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This method, when used in conjunction with Methods 1, 2, 3, 

and 4, is 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 o:­

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 is 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 revisions 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-laborator.f 

deviation (standard deviation percent of mean value) of 10.4% an� 

a between laboratory deviation of 12.1%.2

The main documents used in preparing the description and iJ 

detailing calibration and maintenance procedures are references 

1, 3, and 4 (Section 3.4.11). Data forms are provided in Sectic= 

3.4.12 for the convenience of the Handbook users. 
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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 S 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 o� 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.l 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. l 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
s�ep 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 chac!tl.

(Figure 3.1) or a similar form should be used to summarize cal�­
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 l 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 impinger, 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-1
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 ( Posts amp ling 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 

main 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 qy.ide 
. -e:: � 

for a routine maintenance program. The program is not a require-

ment, but is suggested for the reduction of equipment malfunc­

tions. 

s. Auditing Procedures

Section 3.4.8 (Auditing Procedures) contains a description

of necessary activities for conducting performance and syster: 

audits. The performance audit is a check on calculation errors, 

and therefore is not needed for the analytical phase since i-: 

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 sa,mple 

collection and analysis should be traceable. 

6. References

sections 3.4.10 and 3.4.11 (References) provides the reade::­

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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Date Calibrated by 

Meter box number 

Dry Gas Meter* 

Pretest calibration factor, Y 
average factor for each calibration run) 

Impinger Thermometer 

Was a pretest temperature correction used? 
If yes, temperature correction 
over range) 

Dry Gas Meter Thermometers 

(within ±2% of the 

yes ..,..-�� no
(within ±3 °C (5.4 ° F) 

Was a pretest temperature correction made? �--,,- yes --- 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 
yes -------�-- no 

temperature range with which the readings agreed 
thermometer? 
If yes, give 
within ±1.5% 

Barometer 

of the reference values---- to ____ K ( 0R) 

Was the pretest field barometer reading correct? __ yes __ no 
(within ±2.5 mm (O.l in.) Hg of the mercury-in-glass barometer) 

Nozzle* 

Was the nozzle calibrated to the nearest 0.025 mm (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 

Apparatus 

Probe nozzle: stainless steel 
Button-hook _______ elbow 
Clean? 

-------

Probe liner: borosilicate ____ quartz 
Clean? 
Heating system* 
Checked? 

glass 
size 

Pitot tube: Type s other 
Properly attached to probe?* 
Modifications 
Pitot tube coefficient 

other 

manometers Differential pressure gauge: two inclined 
other -::-....,,.-----=---r-::-..-----,- sensitivity 

Filter holder: borosilicate glass -
--

-g-1,,-a_s_s-:f�r�i�t:-��===== 
filter support ____ silicone gasket other 
Clean? 

----

Condenser: number of impingers 
Clean? 

4th 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? 

Velocity pressure and orifice pressure readings recorded 
accurately?* 

Posttest leak check performed?* (mandatory) 
Leakage rate __________ @ in. Hg 

Orsat analysis ---,-- from stack 
Fyrite combustion analysis 

integrated 
sample location 

Bag system leakchecked?* 
If data forms cannot be copied, record: 

approximate stack temp--,---=--� volume metered
% isokinetic calculated at end of each run 

SAMPLE RECOVERY 

Brushes: nylon bristle 
Clean? 

Wash bottles: glass 
Clean? 

other 

Storage containers: borosilicate glass 
Leakfree? 

polyethylene 

other 
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? 

other 

Cap placed over nozzle tip to prevent loss of particulate?* 

(continued) 

(< / ;i
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(continued) 

During sampling train disassembly, are all openings capped? 
Clean-up area description: 

Clean? Protected from wind? 
Filters: 

Silica 
Color? 

glass fiber 
gel: type (6 to 16 mesh)? new? 

condition? 

type-----=-----­
used? 

other 
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 

other 

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? 

*Most significant items/parameters to be checked.

(required) 

/ 
!
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POSTTEST CALIBRATION CHECKS 
(Method 5, Figure 5.1) 

Plant 

Meter box number 

Calibrated by 

Date 

Dry Gas Meter 

Pretest calibration factor, Y 
Posttest check, Y* 
Recalibration required? 

If yes, recalibration factor, Y 
Lower calibration factor, Y 

posttest) 

Dry Gas Meter Thermometers 

(within ±2%) 
(within ±5% of pretest) 

yes _ no 
(within ±2%) 

for calculations (pretest or 

Was a pretest temperature correction used? ,,......,. __ yes -�- no
If yes, temperature correction ___ (within ±3 ° C (S.4°F) over 
range) _ . 

Posttest comparison with mercury-in-glass thermometer?* (within 
±6 ° C (10.8 ° F) at ambient temperature) 

Recalibration required? -----,-.,--�- yes ____ _,..,......_...,... no
Recalibration temperature correction? _______ (within ±3 °C 

(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 (° F} (within ±1.5% of 
readings in K ( 0R) over range) 

Average stack temperature of compliance test, T ------�K (0R) 
Temperature of reference thermometer or solutiofi for recalibra-

tion ______ K ( 0 R}* (within ±10% of T )
Temperature of stack thermometer for reca!ibration ..---�K (0R) 
Difference between reference and stack thermometer temperatures, 

�T ____ K (
0

R) 
Do vllues agree within ±1.5%?* ------ yes _______ no 

If yes, no correction necessary for calculations 
If no, calculatiohs must be done twice--once with the recorded 
values and once with the average stack temperature corrected to 
correspond to the reference temperature differential (�Ts);
both final result values must be reported since there is no way 
to determine which is correct 

(continued) 
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Was the pretest field barometer reading correct? yes no 
Posttest comparison?* ____ mm (in.) Hg (±2.5 �(O.l in.)Bg) 
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 th� calculation 

*Most significant items/parameters to be checked .

. I 
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PROCEDURE FOR WEIGHING FILTERS 
BEFORE AND AFTE� SAMPLING 

(Method 5, Figure 5.5) 

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 anaiytical 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 h and
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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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
±0.5 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

I I. 

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 ace.tone 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

' 

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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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 watchglass

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 (Caso

4
)

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} 



(continued) 

Status 

Section No. 3.4 
Revision No. O 
Date January 15, 1980 
Page 17 of 17 

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



• 

1.0 PROCUREMENT OF APPARATUS AND SUPPLIES 

Section No. 3.4.1 
Revision No. O 
Date January 15, 1980 
Page 1 of 15 

A schematic of the sampling train used in Method 5 is shown 

in Figure 1.1. Commercial models of this train are available. 

For those who want to build their own, construction details are 

in APTD -0581 3
; 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 in Section 3 . 4 .12 for the convenience of the handbook 

m;;er. If calibration is required as part of the acceptance 
rh 0�k +hP ���A arP 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 corrosion 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 tared during sampling, probes constructed in accordance to 

APTD-0581
3 

and utilizing the calibration procedures in APTD-0576
4

will be acceptable. 

Either borosilicate or quartz glass liners may be used for 

stack temperatures up to about 480 °C ( 900° F), but quartz glass

liners must be used from 480 ° to 900° C {900° to 1650°F). Either

type of liner may be used at higher temperatures for short times 

periods, with administrator approval. However, the absolute 

upper limi ts--the softening temperatures of 820 °C ( 1508 ° F) and

1500° c (27 32 ° F)--for borosilicate and quartz respectively must be

observed. 

Upon receiving a new J)robe, 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 

with a Vi ton-O-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 m
3

/min (0.75 ft
3

/min) 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 l00°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 �30°, 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 

is 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.) H
2

o. 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 Vi ton) 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 �y 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 ( O. 5-in. ) ID and 

that extends to within 13 mm (0.5 in.) of the flask bottom. The 

second irnpinger 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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using 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 ±1 ° C ( 1. 8 ° F) of true value in 

the range of 0° to 25° C (32° to 77° F). 

Alternatively, 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. If 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 in 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 O to 9O° 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 within 2% may be 

used if approved by the administrator. Sampling trains with 
metering systems designed for sampling rates higher than that 

described in APTD-O581 3 and APTD-O5764 may be used if the above 
specifications can be met. 

When the metering system is used with. a pi tot 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

quires 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 (O.l 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. Either 

subtract 2.5 mm Hg/30 m (0.1 in. Hg/100 ft) from the station 

value for an elevation increase or add the same for an elevation 

decrease. If the barometer cannot be adjusted to agree within 

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 is 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.l 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 rinses. 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 ml. 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

n 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 

facilitate 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 ±0.l mg. The other should be as described 

in Subsection 1.2.5. 

1.4 Reagents and Other Supplies 

All reagents should meet specifications 

Committee on Analytical Reagents of the 

Society (ACS). If reagents that meet these 

established by the 

American Chemical 

specifications are 

not available or if other specifications are not given, use the 

best grade available. 

1.4.l 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-µ dioctyl phthalate smoke particle, in ac­

cordance with ASTM standard method D2986 -71. Manufacturer's 

guali ty control test data are sufficient for validation of ef­

ficiency. 

Silica Gel - Use indicating type 6-16 mesh. If previously 

used, dry at 175 ° C (347 ° F) for at least 2 h before reuse. New 

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 ice is needed to maintain the 

exit temperature of the silica gel impinger or condenser at <20 ° C 

(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 grade acetone with .s._0.001% 

residue in glass bottles must be used. Acetone supplied in metal 
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containers is 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 is 

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 /min (0.66 to 1.1 
ft3 /min) 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
o

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 reject 

Repair or return 
to supplier 

Repair or return 
to supplier 

Adjust or return 
to supplier 

Repair or return 
to supplier 
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Table 1.1 (continued) 

Apparatus 

� Orifice meter 

Impinge rs 

Acceptance limits 

Lili@ of 46.74 ± 6.35 mm 
(1.84 ± 0.25 in.) H2o
at 68°F (not mandatory) 

Standard stock glass; 
pressure drop not ex­
cessive (Subsec 1.1.7) 
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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) 

Action if 
requirements 
are not met 

Repair if pos­
sible otherwise 
return to sup­
plier 

Return to sup­
plier 

Filter holder Leak free; borosilicate Visually check before As above 
glass use 

Dry gas meter 

Thermometers 

Barometer 

Sample Recovery 

Capable of measuring 
volume within ±2% at a 
f!ow rate of 0.�2 
m /min (0.75 ft /min) 

±1° C (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
0° C 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 

Probe liner and Nylon bristles with 
nozzle stainless steel stem; 

as long as the probe; 
properly sized and 
shaped 

Wash bottles Two; polyethylene or 
glass; 500 ml 

(continued) 

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 

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 



Table 1.1 (continued) 

Apparatus Acceptance limits 

Storage con- Polyethylene or. glass; 
tainer 500 or 1000 ml 

Graduated Glass and class A·

cylinder 250 ml with subdivi-
sions <2 ml 

Funnel Glass suitable for use 
with sample bottles 

Rubber police- Properly sized 
man 

Petri dishes Glass or polyethylene; 
sized to fit the glass 
fiber filters 

Balance Capable of measuring 
silica gel to ±0.5 g 

Beakers and Glass 
weighing 
dishes 

Triple beam 500-g capacity; cap-
balance able of measuring with-

in ±1 g

Analytical Capable of measuring to 
balance ±0.1 mg 

Filters Glass fiber without 
organic binder; 99.95% 
collection efficiency 
for 0.3 µ dioctyl 
phthalate smoke 
particles 

(continued) 
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Action if 
Frequency and method requirements 

of measurements are not met 

Visually check for Replace or return 
damage upon receipt to supplier 

Upon receipt, check Replace or return 
for stock number, to supplier 
cracks, breaks, and 
manufacturer flaws 

Visually check for Replace or return 
damage upon receipt to supplier 

Visually check t'or Replace or return 
damage upon receipt to supplier 

Visually check for Replace or return 
damage upon receipt to supplier 

Check with standard Replace or return 
weights upon receipt to manufacturer 
and before each use 

Upon receipt, check Replace or return 
for stock number, to manufacturer 
cracks, breaks, and 
manufacturing flaws 

Check with standard Replace or return 
weights upon receipt to manufacturer 
and before each use 

As above As above 

Manufacturer's guar- Return to supplier 
antee that filters 
were tested according 
to ASTM D2986-71; ob-
serve under light 
for defects 



Table 1 1 (continued) 

Apparatus Acceptance limits 

Reagents 

Silica gel Indicating type 6-16 
mesh 

Distilled water Meets ASTM 01193-74; 
type 3 (only when 
impinger particulate 
catch included) 

Stopcock grease Acetone insoluble, heat 
stable silicone grease 

Acetone ACS grade; �0.001% 
residue in glass 
bottles 

Desiccant Indicating type anhy-
drous calciwn sulfate 
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Action if 
Frequency and method requirements 

of measurements are not met 

Upon receipt, check Return to supp:..ier 
label for grade or 
certification 

Check each lot, or Replace or ret�rn 
specify type when or- to manufacturer 
dering 

Upon receipt, check Replace or retcrn 
label for grade or to manufacturer 
certification 

Upon receipt, verify Replace or retu�n 
residue by evaporat- to supplier 
ing a blank sample 

Upon receipt, check Replace or return 
for grade and certi- to supplier 
fication 
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Calibration of apparatus is 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 m3 /h ( 120 

ft3/h) will be needed to calibrate the dry gas meter. For large 

wet test meters (>3Jl./rev), 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 within ±1% 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. 

that has pre­

air or liquid 
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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 �1% 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. If 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 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 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 "reading" 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 

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.) H
2

o has

built up in the system. 

8. Plug or crimp the tubing to maintain this pressure.

9. Observe the pressure reading for a 1-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 within 7. 5 cm 

(3 in.) Hg of absolute zero, and observe the dry gas meter. If 

the leakage exceeds 0.00015 m
3

/min (0.005 ft
3
/min), the leak(s)

must be found and minimized until the above specifications are 

satisfied. 
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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 O. 00057 m3 /min ( O. 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 

1 k 3 . ( ea rate. The leak rate should not exceed 0.00057 rn /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 +O.OSY. A 

calibrated wet test meter (properly sized, with ±,1% 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. 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 irnpingers--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 bcx. 

3. Run the pump for 15 min with the orifice meter

differential (�H) set at 12.7 mm (0.5 in.} H2o to allow the

pump to warm up and to permit the interior surf ace of the wet 

test meter to be wetted . 

/ 
l .;:

-,

-
\ ' ' 
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4. Adjust the needle valve so that the vacuum gauge on

the meter box is between 50 and 100 mm ( 2 to 4 in. ) Hg during 

calibration. 

5. 

provided 

Collect 

(Figure 

should be used. 

the 

2.3A 

information required in the forms 

or 2.3B). Sample volumes, as shown, 

6. Calculate Y, for each of the six runs, using the 
]. 

equation in Figure 2.3A or 2.3B under the Y
i 

column, and record 

the results on the form in the space provided. 

7. Calculate the average Y ( calibration factor) for the

six 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 D.H@
i 

for each of the six runs using the 

equation in Figure 2. 3A or 2. 3B under the D.H@
i 

column, and 

record on the form in the space provided. 

10. Calculate the average D.H@ 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 D.H@
i 

varies 

by more than +3. 9 mm ( 0 .15 in.) a
2

o over the range of 10 to

100 mm (0.4 to 4.0 in.) a
2

o. Otherwise, the average D.H@ is

acceptable and should be used for subsequent test runs. 
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Meter box number _JF___,_H..L.....-�-2=----

Barometric pressure P - ;;J� tc'-J. in Hg Calibrated by , b - HEP:, 
, .  

