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SUMMARY 

This method, when used i n  conjunction w i t h  Methods 1, 2 ,  3 ,  

and 4 ,  is appl icable  f o r  t h e  determination of p a r t i c u l a t e  e m i s -  
s ions from s t a t i o n a r y  sources.  

A gas sample i s  ex t rac ted  i sok ine t i ca l ly  from t h e  s t a c k .  
Pa r t i cu la t e  matter i s  co l lec ted  on an out-of-stack, g l a s s  f i b e r  
f i l t e r ,  maintained a t  120° f14OC (248" f25OF) o r  a t  a tempera- 
t u r e  spec i f ied  by an appl icable  subpart of  t he  s tandards  o r  

hpproved by t h e  adminis t ra tor .  The mass of p a r t i c u l a t e  mat te r ,  
which includes any ma te r i a l  t h a t  condenses a t  o r  above t h e  spe- 
cified f i l t e r  temperature, i s  measured gravimet r ica l ly  af ter  
removal of uncombined water.  

The Method Descr ipt ion which follows is based on t h e  R e f e r -  
ence Method t h a t  was promulgated on August 18, 1977. Resu l t s  of 
an i n i t i a l  co l l abora t ive  t es t  program indicated the  need fo r  more 
s p e c i f i c  q u a l i t y  con t ro l s  and a b e t t e r  defined Reference Method, 
which resu l ted  i n  t h e  expansion and revis ions incorporated i n  the 

August 18, 1977 promulgation. As a r e s u l t ,  competence of t h e  
tester becomes t h e  primary f ac to r  a f fec t ing  the p r e c i s i o n  of 
Method 5. Resul t s  of t h e  most recent  col laborat ive t e s t  progran,  
conducted with competent t es t  teams, showed a w i t h i n - l a b o r a t o v  
deviation ( s tandard  devia t ion  percent of mean value)  of  10.4% a 5  
a between labora tory  devia t ion  of 12.1%. 

The main documents used i n  preparing the desc r ip t ion  and i x  
de ta i l i ng  c a l i b r a t i o n  and maintenance procedures are r e fe rences  
1 ,  3, and 4 (Sect ion 3.4.11). Data forms a r e  provided i n  Sec t i cn  
3.4.12 for  t h e  convenience of the  Handbook u s e r s .  

2 
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METH6D HIGHLIGHTS 

' EPA Method 58 collectively with EPA Methods 1, 2, 3, and 4 
comprise the most widely used system for evaluating emissions 
from stationary sources. Consequently, many of the special 
problems and procedures common to several related methods are 
discussed in depth in this section of the Handbook. A s  opposed 
to  some methods, the most significant errors associated with this 
test method occur during the sample collection and recovery phame 
instead of in the analysis phase. !Iberefor:Q, this method ze- 
quires competent personnel adhering to the procedures, Compe- 
tence can be detamined, most accurately, through observation and 
evaluation By a quali'fied observer on site. 

removed from the Handbook and used in the pretest, test, axad 
posttest operations. Each dorm has a subtitle (sogo , Method 5, 
Figure 3 .I) to assist the user in. finding a eidlax f i l l d - i n  
form in the method demxiption (e .g .  I in Section 3 A . 3 ) .  On the 
blank and filled-in forms, the itema/paraxnetsrs that  can cause 
the most significant errors are designated with an asterisk 
1. Procurement of Equipment 

Section 3 4. I (Procurement of Apparatus and Supplies 1 gives 
the specifications, criteria and design features box equipment . 
and materials required for performing Method 5 tes ts .  Special 
design criteria have been established for the pitot tube, probe, 
nozzle, and temperature sensol: assembly. 

These criteria specify the necessary spacing requirements 
fo r  the various components of a e  assembly to pievent aerodynamic 
interferences that could cause large exrors in velocity presswe 
measurement. Seamless, corrosion resistant metal probe liners 
have also been mads optional, subject to the approval of the 
administrator. - 

The blank data forms at the end of this 'section may'be . 
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Section 3.4.1 is designed as a guide €or the procurement 

2980 

and 
initial check of equipment and supplies. The activity matrix 
(Table 1.1) at the end of Section 3.4.1 can be used as a quick 
reference; it follows the same order as the written description 
in the main text. 
2.  Pretest Preparation 

Section 3.4.2 (Calibration of Apparatus) provides a step-by- 
step description of the required calibration procedures for 
components o f  the Method 5 sampling train. Data forms have been 
developed to record the data and to provide a dalibratiora record. 
Careful attention should be given to the steps in each procedure, 
since most procedures have not been previously written and rc- 
ferenced in the Federal Register. The calibration section can be 
removed and compiled, along w i t h  calibration sections from all 
other methods, into a separate quality assurance Reference Manual 
for use by calibration personnel. A pretist &&M' 
(Figuse 3.1) or a similar form should be used to summarize cal;r- 
bration data. 

Section 3.4.3 (Presmpling Operations ) provides the testex 
with a guide for supplies and equipment preparation for field 
tests- m e  pretest preparation form (Figure 3.2) can be used as 
an.equipment checkout and packing list. (Due to the length of 
this figure, the blank data form are in Section 3.4.12.) This 
form was deeigged to provide the u5er w i t h  a single € o m  that can 
include any combination of Methods 1 through 8 €or the same f h d  
trip. The methodl for packing md the description of packing con- 
tainers should help protect  the equipment, but are not required.. 
Filter holders and impingere may be loaded and W g e d  in the 
base laboratory. If this is done, seal the inlet and out le t  of 
the filter holder, the ierpingers containing water, and the h.ny 
pinger containing silica gel.. 
3. On-site Measurements 

Section 3.4.4 (on-site Measurements) contains a step-by-i 
procedure for performing sampling and sample recoveq. Several 
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on-site measurement requirements have been added which will 
significantly improve the accuracy and precision of the method. 
These added requirements include: 

1. Make a corresponding change in the sampling rate when 
velocity pressure at each sampling point changes by >20%, 

2. Leak check the sampling train at the conclusion of the 
sampling run and prior to each component change during a sample 
run, 

3. Leak check the pitot tube at the conclusion of the 
sampling run, and 

4. Have one traverse diameter in a plane containing the 
greatest expected concentration variation. 
The on-site measurement checklist (Figure 4.5) is provided to 
assist the tester with a quick method of checking requirements. 
4. Posttest Operations 

Section 3.4.5 (Postsampling Operations) gives the posttest 
equipment check procedures and a step-by-step analytical proce- 
dure. Figure 5.1, or a similar form, should be used to summarize 
the posttest calibration checks and should be included in the 
emission test report. 

The posttest operation forms (Figures 5.5 and 5.6) will 
provide laboratory personnel with a summary of analytical proce- 
dures used to determine the sample rinse and filter weights. 
This analytical procedure description can be removed from the 
main text and compiled, along with analytical procedures for 
other methods, into a separate quality assurance analytical ref- 
erence manual for laboratory personnel. The use of blank filters 
as control samples is required to provide an independent check on 
the state of control of the samples. Procedures are also given 
for data corrections when equipment calibration factors change. 

Section 3.4.6 (Calculatiou) provides the tester with the 
required equations, nomenclature, and suggested number of signi- 
ficant digits. It is suggested that a programmable calculator be 
used, if available, to reduce the chances of calculation error. 
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Section 3.4.7 (Maintenawe) supplies the tester with a p < d e -  

for a routine maintynance program. The program is not a require- 
ment, but is suggested for the reduction of equipment malfunc- 
tions. 
5. Auditing Procedures 

Section 3.4.8 (Auditing Procedures ) contains a descriptior 
of necessary activities for conducting performance and syster 
audits. The performance audit is a check on calculation errors, 
and therefore is not needed for the analytical phase since 1: 
consists of only a gravimetric determination. Together, a per- 
formance audit of data processing and a systems audit of on-site 
measurements should provide the independent assessment of datz 
quality needed to allow the collaborative test results to be use5 
in the final data evaluation. 

Section 3.4.9 (Recommended Standards for Establishing Trace- 
ability) recommends t h e  primary standards to which the sqnple 
collection and analysis should be traceable. 
6. References 

Sections 3.4.10 and 3.4.11 (References) provides the readez 
with the Reference Method and an extensive list of all the ref- 
erences used in the compilation of this section of the Handbook 
along with numerous additional sources. 
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PRETEST SAMPLING CHECKS 
(Method 5, Figure 3.1) 

Date Calibrated by 

Meter box number AH@ 

Dry Gas Meter* 

Pretest c a l i b r a t i o n  f a c t o r ,  Y (within f2% of t h e  
average f a c t o r  for each c a l i b r a t i o n  run) 

Impinger Thermometer 

no 
(within f3'C (5.4'F) Was a p r e t e s t  temperature co r rec t ion  used? Y e s  

I f  yes,  temperature co r rec t ion  
over range) 

D r y  Gas Meter Thermometers 

no Y e s  
I (within f 3 ' C  (5.4'F) over Was a p r e t e s t  temperature co r rec t ion  made? I f  yes, temperature co r rec t ion  

range ) 

thermometer? 
I f  yes, give 
within f1.5% 

Stack Temperature Sensor* 

Was a s tack  temperature sensor  ca l ib ra t ed  aga ins t  a reference 
no Y e s  

temperature range with which the  readings agreed - - 

of t h e  reference values t o  K (OR) 
Barometer 

no 
(within f2.5 mm ( 0 . 1  i n . )  Hg of the  mercury-in-glass barometer) 

Was t he  p r e t e s t  f i e l d  barometer reading co r rec t ?  - yes - 

Nozzle* 

Was t he  nozzle c a l i b r a t e d  t o  t h e  neares t  0.025 mm (0.001 i n . ) ?  
Y e s  no 

*Most s i g n i f i c a n t  items/parameters t o  be checked. 
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ON-SITE MEASUREMENTS CHECKLIST 
(Method 5, Figure 4.5) 

Sampling Train Schematic Drawing 

Apparatus 

Probe nozzle: stainless steel glass 
Button-hook elbow size 
Clean? 

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

Properly attached to probe?* 
Modifications 
Pitot tube coefficient 

Differential pressure gauge: 
other sensitivity 

Filter holder: borosilicate glass glass frit 
filter support silicone gasket other 
Clean? 

Condenser: number of impingers 
Clean? 
Contents: 1st 2nd 3rd 4th 
Cooling system 
Proper connections? 
Modifications 

Pitot tube: Type S other 

two inclined manometers 

Barometer: mercury aneroid other 
Gas density determination: temperature sensor type 
pressure gauge 
temperature sensor properly attached to probe?* 

Pro c,edu r e 

Recent calibration: pitot tubes* 

Filters checked visually for irregularities?* 
meter box* thermometers/thermocouples* 

Filters properly labeled?* 
Sampling site properly selected? 
Nozzle size properly selected?* 

(continued) 



Section N o .  3 .4  
Revision N o .  0 
Date January 15 ,  1980 
Page 9 of  17 

(continued) 

Se lec t ion  of sampling t i m e ?  
A l l  openings t o  sampling t r a i n  plugged t o  prevent p r e t e s t  con- 

Impingers properly assembled? 
F i l t e r  properly centered? 
P i t o t  tube l i n e s  checked f o r  plugging o r  leaks?* 
Meter box l eve led?  Per icd ica l ly?  
Manometers zeroed? 
AH@ from most r e c e n t  c a l i b r a t i o n  
Nomograph s e t  up properly? 
Care taken t o  avoid scraping nipple o r  s t ack  wall?* 
Effec t ive  s e a l  around probe when in-stack? 
Probe moved a t  proper  t i m e ?  
Nozzle and p i t o t  tube p a r a l l e l  t o  s t ack  wall  a t  a l l  times?* 

Data forms complete and da ta  properly recorded?* 
Nomograph s e t t i n g  changed when s tack temp changed s i g n i f i c a n t l y ?  

Velocity pressure  and o r i f i c e  pressure readings recorded 

P o s t t e s t  l eak  check performed?* (mandatory) 
Leakage r a t e  @ i n .  Hg 

tamination? 

F i l t e r  changed during run? 
Any p a r t i c u l a t e  l o s t ?  

accurately?* 

Orsat  ana lys i s  from s tack  in t eg ra t ed  
Fyr i t e  combustion ana lys i s  sample loca t ion  
Bag system leakchecked?* 
If  da t a  forms cannot be copied, record: 

approximate s t a c k  temp volume metered 
% i s o k i n e t i c  ca l cu la t ed  a t  end of each run 

SAMPLE RECOVERY 

Brushes:  nylon b r i s t l e  o the r  

Wash b o t t l e s :  glass 

Storage conta iners :  b o r o s i l i c a t e  g l a s s  o the r  

P e t r i  dishes:  g l a s s  polyethylene o t h e r  

Graduated cyl inder/or  balance: 

P l a s t i c  s torage  containers :  a i r t i g h t ?  

Probe allowed t o  cool  s u f f i c i e n t l y ?  
Cap placed over nozzle t i p  t o  prevent l o s s  of p a r t i c u l a t e ? *  

Clean? 

Clean? 

Clean? Leakfree? 

Clean? 

o ther  
Balance: type 

Clean? 

subdivisions - ( 2  ml?* 
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(continued) 

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

Silica gel: type (6 to 16 mesh)? new? used? 
Color? Condition? 

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

Water distilled? 
Stopcock grease: acetone-insoluble? 
heat-stable silicone? other 

Probe handling: acetone rinse 
distilled water rinse 

Particulate recovery from: probe nozzle 
probe fitting probe liner 
front half of 

Blank: acetone distilled water 
Any visible particles on filter holder inside probe?:* 

All jars adequately labeled? 
Liquid level marked on jars?* 
Lacked up? 

Acetone reagent: <0.001% residue? 
glass bottles (required) 
acetone blanks? 

Filters: glass fiber t m e  

Sealed tightly? 

*Most significant items/parameters to be checked. 
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POSTTEST CALIBRATION CHECKS 
(Method 5, Figure 5.1) 

_. 
Plant Calibrated by 

Meter box number Date 

Dry Gas Meter 

Pretest calibration factor, Y (within f2%) 
Posttest check, Y* (within &5% of pretest) 

I f  yes, recalibration factor, Y (within fa%) 
Lower calibration factor, Y f o r  calculations (pretest or 
posttest) 

Recalibration required? Yes no 

Dry Gas Meter Thermometers 

Was a pretest temperature correction used? Yes no 

Posttest comparison with mercury-in-glass thermometer?* (wi~lih 

Recalibration required? Yes no 
Recalibration temperature correction? (within %3*C 

If yes, temperature correction (within f 3 " C  (5.4OF) Q V C ~  
range 1 
f6OC (10.8°F) at ambient temperature) 

(5.4OF) over range)* 
I f  yes, no correction necessary €0; calculations if meter 
thermometer temperature is higher; if calibration temperature 
is higher, add correction to average meter temperature for 
calculations 

Stack Temperature Sensor 

Was a pretest temperature correction used? Yes nQ 
f f  yes, temperature correction "C (OF) (within %l.S% of 
readings in K (OR) over r a s e )  

Average stack temperature of Eompliance test, 

Temperature of stack thermometer for recafibration 

T K ( O W  

K ("R) 

Temperature of reference thermometer or solutioa for rccalibra- 

Difference between reference and stack thermometer temperatures, 

tion K ( " W ) *  (within &lo% of T ) 

AT K (OR) 

If yes, no correction necessary f o r  calculations 
If AO, calculatiofis must be done twice--once w i t h  the recorded 
values and once with the average stack temperature corrected to 
correspond to the reference temperature differential ( A T s ) ;  
both f i n a l  result values must be reported since there is no way 
to determine which is correct . 

DO vbues  agree within i1.5%2* Yes no 

(continued) 
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( continued) 

Barometer 

Was the pretest  f i e l d  barometer reading correct? - yes 
Posttest  comparison?* 
Was calibration required? 

no 
mm ( i n . )  H g  (f2.5 mm (0.1 in.) Hg) 

no 
I f  yes, no correction necessary for calculations when the  f i e l d  
barometer has a lower reading; i f  the mercury-in-glass reading 
is  lower, subtract the difference from the f i e l d  data readings 
for the calculation 

Yes 

.. . . . _ _  . . . _. .... . .  - ... . - . -  - . . 

*Most s igni f icant  items/parameters to be checked. 
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PROCEDURE FOR WEIGHING FILTERS 
BEFORE AND AFTER SAMPLING 
(Method 5, Figure 5.5) 

Status 

1. Label the filter and/or the petri dish--both with 
the same label number; label the filter on top and 
bottom; check each filter visually against the 
light for irregularities, flaws, and pinhole leaks 

2. Check the desiccator; be sure the lid is sealed 
tightly and the anhydrous calcium sulfate is dry; 
if not dry, heat the desiccant in the oven for 2 h 
at 18O0-2OO0C (350O - 400°F), and let cool in the 
balance room before putting it back into the des- 
iccator 

3 .  Take off the lid of the filter container and 
desiccate the filter for 24 h; during desiccation, 
be sure that filters are widely spread, and not 
overlapping 

4. Adjust the analytical balance to zero, and check 
the accuracy with a 0.500-g Class-S weights (with- 
in f0.5 mg); use tweezers to carefully place the 
filter on the pan of the balance, and weigh it to 
the nearest 0.1 mg. The time of weighing should 
not be >2 min, and the relative humidity should 
be ~ 5 0 %  

Very important: Desiccator should be tightly 
covered immediately after removing the filter to 
be weighed; never leave the desiccator open while 
weighing a sample because samples in the desi- 
ccator will be exposed to moisture in the room, 
which will cause gains in their weights 

5. Put the filter back into the petri dish without 
the lid, desiccate for > 6  h and reweigh the fil- 
ter; the two recorded weights should agree to 
f0.5 mg; if not, desiccate for another 6 h and 
reweigh until weight is constant within f0.5 mg; 
keep the tare weight of the filter in file for 
future use 

6. Be sure the filters that arrived from the field 
are handled and analyzed whenever possible by the 
same person who started the project--the person 
who tared the filters before sampling; use the 
same b a1 ance 

(continued) 
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(continued) 

7 .  Perform step #2,  and then uncover t h e  f i l t e r  con- 
-ally examine t h e  f i l t e r  t o  see i f  
it is torn ;  w r i t e  down a l l  observations t h a t  you 
th ink  w i l l  help j u s t i f y  the  f i n a l  data 

8 .  Desiccate t h e  f i l t e r  f o r  24 h,  and weigh it t o  the 
nea res t  0 .1  mg; record the  weight then des i cca t e  
again f o r  6 h, and reweigh; t h e  d i f f e rence  be- 
tween the two recorded weights should be wi th in  
f0 .5  m g ;  t h e  balance should be zeroed and checked 
with a 0.500-g Class-S weight, and the  r e l a t i v e  
humidity must  be (50% 

Continue t h e  processes of des icca t ing  and weighing 
u n t i l  cons is ten t  data  a r e  obtained; however, a f t e r  
t h e  t h i r d  t r i a l ,  i f  no s a t i s f a c t o r y  da ta  a r e  
obtained, confer w i t h  the  supervisor 

9. 

