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EPA Method 17 consists of procedures for the determinaticn 

of particulate emissions from stationary sources where partic�­

late matter concentrations, over the normal range of temperatu:-e 

associated with a source category, are known to be independe:::it 

of temperature. 

This method, designed to be used in conjunction 1,,1i th £?A 

Methods 1, 2, 3, and 4, describes an in-stack sampling system 

along with proper sampling and analytical procedures. 

A gas sample is extracted isokinetically from the source. 

Particulate matter is collected on a glass fiber filter main­

tained at stack temperature. The mass of particulate matter is 

determined gravimetrically after removal of uncombined water. 

Particulate matter is not an absolute quantity; rather, it 

is a function of temperature and pressure. Therefore, to pre­

vent variability in particulate matter emission regulations 

and/or associated test methods, the temperature and pressure at 

which particulate· matter is to be measured must be carefully 

defined. Of .the two variables (i.e., temperature and pressure), 

temperature has the greater effect upon the amount of partic..i­

late matter in an effluent gas stream; in most stationa...-y source 

categories, the effect of pressure appears to be negligible. 

In Method 5 a temperature of 250 ° F is established as a 

nominal reference temperature. Thus, where Method 5 is speci­

fied in an applicable subpart of the standards, particulate 

matter is defined with respect to temperature. In order "t.O 

maintaih a collection temperature of 250 ° F, Method 5 employs a 

heated glass sample probe and a heated filter holder. This 

equipment is somewhat cumbersome and requires care in its opera­

tion. Therefore, where particulate matter concentrations (over 

the normal range of temperature associated with a specified 

source category) are known to be independent of temperature, it 
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is desirable to eliminate the glass probe and heating systems, 

and sample at stack temperature. 

This method describes an in-stack sampling system and 

sampling procedures for use in such cases. It is intended to be 

used only when specified by an applicable subpart of the stan­

dards, and only within the applicable temperature limits ( if 

specified), or when otherwise approved by the administrator. 

This method is not applicable to stacks that contain liquid 

droplets or are. saturated with water vapor. In addition, this 

method shall not be used as written if the projected cross-sec­

tional area of the probe extension filter holder assembly covers 

more than 5% of the stack cross-sectional area. 

The Method Description which follows is based on the Refer­

ence Method that was promulgated on February 23, 1978. 1

Note: Due to similarities between Method 5 and Method 17 sam­

pling and analytical equipment and procedures, only the differ­

ences pertaining to Method 17 will be presented. However, the 

activity matrices are all included whether or not differences 

occur in the written descriptions. All other Method 17 descrip­

tions will be referenced to the corresponding description in 

Section 3. 4, Method 5. This is done for both time savings to 

the reader and cost savings to the Government. 
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Specifications for Method 17 and Method 5 are very similar 

with respect to calibration, sampling and analytical procedures. 

The two most significant items of concern with Method 17 are the 

filter holder design and the determination of method applicabil­

ity. The main reason for the problems with the filter holders 

is that there are no design specifications stated for this ref­

erence method. As a result, several different commercial types 

of filter holders exist on the market to date. Most of these 

have some of the problems listed below and should be checked: 

l. Filter holders do not remain leakless over the normal

range of temperature changes. 

2. Filters do not seal properly with the filter holder

and allow particulate to circumvent the filter. 

3. Filter holders tear the filter during assembly prior

to testing. 

4. Particle penetration is suspected with some types of

filter holders due to a very high face velocity at the filter. 

5. Filter cannot be easily removed from filter. holder

during sample recovery. 

6. Filter holder gasket material is unable to withstand

upper temperature limits of normal testing range. 

7. Filter holder design makes assembly and disassembly

difficult. 

8. Excess weight of filter holder causes probe sag in

the stack. 

9. Large diameter of some filter holders prevents their

use in a 3 in. diameter port. 

10. Some fil:ter holders · have a poor design f�r sample

recovery. 
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Procedures for checking some of the problems have been pro­

vided in the method writeup. The remaining problems can only be 

detected by using the filter holders in the field. 

The second most significant concern is determining when 

Method 17 is applicable. Since the in-stack filtration method 

was one of the first particulate methods used and is generally 

easier to use, it has remained popular. Method 17 is currently 

being substituted for Method 5 under certain conditions for 

compliance determination with State and local air pollution 

regulations. The New Source Performance Standards (NSPS) de­

fines when Method 17 can be used. However, a large number of 

requests are being made to substitute Method 17 for Method 5 on 

NSPS performance tests. 

Depending on stack condition and pollutant composition, 

Method 17 results can easily vary from as little as 10 percent 

to as much as 200 percent in comparison to Method 5. Method 17 

and Method 5 are not equivalent methods for many source catego­

ries, because the temperature at which the particulate is col­

lected can have a significant effect on the amount of particu­

late matter collected. Method 17 and Method 5 are equivalent 

generally only when the particulate matter is independent of 

temperature through the range of emission testiug. As a rule of 

thumb, the filter that is at a lower temperature ( in-stack or 

out-of-stack) will give equal or higher results than the filter 

at the higher temperature. 

The equivalency of Method 17 versus Method 5 may not even 

be considered by the agency when allowing the use of Method 17. 

The prime consideration may be the agency's legal definition of 

particulate matter. As an example, if sulfuric acid is not 

considered as particulate matter from power plants, the agency 

may allow the use of Method 17 on power plants using even high 

sulfur coal. The use of Method 17 in this case may yield a 

lower measured emission rate value, but may be legally accept­

able. 
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Method 17 does not have any special operational problems or 
biases if all the prescribed procedures and specifications are 
followed. As with Method 5, the most significant errors asso­
ciated with this method occur during sample collection and 
recovery phase. Therefore, this method requires competent 
personnel adhering to the procedures. Competence can be deter­
mined, most accurately, through observation and evaluation by a 
qualified observer onsite. 

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 17, 
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 of Method 
5). Only those forms that are different from those in Method 5 
are included at the end of this section. On the blank. and 
filled-in forms, the i terns/parameters that can cause the most 
significant errors are designated with an asterisk. 

1. Procurement of Eguipment

Section 3.11.1 {Procurement of Apparatus and SUPP,lies)
gives the specifications, criteria and design features for 
equipment and materials required for performing Method 17 tests. 
Special design criteria have been established for the pi tot 
tube, nozzle, and temper·ature sensor assembly. 

These criteria specify the necessary spacing requirements 
for the various components of the assembly to prevent aerody­
namic interferences that could cause large errors in velocity 
pressure measurement. Special attention has been paid to pro­
viding a detailed procedure for determining if the filter holder 
design is sufficient to remain leak free through the normal 
range of testing temperatures. 

Section 3 .11. l is designed as a guide for the procurement 
and initial check of equipment and supplies. The activity 
aatrix (Table l.1) at the end of Section 3.11.1 can be used as a 
quick reference; it follows the same order as the written de­
acription in the main text. ,/'.\1'.(./
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Section 3 .11. 2 ( Calibration of Apparatus} is the same as

the calibration section for Method 5 (Section 3.4.2}. 

Section 3.11.3 (Presampling Operations) provides the tester 

with a guide for supplies and equipment preparation for field 

tests. The pretest preparation form can be used as an equipment 

checkout and packing list. (Due to the length of this figure, 

the blank data form is given only in Section 3.4.3, Figure 3.2). 

This form was designed to provide the user with a single form 

that can include any combination of Methods l through 8 and 

Method 17 for the same field trip. The method for packing and 

the description of packing containers should help protect the 

equipment, but are not mandatory. Filter holders and impingers 

may be loaded and charged in the base laboratory. If this is 

done, seal the inlet and outlet of the filter holder, the im­

pingers containing water, and the impinger containing silica 

gel. 

3. On-site Measurements

Section 3 .11. 4 (On-site Measurements) contains a step-by­

step procedure for performing sampling and sample recovery. 

Several on-site measurement requirements have been added which 

will significantly improve the accuracy and precision of the 

method. These added requirements include: 

1. Do not use this method for saturated stacks with water

droplets, 

2. Make a corresponding change in the sampling rate when

velocity pressure at each sampling point changes by >20%, 

3. Leak check the sampling train at the conclusion of the

sampling run and prior to each component change during a sample 

run, 

4. Leak check the pi tot tube at the conclusion of the

sampling run, 

;-1/f / /_,) l,. . 

/ .· / 
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Have one traverse diameter in a plane containing the 

e:Kl'-ected concentration variation, and 

Allow sufficient time for the filter holder to eguili-

brate with the stack temperature. 

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 3.11.5 (Postsampling Operations) gives the posttest

equipment· check procedures and a step-by-step analytical proce­

dure. Figure 5.1 of Section 3.4.5, or a similar form, should be 

used to summarize the posttest calibration checks and should be 

included in the emission test report. 

The posttest operation forms (Figures 5.5 and 5.6 of Sec­

tion 3.4.5) will provide laboratory personnel with a summary of 

analytical procedures used to determine the sample rinse and 

filter weights. This analytical procedure is the same as for 

Method 5 (Section 3.4.5). 

Section 3 .11. 6 (Calculations) is the same as Method 5 

· ( Section 3 . 4 . 6 ) .

Section 3 .11. 7 (Maintenance) supplies the tester with a 

guide for a routine maintenance program. The maintenance of the 

in-stack filter holder is the only i tern different than Method 5

(Section 3.4.7). 

s. Auditing Procedures

Section 3.11.8 (Auditing Procedures) contains a description

of necessary activities for conducting. performance and system 

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

and therefore is not needed for the analytical phase since it 

consists of only a gravimetric determination. Together, a per­

formance audit of data processing and a system 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. 
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Section 3.11.9 (Recommended Standards for Establishing 

Traceability) recommends the primary standards to which the 

sample collection and analysis should be traceable. 

Section 3.11.10 is the Reference Method and 3.11.11 (Refer­

ences) lists the references used in the compilation of this 

section of the Handbook. 

, -, 
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PRETEST SAMPLING CHECKS 
(Method 17, Figure 3.1) 

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

Calibrated by __________ _

Meter box number 
-------- �H@ ---------------

Dry Gas Meter* 

Pretest calibration factor Y 
tor for each calibration ru

_
n_) __ 

-----
-

(within ±2% of the average fac-

Impinger Thermometer 

Was a pretest temperature correction used? yes _____ no 
If yes, temperature correctjon -,-w-i_t_h-in_±_3-°C (5.4°F) over range)

-----

Ory Gas Meter Thermometers 

Was a pretest temperature correction made? yes _______ no 
If yes, temperature correctio•n 

-("'"w..,i....,.t,,_h .... i_n_±,..,..3°C (5.4°F) over range)
-----

Stack Temperature Sensor* 

Was the 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 (0R) 

Barometer 

Was the pretest field barometer reading correct? ____ yes 
(within ±2.5 mm (0.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 signifi�ant items/parameters to be checked.

no 
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ON-SITE MEASUREMENTS CHECKLIST 
(Method 17, Figure 4.5) 

Apparatus 

Probe nozzle: stainless steel�-------- glass 
Button-hook _______ elbow _______ size 

---
-,-

----

Clean? 
Pitot tube: Type S ---,-=-------- other 

Properly attached to probe?* 
----------

Modifications. 
Pi tot tube coe-,:f..,.f.,..i c-, ..... e

-
n...,.t

_______________________ _

Differential pressure gauge: two inclined manometers _________ _ 
other

-:-
-:----,-----,�-.,.---..- sensitivity----.�---------

Filter holder: borosilicate glass ______ stainless steel ____ _ 
Clean? 

Condenser: number of impingers 
Clean? 

--------------------

Contents: 1st _____ 2nd _____ 3rd _____ 4th ____ _ 
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?* 
Selection of sampling time? 
All openings to sampling train plugged to prevent pretest contamination? 

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 

--------------------

No mo graph setup properly? 
Care taken to avoid scraping nipple on stack wall?* 

(continued) 
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(continued) 

Effective seal around probe when in-stack? 
Filter holder allowed to equilibrate with stack temperature? 
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 d'_a.,..ta_p_r_o _p _e _r�ly _r_e _c _o-rd.,..e -d""'?"""*-------------

Nomograph setting changed when stack temp changed sign1f1cantly? 

Velocity pressure and orifice pressure readings recorded accurately?* 

Posttest leak check performed?* 
Leakage rate

-..------....,,...---@ Orsat analys1s from stack 

(mandatory) 
in. Hg ---�-�-------

integrated 
Fyrite combustion analysis 
Bag system leakchecked?• 

------

sample location ______ _
If data forms cannot be copied, record: 

approximate stack temp volume metered 
% isokinetic calculated·

-
a"'"t _ e_n_d_o"""'f _ e_ a_c..,.h - run

------
-

SAMPLE RECOVERY 

Brushes: nylon bristle 
Clean? 

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

Wash bottles: glass ______________________ _ 
Clean? 

Storage containers: 
Clean? 

Petri dishes: glass 
Clean? 

borosilicate glass 
L-e-a:-kf,..r_e_e-r?

-
-

other ______ _

-----

po lyethyl ene ----
-o-:--t:-he_r  _

_ _
_

_
_
_
_
_
_

_
_
_
_
_
_

_ 
_

Graduated cylinder/or balance: subdivisions �2 ml?* 
other------------------------------
Ba 1 ance: type -,,_...,..-------.----.-��----------------­

Plastic storage containers: airtight? 
Clean? 

Probe allowed to cool sufficiently? 
Cap placed over nozzle tip to prevent loss of particulate?* ______ _ 

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

Clean? Protected from wind? 
Filters: glass fiber type---�-----

-S il ica gel : type ( 6....,..to......,,1"""6,--me-s�h�)":'?-n_e_w":'?
-

- used? 
Color? Co-n�diP.'t�i�o -np? _ _ __

_________ _Filter handl1ng: tweezers used? 
surgical gloves? other 
Any particulate spilled?* 

----------

(continued) 



(continued) 

Water distilled? 
Stopcock grease: acetone-insoluble? 
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heat-stable-silicone? ---------- other _________ _ 
Particulate recovery from: probe nozzle _______________ _ 

probe fitting ..,....,,__ ________________________ _ 
front half of filter holder 

B 1 ank: acetone -.-----......-...-:::::::::
-d"'"'i..,..s..,..t ... i ':'"11=-e-d-:---w-a-=-te_r

________ _ 

Any visible particles on filter holder?:* 
---------------

All jars adequateiy labeled? 
Liquid level marked on jars? 
Locked up? 

Sealed tightly? ______ _ 

Acetone reagent: <0.001% residue? 
glass bott 1 es ...---------------------­
acetone blanks? 

*Most significant items/parameters to be checked.

(required) 
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1.0 PROCUREMENT OF APPARATUS AND SUPPLIES 

A schematic of the sampling train used in Method 17 is 

shown in Figure 1.1. Commercial models of this train are avail­

able. For those who want to build their own, construction 

details for many, but not all of the train components are given 

in APTD -0581. 2 Allowable modifications are described in the 

following sections. 

The operating, maintenance, and calibrating procedures for 

the sampling train are in APTD -0576. 3 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 equip­

ment or any components that are different from those in Section 

3.4.1. Procedures and limits (where applicable) for acceptance 

checks are given. 

