:s), atlemahve mf'thoos, :rubJP("t
to the BVlJfOVal of the Admhustralor. are reqUIred.

FtltH6uli! ;.urticulate math:r nl:\Y lit' Itptr'rmlll('d al,lIig
with SOl AIll.! so. isubJt"t,t to th~ appruvaJ of tht" ,\d
D'Jni~tr.ltor),howevt"f, the prOCt"t.1urc ukd for panll'uhLte
matl('r must b~ l'vosl",tent with the spcdfica.:Joru and
proct'dures gl yen In bid hod 5

2 .Ippa,at...

u,;J t:~~f~~~tl(~t:c~::;.a;tfn11~~f~ ~ftUI~Is!~r:t~
~If~~:n~f:~':i~~In~~:'h~~d~'~~~:~I~r~a~I~~~t;~~t~~~~'<f~
l'ommt'rdal DU,J\l..ts of thb tralll are BVl\lla.ble. For tho~
who d~::.lre to budd their OlVlI. how~.,.('r, l"ompl..'te con
strut,tlon d"laBs l!U'e thst.'fiht't.l II' .'PTDJ).·~1 Chllnges
trom the Al'TU~L-~l dlK.'unll..'ht olilJ (L1I.Jw~L'll' modl*
llcatJolls to Fhcure 8-1 are dlscus.::....,t! In the foltl.lwln,g
subSt.'Cttons.

Thll o~ratillg and maintt"IIt\IlCe procrdmes fOf the
saml,lIllg tr:.lln ar~ dt'SCll~ In .-\. PTI)..o.')j6. Slnce correct
Ibott:0 l:i (mllurtant In oUllunJl11t \'ahd rl'sul(s, .11 users
::shuuld rl'J,l1 th" Al"rU.ffi1d lIOl·mt:.,'ut and adupt the
olX'ratinM and m:llnt.'uallc(" prlK,I'\fufl's outUn~l1 III It,
UllltoSS oth~twb~ spo"lficd herl'ln, Further detaib and
Kuitlt'lInl"1 Oil Opt'mUon and nlll.lllh'l\anCr are Jdven In
~II'lhod 5 "nd should 1Ju read ~l1d followed wh~n~vt>r

they arlt applicahle.
.l.1 1 rrol~ Nonie. Same as MethOl.l S. SN:t10l\ 2.1.1.
2 I 1. I'roho Unl'r. Uoro.:JlIcdolll or qlhU'tl $tl~. wllh a

hl'llllnJ( s)'slfm to prc"cnl vblhh' t.OUdt'Il~Ut>11 dutinl
SIUllpllllj. Do not U~ melal proue liners.

:. 1 J i'IWI. Tulh.- SillD.e u.i "ttl ~\Ot.I .i, ~~Uon 2 I 3.

2.1.4 Dlll.r.nllal P .....ure GAUp. Aame ... Mpthod ~.
S""tloo 2 1.4.

2 I 5 Filter Bolder. Bornelllcat~ ,Iaae, with a ,1_
lrlt IUter support and a silicone rubber ,asket. Otb.,
psk.!l matpriBls, e B.• Teflon or \'llan. may bt'~.ub~
leet to the approval of the Admlnl......tor. Th. hold.,
deslgn .hall provide a poeill.. _I ecaln.st lea"",e from
the oUl.slde or arolmd the Illttor. The IlIter holder ahan
be pl...d betw..n tho lint and .....nd Implllllen. Note·

D;.r.~t ~:~~e~~~::d:;;ah."..,. In Flinn- 8-1. The
dnt and third shall be ot tbe OreenhWll·Bmith d",i,n
wll h etandard tips. Thp IIt«>nd and fourth ahall be of

:::'~r:i~~~~~~~~I~~;'Tt~:r.rl':n~r.~fo:~:~~\~
Cl..... tube, huln, an uncolllllrlclrd t1plocAled 13 mm
(0 Sin) from lhe bottom of the n..k. Similar c,,1I..Uoo
Iystema, which bv. been approvtd b,. Ibe Adminis
trator, ma,. b.....d.

2 1.7 M.lerl~ 8ystem. Bam... Method 8, Be.-t1on
2.1.8.

2.1.8 Barometer. 8ame .. M.thod ~ 8<;:lIon 2.1.9.
2.1 9 0 .. D.",lly Determination J<qulpment. 8""",

.. Method 5, Secllon 2.I.l0.
2.I.l0 Tempenture Oa\lle. Thermometer or "lulva

Ien~1 to m....'II1nI tbe temperature or tbe ... I..vlnl tbe
ImPllller train to within l' C (2" F).

2.2 Sampte RecoVer]'.

PROBE

TEMPERATURE SENSOR

~~'R."
PlTOT TUBE
TEMPERATURE SENSOR

I

PilOT MANOMETER

FILTER HOLDER

ICE BATH IMPINGERS

THERMOMETER

VACUUM
LINE

·_-r1I..-~""'VACUUM

GAUGE

MAIN VALVE

DRY TEST METER

Figure 8-1. Sulfuric acid mist sampling train.

*40 CFR 60, July 1978
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1.2.1 Wub BotU... Polynbyl.... or llaM, 100 mi.
(two).

1.1.2 O....su~1M .cyUnd.n. 260 mI, 1 Uler. (Volu'_tz1. ll.ub may a1Io be uae4.)
2.2.1 8Lo...,. Bottl... LoU·fr.. poly.tbylene bottlee,

1000 miNe (two tor Meb ....pIJl\I run).

2.2 4 Trtp Balan'" 5OO«ram capaclly, ttl m•.."r. to
'*'O.~ I (n~y only Ua moisture conteut anal,. \a
ttl be done).

2.3 AnalY\llo
2.3.1 P,pett.... Volumetric~ mi. 100 mi.
2.3.2 Burret~. jllJ ml.
2.3.3 Erlenmeyer Flask. 2i5() mi. (one for MCb ample

bienk and st.&ndArd).
2.3.4 O....suated Cyllnder. 100 mi.
2 3.~ TrIp BaIanOl'. 600 I capacity, ttl measure ttl

'*'g.a· DJ1lppll\l Bott.le. To add IndJcaLor aolutlon.
l~mI Ille.