Notes 

1. When weighing the  f i l t e r  and sample, be su re  t o  
use a c lean  brush and t o  add a l l  p a r t i c u l a t e s  o r  
p ieces  of t h e  f i l t e r  t h a t  might be l e f t  in t h e  con- 
t a i n e r  

2. Be s u r e  t o  use tweezers t o  handle the  f i l ters ;  
never hold them d i r e c t l y  with your hand 

3. Write down t h e  date  and t i m e  each t i m e  a f i l t e r  
is weighed 
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PROCEDURE FOR ANALYSIS OF ACETONE RINSE SAMPLES 
(Method 5, Figure 5 .6 )  

S ta tus  

I. Preparing Containers f o r  Shipment 

1. Select t h e  appropriate  s i z e  and number of b o t t l e s  
t o  be shipped t o  the f ie ld ;  include e x t r a  b o t t l e s  

2 .  Clean the  b o t t l e s  and caps thoroughly w i t h  soap 
de tergent ,  r i n s e ' w i t h  t ap  water, and then r i n s e  a t  
l e a s t  t w i c e  w i t h  deionized d i s t i l l e d  water 

Rinse the clean bo t t l e s  w i t h  acetone t o  get  rid of 
most of the water; remember t h a t  one batch of 
acetone could be used f o r  more than one conta iner  

a f t e r  they  are dry t o  be su re  no de tergent  o r  
o t h e r  contaminant i s  present ;  t i g h t l y  cap a l l  
conta iners  

3 .  

4 .  Check t h e  containers  and t h e  caps ind iv idua l ly  

11. Handling and Analysis of Acetone Rinse Sinp les  

Important: Blanks and samples should have i d e n t i c a l  ana- 
l y t i c a l  t reatments;  never handle with bare  hands any ana- 
l y s i s  glassware - once -' t a r ed .  always u s e  tongs o r  disposable  
gloves 

1. Log the samples received from the f i e l d ,  and check 
each conta iner  €or leakage; i f  the-sample volume 
level is marked on the  container ,  check t o  see i f  
the sample s t i l l  matches the level, i f  no t ,  w r i t e  
a note  of t h a t  

2 .  Use a dry, c lean  g lass  funne l  t o  t r a n s f e r  t h e  
acetone r in se  into the dry, clean 250-ml graduated 
cy l inde r  

3 .  Record the  volume of the sample t o  the  nea res t  
1 . 0  ml, and t r a n s f e r  it i n t o  a &, c lean ,  tared 
( t o  the  n e a r e s t  0 . 1  rng) 250- or  300-ml beaker, 
depending on the volume of the sample; add 50 ml 
t o  t he  recorded sample volume t o  account for the 
acetone r i n s e  of all containers  

(continued) 
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(continued) 

S ta tus  

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Rinse the  container  w i t h  two 25-ml por t ions  of  
acetone (reagent  grade);  cap t h e  container ,  and 
shake very gently;  t r a n s f e r  the  acetone r i n s e  i n t o  
t h e  graduated cyl inder  t o  r i n s e  i t ,  and then pour 
the r i n s e  through the funnel i n t o  the beaker t h a t  
contains the sample; thus ,  t h e  conta iner ,  the 
graduated cyl inder ,  and the funnel have been 
r insed 

Repeat s t eps  3 and 4 f o r  each sample 

L e t  t h e  samples and blanks dry a t  room temperature 
i n  a dust-free environment o r  under a watchglass 

Weigh a c lean,  empty dry beaker, and place it i n  
the  same atmosphere where the samples a r e  drying 
t o  f ind  out  i f  there was any p a r t i c u l a t e  c o l l e c t e d  
on the samples from the surroundings w h i l e  drying 
(no t  mandatory) 

Transfer the t o t a l l y  evaporated samples and blanks 
along with t h e  empty beaker i n t o  a t i g h t l y  sea l ed  
desiccator  t h a t  contains dry anhydrous calcium 
s u l f a t e  (CaS04)  

Desiccate f o r  24 h 

Zero t h e  balances and check t h e  accuracy w i t h  a 
100-g Class-S standard weight p r i o r  t o  weighing; 
t he  reading should be 100 g f 0 . 5  m g ,  and the re- 
l a t i v e  humidity i n  the balance room should be ‘ 50% 

Weigh the samples, blanks, and empty beaker t o  t he  
neares t  0 . 1  mg 

I t  is very important t o :  

a .  

b. 

Keep the desiccator  t i g h t l y  closed while weighing 

Remove the  samples t o  be weighed from the  desicca- 
t o r  one a t  a t i m e ,  weigh each, and p u t  each imme- 
d i a t g l y  back i n t o  the  des icca tor  

c. Keep the  weighing t i m e  (2 min - 

(continued) 
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(continued) 

S ta tus  

d. 

e. 

1 2 .  

13. 

14. 

15. 

B e  s u r e  t h a t  both s ides  of t h e  balance a r e  c losed  
when weighing 

Turn a l l  balance knobs t o  zero a f t e r  the weighings 

Record the weights of  the samples, blanks,  and 
empty beaker; record the  da t e  and t i m e ,  each t i m e  
a sample i s  weighed 

Desiccate the samples, blanks,  and empty beaker 
f o r  >6 h; da ta  on the  f irst  and second weighings 
shouid agree w i t h i n  f 0 . 5  mg; i f  no t ,  des i cca t e  
again f o r  6 h and reweigh u n t i l  c o n s i s t e n t  d a t a  
a r e  obtained; a f t e r  the t h i r d  t r i a l ,  consul t  the  
supervisor  

If  t h e r e  i s  >2 mg change i n  t h e  weight of t h e  
empty beaker, note it on the a n a l y t i c a l  da ta  form 

Calculate  t h e  data  recorded on t h e  d a t a  forms 
(Figures  5.3 and 5 .4 )  provided f o r  t h i s  ana lys i s  
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1 . 0  PROCUREMENT OF APPARATUS AND SUPPLIES 
A schematic of t h e  sampling t r a i n  used i n  Method 5 i s  shown 

i n  Figure 1.1. Commercial models of this t r a i n  are ava i l ab le .  
For those who want t o  b u i l d  t h e i r  own, construct ion d e t a i l s  a r e  
i n  APTD -05813; allowable modifications a re  described i n  t h e  
following sec t ions .  

The operat ing,  maintenance, and c a l i b r a t i n g  procedures f o r  
t h e  sampling t r a i n  a r e  i n  APTD-0576 . Since c o r r e c t  usage is  
important i n  obta in ing  v a l i d  r e s u l t s ,  a l l  users a r e  advised t o  
read t h i s  document and adopt i t s  procedures u n l e s s  a l t e r n a t i v e s  
a re  out l ined here in .  

In  t h i s  s e c t i o n ,  appl icable  spec i f i ca t ions ,  c r i t e r i a ,  and/or 
design f ea tu res  a r e  given t o  a i d  i n  t h e  se l ec t ion  of equipment 
which assures good q u a l i t y  da ta  co l l ec t ion .  Procedures and 
l i m i t s  (where app l i cab le )  f o r  acceptance checks a re  given. 

During t h e  procurement of equipment and suppl ies ,  it is  sug- 
gested t h a t  a procurement l o g  (Figure 1 . 2 )  be used t o  record t h e  
descr ip t ive  t i t l e  of t h e  equipment; t h e  i d e n t i f i c a t i o n  number, if: 
applicable;  and the r e s u l t s  of acceptance checks. An example o f  
a procurement log  is shown i n  Figure 1 . 2 ,  and a blank copy of t h e  
log i s  i n  Sect ion 3.4.12 f o r  t h e  convenience o f  t h e  handbook 
user. I f  c a l i b r a t i o n  i s  required a s  p a r t  of t h e  acceptance 
rh-t +he d a t a  a r e  t o  be recorded i n  a c a l i b r a t i o n  lyg. Table 
1.1 a t  the  end of t h i s  s e c t i o n  is a summary of the  q u a l i t y  assur -  
aEce a c t i v i t i e s  f o r  t h e  procurement and acceptance of apparatus 
and suppl ies .  
1.1 Sampling Apparatus 
1.1.1 Probe Liner - The sampling probe should be constructed of 
bo ros i l i ca t e  (Pyrex) o r  quar tz  g l a s s  tubing w i t h  an ou t s ide  
diameter ( O D )  of about 1 6  mm (0.625 i n . ) ,  encased i n  a s t a i n l e s s  

4 

s t e e l  sheath w i t h  an OD of 25.4 mm 
c a l ,  every e f f o r t  should be made 
quartz g l a s s  l i n e r s ;  a l t e r n a t i v e l y ,  

( 1 . 0  i n . ) .  Whenever p r a c t i -  
t o  u se  t he  b o r o s i l i c a t e  
metal seamless l i n e r s  of - 

o r  
316 



(See Section 3 . 1 . 2  f o r  other 
arrangements of pi tobe) 
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Figure 1.1 Schematic of Method 5 sampling train. 
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stainless steel, Incoloy 825, or other corrosion resistant 
metals may be used if approved by the administrator. 

A heating system is required which will maintain an exit gas 
temperature of 120' f14'C (248' f25'F) during sampling. Other 
temperatures may be specified by a subpart of  the regulations and 
must be approved by the administrator f o r  a particular applica- 
tion. Since the actual probe outlet temperature is not usually 
monitored during sampling, probes constructed in accordance to 

will be acceptable. 
Either borosilicate or quartz glass liners may be used for 

stack temperatures up to about 480'C (900°F), but quartz glass 
liners must be used from 480' to 900°C (900' to 1650'F). Either 
type of liner may be used at higher temperatures for short times 
periods, with administrator approval. However, the absolute 
upper limits--the softening temperatures of 820'C (1508'F) and 
1500'C (2732'F)--for borosilicate and quartz  respectively must be 
observed. 

Upon receiving a new probe, the user should visually check 
it for specifications: that is, is it the length and composition 
ordered? The probe should be visually checked for breaks or 
cracks, and it should be checked for leaks on a sampling train 
(Figure 1.1). This includes a proper nozzle to probe connection 
with a Viton-O-ring Teflon ferrales or asbestos string. The 
probe heating system should be checked as follows: 

1. Connect the probe with a nozzle attached to the inlet 
of the pump. 

2.  Electrically connect and turn on the probe heater for 2 
or 3 min. 

3 .  Start the  pump and adjust the needle valve until a f low 

4. B e  sure the probe remains warm to the touch and the 
heater is capable of maintaining the exit air temperature at a 
minimum of 100°C (212OF). If it cannot, the probe should be 
repaired, returned to the supplier, or rejected. 

APTD-0581 3 and utilizing the calibration procedures in APTD-0576 4 

The probe should become warm to the touch. 

rate of about 0.02 m 3 /min (0.75 ft 3 /min) is achieved. 
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1 .1 .2  Probe Nozzle - The probe nozzle should be designed with a 
sharp,  tapered leading edge and constructed of e i t h e r  seamless 
316 s t a i n l e s s  steel  tubing o r  g l a s s ,  formed i n  a button-hook o r  
elbow configurat ion.  The tapered angle should be - <30°, with t h e  
t ape r  on the  ou t s ide  t o  preserve a constant  i n s i d e  diameter ( I D ) .  

A range of nozzle ID'S--for example, 0 .32 t o  1 . 2 7  c m  (0,125 
t o  0.5 i n . ) - - i n  increments of 0.16 c m  (0.0625 i n . )  should be 
ava i l ab le  f o r  i s o k i n e t i c  sampling. Larger nozzle s izes  may be 
required i f  high volume sampling t r a i n s  a r e  used o r  i f  very low 
flows are encountered. 

Upon r e c e i p t  of t h e  nozzle from t h e  manufacturer, t h e  u s e r  
should inspec t  it f o r  roundness and f o r  damage t o  the  tapered 
edge such a s  n icks ,  dents ,  and bur rs .  The diameter should be 
checked with a micrometer; c a l i b r a t i o n  procedures a r e  described 
i n  Sect ion 3.4.2. A s l i g h t  v a r i a t i o n  from exac t  s izes  should be 
expected due t o  machining tolerances.  Each nozzle should be 
engraved with an i d e n t i f i c a t i o n  number f o r  inventory and cal i -  
b r a t i o n  purposes. 
1-1.3 P i t o t  Tube - The pitot tube, preferab ly  of Type S design,  
should meet t h e  requirements of Method 2 ,  Section 3 . 1 . 2 .  The 
p i t o t  tube i s  at tached t o  t h e  probe a s  shown in Figure 1.1. The 
proper p i t o t  tube-sampling nozzle configurat ion f o r  prevention of 
aerodynamic in t e r f e rence  i s  shown i n  Figures 2 . 6  and 2 .7  of 
Method 2, Sect ion 3.1.2. 

The p i t o t  tube should be v i s u a l l y  inspected f o r  both ver t i -  
c a l  and hor izonta l  t i p  alignments. I f  the t u b e  i s  purchased as 
an i n t e g r a l  p a r t  of a probe assembly, t h e  dimensional c learances 
should be checked using Figures 2 .6  and 2 . 7 .  Repair o r  r e t u r n  
any p i t o t  tube which does n o t  meet spec i f i ca t ions .  Cal ibra t ion  
procedure f o r  a p i t o t  t ube  is covered i n  Sect ion 3 . 4 . 2 .  
1.1.4 Di f f e ren t i a l  Pressure Gauge - The d i f f e r e n t i a l  p ressure  
gauge should be an inc l ined  manometer o r  the  equivalent as spec i -  
f i e d  i n  Method 2 ,  Section 3.1.2. TWO gauges a r e  required.  One 
is u t i l i z e d  t o  monitor the  s t a c k  ve loc i ty  pressure ,  and the other 
t o  measure the  o r i f i c e  pressure  d i f f e r e n t i a l .  
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I n i t i a l l y ,  check t h e  gauge against  a gauge-oil manometer a t  
a minimum of t h r e e  points :  0.64 mm (0 .025  i n . ) ;  12.7.m 
(0 .5  i n . ) ;  and 25.4 mm ( 1 . 0  i n . )  H20. The gauge should read  
within 5% of t h e  gauge-oil manometer a t  each tes t  po in t .  Repair 
o r  r e t u r n  t o  t h e  supp l i e r  any gauge which does no t  meet t h e s e  
requirements. 
1 .1 .5  F i l t e r  Holder - A f i l t e r  holder of b o r o s i l i c a t e  g l a s s  with 
a g l a s s  o r  s t a i n l e s s  s teel  mesh f r i t  f i l t e r  support and a s i l i -  
cone rubber gasket  is required by the Reference Method. Other 
gasket mater ia l s  (e.g., Teflon o r  Viton) may be used if ap- 
proved by t h e  adminis t ra tor .  The  holder design must provide a 
pos i t i ve  s e a l  aga ins t  leakage from t h e  outs ide  or  around t h e  fil- 
ter. The holder  should be. durable, easy t o  load, and leak  free 
i n  normal app l i ca t ions .  I t  is  posit ioned immediately following 
the  probe, with the  f i l t e r  placed toward the  flow. 
1 .1 .6  F i l t e r  Heatinq System - Any heat ing system may be used 
which i s  capable of maintaining the f i l t e r  holder a t  120° f14OC 
(248" f25"F) during sampling. Other temperatures may be speci-  
f i e d  b y  a subpar t  of t h e  regulat ions o r  approved by t h e  admini- 
s t r a t o r  f o r  a p a r t i c u l a r  appl icat ion.  A gauge capable of 
measuring temperatures t o  within 3 O C  (5.4OF) should be provided 
t o  monitor t he  temperature around the f i l t e r  during sampling. 

Before sampling, t h e  heating system and the  temperature 
monitoring device should be checked. I t  i s  des i reable  t h a t  t h e  
heat ing element be e a s i l y  replaceable i n  case o f  a malfunction 
during sampling. 
1 . 1 . 7  Condenser - Four impingers should be connected i n  series 
with leak -free ground-glass f i t t i n g s  o r  any s imi l a r  noncontami- 
nat ing f i t t i n g s .  The f i r s t ,  t h i r d ,  and four th  impingers must be 
the  Greenburg-Smith design modified by replacing t h e  i n s e r t s  with 
a g l a s s  t u b e  t h a t  has an unconstricted 13-mm (0 .5- in . )  I D  and 
t h a t  extends t o  within 13  mm ( 0 . 5  i n . )  of t h e  f l a s k  bottom. The 
second impinger must  be a Greenburg-Smith w i t h  t he  s tandard t i p  
and p l a t e .  Modifications--for example, using f l e x i b l e  connec- 
t i ons  between impingers, using mater ia ls  other  than  g l a s s ,  o r  

. I  

i . 
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using a f l e x i b l e  vacuum hose t o  connect the  
condenser--may be used i f  approved by the  

f i l t e r  holder t o  the  
adminis t ra tor .  The 

fourth impinger o u t l e t  connection must allow i n s e r t i o n  of  a 
thermometer capable of measuring fl'C (1.8'F) of t r u e  va lue  i n  
t he  range of 0' t o  25'C (32' t o  77'F). 

Al te rna t ive ly ,  any system t h a t  cools t he  gas stream and 
allows. measurement of t h e  condensed water and t h e  water vapor 
leaving the  condenser, each t o  within 1 rnl  o r  1 g, may be used 
with approval from the  adminis t ra tor .  