Gas volume Temperatures 
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), (6),

(all)' 
w w Y. tiH@i

ft3 ft3 
1 

•in. H2o oy oy Of OF min 1 in. H2 0

0.5 5 /.30.000 11
, 

5'" 
9/ R� 

,�"%. l/35", l'fO 7).-::;- <}>( »� 22 I. oo,j /. 1c;
1.0 5 

1.5 10 

2.0 10 

3.0 10 

4.0 10 

Avg 

· - . 

tiH, 
AH 

,.�;:". 13 .6 Y. =
H20

1 

Vw Pb(td + 460)

aH 
Va'Pb + 13 .6) (t + 460)

Afl@. = p i b 

0.0317 aH 
[(t;w+ 460) er 

(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 
. . 

'"·-- -· 

tr(�,1.,¥) <o"l'l.J
S.J'I I �9- t. 7Yo.7/, s"") 

··-�--·· - ·-..... , 

,, 

- -- --

C;,O,!J.:}11)(0,5) fS-3),t>-.J0�.78.)7 � 
-:)9,��)(6�9) --r-- -

'• 

a If there 1· s only h h d d h one t ermometer on t e ry gas meter, recor t e temperature 
under td.

Figure 2.3A Dry gas meter calibration data (English units). 
(front side) 



• 
V = Gas volume passing through the wet test meter, ft3 .

Vd 
= Gas volume passing through the dry gas meter, ft3 .

tw = Temperature of the gas in the wet test meter, oF.

ta. = Temperature of the inlet gas of the dry gas meter, oF.
l 

td = Temperature of the outlet gas of the dry gas meter, °F.
0 

td = Average temperature of the gas 1n the dry gas meter, obtained by the average td and
td , °F. i 

�H = Pressure differential across orifice, in. H2o.

Yi= Ratio of accuracy of wet test meter to dry gas meter for each run. Tolerance Yi=
Y ±0.02 Y. 

Y = Average ratio of a�curacy of wet test meter to dry gas meter for all six runs. 

�H@ 

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. H2o. 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. H2o. Tolerance = 1.84 ±0.25 (recommended).

0 = Time for each calibration run, m1n. 

Pb= Barometric pressure, in. Hg.

Figure 2.3A. Dry gas meter calibration data (English units). (backside) 

w 

t,-10. 

u, � 
.. . 
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Meter box number --'--f--"f/,-"''-' -J;A+) __ _ 

Barometric pressure P = 7 3 l, 
, 

b 
mm Hg Calibrated by /V/�!3 ,I_ 

Gas volume Temperatures 
Orifice Wet test Dry gas Wet test Drv 2as meter 

manometer meter meter meter Inlet Outlet Avg- Time 
(0), setting (V ), (Vd)' (t ), (td_), (td ), (td)' 

(Ml), 
w w 

Y. Lili@.1 0 3 3 1 
illlll H20 m m 

oc o
c oc

oc min mm H2

10 0.15 d'j-. 03�0 J<( o.-0 /',/ 
10-Z '1.J R'� iF ,q 17 ii • CJ-Rf --:i;.; 

25 0.15 

40 0.30 

so 0.30 

75 0.30 

100 0.30 

Avg 

lili, 
Llli Vw Pb(td + 273) 0 .00117 Ml 

13.6 Y. == Llli@. = 

Pb (td + 273) 1 Llli 1 

H20 Vd(Pd + 13.6) (tw + 273)

10 0.7 

25 1.8 

40 2.94 

so 3.68

75 5 .51 

100 7.35 

a If there is only one thermometer on the dry gas meter, record the temperature
under td.

Figure 2.3B Dry gas meter calibration data (metric units). 
(front side) 

0 

"\ 
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Nomenclature: 

Vw = Gas volume passing through the wet test meter, m3 .

Vd = Gas volume passing through the dry gas meter, m3 •

tw = Temperature of the gas in the wet test meter, 0
c.

ta. = Temperature of the inlet gas of the dry gas meter, °C. 
1 

td = Temperature of the outlet gas of the dry gas meter, °C.
0 

= Average temperature of the gas in the dry gas meter, obtained by the average of td and
ta , 0

c. i 

�H = Pressure differential across orifice, mm H2o.

Yi= Ratio of accuracy of wet test meter to dry gas meter for each run. Tolerance Yi=
Y +0.02 Y. 

Y = Average ratio of accuracy of wet test meter to dry gas meter for all six runs. 
Tolerance Y = Y +0.01 Y. 

�H@. 
i 

= Orifice pressure differential at each flow rate that gives 0.021 m3 of air at standard
conditions for each calibration run, mm H2o. Tolerance �H@i = �H@ +3 .8 mm H2o

(recommended) . 

�H@ = Average orifice pressure differential that gives 0.021 m3 of air at standard con­
ditions for all six runs, mm H2o. Tolerance �H@ = 46.74 +6. 3 mm H2o (recommended).

0 = Time of each calibration run, min. 

Pb = Barometric pressure, mm Hg.

Figure 2. 3 B Dry gas meter calibration data (metric units). (backside) 

1-d O ::0 C/l 
n,n, (1)(1) 
lOrt<:O 
(I) (I) 1--'· r-t 

CJ) f-J. 

I-' yl--'·0 
I-'� 0 ::1 

og::iz 
HiPJZO 

t; 0 • 
NI<:• 
N W 

..... o
.

VI ,+:> 

I-' 
\0 
co 
0 

N 

29 
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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 maximum 

value reached during the test series. 

orifice meter setting should be based on 

A valve must be inserted between the wet 

The single intermediate 

the previous field test. 

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 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 recalibrated) 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-1 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. 

� 



• 
Test numbers AB..f-.3_ Date 9/13/79 
Barometric pressure, Pb =;;)8 ,];J in. Hg

Meter box number r/4- 1
Dry gas meter number FJ"f- 7

Plant Acme Power r,�r,f­
Pretest Y O. 98 '-

Orifice 
manometer
setting, 

(Ml), 
in. H2o

Gas volume 
Wet test Dry gas

meter meter 

(Vw), 

ft3 
(Vd), 

ft3 

10 

10 

10 

T

Wet test
meter 

(t ), w 
or 

as meter
Inlet Outlet Average 

(td_), (td ), (td),
3 

l. 0 
or 

Of Of 

Time 
(8), 
min 

Vacuum 
setting,
in. Hg 

Y. 
l. 

y = 

a If there is only one thennometer on the dry gas meter, record the temperature under td. 

V = Gas volume passing through the wet test meter, tt3. w 
V d = Gas volume passing through the dry gas. ,: meter, ft3 . 

t = Temperature of the gas in the wet test ·meter, 0r.w 
td. = Temperature of the inlet gas of the dry ga..s .• meter, °F. 

l. 

td = Temperature of the outlet gas of the dry gas meter, 0
r.

0 

Y. 

t + 460w 

td = Average temperature of the gas in the dry gas . meter, obtained by the average of td. and td , °F.

Lili= Pressure differential across orifice, in H2o.

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 !0,0SY 

Pb= Barometric pressure, in. Hg. 

0 = Time of calibration run, min. 

Figure 2.4A Posttest dry gas meter calibration form (English units). 

l. 0 

I-' 
\0 

00 
0 

N 



Test numbers AB}-3

Barometric pressure, Pb=

Date 0, /J3/ 7 'J 
r ,  

Meter box number -�F;_/✓,�'J-�7 __ _ 

Orifice Gas volume 
manometer Wet test Dry gas 
setting, meter meter 

(Lili) ' (V ), (Vd),
mm H20 w3 3 

m 

·::i. [ 0,.30 
�(p. I 7 ',I� 

) .,, I q, 87:'iO 
0.30 

0.30 

73£) mm Hg Dry gas meter number ,Cf,//- '1 

Temperature 
Wet test Dry gas meter 

meter Inlet Outlet Average 
(t ), (td_), (td ), a 

(td), Time Vacuum 
w 

(0)' setting, oc 1 0 oc oc oc min mm Hg 

;;; J �-�,')° -:)J :5" ;;i.:) -� ).-:,,,50 7:5 

Plant A-ct,e MuJeC J>/qr,,1-
Pretest Y 0, 993 

Y. 

V Pb (td + 273)
w Y.

1 

Vd Pb + Lili + 273
13.6 w 

o. 9'Jt 
r,,:�tt 730-'( ..::JJ • .5 .,.. � 7�)
,-'")_�J.JCVl1,; � ._ r ,::;1+� 

y = 

a If there is only one thermometer on the dry gas meter, record the temperature under td.

V = Gas volume passing through the wet test meter, 
3 Vd = Gas volume passing through the dry gas. meter, m .

t = Temperature of the gas in the wet test meter, oc.

td. 
= Temperature of the inlet gas of the dry .gas meter, oc.

1 

td 
= Temperature of the outlet gas of the dry gas meter, oc.

0 

td = Average temperature of the gas in the dry gas

Lili= Pressure differential across orifice, in H2o.

meter, obtained by the average of td. 
and td , °C.

Y. = Ratio of accuracy of wet test meter to dry gas meter for each run.
1 

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.

0 = Time of calibration run, min. 

Figure 2.4B Posttest meter calibration data form (metric units). 

l. 0 

.. 

I-' 
l,O 

a, 
0 

tv 
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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 l ° C (2° F) of the reference thermometer reading at both 

temperatures. If the difference is greater than ±1° C (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 

with a mercury -in -glass thermometer as above, using a similar 

procedure. 

l. 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 stab.ilizes. 

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 (S.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 

with 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 a slush from

crushed ice and liquid water (preferably deionized, distilled) in 

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 1-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 

should be placed. 

sensor(s), an ASTM reference thermometer 

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 1-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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• 

Date 9- 12-:i\5 Thermocouple number re.- 46 

Ambient temperature ZI °C Barometric pressure 2.9. 67 -=---- in. Hg 

Calibrator TC-
�-------

Reference 
point Sourcea

number (specify) 

o· /Ce ulAnl< 

100· /501llA/6 

/Al.lff"il( 

- tJ(}(t..-1N6 
U}QttA/{, Oil-

Reference: mercury-in-glass ASTM 3C 

other 
-------------

Reference Thermocouple 
thermometer potentiometer Temperatureb temperature, temperature, difference, 

oc oc % 

/
O

G ;oc --

!Ol,S
0

G 101
°
c o. /7.

2-05'. S""C ,20;,t:: 0-5%

I 
aType of calibration system used. 
b 

[(ref temp, °C + 273) - (test thermom temp, °C + 273)] lOO_<l.S%.
ref temp, °C + 273 

• Figure 2.5 Stack temperature sensor calibration data fotm.
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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. 

If 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-0581
3 

need not be calibrated if the

curves of APTD-0576
4 

are used.

2. 4 Barometer 

The field barometer should be adjusted initially and before 

each test series to agree within ±2. 5 mm ( 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.l in. Hg/100 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 ID 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 

O. l mm ( O. 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. 

data form. 

Figure 2. 6 is an example of a nozzle calibration 

2.6 Pitot Tube 

The Type s pi tot 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 within ±0. 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 . 
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Date __ _.9'---_t:?_1/_-_7_b__ Calibrated by __ C-_:_P _____ _

Nozzle Nozzle Diametera 

identification D
l

' 

D
r 

D
r 

.1D,b D
avg 

C

number 

�7 

where: 

aD = 
1,2,3, 

mrn(n.) mm in.) mm in.) mm (in.) 

tJ, ZS/ t). ZS2.. a2s..3 t:J. t'cJZ cJ,2S2 

three different nozzles diameters, mm (in.); each
diameter must be within (0.025 mm) 0.001 in. 

b .1D = maximum difference between any two diameters, mm (in.), 
an �(0.10 mm) 0.004 in. 

C 

Figure 2.6 Nozzle calibration data form. 
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Table 2.1. 

Apparatus 

Wet test meter 

Dry gas meter 

Thermometers 

Probe heating 
system 

Barometer 

Probe nozzle 

(continued) 
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ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT 

Acceptance limits 

Capacit� �3 .4 m3/h
(120 ft /h); accuracy 
within ±1.0% 

Y. = Y +0.02 Y
l. 

Impinger thermometer 
+1° C (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 

3
ate of

20Q/min (0.71 ft /min) 

+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 
co.oo4 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 
initially 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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Apparatus Acceptance limits 

Analytical ±1 mg of Class-S 
balance weights 
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Action if 
Frequency and method requirements 

of measurement are not met 

Check with Class-S Adjust or 
weights upon receipt repair 
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The quality assurance activities for presampling operations 

are summarized in Table 3 .1 at the end of this section. See 

Section 3. O, 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 is 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 

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 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 
--.,,.,_____ 
. '\ 

C�J 
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Date Calibrated by N/EE 

Meter box number F/3-I 

Dry Gas Meter* 

Pretest calibration factor Y /,o/3
average factor for each calibration run). 

Impinger Thermometer 

Was a pretest temperature correction used? 
If yes, temperature correction 
over range) 

------

Dry Gas Meter Thermometers 

(within ±2% of the 

yes X no 
(within ±3° C (5.4° F) 

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 ( 0 R) 

Barometer 

Was the pretest field barometer reading correct·? ){:,_ yes no 
(within ±2.5 mm (0.1 in.) Hg of the mercury-in-glass barometer) 

Nozzle* 

Was the nozzle calibrated to the nearest 0.025 mm (0.001 in.)? 
,X yes ___ no 

*Most significant items/parameters to be checked.

Figure 3.1 Pretest sampling checks. 
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Project manager 

Date needed by 
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Transport vehicle 

Presurveyed by _______ _ 

Loaded by _________ _ 

1. General Pretest Checklist

Quantity Ready 

Asbestos wrapping material, roll 

Auxiliary parts box 

Balance, triple beam with weights 

Bucket 

Calibration Data 

Camera 

Certificate of insurance 

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) 

Loaded 



Figure 3.2 (continued} 

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 w/cyclone 

EPA-5 w/cyclone bypass 

EPA-5 hotbox only 

EPA-6 so
2 

EPA-8 sulfuric acid mist 

EPA-13A fluoride 

EPA-13B fluoride 

Other 

(continued) 
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Quantity Ready Loaded 



Figure 3.2 (continued) 

Gloves 

Work 

Asbestos 

Heaters 

Catalytic 

Electric 

Hoist 

Hotplate 

Ice chest 

Ladder 

Manometers 

Inclined/micro/rnagnehelix 

0-0.25 in. H
:::>

O

•
0-1.00 in. H

2
0 

0-2.00 in. H
2
o 

0-3.00 in. H
2o

u-tube

0-16 in. H,..,0

0-36 in. H2
o

0-36 in. Hg

Meter boxes (calibrated and checked) 

Meter, dry gas with thermometers 

Toolbox with standard accessories 

Moisture tubes 

Nomographs 

NO 
-X

sampling apparatus 

Probe 

Length 

Type 

(continued) 
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Quantity Ready Loaded 

----�·-
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-
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Figure 3.2 (continued) 

Manifold kit with attachments 

2-.£ flask w/stoooers 

0-36 in. Ha manometer

0-27 in Ha vacuum pump

Variac for probe heat

25 ft extension cord

Orsat gas sam2lina annaratus 

Probe (length) 

Sample line 

Condenser 

PwnJ2 assembl� 

Baqs 

Orsat analyzer w/squeeze bulb 

small 

larqe 

Nitrogen cvlinder w/valve 

Fvrite sampler w/squeeze bulb 

Orsat and Fvrite reaqents 

CO
2 

0� 

co 

Probes (except NOX) Total Gasket 
length 

Stainless steel 

2 ft 

3 ft 

4 ft 

5 ft 

(continued) 

Section No. 3.4.3 
Revision No. 0 
Date January 15, 1980 
Page 6 of 20 

Quantity Ready Loaded 

(9 
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Figure 3.2 (continued) 

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 

11 Nozzles 11 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 

,--•-· 

-•--· 

---



Figure 3.2 (continued) 

Nozzle calipers 

Pipe wrench (large) 

Effective 
Pitot tube type length 

2 ft 

3 ft 

4 ft

5 ft 

ft 

8 ft 

10 ft

14 ft

Potentiometer 

-160 ° to 2450 ° F

-150 ° to 1800 ° F

Pulley 

Radios (2-way) 

Rags 

Reagents 

Acetone, gal 
--

!:!20 (distilled), gal

Methylene chloride, gal 

�2�2 (30%) pint

Isopropyl alcohol (80%) gal 

�2 S04 (concentrated}

Silica gel, lbs 

jars@ 200 g 

(continued} 
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Quantity Ready Loaded 

. . 