I. R'G9tnl.

'\ Unl'M oth.rwl.. lndlcalNi 11I1 reOll.nl~ are ttl conform
10 tb. 1Jl"ClncaUons Mt.&bllsh.d by the Commltt.. Oil
AnaJytlca! R'a«.nl.o of tbe American Cb.mlcal 8oclely,
wbere Nch IpeclncaUons are a..allable. Olberwile. U8ll
Ibe best available .....s•.

1.1 Bamplln•.
l.l.I Fillers Rame as Method 6, Beetlon 3.\.1.
U.2 Sillca Oel. Bame as M.lhod 6, Bec1.lon 3.1.2.
3.1.3 Water. D.lonlted, dlsUlled Lo conlorm to ASTM

IpecltlcaUon DIIlIa-14, Type I. At the optlon of Ih.
analyst. lb. KMnO. Wt lor olldl&&ble organI. matt.r
may be omllted when blgb conoontraUons 01 or...llle
matter are not expeclod 10 be pr....nl.

1.1.4 IlOprnpanol. 80 Poroont. Mil< lIOO ml of 110_
puol wltb :lOO ml 01 d.lonl..,d. dlltlilood .ater.

Non.-r.sperl.n.. ballbown tbat only A.C.B.l"&de
IlOpropanol II Mtlararttlry. Tem b"'e Ihown tbat
laopropaoo! ob\atoed from commerclaJ aoorees _
caslooaJJy haa perolldl imparities tbat will _ er.
roneously high JUlfur1. acid mIst mouurement. U..
tile foUowll\ll test for d......tllII perosldea In _b lot 01
IIOpropanol: Sbako 10 mI oHbe laopropanol wltb 10 mI
of lresbly prepared 10 percent pow,lum 10.JldellOlotion.
Prepare a blank by Ilmllarly lratlnl 10 mI of dJlltWed
water. Alter I minute, read th. absorbance on a .pectro.
pbolometer at M2 nanometen. 11 tho ab!lOrbance ueoo<b
0.1. the 11IOpropano! Iball not be UIOd. Perosldes may be
remo.ed from IllOpropanol by redlltll1llll. or by~e
tbcough a column of actlvatfd &lumIna. Bowenr, ro
Ollent-crade Isopropanol with suitably low pernslde Inels
\a readily ...allable from commertlal lOuroea; thorolo.....
njecUon of oontam1nated loti may be mol'll elllclent
than 10Uowllll tbe pr1Olldo remo..1II procedW? mI

3.1 & Hydrogon Perosldo I PW'Ol'nt. DUute 100
:::lr.:r..nt hydJ'Olon ""rollde 10 J Utar wllb delonlud.

od water. P ....pare fresh daUy.
I.U Cl11Ibed Ice.
3.2 8ample Recon.".
a.2.1 Waw. Bame &13.1.1.
a.2.2 llOpropanol. 80 Poreent. 8&11I0 as U.4.
3.3 AnaJ)'Ils.
3.3 I Water. Bame &13.1.3.

:n !f~rlJ'~~~II~~n(~nOPhenY1UO)-2-napb.
tbol·3 ~\sUltonJc acid, dlsodJum IIIIJt, or equl'VaJeot.
D 1s",,1.. 0 20 lin 100 ml 01 delonl.ed. distilled water

a.a 4 Bartum Perchl.....te (0.0100 NormaJ). D~I...
I.M. of barium perchlorate trthydrato (Ba(Clo.)~aH.o)
III 200 m\ delonlud

l
di.tllled water, and dilute l.o I Uter

with leopropanol: 22. 01 barium thloride dihydrate
(BaC'It·2H,o) may be uaod Instead 01 tho barium per.
chlorat•. 8t.andudl.. with w1Iurtc ..,Id as In Beetlon &.2.
Thls IlOlutlon must be prnt.&o1ed apllllt ....poraUon at
aJJtlmll.

3.3.~ Sulfuric Acid 8tandard (0.0100 N). Purch_ or
slandudl., to ±O 0002 N ..a...ot 0.0100 N NaOH that
has pre"ously been standardhed &lalnst primary
standard potA8lllum acid phthalate.

4. Prot,durt

U.Isa~~~'1'Preparatlon Follow the procedure out.
hned '" M'thod ~, Sewon 4.1.1: fIlt ...s .hould be In
'pett.d, but ntod not be deslccaled, wtllhed. or Idontl.
lI.d. II the .lIIuent ga.s .an be consld.red dry. I.e., mols
Illr,lr.. tho slhca g.lllerd nol be welgh.d.

~.1.2 hehmlDuv n.,errnlDatlOns. Follow the pro
cedure outhnod III ~h'l hod 6. Srellon ~ 1.2.

4.1.3 Preparsllon 01 lollection Tram. Follow the pro.
..dure outhned lD ~1'lhod ~. S.rllnn 4.1 3 (....pt lor
the aetond par~..ph and other ob"ollsly Inapplicabl.
parts) and we F lj!'W'e 8-1 lusl.ad 01 FIgure &-1. R.pl""e
the second pU"Ilr.ph Wllh PI"". 100 ml 011lO percent
Isopropanol In the first ImplDger, 100 ml of 3 perrent
h"drQlen peroslde m both th. second and Ihlrd 1m.
pilllfers: re\atn a ponlon 01 each rearent lor I1Ill aa a
hlank aolullon. Place about:lOO. of IlUea lei In Ibe /OW'tb
IJIloinaer.