Table 1.1 at the end of this section is a summary of the 

quality assurance activities for the procurement and acceptance 

of apparatus and supplies. 

1.1 Sampling Apparatus 

1.1.1 Filter Holder - An in-stack filter holder constructed of 

borosilicate or quartz glass, or stainless steel is required by 

the Reference Method. If a gasket is used, it should be made of 

silicone rubber, Teflon, or stainless steel. Other filter 

holders and gasket materials may be used subject to the approval 

of the administrator. The holder should be durable, easy to 

load, and leak free in normal applications. It is positioned 

immediately following the nozzle, with the filter placed toward 

the flow. 
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One of the biggest problems with the Method 17 train is the 

inability of some filter holders to remain leakless during the 

wide range of temperatures for which they are used. To ensure 

that each filter holder is properly designed, a leak check 

should be performed as follows: 

l. Assemble the sample probe, filter holder, and filter

as shown in Figure 1.1 with the exception that a steel plug or 

blank should be used in place of the nozzle to provide a leak­

less seal. Note: The condenser section does not have to be 

used. However, it is suggested that it be used to provide a 

more normal leak check with regard to the amount of air volume 

that is removed from the train and all of the standard connec­

tions will also be leak checked. 

2. Perform the standard leak check at 380 mm Hg (15 in.

Hg) vacuum at ambient temperature. A leakage rate of O. 00057 

m3 /min ( O. 02 ft3 /min) is allowed; however, under these labora­

tory conditions the entire train should be leakless. 

3 . Put the filter holder in an oven ( a Method 5 filter 

heater compartment can be used) at about l00 ° C (212° F) for about 

30 min. Perform the leak check with the filter holder in the 

oven. The filter holder should again remain leakless. 

4. Remove the filter holder from the oven and let cool

for 30 min. Again run the leak check. 

5. Place the filter holder in the oven at the maximum

temperature for which you plan to use the Method 17 filter 

holder. Allow 30 min for the holder to reach this temperature 

and then run the leak check. Note: This may require that the 

gasket material be changed to a high temperature material. 

6. Remove the filter holder and let cool for 30 min. Run 

the final leak check. 

If the filter holder passes these leak check procedures 

then it is properly designed to remain leak free when properly 

maintained. If the filter holder passes the leak checks at the 

lower temperatures, but not the maximum temperature, the manu­

facturer may have to be contacted to either replace the filt•r 
,-· /J1. -; .. : 
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holder or provide a gasket that is designed for higher tempera­
ture sampling. If the filter holder is unable to pass the leak 
chec·k procedure at 100

°
c return the holder to the manufacturer 

unless sampling is to be performed only at ambient �emperature. 

1 .1. 2 Probe Extension - Any suitable rigid probe extension:· may· 
be used after the filter holder. After procuring a probe exten­
sion, the user should visually check it for specifications; that 
is, is it the length and composition ordered? The probe exten­

sion shoulcl be visually checked for cracks or breaks, and it 
should be checked for leaks on a sampling train (Figure _l. l). 
This includes a proper, leak free filter holder to probe connec­
tion. It is suggested that when corrosive gases are present 
during testing that the probe extension be made .of stai'nless 
steel. The use of a heated glass-lined probe should be con­
sidered by the tester when corrosive or condensible material are 
present in the stack. The condensed or corroded materials in 
the probe extension may drain or be back flushed into the filter 
and contaminate the sample. 

1.1.3 Condenser - It is recommended that an impinger system de­
scribed in Method 5 (Section 3.4) be used to determine moisture 
content of the stack gas. Alternatively, a condenser that 
allows the measurement of both the water condensed and the 
moisture leaving the condenser, each to within 1 ml or 1 g, (as 
described in Section 3.4.l) may be used. 
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TABLE 1.1. ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS AND SUPPLIES 

A00aratus 

Sampling 

Probe nozzle 

Filter ho 1 der 

Acceotance limits 

Stainless steel (316)
or glass with sharp, 
tapered angle <30°; 
difference in measured 
diameters <O. 1 mm (0.004 
in.); no nTcks, dents, 
or corrosion (Sec 3.4.1) 

Leak free; borosilicate 
or quartz glass or 
stainless steel 

Probe extension Specified material of 
construction; correct 
length (Sec 3.4.1) 

Pitot tube 

Differential 
pressure 
gauge 
(manometer) 

Impingers 

Filter ho 1 der 
gasket 

(continued) 

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 (Sec 3.4.1) 

Standard stock glass; 
pressure drop not ex­
cessive (Sec 3.4.1) 

Provide a leak free 
seal on filters within 
the suggested manufac­
turers temperature 
range 

Action if 
Frequency and method requirements 

of measurements are not met 

Visually check before 
each test; use a mi­
crometer to measure 
ID before field use 
after each repair 

Visually check before 
use 

Visually check for 
cracks and breaks, 
leak check 

Calibrated according 
to Sec 3.1. 2

Check against a gauge­
dil manometer at a 
minimum of 3 points: 
0.64(0.025); 12.7 
(0.5); 25.4(1.0) mm 
(in.) H20 

Visually check upon 
receipt; check pres­
sure drop (Sec 3.4.1) 

Upon receipt deter­
mine the acceptable 
temperature range 
for each gasket 
material 

Reshape and 
sharpen, re­
turn to the 
supplier, or 
reject 

Return to 
supplier 

Repair, re­
turn to sup­
plier, o.r re­
ject 

Repair or re­
turn to sup­
plier 

As above 

Return to 
supplier 

Contact manu­
facturer to 
determine 
temperature 
range 



Table 1.1 (continued) 

Aooaratus Acceotance limits 

Vacuum gauge 0-760 mm (0-30 in.) Hg
range, ±25 mm (1 in.)
at 380 mm (15 in.)· Hg

Vacuum pump Leak free; capable of 
maintaining a flow 

.rate of 0.02-0.03 
m3/min (0.7 to l.l 
ft3/min) for pump 
inlet vacuum of 380 mm 
(15 in.) Hg 

Orifice meter aH@ of 46.74 ± 6.35 mm 
(1.84 ± 0.25 in.) H20 
at 68° F (not mandatory) 

Ory gas meter Capable of measuring 
volume within ±2% at a 
flow rate of 0.02 
m3/min (0.75 ft3/min) 

Thermometers ±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 (S.4° F) of true 
value in the range of
0°C to 90°C (32° to 
194° F) for dry gas 
meter thermometers 

Barometer Capable of measuring 
atmospheric pressure 
within ±2.5 mm (0. 1 
in.) Hg 

{continued) 
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Action 1f 
Frequency and method requirements 

of measurements are not met 

Check against -mer• Adjust·or re-
cury U·tube manometer turn to sup-
upon receipt plier 

Check upon receipt Repair or re-
for 1 eaks and ,capaci- turn to sup-
ty plier 

Upon receipt, visual- Repair if 
ly check for damage possible, 
and calibrate against otherwise re· 
wet test meter turn to sup-

plier 

Check for damage upon Reject if 
receipt and calibrate damaged, be-
(Sec 3.4.2) against haves errati· 
wet test meter cally, or 

cannot be 
properly ad-
justed 

Check upon receipt Reject if un-
for dents or bent able to cali-
stem, and calibrate brate 
(Sec 3.4.2) against 
mercury-; n-gl ass 
thermometer 

Check against a mer- Determine 
cury-in-glass barom- correction 
eter or equivalent; factor, or 
calibrate (Sec 3.1.2) reject if 

difference 
more than 
±2.5 mm (0. l 
in.) Hg 



Table 1.1 (con�inued) 

Aooaratus Acceptance limits 

Sample Recovery 

Filter ho 1 der Nylon bristle with 
and nozzle stainless steel stem; 
brush properly sized and 

shaped 

Wash bottles Two; polyethylene or 
glass; 500 ml 

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

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

Graduated Glass and class A;
cylinder 250 ml with subdivi-

sions <2 ml 

Balance Capable of measuring 
silica gel to ±0.5 g 

Funnel Glass suitable for use 
with sample bottles 

Rubber police- Properly sized 
man 

Analytical 
Eguipment 

Beakers and Glass 
weighing 
dishes 

(continued) 
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Action if 
Frequency and method requirements 

of measurements are not met 

Visually check for Replace or 
damage upon receipt return to 

supplier 

Visually check for As above 
damage upon receipt 

Visually check for As above 
damage upon receipt 

Visually check for As above 
damage upon receipt 

Upon receipt, check As above 
for stock number, 
cracks, breaks, and 
manufacturer flaws 

Check with standard Replace or

weights upon receipt return to 
and before each use manufacturer 

Visually check for Replace or 
damage upon receipt return to 

supplier 

Visually check for As above 
damage upon receipt 

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



Table 1.1 (continued) 

Annaratus, 

Tri·p 1 e beam 
balance 

Analytical 
balance 

Fil te-rs 

Temperature 
gauge 

Hygrometer 

Reagents 

Silica gel 

Distilled water 

Stopcock grease 

(continued) 

Acceotance limits 
" , 

500-g capacity; cap-
able of measuring with-
in ±1 g

Capable of measuring to 
±0. l mg 

Glass fib�r-without 
organic binder; 99.95% 
collection efficiency 
for 0.3 µ dioctyl 
phthalate smoke 
particles 

Proper 
dition 

operating con-

Proper operating con· 
dition 

Indicating type 6-16 
mesh 

Meets ASTM D1193-74; 
type 3 (only when 
impinger particulate 
catch included) 

Acetone insoluble, heat 
stable silicone grease 
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Act1on 1f 
Frequency and method requirements 

of measurements are not met 

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

Check with standard As above 
weights upon receipt 
and before each use 

Manufacturer's guar- Return to 
antee that filters supplier 
were tested according 
to ASTM 02986-71; ob-
serve under light 
for defects 

Visual inspection for As above 
damage; compare with 
a mercury-in-glass 
at room temperature 

Visual inspe�tion for As above 
damage; compare with 
another instrument 

Upon receipt, check As above 
label for grade or 
certification 

Check each lot, or Replace or 
specify type when or- return to 
dering manufacturer 

Upon receipt, check As above 
label for grade or 
certification 



Table 1.1 (continued) 

Aooaratus Acceotance limits 

Acetone ACS grade; <0.001%

residue in glass 
bottles 

Desiccant Indicating type anhy-
drous calcium sulfate 

• 
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Action if 
Frequency and method requirements 

of measurements are not met 

Upon receipt, verify Replace or 
residue by evaporat- return to 
ing a blank sample plier 

Upon receipt, check As above 
for grade and certi-
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 17 as described in the previous sec­

tion. A laboratory log book of all calibrations must be main­

tained. Table -2 .1 summarizes the quality assurance activities 

for calibration. This section is the same as Method 5 (Section 

3.4.2). 

//--_-, /(;1 j 
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TABLE 2.1. ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT 

Aooaratus 

Wet test meter 

Ory gas meter 

Thermometers 

Barometer 

Probe nozzle 

Analytical 
balance 

Acceptance limits 

Capacity >3.4 m3/h 
(120 ft3/h); accuracy 
within ±1.% 

Yi= Y +0.02 Y

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 

+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.004 in.) 

±1 mg of Class-s 
weights 

Frequency and method 
of measurement 

Calibrate initially, 
and then yearly 
by liquid dis­
placement (Sec 
3.4.2) 

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 
thermomet�r; then 
before each field 
trip compare each as 
part of the train 
with the mercury-in­
glass thermometer 

Calibrate initially 
vs mercury-in-glass 
barometer; check 
before and after 
each fie 1 d test 

Use a micrometer to 
measure to near­
est 0.025 mm (0.001 
in.) 

Check with Class-$ 
weights upon receipt 

Action 1f 
requirements 
are not met 

Adjust until 
specifica­
tions are 
met, or re­
turn to 
manufacturer 

Repair, or 
replace and 
then recali­
brate 

Adjust; de­
termine a 
constant 
correction 
factor; or 
reject 

Adjust to 
agree with a 
certified 
barometer 

Recalibrate, 
reshape, and 
sharpen when 
nozzle be­
comes nick­
ed, dented, 
or corroded 

Adjust or 
repair 

;UIJ 
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Section No. 3.11.3 
Revision No. 0 
Date January 4, 1982

Page 1 of 3 

The quality assurance activities f�r presampling operations. 

are sUinmarized in Table 3. l at the end of this section. See 

Section 3. 0, of this Handbook for details on preliminary· site 

visits. This section is the same as Method 5 ( Section 3. 4. 3) 

with the exception of the filter holder as detailed below. 

A pretest check will have to be made on most.of the sam­

pling apparatus. Figure 3.2 shown in Section 3.4.3 (Method S) 

or a similar form is recommended to aid the tester in preparing 

an equipment checklist, status form, and packing list for 

Methods l through 8, Method 17, and particle sizing. 

Filter holders should be washed with tap water, then with 

deionized distilled water and rinsed with acetone. Allow the. 

filter holder to air dry. The filter holder should have been 

checked for proper design to remain leakless at the temperature 

for which sampling is to be performed. Inspect the filter 

holder gasket and replace if necessary. The proper gasket 

material must be used for the stack temperature expected (i.e.,

a Teflon gasket will not work at S00° F). It is usually best to 

pack all types of gasket material normally used for that filter 

holder in the event that the stack temperature is not the same 

as reported in the pretest preparation. The manufacturer's sug­

gested temperature range should be known for each type of gasket 

material used. 
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TABLE 3.1 ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS 

Acoaratus 

Probe 

lmpingers, 
filter 
holders, and 
glass con­
tainers 

Pump 

Ory gas meter 

Reagents and 
Eguipment 

Sampling fil­
ters 

(continued) 

Frequency and method 
Acceotance limits of measurements 

1. Probe extension free 1. Clean probe in·
of contaminants ternally·by brushing 

with tap water, de­
ionized distilled wa­
ter, and acetone; air 
dry before test 

Action if 
requirements 
are not met 

1. Repeat
cleaning and
assembly pro­
cedures

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

2. Visually check be- 2. Replace
fore test

Clean and free of 
breaks, cracks, leaks, 
etc. 

Sampling rate of 0.02-
0.03 m3/min (0.66 to 
1.0 ft3/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 

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 

Repair or 
discard 

Repair or re­
turn to ·manu­
facturer 

As above 

Replace 

,/'-/l&i
! 
\ 



Table 3.1 (�ontinued) 

Aooaratus Acceptance limits 

Water Deionized distilled 
conforming to 
ASTM-01193-74, Type 3 

Stopcock grease Acetone insoluble, 
heat stable silicone 
grease 

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

bottles 

Packing Eguie-
ment for 
Shiement 

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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Act ion if 
Frequency and method requirements 

of measurements are not met 

Run blank evapora- Redi st i 11 or 
tions prior to field replace 
use to eliminate high 
solids (only required 
if impinger contents 
to be analyzed) 

Check label data upon Replace 
receipt 

Run blank evapora- Replace or 
tions upon receipt return to 

supplier 

Prior to each ship- Repack 
ment 

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 

(Method 5) for the convenience of the Handbook user. This sec­

tion is the same as Method 5 (Section 3.4.4) with the exception 

of the items detailed below. 