Figure 3.2 (continued) 

Ropes 

Size 

Safety equipment 
-

Glasses 

Goggles 

Hardhats 

Respirators 

Harness 

Earplugs 

Sample boxes 
·-

EPA 5 - hotbox only 

EPA 5 - particulate 

EPA 6 - so
2 

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 

----

-
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Figure 3.2 (continued) 

Tape measures 

0-8 ft

0-100 ft

Tarps 

Test literature 

Thermocouple Effective lenoth 

2 ft 

3 ft 

4 ft 

5 ft 

6 ft 

8 ft 

10 ft 

14 ft 

Thermometer, dial type, long stem 

S0°
-4S0

°
F

lS0
°

-7s0
°

F 

200
°

-1000
°

F

Tie cord (spool) 

Toolbox (additional to standard) 

Circular saw 

Drill and bits 

Jigsaw 

Hacksaw 

Handsaw 

Hand tools 

(continued) 
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Quantity Ready Loaded 



Figure 3.2 (continued) 

Traverse board 

Type Length 

Tubing Size 

Polyethylene 

Tygon 

Teflon 

Stainless steel 

Copper 

Other 

Umbilical cord Length 

Standard 

(continued) 

Length 

---
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Quantity Ready Loaded 
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Figure 3.2 (continued) 

Hotbox 

Method 17 and impactor 

Variacs 

Warming cords 

Weather gear 

Jumpsuits 

Rainsuits 

Boots 

Ski masks 

Wood assortment 

·-
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Quantity Ready Loaded 

2. Source Test Analytical Cleanup Checklist

Quantity 
Standard Additional 

Ballpoint pens, 6 

Barometer, calibrated 1 

Beakers, 250 ml 

Brush, balance l 

Nozzle 1 

Probe 6 ft 1 

10 ft 1 

16 ft 1 

(continued) 



Purchase 
order Date 

Item description Quantity number Vendor Ordered Received 

(")e-\er C.Ol"f:O\E- I ��'1 Wcs.-+-C.O. �f >tfl9 'ts /J. 9/79

Figure 1.2 Example of a procurement log. 
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stainless steel, Incoloy 825, or other corrosion 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 

rnoni tored during sampling, probes constructed in accordance to 

APTD-0581
3 

and utilizing the calibration procedures in APTD-0576
4

will be acceptable. 

Either borosilicate or quartz glass liners may be used for 

stack temperatures up to about 480 ° c ( 900 ° F), but quartz glass

liners must be used from 480 ° to 900 ° C (900 ° to 1650° 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 (l508 ° F) and

1500° C (27 32 ° 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 

with a Vi ton-o-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 m3
/min (0.75 ft

3
/min) 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. 



Figure 3.2 (continued) 

Caps 

Nozzle 

Probe, screw type 

Serum 

Clamps 

Hose 

Pinch no. 12 

Pinch no. 28 

Tubinq 

Cleanup rack 

Filter holders, standard 

Hotbox 

SO2 

Filter media 

G.F. 47 mm

G.F. 3 in. 

Paper, 3 in. Whatman 

Impactor 

Thimbles 

Funnels, standard 

Silica gel 

Polvethvlene 

Glass wool 

Graduated cylinders, 

25 mJ 

50 ml 

100 ml 

250 ml 

•• 
500 ml 

(continued) 
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Quantity 

Standard Additional 

2 

6 

2 

1 box-12 

1 box-12 

1 

1 

2 

1 

0 

20 

2 

2 

1 

1 jar 

1 

1 

1 

2 

1 



Figure 3.2 (continued) 

Guth bottles 

Acetone 

Spare 

Water 

Kimwipes 

Knife 

Labels 

Marking pens (sharp, water resistant) 

Parafilm, box 

Pipe cleaners 

Rubberbands 

Pencils 

Grease 

Regular 

Petri dishes, 3 in.

Pipette bulbs 

Pipettes, 5 ml 

10 ml 

25 ml 

Policemen, Teflon 

Scissors 

Screwdriver 

Phillips 

Regular 

Stopcock grease, tube 

Tape 

Duct 

High temp 

Label 

(continued) 
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Ouantitv 
Standard Additional

1 

1 

1 

2 boxes 

10 

1 

1 

6 

10 

4 

6 

4-5

1 

1 

1 

1 

1 

1 

1 
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Figure 3.2 (continued) 

Tape measure, 8 ft 

Thermometer, mercury, 

Thimble gaskets 

Filter 

Holder 

Tubing 

Rubber, assorted 

6 in. 

sizes, 

Tygon, assorted sizes, 

Tweezers 

Wrenches 

Adjustable 

Pipe 

pocket 

3 ft 

3 ft 
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Ouantitv 
Standard Additional 

1 

1 

Assorted 

Assorted 

2 

2 
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if used, every 10 tests. 
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Check oiler jars, 

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 

3 .1. 8 Barometer 

reference thermometer at ambient temperature. 

- 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 

filters 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 ° ±10 ° F) 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 is oven 

drying the fi 1 ters at 105 °C ( 220 °F) 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 irnpinger 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.l 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 indi victual 
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 \hermom­

eters--should be packed in a shipping container unless its 

housing is 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 

Aooaratus 

Probe 

Impingers, 
filter 
holders, and 
glass con­
tainers 

Pump 

Ory gas meter 

Reagents and 
Equipment 

Sampling fil­
ters 

(continued) 

Acceotance limits 

l. Probe liner free of
contaminants and con­
structed of borosili­
cate glass, quartz, or
equivalent; metal liner
must be approved by
by administrator

2. Probe leak free
at 380 mm (15 in.) Hg

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 /min) 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 ±0. 1 mg 

Frequency and method 
of measurements 

l. Clean probe in­
terna 1 ly by brushing
with tap water, de­
ionized distilled wa­
ter, and acetone; air
dry before test

Action if 
requirements 
are not met 

1. Repeat clean­
ing and assembly
procedures

2. Visually check be- 2. Replace
fore test

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 



Table 3.1 (continued) 

Apparatus Acceptance limits 

Water Deionized distilled 
conforming to 
ASTM-D1193-74, Type 3 

Stopcock grease Acetone insoluble, 
heat stable silicone 
grease 

Sample recovery Reagent grade, <0.001% 
acetone residue, in glass 

bottles 

Packing E9.uiE-
ment for 
ShiEment 

Probe Rigid container pro-
tected by polyeth-
ylene foam 

Impingers, con- Rigid container pro-
tainers, and tected by polyeth-
assorted ylene foam 
glassware 

Pump Sturdy case lined with 
polyethylene foam ma-
terial if not part of 
meter box 

Meter box Meter box case and/or 
additional material to 
protect train compon-
ents; pack spare meter 
box 

Wash bottles Rigid foam-lined con-
and storage tainer 
containers 
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Action if 
Frequency and method requirements 

of measurements are not met 

Run blank evapora- Redistill or re-
tions prior to field place 
use to eliminate high 
solids (only required 
if impinger contents 
to be analyzed) 

Check label data upon Replace 
receipt 

Run blank evapora- Replace or return 
tions upon receipt to supplier 

Prior to each ship- Repack 
ment 

As above As above 

As above As above 

As above As above 

: 

As above As above 
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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 

"laboratory" 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

sults; 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. If this is 

impossible due to duct configuration or other reasons, the site 

should be approved by the administrator. A 115-V, 30-A electri­

cal supply is necessary to operate the standard sampling train. 
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Either 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. O). 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. O) . 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. If 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 

with 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 in 
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 -.---..:;._���
.:;,..::..;..:.

�·
..::__.

,,l;,�:A..L(..
=-

-.u&�...;_• _ 

Date Z,-/,2- 17

Sampling location __L� � 

Calibrated pressure differential across
orifice, in. e

2
o 

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±0.073 x stack gauge pressure, in. H2o) 

Ratio of static pressure to meter.pressure 

Average stack temperature, °F

Average velocity head, in. H
2o 

Maximum velocity head, in. H
2

o 

C factor 

Calculated nozzle diameter, in. 

Actual nozzle diameter, in. 

Reference ap, in. H
2
o

aH
@

OF t mavg 

Bwo 
Pm 

ps 

p s/P 
rn 

t
5avg 

apavg 

llpmax 

Figure 4.1 Nomograph data form (English units). 
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using a Vi tron A O-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 is > 2 min ( 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 tt' 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 impinge rs; 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. 

If 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. Alternative 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 o-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 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 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 mm ( 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 £t3 /min), whichever 1s 
less, are unacceptable. 

The following leak-check instructions for the sampling train 
are taken from APTD -0581

3 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. If 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 c:::heck 
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 
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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 is mandatory at the conclusion of 

each sampling run. The leak check should be in accordance with 

the procedures in 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 ft
3
/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 pi tot 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. 
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Sample box number __.........__ __ _

Meter box number .,__F__.R.,__-,_I __ _ 
Heter till@ /. Br -< 

Traverse Sampling Clock 
point time, time, 

Meter calibration (Y) -l�--Q�t-3,._ _____ _ 
Pitot tube (C ) �O�, �-1-----------
Probe length _P_......t-L_,_ __________ _ 
Probe liner material ��-�.TtEJ .......... �6�L-_____ _ 
Probe heater setting ..u.,.c_J:... ________ _ 

Ambient temperature 
Barometric pressure (Pb) ZfJ· ;2-3 ...tAllr' (in.) Hg
Assumed moisture 8% ,.......'!-'----------:---,.---=--

St at i C pressure (Pa) -a 6 .JRlll' (in.) H2o
C Factor �o�• ....... _____________ _ 
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Pressure 
differ-
ential 
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tempera- head orifice 
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Vacuum during leak check J.D 
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,_
g

Filter number ....,_/....,,Ouo.,_,2.___.__1_.,_7-____ _
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Figure 4.2 Particulate field data form. 

- -

-4-:'5 
'Fi 1-6 

5� 4-7 

foO 4P, 

/:,( 4-9 

/;/ '5(') 

�2. 5() 

?-9 &;/ 
61 Sf 

6/ 51 
t!,7 .'f'/) 
6i:., ;r,/ 

Avg59 Avg,,,fq 

--

4-,;t 

4-{J, 

+f3 
4<J 
.q) 

,(/) 

.-r/ 

",/ 
�/ 

5(? 

5/ 

5:2--
Max s.z_.

-

?J:lr) 

P.e:ri
£50
:;:, £.I') 
::::>7-n 

?4/7 
1-d t, � (/) 
Ill Ill (l) (l) 

I.Q rt < ()
(l) (l) >-'· rt 

00 I-'· 
o:> Col I-'· 0 

Ill O ::, 
0 ::,::, 
Hi i:: z 

Ill Z 0 
1--' 11 0 • 
\0 '< • 

1--'0• 
V1 

..... 

\0 
CX) 
0



• 

Section No. 3.4.4 
Revision No. o 
Date January 15, 1980 
Page 9 of 19 

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 in 

APTD-0576,4 it can be used only with an Type S pitot tube which

has a Cp coefficient

molecular weight (M ) 

of 0.85 ± 0.02 and when the stack gas dry 

is 29 ± 4. If C
p 

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 (T) changes more than 10%. 
s 

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 post test 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. If 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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The manometer level and zero should also be checked periodi­

cally during each traverse. Vibrations and temperature fluctua­

tions can cause the manometer 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 fi 1 ter 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.l 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 a samp l""

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 rinse the 
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Plant Acme ti>wer -::PlaNt City Gre�N+owN
J 

lv15t;!.QNSiN 

Site 130;/e.,- ou-+Je-t Sample type Ace-foNe R/Nse 

Date 

Front rinse� 

Back rinse D 

Run number flPP-1

Front filter□

Back filter D 

Front solution D 

Back solution D 

Solution Acr:±atve

Volume: Initial /00 ml

Level marked t:;jeS 

Final /DO ml

Clean up by 

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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Plant /lc.4J£ &w�� f},,,,t.,1#7 

Sample location /J�n/r/l I f214T'-CT

Sample date 7-:l!-71 
Run number 8#-/ 

Sample recovery person r. eL/11� Recovery date 7-6"-79

Filter(s) number -----=..:l;..;...-3'----"-o�o_7,._ _________________ _ 

MOISTURE 
Im;eingers Silica gel 

Final volume (wt) :i.2s ml ( g) Final wt ,:J./0 g 

Initial volume (wt) .;La t> ml (g) Initial wt ,,;/QO g 

Net volume (wt) 7S
- ml (g) Net wt {._/) g 

Total moisture J.S g 

Color of silica gel f''-1- ¥3-E/VT 
Description of impinger water S//,Jt/y e,,/4"''� 

RECOVERED SAMPLE 
Blank filter container number ;.30t>t> Sealed? o/E s 

Filter container number :Z3 t)d 7 C. Sealed? 3/£ .5
Description of particulate on filter ,c1 '<jJ I ,&£ o/

Acetone rinse 
container number ---�.?-

---
��O

=c.....;;
O
_.L..

7 ___ _ 
Acetone blank 
container number 
Samples stored and locked? 
Remarks 

Liquid level 
marked? 
Liquid level 
marked? 

g 

g 

g 

Date of laboratory custody -----'7---_2=-..,.1_-_?'--'-7' _________ _
Laboratory personnel taking custody r WA<j&U 
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. 1 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 1 ml with a graduated cylinder 

or by weighing it to the nearest O. 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 O. 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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glass 
size 

Clean? 
------

Probe liner: borosilicate 
Clean? 
Heating system* 
Checked? 

Pitot tube: Type S 
Properly attached to probe?* 
Modifications 

quartz other 
----

other 

Pitot tube coefficient-----,--.-..--=-----=---------=:---
Differential pressure gauge: two inclined manometers ..-:::-

other --=-
--=----:------..-::-r--:-- sensi ti vi ty 0, 0/ O fr, I 

Filter holder: borosilicate glass ✓ glass frit __ .,,,,-__
filter support ____ silicone gasket ____ other ___ _ 
Clean? ✓ --?:....---a-----::---.---,-------,-----------------:-

Condenser: number of irnpingers s+d.
Clean? ✓ 
Contents-:-----l-s�t-,c-c- M

-,-/_H_a_0_�2-n�d-,o-c-
m
�/-#=a-D--3�r-d.,,..-=----

Cooling system ice /Wa±ec
Proper connections? 
Modifications NM

4th s; lli:a gel

Barometer: mercury --=--r---...,... aneroid v other 
Gas density determination: temperature sensor type tlu:rmoe,pup}e 

pressure gauge ..RO iu- - U-fube. f"2SiNOtne.+ec 
temperature sensor properly attached to probe?* -�v"" _____ _ 

Procedure 

Recent calibration: pitot tubes* -✓- dtmetJLSl.()f"iiL c..hec.k 
meter box* ✓ therrnomete?s/thermocouples * ✓

Filters checked visually for irregularities?* -Yr,;.-e�s.__ _____ _ Filters proper�y labeled?* -----&-�e�s�-------------­
Sarnpling site properly selected? -�eJ�CS=--------------
Nozzle size properly selected?* -���e�s

.&._ 
_____________ _ 

Selection of sampling time? �14�e�!S---..-------,----,.--'---,----­
All openings to sampling train i>lugged to prevent pretest con-

tamination? ---=-���e���-::-=----a--------·--------------
Irnpingers properly assembled? -��es--... _______________ _
Filter properly centered? -�J:i.l�e�s ....... -.----=--=--=--.-----------­
Pitot tube lines checked for plugging or leaks?* -��+es

==--
-----

Meter box leveled? -+bre=s"------ Periodically? ---.:;��eQ�...._ __ _
Manometers zeroed? 