PRESSURE
TEMPERATUREDIFFERENTIALVELOCITY ACROSS GAS SAMPLE TEMPERATURE OF GAS

STACK HEAD ORIFICE AT DRY GAS METER LEAVING
SAMPLING VACUUM TEMPERATURI (APsI, METER, GAS SAMPLE CONDENSER DR

TRAVERSE POINT TIME mmHI (T%). mmH20 mmH20 VOLUME, INLET. OUTLET. LAST IMPINGER.
NUMBer. (el. min. (in. HII DC ( F) (ilL H201 (in. H2O) m3 (ft31 0c (OFI DC (Df) 0c (DFI

Avg AvgTOTAL

AVERAGE Avg

STATIC PRESSURE. mm Hill.. HI1
PLANT ,. .., AMBIENTTEMPERATURE _

LOCATION BAROMETRIC PRESSURE -

OPERATOR ASSUMEO MOISTURE. " _

DATE PROBE LENGTH. m (ftl _

RUN NO. NOZZLE IDENTifiCATION ND. _

SAMPLE BOX NO. AVERAGE CALIBRATED NOZZLE DIAMETER. em (in.) _

METER BOX NO. PROBE HEATER SETTING_....... _

METER d H, LEAK RATE. m3/min,(cfm) _

C fACTOR PROBE LINER MATERIAL _

PlTOT TUBE COEFfICIENT Cp SCHEMATIC OF STACK CROSS SECTION FILTER NO.

Figure 8·2. Field dala.
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Equation 8-2

Equation 8-5

Equation 8-3

100T,IK.V1.+ (V.IT_) P..... +tl.HI13.6)]
6OI/V,P.A.

Equation 8-4

1

~~':; ~~=.';~~l)~":,'~~·lnrtr':t~:~6~"'~~'::i
5also applies to tbis m.thod. Note that lithe ellluent po
ItT'eam CIIIl be oonslder.d df'y. thc volum. 01 water vapor
IIIld molstnre ooDtent need not be calculated.

8.5 Sulfuric acid mist (including SO,) concentration.

N(V,-V16 ) (VV~')
Ca,ao,=K, ---;v.....--'---=-=

.(.0.1)

wbere:
K.-O.03203 ,/meq for metrtc nnlts.

-7.08IXIQ-f Ib/meq lor Engllab nnlta.
e.7 Isolrlnetlc Varletlon.
8.7.1 CeleulaUon from raw data.

wber.:
K.-O.()O;WM mm Bl'm'/mJ.OK for m.trlc units.

0.7:2°·~~~0~t::~~~~~g~u~ts.

1... T,V. (.0.1) p.1d 100
T.ldll,1/ A.P. 60 (l-B... )

K T,V.(.Id)
... I p.II.A.I/(l-B•• )

wbere:
K.-•.320 lor metric unitt.

-O.lIHOO lor EDllIsb units.
U Acceptable Resuits. II 90 percent <1 <110 per.

oent. tb. results ere IoC08ptabl•. II tb. reawts are low in
oomperlaon to tb. standards and lis beyond the pt·
able range, th. Admlnlatrator may opt to pt tb.
result." Use Citation. in tb. Blbllograpby 01 Metbod 5
to malre jUdlments. Otberwl,,", reject tb. results and
repeat tb. teat.

7. BlbU",rap/l,

I. Atmoepberlc Emialons from Sulfuric Acid Manu·
fllcturlnl P.-.. U.S. DBEW, PHS. Dimlon 01
Air Pollution. Public Bealtb 8ervloe Pub\lcatlon No.
tlllt-AP-13. Cincinnati, Ohio. IllII5.

2. Corbett. P. F. Tb. Determination 01 SO. end SO,
III Flue Gases. Joumal o/th.lnatltute 01 Fuel. '4-'237-243.
1lllll.

3. MartIn, Robert M. Construction D.t&ilsollsolr1nellc

t=y~a~~c~~::r.t':.:;r.ro~~~n~P~~~:~~
Control Ollloe Publication No. APTD~I. April. 1971.

4. Patton, W. F. and J. A. BrinIr, Jr. N.w Equipment

~~:r~u~~~tl~~md'~~fl~~:n~8~~:
5. Rom. J. J. Malntenanoe,.Celibration. and Operation

at IIolrln.tlc Sou.ro.8ampllnl Equipment. Olll.. 01
Air Pr0gnuD8. Envlronment&i Protecllon Ag.ncy.
a-ch Triangl. Perlr, N.C. APTD~i8. March. 1972.

8. Hamil. H. F. and D. E. ClUIIann. Collaboretlve
Study of M.thod for Determination 01 Sullur DloXld.
EmasioDl from Stationary Souroea (Fossil Fuel·Flred
Steam Oeneraton). Environmental Protection Agency.
ae-rcb Tr1IIIlgI. Parlr. N.C: EPA-65OI"'7~.
Deoember, 11l73.

7. Annual Book 01 ASTM Standards. Part 31; Water.
Atmoepherlc Analyml. pp. 40-42. Am.riean Society
lor Tastlug and Matarle1a. Pbllad.lphia, Pa. 19B.

e.. Volnm. 01 Water Vapor and Molatuno Content.
Celenlate th. volume 01 water vapor u.s1nl Equatton
11-2 of M.tbod 5; th. welgbt 01 water oollec~ In the
implnpra IIIld eIllca gel can be directly oonverted to
mlWlItera (th. apecillc gravity 01 water 11 I cImJ). Cal·

wbere'
K.~O.3858°K/mm Hgfor metric unita.

-17.M °R/'a. Hl/nr Enllish units.
NOTE.-ll the lenlr rate observed durin, any mend.-

:l~~~:~~~t:~~~~;h~~/~Fnta:~~r:::;e~
"I (as described in Section 8.3 01 M.tbod ~), or shell
lnveUdate tb. teat run.

Equation 8-1

K V. Y
p ....r+ (tI.1l/l3.6)

== 1 .. T.

USIng 0.0100 N barium percblorate. Repeat the-titration
with a second aliquot otsample and average tha titration
velu... Repllcata tltratlona mUll ...... within 1 percent

or.o.aa.amlBi:~i~~e;::~::';:kl by adding 2 to • drops
at tborln indicator to 100 ml 01 80 percent Isopropanol.
Titrate th. blanlta In th. sam. lIWlIler as th. aamples.