4.1 SAMPLING 

4 .1.1 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 com­

mences. 

Place 100 ml of distilled water (a graduated cylinder may 

be used) in each of the first two impingers; leave the third im­

pinger empty; and place >200-300 g of preweighed silica gel in 

the fourth impinger. Record the weight of the silica gel and 

the container on the appropriate data form. Place the empty 

container 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 o. 5 g, 

and record these weights. 

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. 

�: Some filter holder designs require the use of a glass 

fiber thimble. If this type of filter is used, ensure that a 

good fit is made. Poor quality control in filter production by 

I 1./ I 1 ,-
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some manufacturers have res�lted in a loose fit or the tearing 

of the filter from too tight of a fit. 4

4 .1. 2 Sampling Train Assemblage - Assemble the train as shown 

in Figure 1.1, using (if necessary) a very light coat of sili­

cone 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. �: Because of the larger diameter of 

the in-stack filter holders, it is critical that the 3 in. 

minimum spacing be observed from the nozzle tip to the closest 

portion of the filter holder. 

4.1.3 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 3.11.10) 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, plug the 

nozzle with a material that can withstand the stack temperature. 

Place the filter holder in the stack and allow time for the fil­

ter temperature to stabilize with the stack temperature. Leak

check the train by pulling a 380 mm (15 in.) Hg vacuum. �: 

A lower vacuum may be used if it is not exceeded during the 

test. Also after the filter holder has been heated to the stack 

temperature, it may be necessary to remove it from the stack and

retighten before it will pass the leak check. 



Posttest - Same as for Method 5. 
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4 .1. 4 Sampling Train Operation - Just prior to placing probe 

in-stack to heat filter holder, clean the portholes to minimize 

the chance of sampling deposited material. Place the capped off 

filter holder in the stack and allow sufficient time for the 

filter holder to equilibrate with the stack temperature. This 

may take as much as 30 min for some stacks. 

4.2 SAMPLE RECOVERY 

The Reference Method ( Section 3 .11.10) requires that the 

sample be recovered from the nozzle and all sample exposed 

portion of the filter holder and the filter in an area sheltered 

from wind and dust to prevent c.ontamination of the sample. The 

capped-off impinger box or condenser system and the capped 

sampling probe can be transported to the cleanup area without 

risk of losing or contaminating the sample. 

4.2.1 Filter - Initially take three unused filters for each 

field test series and label them as filter blanks. (These three 

should have been tared when the sample filters were tared, _since 

they are used as the control samples for the check on.the ana­

lytic-al 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 gask�t 

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. Note: When the filter holder is opened 

check the filter for tares in the collection area and check the 

sealed area to determine if any particulate has bypassed the 

seal or if the filter was improperly placed in the filter 

holder. 

4. 2. 2 Nozzle a:id Filter Holder - Initially, put a minimum of

200 ml of the acetone used for sample recovery in a sample
,-

( / l/2 I
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bottle, mark the liquid lev·el, sea1, and label the bottle. Then 

enter the bottle number on the sample recovery and int�gri ty 

form. A single sample bottle is usually adequate for the col­

lection of all the rinses; it should be labeled and recorded in 

the same manner as the blank sample. 

Clean the outside of the probe filter holder, pitot tube, 

and nozzle to prevent particulates from being brushed into the 

sample bottle. Carefully remove the probe nozzle, and rinse the 

inside surface (using a nylon bristle brush and several acetone 

rinses) into the sample bottle until no particles are visible in 

the rinse. Then make one final rinse of the nozzle with the 

acetone. Clean the swagelok fitting by the same procedure. 

After rinsing each component, rinse the sample off the brush 

into the sample container. 

Distilled water may be used instead of acetone when ap­

proved by the administrator and should be used when specified by 

the administrator. In these cases, save a water blank and 

follow administrator's directions on analysis. 

After ensuring that all joints are wiped clean of silicone 

grease ( if applicable), clean the inside of the front half 

( sample exposed portion) of the filter holder by rubbing the 

surface with the brush and rinsing with acetone. Rinse each 

surface three times or more if needed to remove visible partic­

ulate. Make final rinse of the brush and filter holder. 

After all the rinsings have been collected, tighten the lid 

on the sample bottle securely. As a precaution in case of 

leakage, mark the acetone level on the bottle, and note it on 

the sample recovery form (Figure 4.4 of Method 5). 

·, 
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TABLE _4.1. ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS 

Aooaratus 

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 

Action if 
Frequency and method requirements 

of measurements are not met 

Use tweezers or surg­
ical gloves to load 

Discard fil­
ter, and re­
load 

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

Use graduated cylinder 
to add water, or weigh 

of each impinger and its 
contents to the near­
est 0.5 g 

Reassemble 
system 

1. Assembly specifica­
tions in Fig 1. 1

2. Leak rate <4% or
0.00057 m3/min (0.02
ft3/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

1. Before each sam­
pling run

1. Reassem­
ble

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

1. Calculate for
each sample run

1. Repeat
the test run

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

As above 

3. Check before the
first test run by mea­
suring duct and using
Method 1

-,

j c/2'-',

3. Repeat
the procedure
to comply
with specifi­
cations of
Method 1
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Table 4.1 (continued) 

Apparatus 

Samp 1 e recover., 

Sample 
logistics, 
data collec­
tion, and 
packing of 
equipment 

Acceotance limits 

4. Leakage rate
<0.00057 m3 /min (0.02
ft3 /min) or 4% of the
average sampling vol­
ume, whichever is less

Noncontaminated sample 

1. All data recorded
correctly

Frequency and method 
of measurements 

4. Leak check after
each test run or be­
fore equipment re­
placement during test
at the maximum vacuum
during the test (man­
datory)

transfer sample �o 
labeled polyethylene 
containers after 
each test run; mark 
level of solution in 
the container 

1. After completion
of each test and be­
fore packing

2. All equipment exam- 2. As �bove
ined for damage and
labeled for shipment

3. All sample contain­
ers and blanks properly
labeled and packaged

3. Visually check
upon completion of
each sampling

Action if 
requirements 
are not met 

4. Correct
the sample
volume, or
repeat the
sampling

Repeat the 
sampling 

1. Complete
data

2. Repeat
the sampling
if damage oc­
curred during
the test

3. Correct
when possible
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Table 5 .1 summarizes the quality assurance activities for 

the postsampling operations. This section is the same as Method 

5 (Section 3.4.5). 

TABLE 5.1. ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS 

Apparatus 

Sampling 

Dry gas meter 

Meter thermome­
ter 

Barometer 

Stac.k tempera­
ture 

Acceotance limits 

Within ±5% of calibra­
tion factor 

Within ±6°C (10.8° F) 
at ambient pressure 

Within ±5 mm (0.2 in.) 
Hg at ambient pressure 

Within ±1.5% of the 
reference check temp­
erature ( 0 R) 

Frequency and method 
of measurements 

Make three runs at a 
single, intermediate 
orifice setting and 
at highest vacuum 
occurring during test 
(Sec 3.4.2) 

Compare with ASTM 
mercury-in-glass 
thermometer after 
each field test 

Compare with mercury­
in-glass barometer 
after each field 
test 

After each run, com­
pare with reference 
temperature 

Action if 
requirements 
are not met 

Recalibrate 
and use cali­
bration fac­
tor that 
gives lesser 
sample volume 

Recalibrate 
and use 
higher tem­
perature for 
calculations 

Recalibrate 
and use lower 
barometric 
values for 
calculations 

Recalibrate 
and calculate 
with and 
without tem­
perature ccr­
rection 
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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 differ­

ence greater than a typical roundoff error is detected, the 

calculations should be checked step by step until the source of 

error is found and corrected. A computer program can be advan­

tageous in reducing calculation errors. If a standardized 

computer program is used, the original data entry should be 

checked; if differences are observed, a new computer run should 

be made. Table 6.1 summari�es the quality assurance activities 

for calculations. This section is the same as Method 5 {Section 

3.4.6). 

Aooaratus 

Analysis data 
form 

Calculations 

Isokinetic 
variation 

TABLE 6.1. ACTIVITY MATRIX FOR CALCULATIONS 

Frequency and method 
Acceptance limits of measurements 

All data and calcula- Visual check 
tions given on the 
form 

Difference between Repeat all calcula-
checked and original tions starting with 
calculations not in raw data for hand 
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-
Eqs 6.9 and 6.10 (Sec late I 
3.4.6) calculation 
of I 

Action if 
requirements 
are mot met 

Complete the 
missing data 
values 

Indicate er-
rors in ana-
lysis; data 
on Fig 6.lA 
or B (Sec 
3.4.6) 

Repeat the 
test, and ad· 
just flow 
rates to 
maintain I 
within ±10% 
variation 



7.0 MAINTENANCE 

Section No. 3.11.7 
Revision No. O 
Date ·January 4, 1982 
Page l of 2 

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, 

whichever occurs sooner. Maintenance procedures are summarized 

in Table 7. l. These procedures are recommended, but not re­

quired, to increase the relia.bil ty of the equipment. This 

section is the same as Method 5 (Section 3.4.7) except for the 

following addition. 

Because of their design and use, many filter holders are 

high maintenance items. The filter holder must be cleaned, the 

bent and damaged parts replaced, the filter surfaces smoothed, 

and the gaskets cleaned or replaced to ensure that the filter 

holder remains leak tight, does not contaminate the sample and 

does not tear the filter. 
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TABLE 7.1 ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS

Apparatus 

Ro.utine main­
tenance 

Acceotance limits 

No erratic behavior 

Fiber vane. pump. Lea� free; required 
flow 

Diaphragm pump 

Ory gas meter 

I ·j 

Inclined manom­
eter 

Sample train 

Nozzle 

leak-free valves func­
tioning properly; re­
quired flow 

No excess oil, corro­
sion� or erratic dial 
rotation 

No discoloration of or 
visible matter in the 
fluid 

No damage or leaks 

No dents, corrosion, 
or other damage 

Frequency a.nd method 
of measurements 

Routine maintenance 
quarterly; disassem­
ble and clean yearly 

Periodi� check of oil 
jar; remove head and 
change fiber vanes 

Clean valves during 
yearly disassembly 

Check every 3 mo for 
excess oil or:corro­
sion by removing the 

. top plate; check 
valves and diaphragm 
when meter dial runs 
erratically or when 
meter will not cali­
brate 

Check periodically; 
change fluid during 
yearly disassembly 

Visually check every 
3 mo; completely 
disassemble and clean 
or replace yearly 

Visually check be­
fore and after each 
test run 

Action if 
requirements 
are not met 

Replace parts 
as needed· 

Replace as 
needed 

Replace when 
l_eaking or 
when running 
erratically 

Replace parts 
as needed, or 
replace meter 

Replace parts 
as needed 

If failure 
noted, use 
another en­
tire control 
console, sam­

ple box, or 
umbilical 
cord 

Use another 
nozz,.e or 
clean, 
sharpen, and 
recalibrate 
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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. Rou­

tine quality assurance checks by a field team are necessary for 

obtaining good guali ty data, but they are not part of the au­

di ting procedure. Table 8 .1 summarizes the quality assurance 

activities for the auditing. This section is the same as Method 

5 ( Section 3. 4. 8) with the exception of the system audit de­

scription. 

The major difference in the system audit of Method 17

versus Method 5 i-s that the in-stack filter holder is heated by 

the stack. This temperature is critical l) before test for the 

pretest leak check, 2) during sample extraction, and 3) during 

the posttest leak check. The observer should be satisfied that 

the filter holder temperature is relatively close to the actual 

stack temperature. 

:' ;J3( 
\ ....... , _ .  
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TABLE 8.1. ACTIVITY MATRIX FOR AUDITING PROCEDURES 

Audit 

Volumetric 
sampling 
phase of 
Method 17 

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 (Sec 3.4.8) 

Action if 
requirements 
are not met 

Review oper­
ating tech­
nique 

Check and 
correct a 11 
data 

Explain to 
team the de­
viations 
from recom­
mended tech­
niques; note 
the devia­
tions on Fig 
8.1 (Sec 
3.4.8) 
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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 com­

bined with the random variations ( errors of measurement), must 

result in a suitably small uncertainty. 

To ensure good data, it is necessary to perform quality 

control checks and independent audits of the measurement pro­

cess; to document the data by quality control charts (as appro­

priate); 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 METHODa

aTaken from Federal
February 23, 1978.

MftHOD it. DftDMOfATtOJf OP PAIIITJevi.Aff 
DllUIONI now ITATJOMUT IOV.Cl:I CIJf• 
ffACJC Ptl.nAnOII' KffJIOD) 

'"trocftACtiOft 

PartiQIU&te matter ii not u ablolute 
QuanUtJ'\',rather. It ta a funcuon of tempera, 
tw-e acd' pruaw-e. Therefore, to prevent 

· ftrl&bU}tr In p&t'Ucwate matter emlulon 
ref\,llatlona and/or &UOClated teat method&,
the temperature and prell\&NI at wbich par. 
Uculat.e matter la to be meuured muat be 
caref\lll)' defined. Of Ule two vvtablea <i.e.,
temperat\lff acd preuure>. temperatW't hu
Ule ,rut.er effect us,on the 1mo1&nt of JIU'•
tlcw&te matter ID 1o11 etnuent pa au-eam: In
IDOlt. atatlonU)' IOW"CI ca&,qortea. Ule effect 
of PNII\IJ'e a,ipan to be nqll,tble. 

In meUlod I, 2IO' P ta es&ablilhed u a
DOlllmal reference temperature. Thua, 
where Method I II apedfled In an applicable 
111b,-rt of the 11And&rda. PVttculate matter
II defined •1th reapect to temperature. In 
order to maintain a collection t.em�rature
of 210· P, Method I emplO)'I a heat.eel flUI 
ample probe and a heated rut.er holder.
Tbil ecawpmenl ta aomewh&t cumbersome
and ncawru care m It.a operation. There­
fore. •here puUculate matter oonoentra•
Uom <over t.he norm&l ra.nse of temperature 
UIOCJ&ted 1l'tth a specified aource cateroey> 
are lulon to be Independent of tempera,
tun. It II dllir&ble to eliminate the II.au
probe and he&Unl mtema. and ample &t 
UClt temperat�. 

Tl\11 method dncrtbel Ul ID•atack IUD·
Pllnl 111tem &nd aunplln, procedures for
uae In IUCh cu-. It II ln\ellded to be Uled
ON)' When IPICUled by &ZI applicable aub­
p&rt of the at.and&rda. &nd Only Within the 
I.PPllcable temperat.w. Umii. Uf ll)eCifled). 
or when oUlenrtae approved bf the Adawl· 
IIU'ator. 

1 . .Priflcti,l.e 4"4 AJ1pHcC1fKZ.t�. 
1.1 Pr1Delple. Particulate maUer II With• 

drawn llolunetJcallJ from the aoww and 
oollect.ed on a JI.au fiber tut.er maintained 
at atack tempenture. The pa.n.lc:ul&te mau 
II determined rravtmetr1c&llJ &ft.er remov&l 
of uncombined water. 