Upon r e c e i p t  of a s tandard Greenburg-Smith impinger, t he  
u s e r  should fill t h e  inne r  tube with water. I f  t h e  water does 
not dra in  through t h e  o r i f i c e  i n  6 t o  8 s o r  l e s s ,  t he  impinger 
t i p  should be replaced o r  enlarged t o  prevent an excessive pres -  
sure drop i n  t h e  sampling system. Each impinger should be 
checked v i s u a l l y  f o r  damage--breaks, cracks,  o r  manufacturing 
flaws such a s  poorly shaped connections. 
1.1.8 Metering System - The metering system should c o n s i s t  of a 
vacuum gauge, a vacuum pump, thermometers capable of measuring 
f3'C (5.4'F) of t r u e  va lue  i n  t h e  range of 0 t o  90°C (32O t o  
194'F), a dry gas meter with 2% accuracy a t  t he  required sampling 
r a t e ;  and r e l a t e d  equipment as shown i n  Figure 1.1. Other meter- 
ing systems capable o f  maintaining sampling r a t e s  within 10% of 
i sok ine t i c  and determining sample volumes t o  within 2% may be 
used i f  approved by t h e  adminis t ra tor .  Sampling t r a i n s  with 
metering systems designed f o r  sampling r a t e s  higher than t h a t  
described i n  APT~-0581~  and APT~-0576~ may be used i f  t h e  above 
spec i f i ca t ions  can be m e t .  

When the  metering system is  used with a p i t o t  tube,  t h e  
system should permit v e r i f i c a t i o n  of an i s o k i n e t i c  sampling rate 
through the  u s e  of a nomograph o r  by ca l cu la t ion .  

Upon r e c e i p t  o r  a f t e r  cons t ruc t ion  of t he  equipment, t h e  
u s e r  should perform both p o s i t i v e  and negative pressure l e a k  
checks before beginning the system c a l i b r a t i o n  procedure 

. .  
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described in Subsection 2.1 of Section 3.4.2. Any leakage re- 
quires repair or replacement of the malfunctioning item. 
1.1.9 Barometer - A mercury, aneroid, or other barometer capable 
of measuring atmospheric pressure to within f2.5 mm (0.1 in. ) Hg 
is required. 

A preliminary check of a new barometer should be made 
against a mercury-in-glass barometer or the equivalent. In lieu 
of this, the absolute barometric pressure may be obtained from a 

nearby weather service station and adjusted for elevation dif- 
ference between the station and the sampling point. Either 
subtract 2.5 mm Hg/30 m (0.1 in. Hg/lOO ft) from the station 
value for an elevation increase or add the same for an elevation 
decrease. If the barometer cannot be adjusted to agree within 
2.5 mm (0.1 in.) Hg of the reference barometric pressure, it 
should be returned to the manufacturer or rejected. 
1.1.10 Gas Density Determination Equipment - A temperature sen- 
s o r  and a pressure gauge as described in Method 2 (Section 3.1.2) 
are required. Additionally, a gas analyzer as described by 
Method 3 may be required. 

It is preferable that the temperature sensor be permanently 
attached to either t h e  probe or the pitot tube. In either case, 
it is recommended that a fixed configuration (Figure 1.1) be 
maintained. Alternatively, the sensor may be attached j u s t  prior 
to field use as described in Section 3.4.2. 
1.2 Sample Recovery Apparatus 
1.2.1 Probe Liner and Nozzle Brushes - Nylon bristle brushes 
with stainless steel wire handles are recommended. The probe 
brush must be at least as long as the probe. A separate, 
smaller, and very flexible brush should be used f o r  the nozzle. 
1.2.2 Wash Bottles - Two 500-ml wash bottles are recommended for  
probe and glassware rinsing. Glass bottles are preferred, but 
polyethylene is acceptable; however, if polyethylene is used, it 
is recommended 
than a month. 

that it not be used for acetone storage f o r  longer 
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1.2.3 Sample Storage Containers - Recommended are 500- or 
1000-ml chemically resistant, borosilicate glass bottles for 
storage of acetone rinses. The bottles must have leak-proof 
screw caps with leak-proof, rubber-backed Teflon cap liners, or 
they must be constructed to preclude leakage and to resist 
chemical attack. Wide-mouthed bottles are easiest to use, but 
narrow mouth bottles are less prone to leakage. As an alterna- 
tive to glass, polyethylene bottles may be used, but storage 
times should be minimized. 

Prior to field use, the cap seals and the bottle cap seating 
surfaces should be inspected for chips, cuts, cracks, and manu- 
facturing deformities which would allow leakage. 
1.2.4 Petri Dishes - Glass or polyethylene petri dishes are 
recommended for storage and for transportation of the filter and 
collected sample. 
1.2.5 Graduated Cylinder and/or Triple Beam Balance - Either a 
graduated cylinder or a triple beam balance may be used to 
measure the water condensed in the impingers during sampling. 
Additionally, the graduated cylinder may be used to measure water 
initially placed in the first and second impingers. In either 
case, the required accuracy is 1 ml or 1 g ;  therefore, the 
cylinder must have subdivisions (2 rnl. Most triple beam balances 
are capable of weighing to the nearest 0.1 g .  

1.2.6 Plastic Storaqe Containers - Several airtight plastic 
containers are required for storage of silica gel. 
2.7 Funnel and Rubber Policeman - A funnel and rubber police- 
rl are needed to transfer the used silica gel from the impinger 

to a storage container unless silica gel is weighed in the field 
after the test. A Teflon policeman is helpful for recovery of 
the filter. 
1.3 Analytical Equipment 
1.3.1 Glassware - Borosilicate glass dishes should be used to 
facilitate filter weighing. A 250-ml glass beaker is required 
for evaporation of the acetone rinse. 

_I 

- 
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1.3.2 - Balances - Two balances a re  required. One should be 
ana ly t i ca l  grade and capable of weighing the  f i l t e r  and t h e  
sample beaker t o  within f O . l  mg. The other  should be as descr ibed 
i n  Subsection 1 . 2 . 5 .  
1.4 Reagents and Other Supplies 

A l l  reagents should meet spec i f ica t ions  es tab l i shed  by the 
Committee on Analyt ical  Reagents of the American Chemical 
Society (ACS). I f  reagents  t h a t  meet these spec i f i ca t ions  a r e  
not  ava i lab le  o r  i f  o ther  spec i f ica t ions  a re  n o t  given, use t h e  
b e s t  grade ava i l ab le .  
1.4.1 Sampling - 

F i l t e r s  - Glass f i b e r  f i l t e r s  without organic binders must 
be used. The f i l t e r s  must exhib i t  a t  l e a s t  99.95% c o l l e c t i o n  
e f f ic iency  o f  a 0 .3 -p  d ioc ty l  phthalate  smoke p a r t i c l e ,  i n  ac- 
cordance with ASTM s tandard method D2986 -71. Manufacturer 's  
q u a l i t y  cont ro l  t e s t  da t a  a re  s u f f i c i e n t  f o r  va l ida t ion  of ef- 
f ic iency . 

S i l i c a  G e l  - Use i nd ica t ing  type 6-16 mesh. I f  previously 
used, dry a t  1 7 5 O C  (347OF) f o r  a t  l e a s t  2 h before reuse. New 
s i l i c a  ge l  may be used as  received. 

Water - When mater ia l  co l lec ted  by t h e  impingers is t o  be 
analyzed, d i s t i l l e d  water must  be .used.  A water blank should be 
analyzed before f i e l d  u s e  t o  prevent f a l s e  high values  on t e s t  
samples. For standard p a r t i c u l a t e  sampling, d i s t i l l e d  water is 
recommended, bu t  no t  required.  

Crushed Ice  - Enough crushed ice i s  needed t o  maintain the 
e x i t  temperature of t h e  s i l i c a  ge l  impinger o r  condenser a t  < 2 C ° C  

(68'F) throughout t h e  t e s t  period. 
Stopcock Grease - An acetone insoluble ,  heat s t a b l e ,  sili- 

cone grease must  be used when the  sea l ing  of ground-glass connec- 
t i ons  i s  required.  This i s  not  necessary i f  screw-on connectors 
with Teflon s leeves are used. 
1.4.2 Sample Recovery - Reagent ACS grade acetone with - <O.OGl% 
residue i n  g l a s s  b o t t l e s  m u s t  be used. Acetone supplied i n  metal  



container is 1 nac ptable due to 
levels. An acetone blank should be 
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.he prevalently high residue 
run prior to field use, and 

the acetone must be rejected if blank residue weight is >0.001% 
of the total acetone weight. 
1.4.3 Sample Analysis - 

Acetone - Same as Subsection 1.4.2. 
Desiccant - An indicating type anhydrous calcium sulfate is 

Other types of desiccants may be used if approved by required. 
the administrator. 
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Table 1.1 ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS 
AND SUPPLIES 

Apparatus 

Sampling 

Probe l i n e r  

Probe nozzle 

P i t o t  tube 

D i f f e r e n t i a l  
p ressure  
gauge 
(manome t.er ) 

-- Vacuum gauge 

Vacuum pump L 

(continued) 

Acceptance l i m i t s  

Spec i f ied  ma te r i a l  of 
cons t ruc t ion ;  equipped 
with heat ing system 
capable of maintaining 
120' f 14OC (248' 5 
25OF) a t  t he  e x i t  

S t a i n l e s s  s teel  (316) 
with sharp,  tapered 
angle  <30°; d i f f e r -  
ence i n  measured diam- 
e t e r s  (0.1 mm (0.004 
i n . ) ;  no n icks ,  dents ,  
o r  corrosion (Subsec 

- 

1 .1 .2 )  

Type S (Sec 3 .1 .2) ;  
a t tached  t o  probe with 
impact (high pressure)  
opening plane even w i t 1  
o r  above nozzle en t ry  
p lane  

Meets c r i t e r i a  (Sec 
3 .1 .2) ;  agree wi th in  
5% of gauge-oil  
manometer 

0-760 mm (0-30 in.) Hg 
range, 525 mm (1 i n . )  
a t  380 mm (15 i n . )  Hg 

Leak f r e e ;  capable of 
maintaining a flow 
r a t e  of 0.02-0.03 
m3/min (0.66 to 1.1 
ft3/min) f o r  pump 
i n l e t  vacuum of 380 mm 
(15 i n . )  Wg 

Frequency and method 
of measurements 

Visual ly  check and 
run the  hea t ing  
system 

Visual ly  check before  
each t e s t ;  use a m i -  
crometer t o  measure 
I D  before f i e l d  use 
a f t e r  each r e p a i r  

Cal ibrated according 
t o  Sec 3.1.2 

Check aga ins t  a gauge" 
o i l  manometer a t  a 
minimum of 3 poin ts :  
0.64(0.025); 1 2 . 7  
(0.5); 25.4(1.0) mm 
( i n . )  H,Q 

Check aga ins t  mer- 
cury U-tube manometer 
upon r ece ip t  

Check upon r ece ip t  
f o r  leaks and capaci-  
t Y  

Lction i f  
:equi rements 
ire not m e t  

t epa i r ,  r e t u r n  
:o s u p p l i e r ,  o r  
r e j ec t  

7eshape and 
sharpen, r e tu rn  
to  t h e  supp l i e r ,  
3r r e j e c t  

Repair o r  re turn  
to  s u p p l i e r  

lepa i r  o r  re turn  
co supp l i e r  

Sdjust  o r  re turn  
to  supp l i e r  

3epair  o r  re turn  
to  s u p p l i e r  
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Table 1 . 1  (cont 

Apparatus 

-, Ori f i ce  meter 

Impingers 

F i l t e r  holder 

__ Dry gas meter 

- Thermometers 

Barometer 

Sample Recovery 

Probe l i n e r  and 
nozzle 

Wash b o t t l e s  

ued) 

Acceptance limits 

AH@ of 46.74 f 6.35 mm 
(1.84 2 0.25 i n . )  H20 
a t  68OF (not mandatory) 

Standard s tock  g l a s s ;  
p ressure  drop n o t  ex- 
cess ive  (Subsec 1.1.7) 

Leak f r e e ;  b o r o s i l i c a t e  
g l a s s  

Capable of measuring 
volume wi th in  22% a t  a 
f ow r a t e  of 0.  2 
m /min (0.75 f t  /min) 3 9 
21°C (2OF) of t r u e  
value i n  t h e  range of 
Oo t o  25OC (32O t o  77OF) 
f o r  impinger thermometer 
and + 3 O C  (5.4'F) of t rue  
value i n  t h e  range of 
O°C t o  90°C (32O t o  
194OF) f o r  d ry  gas 
meter thermometers 

Capable of measuring 
atmospheric pressure  
within k2.5 mm (0 .1  
i n . )  Hg 

Nylon b r i s t l e s  with 
s t a i n l e s s  s t ee l  stem; 
a s  long a s  t h e  probe; 
properly s i zed  and 
shaped 

Two; polyethylene o r  
g l a s s ;  500 m l  

Frequency and method 
of measurements 

Upon r e c e i p t ,  v i sua l -  
l y  check f o r  damage 
and c a l i b r a t e  aga ins t  
wet t es t  meter 

Visually check upon 
r ece ip t ;  check pres-  
sure  drop (Subsec 
1.1.6)  

Visually check before  
use 

Check f o r  damage upon 
r ece ip t  and c a l i b r a t e  
(Sec 3 . 4 . 2 )  aga ins t  
wet t es t  meter 

~~ ~ 

Check upon r ece ip t  
f o r  dents  o r  bent 
stem, and c a l i b r a t e  
(Sec 3.4 .2)  aga ins t  
mercury-in-glass 
thermometer 

~~ 

Check aga ins t  a mer- 
cury-in-glass barom- 
e t e r  o r  equivalent ;  
c a l i b r a t e  (Sec 3.1.2) 

Visually check f o r  
damage upon r ece ip t  

~~ ~- 

Visual ly  check f o r  
damage upon r ece ip t  

Action i f  
requirements 
are no t  m e t  

Repair i f  pos- 
s i b l e  otherwise 
r e t u r n  t o  sup- 
p l i e r  

Return t o  sup- 
p l i e r  

A s  above 

Rejec t  i f  damaged, 
behaves e r r a t i c -  
a l l y ,  o r  cannot be 
proper ly  adjusted 

Reject  i f  unable 
t o  c a l i b r a t e  

Determine correc- 
t i o n  f a c t o r ,  o r  re- 
j e c t  i f  d i f fe rence  
more than  22.5 
mm (0.1 i n . )  Hg 

Replace o r  re turn  
t o  s u p p l i e r  

Replace o r  re turn 
t o  s u p p l i e r  

(continued) 

7 
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I Revision No. 0 

4 iued) 

Acceptance limits 

Table 1 . 1  (con1 

Appa r a  t u s  

Action i f  
requirements  
a r e  n o t  met 

Frequency and method 
of  measurements 

V i s u a l l y  check f o r  
damage upon r e c e i p t  

Replace o r  r e t u r n  
t o  s u p p l i e r  

S torage  con- 
t a i n e r  

Graduated 
c y l i n d e r  

Polyethylene o r  g l a s s ;  
500 o r  1000 m l  

Glass  and - c l a s s  A ;  
250 m l  wi th  subdiv i -  
s i o n s  <2 m l  - 

Upon r e c e i p t ,  check 
f o r  s t o c k  number, 
c r a c k s ,  b r e a k s ,  and 
manufacturer  flaws 

Replace o r  r e t u r n  
t o  s u p p l i e r  

Funne 1 Glass  s u i t a b l e  f o r  use 
w i t h  sample b o t t l e s  

V i s u a l l y  check f o r  
damage upon r e c e i p t  

Replace o r  r e t u r n  
t o  s u p p l i e r  

P r o p e r l y  s i z e d  V i s u a l l y  check f o r  
damage upon r e c e i p t  

V i s u a l l y  check f o r  
damage upon r e c e i p t  

Rubber p o l i c e -  
man 

' P e t r i  d i s h e s  

Replace o r  r e t u r n  
t o  s u p p l i e r  

Replace or r e t u r n  
t o  s u p p l i e r  

Glass  o r  po lye thylene ;  
s i z e d  t o  f i t  the glass 
f i b e r  f i l t e r s  

Capable of measuring 
s i l i c a  g e l  t o  20.5 g 

Balance Replace o r  r e t u r n  
t o  manufacturer  

Check w i t h  s tandard  
weights  upon r e c e i p t  
and b e f o r e  each use 

Upon r e c e i p t ,  check 
f o r  s t o c k  number, 
c r a c k s ,  b r e a k s ,  and 
manufactur ing flaws 

- 
Beakers and 

we i gh i ng 
d i s h e s  

Replace o r  r e t u r n  
t o  manufacturer  

T r i p l e  beam 
ba lance  

Replace o r  r e t u r n  
t o  manufacturer  

500-g c a p a c i t y ;  cap- 
a b l e  of measuring with-  
i n  +1 g 

Capable of measuring t o  
20.1 mg 

Check w i t h  s tandard  
weights  upon r e c e i p t  
and b e f o r e  each use 

A s  above As above A n a l y t i c a l  
ba lance  - 

Manufac turer ' s  guar- 
a n t e e  t h a t  f i l t e r s  
were t e s t e d  according 
to ASTM D2986-71; ob- 
s e r v e  under l i g h t  
f o r  d e f e c t s  

F i l t e r s  

(cont inued)  

Glass  f i b e r  wi thout  
organic  b i n d e r ;  99.95% 
c o l l e c t i o n  e f f i c i e n c y  
f o r  0 . 3  p d i o c t y l  
p h t h a l a t e  smoke 
p a r t i c l e s  

Return t o  supplier 



Table 1.1 (cont inued)  

I Frequency and method 
of measurements 

Act ion i f  
requirements  
a r e  n o t  met 

S i l i c a  g e l  

Apparatus 

Reagents 

I n d i c a t i n g  type 6-16 
mesh 

Acceptance l imits  

D i s t i l l e d  water  

Stopcock g r e a s e  

I 

Meets ASTM D1193-74; 
type 3 (only when 
impinger p a r t i c u l a t e  
c a t c h  inc luded)  

Acetone i n s o l u b l e ,  h e a t  
s t a b l e  s i l i c o n e  grease  

Acetone 

Des iccant  

ACS g r a d e ;  <0.001% 
r e s i d u e  i n  g l a s s  
b o t t l e s  

I n d i c a t i n g  t y p e  anhy- 
drous calcium s u l f a t e  

I 
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Upon r e c e i p t ,  check 
l a b e l  f o r  grade o r  
c e r t i f i c a t i o n  

Check each l o t ,  o r  
s p e c i f y  type  when o r -  
der ing  

-- 

Upon r e c e i p t ,  check 
l a b e l  f o r  grade o r  
c e r t i f i c a t i o n  

Return t o  s u p p l i e r  

Replace o r  r e t c r n  
t o  manufacturer  

Replace o r  r e t u n  
t o  manufacturer  

Upon r e c e i p t ,  v e r i f y  
r e s i d u e  by evapora t -  
i n g  a blank sample 

Upon r e c e i p t ,  check 
f o r  grade and c e r t i -  
f i c a t i o n  

Replace o r  re turn  
t o  s u p p l i e r  

Replace o r  re turn  
t o  s u p p l i e r  

I 
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2.0 CALIBRATION OF APPARATUS 
Calibration of apparatus is one of the most important func- 

tions in maintaining data quality. The detailed calibration 
procedures included in this section are designed f o r  the equip- 
ment specified by Method 5 and described in the previous section. 
A laboratory log book of all calibrations must be maintained. 
Table 2.1 at the end of this section summarizes the quality 
assurance activities for calibration. 
2.1 Metering System 
2.1.1 Wet Test Meter - Wet test meters are calibrated by the 
manufacturer to an accuracy of - +0.5%. The calibration of the wet 
test meter must be checked initially upon receipt and yearly 
thereafter. A wet test meter with a capacity of 3.4 m /h (120 
ft /h) will be needed to calibrate the dry gas meter. For large 
wet test meters (>3A/rev), there is no convenient method for 
checking the calibration; for this reason, several methods are 
suggested, and other methods may be approved by the administra- 
tor. The initial calibration may be checked by any of the fol- 
lowing methods: 

1. Certification from the manufacturer that the wet test 
meter is within - +1% of true value at the wet test meter dis- 
charge, so that only a leak check of the system is then required. 