S. OIIlIbrGtloll
S.l Cellb....te equlpm.nt using th. procodurel apecl·

lied in tbe lollowlng sectlolll of Metbod 5: Section 5.3
(m.terlng system); Section 5.5 (temperature gauges);
Section 5.7 lbarometer). Note tbat tb. recommended
leeIr-ebeclr 0 tb. metering system, described In Section
5.801 M.thod 5. also aPglles to this metbod.

25S~ :~~~:~uri~::~b~':rol>u~non~
peI'C8Ilt1aopropanoi bas been added.

e.~

Note.-Carry ont eelculetiolll retaInlnl et leut one
.stra declmel GIure beyond that 01 tb. acqulred data.
Ronnd otll\gUlel alter lIDel eelculation.

e.l Nom.nclature.
A. - Cross-sect.lonal ana 01 noc.... m' (ft·).
B.-Water vapor In th. las stnam, proportion

bi volume.
CB180.-8ulfuric acid (lncludinlSO,) ooncentratlon.

I/dacm Ob/dacO.
CSO.-8ultUr dlosId. ooncentrat!on, g/dacm (lb/

dsef).
I-Percent of laolrlnetlc ampling.

N-NCII1Jle1lty of barium percb10nlte titrant, I
equivelent.sl\lter.

Pber-Barometrlc p.-ure et the sampllnl alte,
mm HI (In. Hg).

P,-Abeolute Ileclr gas prelllll1n, mm BI (In.
Bg).

PItd- Standard absolute preeeure, 7110 mm BI
(29.92 In. Hg).

T.- Av8llll8 abeoillta dry ,as meter temperature
(_ Figure "2),· K (. R).

T.-Av....... absolute Ileclr g" temperature (_
J'lgure "2), ° K (" R).

TItd-Standerd absolute temperature, :m" K
(528" R).

V.-Volum. 01 sampl. ellquot titrated, 100 mJ
for B180, and 10 mllor SO,.

V.. -Tot&i volume olllquld collected In Implnlera
and sillca gel, mi.

V.-Volum. 01 gas sample as measured by dry
PI m.ter. dcm (dcl).

V.(Itd} - Volum. 01 PI ampl. measured by the dry
cas meter corrected to standard oondltlonl•
dacm (dscO.

..-Av....... Ileclr gas velocity, eelculated by
Method 2, Equation H. oslng data obtained
from Metnod 8. mJsec (ft/sec) .

VlOln-Tot&i volum. of solution In which tb.
lUUurlc acid or lUUur dloside IllIIIlpl. is
oont&ined. 2....0 mI or 1,000 mi. respectlvili.

VI-Volum. 01 barium perchlorate titrant used

V..-~~I~~~~~percblorate titrant nsed
fDr th. b1enlr, ml.

Y-Dry gas meter calibration factor.
.vi-Av..... Jlresaure drop acrou orIllce m.ter.

mm (In.) B,o.
e-Totalampllng time, min.

13.8-8pecl1lclravity of mercury.
eo-secJmln.

100- CODversion to percent.
0.2 A vera«. dry gas mew.r temperature and aT_e

orl1lC"l'resaur. drop. Se. data sheet (Figure 8-2).
e.3 Dry Gas Volume. Correct the sample volume

measur.d by tbe dry cas meter to standard conditions
(20" C and 760 m.m BI orer I' end 29.112 In. B,) by ualng
Equation 8-1.

p .... +(tl.H)
v: -v. y(T.Id) r 13.6
.(.0.1)-. T. p.

1d

SOTII.-II moisture conteDt Is to be determined hy
Implnger analysis. weigh each 01 the lint three .mpinge...
(plus absorbing solution) to the nearest O.~ g and record
these weights. The weight 01 the s.lIca gel (or s.lIca gel
plus contaln.r) must also b. determined to the nearest
0.5 g end recordec .

4.1.. Pretost Lealr·Cheelr Procodure. FoUow the
bulc procedur. outlined in Method 5. Section 4.l.U.
notinl that the probe heater shell be adjustad to th.
minimum temperetur. required to prevent conden...
tion. end also that v.rbq. such 85...... plugging the
Inlet to the IUter holder· ..... shell be replaced by.
..... plugK.ng the mlet to the lint Impinl.r ......
Th. pretestleelr-eheclr i. optional.
U~ Train O~retion. FoUow the b.... procedures

outlined In Method 5, Section 4.1.5. In conjunction with
tb.lollowlng speclellnstruetiona. Data shell be recorded
on a sheet.imller to tb. on.ID 'Ieure H. Th. ampllDc
rete shell not esceed 0.030 m'/lIl1n (1.0 elm) during tb.
run. Perlodlcelly durinl the test. ob_v~ tbe connectlnl
line between the probe end lint Implnler lor sl,n. 01
cond.nsatlon. lIlt d08l occur. adjust the probe heeter
settlne upward to the IIl1nlmum temperature required
to prennt eond.nsatlon. II component chanles become
necessary durinl • run. a lealr-eheclr sbell be don. 1m·
medi.tely befor. each chen,•• eeeordlng to the proced....
outlined In Section 4.1.•.2 01 Metbod 5 (wltb appropriate
modillcatlon.; u mentioned In Section 4.1.. 01 tbIJ
m.thod); record ell lealr retea. II the leat.,. rete(.)
esceed the specilled ret., the tester .hell either void tbe
run or shell plan to correct the semple volum. u out
lined In Seetlon 8.3 01 Method 5. ImmedIately alter com·
pon.nt chenges, leelr-eheclrs ere optlonel. II these
leelr-eheclrs ere don., the proc.dure outlined In Section
4.1.4.1 01 Metbod 5 (witb approprlete modillcatloo.)
shell be used.