Figure 4.5 On-site measurements. 

(continued) 
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Figure 4.5 (continued) 

6H@ from most recent calibration ,90 --�-!..!:=----------------
No mo graph setup properly? ---'-..!::ce...:S _____ -.,,-_____..,�---:----:---,------
care taken to avoid scraping nipple or stack wall?* r'es 
Effective seal around probe when in-stack? ____.YJ�e�s _________ _ 
Probe moved at proper time? -�eeW-.--------�,------,-----,-----,-..,--­
Nozzle and pitot tube parallel to stack wall at all times?* _fu_ 

Filter changed during run? 
Any particulate lost? 

Data forms complete and data properly recorded?* --'-Y�es
-... 

____ _ 
Nomograph setting changed when stack temp changed significantly? 

e 
Velocity pressure and orifice pressure readings recorded 

accurately?* -�0�e=s:_ _______ �----------r---:---:---�
Posttest leak check performed?* -�����5<--------- (mandatory) 
Leakage rate -�O�-�O�I ______ @ in. Hg 

integrated 
sample location 

Orsat analysis Ves from stack 
Fyrite combustion analysis 
Bag system leakchecked?* 

v 

If data forms cannot be copied, record: 
approximate stack temp 317" F volume metered � / ft 3

% isokinetic calculated at end of each run -�9_9,_,_?.�o:..._ _____ _ 

SAMPLE RECOVERY 

Brushes: 
Clean·? 

nylon bristle 
es

Wash bottles: glass 

r'es other 

Clean? _ _,LYc�2..------------------------,--,---------
Storage containers: borosilicate glass ',:'es other 

Clean? -��e .... -5_________ Leakfree? $:1e.s 
Petri dishes: glass J'.'.es polyethylene other 

Clean? 'r'es 
Graduated -c-y�l�i�n�d_e _r _/_o_r_b_a _l _a_n_c_ e_: 

__ s _u�b-d�i�'v-1�.-s�i-o_n_s_<_2 __ m�l�?�*,---
Yi
�

es
-----

other 
Balance: type fr/Die, bei?m 

Plastic storage containers: airtight? Yes 
Clean? _....J)j�e .... s,l__ _____________ �------�-------

Probe allowed to cool sufficiently? !/es (.;is mitV) 
Cap placed over nozzle tip to prevent loss of particulate?* 

'res 
During sampling train disassembly, are all openings capped? 
Clean-up area description: Power- Plcuv-f bc1b

Clean? �e.s Protected from wind? .,......,.Yc...o,e,_�,__ __ 
Filters: glass fiber '?e,s type //C>(::, BH 

Silica gel: type ( 6 to 16 mesh)? new? 1°'e5 used? 
Co 1 or? h Lid e Condi ti on? ---=3:µ0=o""-=d _____ _

(continued) 
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Figure 4.5 (continued) 

Filter handling: tweezers used? 
surgical gloves? 
Any particulate spilled?* N 
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other 

Water distilled? _ _J�Lle�S..i._�--=-----=--=------,�-----------­
Stopcock grease: acetone-insoluble? �es 

heat-stable silicone? other ________ _ 
Probe handling: acetone rinse 

distilled water rinse 
Particulate recovery from: probe nozzle -�£

u
e�s�----------

probe fitting -=-,---=-----.,,.....,,----,-- probe liner $::'es 
front half of f i 1 ter holder __ 1/.Lei.;...;iS�-----=---------,--,.---­

Bl ank: acetone i'es distilled water Pes 

Any visible part�i�c�l�e�s_o_n_f�1�'l�t�e-r---,h=--o�lder inside probe?:* No

All jars adequately labeled? Y�s Sealed tightly? _,_��es...._ __ 
Liquid level marked on jars?* 
Locked up? -:----'-'e�=-�::-=,---,--=--=-----:---:---:----;---:--�-.--:----:------. Acetone reagent: <0.001% residue? will be cbec..ked .rt lab duciN:\,sBYa/�s;s. 
glass bottles Yes 

(reqTI1red, 
acetone blanks? _Y:�e�-----------------------

*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) 

Assembling 
sampling 
train 

Sampling 
(isokineti­
cally) 

(continued) 

Acceptance limits 

Centered in holder; no 
breaks, damage, or con­
tamination during load­
ing 

Frequency and method 
of measurements 

Use tweezers or surg­
ical gloves to load 

Action if 
requirements 
are not met 

Discard filter, 
and reload 

100 ml of distilled 
water in first two 
impingers; 200-300 g of 
silica gel in fourth 
impinger 

Use graduated cylinder Reassemble system 
to add water, or weigh 
each impinger and its 
contents to the near-
est 0.5 g 

1. Assembly specifica- 1. Before each sam-
tions in Fig 1.1 pling run

2. Leak 
3
ate <4% or

0.90057 m /min (0.02 
ft /min), whichever is 
less 

1. Within ±10% of
isokinetic condition

2. Standard checked
for minimum sampling
time and volume; sam­
pling time/point �2 min

3. Minimum number of
points specified by
Method 1

4. Leakag� rate
�0

3
00057 m /min (0.02

ft /min) or 4% of the
average sampling vol­
ume, whichever is less

2. Leak check before
sampling by plugging
the nozzle or inlet
to first impinger and
by pulling a vacuum of
380 mm (15 in.) Hg

1. Calculate for
each sample run

2. Make a quick cal­
culation before test,
and exact calculation
after

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)

1. Reassemble

2. Correct the
leak

1. Repeat the
test run

2. As above

3. Repeat the
procedure to com­
ply with specifi­
cations of Method 1

4. Co.erect the
sample volume, or
repeat the sam­
pling
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Table 4.1 (continued) 

Apparatus Acceptance limits 

Sample recovery Noncontaminated sample 

Sample 
logistics, 
data collec­
tion, and 
packing of 
equipment 

l. All data recorded
correctly
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Frequency and method 
of measurements 

Transfer sample to 
labeled polyethylene 
containers after 
each test run; mark 
level of solution in 
the container 

1. After completion
of each test and be­
fore packing

Action if 
requirements 
are not met 

Repeat the 
sampling 

1. Complete data

2. All equipment exam- 2. As above
ined for damage and

2. Repeat the
sampling if
damage occurred
during the test

labeled for shipment

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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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.l 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. If 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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Meter box number 

Dry Gas Meter 

FIJ-1

Calibrated by IV/ /3a� .

Date 7 )31)7 9 
• 

Pretest calibration factor, Y O. 'j8(p (within ±2%) 
Posttest check, Y* {2, 9 87 ---=-...;.._,,:...;...�..,.(-w .... i�t....-h .... i-n--:-±=5% of pretest) 
Recalibration required? --,----,.---- yes 1---- no 

If yes, recalibration factor, Y (within ±2%)
Lower calibration factor, Y Q,78t:e, for calculations (pretest or

posttest) 

Dry Gas Meter Thermometers 

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)* 

yes �no
(within ±3 ° C

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 (°F) (within ±1.5% of
readings in K ( 0 R) over range) � Average stack temperature of compliance test, T 7'go K � 

Temperature of ref
�

e thermometer or solution for recalibra-
tion S:26' K 0 R (within ±10% of T ) �Temperature of stac hermometer for recafibration S2fd K�

Difference between reference and stack thermometer temperatures, 
�T (j K ( 0 R) 

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 is no w�y to 
determine which is correct 

Figure 5.1 Posttest calibration checks. 

(continued) 
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Figure 5.1 (continued) 

Barometer 
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Was the pretest field barometer reading correct? /yes no 
Posttest comparison?* 2Z« mm (in.) Hg (±2.5 mm (0.1 i�Hg) 
Was calibration required? yes 

� 
no 

If yes, no correction necessary for calculations when� 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 (6T
s) 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. If 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 

weighings. Al though both types 

consist of evaporations and 

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 within ±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, approximat�ly 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 in 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 

nonagreernent. The blank filter may be used in a later test, so 
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Number �l .......... f�Z��-.L-----·_

Classification of standard weights ___________ S
__________ _ 

Date 0.500 g 1. 0000 g 10.0000 g 50.0000 g 100.0000 g Analyst 

:J�/79 0, SOJ /· oOO� /0. ODD 3 :J-0.D0OI I00.D003 Hb 

-

-

Figure 5.2 Analytical balance calibration form. 
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Plant -,1av{E (k« flavJ: Run number ftff--' I 
Sample location :bit.Iv I (}zd(/L 
Relative humidity ---�--------------------
Density of acetone (pa) ......... O__,_ ....... J_9....,0 .... % _____________ _ g/ml

Sample 
type 

Sample 
identifiable 

Liquid level marked 
and/or container sealed 

Acetone rinse 
filter(s) 

Acetone rinse container number -�Z-:�2:�0,�V..__._7-____________ _ 
Acetone rinse volume (V ) ml 

aw 

Acetone blank residue concentration (Ca) _O�,_Q_o_9 _______ mg;g·

wa = Ca Vaw Pa - (0009) (590) (Q7908') = 4,/99 mg 

Date and time of wt LJQ-]i' · 9_·0� 
J 

I 049 00. S--­
!049Qo. 5

Average gross wt /04900, 5" 

Gross wt mg 
mg 
mg 
mg 
mg 

mg 

Date and time of wt Y., Z -7% Cf,'!Sm-t Gross wt 

Tare wt !01:Zf}O, 0
Less acetone blank wt (W ) · 4. I /9a ---�--

Weight of particulate in acetone rinse (ma) (p(){,. 31/ 
Filter(s) container number __ 2-3 ____ Q""'-'-"(J�7,__,..C'"-_____________ _
Date and time of wt ?-30 -]Y , q,, � Gross wt :5320 

/ 
------ mg 

Date and time of wt 9'- I -]:%' , /0.' (S;w Gross wt 539, 0 mg 
--

J 
Average gross wt 539,o mg 

Tare wt __ 4_1�9-�1- mg 
Weight of particulate on filter(s) (mf) //9, 6 mg 

Weight of particulate in acetone rinse �OG. 3!}/ mg 
Total weight of particulate (mn) :f'Z5; 981 mg 

Note: In no case should a blank residue >0.01 mg/g or 0.001% of 
theweight of acetone used be subtracted from the sample weight. 

Remarks 

Signature 
Signature 

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 in 

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 gravirnetrically 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 O. 5 g, and record the data on the 

sample recovery form (Figure 4.4). 
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Plant A-CM[ &u« fl.an+ 
Sample location 1?-tJt!er: I !JutW 
Relative humidity %

.....L.........,_"-------------'--------------

Liquid level marked and container sealed -�
,q..=.,

"'------------
Density of acetone (pa) �0 ......... ,�1-9�0�7.__ _____________ g/ml
Blank volume (V ) ml 

a -""'"""""---------------------

Date and time of wt ?-30-];f, f,'00Ald Gross wt 9%3%1:, 5"" mg + J 

Date and time of wt £: / -?� J7,' OOA-y Gross wt 973,YZ,, 5"" mg 

9Y3Yz-, S' mg 

·97=;;,jV, 36S- mg
Average gross wt 

Tare wt 
Weight of blank (m

ab
) 

= 

7, !3S mg 

�o�,�0-0....,...9 __ rng/g 
mab

Va Pa 

• ·Note: In no case should a blank residue greater than O. 01 rng/g
( or O. 001% of the blank weight) be subtracted from the sample 
weight. 

Filters 
Date and time of wt 
Date and time of wt 

Filter number 

2-�-77; J.',Ot!:!J!l
Y-f1i._, Y/45&4 

Average 

Gross 
Gross 
gross 

Tare 
Difference 

wt 
wt 
wt 
wt 
wt 

Z-200 

410, Z 
41._0, 1 
4/0,l 
4-10,J 

o_,(J 

mg 
mg 
mg 
mg 
mg 

Note: Average difference must be less than ±5 mg or 2% of total 
sample weight whichever is greater. 

Remarks 

Signature of analyst �¥ IJof/'Mao,,q 
Signature of reviewer����

:5-

.>...o--<2'----'G�w�d�wJi""'-",::,u../ _________ _ 

Figure 5.4 Blank analytical data form. 
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Label the filter and/or the petri dish--both with 
the same ·1abel 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
(within ±0.5 mg}; use tweezers to carefully place
the filter on the pa� 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%

5. 

6. 

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

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 h and
reweigh until weight is constant within ±0.5 mg;
keep the tare weight of the filter in file for
future use

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 5.5 Procedure for weighing filters before and after 
sampling .. 

(continued) 
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Figure 5.5 (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
±0.5 mg; the balance should be zeroed and checked
with a 0.500-g Class-S weight, and the relative
humidity must be <50%

9. 

Notes 

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

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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I. Preparing Containers for Shipment

1. 

✓ 2.

3. 

✓ 4. 

Select the appropriate size and number of bottles 
to be shipped to the field; include extra bottles 

Clean the bottles and caps thoroughly with soap 
detergent, rinse with tap water, and then rinse at 
least twice with deionized distilled water 

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 

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. 

2. 

3. 

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 

Use a dry, clean glass funnel to transfer the 
acetone rinse into the dry, clean 250-ml graduated 
cylinder 

Record the volume of the sample to the nearest 
1.0 ml, and transfer it into a QEY, 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. 

10. 

11. 

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 (Caso4)

Desiccate for 24 h 

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 h; data on the first and second weightings 
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 

If there is >2 mg change in the weight of the 
empty beaker, note it on the analytical data for� 

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 

Action if 
Frequency and method requirements 

Apparatus Acceptance limits of measurements are not met 

Sampling 

Dry gas meter Within ±5% of calibra- Make three runs at a Recalibrate and 
tion factor single, intermediate use calibration 

orifice setting and factor that gives 
at highest vacuum lesser sample vol-
occurring during test ume 
(Sec 3.4.2) 

Meter thermome- Within ±6° C (10.8 °F) Compare with ASTM Recalibrate and 
ter at ambient pressure mercury-in-glass use higher temp-

thermometer after erature for cal-
each field test culations 

Barometer Within ±5 mm (0.2 in.) Compare with mercury- Recalibrate and 
Hg at ambient pressure in-glass barometer use lower barome-

after each field tric values for 
test calculations 

Stack tempera- Within ±1. 5% of the After each run, com- Recalibrate and 
ture reference check temp- pare with reference calculate with 

erature (0R) temperature 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. If 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 t�is section summarizes the quality assurance 

activities for calculations. 