2. Calibration by any primary air or liquid. displacement 
method that displaces at least one complete revolution of the 
wet test meter. 

3. Comparison against a smaller wet test meter that has 
previously been calibrated against a primary air or liquid d i s -  
placement method, as described in Section 3.5.2. 

4. Comparison against a dry gas meter that has pre- 
viously been calibrated against a primary air or liquid 
displacement method. 

3 
3 
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The calibration of the test meter should be checked annual- 
ly. The calibration check can be made by the same method as that 
of the original calibration; however, the comparison method need 
not be recalibrated if the calibration check is within 21% of the 
true value. When this agreement is not obtained, the comparison 
method or wet test meter must be recalibrated against a primary 
air or liquid displacement method. 
2.1.2 Sample Meter System - The sample meter system--consist- 
ing of the pump, vacuum gauge, valves, orifice meter, and dry 
gas meter--should be initially calibrated by stringent laboratory 
methods before it is used in the field. After the initial 
acceptance, t h e  calibration should be rechecked after each field 
test series. This recheck is designed to provide the tester w i t h  
a method that can be used more often and w i t h  less effort to 
ensure that the calibration has not changed. When the quick 
check indicates that the calibration factor has changed, the 
tester must again use the complete laboratory procedure t o  
obtain the new calibration factor. After recalibration, the 
metered sample volume must be multiplied by either the initial 
or the recalibrated calibration factor--that is, the one that 
yields the lower gas volume for each test run. 

Before initial calibration of the metering system, a leak 
check should be conducted. The meter system should be leak 
free. B o t h  positive (pressure) and negative (vacuum) leak 
checks should be performed. Following is a pressure 
leak-check procedure that will check the metering system from 
the quick disconnect inlet to the orifice outlet and will 
check the orifice-inclined manometer: 

1. Disconnect the orifice meter line from the 
downstream orifice pressure tap (the one closest to the 
exhaust of the orifice), and plug this tap (Figure 2.1). 

2. Vent the negative side of the inclined manometer to 
the atmosphere. If the inclined manometer is equipped with a 
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three-way valve,  t h i s  s t e p  can be performed by mere ly  t u rn ing  
the  three-way valve t h a t  i s  on the  negative s i d e  of t h e  
o r i f i ce - inc l ined  manometer t o  t h e  vent  pos i t ion .  

3 .  Place a one-hole rubber stopper with a tube through 
i t s  hole i n  t h e  e x i t  of t h e  o r i f i c e ,  and connect a p iece  of  
rubber o r  p l a s t i c  tubing t o  the  tube,  as  shown i n  Figure 2 . 1 .  

4 .  Open t h e  p o s i t i v e  side o f  t h e  o r i f i c e - i n c l i n e d  
manometer t o  t h e  I'reading" p o s i t i o n ;  i f  t h e  inc l ined  manometer 
i s  equipped with a three-way valve,  t h i s  w i l l  be the  l i n e  
pos i t ion .  

5 .  Plug t h e  i n l e t  t o  the vacuum pump. I f  a quick 
disconnect w i t h  a leak-free check valve i s  used on t h e  c o n t r o l  
module, t he  i n l e t  w i l l  no t  have t o  be plugged. 

6 .  Open t h e  main valve and the  bypass valve. 
7. Blow i n t o  the  tubing connected t o  t h e  end of the  

o r i f i c e  u n t i l  a pressure  of 1 2 7  t o  178 mm ( 5  t o  7 i n . )  H20 has 
b u i l t  up i n  the system. 

8.  Plug o r  crimp t h e  tubing t o  maintain t h i s  pressure .  
9 .  Observe t h e  pressure reading f o r  a 1-min per iod.  N o  

not iceable  movement i n  the manometer f l u i d  l eve l  should occur .  
I f  t h e  meter box has a leak, a bubbling-type leak-check 
so lu t ion  may a i d  i n  loca t ing  t h e  l e a k ( s ) .  

A f t e r  t h e  metering system is  determined t o  be l eak  f r e e  by 
the  p o s i t i v e  leak-check procedure, t he  vacuum s y s t e m  t o  and i n -  
cluding the  pump should be checked by plugging the  a i r  i n l e t  t o  
t h e  meter box. If  a quick disconnect with a leak-free s topper  
system i s  p resen t ly  on t h e  meter box, the  i n l e t  w i l l  no t  have t o  
be plugged. Turn t h e  pump on, p u l l  a vacuum wi th in  7 . 5  c m  
( 3  i n .  ) Hg of absolu te  zero,  and observe the dry gas meter. I f  
the leakage exceeds 0.00015 m3/min (0 .005  ft3/min),  t h e  l e a k (  s )  
must  be found and minimized u n t i l  t he  above s p e c i f i c a t i o n s  a r e  
s a t i s f i e d .  



Figure 2.1 Positive leak check of metering system. w 
ro'a 
m .  

N 
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Leak checking the  meter system before i n i t i a l  ca l ib ra t ion  
is  not  mandatory, bu t  i s  recommended. 

Note: For metering systems having diaphragm pumps, the 
normal leak-check procedure described above w i l l  not d e t e c t  
leakages within the  pump. For these  cases,  t h e  following 
leak-check procedure is suggested: make a 10-min ca l ib ra t ion  

3 run a t  0.00057 m3/min (0 .02  f t  /min); a t  t he  end of t he  run, 
take the  d i f fe rence  between the  measured w e t  t e s t  meter and the  
dry gas meter volumes; divide the  d i f fe rence  by 10, t o  g e t  t he  
leak r a t e .  The leak r a t e  should not  exceed 0.00057 m /min (0 .02  
f t  /min). 

I n i t i a l  ca l ib ra t ion  - The dry gas meter and the  o r i f i c e  
meter can be calibrated simultaneously and should be ca l ib ra t ed  
when f irst  purchased and any t i m e  t he  p o s t t e s t  check y i e lds  a Y 

outs ide the  range of t he  ca l ib ra t ion  f ac to r  Y +O.OSY. A 
ca l ib ra t ed  w e t  t e s t  meter (properly s ized ,  with +1% accuracy) 
should be used t o  ca l ib ra t e  the  dry gas m e t e r  and the  o r i f i c e  
meter. 

The dry gas meter and the  o r i f i c e  meter should be 
ca l ib ra t ed  i n  t h e  following manner: 

1. Before i t s  i n i t i a l  u se  i n  t h e  f i e l d ,  l eak  check t h e  
metering system. Leaks, if present,  must be eliminated before  
proceeding. 

2 .  A s s e m b l e  t he  apparatus, as  shown i n  Figure 2 . 2 ,  wi th  
the  w e t  t e s t  m e t e r  replacing the  probe and impingers--that i s ,  
with t h e  o u t l e t  of t he  w e t  tes t  meter connected t o  a needle 
valve t h a t  i s  connected t o  the  i n l e t  s ide  of t he  meter bcx. 

3 .  Run the  pump fo r  15 min with the  o r i f i c e  meter 
d i f f e r e n t i a l  (AH)  set  a t  1 2 . 7  mm ( 0 . 5  i n . )  H20 t o  allow t h e  
pump t o  warm up and t o  permit t he  i n t e r i o r  sur face  of the w e t  
t e s t  meter t o  be wetted. 

3 

3 

- 
- 
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4.  Adjust t he  needle valve so  t h a t  the  vacuum gauge on 
the  meter box i s  between 50 and 100 mm ( 2  t o  4 i n . )  Hg during 
c a l i b r a t i o n .  

5. Col lec t  t h e  information required i n  the  forms 
provided (Figure 2.3A o r  2.3B). Sample volumes, as shown, 
should be used. 

6. Calculate  Yi f o r  each of t h e  s i x  runs,  using t h e  
equation i n  Figure 2.3A o r  2.3B under t h e  Yi column, and record 
t h e  r e s u l t s  on t h e  form i n  t h e  space provided. 

7. Calculate  t he  average Y ( c a l i b r a t i o n  f a c t o r )  f o r  t h e  
s i x  runs using the  following equation: 

Record the  average on F i g u r e  2.3A o r  2.3B i n  the  space provided. 
8. Clean, a d j u s t ,  and r e c a l i b r a t e ,  o r  reject t h e  dry gas  

meter i f  one o r  more values of Y f a l l  ou ts ide  t h e  i n t e r v a l  Y 
- +O.O2Y. Otherwise, t h e  average Y is  acceptable and should be 
used f o r  fu ture  checks and subsequent t e s t  runs.  

9 .  Calculate  AHai f o r  each of t h e  s i x  runs using t h e  
equation i n  Figure 2.3A o r  2.3B under t h e  AHQi column, and 
record on the  form i n  t h e  space provided. 

10.  Calculate  t h e  average AH@ f o r  t h e  s i x  runs using the 
following equation: 

Record the  average on Figure 2.3A o r  2.3B i n  the  space provided. 
Adjust t he  o r i f i c e  meter o r  reject it i f  AHai v a r i e s  

by more than - +3.9 mm (0.15 i n . )  H20 over t h e  range of 10 t o  
100 mm ( 0 . 4  t o  4.0 i n . )  H 2 0 .  Otherwise, the  average AH@ i s  
acceptable and should be used for subsequent t e s t  runs.  

11. 
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b 

Ori f i ce  
manometer 

s e t t i n g  
(Am , 

' i n .  H20 

0 . 5  

1.0 

1.5 

2 . 0  

3.0 

4.0 

Meter box number - 

c 

Gas volume Temperatures 
Wet test  Dry gas Wet test Dry gas meter 
meter meter meter I n l e t  Out le t  Avg" Time 
(V,) , (V,) 9 ( t w > 9  (td 1 9  (td >, (td)9 

AH@,, 
in. H20 

i 0 

OF min f t 3  OF OF O F  

/30 .ooo 71,s- 9/ P? 
/35./yo 71. s- 9k R& 

f t3 

,j& l ooq l . 75  5 

5 

10 

10 

10 

10 

- Vw Pb(td + 460) 
Ax Yi - 

'd('b + 13,6) (tw + 460)  

3 ' . '  . . . 
I 

0.0317 AH [ (t;w+ 460) "]' 
m@i = P,, (ta + 460) 

_ _  - -- . 

I, . . .. 
a If there is only one thermometer on t he  dry gas meter, record t h e  temperature 
under t d' 

F i g u r e  2 .3A Dry gas meter calibration data (English u n i t s ) .  
(front side) 



G a s  volume passing through the  w e t  t e s t  meter, f t 3 .  

Gas volume passing through the dry gas meter, f t 3 .  

Temperature of  the gas i n  the  w e t  test  meter, OF. 

Temperature of  the i n l e t  gas of t he  dry gas meter, OF. 

Temperature of the o u t l e t  gas of t he  dry gas meter, OF. 

Average temperature of the gas i n  t h e  dry gas meter, obtained by the average td 
td 

Pressure d i f f e r e n t i a l  across o r i f i c e ,  i n .  H 2 0 .  

and 
O F .  i 

0 

Ratio of accuracy of  w e t  test  meter t o  dry gas meter f o r  each run. 
Y f0 .02  Y. 

Tolerance Yi = 

Average r a t i o  of accuracy of w e t  t e s t  meter t o  dry gas meter f o r  a l l  s i x  runs. 
Tolerance Y = Y f O . O 1  Y.  

Orifice pressure d i f f e r e n t i a l  a t  each flow r a t e  t h a t  gives 0.75 f t  /min of a i r  a t  
standard conditions f o r  each ca l ib ra t ion  run, i n .  H20. 
(recommended). 

Average o r i f i c e  pressure d i f f e r e n t i a l  t h a t  gives 0.75 f t  /min of a i r  a t  standard 

3 
Tolerance = AH@ f 0 . 1 5  

kJUWoCn 3 p I p I ( D ( D  

% g2-g 
\D Q P - 0  

D O  3 

conditions f o r  a l l  s i x  runs,  i n .  HZO. 

Barometric pressure, i n .  Hg. N r c '  

Tolerance = 1.84 f 0 . 2 5  (recommended). Ln P- 

Time f o r  each ca l ib ra t ion  run, min. O 3 Z Z  

m g % o  

PO Ip 

Figure 2.3A. Dry gas meter ca l ib ra t ion  data  (English u n i t s ) .  (backside) h, 

l o y o .  

v1 
5 .  

P 
W 
03 
0 
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- Vw Pb(td + 273) 

"d('d + 13.6) ctw + 273) M Yi - 

L04'51 (7  36x27 /> 
(O</S*7 371f 2 c / /  1 

Date ?/q,/y? 

Barometric pressure, P, = 2 

( t  + 273) 9 0.00117 AH [ wVw , ] m@i = Pb ( t d  + 273) 

. - .  
D?I>UD LA) -f 

2,  /,fyJ 
\ 

Orifice  
manometer 

se t t ing  

m H20 
(m 9 

10 

my 

H2° 

25 

40 

AH 
13.6  m -  

50 

75 

100 

100 1 7 . 3 5  

meter meter 

0.30 1 

Meter box number FfiTd*I 

6 )ylF,q _ . .  mm Hg Calibrated by 

o c  1 oc  I O C  I O C  
'i 9 

rum H20 

I 

'1 

I 
a I f  there i s  only one thermometer on the dry gas meter, record the temperature 

under t d' 

Figure 2.3B Dry gas meter calibration data (metric units). 
( f r o n t  side) 



Nomenclature: 
- 

vW - 
- 

'd - 
t =  

td - i 

W 
- 

- 
ta - 

0 

- 
td - 

AH = 

- Yi - 

Y =  

AHQi = 

AH@ = 

@ =  

'b - 
- 

3 Gas volume passing through the  w e t  t e s t  meter, m . 
3 Gas volume passing through the  dry gas meter, m . 

Temperature of the  gas i n  the  wet t e s t  meter, O C .  

Temperature of t h e  i n l e t  gas o f  the  dry gas meter, O C .  

Temperature of t h e  o u t l e t  gas of the  dry gas meter, O C .  

Average temperature o f  the  gas i n  the  dry gas meter, obtained by t h e  average of td and 
O C .  i ta J 

0 

Pressure d i f f e r e n t i a l  across o r i f i c e ,  mm H20. 

Ratio of  accuracy of w e t  t e s t  meter t o  dry gas meter f o r  each run. 

Average r a t i o  o f  accuracy of wet t es t  meter t o  dry gas meter f o r  a l l  s i x  runs.  
Tolerance Y = Y - +0.01  Y.  

Or i f ice  pressure d i f f e r e n t i a l  a t  each flow r a t e  t h a t  gives 0.021 m3 of a i r  a t  standard 
conditions f o r  each ca l ib ra t ion  run, mm H20. 
(recommended). 

Average o r i f i c e  pressure d i f f e r e n t i a l  t h a t  gives 0.021 m3 of a i r  a t  standard con- 

Time of each ca l ib ra t ion  run, min. 

Tolerance Yi = 
Y - +0.02 Y. 

Tolerance AHOi = AH@ - +3.8 mm H20 
W U W d c n  
DDucD(D 

% g2-g 
w P. 

P qr.0 
P D O 3  
3 3  

o c  't Hlprzo 
Y O  

PO 
v ! @  

d i t ions  f o r  a l l  s i x  runs,  mm H20 .  Tolerance AH@ = 46.74  + 6 . 3  mm H 2 0  (recommended). - 

Barometric pressure,  mm Hg. E W '  w 

Figure 2.3B Dry gas meter ca l ib ra t ion  da ta  (metric u n i t s ) .  (backside) N 
4 .  

P 
W 
Q) 
0 
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Posttest calibration check - After each field test series, 
conduct a calibration check of the metering system, except for 
the following variations: 

Three calibration runs at a single intermediate orifice 
meter setting may be used with the vacuum set at the maximum 
value reached during the test series. The single intermediate 
orifice meter setting should be based on the previous field test. 
A valve must be inserted between the wet test meter and the inlet 
of the metering system to adjust the vacuum. 

2 .  If a temperature-compensating dry gas meter was used, 
the calibration temperature for the  dry gas meter must be within 
- +6OC (10.8OF) of the average meter temperature during the test 
series. 

3. Use Figure 2 . 4 A  or 2.4B, and record the required infor- 
mation. 

If the calibration factor  Y deviates by (5% from the initial 
calibration factor Y, then the dry gas meter volumes obtained 
during the test series are acceptable. If Y deviates by >5%, re- 
calibrate the metering system, and use whichever meter coeffi- 
cient (initial or recalibrated) that yields the lowest gas volume 
for each test run. 

Alternate procedures (e.g., using the orifice meter coeffi- 
cients) may be used, subject to the approval of the administra- 
tor. 

1, 

2.2 Temperature Gauges 
2.2.1 Impinger Thermometer - The thermometer used to measure 
temperature of t h e  gas leaving the impinger train should initial- 
ly be compared with a mercury-in-glass thermometer which meets 
ASTM E-1 No. 63C or 63F specifications. The procedure is as 
follows: 

1. Place both the reference thermometer and the test 
thermometer in an ice bath. Compare readings after they stabi- 
lize. 