After tumlne 011 tbe pump and recording tb. llnel
reedings at the conclusion o/eacb run, remove the probe
lrom th. staclr. Conduct a )lOIt-test (mandatory) lealr·
checlr u in Section •.1.•.3 01 Method 5 (WIth approprIate
modillcation) and record the leelr rete. II the post·test
188lrq. rate escceds tb. specllled acceptabl. rate. th.
tester shell eith.r correct the sampl. volume, as outlined
In Section 8.3 01 Metbod 5. or shell void the run.

Drain the Ic. bath and, witb the probe disconnected.
PI1r1l. the remaining part 01 the train, by drawing clean
ambient air through the system lor 15 minutes at the
averqe 1I0w rate used lor sampling.

NOTII.-Clean ambient elr can be provided by passing
lilt through a charcoallUter. At tb. option of tbe tester,
lUIIbi.nt air (without cleenlnl) may be used.

•.1.8 Calculation of Percent lsolrin.tlc. Follow tb.
procod.... outlin.d In Metbod 5, Section 4.1.8.

• .2 Sample R_very.
••2.1 Cont&iner No.1. lIa moisture content analy.is

II to be don., w.l,b tb. lint impinl8r plua contents to
tb. nearest o.~ I and record this w.lgbt, ~

Trans/.r th. contents o/tb. lint Imping.r to a 2.\Goml
lreduated cylinder. Rinse the probe. lint Implnger. ell
connectlnggluswar. belore th. lUter, and tb. lront halt
of tb. Illter bolder witb 80 percent Isopropanol. Add the
rinse solution to tb. cylinder. Dllut. to 250 ml witb 80
percent isopropanol. Add the Illter to tb. solution. mis,
and transfer to thestorq. container. Proteet the solution
lIIunst evaporation. Marlr the level 01 liquid on het
oonWner and Id.ntify th. sampl. container.

•.2.2 Container No.2. lIa moisture content enalysla
11 to be done. welcb the second end third Implng...
(plua oont.nts) to tb. n_ 0.5 g and record tbese
w.ights. Also. weigh th. spent sillca lei (or SIlica gel
pluaimpin,er) to tb. n_O.5,.

Transler th. solutiona from tb. seoond and third
Impinee.. to a 1()()().1Il1 ereduated cyUnd.r. Rinse ail

=:~~t:I~':~JI~fl~d~~fl~~~::'';U~~~I~~\~:.1.
m:~~tow:t;~i::'~~~~'~n:t~~o=,"X~~
water. Transler th. solution to a storqe cont&iner. Muir
tbelevel 01 liquid on tbe container. 8eal and identify tb.

-:'t·~~~~r.
Note th.l...el 01 liquid In contalne.. 1 end 2, end oon·

firm whether or not any sampl. was lost durlnl ship
ment; note tbl. on the anelytlcal data sheet. lIa notl..
able amount 01 lealrq. has occurred, eltber void tb.
sample or use m.thodl, InbJect to the approval 01 tbe
AdmInistrator. to_ttb. ilnal results. .

•.3.1 Cont&iner No.1. Sbalre tb. container boldin,
tbe Isopropanol solution and th. IUter. If th. Il1tor
brealrs up, aUow th.trqments to settle lor a/.w mlnute&
belore r.movinl a sample. Pipette a l(lO.mJ ellquot 01
!hit solution Into a 2.\GomJ Erltinmeyer ftuIr. add 2 to 4
drops 01 thorln Indicator, and titrate to a pin\[ endpoint
ualng 0.0100 N barium perchlorate. R.peat the titrallon
with a seoond ellquot 01 sample and aTBlIII. th.tltratiOll
velues. RepUaate titralionl mall ...... wltb\n 1 percent
« 0.2 1Il1, wblch.ver 11 .....ter. -

U.2 Cont&iner No.2. TbOl'OUlbly mh tb. dntlon
III th. oont&lDer boldine th. contenta 01 tb. second and
UIIrd impinpn. Pipette a lOoml ellquot o/aampl. Into a
IeOomJ Erlenm.yer lIu1r. Add ml of laopropenol. 2 to
4drope at tborln indicator. and tltreteto a pin!< .ndpolnt



Amendment to Reference Method 8; Correction*

In Method 8 of Appendix A, Sections
1.2,2.32,4.1.4,4.2.1,4.3.2;6.1, and 6.7.1
are amended as follows:

1. In Section 1.2, the phrase "U.s.
EPA," is inserted in the fifth line of
the second paragraph between the
worda "Administrator," and "are,"
Also, delete the third paragraph and
insert the following:

Filterable particulate matter may be de
termined along with SO. and SO. (subject to
the approval of the Administrator) by in
lertlng a heated glass fiber filter between
the probe and isopropanol Implnger (see
Section 2.1 of Method 6). If this option ill
chosen, particulate analysis is gravimetric
only; HsSO. acid mist is not determined sep
arately:

2. In Section 2.3.2, the word "Bur- I

rette" is corrected to read "Burette,"

3. In Section 4.1.4, the stars ". • ."
are corrected to read as periods ". . ,"0

-4. In Section 4.2.1, the word "het" on
the eighth line of the second para·
graph is corrected to read ·~the,"

5. In Section 4.3.2, the number "40"
is inserted in the fourth line between
the words."Add" and "mt,"

6. In Section 6.1, Nomenclature, the
following are corrected to read as
shown with subscripts "C~.04, Ca02,
P_, P ltd, Told. VBIlow, and V_0"

7. In Section 6.7.1, Equation 8-4 Is
corrected to read as follows:

(sees. 111. 114. 30lCa), Clean AIr Act ..
amended (42 U.s.C. 7411. 7414, 7601).)

[FR Doc. 78-7686 Filed 3-22-78; 8:45 am]

Section No. 3.7.10
Revision No. 0
Date May 1, 1979
Page 4 of 4

*Federal Register, Vol. 43, No. 57-March 23, 1978
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12.0 DATA FORMS
Blank data forms are provided on the following pages for

the convenience of the Handbook user. Each blank form has the

customary descriptive title centered at the top of the page.
However, the section-page documentation in the top right-hand
corner of each page of other sections has been replaced with a
number in the lower right-hand corner that will enable the
user to identify and refer to a similar filled-in form in a
text section. For example, Form 008-1.2 indicates that the
form is Figure 1.2 in section 3.7.1 of the Method 8 Handbook.
Future revisions of these forms, if any, can be documented by
1.2A, 1.2B, etc. sixteen of the blank forms listed below are
included in this section. Five are in the Method Highlights
subsection as shown by the MH following the form number.