Carry out calculations, retaining at least one significant 

digit 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.lA 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 ::J. l ft
3

, Tm = 5 ./. ::j . 0 oR, Pbar =:29_ . � .3 in. Hg 

y = J. . a 13, LlH = J. . 3. L in. H2O 

_ (pbar+ (LlH/13.6)
)- 3 

Vm(std) - 17.64 Vm Y T - -:j°J_ . ]d.GI ft 

PARTICULATE CONCENTRATION (ENGLISH UNITS) 

mn = - - 5 0 · b. mg 

Equation 6-1 

cs = 2. 205 X 10-6 /.v 
m

n )= 0 . a �� X 10-4 lb/dscf
\ rn(std) Equation 6-8 

Figure 6.lA Particulate calculation form (English units). 
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SAMPLE VOLUME (METRIC UNITS) 

Vm = j_ • � 1 ] m3
' Tm = � � � oK, Pbar

Y = j . C) _13._, AH = _ $9_. mm H2o

= J ':I_� • mm Hg

(
pba + (AH/13.6)

) vm(std) = 0.3858 vm Y r Tm
= j . ':J:Q <t m3 Equation ·6-1 

PARTICULATE CONCENTRATION (METRIC UNITS) 

mn = - - � Q . (o mg 

cs = 1 X 10-3 /v m
n � = _f). 03&_ g/dscm

\ m( std)} Equation 6-8 

Figure 6.lB 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, mm (in.} H2o

= 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 conductE;d prior to the 11 ith 11 

3 com�onent change (1 = 1, 2, 3, ... n), m /min 
( ft /min} 

= Leakage rate �bserved 1uring the posttest 
leak check, m /min (ft /min) 

= Mass of acetone residue after evaporation cor­
rected for blank (m = m' - W ), mg 

a a a 

= Mass of acetone residue after evaporation, mg 

= Mass of acetone biank residue after evaporation, 
mg 

= Filter weight gain, mg 

= Total amount of particulates collected, mg 

= Molecular weight of water, 18.0 g/g-mole 
(18.0 lb/lb-mole} 

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

= Absoiute stack pressure, mm (in.) Hg 

= Standa�d absolute pressure, 760 nun (29.92 in.) Hg 
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Pa 

Pw 

Tm 

Ts 

Tstd 
0 

el 

e. 
1 

eP 

Va

vaw 

v.
l.C 

vm 

vm(std) 

vs 

13.6 

60 
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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 ( 0R) 

= Absolute average stack gas temperature, 
K ( 0 R) 

= 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 irnpingers, ml 

= Volume of gas sample measured by dry gas 
meter, dcm (def) 

= Volume of gas sample measured by the dry 
meter, corrected to standard conditions, 
(dscf) 

= Stack gas velocity, calculated by Method 
using data from Method 5, m/s { ft/s) 

= Volume of water vapor in the gas sample, 

gas 
dscrn 

2, 

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/rnin) 



100 = Conversion to percent, % 
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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 (�H) are obtained by 
averaging the field data (see Figure 4.1). 

where 

T (p + (�H/13.6)
)= Vy std _b_a_r

-::

:-------
m Tm Pstd 

= Kl VmY _b_a_r---==------(p 
T

+

m

(�H/13.6)
) 

K1 = 0.3858 K/mm Hg for metric units, or
= 17.64 °R/in. Hg for English units. 

Equation 6-1 

Note: If 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-lA or
6-1B, or the test may be invalidated.

1. If no component changes were made during the sampling
run, replace v in Equation 6-1 with: 

m 

Equation 6-lA 

2. If one or more component changes were made, replace Vm
in Equation 6-1 with: 

Equation 6-1B 

Substitute for only those leakage rates Li or L
P 

which exceed La.
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6. 3 Water Vapor Volume, Corrected to Standard Conditions 

where 

v. 
1C 

R Tstd 
= K2 V. 

pstd ic 

K2 = 0.001333 m3/ml for metric units, or
= 0.04707 ft3/ml for English units. 

6.4 Gas Stream Moisture Content 

vm(std) + vw(std) · 

Equation 6-2 

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 VawPa·
Or combining Equations 6-4 and 6-5: 

6.7 Particulate Weight 

Equation 6-4 

Equation 6-5 

Equation 6-6 

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 

( i_.., 
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6.8 Particulate concentration 

Cs= 1 x 10-3

(v 

mn
)<metric, mg/m3),

m(std) 

ex = 2.205 x 10_6/
v 

m
n 

)(English, lb/ft3).
\ m( std) 

Equation 6-SA 

Equation 6-8B 

For convenience, the following conversion factors are given. 

Conversion Factors 

From To Multiply by 

scf m3 0.02832 

g/ft3 gr/ft3 15.43

g/ft3 lb/ft3 2.205 X 10-6

g/ft3 g/m3
3 5.3 1 

6.9 Isokinetic Variation 
6.9.l Calculation of I from Raw Data 

1 
= 100 Ts [K

3 vie + (vm/Tm) (Pbar + �H/13 .6B
60 0 vs PS An

where 

Equation 6-9 

K
3 

= 0.003464 mm Hg-m3/ml-K for metric units, or 

= 0.002676 in. Hg-ft3/ml- 0 R for English units. 

6.9.2 

where 

Calculation of I from Intermediate Values 

100 Ts vm(std) I = 60 0 vs PS An Tstd

= K4 0
Ts vm(std)
PS An (1 -

s 

K4 = 4.320 for metric units, or

= 0.09450 for English units. 

Pstd
(1 - Bws>

Bws>

Equation 6-10 
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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.



Apparatus 

Analysis data 
form 

Calculations 

Isokinetic 
variation 
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Table 6.1 ACTIVITY MATRIX FOR CALCULATIONS 

Action if 
Frequency and method requirements 

Acceptance limits of measurements are mot met 

All data and calcula- Visual check Complete the miss-
tions given on the ing data values 
form 

Difference between Repeat all calcula- Indicate errors 
checked and original tions starting with in analysis data 
calculations not in raw data for hand on Fig 6.lA or B 
excess of roundoff calculations and for 
error; at least one one sample per test 
decimal figure beyond 
that of acquired data 
retained 

90% � I � 110%; see For each run, calcu- Repeat the test, 
Eqs 6.9 and 6.10 for late I and adjust flow 
calculation of I rates to maintain 

I within ±10% 
variation 
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Normal use of emission testing equipment subjects 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. 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. 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. 
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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 remaining 

checked every 3 mo, 

sample train components should be visually 

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. 



Section No. 3.4.7 
Revision No. 0 
Date January 15, 1980 
Page 3 of 3 

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 
quired 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 
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An audit is an independent _assessment of data guali ty. 

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 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. Audit 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 Sampli!}g 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 in 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 is 
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 (AH), 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 o'clock) 
position, stop the p1.1mp 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 
di;y 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. 

vm(std) 
= 

= 

VmY (Tstd) (Pbar + 1��6)
Tm Pstd 

Kl VmY 
e + dH

)bar
Tm 

13.6 

Equation 8-1 
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K1 = 0. 3858 K/mm Hg for metric _uni ts, or·
= 17.64 ° 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 

(M) = volume measured by the field crew corrected to
standard conditions, m3, and

V std (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
audits ( 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 90 th percentile values are
given below for each audit. 

Audit date 
05-78 
10-78 
03-79 

90.!:h percentile for% A 
±10.7 
± 9.1 
± 9.6 

Based on the results of these audits, the recommended go th per­
centile control limit for the performance audit is ±10%. The 
results 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 

Monitoring Systems Laboratory, US EPA, 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 minimize reoccur­

rence. 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 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 team gains expe­

rience 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 in 

source sampling, specifically with the measurement system being 

audited. 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 

v 

Ok 

1. 
2. 

3. 
4. 
5. 
6. 
7. 
8. 

9. 
10. 

11. 
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OPERATION 

Presarnpling 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 

-«- f',f(}l3C 5H()l?TE'l) our WR!/J6 RUN 3 - lt,IJT' :::AMPVN6 WA.S lfU,oww TO
13€ ClW77N (IEJ). 

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 S 

Data processing 
errors 

Systems audit 

Acceptance limits 

Measured pretest volume 
within ±10% 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 a 11 data 

Explain to team 
the deviations 
from recommended 
techniques; note 
the deviations o� 
Fig 8.1 

; t.,_. 

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. 
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10.0 REFERENCE METHOD 
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-ftd bf the Adm.i.olatntor, U.S. En'riroo.menlal 
Pl'oteotion .AC enc:,, for a p&rUcalar application. TIM 
pattleulate m-, whlcb lncludee an:, matenal tbu 
� a& or abon the llltraUon temperatUN, II 
detamlned IJ'&'f'imelrically aller remo.,.I of onoombtD.4 
-·

U AppUcabllit:,. Tb.II methO<I ia apollcable far U.. 
•1erm1nauon ol ,-rtlculate amlsona from staUona,:, 
-

:LA.,,._ 

HEATED AREA 

1.1 &mpllna Train. A ocbematlc of Ille 1&111pU111 
train aeod In Ulla method Is shown In FiaUN 5-1. Com­
� OODlll'UcUon details 11N 1hen lo APTD-<1681 (Citation 2 Ill Section 7); commerelal modola of tJlla 
tnln 11n1 ..i.o a-railable. For cbane .. lrom APTD-<IMJ 
and for allowable mod!llcatlons ol the lnln showu In 
Ftann 5-1, - &be lollowlna subsecUona. 
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TIM op,,ntlna and maintenance l)n)Oeduzes for U.. 
-t>Una In.in are deacrtbed 111 APT�7& (Citation J 

Section 7). Si.nee corhet usa,e Is Important lo obtail!­
ftlld .-!ta, all oaen abould NJa4 APTD-0579 and 

Illa oponttnc .aid malntenanoo prooedlllll oat-
JI la I', nnl- othenr18e specllled bareln. Tbe MID• pllnc tnlln conwta of the loUowinl eomponente: 

F.igure 5 1. P�icutate-sampting train.

S.U P.,. N..S.. llalnleE •teal (Ill) • &laa wtth .,.._ � IMdinc eck6. TIM """1• et� lhall 
.. SW ud tile s.por- •1-lfbe"" U.. oullliJe io """"""" 
•-t1A""11&1 cllaa--� � all&l.l be 
• Che bu1C,Oa-boek ,. elt>•w a. IIDlea -
eec,l1ied l>J Che Aclm!na-. f made ol � ....._ &be -r.1e ellall be oonsl7Utted ln>m _,,._ tub­lllr; •t.taer mawlala or oonatn>etien may i,. Died. aabjeet 
• Che epproftl of I.be Adm.i.olau-aior. 

.&. ._e ol Aoule lllleo llli&able "" laolrlneUe an111Unz 
aMll!d be anllabla, &.&-. Q.32 IIO 1.27 em (K 10 K m.).:. 
- llaqw u llcber "olilme -.ms,U.,, - .... ....S­
Mllide �&er (ID) aouiM iD l.Dcrementa ol 0.10 cm Ou ID.). E4lch IMl<IM lll>&ll bo oallbt&Wld acoardllll IO • "'°"""""' .wu-d it> &ecuon 5. 

2.1.2 Probe Liner. Borosilica� or qllarla ,tus Ulbli,a 
wtlil a lleatiJ>l o,-tem capable ot maint.aininc a ps wn­
.,...turt at the nit end durinc amplin, of l20±H° C 
(2M:t,25• F), ., IDCb otbor le.mporat.un u lpecUled b7 
M applicable mbparl ot tbe ot.aodard& or appr'O'red by 
Che Adminisll'&tor for a parUcular application. (Tbe 
.... may opt IO Operale tb• eQUiplnellt at a temperawre 
M!"'• than that opeclfled.) Since tbe IICl-laal 1611lporaUU. 
e& lhoouuetot &be pn,beJa not nouall, monitored durtnr 
-pllac, probet comuucted aooordioa to APTD--OSS1 
aad utUwnc tbe cal.lbratioo c°""' or A.PT�70 (or 
..Ubnt,,d aooonllna to I.be procedur, outlliaod iD 
.APTD�76) trill be comldered acceytabla. 

BitMr � or ,uarta 1u probe Unen _,. be 
-S tor lllad; tam�turm up t.o about 461' C !1Xf' F)· 
-1.& liners &ball bo wed lor :.empcnturs betWeeD 480 
...S 900" C (9(X• uad 1,-oo" F ). BoUl types o1 linen may 
be used at higher te.mperauu• th.Ml IDCICilled Sor lbort 
a,oriocb of time • .ub.lecl 10 tbe app«>nJ ol tho Adminis­
ilaw. Tile .,heninl lempen.t.Ure lor borootllolu ls 
_,. C (J..5(18" Fl, aod for qu.,u it i.E 1,.1()1 ° C r.2,7rl" FJ 

•�- Practi<:al. ••.,.,, .iron should be maoo io "'°
lbwooilical.e or qQMU C lus probe liners. Al1.0n>a1J•el1. 
-tal Linen; (e.c .• 116 N.inless steel. lncolo:, 82Sc _,,to1.her 
OOITosiOD ....i-1 meals) made of -,a1- ... OWC may 
a. med. llllbJec. lb tb• appro.-..J ol 1be Admi.n.l.slntor. 

%.1.11 PilOI T\ab6. 'l'n>< 6, a, cleoc,ibed Ui Section 2.1 
• .lutbod 2, • OIJw cl, --.ioe approved by lb, .Admlnis­
llalor. TIM pilot llll>e rb&lJ be atlaebed 10th• p,vb< (as 
.....,.. ii, F� H) t.o allow 00fl<tant IDOflltarini ol the 
- cas � n.. 1m"""' (hlzt, 1>,_,,..J -...nc

' Mention oi trad<- names or specific product..c doe., not. 
.......Otute endolll6IIleDl by tb• Environmental Prou.c­
tbl .6.pncJ. 

p1aw, of tbt s,fto1 tubo Shall bo • ..., w1th ..- aboff tbe 
IIOule eau:, plana (- Mel.hod 2, Ficun Mb) durtnc 
-s,llnl:. Tbe TJpt 6 plto1 t:abo _,bty all llaYe a 
blo1rt1 eoetlldct. det.cm!Jaed • outUned In lloccilla t ol 
M.U.od 2. 

· U.◄ DUloreata. "'- a.u,._ lDcllMd --

:f ..f'"���!,. �;� := :: .. =� 
..i (A,i) -4iJIP. aad l,be oUaer. - odllce cWJorcUa. 
..-U,-4qs. 

1.U l'llw Ii.old«. Borolllllcak S-. wttll • tt-. 
.-it 1111.tr - end • siliaoM nibber � Ol.ba­
aa&81als ol QOQStnaeUoo (� calnlea -· Te6on. 
Vlloa) may be UJed. ,ubjort 10 a,ppr'09&I ol U.. Ad· 
-- Tb< boldor design sllalJ p,o-.tde. pool1.!Ye 

�e"::I� �,:. �":"..:::��it·= 
Cll I.be probe (ar qol,oae.11 med). 

t.u Fili. e .. unc e,,,tem. Alu' b..Uac .,,_ 
mpabl• or maintaining • t.Nnperaiur-, uvund ti•• tllur 
llolder durtng ampUr11 •· UIO:l::1◄• C (24&:l,r. I'), ar 
IUCh otbor IAIIDJ>eralllff .. speclftod by an applicable 
wbi-t ol \lie otaodM!s ..- approffd b7 tll• Admlnl> 
-.,.. tor • partlculu appllcatloo. AllornaU,..:,. �• 
cat.er mayos:,_ t.ooperau U..equlpment atatemperaUtre 

�-�"' �=:! !, ����· ri� 
"' Installed ., lb&l lb• "91llp,,r&tutt around t.lM, lher 
bolder cao be=-and monitored during ...,,,piing. 
Bstin& �= otb« &ban the one lbown In .I.PTD--
05lll ma:, be uoed.. 