Test numbers Date 9/13/'39 Meter box number FN! 7 
Barometric pressure,  Pb =aB.?J 'in. Hg D r y  gas meter number F/'f-7 

Plan t  ~ w p  r PlcinC 
P r e t e s t  Y 0.986 

I 'i 

xi I vd Pb + - AH tw + 460 
13.6 

a If there  i s  only one thermometer on t h e  dry gas meter, record t h e  temperature under td. 

3 

3 
Vw = Gas volume passing through t h e  w e t  test  meter, f t  . 
Vd = Gas volume passing through t h e  dry gas .meter ,  f t  . 
tw = Temperature of the  gas i n  t h e  wet test 'meter, OF. 

= Temperature of t he  i n l e t  gas of t h e  dry gas 'meter, OF. 

= Temperature of the  o u t l e t  gas of t h e  dry gas 

td 

td 

i 
meter, OF. 

0 

td = Average temperature of t h e  gas i n  the  dry gas , meter, obtained by t h e  average of td 

AH = Pressure d i f f e r e n t i a l  across  o r i f i c e ,  i n  H20. 

and td , OF. 
W U W b m  
L u p I ( P ( D  

rn P- 

i 0 

% 53-g 

to le rance  = p r e t e s t  Y 20.05Y o c  z 
H I D 2 0  
h,& ' 

w o f p  

Yi = Ratio of accuracy of wet test  meter t o  dry gas 

Pb = Barometric pressure,  i n .  Hg. 

meter f o r  each run. 
P Q P - 0  
W D O 3  

9 9  
Y = Average r a t i o  of accuracy of wet test  meter t o  dry gas meter f o r  a l l  t h ree  runs; 

w h, 
8 = Time of ca l ib ra t ion  run, min. 

vt 
* *  

Figure 2.4A Posttest dry gas m e t e r  cal ibration form (English u n i t s ) .  
h) 

w 
W 
00 
0 



Test numbers fiE1-3 Date 91/3/77 Meter box number Fk+ 7 Plan t  A C D ~  &,- '~h c 
c? 993 Pretest Y Baromet;ic pressure ,  Pb = 731) mm Hg Dry gas meter number ,CN- 

Ori f i ce  
manometer 
s e t t i n g ,  

nun H20 
( A m ,  

31, 

. z . 

Gas vc 
Wet tes t  

meter 

0.2. 30 

0.30 

0.30 

I 

Temera ture  I 
Wet tes t  

Time 

min 
(0) , 

I I I 

I I I I 

I 

Vacuum 
s e t t i n g ,  

Hl3 

'i 

a 
d'  If the re  i s  only one thermometer on t he  dry gas meter, record t h e  temperature under t 

3 V = Gas volume passing through the  w e t  t e s t  meter, m . 
3 V = Gas volume passing through the  dry gap. meter, m . 

tw = Temperature of t he  gas i n  the  wet t e s t  meter, O C .  

W 

d 

td. = Temperature of t h e  i n l e t  gas of t h e  dry gas meter, OC. 

td 

1 

= Temperature of the  o u t l e t  gas of t he  dry gas  meter, O C .  

0 

td = Average temperature of t h e  gas i n  the  dry gas meter, obtained by the  average of td 

% $$-2 
'i P 4 P - 0  

0 2 %  
h g z ?  Pb = Barometric pressure ,  i n .  Hg. 

and t 
BU!XIUl 
P P m m  

rn P- 

i AH = Pressure d i f f e r e n t i a l  across  o r i f i c e ,  i n  H20. 
= Ratio of accuracy of wet t e s t  meter t o  d r y  gas meter f o r  each run. 

Y = Average r a t i o  of accuracy of wet tes t  meter t o  dry gas meter f o r  a l l  t h ree  runs; * D O 3  
to le rance  = p r e t e s t  Y +O.O5Y - 

h)%*  
h) 

0 = Time of c a l i b r a t i o n  run, min. F O  
U r P  

- 4  

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

t.l 
W 
03 
0 
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2. Remove the thermometers from the bath and allow both to 
come to room temperature. Again, compare readings after they 
stabilize. 

3. Accept the test thermometer if its reading agrees 
within 1°C (2OF) of the reference thermometer reading at both 
temperatures. If the difference is greater than fl°C (2'F), the 
thermometer should be adjusted and recalibrated until the crite- 
ria are met, or it should be rejected. 
2.2.2 Dry Gas Thermometers - The thermometers used to measure 
the metered gas sample temperature should initially be compared 
with a mercury-in-glass thermometer as above, using a similar 
procedure. 

1. Place the dial type or equivalent thermometer and the 
mercury-in-glass thermometer in a hot water bath, 40° to 5OoC 
(104" to 122OF). Compare the readings after the bath stabilizes. 

2. Allow both thermometers to come to room temperature. 
Compare readings after thermometers stabilize. 

3. Accept the dial type or equivalent thermometer if the 
values agree within 3OC (5.4OF) at both points or if the temper- 
ature differentials at both points are within f3OC (5.4'F) and 
the temperature differential is taped to the thermometer and 
recorded on the pretest sampling check form (Figure 3.1). 

4. Prior to each field trip, compare the temperature 
reading of the mercury-in-glass thermometer at room temperature 
with that of the meter system thermometer. The values or cor- 
rected values should be within f6OC (10.8'F) of one another, or 
the meter thermometer should be replaced or recalibrated. Record 
any temperature correction factors on Figure 3.1 or on a similar 
form. 
2.2.3 Stack Temperature Sensor - The stack temperature sensor 
should be calibrated upon receipt or checked before field use. 
Each sensor should be uniquely marked for identification. The 
calibration should be performed at three points and then extra- 
polated over the range of temperatures anticipated during actual 
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sampling. For the three point calibration, a reference ASTM 

mercury-in-glass thermometer should be used. 
The following procedure is recommended for calibrating stack 

temperature sensors (thermocouples and thermometers) for field 
use. 

1. For the ice point calibration, form a slush from 
crushed ice and liquid water (preferably deionized, distilled) in 
an insulated vessel such as a Dewar f l a s k .  

Taking care that they do not touch the sides of the flask, 
insert the stack temperature sensor into the slush to a depth of 
at least 2 in. Wait 1 min to achieve thermal equilibrium, and 
record the readout on the potentiometer. Obtain three readings 
taken in 1-min intervals. Note: Longer times may be required to 
attain thermal equilibrium with thick-sheathed thermocouples. 

2. Fill a large Pyrex beaker with water to a depth 24 i n .  
Place several boiling chips in the water, and bring the water to 
a full boil using a hot plate as the heat source. Insert the 
stack temperature sensor(s) in the boiling water to a depth of at 
least 2 in., taking.care not to touch the sides or bottom of the 
beaker. 

Alongside the sensor(s), an ASTM reference thermometer 
should be placed. If the entire length of the mercury shaft in 
the thermometer cannot be immersed, a temperature correction will 
be required to give the correct reference temperature. 

After 3 min, both instruments will attain thermal equilib- 
rium. Simultaneously record temperatures from the ASTM reference 
thermometer and the stack temperature sensor three times at 1-min 
intervals. 

3. For thermocouple, repeat Step 2 with a liquid that has 
a boiling point (such as cooking oil) in the 150' - 25OOC (300' - 
500'F) range. Record all data on Figure 2.5. For thermometers, 
other than thermocouples, repeat Step 2 with a liquid that boils 
at the maximum temperature that the thermometer is to be used, or 
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Date 9 - 1 2 - x  Thermocouple number T C -  46 

knbient temperature ZJ OC Barometric pressure 29.6f in. Hg 

Calibrator  ~i Reference: mercury-in-glass A s r N  3 C  

other I 

Reference 
point  

number 

0" 
/OO" 

Reference 
the mome t e  r 
temperature, 

OC 
I 

205. s"C 

Thermocouple 
potentiometer 
temperature, 

OC 

/" c 
/o/ *c 

- 

I_- 
- 

Temperatureb 
di f fe rence  , 

% 

0. /7a 

aType of ca l ib ra t ion  system used. 
b [ j r e f  temp., OC f 273)  - ( t e s t  thermom temp, OC + 273) 100<1.5x. 

ref temp, OC + 273 1 -  
F igu re  2.5 Stack temperature sensor ca l ib ra t ion  da ta  fohn. 
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place t h e  s t ack  thermometer and reference thermometer i n  a f u r -  
nace o r  o ther  device t o  reach t h e  required temperature. Note: 
I f  the thermometer i s  t o  be used a t  temperatures higher  than t h e  
reference thermometers w i l l  record,  t he  s t ack  thermometer may be 
ca l ib ra t ed  with a thermocouple previously ca l ib ra t ed  with t h e  
above procedure. 

4. If t he  absolute  values of the reference thermometer and 
thermocouple(s) agree within f1.5% a t  each of t he  three c a l i b r a -  
t i o n  poin ts ,  p l o t  t h e  da t a  on l i n e a r  graph paper and draw the  
b e s t - f i t  l i n e  t o  the  t h r e e  poin ts  o r  ca l cu la t e  the constants  of 
the  l i n e a r  equation using t h e  least-square method. The da ta  may 
be extrapolated above and below the c a l i b r a t i o n  po in t s  and cover 
the  e n t i r e  manufacturer 's  suggested range f o r  t he  thermocouple. 
For the por t ion  of the p l o t  o r  equation t h a t  agrees within 1.5% 
of the absolute  reference temperature, no cor rec t ion  need be 
made. For  a l l  o ther  po r t ions  t h a t  do not  agree within f1.5% use 
the  plot o r  equation t o  c o r r e c t  t he  da ta .  

If t h e  absolute  values of t h e  reference thermometer and 
s tack temperature sensor  (o the r  than the thermocouple) agree 
within kl.5% a t  each of the  three poin ts ,  the thermometer may be 
used over t h e  range of c a l i b r a t i o n  po in t s  for  t e s t i n g  without 
applying any co r rec t ion  f ac to r .  The da ta  cannot be ex t rapola ted  
outs ide the  c a l i b r a t i o n  p o i n t s .  
2 . 3  Probe Heater 

The probe heat ing system should be ca l ib ra t ed  p r i o r  t o  f i e l d  
use  according t o  t h e  procedure out l ined i n  APTD-0576.' Probes 
constructed according t o  APTD-05813 need not  be c a l i b r a t e d  i f  the 
curves of APTD-05764 a r e  used. 
2 .4  Barometer 

The f i e l d  barometer should be adjusted i n i t i a l l y  and before  
each tes t  series t o  agree within f2.5 mm ( 0 . 1  i n . )  Hg of the 
mercury-in-glass  barometer o r  w i t h  t h e  s t a t i o n  pressure value 
reported by a nearby National Weather Service s t a t i o n  and cor-  
rected f o r  e leva t ion .  The cor rec t ion  f o r  e leva t ion  d i f f e rence  
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between t h e  s t a t i o n  and t h e  sampling po in t  should be applied a t  
a r a t e  of -2.4 mm Hg/30 m ( -0 .1  i n .  Hg/lOO f t ) .  Record the re- 
s u l t s  on the  p r e t e s t  sampling check form (Figure 3.1 of Section 

2 .5  Probe Nozzle 
3 . 4 . 3 ) .  

Probe nozzles should be ca l ib ra t ed  before  i n i t i a l  use i n  t h e  
f i e l d .  Using a micrometer, measure t h e  I D  of t h e  nozzle t o  t h e  
nea res t  0.025 mm (0 .001  i n . ) .  Make t h r e e  measurements using 
d i f f e r e n t  diameters each t i m e ,  and obta in  the average. The 
d i f f e rence  between t h e  high and t h e  low numbers should no t  exceed 
0 . 1  mm (0.004 i n . ) .  When nozzles become nicked, dented, o r  
corroded, they should be reshaped, sharpened, and r e c a l i b r a t e d  
before  use.  Each nozzle should be permanently and uniquely 
i d e n t i f i e d .  Figure 2 .6  i s  an example of a nozzle c a l i b r a t i o n  
data  form. 
2 .6  P i t o t  Tube 

The Type S p i t o t  t u b e  assembly should be c a l i b r a t e d  using 
t h e  procedure out l ined  i n  Section 3 . 1 . 2  of Method 2 .  

2 . 7  T r i p  Balance 
The t r i p  balance should be c a l i b r a t e d  i n i t i a l l y  by using 

Class-S standard weights and should be wi th in  f 0 . 5  g of t h e  
standard weight. Adjust o r  r e tu rn  the  balance t o  t h e  manufac- 
t u r e r  i f  l i m i t s  a r e  no t  m e t .  
2 . 8  Analyt ical  Balance 

The a n a l y t i c a l  balance should i n i t i a l l y  be checked w i t h  
Class-S weights ,  and t h e  data  should be recorded on an a n a l y t i c a l  
balance c a l i b r a t i o n  log  o r  on a s imi l a r  form. The balances 
should be adjusted t o  agree within f2 mg of  t h e  Class-S weight, 
o r  it should be adjusted o r  re turned t o  manufacturer. 
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Date y - a w b  Calibrated by LP 

Nozzle 

number 
iden t i f i ca t ion  

3 7  8. z2 0.253 

 AD,^ 
mm (in.) 

8.482 

- 

where : 

= three d i f f e r e n t  nozzles diameters, mm (in*); each aD1'2f3' diameter must be within (0.025 mm) 0.001 in. 

AD = maximum difference between any two diameters, mm ( i n . ) ,  b 
AD - c(O.10 nun) 0.004 in. 

= average of D1, D2, and D3. C 
Davg 

F igure  2 . 6  Nozzle ca l ib ra t ion  data form. 
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Cal ib ra t e  component 
i n i t i a l l y  by 
4PTD-0576; i f  con- 
s t r u c t e d  by APTD- 
0581, o r  use 
publ i shed  c a l i b r a -  
t i o n  curves 

C a l i b r a t e  i n i t i a l l y  
vs mercury-in-glass 
barometer;  check 
be fo re  and a f t e r  
each f i e l d  t e s t  

- 

Table 2.1. ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT 

Repai r ,  o r  re- 
p l a c e  and then  
r e v e r i f y  t h e  
c a l i b r a t i o n  

Adjust  t o  
ag ree  w i t h  a 
c e r t i f i e d  
ba rome t e  r 

Apparatus 

Wet t e s t  meter 

Dry gas meter 

Thermometers 

Probe hea t ing  
system 

Barometer 

Probe nozzle  

(cont inued)  

Acceptance l i m i t s  

Capaci ty  ,3.4 rn 3 /h 

(120 f t  / h ) ;  accuracy 
w i t h i n  21.0% 

Y. = Y +0.02 - Y 
1 

Impinger thermometer 
+l0C (2'F); d r y  gas 
meter therrnome te r  
+3OC (5.4OF) over  
range;  s t a c k  tempera- 
t u r e  sensor  +l.5% of  
a b s o l u t e  temperature  

- 

Capable of main ta in ing  
120° f14OC (248O f 
25OF) a t  a flow g a t e  of 
20Q/min (0.71 f t  /min) 

+2.5 mm ( 0 . 1  i n . )  Hg o f  
me r cury - i n -  g 1 a s s b a rom - 
e te r  

~- ~ 

Average of t h r e e  I D  
measurements of nozz le ;  
d i f f e r e n c e  between high 
and low cO.1 mm 
( 0 . 0 0 4  i n . )  

I 

Frequency and method 
of measurement 

Act ion i f  
requirements  
are  n o t  m e t  

Ca l ib ra t e  i n i t i a l l y ,  
and then  yea r ly  
by l i q u i d  d i s -  
placement 

Ca l ib ra t e  vs wet 
t e s t  meter i n i t i a l l y ,  
and when p o s t t e s t  
check exceeds 
Y - +0.05 Y 

Cal ib ra t e  each i n i -  
t i a l l y  a s  a s epa ra t e  
component a g a i n s t  a 
mercury-in-glass 
thermometer; then  
before each f i e l d  
t r i p  compare each a s  
p a r t  of  t h e  t r a i n  
iJith t h e  mercury-in- 
glass thermometer 

Adjust  u n t i l  
s p e c i f i c a t i o n s  
a r e  m e t ,  o r  
r e t u r n  t o  manu- 
f a c t u r e r  

Repai r ,  o r  re- 
p l ace  and then 
r e c a l i b r a  t e  

Adjust ;  de-  
termine a con- 
s t a n t  c o r r e c -  
t i o n  f a c t o r ;  
o r  r e j e c t  

Use a micrometer t o  
measure t o  near-  
e s t  0.025 mrn (0 .001 
i n . )  

R e c a l i b r a t e ,  
reshape ,  and 
sharpen when 
nozz le  becomes 
nicked,  den ted ,  
o r  corroded 
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Frequency and method 
Apparatus Acceptance l i m i t s  of measurement 

Action i f  
requirements 
are  n o t  met 

Analytical  
balance 

fl mg of Class-S 
weights 

I I I 

Check with Class-S 
weights upon rece ip t  

Adjust or 
repair  
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3 .0  PRESAMPLING OPERATIONS 
The q u a l i t y  assurance a c t i v i t i e s  for presampling operat ions 

are  summarized i n  T a b l e  3.1 a t  t h e  end of t h i s  sect ion.  See 
Section 3 . 0 ,  of t h i s  Handbook fo r  d e t a i l s  on preliminary s i t e  
v i s i t s .  
3 . 1  Apparatus Check and Cal ibrat ion 

A p r e t e s t  check w i l l  have t o  be made on most of the sampling 
apparatus. Figure 3 .1  should be used t o  record the  p r e t e s t  
ca l ib ra t ion  checks. Figure 3.2 o r  a s imi la r  form is recommended 
t o  a i d  the  tester i n  preparing an equipment checkl i s t ,  s t a t u s  
form, and packing l i s t  f o r  Methods 1 through 8, Method 17,  and 
p a r t i c l e  s iz ing .  
3 .1 .1  Sampling Train - A schematic of the  EPA Method 5 sampling 
t r a i n  i s  F igu re  1.1. Commercial models of t h i s  system a re  
avai lable .  Each t r a i n  must be i n  compliance with t h e  spec i f ica-  
t ions  of the Reference Method, Section 3.4.10. 
3.1 .2  Probe and Nozzle - Clean the  probe and the  nozzle inter- 
na l ly  by brushing f irst  with t ap  water, then with deionized dis- 
t i l l e d  water, and f i n a l l y  with acetone; allow both t o  dry  i n  the 
a i r .  In  extreme cases, the  probe l i n e r  can be cleaned with 
s t ronger  reagents .  In  either ease,  the object ive i s  t o  leave t he  
probe l i n e r  free from contaminants. The probe I s heat ing System 
should be checked t o  see t h a t  it i s  operat ing properly. The 
probe should be sealed a t  t he  i n l e t  o r  t i p  and checked for Peaks 
a t  a vacuum of  380 m (15 i n . )  Hg, and the probe must be l eak  
f ree  under these condi t ions.  
3.1.3 Impinqers, F i l t e r  Holder, and Glass Connectors - A 1  1 
glassware should be cleaned first w i t h  detergent  and t ap  water 
and then with deionized d i s t i l l e d  water. All glassware should be 
v i sua l ly  inspected f o r  cracks o r  breakage and then repaired or  
discarded i f  defec t ive .  
3.1.4 Pump - T h e  vacuum pump should be serviced as recommended 
by the  manufacturer, o r  every 3 m o ,  o r  upon e r r a t i c  behavior 

-7 
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Date Cal ibra ted  by 

Meter box number F D - /  AH@ A 8 7  

Dry Gas Meter* 

Pretest  c a l i b r a t i o n  f a c t o r  Y /, 0/3 (wi th in  f 2 %  of t h e  
average f a c t o r  f o r  each c a l i b r a t i o n  r u n ) .  