1.2 Applle&bllity. This method appllea to 
tbe determination of particulate emlssion.1 
from ataUonan· 10urCH for determlnln1 
compliance ,1th new aource performance 
standard&, only "'hen 1pecltlcally provided 
for in an applicable subpart of the ,tan.
da.rda. Thia method II not applicable to 
atacu tha.t contain liquid droplets or are 
uturated With 11"1.ter va.por. In addltlon. this 
method ahal.l not be uaed u WJ1tt.en If the 
pro,lect.ed crou-sectlonal area of the probe 
estenaion-fllter holder auembly covers 
more th&n & �rcent of the lt.&Ck crou-aec• 
tJonal a.rea <aee Sect.Ion 4.1.2). 

2. APSNl"4tW. 

2.1 8amPUnl Tn.in. A achemauc of the 
1&111Plin1 train used In this method Is 1ho,-n 
In Plrure l'J-1. Construction details for 
many, but not all, of the tnln component.a 
&re 11ven In API'D-0511 <Citation 2 In Sec­
tion 'f>: for ctanres from the APTD-0511 
docwnent and for &110.-able moditlcatlon.a 
to Ptaure l'f-1, conault 1,ith the Admlnlstr&• 
tor. 
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Tht operattna and m&1nt.en11nct proct• 
du.rea for man>· of I.he umphnc train com­
ponenl.l are dacrlbed In APTD-05'16 <Cit&· 
uon 3 In Section '1>. Since cornet u.uae la 
Important In obtaintnr valid ruulta, all 
l&Mn 1ho11ld rad the �&'14 doewnent 
and adopt the operaunr and maintenance 
procedlll"tll 011U1ned In It. wueu ot.hel"WIM 
apeclfltd herein. The umpllnr t.nJn con• 
1lata of the followtnr coniponenta: 

2.1,1 Probe Nozzle. Btainl- It.eel <314) 
or rlu.a. wUh 1harP, tapered lndlnl edre. 
The &nSle of t.aper &hall lie 030' &nd the 
t.ai,er ahall be 1111 thtt outatde t.o prwerve a 
constant intemal dlamet.er. The probe 
nozzle lhall be of the buu.on,hook or elbow 
dulsn, 11111- othel"WIM ,peclfled by I.he Ad· 
mlnilU'al,Or. U made of llalnl- at.eel. Ult 
DCmle lhall lie COnltNcwd fNIIID -1-
tubm,, Other mat.ertall of -t.rucUon may 
be WIid NbJeet 10 Ult appl"Oftl of the Ad• 
�r. 

A ru,9 of ma awtable for lloldneUC 
· ampliN ahould lie a�lt, e,1 .• 0.12 t.o 
1.2'r CID < � t.o II, ln>-r larpi- lf btSber 
volume u.mpllnr tn.lN an UHd-tnaldt di· 
&met.tr <ID> noala ID lnc:nlftmta of 0.11 CID 
< �-.. In>. Each noa.le &hall lie calibrated ac­
cordtnr to the proctd'llnl ouWMCS ID lee· 
,1onu. 

2,1.2 Pllter Bolder. The ln.-W ftlm 
bolder lhall be conatNcttd of boroaWcate
or Q� slUL or lt&lnl- l\etl: lf a auk8' 
II llNd. It 1h1Jl be made of .Wcone Nbber, 
Teflon. or atalnleu sieel. Ot.her holder and
paket materials m&J be IINd NbJect t.o the
approval of the Admlnlltl'r.t.or. TM fQt.er 
bolder alllll � da'-"ed to provide a poa1. 
Uve Ital ap.lmt leau,re f,om I.he outa!de or 
arou:id tl'le filter. 

2.u Probe Exttmlon. Any Nltable rt,td 
1'rObe u:ten.1lon may be WIid &t\er the fUi.er 
holder. 

2.U PltOt Tulle. T,pe B. u cleKrtbed ID 
8.cUOn 2.1 of Met.hod 2. or other device ap. 
proved by the Admtnl.ltn.&or: I.he pJt.ot tube 
lhall lie attaehed t.o the probe n\eDalon t.o 
.Uo• comi&nt monU.onn, of Ule IR&Clt tu 
ftlocttJ <aw Pl,un l'r-11. The lmpect <btS.b 
�> oS)fflinr plane of Ule pl&ot tulle 
lhall be even With or above UM aoal• entr7 
plane d'Winl a&mPIIDI ,_ Met.bod 2, 
P\l'W'f 2...ab1. It la t9COINDmded: <1> that 
the plt.ot tube ban • known tlueUne coeffl• 
dent. determined u ouUlned In Section 4 of 
Method 2: and <2> t.bat 1h11 mown coeffi, 
clent be presel'\·ed by Placln& the pltot tube 
In an interference-free arnnaement w.1th re• 
1pect to the 11&mpllnr noa.le, filter holder, 
and tem�rature aemor ,_ Jl'lrure 1'1-1>. 
Note that the 1.1 cm <0.'1& In> ,�-apace be­
t•·een the nozzle and pltot tube lhown In 
1'lsun 1'1-1, la bued on & 1.s CID CO.I ID) ID 
noale. It the umplln( tl'IJ.n II 4-tlned tor 

aamplln( at hirher tlo'II ratu than that de­
aertbed In APT0,-4$11, th1.11 necealtatlnr 
the 1111 of laraer 11ad noa\111, the free• 
apace aha1l be 1.1 CID (0.TI ID) With the l.&rl· 
est ailed name In place. 

8ource-aampllns UDtmbUu that do not 
m.et the minimum IP&CI.N recau.tnment.a oC 
nsun 1'1-1 tor the eciulvalent of th- re• 
Qu.tnment.a. a.r., P'tsure 2-'I of Method 21 
may be uaed; however, the plt.ot tube coeffl• 
clenla of IIIC:h UMmbll• shall be deter• 
m.lned by callbmlon. umnr method.I 111bJect. 
t.o I.ht approval of the �tor. 

2.u Dlfftl'llltial PralUre Oaure. In• 
c:Uned manometer or ecaulva.lent devlot 
<two>. u dNCl1bed ID a.c:tlon 2.2 of Method 
a. One manometer ah&ll be UNd for veloc:ltl' 
bnd tU> readln,a, and the ot.her. for orl­
flN .iftnnU&l p- N&d&nil, 
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2.1.6 Condenur. It Is recommended that 
the lmpln1er 1y1t.em described tn Method 5 
be used to determine the moisture content 
of I.he 1c...c:k su. Alternatively. &n>' 1ntero 
that allow, meuurement of both the water 
condensed and the mouture leavlnc the con• 
deNer. each to w.·lthin 1 ml or 1 I, may be 
llled. The mollture leavtnr the c:ondeNer 
can be meuured either b>� <1> moni&onnc 
the temperature and preasun at the exit of 
the condenser and 1.111nr Dalton·, law of 
partial preuuru: or <2> puainr the 1&111ple 
Pl atre&rD throurh a IU!ca rel trtp '&'lt.h 
exit ,._ kept below 20' C caa· P'l IIZld de­
lennininr tbe wei.ht raJn. 

P\exlble tublne m&J' be 11141d between I.he 
probe extenllon 111d condemer. U 1rleat11 
other Ulan liliaa pl are IIMCI to det.ennine 
Ule amount ot moisture leavmr the oon• 
ctemer. It II recommended that IUlc& pl IWl 
lie IINd betwaen I.he condmNr 1,st.e= 111d 
PUIIIP t.o Jmtftllt molmlff condem&UOn In 
the pump and met.trW deYloa and to avoid 
the DNcl to make oornc:uom for mollture 
ID the me� voh.une. 

2.1.'I M.Wrtnl Syatem. VIICIIWII rau.re. 
lnk-tree pump, thtrmometel'I capable of 
meuurlnl �tun t.o Within s· c <1.4' 
Pl. cir)' pa -* ca.pable of meuurt.na 
YOh&me to Wltb.111 2 perwnt, and rel&&ed 
tQulpment, u 1boWn ID Jl'lsun l'r-1. Other 
metertna � capable of mamtamlnl 
ampllftl rac. Within 10 ptl"Cfflt of lloldn• 
Uc: &nd of det.ermlnlne u.mple volwn• to 
within 2 percent maJ be llNd. 111bJeet to the 
approval of the Admtnlltl'r.tor. When the 
metertna ,:,st.em II llltd IZI oonJunetion With 
a plt.ot tube, the antem ah&ll enable checu 
of IIOltlneUc: n.tn. 

&ampllnl U1LIN utlllzln& met.ertna •Y•· 

ttml �ad for hiaher now rac. tb&D 
ttw delc:ritltd In APTI>-olll or AP'Tt>-41'rl 
_, be \Dad provided � Ult apec:tflaa­
Uolll of thll method are met. 

2.1.1 Barometer. Mfl'C\117, uavold. or 
othtr barometer oapablt of m-.surl.Ds u­
mo.pherlc p,-ure to wttbln 2.1 mm a,
<0.1 ID. Ba>. Jn IDUIJ' -· the barometric 
rndlnf may be obtained from a neart11 aa,. 
Uonal wtather Mrv1ce A&Uon. ID which c:ue 
the at&tlon value <vtuc:h II the abaolute 
bt.rometrtc: praau.re> ahall be requ.....CS and 
&n adJuatmmt for elevuton dlfferenc:a be­
tween I.he we&thff station and -Pl!n& 
point ah&ll be applied at a n.Lt of mln111 :t.5 
DUii Ha <0.1 In. Br> per 30 m <lOO ft> elev&• 
tlon lzlcreuP or vice versa for elevation de• 
c:reue. 

2.1.1 Ou OeNlt)' Oetemun&tlon Equip. 
ment. Temperature tensor and preuure 
l&IIP, U desc:rlbed In Sec:tlON 2.3 a.nd 2.4 ot 

Method 2, and su anaJywr. I! n-,.Y. u 
duc:rtbed ID Method 3. 

The temperature NDIOr lh&1l be &t�ed 
t.o ell.her the pltot tube or to the probe ex• 
t.enaion, In a fixed conllauraUon. U the tem• 
perature Ml'IIOr II �t.&ched In the field; the 
temor shall be plaeed In an lnt.erfennc:e­
free �ement With respect to the Type 
S pltot tube o�ntn,a cu lhown In Ptrure 
1'1·1 or In Jl'ICW? 2-'f of Met.hod 2>. Altem•• 
uvely. the ternperatw-e Mn10r need not be 
attachf!d to either the probe ext.enalon or 
plt.ot tube durtnc aampllne, provided t.h&t & 
difference of not more t.hlD 1 percent In I.he 
averace veloclt)' meuurement II lzltrocluc:ed. 
Thi.I altematlve la 1ubJec:t to the approval 
of the Adminlltr&tor. 

2.2 Sarnl>le R.ecovel')'. 
2.2.l Pre-be Noezle Bruah. Nylon blUUe 

bruah with at&inleu steel Wire b&ndle. The 
bruah ahall be properly sued and ,haped to 
bnllh out the probe noale. 

2.2.2 Wa.sh ·Bottles-Two. Glass wash 
bottles are recommended: polyethylene 
.-uh bottles ma>' be used at the option of 
the tester. It II recommended th&L ac:etoM 
not be at.ored In i,olyet.h>·lene bottlea for 
lonrer than a month. 

2.2.3 Olua S&n:1ple Storace Contalne!"I. 
Chemical!)' re.lat.ant. boro1Ulcate rlua bot· 
tlea. for acetone·.-uhea, &00 ml or 1000 ml. 
Sert..- c:ap linua ah&U ell.her be rubber• 
backed Tenon or ah&ll be ooNtruct.ed ao u 
t.o � lea&-free and ralatant t.o c:hemlc:al 
&tt&elc by acetone. <Nan-ow.· mouth rlua bot­
tles have been found t.o be laa prone to 
luka1e.) Alt.ematlvtlY, polyethylene bottles 
may be\lltd. 

2,U Petri Duh•. P'or filter l&fflPlta: 
1lu.a or po}yet.hylene. wileu ot.herwllt 
apec:itled by the Admlninra&or. 

u.& Graduated Cylln�er and/or Bal· 
anoe. To mtu\U'W condenaed ,....ter to ,rithill 
1 ml or 1 ,. Oradll&t.ed eyUndtl'I ahall ht.,. 
111bdlvlllona no rreater than 2 ml. Moat lab­
oratory balancM are capable of welrhlnl to 
the Dnnlt 0.& I or 1-. Any of th- Ml· 
anoes la aull&blt tor UH here and In section 
U.4. 

2.2.S Plutlc: Stora1e Contalnel'I, Air. 
Uaht oont.alnen to at.ore atllca ,el. 

2.2. T Punnel Uld Rubber Pollc:eman. To' 
aid ID t.ramfv of llllc:a pl to cont.alner: not 
n-,, 1t·1111c:a rel II wellhed In the field .. 

2.2.8 Jl'unnel. Olaas or polyethylene. t.o 
a.Id 1%1 ample f9CO\'ery. 

2.3 Analyst.a. 
U.l O\ua Wei1hlnr Ollhes. 
2.3.2 Desiccator. 
2.3.3 Analytical Balance. To meuure I.O 

11'1th1%1 0.1 ffll, 
U.4 · Bal&nc:e. To meuure to Within O.& 

m1. 
2.3.5 Bullen. 250 ml. 
2.3.6 By,rometer. To meuure the N'la· 

Un bumidlt>' of the laboratorr envtroa• 
ment. 

:t.S.'1 Temperature Gause. To ma111tt 
I.he temperature ot the labor&i.ol'J environ• 
ment. 

s.� 
u S&&pllnl, 
3.1.1 Pllt.era. The ln••t.ack tut.en ahaU be 

rlus mat.a or thimble· fiber flit.en, wtthout 
orpnlc: binders. and ah&ll exhibit at leUt 
ti.IS percent eU!cienc:y <00.05 percent pene· 
tr&tlonl on 0.3 micron dioetyl phthala� 
smoke pa.rtl::les. The' !Uter eftlctency tea&.I 
shall be conducted ' 1n accordance with 
ASTM standard method O 2986-71. Test 
data from the supplier·, Quality control pro, 
aram are 111tfident tor thls purpose. 

3.1.2 SUie& Oel. lndlcat!n1 type, 6- to II• 
m•h. U previollllY UHd. dr)' &t 175' C <HO' 
Fl for 2 ho�. New aWca 1el may be lllecl u 
rec:etvfll. Altem&tlvelJ, otl\er types ot dftic• 
canu <equivalent or better> m&>' be IIIH. 
aubJec:t to Lhe app,onJ ot the Adminlatra• 
tor. 

3.U Crushed Ic:e., 
3.1.4 Stopcoc:lt Oreue. Acetone-Insoluble. 

heat-stable liltcone rreue. Thi.I i. not nee• 
esauy lf acre..,.-on coMecton With Tenoa 
alee,·u. or liml.l&r. are 111ed. Altematlvely. 
other types of stopc:oc:k ll"t&lt may be I.IMCl. 
1ubJect to the approval of the Admlnilltra, 
tor. 