2.1., c-den>er. Tile lotlowtng S)'1UID shall be -.S 
IO de.ermlo• lh• stacl< ps molstun ooutent: Four 
lmpi.aters COCIDO<:Uld In � .. •itb 1 .. k-1roo l!l"<>Wld 
£�;tings or •n1 sirnllAr t..1,.-lrw ■on�\UDlnatlnc 

Tbc lim. third . .aid lourtb lmplncen shall be 
•• I.be O,-;buq-Sm!Lb delicu. modillod b)' ftl)laclng 
the up witb U cm 01i lo.) 11) cum _1ubo en,ua.n, 1.o 
&bow 1,1 cm (½ In.) from tb• bottom o• 1.h< !lull. Th• 
MlCl<>nd i.mpioeer shall be 01 Lbr O-nb1.1111-Smilb design 
..-1th lb• standard tlp. Moditicalions ,.�. u:sira llwble 
co.n.n,ect.ion..� bet WflCD Lhf' im p.ngen. mi na mat.n"i&b 
ot.h,r lhan glass. or uslw: flall>I• vacuum Un"' to connrcl 
I.hi' 611.er boldtr \0 tbe oot>dcru,er) mey b, uoed, wbj!'Ct 
Lo 1.bt· &ppro�&> or lhP Adm.in.1st.rat.or. Tb.- tint a.nd 
lleCOnd lmplugers sball oout.a.ln known qu.antiti� or 
water (Sf'<:tioo 4.1.3). lbr- third shall� �mpty. and tbt 
lourtb obaJ.I eootain a lcnown •oighl ol silica g•I. or 
equlYIJenl dasiccanL. A thennGXDew, cepable of meesur-

lDc IAlmperatun to wtliala 1" C (P ., aMII be D1-eed 
M ti>• ouL1e1. ol \he lounb lml)ia&a" lar mCIDf&orinc 

•;.ii.:;::.thely, an:, l}'Slem tllal eoola \lie ample au 
......, and a1loww -- ol Ult - -chuod. 
and moisture 1 .. -.tnc tbe eoo-.U, � 1.o wbln 
1 al « I I may llo u.d. .. b)ec< 1oO u,r r.w,,fll el Ult 
Admlnlstrat.or. Aooeptable - .,.. '-.......,. Ule 
-- ..-ell.Iler cra.-t.metnca11, - •elu.mOlncAlly 
and to meuUN lb• molAUrt ... flal ta, --- by: 
(I) monll.orio,: tb• tempenotUtt and � al tbe 
G:lt ol tb• cond.,.,.., and IWDI Dalton s la• et pa,Ual 
�; or (2) J)USia& tbe J&mpl, gas sine,:, tbtougb 
• l&Nd iruca 1el (or equl.,..lenl deslacant) 11'P •lib 
eal1 ,_ hpl balo• 211' C (Cl8" 'l &Ad � 
'- •eill>I pin. 

U -"' otber than lllllca J•l an � lo Henmno 
U.. amow>t ol mo!sluro 1 .. -.tnc tht ooudec,er, I\ II 
,_,mmended tllat IIIUm 1el (or eqnlftlortll lldU be 
llsod botweoc tbe cooden.oor s:,stem and pomp 1.o IJl'"ent, 
moi.tun conde!lMtion In th• pump and meter.111 d•­
snd 1oO a•old the need to mu:e oomct1om lor mcisture lD 
&he m--..t •olwne. • 

NoTJt.-11 a d•t-ermlnolJon ol the parUcuw, man er, 
oollect.<d In th• lmpiQ&en la d<ISb-ed ID MldJUOO \.0 m-

� ::i�en.!i:a�!m:��r!lJ�� ei�����!b� 
·oontrol a&"enci .. requlrln« lhl!- inlonnauon mil be 
eonlACUld as 1.o lh• -.mp!• rt00•er:, and analr,is o! t.bo 
Im pinger conlents. 

2.1.8 Mei.tring System. Vacuum pur. ft).-:reo 
pump, ll>ermom•ters capabl• ol m-..ur1111 t=p,nturo 
towttbln l°C(H"·F).dryps m.._...eapabl< O! c:,oasurina; 
•olume to within ! perc,nt, and �ted OQW;>Clffil. u 
llbo1rn ln Ficutt �I. ether m-ina sys\...., .-.palM ol 
maintaining ampling rat,e ..-ltbln 10 poroea, 01 -
tlnellr and 01 d•t.enulnla,: •mr>I• •- lti "1thin 2 
peree,,t may bo m<d. 9Ubj..et to Uw � e, lbe 
Admlnlsuator. When ti>, meU,rlnJ system " -.l in 
conjunction with a pilOl tobe, the sr.,tem !Ull tll&ble 
cbeci:� 01 isollJnttic ntes. 
�s::

P
fo'!_�=t��

t

�:nd����: 
�.;,,;�/; m� .... �F1ded tbal U.. � 

2.1.!l BD.rom��. Mereur,. a.mirold. or-O'tbe:- \::aromf'ter 
eopal>k of me&.Suri� atmospheric p,,r:murt � .-j\b..ir1 
2.5 mm H� (O.l in. Hg). In many�- lb• b<..-omelrlc 
ree.dint may bt obt.a.inNJ rrom a nearby natior.._· 11raatber 
.,,..-ice station. in wh,c-h c� I.ht natioa n.11.lt .•bicb ii 
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lltllaL � ..... and"""' 1'oll ti u.. 1111a Wda"'
......,.a..._,_ .. wtta_md�a. 
.... 111 • .-.-.....r. w-=.i::.:=IGlladfll-wfloa�b,- De.l 
and lball be ... wbm � ll7 Ille .Hmlu!allllloi; 
In u...--•-bllmk-..U,,., u. ........ 
_.. dl....uou • 111181- !'w:bla Ille ..... 
�-....... 

Carotal!J rem.,.., tbe pnl)o -ie aad clmA llao ,...._ 
_.,... b1 111111ns wit.II - - • wuh boWe 1111d 
brubl .. wltb a IIJloa brllOt bnlob. Bnllb QIIUI U. 
-- d- obows DO 'l'blble .oar\lclo&. ,.,._ wlllell 
-•a...1-•U.---wlth-

BNlb and 111118 the IDalde part.I of Iba 8,.._.. 
IUIMll'llll-1&a-..-,,-,a.•rifblp 
pertJcla IUIIAIIL 

Ill- U.. ..._ ._ � - ..,. 1llttns ... 
TOCaU,. Ibo probe wblleaqwrUDI: ...c.on.laio l&a a� 
"'4 • dla Ill� -- wlll I» -uect with -
toaa. Lot Ibo -- dnlll from Ibo 1o .. OD4 \Ille. 
-• __.__ A...,_ (stoa or poly-otlrylfflo) mar be - to al4 In � liquid·- to ..... -
1al-. l"ollow Ibo - 11- wttll ■ � lllu& 
Hold tbe probe Ill an 1Dclllle4 l)GIIU.. � -.. 
Into tbe UJ>p,r tlDd • Ibo probe bnJ.,b b boioC pusbe4 With • t11'11Un1 actloD t!mrosb the probe; bald • ..... 
coataliw a.oden>e■tll tbe Jowu end ol \ho p<obe, and
- an1 -'- and -U.aai. ,._ -. ... II 
bnabed from· the probe. llun tho bnw1 tbfou&h the 
probe Ult• limos or -• IIDCil Do '1llbio � 
matter II carried opt wltb the ac•IOIIO a, until -
- la 11M probe -- - 1'11..i � .,. 
Nini.. -- .. "'- -ai. pta.bla,. n&A Iba bNlla 
throasb ID the lllloft ptwerlbed � fol i.. tu 
dm• llaee mrial proN baTe amall cre'f1ca 111 wblell 

· panlculal.o matter eaa be eut� RIDIO \he bnub 
'I01tb -- ■nd q_uaatllatlnly <Ollect U... -�
Ill tbe ample CDDlal-. ·Afld the �. make ■ 
lln■l -rl-ol lhe probe u deoortbecl .-

1' la r _.,..�--.-bemod•<'­
Ule p,obeta llllmml■a.-ple ................. l)Uac" 
nlJIS, lraop ..-cleaD uul prolaetad in,,.. -•m•­
\ioa. 

� ....urmi' 1:11■t an lolllitl b■Te 11om wlp .. dlall 
et slllcouo ..-, clean tbe "'81de ot the ltvnt balf OC •lllw bold.-117 rubbfnJ the surlll<el with■ nyloD bruGt 
bnllh and rllllinC wttb -- Rime eKII NrfNI 
tbho llm• a, won ltaeedecf to-•• <rlllbl• � 
late. Maka a Anal rt.nae ol tbe bruu &nd lllter bol.S.. 
Canllllly rlnN- tbe 1laa .,....,,_, allo (lt■ppllcable) •.t..tt. ■11-ue wublnp and partll'Ulate matt. baft 
beon collected ID tbe ...,pie ccmtainu, tish1ao tbe lid 
en tbe ample CODlaiuer ., tbat -tone wW - lelll< 
oat wben 1, la IIIIIODed to th laboratory. Marl: tbe
beflb& ol Ibo lluid liTel to d•lmnlne wbotber or DOC 
lMble oc=rre4 4urtns ""-'- Label tbe cootalDS
to c1-1y identity Ila oontenta. 

a-•i- No.�- No&e tbe colar orthe ln41� ldllca 

�•:..,"t.��
lt
:�:.�

"'
1i�:.� •• = 

the fourtb Imp� to Ito orillnal <'ODIAlner &Dd ..a.A flnlnel a,ay mw lhuler to po,. the s!ll<•s•I wltboaC 
spUUns. A rubber policeman ma,- be used M an ■14 ID 
remo,.£nc &be slllca eel from tbe lmpinc,r. It Is DOC 
n--, to nmon tbe small ■moaot ol dust pertl<IIS 
t.bat ""'1 adhera to tbe lmJ)lncec ,rail llnd an dlllkull 
to remoTe. Since tbe pin ID wqbt is to be u-4 for 
moiltwe c■lculatlone, do DOI uao �:!tu °" otbw 
Uqwda to wander uie sllka pt. u • is a....uu.i. 
In tbe lleld, follow the procedun for oootalner No. I 
ID Section t.l. 

r,,,p1..,., Jt"et.r. Trtat tbe lmplnaera u foDows· MUii 
■notolionor■nioolorarfllm In the ll(JUld �b. ;......,. 

!.?� ::.1'l!� ::�� !" ��='e'=!
in

i,';'!!f.� 
to within •0.51 bJ uslnc • �te (ll o"" io anllable), 
Record tbe Tolum• or welaht or llqwd �t. Tbla 
inlonnaliOD Is reqDlhd to calculate tbe DIOlStDre ccmtct 

°'�J!fo'iild alw ...-'In and rerordlns tbe 
To!Um• ar w•la1!.\ - an■IJ',la o1tbe lmplnpr calell 
b reqalNd <- ,.ote, llectlan 2.1.7). 

It • cWfennt typo ol candlmor i,·...t, mfUQNI tbe 
amOWlt of molstun condmled either -.olmDetrtcalb • 
P11,'1melrl<ail)". 

When.eTer DOOSlble, cootaluttS ahould be ahlpped la 
aueb ■ _,, tfi■c tbeJNmain apnpt ■' ■n Cima. 

U All■JJS(I. R-,1 tbe data requlnd on· a sbeot 
IUch u the one sbo1rD Ill f(Cln$-3. Bandle� ...,pie 
container u follcnrr. 

eont•fJwr No. I. Len• the cantenta In the lllllpplnl 
totlt&ltler or tramt..- the 11W uid ■IIJ loooe p■rtlclll■ta 
from tbeample contalMl'to ■ t■r-ed 11Mo W'lllhlnl dlsb. 
Deolc<ate tor 24 bowl ID ■ deolo<sor cmitamiDC anb,-. 

· droua c■ldwn SDl!ata. WalJb to ■ oamt&Dt weJ11rt an4 
re=,. lbe reewta io tbe n..nn 0.1 me. l'cr parix- al 
tltilBecllml. u, tbe wm "comlllm W"lfsln" m.,. • 
dllr-- of no mare U>an o.a ma or l � o1.­
welcb1 lea tare wel&h1, wldcbnw 11..--, � 
two .,._,,u ... weflhlnp, wltll DO lea tblll t bauruf 
deelcc:■tion Um• bctirem ""1plnp. 

Mlll5 · A,fa HGULATIONS 
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...... , ----------..-......--------

.. ___ ,__ _____________________ _ 

.. ... ___________________ _ 

FimNo. ___ ...._ ________________ _ 

Amount liquid lost durin1 transport -------------­

Aatoa• blank volumt, ml--..--------,--------­

Aceton1 wash volum1, •------'-------------

Acetone blank concentntioa, mg/mg (1quation 54) _________ _ 

Acetone wasb blank, m1 (equation 5-5) ______ -=----"-----

is,. 

· WEIGHT OF PARTICULATE COLLECTED.
CONTAIN£& .. 

NUMBEJI 
' 

FINAL WEIGHT TARE WEIGHT WEIGHT GAIN 

1 
.. 

. . 

TOTAi. -- -- ---· 

-- -- --

Less acetone bfank 

Weight of particulate matter 

VOLUME Of LIQUID 
WATEII COLLECTED 

IMPINGER SILICA Ga 
VOLUME, WEIGHT, 

ml g 

.. 

FINAi. 

INITIAL 

LIQUID COLLECTB> 
. 

TOl'AL VOLUME C0UECm> ,·I "'·'

CONVERt WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT 
INCREASE BY DENSITY OF WATER (1o/mlJ. 

INCRE�. g 
s VOLUME WA19. •

1 w'
m
l 

Figure 5-3. Analytical data. 
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Altunatlvoly, th• sampl• may be oven dried at 105" C 
('DJ" Fl for 2 to 3 lloun

i 
cooled In tbe desiCC4t«, and 

welgbed to• constant •• gilt, � otbenriae specUled 
by tile Administru<,r. Tbe tester nay alao opt to Men 
dry the sample at l<ll> • C (Z20 ° F) tor2tolboun, ....ip 
the sample, and ...,. tbb welcbt as a dnaJ ,rolgbt. 

Omtain,r No. I. Note tb• In.el olliqaid In tbooont.lner
and confirm on the analysts aheet wbetber or aot i.taee 
occurred durill( transport. U a oouOMble amount of 
learac• bu oocurred, either •oid tbe ample or me 
metbods, subject to tbe approftl ol tbe Admtalstrat«, 
to correct th• l!nlll rooultl. i,.......,, the Uquld izl thla 
container either •olumetrlcall1 to ::1:1 ml or p-aY!­
metric:allJ to ±-0.5 C· '1'nlmfez tbe CODl.elltl io a tare4
�ml beaker and onperate to dryaeas at ambient 
�peratun, aad �- Desiccate for 9t bGan aod 
Welp to a COOltaltt Weicht. Beport the resalta to tbe. 
Deaffilt0.lmg. 

amtal..,. No. S. Weigh the 
�

atailica gel (oro1lleacel 
�w; =u:.•��� -L,�d� a b&lance. This 

•�- .Blut" Clmuifl<I'. Measun acetoM In tbla
cootainer eltber 90Jumotricell1 or p-avimetric:all1. 
Transfer the aoetoae to •·tared 250-mJ bealter and •-

�te�� i:=�
D

�����D=ie=: 

R?o�'.:!:�':"�� ::,:e:., 
D

:n;: 
0
�; the coatentl ot 

COntalner No. 2 u well as the &cMOne blank comalnoc 
nay be enporated at temperatures h(&ber than ambl•
eni.. U enporation Is done at an elented tem�. 
the temponturo muat bo below tlle boilia, po1at ot the 
aolveat; alao, to c•nt ''bu.mplna," the enporat.loa 

��� 'i.e rilrl���� �-,,:::,� :,! 
.-,ea temperature. u .. ertnmo care, u ""6toDe la biJhly 
�_hie aod bu a low llalh poin'-
6. CWi>ratio11 

Maintain a laboratory log or all callbratlona. 
5.1 Probe Noule. Probe nou.Jeo llhall be e.llbrated 

belore thole ln.itial use In tbe tleld. U1u,g a micrometer, 
m ......... tbe Inside diameter ol tbe DOUlt to the D-

llOW INTO TUBING 

UNTJl MANOMETER 

READS 5 TO 7 INCHES 

WATER COLUMN 

1.1 Noroeoclattln 
A. -Croes-eectioDIII area of oou.i.., m• (rt'). 
B. -W•toc npor ill the cas atrea.m, proporUoo 

. bywolwne. 
c. 
,. 

I 
L. 

Lo 

.. 