Form

1.2
2.3A and 2.3B

2.4A and 2.4B

2.5 (MH)

2.6
3.1 (MH)

4.1
4.2
4.3

4.4 (MH)
5.1 (MH)

5.2

5.3
5.4 (MH)

Title

Procurement Log

Meter Box Calibration Data and Calculation
Form (English and metric units)
Posttest Meter Calibration Data Form
(English and metric units)
Pretest Sampling Checks
Nozzle Calibration Form
Pretest Preparations
Method 8 Field Data Form
sample Label
Sample Recovery and Integrity Data
On-Site Measurements
Posttest Sampling Checks

Method 8 Analytical Data Form
Control Sample Analytical Data Form
Posttest Operations



Form

6.1A and 6.lB

6 . 2A and 6. 2B

8.1

section No. 3.7.12
Revision No. 0
Date May I, 1979
Page 2 of 20

Title

Sulfuric Acid Mist Calculation Form
(English and metric units)

Sulfur Dioxide Calculation Form
(English and metricunits)

Method 8 Checklist to be Used by Auditors



PROCUREMENT LOG

Purchase
order Date Dispo-

Item description Qty. number Vendor Ord. Rec. Cost sition Comments

Quality Assurance Handbook M8-l.2



METER BOX CALIBRATION DATA AND CALCULATION FORM
(English units)

Date _ Meter box number --------
Calibrated byin HgBarometric pressure P =, b . .

Gas volume Temperaturea

Orifice Wet test Dry gas Wet test Dry gas meter
manometer meter meter meter Inlet Outlet Avera§e Time
setting (v), (Vd) , (t ), (td ), (td ), (td) , (8),

(t.H),
w w Y. t.H@i

ft3 ft3 i 0

in. H2O of of of of min 1.

0.5 5

1.0 5

1.5 10

2.0 10
-

3.0 10

4.0 10

Average

JVw Pb(td + 460) 0.0317 t.H [<twv: 460)
0)

t.H t.H Yi = t.H t.H@i = Pb (t d + 460)
13.6 Vd (Pb + i3. 6) (tw + 460)

0.5 0.036e

1.0 0.0731

1.5 0.110

2.0 0.147

3.0 0.221

4.0 0.294

a If there is only one thermometer on the dry gas meter, record the temperature
under t d •

Quality Assurance Handbook M8-2.3A (front side)



METER BOX CALIBRATION DATA AND CALCULATION FORM

Nomenclature:

V = Gas volume passing through the wet test meter, ft 3•w

Vd = Gas volume passing through the dry test meter, ft 3•

t = Temperature of the gas in the wet test meter, of.
w

t d . = Temperature of the inlet gas of the dry test meter, of.
1.

t d = Temperature of the outlet gas of the dry test meter, of.o

t d = Avera§e temperature of the gas in the dry test meter, obtained
t

d
, F.

o
~H = Pressure differential across orifice, in. H20.

by the average t d . and
1.

Y.
1.

= Ratio of accuracy of wet test meter to dry test meter for each run.
Y +0.02 Y.

Tolerance Y.
1.

f1H@

Y = Average ratio of accuracy of wet test meter to dry test meter for all six runs.
Tolerance Y = Y +0.01 Y.

= Orifice pressure differential at each flow rate that gives 0.75 ft 3/min of air at standard
conditions for each calibration run, in. H20. Tolerance = 6H@ +0.15 (recommended).

= Average orifice pressure differential that gives 0.75 ftJ/min of air at standard
conditions for all six runs, in. H20. Tolerance = 1.84 +0.25 (recommended).

e = Time for each calibration run, min·

Pb = Barometric pressure, in. Hg.

Quality Assurance Handbook M8-2.3A (back side)



METER BOX CALIBRATION DATA AND CALCULATION FORM
(metric units)

Date _ Meter box number --------
Calibrated byrom Hg.Barometric pressure P =, b

Gas volume Temnerature
ft

Orifice wet test dry gas Wet test Dry gas meter
manometer meter meter meter Inlet Outlet Avera§e Time
setting (v ), (Vd) , (t ), (td ), (td ), (td) , (8),

(llH) , w w Yi llH@i3 3
i 0

rom H2O m m °c °c °c °c min

10 0.15

25 0.15

40 0.30
-- --

50 0.30

75 0.30

100 0.30

Average

0.00117 t.H
= P

b
(t

d
+ 273)

10 0.7

25 1.8
---tf----+------------------+.------------.-------

40 2.94

50 3.68

75 5.51

100 7.35

a If there is only one thermometer on the dry gas meter, record it under t d .

Quality Assurance Handbook M8-2.3B (front side)



METER BOX CALIBRATION DATA AND CALCULATION FORM

Nomenclature:

V :: Gas volume passing through the wet test meter, m3.w
V = Gas volume passing through the dry test meter, 3
d m .

t = Temperature of the gas in the wet test meter, °C.w

t di Temperature of the inlet gas of the dry test meter, °C.

t d Temperature of the outlet gas of the dry test meter, °e.o
td = Average temperature of the gas in the dry test meter, obtained by the average of t d. and

t d ' °e. 1
o

e = Time of calibration run, min.
~H = Pressure differential across orifice, mm H20.
Yi = Ratio of accuracy of wet test meter to dry test meter for each run. Tolerance Vi

V+0.02 V.
V = Average ratio of accuracy of wet test meter to dry test meter for all six runs.

Tolerance Y = Y +0.01 Y.
6H@i = Orifice pressure-differential that gives 0.021 m3 of air at standard conditions for each

calibration run, mm H20. Tolerance L'lH@i:: ~H@ ::3.8 mm H20 (recommended) .
.i'lH@ = Average orifice pressure differential that gives 0.021 m3 of air at standard conditions

for all six runs, mm H20. Tolerance L'lH@ = 46.74 +6.3 mm H2U (recommended).
Pb = Barometric pressure, mm Hg.