3.2 Sample Recovel')'. Acetone. reacent 
,racle, 00.001 percent realdue, In 1111.11 bot• 
Ua. Acet.one from metal cont.a.Intra renel'Al• 
IJ hu II hiah residue blank and ahollld not 
be \IHd. SomeUmea, auppllen tl'&nafer ac­
etone to rJau botUea from metal containers. 
Th111. acetone Illa.nu ahall. be run prior to 
field un &nd 011.ly acetone With low blank 



ftlun ,00.001 percent> ah.ti be UMd. 1D no 
caec Jh&U I blGn& YIIJue o! cre&ter than 
0.001 percent o! the wei�ht of acet.one 'UNd 
be 1ubtracted from the ample wel1hL 

U Analyala. 
3.3.1 Acetone. Same u 3.2. 
3.3.2 Oalce&nL .Anhydroua c:a.ldlml ,uJ. 

f&lt, Lndie&tlnl t:,pc. All.em&U\'elY. other 
!)"!>el of de&lCC&llt.S ffllY be u,ed, aubJect l,c, 
the ll)l)TO\'&I of the AllminilU'&I.Or. 

4, i"roCfttMr'C. 
4.1 S&mPllnc. The complexity o! U\1.1 · 

method Lt auch that. In order 1,c, obt&ln rtll• 
&'tile ruulta, tuten ahowd bt tr&l.ntd uid 
exi,er11nced with tht \.at proeeclura. 

4.1.1 Pretat J'Npu.llon. All compo. 
nenta 1ha.ll be m&inl.&lned and e&llbrated a,:. 
cordinc to the procedure described In 
Al'TO-OS7fl, uni- othtn.»t 1PtCUied 
heretn. 

Wei1h aever&l 200 1.0 soo I po,uon, or 
allle& rel In &iJ'•Ulht cont&lners 1,c, Ult ne&r• 
ftt o.s 1. 1\eeord the 1.0\al wetaht or the 
1111ca 111 ph,11 conl.l.lntr. on NC!\ cont&lner. 
Al. &n &ltem&tlve, the lillca 11I need not be 
p.-.wel1hed. but m&Y bt -11hed dl.rectlY In 
lta lmPlnltr or aamplln1 holder J111t prior t.o 
trun uaembl)'. 

Cheek fU\.tn v11\l&lly &C'&inlt llsht for tr• 
relU)&rltla and nH•a or pinhole Jeua. 
1.&l>el !Utel'I of tht proper aile on \he \lack 
aide nnr the td1e l&linC n1m1btnn, ma• 
chine lnL Al. a11 &ltemauve, )iu,el Ult ahlp. 
Pini conl&lnt,. <clua or plutlc petrt diaha> 
and keep tht mi.en In th- conw.tntl'I &t 
&1l Umu except dw'IAI l&DIPllnl &nd •allh• 
1n,. 

Oaiccat.e the filters at 20:5.e- c cea:10· 
1'> and ambient pruaure !or &t ltut 24 
houn and welsh 11 Interval& or &t leut I 
houn \0 & conatant wel1ht, le., 00.S Ill.I 
ch""-' from prevlow weirhlnS: ,-cord ,-.. 
aulta \0 the ne&rat 0.1 111,1. J)W1Da eacb 
wetchlnl the !Ut.er must not be Hpoeed \0 
the l&borat.ory a&mosphtre for & period 
creattr than 2 mlnut.a and a l'el&Uve h\l• 
midity above SO pereenL AJ&emat1ve1, 
I unlaa otherwiae aped!ltd by UM Admln11-
t.r&tor>. the fUl.ers may be oven dried &t 105' 
C <220' l"l for 2 t.o 3 hows. da'«a&ed tor 2 
bOUJ'I. and •elshtd. P'Tocedw. o\ber tb&Z1 
U)- deacnbed. Whlcb &oeo\lDl for rel&Uvt 
hwnidJt:, etfeclA. ma:r be l.lltd. sub.tect \.0 
the a;>prova.J o! the Adminilt.r&Lor. 

U.2 Prtllmln&r)' Del.emun&tlom. Select 
the IUIIPlinC lite Ul4 the IIIWWDWD DWDber 
of MmPllnc polnta aceordlnc t.o Method 1 or 
u specl!led b)' tht Adminiatl"ltor. M.u.e & 
project.td•&rea model of Ult probe exten• 
,1or.,fllter holder &aHmbJ)', T.1th the PII.Ot 
tube f&ee operun11 po1ltloned &lona the cen• 
1.erllne or the ata.ck, u shown In Ficure 17-2. 
Calculate the estl.mated croaa-aectlon block• 
a.ae. u lhOT,'?1 bl J"lcun 1'7-:. If the block1.1e 
ellcttds 5 percent of the duct Cl'OGI sectional 
ue&, the I.eater hu the !ollowlnc optlona: 
(1 > a aultable out-of-at&ck !iltratlon method
ma)' be used lnltead o! ln•lt&ck fUtntlon: or
12> • 1pecl&I l,tl·at&dr. arn.ncemmt, In •·hlch 
the 11mplln1 and velocity meu11rement 
alt.ea ue ae�te. ma)' bt \IMd: tor de1.&11J 
concemlnl this approach. consult with the 
AdmlnilU'a\Or <- &lao Citation 10 In Ste· 
tion 'I). Determine the Ii.a.ck prasun, I.em• 
perature, 1111d the ruin of velocity ht&da 
Wlinl Method 2: It II recommended that & 
lt&t-chtck or lht pltot Una (1ft Method 2, 
Sect.Ion :S,ll be performed. Determine tht 
rnolature • content Wllnl APProxl.mation 
Method 4 or lta alternallwa tor the PW'P0M 
o! mak.lnr bo!Wletlc 1amplln1 rate 11tt1n&a. 
Determ1:ne the ll&Ck IU di-)' ftlOltc\llU 
wel&ht. u delcrlbed In Method 2. Sectl,on 
3.1; I! U)tegrated Method J aamplinC II UHd 
for molec\ll&r wel1ht dtlAtnnin&tlon. the In• 
l.e,nMd NI l&fflPI• Iha.JI be wen lilnull.&• 
zteo\llly "'1th. and for the urne &ol&l Jensu, 
o1 um.· U. the p&rtiC\l)&r ample nan. 

TEMPUIATURI 
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Figure 17-2. Projected-area model of cross-section 
blockage (approximate average for a sample traverse) 
caused by an in-stack filter holder-probe extension 
assembly. 



• 

hlect a noul�: 111M llued ctn Ult 'ra.nr� of 
ftlOCll)' heMla, IIICh \ha\ t\ la not ftt'Ctll&r)' 
so ctw\lt Ult nor&Jt· l&J.t In Ordtr &o nwn­
l&ln UOluntUC Al'ili>llnr ra\ff. D1u1n, Ult 
run. do not cha.nit tht no:rlt •�- Enaurt 
\hat Ult �r dUfttffltlal IIRU\lrt 1111ft 
II ChNffl for Ult l"Mlt of wtlocll)' M141 tn• 
•11n'-tl'ff ,_ hcUon 2.2 o, Mtlhoel 2>. 

atlttt a''°" H\enalon ltn�h IUCh that 
1111 in,,_ ll)Oln&& can tit ampltd. P'or lt.rst 
l\&CU. eoftlidff -Pline from OPPOlltt 
l'4lft ol Ult ilaCt S.0 Ml&Ct Ult ltn,U1 or 
.,-01N1. 

hlf'Cl I IOl&J IMIPlln& Unit ITft� lhM 
• tQ\lll IO l.bt .ainim1m1 &ow MfflPllnc 
\lftlt IPf'Clflecl Ill Ult Int �'" for lht 
IPf.T'lfit lnd\lltr)' l\ldl UII\ Cl I W � 
\Im, swr point la not lf¥,Ulan 2;1111n'ltts cor 
aom, srnttr ·um, lnt,n·&J u 1peclf1td ">' 
u,, Admlnlatrator>. and <2> ibt a&mPlt 
¥011.lfflf' &all.tr. (OOrncltd \.o 11.&nd&rd condl• 
\tonal CUI OC'ttd Utt no\lirtd mlnlmwn 
lln&t ,u u.mi,IT ,-olmnt. Tht lau.er ii l>utd 
en 1,11 appro:i:unatt av,,.,,. iampilne nta. . ll 'II ncommtnded lh&t Ult IIIIZIINr of 
alnU\el ampltcl &t nch DOlnt M 1ft U,l,ffff 
., an lnltaff pl\11 ont•b&lf IIWIU'-t, in order 
IO •'"oid WIWILHPinr trrora. 

· In aomt ctrcuni.nanea. 1,1 •• batch cycles.
fl ma,· tit MCaa&J')I \0 aample for ahorwr 
Ufflta &t Ult tn\·tut polnU and to obtain 
an&lltr ru aamplt voluma. ln \hett cuea, 
"" Adrnuusaator·, approval 111\llt f.l.ral l,t 
ebalned. 

,.u J'Ni,aratlOn · -of Colltttlon Train. 
l>urlnc preparation and uaembl>' of Ult 
Mm:>l&nl U'IJn. keep Ill OPeftlnll .-heN con• 
l&fflination Ca.II occur COVtrtd witU JIii\ 
IWIOf \0 llltffltlb' or WltU &ampllftl ii uout 
.. 11e,1n. 

U lffipln,en ue '!UK \.o oondtnM ltadl 
IU fflDlll\1'1', p,epue 1.ntm ai fDllo11'&: pl� 
aoo ml of 1rat•r In earh of U\e flnt t•o Im• 
,enren. ln\'f Lht U,lrd LrnPln1er empt)', 
Uld tranller approximateb' 200 \0 SOO I of 
,r...-11Jl'l•d alhca r•I troni tw �n�lrltr to 
1M fourth imPlnltr, More a1Uc& 1tl ID&)' be 
9Md. "ut can anoulct lie i.u,n \0 enautt 
\h&I I\ 11 not entrained and e&.-rled out from 
Uw imPlnltr durlnc 1amplin1. Pia.er tht 
1Conl.alncr Ira a c1,111 plact ro, lattr 111t In 
lht Mml)lt rtCO\'f'T)'. Alttmatl\·tl)·. tht 
--••ht or lht 1U11'.a ltl pl111 lmpln1tr m&)' 
N llltl.tffl\ltltd \.o \ht. nt&rlll 0.5 I and ,.. 
eerdtd. 

u IOfflt Ill� OU\tr than lmJ>lnrtl'I la 
IINd \0 conctenat·mnllturt. prepare I.he c:on• 
,._, tand. ·If approprtate, alllca 1el tor 
•uttnaer ouUtt> tor .u11. 

Vunc a ,.,Haer or cl,an dlap0a&blt 1ur1I• 
_, 1lowe,, Pl&Ct a l&lltltct UdtnUfitdl uwl 
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., IShtd mt.tr In \bl fllt.tr holder. � SU rt 
U\at the fill.er II properly �ntertd and I.ht 
,ull.tl i:,roperl)· placed IO u no\ \.o tJlo., tht 
a&mPlt au st.ream \0 clrcwnvenl tbt filter. 
Check tilter for ttan all.tr MKmbl)' LI com• 
plt\otd. Mark Ult pro� t:i:1.cnlion W1t.h heal 
,Ulll&nl L&Pt or .,,, ,om, otl'ltr mttl'lod \0 
dPTICllt tl'lt proper ct1nanct ln\O \ht ll&ck or 
duct for .H<'h &&mPhnc polrit. AIMmblt \ht I.rain u In P"lrurt 1'-1. \lltn1 
a .. ,,.- Ulht ·-\ or sllic:ont mu, cm &11 
l"VW!d JIUI JOlnU and rrtUlnl onh· U\t 
OVltr ,onion Cwt APTt>-on• I t.o l\'Old pell• 
SlbUII)' of oontamtnallon "' 1.bt aillcont 
·lffut. Plaef, CNahed 1ft around Ult Im• 
'"""'·

U.4 J.,tak Chtcll. Proeeduru. 
U,t.1 Jl'n\t&t ut&&•Chta. .. A Pftt.tlt 

ka&<h�k II' rtconvntndtd. but not rt• 
oulrrd. U tht t.ater opu to co.nduct tht pr,. 
\al • leall-c�ff:IL. Ult foUo.-w procrdun 
1hall lit ·ustd. 

Alter U\t MmPllnC vain hu llnn UHffl· 
Ill.cl. Dlus Ult lnlt-t "° lht prol:lt nou.lt With 
a 11r1attri&I that 11'111 llt &bit IO WIU\l\&nd tht 
ll&CII wmperaturt. lnltr\ Ult tllttr holdtr 
lnlo tht au.tll and ,·alt approltlml lt I)' I 
Jl'\inutts IDr lonrer. U nectu&r)I> &o a.llo1" 
Ll'lt l)'lltm IO com, \o eoulllbrtwra ..-1\.h I.ht 
'-tmperaturt of tht 11&clr. ru .atnam. Tl.Im 
on Lht Pl:fflP &net tru: & YICUl&ffl of 11 leut 
HO mm He ,u l.n. H1>': note Ulat a. lo•·er 
VIC\! W11 m&)' tit \lltd. pro,1dtd that It ii not 
tllCftd•d durtnc \ht I.at. Del.trmlnt lbt 
ltakau r&ll. /. ltua,t r&tt In txCPI or ' 
percent of Ult l\'t,..., -a,llne rat.t or 
O.Qf)057 ·111•/mtn .. 10.02. ctmt . ....  �Cht\'ff LI 
leu. II l&NCIOtPtablt. 

Tht folln1na leak-chf'CII. lnltNC\IOftl f(tT 
lht IIIIIPllnC tn.ln clttCribtd Ill A.PTD-oS'll 
Md AJ'Tt).OH1 1111)' tit helpful. SI.In the 
INIDP wtUI .,,,.pua ""'"' full>' open and 
COIUM MIJv.at HJYt comi,lttel)' clOltd. Par• 
Uall)' open Ult coarH 14Ju,t n.h•e Md 
a>o•·l)• don Ll'lt b)'•JIUI ¥&lvt WIUI \ht dt· 
11rtd nruwn II reached. l)o not ,.,.,,.. di• 
recuon of b)l•l)UI v&1,·1. lf the duired 
vaeuum II txcttdtd, tlLl'ltr ltu-chtCA al 
tbla'hlshtr vaeuwn or tnd Ll'lt lau-chtek u 
1ho•-n belo,· t.nd l\&rl. 0\'tf. 