:&i"=�r'!�� ���:':::1!."fn �\ 
ft'::'ns�.i!:.b4,i�ted to atandard ooodi• 

•Peroeot of lsoltmetlc aampl.ln«. 
-Mu imam acoeptablo 1� n,te tor either a 

prete.rt lealt check or tor a leall: check.follow-
fa,: a component cbaage; equal to 0.00067 
m1/mio (0.02 c!m) or t pe""'at ot the nerace 
sampling rate, Yblchever i.o 1 .... 

-IDdlvidual loaltt«e rate oboervod dlUUllt the
leak cltect conducted prior to the "'"" 
component �e (1-1, 2, a .... a), 
m•/mln (ctml. 

-Leakage rate obsened dur1nr the poet-tect 
1,.k check, m•/miD (c!ln). ' 

-Total amouot ol particnlau ma� collected,
·q. 

llo -Molecnlar weight o! water, 18.0 a/1-moi. 
(18.0 lb/lb-mole). • •• -"!Am ot reslduo or acet.one aft.er •n.poratloa, 
mg. 

P • ., -Ba.rometric preosure at tho e,.mplinJ alto, 
mm He (m. He). 

P, -Absolntutaci gu P�. mm Hr (In. He), 
P..., -8tand&ro aboolate pr°""""', 780 mm He 

(2U'l In. Bel. 
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0.0'l5 mn, ('0.001 In.). Make tbroe .. ponte m....un,mentl 
using dll!erent diomoten 6&C.b time, a.nd obtai� the aver• 
acoolthe measuremoote. Tbe ditlorooce between tbe blg b
aad low oa.mben 1b&ll not. ex-.:! 0.1 mm (0.004 In.). 
When aonles become alolted, dented, or corroded, tbeJ 
lhall be nobapod, llbarpeoed, and recalibrated before 
use. Each �ule lb&ll be pormanent17 aad un.lquol1 
ideoti1iod. 

6.2 Pltot Tube. The Type B pltot tube uoembl11ball 
bo calibrated acoordJnc to the prooed ure outliaed In 
iledioa • of Metbod 2. 

4.l Meterl.nc System. Belon, lt.s lnlu..l u.. lo ttle field, 
the m&terinc .-,mm llhall be calibrated IOOOl'ding to the
procedure outlined In APTD-0076. Instead of pb�J 
adJustinc tbt dry ru meter dial readiogs to co�pood 
to the wet test meter readings. calibration lacton mar be 
u.d tomatbomaucally correct tbegas meter dial rMdinp 
to the proper values. Be[ore e&libraliJI& the metering sys.
�. It Is suggested tbat a leat<leclt bo conducted. 
For r=tering aystems bavlnc diaphragm pwape. tbe 
normal lealt<leck procedure will not detect loaltagoe 
11'1tb.ln the pWDp. l'or th- ca.,e, the following leak· 
check procedure Is suggest<>d: melte a JO-minute caUbra­
tion run at 0.000;7 m •imln (0. O'.I cfm); al the end of the 
run, take tbe dl!!erence of tbe masured wet � mete, 
aad dry gas meter •olameoj divide tbo di1Jerenoe b� 
r�7 �e,� (��-�� oak � s�otild uot u 

After each tleld mo, the CAl!bratton ol the motertnc
eystem lb&IJ be checlted by performing three calibratioD 
rw11 at a 5lncle, ln'6rmod.iau o� oettill( (based on 

::rm::u:.ia:!
d 
,!;:Jed ""f'�

e 
t:C

u
i: ::i: *�

adjust tbe \'ICUum. lDiert a nlve between tbe wet � 

�:i:r..::.i�:i�:: ti� �:i,:r.;,"f.ci�ff tb�� 
tioa bu chanced by more. tban � peroent, ,-Ubrate 
the met« over the lull ranee of orUloe .. ttinct, u •u'­
Llned In APTD-0576. 

Altoruatln procedllr<!S, e.g .. using the orUlce m­
ooolllolenu. mey be used, subj<et ID the appron.1 ol tho 
A.dmlnistn.tor. 

ORIFICE 

· Non.-Iltbe dry ps meter ooemclent vlllu,. obtain•<! 
be!ore aod arier a t..n sm,e differ by more I.ban� p,-.eent, 
tb• t.est 1trf"" •ball •lther be voldod, or cal«1!>:ions for 
tbe t,st �rie,s sb&II be performed usog ..-blcb.,..,. mti., 
maffleleo\ ftlue (I.e., before or alUr) fiv .. lM Ion, 
Tlllue of tot&l sample •olume. 

5.◄ Probe Heater Calibration. The pro� b,ating 
S)'llem eball be calibr.ted before tu Initial .,.. in tho 
lleld IICOOrdlng to the prooodw-,, outlined lo APT D--05,u. 
t_

ro

�;::.�
"'

::;!, ��o:." ���� ��� 
wouaod. 

6.5 Tempen,tun: Oauge,s. u .. the proc,,iure lo 
Beetlon t.3 of Melbod 2 to calibrau lo-stack U:a:µttature
PUC"'- Dial thermom..t,n, such u - u.ed fer tb• dry 
cas meier aod coodeDMt outlet. 1ba1J be calibn>tod 
&ealnst mercury4� tbermomotera. 

6,6 1-lt Cbect ot Metering System Bbo"'1:. In Figure 

t
1

tb;����
o
:h

t
!:iJ":f!r �.,"od�crt, �,.'l

meaudal'lffeacllsblpm..,t. �eatt«tb,pa:np ,.-1u 
NGull ID ,_ TO lume bang recorded than i, octuaUy 
eampled. Tb• lollo'll'lnl pnx,edun b sua...-...i <see 
Figure &-4): Cl°"° tbe m.alo vain oo tbe e«<:r bo•. 
iJlsert a oDe-bole rubber stopper .,llh rub� tubing 
attaobod la\O tb• ortftce exhaust pli-, Oisoc,:.:><>ct and 
TODt the low side or the or16oe manometer. c,,.. otl tbe 
low side orl/ic, tap. P..-urlu th• srs,em to U ID •� cm 
{6 to 7 ID.) ..-at« column by blo"'1o& lolD u,., rubber 
tublnc. Pinch off the tublll( and oboen'e the =:iom<ter 
Sor one minute. A loss .ot pressu..re oo tbt c.i.:lO::JJeter 
lndlcata a leak In tbe mel« box; loab, U pr-,t. mllS\
be corrected. 

5.7 Barometer. Callbrau acalost • meren.-y barom· 
..... 
6. � 

CarTY out calculations, ret.alnlog at least oe.e utra 
decimal !igutt beyond tbat of tb• acquired 41a. Round 
otr ligun,s alter tbe ftalll calcalAtlon. Otbtr !or.=> or the 
equauons ma1 be used u looc o.s they Ci•• �,:.;Talent 
l'Olults. 

VACUUM 

GAUGE 

AIR-TIGH.T 
PUMP 

Figure 5-4. leak check of meter box. 

B -Ideal pa coll8tallt, 0.OC!236 mm Hc-m•rK-c· 
mole c:n.& 1n. Hc•tt'/"R-11>-mole). 

T. -t.!':'J�•t_i;r-r}t."i. meter temperature 

-Absolute an� stack pa temperature C­
FiJure 6--2), •x: (0RJ. 

T..., -s=dard absolute temperature, 1111" .I[ 
(528° R). 

v. -Volume or aoetone blank, ml. 
v.. -Volume or aoetone a.9ed in wa.,h, mL 

V .,. �o
d
tal Alli��• �'j,��r � lmplncen 

V .-Volume ol ps oampl• u measured b14ry CU 
motor, dcm (dcl). 

.V.,,.,,-Volu.mo ol pa ,ample measured by the dry
cu mete, 00rrected to staodard oondltlona, 
d>cm(d.,c!J. 

V.1,"'•Volume ol ,rater npor In tbe CU aampla, 
corre<:ted t.o standard oondlt1ons, ocm (le!). 

v,-Stack JU \'olocity, cakulated hJ Method 2,
EquauoD 2�. wine data obtained from 
Method 5, m/-, (lt/,ec). 

W.-Weight of re!ldue In a.ooto� wub, m(. 
Y•Dl"J' pa meter calibration !actor. 

llH • A verago prMrun> dl1!0l'8Dtilll llCrOOI tbe orlAoo
motor ( ... Ficun, 6--2 ), mm H,O (ln. H,O ). 

"•• D=sJty of ""6toll6, ma/ml � label OD 
bottle). 

"·-R:!1>
ty o1 -n1er. o.M2 I/ml c.o.002:l(U 

I• Total sampllnc tlm6, min. 

f,•S&mpllnc time lnternl, lrom U.. �nc
et • run unto tbo llnt collll)OOCt c.llance, 
min. 

,,-S&mplinc time Interval, betweea twt> 1t1c-

�:��f.:��:"��� 
••-��o lnternl, lrom ti>, t::eJ (n") 

eomponont cbaage until I.be OJ1! of tbe 
ampUng run, min. 

18.0•Bpeclfic cravity o[ mar-rury. 
eG•Sec/mln. 

100• Connnrion to peroent. 
II.I A. •""'Ce dry gas mot.er temperature at><! nera,e 

..-IAoo �drop.Bee data sheet (Fifuro 1>-%;. 
I.I Dry Oas Volume. Correct the ample \'Ulume

meaa,n,c! by the dry cas meter to standard o,oditions 
('rl' �f!Jl mm He or ea" F, 211.92 I.a. He, by usinc 

= _:· y(T ••d) [P ... ,+-N{,] 
•(Ud) - ... T. P.t,tJ 

-KV y 
P.,.,+(AE 13.6) - I .. T. 

Jtqaodon5--l 
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"=CUll!l!O � Jr« io, melrlc ... 
.. u.CN•Jl,1a. Ba.., Bn&liall muw 

Rou.-Eqaelloa ... l ean 1M aae4 M 1l'r1tua ala 
tb l.ituo ra&.a o�e4 durlna &OJ ot U.. � 
le6k clNcb (1.o., IIM � 1"ak cbck «l loalt elMcb 
eondQCted prtor "' COllll)OTICt ellancel) a...ia £ .. u
� .--41 z.., EquaUoll �l mad be mod!Jle4.M 

(a) 0- t. No tomJIOIMDt � mMa 4arbie 
-pltllg rua. Ill t1lla oaot, r.p..._ V. In EqllMloa. �l 
vl&b UM uprealaa; 

V,.- ( L,.- L.)O] 

(b) CQ8t U. Om W men-� cbar!cCI made 
«annc &bo ..,,piing na. Ia Uda -• repia<,$ Y • I& 
SqaaUOll .,_l by Uae aptealm: 

[v .. -(Li-L.)'1 

_
. - � (.C...-L.)f,-(Li,-L.,)lo] 

11114 IUbnl&uio ""1J lar Ul- leab«• ra&ea ti. er .z..) 
wllWl....S L� 

L& Tolmne .t ntci 1'apc>r. 
Eqm&icm ... ::r 

v .. <o-o-v,. (t.) (!l.:•)-K,Vi. 

Ko-0..GOml m'fm) llr =etrtc 1mlta 
-0.0f707 �/ml .. hallab an.it&. 

u .likutuN Collta&. 

N'OVll.--la � ea ..-a droplet l&llm .. 
--, hl'I o,le:r•bO-, � ISltl IIIGIIIUn �of., 
.... IM dlell be =45, - Crom 1M lms,ln3u o.aal7ID 
(BqV!IQoa HI. 11114 a lllCCRld '- tho -...pU,,g ct 
lll&utMed oood!Uoaa. Tba lower cl Ille &w9 91IIUl8 d 
B.,. did 1111 -,,ldfflld ""'""'"1-.o l)l'OOQdaro lor dc¢C­
"'1Dln;c &lie� can14D& l)Qeed upia taDDpQoo d 
acunled ODdlu-i la c!'Nll In Ula Nob ol lleeUaa tJI 
ol �od '- For lbe � otW. mc&hod, Ulot>� 
IICadl i!llll Wll� Ii-om Pll'alll �, � be Ofla4 le 
malbi &1111 d� l)t(md4od UIDt UN eccarac, cd 
Ula ln-euclt tompammn - le :1:: 1° C 1(/1' Ji'),. 

U .MGCODI Bltmll: CoDC8IICnlllloa. . 

C ffla 
.-....-­Voh 

U .A.eMne Wa,h B!Mk. 

ue Qan..,.,.het,on: 

� To 

,., ma 
Sit� 

r= lf!t,t 
g/ftl ... 

!SqmtmM 

Muldi,i¥11i, 

o.cma 
)&.Q 

2.2Ql)(»-G 
a.a 

•• U Iloll1netle Vllriatloa.; 
Zqmiloo H Lll.1 CalculaUoa 1'lom Ra'lf Doi.. 

1_ 100 T.[K1V1.+(V..JT.) ( Pi.,+AH/13.GH 
001w.P0 A., 

z,-o.COMM m.111 Bc-m•Jm1-•1t !or metrlo ult&. 

L1iJ�a1��h��1:i.°'vu:!1-lit& 

/.,. T.V.,,..,P,"'100 
T.14••' A..P.tO( 1-.l:t,..) 

K T.v., • ..., 
- • P0V.A,.S(l-B,.0 ) 

E'qauinH 
,rbon: 

JC.o.urlO m mevlc unit& 
-o.� tot Eaallall llllitl. 

f.11 Aoceptablo a-its. If to �t � 1 �110 Pl&'­
-\, tbe nsulta U6 ....,p&abl&. If tbe r.ouJta an law Im 
eoml)IINoa lo &be ota.Ddar<I and 111 IMl:,ond &be -.pl­
able ...,,.., or, I.I r i. 1.., tlula to petCent, tbe A<lmlDID­
crn&or ma1 opt to ....,p& UM nmlt.a. Uao Cl&atton � to 
ma.11:e JudgmenlS. Otb•"'IM, r,j«t tbe rNult.a and rei;,eo4 
tbeld. 
7. Bil>liofra�, 

l. Addendum to S-ill<etlons tor Ioclnuator TMtlGe 

.. l=:�� L���"!i r-
'1Dolk llo""""'8<1D1plln1 Eqnipmea&. Sa�I&\ 
Prot<!ctton A&enc7. R-.ll � Pen, N.C. 
.6.l'TIHl681. April, 11111. 

a. Bom., 1 en>me 1. Hain'°"""""• C..Ubral.loa, Qll4 
Open&Aoa ol bol<inetlc Souroe Sam��&. 

,�A�T��-
o
�� 

TrlDO&la 
'- Sm.Ito. W. S .• :R. T. Sblgeb..,._ and W. II'. Todd. 

.A. Ye&bod ol lnwi,rttlq Steck St.mpllq Dela. P.­
�tod "' tbo 6ad Annual ,._,,. ol CIMt .tJt pcia., 
tloa C.,,&ni .USOClation, 8\. Loo.la, Mo. 111AO »--.
� 

6. 8mlUI. W. s
.,
, ot el. 8taclt Oaa Sampllna ltn�•c4 

Ind Slmplilled wllll Neu- llqalpme,n. .APCA hps 
No. "1-U9. 11167. 

6. 8D001&oelaoa • Iaelnerat« Tc=t!Dc et ll'edo:n>I 
Jl'IMWU.. PBS, NC.LPC. 19CI. 