Quality Assurance Handbook M8-2.3B (back side)



POSTTEST METER CALIBRATION DATA FORM (English units)

Test numbers _

Date _ Meter box number _ Plant

Pretest YDry gas meter numberin HgBarometric pressure P• b .
Temperature Y=

Orifice Gas volume Gas volume
i

manometer wet test dry gas Wet test Drv gas meter
setting, meter meter meter Inlet Outlet Average Vacuum V

w
P

b
(t

d
+ 460)

(ffil) • (V ). (Vd), (t ), (td .), (td ), (td),a Time setting, Yiin H2O w w
(8), Pb + llH (t + 460

ft 3 ft3 of 1 ° VdOF w
of of min in. Hg 13.6

10

10

10

Y=

a If there is only one therometer on the dry gas meter, record the temperature under t d •

where

meter for each run.

meter, obtained by the average of t d . and t d ' of.
1 0

V ==
w

Vd
t
w

t d .
1

t d
0

t d
ffil

Y.
1

Y

Gas volume passing through the wet test meter, ft 3 •

Gas volume passing through the dry test meter, ft 3•

Temperature of the gas in the wet test meter, of.

Temperature of the inlet gas of the dry test meter, of.

Temperature of the outlet gas of the dry test meter, of.

Average temperature of the gas in the dry test

Pressure differential across orifice, in H20.

Ratio of accuracy of wet test meter to dry test

Average ratio of accuracy of wet test meter to dry test meter for all three runs.
Tolerance = Pretest Y +0.05Y

Barometric pressure, in. Hg.

Time of calibration run, min.
Quality Assurance Handbook M8-2.4A



POSTTEST METER CALIBRATION DATA FORM (metric units)

Plant ----------
Pretest Y

Test numbers ----------
Meter box number _

Dry gas meter numbermm Hg

Date _

Barometric pressure P =, b

Temperature Y.=
Orifice Gas volume Gas vohnne :t

manometer wet test dry gas Wet test Dry stas meter
setting, meter meter meter Inlet IOutlet Average Vacuum Vw Pb (td + 273)

(fIR) , (V ), (Vd), (t ), a
(td )'1 (td ), (td) , Time setting, Yi

nun H2O w3
w (8) Pb + ~H (t3 °c i 0 °c Vd + 273m m °c °c

, wmin nun Hg 13.6

Y=

a If there is only one therometer on the dry gas meter, record the temperature under t d •

where

Gas volume passing through the wet test meter, 3m.

Gas volume passing through the dry test meter, 3m •

Temperature of the gas in the wet test meter, °C.

Temperature of the inlet gas of the dry test meter, °C.

V =w
V =d
t
w

t d •
:t

t d Temperature of the outlet gas of the dry test meter, °C.
o

t
d

Average temperature of the gas in the dry test meter, obtained by the average of t d . and t d ' °C.
:t 0

~H = Pressure differential across orifice, rom H20.

Yi Ratio of accuracy of wet test meter to dry test meter for each run.

Y Average ratio of accuracy of wet test meter to dry test meter for all three runs.
Tolerance = Pretest Y +o.OSY

Pb Barometric pressure, mm Hg.

8 Time of calibration run, min.

Quality Assurance Handbook M8-2.4B



Date---------

NOZZLE CALIBRATION

Calibrated by __

Nozzle Dl , D
2

, D
3

, ~ D, Davgidentification
number rom, (in.) rom, (in.) rom, (in.) rom, (in. )

where:

Dl '2'3'= nozzle diameter measured on a different diameter, rom (in.).
Tolerance = measure within 0.25 rom (0.001 in.).

~D = maximum difference in any two measurements, rom (in.).
Tolerance = 0.1 rom (0.004 in.).

Davg = average of Dl , D2 , D3 •

Quality Assurance Handbook M8-2.6



METHOD 8 FIELD TEST DA~A FORM

Sheet of

Nozzle identification number

Nozzle diameter

Final leak rate

Vacuum during leak check

Remarks:

Probe length

Probe liner material

Probe heater setting

Ambient temperature

Barometric pressure

Assumed moisture

Static pressure

C factor

Reference liP

Haximwn liH

Plant
Location _

Operator

Date

Run number

Sample box number

Meter box number

Meter llH@

Meter calibration Y

Pitot tube CP
I

Pressure
differential Temperature

Sampling Velocity across Gas sample temperature of gas
time Clock Vacuum, Stack head orifice at dry gas meter leaving

Traverse point (0) , time rom Hg ,-emperature (liP ), meter, Gas sample condenser or
number min 24 h (in. Hg) o (6]1)' rom HSa rom H a :f01umj' 6nle~, gutlgt, la8t impinger,

C( ) (in. AZO) (in. fizo) m (ft) C ( F) C ( F) C (oF)

Total or
Avg

Quality Assurance Handbook M8-4.l



Volume: Initial

Cleanup by

SAMPLE LABEL
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SAMPLE RECOVERY AND INTEGRITY DATA

Plant Sample location--------------- ---------
Field Data Checks

Sample recovery personnel ___

Person with direct responsibility for recovered samples

Sample Date Liquid Stored
Sample identification of level in locked
number number recovery marked container

H2SO4 S02

1

2

3

Blanks

Remarks

Signature of field sample trustee -----------------------
Laboratory Data Checks

Lab person with direct responsibility for recovered samples -----
Date recovered samples received -------------------------
Analyst

Sample Date Liquid
Sample identification of at marked Sample
number number analysis level identified