When tht lnk-chtek I& oompltled. firs: 
alo•·ly rtmow Ult plus from tht 1nltt to \ht 
prol:>t no::Jt and lmmtdiattlr tum off tht 
vacuum p1.1111p. Thia prevent.a 11'1\tr from 
btlnl forced back•·ard t.nd 11.HPI &Ille& ,,1 
from bfinr entl"llnl'd bal'k•·ard.· 

,.1.,.2 Lnk-Checu Durlnc S&mplt Run. 
U. dur1n1 Ult 11mphn1 l'WI, a compontnt 
(t,1� fUlotr a»tmbl)I or lmPinltr) cban1t .... 
comn -17. a ltak<CMCII &hall• Nil• 
11\IC\td UNMlll&t.tl)' Mfort \ht chanr, la · 

made. Tht lt&ll<ht« &hall tit dOTlf acconS• 
lnl \.o the proccdurt ouUIMd In 5f'cl1on 
t.l."1 allowt. HNPl that ll ah&ll bf dDnt u 
a vacuum equal \.o or sna'-tr than tht mul, 
9\\lffl YalUt recorded UP &o lhal point 111 llM 
""1.. lf Ult ltallaa, n.tt la found IO bt M 
s,t&ttr than 0.00051 m• /min 10.02 elm> or 4 
pPrctnt of tht &Vtr&lt llfflPlinc r&lt 
C•·hlchtvtr ii ltu>. Ll'lt rnul" &rt acttPt• 
atilt. and no oon-tt\ion •·lll nft'd IO bf ap. 
plitd \,I) Ult IO� •olumt. of dr)· JU lltfltrtd: 
u. how.·,ver. a hl1btr le&kll't ,at, II Oll­
t.lJntcS, \ht \a\er ah&ll &llhv _,d tht 
le&ka1t r&'-t Md pl111 IO oorNCt \ht IUIIPlt
YOhlmt u ahn-n In atcUon I.J of \NI
9'1Ulod, or lhall VO.Id \hi' 11&111Plln1 nm. 

lm.ml'dl&"l)I after IOIIIPGntnl chanlt!I, 
lttJt-cbtt'U art optional: u ,uch ltak-Chf<&I 
&rt done. the proredurt ouUlntd In ltcllon 
,.1.,.1 above al'lall be 111td. 

t.1.U P'Olt•Tlll lA&k-Ottcll.. A leak, 
chtell. II mandat.or,- at thr conrh11lon of 
et.eh llfflPllnl Nn. Tht lt&&<htck ahtJl Ill 
dorit In accordanet YIU\ Ult DrOCld\lNI 0\11,, 
Untd III Stttion ,.1.,.1. except Ul&l tt shall 
bf cond� at & \'&CIIIMII eq11&l lO 0, ffllt• 
tr Ullll tht maximum va.lut rt1chtcl el1.mn1 
tht aam:>linc l'\ln. 11 u,, leaau, ralt II 
found t.o be no CTtattr Ulan 0.000$, m•tmin 
co.02 ctm> or 4 percrnl of \he ''°'"'" .. m, 
plln1 r&lf <•·hlthf'\'tr II lass), thf rtl".:!u a:t 
-p1.1tllr, and no corre:t.ion Mtd .,. ap, 
plltd t.o Ult total volumt of dn· ru fflfltrrd. 
11. ho.,,vtr. a hlShtr !tau.rt l'&lt II o► 
l&lntd. \ht \tlltr lh&ll elUlff rte0rd the 
ltu .. , ratt and corrttt Ult aamplt ,·olwnt 
u 1ho•-n In &tc:Uon I.J of uua method. Dr 
ahlll void th, s&mplin, nan. 
· ,.u P&rtleulatt Tra.m Operation. 

Dunnr thr Ampllns nan. 111alnll1n a. aam• 
Pline rate such that llfflPlinl ii '1thln '10 
percent of t.r\lt laoll.lnttlc. WIIIII Ol,!lt"1H 
apectfltd tit Ult Admlnislr&lor. 

Por each nan. record tht data reouind on 
\ht exa.mplt lllat.a &hit\ &ho•-n 1n Fir.IN 11-
1. Bt lllrt to l'tCOrd lht lnlUal di'}' ru mrtrr 
fta41nc. Jiltcord I.ht dr)' 1u mf\er rndincs 
at Un berin.ninr and end of tath aami:lt .. "'lr 
Umt 1neremtr:�. •·hrn than1t1 In no•· ratl'I 
&rf' madr. btfort &nd &fltr each lt&k Cl'lttk. 
and •·htn IL'Tlpl:nc II halltd. Tal.r Olhfr 
rtl4mc, 1"1'Qllirtd t,y Firure ,,.:, at !rut 
orict at each ,amplt point durlnt •a.ch um, 
lncremrnt and •dd1tionl.l rtadmcs ..-h,n �­
Dlflc:ant chanrts c 20 perc,nt ,·ar1at1on In Yt• 
lorlt)' htad readinrs) ntetUll.llt addllional 
adJ1.1Jtmrr1u 1n no•· rate. Levtl &nCI uro \ht 
manomtttr. lltea111t U,t manonwttr 11\·tl 
and Mro ni.&)' Critt ,111 S. '1W.tieN 1M 
-.mpcr&e\lN cb&ntta, lllakt PtrtNit Cl'IICU 
durtnir Lh� , •• , ..... 
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Cln.n tht por\holes prior I.O the Lest run 
\Cl mtnlmlU tht Ch&Zlct of a&m:>llns lht de­
po&Jad material. To bet!J'l aarnplln1. remove 
tht noz.zJt t&P I.lid vert!)- lht.1 tht pJtol lubt 
r.nd prob\" eu cnston a.rt proptrl)' poal• 
uoned. Po.sll 1on the noc.Je at the fLrsl u-&· 
ve� point ••Ith tht tit;' s,oinUn& dlreclly 
Lnto tht 1u 11 ret.m. lznmedu.tely a\.ut I.he 
pump L"ld t.dJwt tht no•· I.O laok.tnet!c oon­
ClltloN. Nomocraplu an· t.\·LllLblt .  Which 
&Id In tht l"LPld adJwt ment I.O tht !aolunelle 
a.-np!:.n, l"Ltt ,1thout exc-eS$!•·t ooniput.a­
t101U Th- nomorTLPh.s a.re duirntd for 
l.lH '1, hen tht T)� 6 pltot tube eoeUtc1ent 
11 0.8! : 0.02. and the at.a.cir. ru eQUl\"Lltnt 
Cltnsit) lc1r)' molt'CUlar ..-rish l l  II equ&J Lo 
:t : 4 . AP'n)-Q516 detLib tht pr�durt tor 
�ini the nomornptu. 11 c. and M.. v, out• 
Side tht abnve st.at td l"Lllre,. do not uae tht 
nomQf"phl unleu approprtaw- steps <aee 
Clt.alloi, 'I 11:1 �lion 'I >  an t&kui io oom­
�naw lor I.he �vLt.llom. 

'When tht stacA. .. under IWT\lflCILllt IMC&• 
Uve p,--u,-. <heirht or lmpin.er Aeml, 
l.&kt CLl'e \0 clc»t the oouw a.dJuat •11.lve 
before in.ertw the probe enenalon u:seni• 
bl, Into the &t.&ciL I.O pre¥ent ,·t.ttr from 
betn, lcra-d baca:,•ard. U n-.v,·. the 
pum:> 1111)' be Ulmed OD ..-1u, the OO&ne 
adJust nl\'t' closed .  

w hen the probt' IJ It! position. bloclr. orf 
tht o�ninJs t.round tht' probe a.nd porthole 
to prt',·ent unrtpr"Qent.ath·t c111uUon o! the 
ru stream. 

Tn. ,·trw tht itt..ck crou -«:<:tlon. u re­
Qulrt'd b)· Method l or u sptCUied b>• I.ht 
Aelrr.inistrt.tor. bein1 careful nol I.O bump 
lht probt' noz.z.Je Lnto the 1�1 'lr'l.lls 'll'htn 
1&.-n::linr neu the walls or 'llhen remo\'lnf 
or wertlnr I.ht prol:>t uttNion Ll:l.rouih 
the portholu. \0 zni."llmlu ch&nee o! ex­
trt.clin,: depor;lted lnt.ttria.l. 

t>urinf the Lat nm. I.Llr.e approprut.e 
Jttps le.r .. &ddlnr cniahed lc:-e \0 the 1rn• 
Pinrer iet bat h  l to mLilllLln t. t.ernpen.ture 
ot leu tha.n 20· C r ea· 1'> at the condenser 
out!et; Lh1I ,·m prevenl exceulve inolsture 
losses. Aao. �riodlcLll)' c:heck the Jev&l &nd 
uro of tht ma.nomeler. 

lt tht preuure drop M:l'OSS the mt.er b.­
eomt'I too hl&h. ma.llinc l.!.ok..lneUc samp� 
c1::hcul1 \.0 maintain. the lilt.er lnL7 be re­
placed in tht z:nldst o! t. a.unplt nm. It II 
recommended that another complete filter 
holder u.se-mbl>· bt U5ed rat her lh&n t.l• 
ttmpttnr to cha.nre lht rut.er lt.sd!. Before a 
rie•· 1 illtr holder Is Inst.ailed. cond uct t. leak 
cht'Cl,;.. LS out lined In Section -l . 1 .<.2. The 
total PL�ticulate ,·elrht at.a.ll Include the 
sumr.:a:ion ot t.ll filler usembly eatehea. 

4 ,ins It train ,hall bl' wed tor the entire 
11m:>lt run. except in cues '1.·here 1lmull1• 
neoia samplir.i' 1' reciutred Ln t,·o or more 
�pt.rt.It duel.& or LI t•·o or m ore different 
loet.ticms ..,llhtn the aame duct. or. In cues 
• hert equipment 11.Uurt neces.sltt.les t. 
chanrt ot trains. In all other 11tu1.t1ona, the 
use ot t'llo or more tralru ,111 be aubJect to 
the appro,·Ll ot the Admlnistrt.t.or. Note
u·.at •·hen t,·o or more ll"LIN are �d. 11 
ltPU'l.tt r.nLlyal& of the collect.ed pan.ICU• 
lt.lt from eacn train shall be pel1ormed.
unlus idt'nt le&I riou.Jc 11.r.e, ,·ere uaed on t.11
trains. In which cut the pt.rtlcula t,e e&tChea 
from the lndh·ldua.l trt.ll\l ma>· be conibLned
a.nd a ,1nclt i..nll.ly&ls perto:-med.

At tht end of the sample run. tum ort the 
pump. remo,·t the probt extrrulon u.sc:mbly 
lrorn I.ht suck .  and rt'eord the final dr)' JU 
met.er reM11n1 . Perform a leak -�h,ck . u out• 
Hned In kc:Uon 4.l .4.3. Also, let. ll <htck the 
p,tot lines u described In �ctlon 3.1 ot 
Method :: the llnea muat pu.s lhla le&lt• 

c.heck. 11:1 order t,o •&JJdt.t.e I.ht .. 1ec1t7 bead 
d&t.&. 

4.1.I CLlcult.tlon of J>e�nt aolttnctlc:. 
CLlcult.tt percent laoklnetlc Cate &ec11on 
1. 1 1  l \.0 dnermlnt •·hether 1.11other tell run 
ahould bt' int.de . U there II difficult)' 1n 
m&lntt.inUU laoklnellc rt.tr• due to aoun:-e 
condtllo�. CONult ,1th tht Admlnl.ltrt.t.or 
for PCISllbJt va.rlanee on tht I.Sok.tnetlc rt.tei. 

4.2 Sample Recovery. Proper cleanup 
p�ur, berlN a.s aoon u tht probe ex­
t.enslon a..uernbly I.I removt'd from tht sta.:-k 
at tht tnd of tht .u.mpl1.'IZ period. A.llo-..· the 
uaembl)" \.0 cool. 

When the unmb))· can be &&fel)· h&ndled, 
'111l>C off all exttmaJ Pa..rtlC'U.latt rnt.lttr near 
the Up of the probt' DOZ1.le &11d pl� a c:a.:i 
over tt I.O prt'vent loalnr or rt.lnlnl Partlc:u• 
l&tt matter. t>o not cap ott the probe tip 
U.hlly ..,h!le Lht &&mpllnr ll"Lln la COOlln1 
do,'?I u thll would cre•tt .: •a.cuum tn the 
fUter bolder, fol"CW c:ondenKT water be.ck · 
'In.I'd. 

B-rfor'e moTtnr UM at.mp:le tn1n io t.be 
cl�up &11.e. dilconnect the flli.er bolder­
probe DOZ:tle ,..embl7 from the probe ex , 
\e�lon; cap tht open Inlet of the probe ex-
1.enslon. 8t cartful Dot t.o 101, a.n, oonden­
Mtt. 11 present. Remove the wnbllle&l cord 
f1'0m the oondenaer 011Uel &nd cap the 
outlet. 1f t. flexible llnt' II used bet ... ·�n the 
tlrsl lmp!naer tor condenser!  and the probe 
ext.enaton. dlac:onnect the line t.t the probe 
ext.eNlon and let e.ru- oondenaed •·at.er or 
liQuld dn..1D Into the l.mpln1 en or condeiv­
er. Olac:onnect the probe e:rttn.:lon from the 
oonderuer; cap tht probe exttnalon outlet. 
AJ'ter 1Mptnr ott tht aUicone r.euc, C&P o!! 
the oondenser lnlel. Oround cla.u st,oppen, 
plutlc e&P£, or Aetum Cl.;)6 (-..·hichever &re 
ai:,propl'l&te l m&f be IIHd \Cl c:lOM tbese 
open!nrs. 

Tn.n.ster both tht tilt.er holder-probe 
Doz:tlt UHmbl)• and the conderuer to the 
cle&nup &reL Thl5 t.rea uiould be clea.n &11d 
pro1.eet.ed from the 11,"tnd ao that the cha.nce.s 
of con�ln&Unc or lo.sinr the u.rnple wW 
be inlntrnlM:d. 

&Ave a port.Ion of the ace\.One wed !or 
cleanup u a bl&nlt. Tut 200 ml of thl5 IIC• 
etone dtr�tl)' from the '1Uh bottle beinr 
med t.nd plaee It 111 • Ill.SI u.mple CQn\&iner 
�led ··a.cel.Qne bl&n.k." 

I.Ns,ect the tri.in prior LO and durtna d!a· 
usembl)' t.nd note L:l>' t.bnormaJ condJtloD.l. 
Treat the u.mples u tono,·,: 

Cor.tctn� No. J. Car-dull>' remove the 
filter troni lhe rut.er holder and pl� It IJl 
II.& ldtnt!fled petr1 dah cont.a.Iner. Use a pa.Ir 
ot t,·enen and/or c:let.n disposable ,urrlcal 
110,·es I.O h&ndle tht' tilter. I! It 1a ll-S&l.l7 
\.0 fold the tut.er. do ao ,ueh thal the par\lc• 
ult.le et.ke la tn.&lde the told. Ca.retuil)' tn,na. 
fer Lo the peU1 d1sh t.n)' pa1'1.lcul•tt m&t\.Cr 
&nd/or rtlttr !lben •·htch 11.dhere LO the 
rtlttr holder rasket. b)' wine a drr N)'lon 
b1'1.Stle bniah and/or t. ahup-ed1e-d bl.a.de. 
ScaJ the conr.&tner. 