7. Bblgeb- a. T. A.,._ta tm thcl l:PA "­
tinPII tor Dl1fennt Plto\ TIA Ccallld,mlt aa4 Dn' 
Ju1-ilar Weigbt.a. S&ack hapllq Nwa l:+-11. 
0$bor, 197 .. 
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12.0 DATA FORMS 
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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 MS-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 

Title 

Section No. 3.4.12 
Revision No. O 
Date January 15, 1980 
Page 2 of 21 

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 

Quality Assurance Handbook MS-1.2 



Date 

METER BOX CALIBRATION DATA AND CALCULATION FORM 

(English units) 

---------

Met.er box number ______ _ 

Barometric pressure, Pb= in. Hg Calibrated by 

Orifice 
manometer 

setting 
(Afl)' 

in. H2o

0.5 

1.0 

1.5 

2.0 

3.0 

4.0 

llH, 
6H 

in. 13.6 
H20

0.5 0.0368 

1.0 0.0737 

1.5 0.110 

2.0 0.147 

3.0 0.221 

4.0 0.294 

Gas volume Temperatures 
Wet test Dry gas Wet test Dry gas meter 

meter 
(V ), w 

ft3 

5 

5 

10 

10 

10 

10 

Y. =

meter meter 
(Vd)' (t ), w 

ft.3 
Of 

Vw Pb(td + 460)

Inlet 

(td_),
l. 

or 

Afl@. 
l. 6H (t + 460)

l. 

Vd(Pb + 13.6) 
w 

Outlet Avg- Time 

(t.d ) ' (td), (8),

"F Of min 

Avg 

= 
0.03 17 Afl 

Pb (td + 460)

Y. 6.R@i l. in. H2 0

[(t;w+ 460) er 

a If there is only one thermometer on the dry gas meter, record the temperature
under td.

Quality Assurance Handbook MS-2. 3A ( front side) 
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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 .

tw = Temperature of the gas in the wet test meter, °F.

td. = Temperature of the inlet gas of the dry gas meter, °F.
l 

td = Temperature of the outlet gas of the dry gas meter, °F.
0 

td = Average temperature of the gas in the dry gas meter, obtained by the average td and
td , °F. i 

0 

�H = Pressure differential across orifice, in. H2o.

Yi
= Ratio of accuracy of wet test meter to dry gas meter for each run. Tolerance Yi=

Y ±0.02 Y. 

Y = Average ratio of accuracy of wet test meter to dry gas meter for all six runs. 
Tolerance Y = Y ±0.01 Y. 

�H@, 
l

�H@

= Orifice pressure differential at each flow rate that gives 0.75 ft3/min of air at 
standard conditions for each calibration run, in. H2o. 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. H2o. Tolerance = 1.84 ±0.25 (recommended).

0 = Time for each calibration run, min. 

Pb = Barometric pressure, in. Hg.

Quality Assurance Handbook M5-2.3 A (backside) 



METER BOX CALIBRATION DATA AND CALCULATION FORM 

(Metric units) 

Date Meter box number _______ _ 

Barometric pressure, Pb= mm Hg Calibrated by 

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)' 

(Lili) ' 
w w 

Y. �H@i3 3 
1. 

mm H20 oc oc
oc

oc min 1. 
mm H2m m 

10 0.15 

25 0.15 

40 0.30 

50 0.30 

75 0.30 

100 0.30 

Avg 

Afl, 
Lili 

V Pb(td + 273) 0 . 0011 7 till [(t< 273) er
Y. 

w 
Lili@. mm 13.6 

= = 
Pb (td + 273)

H20
1. 

V iPd + 
Lili 

(t + 273)
1. 

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 td.

Quality Assurance Handbook MS-2.3B (front side) 
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METER BOX CALIBRATION DATA AND CALCULATION FORM (metric units) 

Nomenclature: 

vw = Gas volume passing through the wet test meter, m3 . 

Vd = Gas volume passing through the dry gas meter, m3 .

tw = Temperature of the gas in the wet test meter, 0
c.

td, = Temperature of the inlet gas of the dry gas meter, °C.
]. 

td = Temperature of the outlet gas of the dry gas meter, °C.
0 

• 

td = Average temperature of the gas in the dry gas meter, obtained by the average of td and
td ' °C. l 

0 

6H = Pressure differential across orifice, mm H2o.

Yi= Ratio of accuracy of wet test meter to dry gas meter for each run. Tolerance Yi=
Y +0.02 Y. 

Y = Average ratio of accuracy of wet test meter to dry gas meter for all six runs. 

6H@. 
1 

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 H2o. Tolerance 6H@i = 6H@ ±3.8 mm H2o

(recommended) . 

= Average orifice pressure differential that gives 0.021 m3 of air at standard con­
ditions for all six runs, mm H

2
o. Tolerance 6H@ = 46.74 +6.3 mm H2o (recommended).

0 = Time of each calibration run, min. 

Pb = Barometric pressure, mm Hg.

Quality Assurance Handbook M5-2. 3B (backside) 



POSTTEST DRY GAS METER CALIBRATION DATA FORM (English units) 

Test numbers ______ Date 

Barometric pressure, Pb= in. Hg 

Meter box number 

Dry gas meter number 

Orifice Gas volume Temperature 
manometer Wet test Dry gas Wet test Dry gas meter 
setting, meter meter meter Inlet Outlet Average 

(MI)' (V ) ' (Vd), (t ), (td_), (td ),
a Time (td),

in. H2o
w w 

(0), ft3 ft3 Of 1 0 OfOf Of min 

10 

10 

10 

Vacuum 
setting, 

in. Hg 

Plant 

Pretest Y 

Y. 
1 Vd

y = 

a If there is only one thermometer on the dry gas meter, record the temperature under td.

V = Gas volume passing through the wet test meter, ft
3

.
w 

ft3. Vd 
= Gas volume passing through the dry gas meter, 

t = Temperature of the gas in the wet test meter, oF
. 

td. 
= Temperature of the inlet gas of the dry gas meter, Of.

l. 

t
d 

= Temperature of the outlet gas of the dry gas meter, Of.
0 

Y. 

V P
b (td + 460)w 

+ 460Pb
+ 

LIB t 
13.6 w 

= Average temperature of the gas in the dry gas meter, obtained by the average of td. and td , 0f. 

= Pressure differential across orifice, in H20.

Yi= Ratio of accuracy of wet test meter to dry gas meter for each run.

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.

0 = Time of calibration run, min. 

Quality Assurance Handbook M5-2.4A 

l. 0 
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POSTTEST METER CALIBRATION DATA FORM (Metric units) 

Test numbers ______ Date 

Barometric pressure, P
b

= mm Hg 

Meter box number 

Dry gas meter number 

Orifice Gas volume Temperature 
manometer Wet test Dry gas Wet test Drv gas meter 

--------

Plant 

Pretest Y 

Y. 
1 

• 

setting, meter meter meter Inlet Outlet Average V 
Pb (td + 273)

(Lili) , (V ) ' (Vd), ( t ) , (td_), (td ), a Time
w 

(td), Vacuum Y. 

mm H
')
O w

3
w 

(0)' 
1 

Vd 3 
oc 

1 0 
oc 

setting, m m ,_ 
oc oc min mm Hg 

.3 

. 3 

. 3 

y = 

a If there is only one thermometer on the dry gas meter, record the temperature under td.

where 

= Gas volume passing through the wet test meter, m 3

= Gas volume passing through the dry gas meter, m 

= Temperature of the gas in the wet test meter, oc.

= Temperature of the inlet gas of the dry gas meter, oc.

= Temperature of the outlet gas of the dry gas meter, oc.

Pb 
+ Lili t 

13.6 
w 

td = Average temperature of the gas in the dry gas meter, obtained by the average of td. 
and td , °C.

Lili= Pressure differential across orifice, mm H20.

Y. = Ratio of accuracy of wet test meter to dry gas 
1 

meter for each run.

Y = Average ratio of accuracy of wet test meter to dry gas meter for all three runs;
tolerance = pretest Y :O.OSY 

Pb= Baromclric pressure, mm Ilg.

0 = Time of calibration run, min. 

1 0 

Quality Assurance Handbook MS-2.4B 

+ 273



STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

Date 

Ambient temperature 

Calibrator 

----

Thermocouple number 

°C Barometric pressure 

Reference: mercury-in-glass 

other 

in. Hg 

Reference Thermocouple 
Reference thermometer potentiometer Temperatureb

point Source a temperature, temperature, difference, 
number (specify) o

c 
o

c % 

aType of calibration system used. 
b

[(ref temp, °C + 273) - (test thermom temp, °C + 273)] l00<l.S%.ref temp, °C + 273 - 0 

Quality_Assurance Handbook MS-2.5 



NOZZLE CALIBRATION DATA FORM 

Date Calibrated by 
----------

Nozzle Nozzle Diametera 

..:lD, bidentification D
j:' 

D
r 

D
r 

0
avg

C 

number mm ( n. ) mm in.) mm in.) mm ( in. ) 

where: 

b 

C 

= three different nozzles diameters, mm (in.); each 
diameter must be within (0,025 mm) 0.001 in. 

..:1D = maximum difference between any two diameters, mm (in.), 
AD �(0.10 mm) 0.004 in. 

Quality Assurance Handbook MS-2.6 



NOMOGRAPH DATA FORM (English units) 

Plant 

Date 
----------------------

Sampling location 
---------------

Calibrated pressure differential across 
orifice, in. H

2
o

Average meter temperature (ambient + 20°F), °F 

Percent moisture in gas stream by volume, % 

Barometric pressure at meter, in. Hg 

Station pressure in stack, in. Hg 
(P

m
±0.073 x stack gauge pressure, in. H20)

Ratio of static pressure to meter pressure 

Average stack temperature, °F 

Average velocity head, in. H
2

o

Maximum velocity head, in. H
2

o

C factor 

Calculated nozzle diameter, in. 

Actual nozzle diameter, in. 

Reference �p, in. H
2

o 

Quality Assurance Handbook MS-4.1 



Plant 
City __

_
________ _ 

Location 
Operator 
Date 
Run number 
Stack diam, mm (in.) 

Sample box number 
Meter box number 
Heter AfI@ 

Traverse Sampling 
point time, 
number (0), min 

Total 

Clock 
time, 
(24 h) 

PARTICULATE FIELD DATA FORM 

Sheet of Meter calibration (Y) 
Pitot tube (C) Nozzle identification number 
Probe length P 
Probe liner m-a-te-r1-·a_l 

_
_

_______
__ _ 

Nozzle diameter ____ mm (in.) 

Probe heater setting __________ _
Thermometer number 
Final leak rate m3/min (cfm) 
Vacuum during leak check Ambient temperature 

Barometric pressure (Pb)
Assumed moisture 

___ mm (in.) Hg 
-,--,---

_________ mm (in.) Hg 
Filter number 

Static pressure (P ) 
C Factor a _____ mm (in.) H2o Remarks 

Reference 6.P mm (in.) H 0 
2 

Pressure 
differ-
ential 

Stack Velocity across Gas sample temp-
tempera- head orifice erature at dry 

Vacuum, ture (6.P ) , meter (AfI), Gas sample gas meter 
(T ) , 

s vo1ume �V) Inlet, Outlet, mm mm mm 
(in.) Hg °C(8F) (in.) H20 (in.) H20 m (ft )m oc(OF) oc(Of) 

-

Max Avg Total Avg Avg 

Quality Assurance Handbook MS-4.2 

Temperature 
of gas 

leaving 
condenser or 

last impinger, 
oc (Of) 

Max 

Filter 
temp, 
oc(OF) 

-



Plant 

Site 

Date 

Front rinse 

Back rinse 

Solution 

Volume: Initial 

Clean up by 

SAMPLE LABEL 

City 

Sample type 

Run number 

Front filter 

Back filter 

Front solution 

Back solution 

Level marked 

Final 

Quality Assurance Handbook MS-4.3 



SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Plant Sample date 

·Sample location

Sample recovery person ________ _

Run number 

Recovery date 

Filter(s) number 

MOISTURE 

Impingers 

Final volume (wt) ml 

Initial volume (wt) ml 

Net volume (wt) ml 

Total moisture 

Color of silica gel 

Description of impinger water 

(g) 

(g) 

(g) 

g 

silica g:el 

Final wt 

Initial wt 

Net wt· 

RECOVERED SAMPLE 

Blank filter container number Sealed 

Sealed Filter container number 

Description of particulate on filter 

Acetone rinse 
container number 

Acetone blank 
container number 

Liquid level 
marked? 

Liquid level 
marked? 

g g 

g g 

g g 

Samples stored and locked 
---------------------

Rem arks 

Date of laboratory custody ___________________ _
Laboratory personnel taking custody 

Remarks 

Quality Assurance Handbook MS-4.4 



ANALYTICAL BALANCE CALIBRATION FORM 

Balance name 
----------------

Number _____ _ 

Class if i cation of standard weights 

Date 0.500 g 1.0000 g 10.0000 g 50.0000 g . 100. 0000 g Analyst 

Quality Assurance Handbook MS-5.2 
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SAMPLE ANALYTICAL DATA FORM 

Plant 
Sample location 
Relative humidity 
Density of acetone (pa)

Run number 

g/ml 

Sample 
type 

Sample 
identifiable 

Liquid level marked 
and/or container sealed 

Acetone rinse 
filter(s) 

Acetone rinse container number 
Acetone rinse volume (V )aw 
Acetone blank residue concentration (Ca)

W a = Ca V aw Pa - ( ) ( ) ( ) = 
Date and time of wt ___________ Gross wt 
Date and time of wt Gross wt 

Average gross wt 
Tare wt 

Less acetone blank wt (W )a 
Weight of particulate in acetone rinse (ma)

Filter(s) container number 
Date and time of wt 
Date and time of wt 

Gross wt 
Gross wt 

Average gross wt 
Tare wt 

Weight of particulate on filter(s) (mf)
Weight of particulate in acetone rinse 

Total weight of particulate (mn) 

ml 
mg/g 
mg 

mg 
mg 
mg 
mg 
mg 
mg 

mg 
mg 
mg 
mg 
mg 
mg 
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-5.3 



Plant 
Sample location 
Relative humidity 

BLANK ANALYTICAL DATA FORM 

Liquid level marked and container sealed 
Density of acetone (p )

Blank volume (Va)
Date and time of wt ___________ Gross wt 
Date and time of wt Gross wt 

-----------

Aver age gross wt 
Tare wt 

Weight of blank (mab)

= 

) ( 
= 

g/ml 
ml 

------- mg 

------- mg 
mg 
mg 
mg 

mg/g 

Note: In no case should a blank residue greater than 0.01 mg/g 
(or 0.001% of the blank weight) be subtracted from the sample 
weight. 

Filters 
Date and time of wt 
Date and time of wt 

Filter number 
Gross wt 
Gross wt 

Average gross wt 
Tare wt 

Difference wt 

--------- mg 
mg 
mg 
mg 
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 MS-5.4 



PARTICULATE CALCULATION FORM (English units) 

V = 
m 

y = 

SAMPLE VOLUME (ENGLISH UNITS) 

ft3, T = 

0 R, P -
m - - - bar -

1 �H = . __ in. H2o

in. Hg 

V m(std)
(
Pb + (�H/13.6)

) = 17.64 vm Y ar 
T = ft3

PARTICULATE CONCENTRATION (ENGLISH UNITS) 

. - mg 

C = 2 . 2 O 5 x 1 O -6 
( 

mn ) 
=

8 vrn(std) 
x 10-4 lb/dscf

Equation 6-1 

Equation 6-8 

Quality Assurance Handbook MS-6.lA 



PARTICULATE CALCULATION FORM (metric units) 

SAMPLE VOLUME (METRIC -UNITS) 

oK, Pbar = - - - · mm Hg
y = , AH = 

m3 Equation 6-1 

PARTICULATE CONCENTRATION (METRIC UNITS) 

g/dscm 
Equation 6-8 

Quality Assurance Handbook MS-6.lB 
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METHOD 5 CHECKLIST TO BE USED BY AUDITORS 

Yes No Comment 

1. 
2. 

3. 
4. 
5. 
6. 
7. 
8. 

9. 
10. 

11. 

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 

Posts amp ling 

Check of analytical balance 
Use of acceptable detection blanks 
in correcting field sample results 
Calculation procedure/check 

General Comments 

Quality Assurance Handbook MS-8.1 
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