Impinger Thermometer 

Was a p r e t e s t  temperature co r rec t ion  used? yes 3 no 
I f  yes ,  temperature c o r r e c t i o n  (wi th in  f3'C (5.4'F) 
over range) 

Dry Gas Meter Thermometers 

Was a p r e t e s t  temperature c o r r e c t i o n  made? yes 3 no 
I f  yes ,  temperature c o r r e c t i o n  ( w i t h i n  f 3 ' C  (5.4'F) over 
range ) 

Stack Temperature Sensor" 

Was a s t a c k  temperature sensor  c a l i b r a t e d  aga ins t  a re ference  
thermometer? Yes no 
I f  yes ,  give temperature-range with which the  readings agreed 
wi th in  f1.5% of t h e  r e fe rence  values  t o  I( ( O R )  

Barometer 

Was t h e  p r e t e s t  f i e l d  barometer reading c o r r e c t ?  yes __ no 
(wi th in  f 2 . 5  mm ( 0 . 1  i n . )  Hg of  t h e  mercury-in-glass barometer) 

Nozzle* 

Was t h e  nozzle c a l i b r a t e d  t o  t h e  n e a r e s t  0 .025  mm ( 0 . 0 0 1  i n . ) ?  .x Yes no 

*Most s i g n i f i c a n t  items/parameters t o  be checked. 

Figure 3 .1  P r e t e s t  sampling checks. 
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Quantity 
Asbestos wrapping mater ia l ,  r o l l  
Auxiliary p a r t s  box 
Balance, t r i p l e  beam with weights 
Bucket 
Calibration Data 
Camera 
Cer t i f i ca t e  of  insurance 
Clamps 

Carpenter 
C-C1 amp s 
Hose 

Cleanup box 
Clipboards 
Clocks 
Condenser, c o i l  type 
Containers 

Size Type 

~ 

Conveyor stands 
High 
Low 

Client  PN Transport vehicle  
Pro jec t  manager Presurveyed by 
Date needed by Loaded by 

Ready Loaded 

~ 

- 

Figure 3 . 2  General p re t e s t  preparation form. 

(continued) 
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Quantity 
Data forms 
Detector tubes 

Figure 3.2 (continued) 
I I 1 

Ready Loaded 

Ranue I I I 

I 

Electrical equipment 
Adapters, multioutlet 
Extension cords (length) - 

Fuses for meter box 
Glassware sets 

Other ' 
(continued) 

-: , 
_/" 



Sect ion  No. 3 . 4 . 3  
Revision N o .  0 
Date January 15,  1980  
Page 5 of 20 

Figure 3 . 2  (cont inued)  

Quant i ty  
Gloves 

Work 
Asbestos 

Heaters 
Catalytic 
Electric 

Hois t  
Ho t p  1 ate 
I ce  c h e s t  
Ladder 
Manometers 

- -- 

- 
- -- 

- Inclined/micro/magnehelix 
0 - 0 . 2 5  i n .  H,O 

0-1 .00  i n .  H30 

0 - 2 . 0 0  in. H ~ O  
0 - 3 . 0 0  in. H20 

0-16 i n .  H,O 

0-36 i n .  Hg 
Meter boxes ( c a l i b r a t e d  and checked) 
Meter, dry gas with thermometers 
Toolbox with standard accessor ies  
Moisture tubes 
Nomo g r  ap hs 
NO sampling apparatus 

Probe 
Length 

T y p e  

- 

I 

._ 

I_ _- ~ I _  

U-tube  

L 

0-36 in. H 2 0  

___-- 

-- -X 

- 
- _ _ I _ _ _ ~  

Ready Loaded 

- 

(continued) 
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F i g u r e  3 . 2  (continued) 

2-Q f la sk  

0-27 in Kq vacuum pump 

Variac for probe heat 
1 

25 ft extension cord 
Orsat gas sampling apparatus 

Probe ( length)  - 

Sample l i n e  
Condenser 
Pump assembly 

Nitrogen cylinder w/valve 

Owsat and Fyrite 

c 

co I 

(continued) 
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Figure 3.2 (cont inued)  

10 ft 
14 ft 

-- Glass tube  

- 2 ft 
3 ft 
4 ft 
5 ft 
6 ft 
8 ft 
10 ft 
14 ft 

Method 1 7  and impactor 

Moz z 1 es I' w/c ap s 

---_I_ 

3/16 in. 
1/4 i n .  
5/16 i n .  

--____- 

(continued) 



Figure 3 . 2  (cont inued)  

P i t o t  tube type 

Nozzle caliDers 

Effec t ive  
length  

2 f t  

Pipe wrench (large) 

I I 

I 3 ft 

5 f t  
6 f t  
a ft 

1 0  f t  
14 f t  

Potentiometer 
-160' to 2450'F 
-150' to 1800'F 

- - Pulley 
Radios (2-wav) 
Raw 

I 

Reagents 

---. -- Acetone, gal  
H 0 ( d i s t i l l e d ) ,  gal -2 
Methylene c h l o r i d e ,  ga l  
H 0 (30%) p i n t  -2-2 
Isopropyl alcohol  (80%) gal 
H2S04 (concent ra ted)  
s i l i c a  g e l ,  1bs 

- 
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Quant i ty  Ready Loaded 3 
I I 

I 1 

--.-- 

I I 

( cont inued)  
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Figure 3.2 (continued) 

I 

--.- Safety equipment 
Glasses 

Hardhats 
Respirators 
Harness 
Earplugs 

Sample boxes 
EPA 5 - hotbox only 

.- 

O t h e r  

- Hotbox only 
Sample port cover 
Sample containers 

Sample shipping boxes 
Screwjacks 
Tape 

- 

--- Duct 
Electrical 
High temp glass 

-----_---__--__ 
~- 

(continued) ;--. 
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--- 
Handsaw 
Handtools 

(continued) 
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F i g u r e  3 . 2  (continued) 

Copper 

( c o n t i n u e d )  
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- Bal lpo in t  pens, 
Barometer, calibrated 

Figure 3 . 2  (cont inued)  

Q u a n t i t y  
'Standard Addit ional  

6 
1 

1Quantity I Ready I Loaded 

- Probe 6 f t  

1 0  ft 
1 6  ft 

Hotbox 

1 
1 
1 

- 

Method 17 and impactor 

I 
Variacs I 

- Warming cords 
Weather gear  

Jumpsuits 
Rainsui t s  
Boots 
Ski masks I 

Wood assortment I I I 

I I t 

2.  Source T e s t  Analytical Cleanup C h e c k l i s t  

Beakers, 250 m l  I I 
Brush, balance 1 1 1  

Nozzle I 1 1  

(cont inued)  



Figure 1.2. 

Vendor 
Da 

Ordered 
5 
Received 

Example of a procurement log.  
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s t a i n l e s s  s teel ,  Incoloy 825, o r  o ther  corrosion r e s i s t a n t  
metals may be used i f  approved by t h e  adminis t ra tor .  

A heat ing  system i s  required which w i l l  maintain an e x i t  gas 
temperature of 120' f14'C (24.8' f25'F) during sampling. Other 
temperatures may be s p e c i f i e d  by a subpart  of t h e  r egu la t ions  and 
must be approved by t h e  adminis t ra tor  f o r  a p a r t i c u l a r  appl ica-  
t i o n .  Since t h e  a c t u a l  probe o u t l e t  temperature i s  n o t  usua l ly  
monitored during sampling, probes constructed i n  accordance t o  

3 4 APTD-0581 and u t i l i z i n g  t h e  c a l i b r a t i o n  procedures i n  APTD-0576 
w i l l  be acceptable .  

E i ther  b o r o s i l i c a t e  o r  quartz  g l a s s  l i n e r s  may be used f o r  
s t ack  temperatures up t o  about 480'C (900°F), b u t  quartz  g l a s s  
l i n e r s  must be used from 480' t o  900'C (900' t o  1650'F). E i the r  
type of l i n e r  may be used a t  higher  temperatures f o r  s h o r t  times 
per iods,  with adminis t ra tor  approval. However, t he  absolu te  
upper l imits- the so f t en ing  temperatures of 82OoC (1508'F) and 
1500'C (2732'F)--for b o r o s i l i c a t e  and quartz  r e spec t ive ly  must be 
observed. 

Upon rece iv ing  a new probe, t h e  user  should v i s u a l l y  check 
it f o r  s p e c i f i c a t i o n s :  t h a t  i s ,  i s  it t h e  length and composition 
ordered? The probe should be v i s u a l l y  checked f o r  breaks  o r  
cracks,  and it should be checked f o r  leaks on a sampling t r a i n  
(Figure 1.1). This inc ludes  a proper nozzle t o  probe connection 
with a Viton-O-ring Teflon f e r r a l e s  o r  asbestos  s t r i n g .  The 
probe hea t ing  system should be checked a s  follows: 

1. Connect t h e  probe with a nozzle a t tached  t o  t h e  i n l e t  
of  t he  pump. 

2 .  E l e c t r i c a l l y  connect and t u r n  on t h e  probe hea te r  f o r  2 
o r  3 min. The probe should become w a r m  t o  the  touch. 

3 .  S t a r t  t h e  pump and a d j u s t  t h e  needle valve u n t i l  a flow 
ra te  of  about 0.02 m /min (0.75 f t  /min) is achieved. 

4 .  B e  su re  t h e  probe remains warm t o  t h e  touch and t h e  
hea ter  i s  capable of  maintaining t h e  e x i t  a i r  temperature a t  a 
minimum of  100°C (212'F). I f  it cannot, t h e  probe should be 
repa i red ,  re turned  t o  t h e  supp l i e r ,  o r  r e j ec t ed .  

3 3 
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Hose 

Figure 3.2 (continued) 

Caps 

2 

Impactor 
Thimbles 

250 ml 2 I 
500 ml I 1. I 

(continued) 
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R e g u l a r  

Stopcock grease, tube 

Figure 3.2 (continued) 
Quantity 

Standard IAdditional 

1 
1 

~ ~~~ 

Guth bottles 
Acetone 

~~~ 

Spare 
Water 

Kirnwipes 
Knife 
Labels 
Marking pens (sharp, water resistant) 

-~ 
-__I- 

Rubberbands 

Regular - 
Petri dishes, 3 in. 
Pipette bulbs 
Pipettes, 5 ml 

- - ~  
Policemen, Teflon --- 

__- Scissors 
Screwdriver 

Phil 1 ips 

(continued) 
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Tape measure, 8 ft 
Thermometer, mercury, 6 in. pocket  

Figure 3.2 (continued) 
Quantity 

Standard I Additionad 
1 
1 

 assorted I 

Thimble gaskets 
Filter 
Holder 

Assorted * _I 

Tubing 
Rubber, assorted sizes, 3 ft 
Tygon, assorted sizes, 3 ft 

Tweezers 
Wrenches 

Adjustable 
1 I 

Pipe 
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(nonuniform o r  i n s u f f i c i e n t  pumping a c t i o n ) .  Check o i l e r  j a r s ,  
if used, every 10 tes ts .  
3 .1 .5  Dry Gas Meter - A dry gas meter c a l i b r a t i o n  check should 
be made using t h e  procedure i n  Sect ion 3 .4 .2 .  
3 .1 .6  S i l i c a  G e l  - E i t h e r  dry the  used s i l i ca  g e l  a t  175OC 
(350OF) o r  use  f r e s h  s i l i c a  g e l  and weigh seve ra l  200-  t o  300-g 

po r t ions  i n  a i r t i g h t  con ta ine r s  to t h e  nea res t  0 .5  g .  Record t h e  
t o t a l  weight ( s i l i c a  gel p l u s  con ta ine r )  f o r  each con ta ine r .  The 
s i l i c a  g e l  does n o t  have t o  be weighed i f  t h e  moisture c o n t e n t  i s  
not  t o  be determined. 
3 . 1 . 7  Thermometers - The thermometers should be compared t o  the  
mercury-in - g l a s s  r e fe rence  thermometer a t  ambient temperature .  
3.1.8 Barometer - The f i e l d  barometer should  be compared w i t h  
t h e  mercury - i n  -g l a s s  barometer o r  t h e  weather s t a t i o n  r ead ing ,  
a f t e r  making an e l e v a t i o n  co r rec t ion ,  p r i o r  t o  each f i e l d  t r i p .  
3 . 2  Reaqents and Equipment 
3 . 2 . 1  Samplinq 

F i l t e r s  - Check t h e  f i l t e r s  v i s u a l l y  a g a i n s t  l i g h t  f o r  
i r r e g u l a r i t i e s ,  f laws,  and pinhole  l e a k s .  E i t h e r  l a b e l  the  
f i l t e r s  on t h e  backside near  t he  edge using numbering machine 
ink ,  o r  l a b e l  t h e  p e t r i  d i shes  and keep t h e  f i l t e r s  i n  t h e i r  
r e spec t ive  d i s h e s  except  during a c t u a l  sampling and weighing. 

Dessicate  the f i l t e r s  a t  20° k5.6OC (68 '  flO°F) and a t  
ambient p re s su re  f o r  a t  l e a s t  24 h,  and then weigh a t  6-h in -  
t e r v a l s  u n t i l  weight changes of ( 0 . 5  mg from t h e  prev ious  
weighings a r e  achieved. During each weighing, t h e  f i l t e r  must 
n o t  be exposed t o  t h e  labora tory  atmosphere f o r  > 2  min o r  t o  a 

r e l a t i v e  humidity of >50%. An a l t e r n a t i v e  procedure i s  oven 
drying the  f i l t e r s  a t  105OC (220OF) f o r  2 t o  3 h followed by 
des i cca t ion  for 2 h and by weighing to a cons t an t  weight ,  a s  
descr ibed above. A 0.5-9 Class-S s tandard weight (Class-S 
weight wi th in  1 g o f  t h e  f i l t e r  weight) should be placed on the  
a n a l y t i c a l  ba lance  p r i o r  t o  each series of  weighings. E i t h e r  
t he  balance should agree within + 0 . 5  mg o f  t h e  Class-S w e i g h t ( s )  - 
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o r  t h e  ba l ance  should  be c o r r e c t e d .  A d a t a  form should  be k e p t  
wi th  t h e  ba lance  a t  a l l  times f o r  r e c o r d i n g  t h e  d a t e s  and accep t -  
a b i l i t i e s  o f  t h e  ba l ance  checks.  Record t h e  f i n a l  weight  t o  t h e  
nearest 0 . 1  mg. 

Water - 1 0 0  n t l  o f  de ion ized  d i s t i l l e d  water  is needed f o r  
each o f  t h e  f irst  two impingers .  

t h e  

and 
t h e  

- I c e  - Crushed ice is  needed t o  keep t h e  gas  t h a t  e x i t s  i n t o  
l a s t  impinger below 2 1 O C  (70OF) .  

Stopcock qrease - S i l i c o n e  grease t h a t  i s  ace tone  i n s o l u b l e  
h e a t  s t a b l e  may be  used s p a r i n g l y  a t  each  connec t ion  p o i n t  of 
Lampling t r a i n  t o  p r e v e n t  gas l e a k s .  T h i s  is riot n e c e s s a r y  

if screw-on connec to r s  w i t h  Te f lon  ( o r  s imi la r )  s l e e v e s  a r e  u s e d .  
Acetone recovery  - Acetone w i l l  be  r e q u i r e d  on s i t e  f o r  

r i n s i n g  t h e  probe  and t h e  g lassware  t h a t  i s  upstream from t h e  
f i l t e r  ho lde r .  Deionized d i s t i l l e d  wa te r  w i l l  be  r e q u i r e d  if t h e  
impinger s o l u t i o n s  are t o  be recovered  f o r  a n a l y s i s .  
3 . 3  Equipment Packing 

The a c c e s s i b i l i t y ,  c o n d i t i o n ,  and f u n c t i o n i n g  o f  measurement 
dev ices  in t h e  f i e l d  depend on c a r e f u l  packing  and on t h e  c a r e f u l  
movement on s i t e .  Equipment should  be  packed t o  wi ths t and  s e v e r e  
t r e a t m e n t  d u r i n g  sh ipp ing  and f i e l d  hand l ing  o p e r a t i o n s .  One 
major c o n s i d e r a t i o n  i n  sh ipp ing  c a s e s  i s  t h e  c o n s t r u c t i o n  mate- 
r i a l s .  The fo l lowing  c o n t a i n e r s  a r e  sugges ted ,  b u t  a r e  n o t  
mandatory. 
3 . 3 . 1  Probe - Seal t h e  i n l e t  and o u t l e t  o f  t h e  probe t o  p r o t e c t  
t h e  probe from breakage .  Then pack t h e  probe i n s i d e  t h e  con- 
ta iner :  l i n e d  wi th  po lye thy lene  o r  o t h e r  s u i t a b l e  m a t e r i a l .  A n  

i d e a l  c o n t a i n e r  i s  a wooden c a s e  ( o r  t h e  e q u i v a l e n t )  l i n e d  w i t h  
foam m a t e r i a l  w i t h  s e p a r a t e  compartments t o  hold t h e  i n d i v i d u a l  
p robes .  The case should  have handles  o r  eye-hooks t h a t  can wi th -  
s t a n d  h o i s t i n g  and t h a t  w i l l  be  r i g i d  enough t o  p r e v e n t  bending  
o r  t w i s t i n g  d u r i n g  sh ipp ing  and hand l ing ,  
3 . 3 . 2  Impingers,  Connectors ,  and Asso r t ed  Glassware - All 
impingers and g lassware  should  be packed i n  r i g i d  c o n t a i n e r s  
and p r o t e c t e d  by po lye thy lene  o r  o t h e r  s u i t a b l e  m a t e r i a l .  
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Individual compartments for glassware will he lp  to organize and 
protect each piece. 
3 . 3 . 3  Volumetric Glassware - A sturdy case lined with foam 
material can contain drying tubes and assorted volumetric glass- 
ware. 
3.3.4 Meter Box - The meter box--which contains the manometers, 
orifice meter, vacuum gauge, pump, dry gas meter, and thermom- 
eters--should be packed in a shipping container unless its 
housing is sufficient to protect components during travel. 
Additional pump oil should be packed if oi-1 is required. It is 
advisable to carry a spare meter box in case of failure. 
3 . 3 . 5  Wash Bottles and Storage Containers - Storage containers 
and miscellaneous glassware should be packed in a rigid foam- 
lined container. 
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Table 3 . 1  A C T I V I T Y  MATRIX FOR PRESAMPLING OPERATIONS 

Apparatus 

Probe 

Impi ngers , 
f i 1 t e r  
holders,  and 
glass con- 
t a i  ners 

Pump 

Dry gas m e t e r  

Reagents and 
Equipment 

Sampling f i l -  
t e r s  

Acceptance 1 i m i  t s  

1. Probe l i n e r  f r e e  o f  
contaminants and con- 
s t ruc ted  o f  b o r o s i l i -  
cate glass,  quartz,  o r  
equivalent;  metal l i n e r  
must be approved by 
by admin is t ra to r  

2. Probe leak  f r e e  
a t  380 mm (15 i n . )  Hg 

3. Probe heat ing  
system prevents mois- 
t u r e  condensation 

Clean and f r e e  o f  
breaks, cracks, leaks,  
e tc .  

Sampligg r a t e  o f  0.02- 
0.03 m3/min (0.66 t o  
1.0 f t  /min) up t o  380 
mm (15 i n . )  Hg a t  pump 
i n l e t  

Clean and readings 
w i t h i n  kZ% o f  average 
c a l i b r a t i o n  f a c t o r  

Free o f  i r r e g u l a r i t i e s ,  
f laws, p inho le  leaks; 
desiccate 24 h a t  20° 
+5.6OC (68O k 10°F), 
o r  oven dry  a t  105OC 
(22OOF) 2 t o  3 h; 
constant weight kO.1 mg 

Frequency and method 
o f  measurements 

1. Clean probe i n -  
t e r n a l  l y  by brushing 
w i t h  tap water, de- 
ion ized d i s t i l l e d  wa- 
t e r ,  and acetone; a i r  
d ry  before t e s t  

2. V i s u a l l y  check be- 
f o r e  t e s t  

3. Check heat ing 
system i n i  ti a1 1 y and 
when moisture cannot 
be prevented dur ing  
t e s t i n g  (Sec 3.4.1) 

Clean w i t h  detergent, 
tap  water, and 
deionized d i  s t i  11 ed 
water 

Service every 3 mo 
o r  upon e r r a t i c  be- 
hav ior ;  check 
o i l e r  j a r s  every 10 
t e s t s  

Cal i b r a t a  according 
t o  Sec 3.4.2; check 
f o r  excess o i l  

V i s u a l l y  check p r i o r  
t o  tes t i ng ;  weigh on 
balance t o  0 . 1  mg 
p r i o r  t o  f i e l d  use 

Ac t ion  i f  
requirements 
are n o t  met 

1. Repeat clean- 
i n g  and assembly 
procedures 

2. Replace 

3. Repair  or  r e -  
p lace 

Repair o r  d iscard 