Contatncr No. z. TLk.N c:&rt LO aee that 
dun on the out.aide of I.he pro� noz:Je o r  
other exterior aurft.eei does n e t  r e t  ln to  the 
t.t.mple. CIULntlt.atl\•e))' rt1:()Vtr pa..rtleul&t.e 
mt.tttr or any cond eNate from t.ht probe 
noule, fllllnl. and front hLlf ot the tilter 
bolder by •·a.1hln1 the� component.a ..-1th 
.cetone t.nd plac1n1 the ,ra,sh In a Clt.1$ eon­
t.a.Jner. OlatUJed 'IO't.L-er may � used lNt.e•d 
of a.cnone ,rhen t.pprc,·ed b)' tht Ad.JT.iniJ. 
tntor Md aht.ll be uud •·hen 1;,ecl!ted b)' 
tht Admlnt,tra�or; tn then t&Se&. save a 
'11.ter bit.nit and !ollo,r Admln!.Stnt.or'1 di• 
rectlona on Ln&ly11&. Pert orm the t.eet.one 
rtnae• u follo..,a: 
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Carefully remo"e the probe noale &nd 
e)t'll1'1 lhe lnaldt aurft.et by rtn&lnr ..-11h &C·
etont from a ""'h bottle u,d bn,shfnr �·I th
t. N)'lon brl&tle brush. Jln.ish until  acetone 
rtn.ae 1ho ... , no \'lalblt pan.lele&. Liar &"h1ch
ln&kt I fipaJ r1nM ot the tn.&idt autlaet ,·llh
&t'tl.Ont. 

Bnah t.nd rtn.ae -.1th aci:LOne tht INl.dt 
pLTU of the !lttlnr In a almllar ..-1,y until no 
'11.lble particles remain. A fun:,el <rla.u or 
�)ytthylene ) ma)' be UMCI \.0 aid ln trLN• 
ten-inc llould ..,.uhes \0 the container. Rinn 
the brush ..-Ith a.cet.one t.nd QUt.r.tlt.ath·tly 
collect t.h- wuhtnr, In the &t..m;M eon­
\.Liner. :&el,.,een &Ltnpltnr rwu. ll ttll 
brua hes c:let.n and protected from contur.l• 
nauon. 

A.ft.er ena11rtna th&t all ,01.nt.& are '&1ped 
clean of &Utcone CTC&M <11 ai:>Pllet.blel .  clean 
the lnalde ot the front ha.lt of the fll Ler 
bolder b)' nibblnc tht' lllrf- ,·1th t. :N)·lon 
bn.Ut brwh t.nd 11Nlnr "1th aceLOne. 
JUnae -.ch S\IT!.ce thl"ft Umes or more U 
Deeded t,o remove 'f111ble p&M.lcv.l&t.e. Wa.i.t 
final nnae or t.be bn.l&h and fllt..er holdtr. 
Mt.er t.ll a.eel.One wuhlQ61 and pa.r,.tc:ul&tt 
matt.er •rt coUN:ted 1D tht' u.m pl� cont.atn• 
er. l.lrhttn the lid on the ArnPlt c:on\.&i.ner 
ao tha.t ac:et.on� 11111 not leu out 'll'htn It 11 
ahlpped t.o t.h, l&boni.LOr')'. Mark lht ht'ICht 
ot the nuld level 1,o det.enntne ..-hether or 
not leLkt.r, occ:11� dllruic transport. 
Label the cont.a.Iner loo clet.r))' ldtnUt)' IU 
content.&. 

C01ttcin� No. J. &! allk:a rel IJ u.a.ei! In tht 
oondenaer 1y11.ei:n tor moctuut content Cit· 
tennlnt.llon. note the oolor of t.ht rel l.o de• 
t..enntne U It has been comple\ely spent: 
mt.kt ,. notation of It.I oondlllon. Tl'ans!tr 
the 1llie& rel ba.clr. to Ju ol'leint.l cont&iner 
t.nd 11eLl. A funnel may mue It eul"r \0 
pour the 1Ulc:& rel without apWinc. t.nd a 
rubber polieem&n mt.)' be uaed u t.n t.id In 
removtnr the &llica rel. It la Dot neces&&.TY \0 
l"ta"IO\lt the lfflLII a.mount of d\l&t P&Ttlcles 
t.hat may &.dhert \0 the walll and e.n dlUI· 
cult io remove. Sinc:11 the pJn 1n 111elrht IS to 
be \&led lor mol&ture ca.lc:ulaUons, do not \l&e 
t.nY •·ater or other liquids \0 traNrer the 
alllca rel. If a b&l&11ee 1a av�abie In tht 
field ,  folio•· the procedun for Cont&lncr 
No. :, under "Analysis." 

Col\U11.tf1' Wciier. Treat the condenaer or 
l.mplnrer ..,attr u follo,-s: m&ltt a notauon 
of r.ny color or film lzl the liquid ca.tch. Mn­
aurc the liquid l'Olu.me \.0 ,·!thin : l ml b>· 
uainf a craduat,d c>·lt.nder or. If a bal&nt,t I.I 
t.\·&llt.ble. det.ennlne the l!Quld weirht LO 
..-ahtn = 0.5 r. Rt'Cord the tol&I volume or 
wet1h1 ot llouid present. Thi& lnJormallon II 
J"e'(IUlred to et.lc11lt.tt tht moisture content 
of the ,rnuent ru. Discard the 1.iciuld a.her 
mn..surtnc and n,eordinc the volwnc or 
wetrht. 

-l,3 Analysll. Rttord the d&ta !'fllUlred on 
the example aheet 1ho,-n .In Flrure 1 '7-4. 
Bt.ndle et.ch &&lllpl, container u follo•-s: 

Conlcijn,-r No. l. Leave the contenu In the 
ahlppinc contalner or transfer the filler &11d 
&n)' looae particulate troin the a&mplt con• 
tainer I.O t. ta� cl&» "elchlnr d!ah. I>e11c• 
c:&t.e tor 24 hours In a de.slce&tor cont.&1nN 
&nh)'droua calelu.m aw!&tt. Weich \0 ,. con, 
llt&nt wtirht and rt1>0rt the result.I Lo the 
riu.reat O.l :nr. For pu.rpo.se, of thu Stttlon. 
4.3. t.ht ttnn "constant ,·elrht" means a dU• 
!ercnet ot no more tha.n 0.5 znr or l pen:ent
O! U>l&l 'lltlrht It$$ \.ue welrht. -..·hlchevcr II 
STeatcr, between two oonaec\ltlvc wetrhln11. 
••Ith no lei$ th&:1 I boun or de.sleet.lion
Ume bet,·�n •·elchtnn. 

AJtemaUvtl)', the t.Ul!Ple m1.1 be oven 
dried Lt the a\'en,fe 1\.t.Ck temperature or 

. / (./U I 
' .' 
'--
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Afflount liquilll Int '"""I trangport ---------------

Altttftt 11\lnll wolumt, 1111 _________________ _ 

Aatou wash wolllmt. "''------------------

Acttont lll1cll conc1ntr1tion, m1/m1 (equation 17.C) 

Ac1tont wuh 111111k, mg (tqurtian 17•&) 

WEIGHT OF PA"11CULATE COLLECTED. l 
CONTAINER 

NUMIEII 

FINAL WEIGHT TARE WEIGHT WEIGHT GAIN 

, 

2 

TOTAL 
-- -- ----- -- --

Leu eceton• blank 

Weight of peniculat1 mane, 

VOLUME OF LIQVIU 
WATER COLLECTED 

IMPINGER SILICA GEL 
VOlUME. WEIGHT. 

"'' 8 

FINAL 

INITIAL 

LIQUID COLLECTED 

TOT AL VOLUME COLLECTtD ,·I ml 

• CONVERT WEIGHT OF WATER TO VOLUME IY DfVIOING TOTAL wr·- .,.

INCREASE IY OENSlTY OF WATER (1;1mt).

INCREASE. I r VOLUME WATER. mt
1·;/ml 

Figure 17-4. Analytical data. 



• 

&ittat""' No. Z. Not.e Ult level of liquid In 
Ille oont.alner vad confirm on Us• anal)'III 
•Nt Whethn or .not ln!s&p OOCIU'Nd
CUnnf U'anlllOl't. If a noUoeablt IIDOWlt of 
lluaat hu Ol:CNffld. tlUltl' YOld Ult IIIDPle 
• \&N ll'le1.boda. IUb� to Ult IP'-10Vl1 of
Ult Aclmlnlatrat.or, to co� Ult fln&l n­
ll&lta. Meuure the liquid In Ulla oontalner 
etUltl' volumetrlcaUJ · to : 1 ml or sravtm•• · 
1nca11, t.o :o.a 1. Tramter the oont.enta to a 
wed ISO•ml beaker &nd � co drJ· 
._ at llllbltnt � and ·PNa\&N, 
� for It boUn and welsh to a oon­
llant wetct. Report \he n,ulta co \be Dar-. 
•Uma. . . 

Co!IC.t..,- No. I. Thll -., �: be oon• 
� In Ult field. Wetsh \he 111111t IIUica 
Ill <or .Wea 11I plua lmplnlff> to \be DNr• 
•o.&1Ultna'allalanoe._

"ActtoM •zcu1A:" COfttciUI'. Mtuurt &e•
llone In Ulla container tJUlff volwneU'loall1 
• ,ravtmetrtcallJ, Tramfer the uet.ont to a
IUed 210·1111 btakll' and 1911M)rai.t to clr1·
... ai 11111.blent t.tm,er&tw-e and ..--we.·
Deuooat.e for 14 houn uid wewb to a oon­
llUt Weilht. lltpcm the Nl\llta to U..MU•
.O.lms.

Jfon.-At the option of the t.lltel', the 
ant.en\l of Conl&lnlr Ho: 1· u wtU u· .. UI•
Milone blank contalMr may be evaporawcs 
el cem.Pff&tUl'ft hllhn UWI -bltnt. u
waporatlon la done at an tlffat.ecl t.emi,era. 
eun. the i.ms,en.tun muat be below ua,
'9Wnl point of t.he aolvct ai.o, to prevent 
"'llwnltlna.'' the IV&IIOl'&Uon proeea 111111t be 
..._1, IIIPll'V1Nd. an4 the oont.entl of Ult 
Nakn 111111t· ··1>1 · nirled OOCUlonally to 
aaintaln UI IVtn l.emper&ture. 011 U\Nmt 
11ft, U IClt.ont II hlrbJJ twm:nable and 
... a loW ti.uh point. 

I, C11H11Nttoft. Maintain a laborator, lot'­
e, ID aallt>r&Uona. 

l.l PrOM Houle. Probe nOl&I• lha1J be 
.Ubntft before their lnliial I.IN ID the 
1111d. Ulinl a micrornet.er, meuure the 
tllllllll cllameutr Of Ult IIGDle to the ftearat 

0.021 mm co.001 ID.>. Make Uuet NP&r&t.e 
meuunmenta Ullnl dUfenmt cUanatt.tn 
NCh um,, and obtain the avtr&J•. of the 
IUUUl'lmeni.. · The difference between Ult 
bilh and low DWllben lhlll not exCNd 0.1 
1111D t(0.004 In.), Wbtll naal• . bteome 
nicked, dented. or ooffllded, theJ ablll be 
Nabaped, lharPtned. and noallllrawd 
before UN. Each naale lba1l be permanent-
11 and wuquelJ ldtnWled. 

1.2 Picot T\lbt. U the P6iot iube II plUld 
ID lb IDterferenot-fl"N arran,ement wtib ,._ 
-- to the oUler &WON Ill lmblJ � 
IMIDta, It.I NNIIDt <INIMN \QIN) ON111act 
lbal1 be� M ouWIMd ID kUOII t 
of Met.hod I.Uthe &WON� ti INK JD. 
t.trfll'enol-fl'ot, ·Ute pl- wbe MiemblJ 00-
ettlcieDt mall bl dot.alDlntd bf aalfbraUOC. 
lllinl mt\bodl aubJoo& to t.b• approwal of 
.UM�-

1.S M-.nna 8,nem. .. ,on sis IDIU&J
\IN ID the fteld, Ult meter1A1 11Staa lbal1 
bl callbra&od MlCONlml to t.be Pl'OONllff 
ouwnocs ID AP'l'D-41'•· 1--..t of pb)'llcal• 
lJ ad.NIUDI Ult 0 ... ilo&or dial NiM11D11 
IO oorre111and to UM -,t • •-- ....i. 
1111a. oalibnUon fact.on mu be 1111d to 
·mathtlnatlCIUJ' oorrect the 1U met.er dial
l'INi4iftp to \he PN1'ff ftlll&

.. ,ore oalibrat!U the metertn, mt.em. tt
II auaat.td tbat a leak-check be conduct.od.
Pol' me&.erins IJl&,tml · ba'f1nl 4iaphra,m
INDllll, Ult DOnnal leak-cha proced\11'1
wW DOt det.oct ieuane WIU\ID tbt P\UllP,
Por th.. ... the foUowtna leak-euck
PNICIChln II INSl..ied: ·!DU• a 10.mlnut.e
calibration .run at 0.000IT lll'/lllln <0.02
cfm>; at tbe md of the nm. take the dUfll'•
enoe of Ult meuurect wt wt meter &Dd
clr1 1111 mewr volume dfflde the dlfffl'IIIOI
bJ 10, to pi UM leak rue. The leak ra&e
lhowd DOt aONd 0.OOOl'1 m•/mln <0.02
cfm), I• . 

After ..Ch neld UN, Ult callbr&Uon of Ult
me&.ertns IYlt.elll lhall. be chaed by per,
fol"IDUll Ulne callbratklll runa at a anal•,
IDt.tnllediate odflcl � <bued OD Use
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prev.tou, field i.eit,. With ·th, vacill\!ffl MC- at
t.bt mQllftWII v&111e. reached dllni'll U\t t•. 
11rtaa. To a.dJ\111 the vac1111111, 

_
_ 1mert a-valve 

bet•ttn the wet teat mewr aiUf the Inlet ot 
the' �et.erll\i natem. Calculate the averqe
·value of the C&llbratton IM:tor. U the, -1.1,
br&Uon bu ehansed bJ more than. 1. �r_; 
cent, rocal.lbratt the meter over. the full 
ran1e of orifice aettinel, u ouutned In 
APTl).01'11. 

Alterll&UVI proceduna, 1,1� ualDc the Ori• 
floe mew coetflcltnta. 111&>' 111 \&led. ,1111� 
to I.be approvl1 of the �r. 

Non.-U the dr7 1U mtwr ootffldffl\ 
ftl1111 obtained lltfore and alter a • 
llrlll differ bJ' mon than I percent, the 
tat llrlll aba1l tJther be voided, or ca>eula• 
UoDI tor the tllt Nrill lba1l bl performed 
Ullnl whlehtvtr meter coefficient value 
<1.1� btfort or after) 11v11 the lower value of 
tot.al 1&111Ple volume. 

•·• Temperature Gaus•. UN the proee­
d\&N ID Section U of Method 2 t.o callbnte 
� temperatUNt sau,a. D1111 thennom• 
..._ Neb u art -4 for Ult cir)' Pl 111ettr 
and oonclenNr ouUtt., lha1J be c:allbraltd 
a,alnlt mercun,tn-,lau thennomewn. 