HZS04 SOz

1

2
-

3

Blanks

Remarks

Signature of lab sample trustee -----------------------

Quality Assurance Handbook M8-4.3



METHOD 8 ANALYTICAL DATA FORM

Plant Date _

N =-----

Analyst

1. m1 Ba(CI04)2

2. m1 Ba(CI04)2

Blank m1 Ba(CI04)2

Volume and normality of
barium perchlorate

Sample location ----------

Sulfur Trioxide Analysis

Run 1 Run 2 Run 3

1st titration
2nd titration

Average

1st titration
2nd titration

Average

Vtb* - Volume of barium perchlorate
titrant used for blank, m1

V 1 - Total volume of solution in which theso n sulfuric acid sample is contained, m1

V - Volume of sample aliquot, m1a
Vt - Volume of barium perchlorate

titrant used for sample, m1

1st titration t
2nd titration = 0.99 to 1.01 or 1st titration - 2nd titrationl ~0.2 m1

Sulfur Dioxide Analysis

Run 1 Run 2 Run 3

titration
titration

Average

titration
titration

Average

1st
2nd

1st
2nd

V 1 - Total volume of solution in which the
so n sulfur dioxide sample is contained, m1

V - Volume of sample aliquot, m1
a

Vt - Volume of barium perchlorate
titrant used for sample, m1

vtb* - Volume of barium perchlorate
titrant used for blank, m1

1st titration I ,
2nd titration = 0.99 to 1.01 or 1st titration - 2nd titration ~ 0.2 m1

Signature of analyst _

Signature of reviewer or supervisor ------------------
* Volume of blank and sample titrated should be the same; otherwise a

volume correction must be made.

Quality Assurance Handbook M8-S.2



Plant

CONTROL SAMPLE ANALYTICAL DATA FORM

________________________ Date analyzed

Analyst N---------- Ba(CI04 )2

Weight of ammonium sulfate is 1.3214 gram?

Dissolved ln 2 Q of distilled water?

Titration of blank ml Ba(CIO )
(must be less than the 0.5 ml titrinf)

Control Time of
sample Analysis Titrant volume ml
Number 24 h 1st 2nd 3rd Ave.

(Two consecutive volumes must agree within 0.2 ml)

25 ml x
(control sample)

O.OlN
(control sample)

ml x N =

(must agree within +9,Yo, l.e., 0.233 to 0.268)

Does value agree? yes no

Signature of analyst

Signature of reviewer

Quality Assurance Handbook M8-5.3



Sulfuric Acid Mist (Including 5°3) Calculation Form
(English units)

Sample Volume

V =m
3__• ft , Tm = o. R, Pbar = .- -- in. Hg

y = _. ' ~H = _. __ in. H
2

0

Equation 6-1

Y[
Pbar +Tm(~H/13.6)] __

= 17.64 Vm .- - --

Sulfuric Acid Mist (Including 5°3) Concentrations

. ml, V- - - - mstd
V 1 = . mI, Va =so n - - - -

N = • g-eg/s/", V t = .- -- _ ml, Vtb =

=

. ml- --
.- - --

Equation 6-2

= 1.081 x
10- 4 {N_(V_t_----=-:"...t_b_)_(_V_~..;;:.:_ln_)}=

mstd

___ x 10-4 lb/dscf

Quality Assurance HandbookM8-6.lA



Sulfuric Acid Mist (Including 503) Calculation Form
(metric units)

Sample Volume

=

o nun 0- --

Vm

y =
m3 T =--- - - ' m

_0 ' liH =

___0_ K, P
bar

= __0_ rom Hg

Yf
bar T+m(liH/1306)] __V = 17064 Vm 0mstd

Equation 6-1

Sulfuric Acid Mist (Including 503) Concentrations

g-eg/t, Vt = __0__ ml, Vtb =N = 0

Vsoln = 0 ml, Va = o ml, V- - - - mstd
=

[

N(V - Vtb ) ( Vsoln j
= 00 0490 4 __t_~v:-- V_a",,---_) =

mstd

Equation 6-2

____ g/dscm
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Sulfur Dioxide Calculation Form
(English units)

Sample Volume

o- - - -- ft 3 T =, m
o

o R, Pb- - - - ar = o- -- ino Hg

Y = _0 ' 6H = _0 __ ino H20

Equation 6-1

o- - --

Sulfuric Acid Mist (Including S03) Concentrations

N = 0 g-eg/R-, Vt = __0 __ ml, V
tb

= ml

V 1 = . mI, Va =so n - - - - - __0_ ml,

Equation 6-2

= 70061 x 10-5
[

_N_(V_t_----".,::-t_b_)_(_V_~_:_l_n_)] = _0_ _ _

Instd

x 10-4 lb/dscf
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Sulfur Dioxide Calculation Form
(metric units)

Sample Volume

3_. m , .- - -- K, Pbar = __._ rom Hg

y = _. , b.H =

Equation 6-1

= 0.3858 Vm • m3
- - --

S02 Concentration

N = . g-eg/R., V
t

= __•__ ml, V
tb

= ml

V 1 = • mI, Va =so n - - - -
__._ mI,

Equation 6-2

= 3.203 x 10-2 t
N(V - V tb ) ( V so1n ]
__t_---,v V....:a~_) = _. g/dscm

mstd

Quality Assurance Handbood M8-6.2B.



Yes No

METHOD 8 CHECKLIST TO BE USED BY AUDITORS

Presampling Preparation
Comment

1. Knowledge of process conditions

2. Calibration of pertinent equipment, in particular,
the dry gas meter, prior to each
field test

On-site Measurements

3. Leak-testing of sampling train after sample run

4. Preparation and addition of absorbing solutions
to impingers

5. Isokinetic sampling

6. Purging of the sampling train and rinsing of the
impingers and connecting tubes to recover the
sample

7.

8.

Recording of pertinent process condition during
sample collection

Maintaining the probe at a given temperature

Postsampling

9. Control sample analysis - accuracy and precision

________ 10. Sample aliquotting techniques

11. Titration technique, particularly endpoint-------
precision

____ 12. Use of detection blanks in correcting field
sample results

13. Calculation procedure/check

_______ 14. Calibration checks

15. Standard barium perchlorate solution------
General Comments

Quality Assurance Handbook M8-8.l
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