~~~~ 

Repair o r  r e t u r n  
t b  manufacturer 

As above 

Rep 1 ace 

(continued) 
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As above As above 

I I 

Table 3 . 1  (cont inued)  

I Action i f  
requirements  
a r e  n o t  m e t  

Frequency and method 
of measurements Apparatus Acceptance limits 

Deionized d i s t i l l e d  
conforming t o  
ASTM-D1193-74, Type 3 

Water Run blank evapora- 
t i o n s  p r i o r  t o  f i e l d  
u s e  t o  e l i m i n a t e  h igh  
s o l i d s  (only required 
i f  impinger c o n t e n t s  
t o  be analyzed)  

R e d i s t i l l  o r  re-  
p l a c e  

Stopcock g r e a s e  Acetone i n s o l u b l e ,  
h e a t  s t a b l e  s i l i c o n e  
g r e a s e  

Replace Check l a b e l  d a t a  upon 
r e c e i p t  

I 

Run b lank  evapora- 
t i o n s  upon r e c e i p t  

Replace o r  r e t u r n  
t o  s u p p l i e r  

Sample recovery Reagent grade ,  (0.001% 
ace tone  r e s i d u e ,  i n  g l a s s  

b o t t l e s  

1 Packing Equip- 
ment f o r  
Shipment 

Probe Rig id  c o n t a i n e r  pro- 
t e c t e d  by polyeth-  
y l e n e  foam 

Repack P r i o r  t o  each sh ip-  
ment 

As above A s  above Impingers,  con- 
t a i n e r s ,  and 
a s s o r t e d  
g lassware  

Rig id  c o n t a i n e r  pro- 
t e c t e d  by yolye th-  
y l e n e  foam 

S t u r d y  case  l i n e d  with 
polye thylene  foam ma- 
t e r i a l  i f  n o t  p a r t  of 
meter box 

Meter box Meter box case  and/or  
a d d i t i o n a l  m a t e r i a l  t o  
p r o t e c t  t r a i n  compon- 
e n t s ;  pack s p a r e  meter 
box 

Rigid  foam-lined con- 
t a i n e r  

Wash b o t t l e s  
and s t o r a g e  
c o n t a i n e r s  

As above A s  above 
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4.0 ON-SITE MEASUREMENTS 
The on-site activities include transporting equipment to the 

test site, unpacking and assembling the equipment, making duct 
measurements, performing the velocity traverse, determining 
molecular weights and stack gas moisture contents, sampling for 
particulates, and recording the data. Table 4.1 at the end of 
this section summarizes the quality assurance activities for on- 
site activities. Blank data forms are in Section 3.4.12 for the 
convenience of the Handbook user. 
4.1 Handling of Equipment 

The most efficient means of transporting or moving the 
equipment from ground level to the sampling site should be de- 
cided during the preliminary site visit (or prior correspon- 
dence). Care should be exercised to prevent damage to the test 
equipment or injury to test personnel during the movinig phase. A 

"laboratory" area should be designated for assembling the sam- 
pling train, placing the filter in the filter holder, charging 
the impingers, recovering the sample, and documenting the re- 
sults; this area should be clean and free of excessive drafts. 
4.2 Samplinq 

The on-site sampling includes preliminary measurements and 
setup, placing the filter in the filter holder, setting up the 
sampling train, preparing the probe, checking for  leaks along the 
entire train, inserting the probe into t he  s tack ,  sealing the 
port, checking the temperature of the probe, sampling at desig- 
nated points, and recording the data. A final leak check must 
always be performed upan completion of the sampling. 
4.2.1 Preliminary Measurements and Setup - The sampling site 
should be selected in accordance with Method 1. If this is 
impossible due to duct configuration or o the r  reasons, the site 
should be approved by the administrator. A 115-V, 30-24 electri- 
cal supply is necessary to operate the standard sampling t r a i n .  
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Ei ther  measure the s t ack  and determine the  minimum number of 
t r ave r se  po in t s  by Method 1, o r  check the t r ave r se  poin ts  deter- 
mined during the preliminary s i t e  v i s i t  (Section 3.0). Record 
a l l  da ta  on the t r a v e r s e  po in t  l oca t ion  form shown i n  Method 1. 
These measurements w i l l  be used t o  loca t e  the p i t o t  tube and the  
sampling probe during preliminary measurements and a c t u a l  sam- 
pl ing .  
4.2.2 Stack Parameters - Check the  sampling s i t e  f o r  cy lonic  OK 

nonparal le l  flow as described i n  Method 1 (Sect ion 3.0). The 
sampling s i te  must be acceptable before a v a l i d  sample can be 
taken. Determine the  stack pressure,  temperature, and the range 
of ve loc i ty  heads encountered (Method 2 ) .  Determine the  moisture 
content using the  approximation Method 4 o r  i t s  a l t e r n a t i v e s  for  
the purpose of s e t t i n g  the i s o k i n e t i c  sampling r a t e .  If  the  
p a r t i c u l a r  source has been tested before  o r  if a good estimate of 
the moisture is available, t h i s  should be s u f f i c i e n t .  The Refer- 
ence Method (Sect ion 3.4.10) uses the condensate co l l ec t ed  during 
sampling t o  determine t h e  moisture content  used i n  f i n a l  calcu- 
l a t i o n s .  If the s t ack  is  sa tu ra t ed  w i t h  moisture or has water 
drople t s ,  t he  moisture content  must  a l s o  be determined by p a r t i a l  
pressure with the  use of a more accurate  s t ack  gas temperature 
sensor (Method 4). 

Determine the dry molecular weight o f  the  s tack  gas ,  as 
required i n  Method 2 .  I f  an in tegra ted  gas sample i s  required, 
follow Method 3 procedures and take the gas sample simultaneously 
with and for t h e  same t o t a l  length of t i m e  a s  the p a r t i c u l a t e  
run. The sampling and t h e  ana ly t i ca l  data  forms f o r  molecular 
weight determinations a r e  i n  Method 3. 

Using the s t ack  parameters obtained by these preliminary 
measurements, t he  user  can set  up the  nomograph as  ou t l ined  i n  
APTD-0576.4 An example nomograph da ta  form i s  Figure 4.1. 

Select a nozzle s i z e  based on the  range of ve loc i ty  heads, 
so t h a t  it is n o t  necessary 
n e t i c  sampling r a t e s  during 

t o  change the size t o  maintain i sok i -  
t h e  run. I n s t a l l  t h e  se l ec t ed  nozzle 
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Plant P A  -2 AJx 

Sampling location do+& & 
Date 7//2 - 7 7 

1 I 1 
Calibrated pressure differential across 

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

Percent moisture in gas stream by volume, % 

orifice, in. H20 

b 
Barometric pressure at meter, in. Hg 

Static pressure in stack, in. Hg 
(Pm&0.073 x stack gauge pressure, in. H20) 

Ratio of static pressure t o  meter.pressure I Ps/pm I I I 
Average stack temperature, OF 

Average velocity head, in. H2! 

M a x i m u m  velocity head, in. H20 

C factor 

Calculated nozzle diameter, in. 

Actual nozzle diameter, in. 

Reference Ap, in. H20 
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using a Vitron A O-ring when either glass or stainless steel 
liners are used. The tester may opt to install the nozzle on a 
stainless steel liner by a leak-free mechanical connection (see 
APTD-0576 for details ) .  Other connecting systems such as Teflon 
ferrules may be used. Mark the probe with heat resistant tape or 
by some other acceptable method to denote the proper distance 
into the stack or duct for each sampling point. 

Select a total sampling time greater than or equal to the 
minimum total sampling time specified in the test procedures for 
the specific industry so that: 

1. The sampling time per point is '2 min (greater time 
interval may be specified by the administrator). 

2. The sample volume corrected to standard conditions 
exceeds the required minimum total gas sample volume. 
The latter can be based on an approximate average sampling rate. 
It is recommended that the number of minutes sampled at each 
point be either an integer or an integer plus one-half minute to 
avoid timekeeping errors. In some circumstances (e.g., batch 
cycles), it may be necessary to sample for shorter times at the 
traverse points and to obtain smaller gas sample volumes. In 
these cases, the administrator's approval must be obtained first. 
4.2.3 Samplinq Train Preparation - During preparation of the 
sampling train, keep all openings where contamination can occur 
covered until just prior to assembly or until sampling commences. 

Place 100 ml of distilled water (a graduated cylinder may be 
used) i n  each of the first two impingers; leave the third im- 
pinger empty; and place - >200-300 g of preweighed silica gel in 
the fourth impinger. Record the weight of the silica gel and the 
container on the appropriate data form. Place the empty con- 
tainer in a safe place for use later in the sample recovery. If 
moisture content is to be determined by impinger analysis, weigh 
each of the f i r s t  three impingers to t h e  nearest 0.5 g, and re- 
cord these weights. 

4 

/ 
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Using a tweezer o r  c l ean  disposable su rg ica l  gloves, p lace  a 
f i l t e r  i n  the  f i l t e r  holder.  Be  s u r e  t h a t  t h e  f i l t e r  i s  properly 
centered and t h a t  t he  gasket  i s  properly placed t o  prevent t he  
sample gas stream from circumventing the  f i l t e r .  Check t h e  
f i l t e r  f o r  t e a r s  a f t e r  t h e  assembly i s  completed. 
4.2.4 Samplinq Train Assemblage - Assemble the  t r a i n  as  shown i n  
Figure 1.1, using ( i f  necessary) a very l i g h t  coa t  of s i l i c o n e  
grease only on t h e  outs ide  of a l l  ground-glass j o i n t s  t o  avoid 
contamination. Place crushed ice and water around t h e  impingers. 

I f  no t  a l ready an i n t e g r a l  p a r t  of t h e  probe assembly, a 
temperature sensor  should be at tached t o  t h e  metal sheath of t h e  
sampling probe so t h a t  t h e  sensor extends beyond t h e  probe t i p  
and does no t  touch any metal. I t s  pos i t i on  should be about 1 . 9  
t o  2.54 c m  (0 .75 t o  1 i n . )  from the  p i t o t  tube and t h e  nozzle t o  
avoid in t e r f e rence  with t h e  gas flow. Al te rna t ive  arrangements 
a re  shown i n  Method 2 .  
4.2.5 Sampling Train Leak Checks - Leak checks a r e  necessary t o  
assure  t h a t  t h e  sample has no t  been biased low by d i l u t i o n  a i r .  
The Reference Method (Sect ion 3.4.10) s p e c i f i e s  t h a t  l eak  checks 
be performed a t  c e r t a i n  times as  discussed below. 

Pretest - A p r e t e s t  l eak  check i s  recommended, bu t  n o t  re- 
quired.  I f  t h e  tester o p t s  t o  conduct t h e  p r e t e s t  l eak  check, 
t h e  following procedure should be used: 

A f t e r  t h e  sampling t r a i n  has been assembled, set  t h e  f i l t e r  
hea t ing  system a t  t h e  des i red  operat ing temperature. Allow t i m e  
f o r  the t empera tu re  t o  s t a b i l i z e .  I f  a VitJcon A O-ring o r  o the r  
l eak - f r ee  gasket  i s  used i n  connecting t h e  probe nozzle t o  t h e  
probe l i n e r ,  l eak  check t h e  t r a i n  a t  t h e  sampling s i t e  by plug- 
ging t h e  nozzle and p u l l i n g  a 380 mm (15 i n . )  Hg vacuum. 
Note: A lower vacuum may be used i f  it i s  no t  exceeded during 
t h e  test .  

If  an asbestos  s t r i n g  i s  used f o r  t h e  probe gasket ,  do no t  
connect t h e  probe t o  t h e  t r a i n  during t h e  leak  check. Ins tead ,  
leak check t h e  t r a i n  by f irst  plugging t h e  i n l e t  t o  t he  f i l t e r  



S e c t i o n  No. 3 . 4 . 4  
Revis ion  N o .  0 
Date J a n u a r y  15,  1 9 8 0  
Page 6 of 19  

h o l d e r  and p u l l i n g  a 380 mm (15 i n . )  Hg vacuum (see p rev ious  
n o t e ) .  Then connec t  t h e  probe t o  t h e  t r a i n  and l e a k  check a t  
abou t  25 im (1 i n .  ) Hg vacuum; a l t e r n a t i v e l y ,  t h e  probe may be 
l e a k  checked w i t h  t h e  rest of t h e  sampling t r a i n  i n  one s t e p  a t  a 
380 nun ( 1 5  i n . )  H g  vacuum. Leakage rates >4% o f  t h e  average 
sampling ra te  o r  0.00057 m3/rnin ( 0 . 0 2  f t  /min) ,  whichever i s  
less , are unaccep tab le .  

The fo l lowing  leak-check i n s t r u c t i o n s  fo r  t h e  sampling t r a i n  
a r e  t a k e n  from APTD-05813 and APTD-0576.' S t a r t  t h e  pump w i t h  
t h e  bypass  v a l v e  f u l l y  open and t h e  c o a r s e  a d j u s t  va lve  c l o s e d .  
Open the c o a r s e  a d j u s t  va lve  and then  s lowly  c l o s e  t h e  bypass 
v a l v e  u n t i l  t h e  d e s i r e d  vacuum i s  reached.  D o  n o t  r e v e r s e  t h e  
d i r e c t i o n  of t h e  bypass va lve ;  t h i s  w i l l  cause  d i s t i l l e d  water t o  
back up from t h e  impingers i n t o  t h e  f i l t e r  h o l d e r .  I f  t h e  de- 
s i r e d  vacuum i s  exceeded, e i t h e r  l e a k  check a t  t h i s  h ighe r  vacuum 
o r  end t h e  l e a k  check a s  desc r ibed  below and s t a r t  ove r .  

When t h e  l e a k  check i s  complete,  f i r s t  s lowly  remove t h e  
p l u g  from t h e  i n l e t  t o  t h e  probe o r  t h e  f i l t e r  h o l d e r  and then  
c l o s e  t h e  c o a r s e  a d j u s t  va lve  and immediately t u r n  o f f  t h e  vacuum 
pump. (Th i s  p r e v e n t s  t h e  water i n  t h e  impingers  from be ing  
f o r c e d  back i n t o  the f i l t e r  holder and p r e v e n t s  t h e  s i l i c a  gel  
from be ing  fo rced  back i n t o  t h e  t h i r d  impinger .  ) V i s u a l l y  check 
t o  be  sure  water d i d  n o t  c o n t a c t  t h e  f i l t e r  and t h a t  t h e  f i l t e r  
has  no tears  b e f o r e  beginning  t h e  t e s t .  