I.I Leak Check of M1wrtn1 System
lbown tn Pl,u,e 11-1. That portion of U'le 
1&111Pllnc tn.tn from Ult PIIIIIP t.o the ortfloe 
met.er aholllcl be 1,u checked prior &o Initial 
UH UICI af\er each shipment. Leaka,t after 
the lll\llllP will rwult In leu VOlllffle beint rt• 
oorded than II aet\lally umpled. Tht follo111• 
Ina p,-cl\11'1 II ,unested <- l'lllltt 1'-5). 
ClON Ult main valve on th• meter bos • 
lmert a one-hole rubber IIO�r "1th 
rubber tubtn, attached Into the orifice U• 
hr.Ult pipe. Dllconnect and ftDt the low ... 
of UM orifice manomt\.tr. Cloee off the 1-
lide orUiee tap, Pr..urtae the 1:vawm to 11 
to 11 CID <I t.o , 111.) water column by blow­
- Into the rubber tubtn,. Plncb off UM 
tublnl and obMl'Ye the manometer for om 
minute. A 1- of preuun on the -
meter tncticatll a leak in the meter Na: 
MU. If PNNllt. 111111& be oorrec:wd. 
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U �r. CaillN-a\e YUIil a ..,. 
wr, IM.P'Offlf'\er. 

I. Caln&i&t&ou.. Carr)- D\lt CIJaalaUD':11. pt.
IAJntnf al IHoll OM Hin MCUDIJ ftsvn 
llffoNI U\U D( Utt acQlllrwd 11&&.I. Jlo\Uld Off 
fl&u,_ aticr I.he fin&! akl&l&Uol\. OUltr 
fonna or Ult eczuauom .. ,. llit 161d u loal 
M Ult)' ,tve eo111\·.,ent ,-u.11,1. 

U N-cd&lllrl. 
A.�er-...euonaJ an& ot--i,. •• CW>.
L.• Wt.I.ff ftPOr ill I.be SU Arna, Pl'OPOr•

UOft " ftJWDI. 
C.•,._\OM ltll.Ak PNkt,at ..-ntnuon. 

""''· 
C.•ConoenU"I.Uon of ...-UCUla'- lftaU.er In 

l\&Ck .... ..,., Mal&, oorncc.d "' IWt• 
d&rd oon41Uou. 1/dlcnl <llcllcfl. 

l•Plf'wnt or lloklfteUc M1Ullnc, 
J..• MUlfflllffi MIHD&&lta. IMll.aat ,au, lot 

etwr t. 11re&.ut ieu chock or for a leu 
cheat folloWIN a •naponent cbanlf,; 
eoull IO 0,00061 a•/mlll t0.02 dm> or t 
IJltl'ftftt ot the aoi,erwe MIIIDllnc n&e. 
SI\IChe\'ff II la&. 

S..• ln4Mdull lea.u,t rat.. ollM""'9 d\&t'\nl 
\he ltu eh� OOftlSUCLed prior IO Ult 
-,- eolllp,)ftfflt chanst <I• 1, 2, I , , • D), 
111 1/mirl <elm>. 

J..•Lt&lr..,, r&t.e otin1Wd dunnr I.be Ptll· 
•i kak Check, m•/atn <dm>.

a.• TOY.I MIOl&JU of � ID&Uff IOI, 
lecs.ed. 1111, 

M..•Molecular wetrht ot ••Ler. 11.0 1/r• 
lftOlt C 11,0 lb/lb-molt), 

m. • Mr.11 of �u. of 11.CfiOftt &Ii.er tyapo.
,al.Ion,""·

p_ .. 11vomi:1.r1r PNll!au� At &hci wnpllfti 
lllw, aw Ile ctn. H11. 

P,•At.ohiit su.u ru Ptelllll'I. 1111111 Ill CIL 
Be>. 

"-•8\&:uiud e.blolll&.t pt'NSIIN, ,. -
Ill <2t.t2 In. Hr>. 

ll•lclul ru CONlt.n\., 0.Ol2U mm Hs•111•/ 
"ICof•fflOI� <IJ.U IL B1,ft•/"K•J►D1oltl. 

T.•Abtolu&.t aven,r ctn ,u met.er WIii• 
put.tW't (Me 1'1n,e 1'-11. "X , ... ,. 

T,•4bloh.1c.t &W!ra,t 11.&Ck ru � 
<Me rt,ure n-a>, ■x c•1u. 

T.,•li.t.nd&rd abaolu&.t \.einptn\llN, Brit 
<Ul'IU 

v,.Volume of t.oe\One blank.. ml 

v ... voh.1mt or acet.one uaed in wllh. ml. 
v.-Tol&l volumt of liquid collff\tcl In Imo 

pln,en &lid alllca ,cl (IH F� n-u. 
1111. 

V •• Voh�nt of ru ll&fflple u mtu:artd It)' 
dry ILi mttu, den <Clcfl. 

v_,.vo1um, of ru ..,mplt meu11�d bJ' 
I.ht dn· cu meter, corrected t.o •1.&nlS&rcl 
condltion.i.. di.cm <dlcO. 

v_,.vo1u1.it or wa.ter vapor In n11 ru 
aample, correcl.ed t.o nandard conlSi• 
Uons. Km ca.ct>. 

,·,•SIA-Ck f» veloclt:,,, c:alC\11&1.ed by Metlood 
2. Eout.Uon 2-t. 11.111\f data 0bl.&lntd 
from Ml't.hod 1'. 111/M:C CfL/MC). 

w,. '\\'tlrht of rraldut In M"etone •-uh. 1111. 
Y•DI')' ru mtltt callbrauon coeHlcient. 
AH• Anra1t pre"urt CllfterenUll acrou 

U\t orifice met.er Caee Firure 1'-J I, 1n111 
H,O <tn. H,O>. 

,,•Densl\y of &eel.One, lnl/ml <see label 011 
bottle) 

••• Density of wa\er, O.Hl2 1/1'111 (0.002:0l 
lb/ml>. 

••Tota.I aampllnr Ume, mtn.
, •• St.mpllnr Ume ln\eT\"&l, froni Ult berin·

n:ns; ot II run W\lU Lhe fint component 
Ch&J\lt, Clift, 

,,. 51Jnpllnr t1mt lnLerval. between t­
succnah,, component c:ht.nen. ltt1in­
nlftJ wlUI Ult lnitn-&l lttL•·-- I.be (in& 
UWS�chai:,u,..., 



• 

t.•a..PllN u- ID�. ma &he ftnal 
c11•) OOlnp,oN!llt chann. IIZIU1 Ult tlld or 
lbt-PUnlNA.mln. 

u.e-a.-ctr1c sra'lttl' ot •�· 
••lft/lBtl\. 
ue•Collftl'SIOI\ Lo peranL 

U An,.., v,, su aei.er &em"ratwe 
-, •�• orltlot PfM&\lft drop. a. e1&&.a 
� (Jl'll\lrt 1'�). 

U Drr Ou VolWM. Col'NC\ t.ht ample 
.a\llllt atuw-ecl by Ult cir,, ru -i.r Ml 
....,... OODdlUODI C,0' C, TIO mm Kc or 
•· r. •.ta IA. 8'> 1t1 11a1AC &callaoUon n-1.

wbere: 

S.•I.JIII' 1:1- Ile Sor ••&rte IIZlii&: 
11,k' A/la. He for Enllllh IWLI. 

won.-ZQuauon 1'·1 can bt \INd u wrtt• 
la IINeM Ult IHll.a.rt "'4t ouer,,ed dW'Ull 
• , or U\t IDUUSI\Orf ltu chec:lu Cl.a .. u,, 
,-t•lelt lou chock or 1111t checlu oonduC'\•
• prior Ml oomponent cha.nru> HCftdl i_.
111- or i.. ••-411- Sciu1Llon n-1 m11at bt
INCflN u foUOWI: 

&al CUt L Jfo oomponent CAMI• mldt 
eunn, -,11n1 nan. 1n u,11 cue, NPl&et 
\' • Ill JC1111&Uon 1'•1 wtUI Lbt 111:p..-lon: 

rv.-u . .,.i_,,, 
C\) Cut n. Ont or anon oompontnt 

ebanf• tnUt d11rtn1 Ult Ml'llPl1DI nan. 1n
llall .... NPlut V • In l:QUILIOl'l n-1 b, the 
-.....ion: 

Mel Nbftltul.f 01\!1 for U\ow lea.wt ratca 
a....., t..i •·n1c:i exceed i... 

t.4 Volul'At of 1,•a.r.., va.por. 

'll'ben: 
s.-o.ooun m•/ml tor znetr1c unlLI: 0.04'10'7 

n•11111 for En1l1&h unlLI. 
I.I Molatun Con\cnL 

I • 
w{std V 

� 111 '�(std) •w(std) 
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.. 
C • ...::.J.._ 
I Ve 

ZQuaUOn 1'7◄ 
I.T Aat\one Wuh Sl&ftk. 

w •• e�v..-. 

ZQu1t1on n-1

I.I To\al Pt.rtleul&tt W1l1M. J:>ts..rmlnt 
lhl MIIAJ pv\lCWILI e&Lch from Ult IIIJII or 
Ult .. 1,ha, ollL&lned from aon141ntrs 1 111d 
I lou Ult 11C11.0n1 lllanll , ... P'allart 1'-4 l. 

Mon.-lteltr \0 a.cuon U.I 1.0 Mital 11'1 
l&lc\llaUon of ,wwLI 1Dv0Mn1 two or tnore 
tuier .... �. er '" • aore 1UU1Unr 
lftlna. 

U Pu\lc\ll&t,t Conoent.r&UOl'l, 
C.•l0.0011/mal Un.,N-l 

ZQuauon n-t
1.10 Conversion r.c:i.n: 

'h 

_, _____ ■• ".""'_
-
_

-
_

-
_

-
_

-
_

-
_ 

uaasz 
am• "'"' u.o 
1/h' i.1t1• I.IOI• ll'1 

1111' I/■• aa.Jl 

1.11 t.oldnetlc Vut&\lon. 
1.11.1 Calcw1uori from IL&w DaLL 

where: 
ZQUIUOft 1'•T 

L•0.OOJ4t4 IND •1-111 1 /rnl•'X for met.rit 
uni&&: 0.002111 � Hs•ft'/IN•'ft tor Ens· 
lllhwu&.. 

1.11.2 C&lculaUon from lnttnn.dla.lt 
Vl.luu. 

where: 

X.••.no ror 111,u1c untu: 0.0100 tor Ens·
ll1h u.nll,a. 

1.12 Aocep1.&b;r Jh1vlt1. U to swri:.nl 
010110 percent. lht ruult& a.rr a.ccrptr.blt. U
Ult n�•llt.l &H \ot, ln compa.rtaon "° Ult
11,(oi,d��, 1.1\d l lot M)'Ond tht -pt.able 
nJ'llfl, t•:, II t 1' las \ha.n 90 perct:il. Utt Ad,
mlnlllnlor mu opt to a.ccrpt I.he ruulw. 
Oae C11.a.t.1on 4 In �eUon 1 "° int.kt I\MI• 
tDtnLI. O1.h,,..iae, reJtct � Nl\1111 &M 
...,.., the &aL 
, .. �---'• 

l. Addmdllftl \o IPtdflcatlON for lnctntr• 
&tot T•Un1 It hcltl'IJ Jl'M:Wua&. PHO.
JfCAPC. December t. lH'I. 

1. wuun. Jt.obtr\ w .. Con1trucuon De\&UI 
of laolttntlJC ac,W"Ot�PUnl EQ UIPlllfflL 
DIYlrONl'ltn\.ll Pro\.ecUon A11nC)'. � 
MVCh Tna.nslt Pvk, N.C. �1111. 
Ap:U. 1111, 
· I. JI.om. Jerome J. Ma.lnl.etl&lloa. Callllra• 
UOll. a.nd Opent.Jon of Z.01t1n,uc •­
SanlpllnJ EQvlpment. J:1n1ronma11AJ J"l'o­
\ectlon Alene,. 11.-a,cn Tna.Acle PvL 
Jt.C:. APTI).OUI. Mr.rch, lt'2 . 

•• lmllh. W. I .. 1'. T. lhl11han.. &nd W. 
P. Todcl. A Mel.hod ot lntt111tttm& II.Mk 
l&fflplln1 Data.. Pl.per Jl'NMftloOd ., Ult 1)1"11
ANIUIJ KNt.Jnc of "" AJz PoolluUOII Con· 
lrol �UDA. 8\. l.oW&, Wo. Juaa 1 .. 1,. 
1rro. 

I. AfnJU\, W. I., et &l., l!Mk OU lal'a11UM
laa,,oncl 11\d 81znp1Ultd wtUI Jft• JCIIWP. 
INnL A7Clt. Puer No. n-ua. lH'I. 

I. IPK111oaLlona for 1nclntra\Or T91\W " 
PMtrtJ 1'1c1UU•. Jl'H&, MCAJIC, ltn. 

,. 8hl1ehU'to. •· T � Ad.JU.tfflfflll &ft Ult 
J:ll'A Nomocr1.111h for J:>UftNIII\ PII.Ot Tllllot 
Coetflclent& a.no J:>r,, Wolecwar Wtllbt&. 
l\a&lt S&mplln, Niwa l:♦-11. Oc&olKr. 1t'7♦• 

a. Vouaro. L r. A 8w-,e1 ot Coaln•l'Cl6.I· 
1J AYIU1blt ln,u,,,nimt1UOD fOt Ult WU• 
111rt111ent or i.,.,.�, Ou Vtlod\&•. '0.a. 
EnvtnanmenlAJ Jl'rotectlori .venc,. l:lnilllon
MtWW'lffltnt :ar.nch. 3'1MM'l:h Trt1n1lt 
PvL Jf.C:. November, lt'II (IUIPUllllabtd 
.... ...,, 

t. A.nnull 9oolt of ASnC lt.&nd&rda. Pl.rt 
II. 0....0111 P\111&: Cot.I and Co&e: AUno-
111henc Ant.1,,1&. Alntnca.n locittJ tor Toa\•
Inc Md Wa.&crt&l&. Ptl£1&4t1Pnil. Pa. Jl'I(. 
,..u,�n. 

lO, VoUu,o, L P., 11otoom,11ae11dtd J"roet,, 
fun for &aaplt Tr&YI,_ ID 1:Nc&& anwltr 
Ulan ii Inch• 111 Z)u.,nl't,... t.·..r. t:n,·tron, 
atn\lJ Proi.ct.1011 Ar,n�. l:nllulon Mta• 
Wl"lffltnt Bra.ncb. � TT'lt.nlle Parlr... 
Jr,C. Jfovomber. >'11, 
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Blank data forms are in Method 5, Section 3. 4. 12, for the 

convenience of the Handbook user. All forms are the same as for 

Method 5 ·with the exception of Figures 3.1 and 4.5 which are in­

cluded in Method Highlights, Section 3.11. 

(; 
: <.✓,I J. I

f 
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