3 

I- 

Durinq t h e  Sampling - I f  a component ( e . g . ,  f i l t e r  assembly 
o r  impinger )  change i s  necessary  du r ing  t h e  sampling run ,  a l e a k  
check should  be conducted be fo re  t h e  change. The l e a k  check 
should  be done accord ing  t o  t h e  procedure o u t l i n e d  above, excep t  
t h a t  it should  be a t  a vacuum equal  t o  o r  greater t h a n  the maxi- 
mum v a l u e  recorded  up t o  t h a t  p o i n t  i n  t h e  t es t .  I f  t h e  leakage  

sampling r a t e  (whichever i s  l e s s ) ,  t h e  r e s u l t s  a r e  a c c e p t a b l e ,  
and no c o r r e c t i o n  need be app l i ed  t o  t h e  t o t a l  volume o f  d r y  gas  
metered. I f ,  however, a h ighe r  leakage  r a t e  i s  o b t a i n e d ,  t h e  

r a t e  i s  <0.00057 m 3/ min ( 0 . 0 2  f t3/min)  o r  4% of  t h e  average 
I 
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tester e i t h e r  should record the  leakage r a t e  and p lan  t o  c o r r e c t  
the sample volume a s  shown i n  Section 6 .3(b)  of t h e  Reference 
Method (Sect ion 3.4.10) ,  o r  should void the  sampling run. Note: 
B e  s u r e  t o  record t h e  dry  gas meter reading before and a f t e r  each 
leak check performed during and a f t e r  each t e s t  run so t h a t  t h e  
sample volume can be cor rec ted .  

P o s t t e s t  - A l eak  check is  mandatory a t  t h e  conclusion of 
each sampling run. The l eak  check should be i n  accordance with 
the procedures i n  t h i s  s ec t ion  and a t  a vacuum equal t o  o r  
g rea t e r  than t h e  maximum value reached during the  sampling run. 
I f  t h e  leakage r a t e  is  - <0.00057 m3/min (0 .02  ft3/min) o r  4% of 
the  average sampling r a t e  (whichever is  less ) ,  t h e  r e s u l t s  a r e  
acceptable,  and no co r rec t ion  need be applied t o  t h e  t o t a l  volume 
of dry gas metered. I f ,  however, a higher leakage r a t e  is ob- 
ta ined ,  t he  tester e i t h e r  should record the leakage r a t e  and 
co r rec t  t h e  sample volume as shown i n  Section 6 .3 (a )  o r  6 . 3 ( b )  of  
the Reference Method (Sect ion 3 .4 .10) ,  o r  should void t h e  sample 
run. Note: Be  s u r e  t o  record the  dry gas meter reading be fo re  
and a f t e r  performing t h e  leak  check s o  t h a t  t h e  sample volume can 
be corrected.  
4 .2 .6  Sampling Train Operation - J u s t  p r i o r  t o  sampling, c l ean  
the  portholes  t o  minimize t h e  chance of sampling deposited mate- 
r i a l .  Verify t h a t  t h e  probe and the  f i l t e r  heat ing systems a r e  
up t o  the  des i r ed  temperatures and t h a t  t h e  p i t o t  tube and t h e  
nozzle are loca ted  properly.  Follow the  procedure below f o r  
3 U s L p L L l L y .  

1. Record t h e  i n i t i a l  dry gas meter readings,  barometric 
pressure,  and o the r  da t a  a s  indicated i n  Figure 4 . 2 .  

2 .  Pos i t i on  t h e  t i p  of the  probe a t  t he  f i r s t  sampling 
poin t  with t h e  nozzle t i p  point ing d i r e c t l y  i n t o  t h e  gas stream. 
When i n  pos i t i on ,  block o f f  t he  open area around t h e  probe and 
the porthole  t o  prevent  flow disturbances and unrepresenta t ive  
d i l u t i o n  of t h e  gas stream. 



4
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3 .  Turn on the pump and immediately adjust the sample flow 
to attain isokinetic conditions. Nomographs , calculator pto- 
grams, and routines are available to aid in the rapid determina- 
tion of  the orifice pressure drop corresponding to the isokinetic 
sampling rate. If the nomograph is designed as shown in 
APTD-0576,4 it can be used only with an Type S pitot tube which 
has a C coefficient of 0.85 f 0.02 and when the stack gas dry 
molecular weight (Ms) is 29 f 4. and Ms are outside these 
ranges, do not use the nomograph without compensating for the 
differences. Recalibrate isokinetic rate or reset nomograph if 
the absolute stack temperature (Ts) changes more than 10%. 

4. Take other readings required by Figure 4.2 at least 
once at each sampling point during each time increment. 

5. Record the dry gas meter readings at the end of each 
time increment. 

6. 

7. Turn o f f  the pump, remove the probe from the stack, and 
record the final readings after each traverse. 

8. Conduct the mandatory posttest leak check (Subsec- 
tion 4.2.5) at the conclusion of the last traverse. Record any 
leakage rate. Also, leak check the pitot lines (Method 2, Sec- 
tion 2.1); the lines must pass this leak check to validate the 
velocity pressure data. 

9. Disconnect the probe, and then cap the nozzle and the 
end of the probe with polyethylene or equivalent caps. 

During the test run, a sampling rate of i t lo% of the isoki- 
netic rate must be maintained unless otherwise specified by the 
administrator. The sampling rate must be adjusted at any sam- 
pling point if a 20% variation in velocity pressure occurs. 

Periodically during the test, observe the connecting glass- 
ware--from the probe, through the filter, to the first impinger-- 
for water condensation. If any is evident, adjust the probe 
and/or filter heater setting upward until the condensation is 
eliminated; add ice around the impingers to maintain the silica 
gel e x i t  temperature at 2OoC ( 6 8 O F ) .  

P 
If C P 

Repeat steps 3 through 5 for each sampling point. 
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The manometer l e v e l  and ze ro  should a l s o  be checked p e r i o d i -  
c a l l y  d u r i n g  each  traverse. Vib ra t ions  and tempera ture  f l u c t u a -  
t i o n s  can cause  t h e  manometer zero  t o  s h i f t .  
4 . 3  Sample Recovery 

The Reference  Method (Sec t ion  3 -4.10 ) r e q u i r e s  t h a t  t h e  
sample be r ecove red  from t h e  probe, from a l l  g l a s sware  p reced ing  
t h e  f i l t e r ,  from t h e  f r o n t  h a l f  of t h e  f i l t e r  h o l d e r ,  and from 
t h e  f i l t e r  i n  an a r e a  s h e l t e r e d  from wind and d u s t  t o  p r e v e n t  
contaminat ion  o f  t h e  sample. The capped-off impinger box and 
t h e  capped sampling probe  can be t r a n s p o r t e d  t o  t h e  c l eanup  a r e a  
wi thou t  r i s k  o f  l o s i n g  o r  contaminat ing t h e  sample. 
4 . 3 . 1  F i l t e r  - I n i t i a l l y  t a k e  t h r e e  unused f i l t e r s  f o r  each 
f i e l d  t e s t  series and l a b e l  them as f i l t e r  b l anks .  (These t h r e e  
should  have been t a r e d  when t h e  sample f i l t e r s  were t a r e d ,  s i n c e  
t h e y  are used as t h e  c o n t r o l  samples f o r  t h e  check on t h e  a n a l y t -  
i c a l  b a l a n c e . )  The f i l t e r  used f o r  t h e  sample run  s h o u l d  be 
recovered .  Using a p a i r  o f  tweezers and/or c l e a n  d i s p o s a b l e  
s u r g i c a l  type g l o v e s ,  c a r e f u l l y  remove t h e  f i l t e r  froin t h e  f i l t e r  
h o l d e r ,  and p l a c e  it i n  i t s  des igna ted  p e t r i  d i s h .  Any f i l t e r  
f ibers  o r  p a r t i c u l a t e s  which adhere t o  t h e  f i l t e r  g a s k e t  should  
be removed w i t h  a nylon  b r i s t l e  brush  o r  a sha rp  b l a d e  and p l aced  
i n  t h e  c o n t a i n e r ,  which should then  be c l o s e d ,  s e a l e d ,  and 
l a b e l e d .  
4.3.2 Probe and Connect ing Glassware - I n i t i a l l y ,  p u t  a minimum 
of  2 0 0  m l  of t h e  ace tone  used f o r  sample recovery  i n  a sample 
b o t t l e ,  mark t h e  l i q u i d  l e v e l ,  s e a l ,  and l a b e l  t h e  b o t t l e  
( F i g u r e  4 . 3 ) .  Then e n t e r  t h e  b o t t l e  number on t h e  sample re- 
covery and i n t e g r i t y  form (Figure  4 . 4 ) .  A s i n g l e  sample b o t t l e  
i s  u s u a l l y  adequate  f o r  t h e  c o l l e c t i o n  o f  a l l  t h e  r i n s e s ;  it 
should  be l a b e l e d  and recorded i n  t h e  same manner as t h e  b lank  
sample. 

Clean the o u t s i d e  o f  t h e  probe, the p i t o t  t u b e ,  and t h e  

nozz le  t o  p r e v e n t  p a r t i c u l a t e s  from be ing  brushed i n t o  t h e  
sample b o t t l e .  C a r e f u l l y  remove t h e  probe nozz le ,  and r i n s e  t h e  
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Plant acme. ; b o ~ ~ 3 l a r \ r t  City G ~ ~ ~ N S D L U N ,  U I ~ C O N S ~  
Site I b i l e r  ou+tet Sample type AceSotve R I ' tvse 

Date 7-28-  78 Run number PPP-/  
Front rinsem Front filter0 Front solution0 

Back rinse 0 Back filter 0 Back solution 0 

Solution A C ~ $ O / I I ~ .  Level marked ye,? ; 
x Volume: Initial /OD m/ Final 100 -/ 2 
E 

7. P /ad 2 Clean up by 

Figure 4.3. Example of a sample label. 

inside surface (using a nylon bristle brush and several acetone 
rinses) into the sample bottle until no particles are visible in 
the rinse. Clean the swagelok fitting by the same procedure. 

The following probe rinsing procedure should be performed by 
two people to preclude sample loss. 

Rinse the probe liner by tilting and rotating the probe 
while squirting acetone into the upper (or nozzle) end to assure 
complete wetting of the inside surface. 

2. Allow the acetone to drain into the sample bottle using 
a funnel to prevent spillage. 

3. Hold the probe in an inclined position and squirt 
acetone into the upper end while pushing the probe brush through 
the liner with a twisting motion, and catch the drainage in the 
sample bottle. Repeat the brushing procedure three or more times 
(six or more when metal probe liners are used) until no particles 
are visible in the drainage or until a visual inspection of the 
liner reveals none remaining inside. 

4. Rinse the liner once more. 

1. 
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P lan t  /v7 Sample date  7-aB-7  7 
Sample loca t ion  ,&//zk / q u r ~ c 7  Run number ,QH -/ 

F i l t e r ( s )  number 1 3  0 0 7  

Sample recovery person CL&&& Recovery da te  7/26-79 

MOISTURE 
Impingers s i l i c a  qel 

Final volume ( w t )  27s m l  (9) Final w t  2/0 g 9 
I n i t i a l  volume ( w t )  2 0 0  m l  (9) I n i t i a l  w t  200 g 

N e t  volume ( w t )  7s- m l  ( 9 )  N e t  w t  / u  4 g 
4 

Total  moisture 2 s  9 
Color of s i l i c a  ge l  Y# spr/v7 
Description of impinger water s.,'qb f / v  c outfG9 - 

/ 

RECOVERED SAMPLE 

-+=--- Blank f i l t e r  container  number 23006 Sealed? 

F i l t e r  container  number 23087C Sealed? w z s  , 
Description of pa r t i cu la t e  on f i l t e r  L,9/4+ S k  EY 

Acetone r i n s e  Liquid l eve l  

Acetone blank Liquid level 
container  number 2 2  6 4  0 marked? 
Samples s tored  and locked? 
Remarks 

container  number 32007 marked? /A 2--r 

/ 

-4"LI- 

Date of laboratory custody 7-29-77 
Laboratory personnel taking custody 
Remarks 

Figure 4 .4  Sample recovery and i n t e g r i t y  data form. 
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5. Rinse the brush to collect any particulates which may 

6. Wipe all the connecting joints clean of silicone 
grease, and clean the inside of the front half of the filter 
holder by rubbing the surface with a nylon bristle brush and 
rinsing it with acetone. Repeat the procedure at least three 
times or until no particles are evident in the rinse. 

7 . 7  Make a final rinse of the filter holder and brush. 
8. Clean any connecting glassware which precedes the 

filter holder, using step 6. 
After all the rinsings have been collected, tighten the lid 

on the sample bottle securely. As a precaution in case of leak- 
age, mark the acetone level on the bottle, and note it on the 
sample recovery form (Figure 4.4). 
4.3.3 Impinger Water - Make a notation on the sample recovery 
form (Figure 4.4) of any color or film in the impinger water. 
Determine the liquid quantity in the impingers either by mea- 
suring the volume to the nearest l ml with a graduated cylinder 
or by weighing it to the nearest 0.5 g with a balance. Record 
the data appropriately on the same sample recovery form. If a 
different type of condenser is used, determine the liquid catch 
gravimetrically or volumetrically employing a suitable procedure. 

After determining the liquid gain, discard the water unless 
it is to be further analyzed. In this case, follow the sample 
recovery procedures recommended by t h e  control agency requiring 
the analysis. 
4.3.4 Silica Gel - Note the color of the indicating silica gel 
to determine whether it has been completely spent, and make a 
notation of its condition on Figure 4.4. 

1. Transfer the silica gel from the fourth impinger to its 
original container using a funnel and a rubber policeman, and 
seal the container. It is not necessary to remove the small 
amount of dust particles that may adhere to the impinger wall; 
since the weight gain is used for moisture calculations, do not 
use  water or other liquids to transfer the silica gel. 

be retained within the bristles. 
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2 .  Determine the  f i n a l  weight gain t o  the  nea res t  0 .5  g,  
if a balance i s  a v a i l a b l e . .  
4.4 Sample Logis t ics  (Data) and Packing of  Equipment 

Follow t h e  above procedures u n t i l  t h e  required number of 
runs are completed. Log a l l  da ta  on t h e  sample recovery form 
(Figure 4.4). I f  t h e  probe and glassware (impinger, f i l t e r  
holder ,  and connectors) a r e  t o  be used i n  the  next  t e s t ,  r i n s e  
a l l  with d i s t i l l e d  deionized water and then acetone. The follow- 
ing  are recommended a f t e r  t h e  test .  

1. Check a l l  sample containers  f o r  proper l abe l ing  ( t i m e ,  
date, and loca t ion  of t e s t s ,  number of t e s t s ,  and any o ther  
p e r t i n e n t  d a t a ) .  Be su re  a blank has been taken and labe led .  

2 .  Record a l l  da t a  taken during t h e  f i e l d  t es t  i n  dupl i -  
c a t e  by using e i t h e r  carbon paper o r  da ta  forms and a f i e l d  
laboratory notebook. Avoid t h e  use of water so luble  pens. One 
set of data  should be mailed t o  the base laboratory,  given t o  
another team member,  o r  given t o  t h e  agency; t h e  o the r  se t  should 
be handcarried. Duplication can prevent c o s t l y  embarrassing m i s -  
t akes .  

3 .  Examine a l l  sample and blank containers  and sampling 
equipment f o r  damage and f o r  proper packing f o r  shipment t o  the  
base laboratory.  Label a l l  shipping containers  t o  prevent loss  
of samples o r  equipment. 

4.  A quick check of sampling and sample recovery proce- 
dures can be made using t h e  on-s i te  c h e c k l i s t ,  Figure 4.5.  
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Apparatus 

Probe nozzle: stainless steel / glass 
Button-hook J elbow size 
Clean? 

Probe liner: borosilicate ,/ quartz &her 
Clean? 
Heating system* 
Checked? 

Properly attached to probe?* 
Modifications 
Pitot tube coefficient 

Differential pressure gauge: two inclined manometers / 
other sensitivity 0.01 - o SO / 

Filter holder: borosilicate glass J glass frit .I - 

-- - 

Pitot tube: Type S J other 
- 

filter support silicone gasket other 
Clean? I /  

Clean? d 
Contents: 1st /ood  HsO 2nd 160 m l  lfAO 3rd 
Cooling system ice / u + e r  - 
Proper connections? 
Modifications M/,, 

Condenser: number of impingers SSd. 

4th &ticla eel 

PI 

Barometer: mercury aneroid - J other 
Gas density determination: temperature sensor type - 

pressure gauge doitv. - U - f u b e  rsizum&er 
temperature sensor properly attached to probe?* / 

Procedure 

Recent calibration: pitot tubes* 
meter box* / thermom 

Filters cheeked visually for irregularities?* 
Filters properly labeled?" ues 

Nozzle size properly selected?" 
Selection of sampling time? 
All openings to sampling trai gged to prevent pretest con- 

Lees 
Sampling site properly selected? .a,--- 

tamination? HeS I Impingers properly-assembled? 2- 
Filter properly centered? k P.t 
Pitot tube lines checked for p'lugging or leaks?* 
Meter box leveled? 4 es Periodically?" 4 es 
Manometers zeroed? u @S 

Yes 

Figure  4.5 On-site measurements. 

(continued) 
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Figure 4.5 (cont inued)  

AH@ from most r e c e n t  c a l i b r a t i o n  / a  90 
Nomograph se tup  proper 1 y ? 
C a r e  taken t o  avoid scraping nipple  o r  stack wall?* Yes 
Effec t ive  s e a l  around probe when in-stack? Yes 
Probe moved a t  proper t i m e ?  
Nozzle and p i t o t  tube p a r a l l e l  t o  s tack  wall a t  a l l  times?* ye5 

Yes 

Yes 
F i l t e r  changed during run? 
Any p a r t i c u l a t e  l o s t ?  No 

Data forms complete and da ta  properly recorded?* Y c r  
Nomograph s e t t i n g  changed when s tack  temp changed s i g n i f i c a n t l y ?  

Velocity pressure  and o r i f i c e  pressure readings recorded 
Yes 

accurately?* Yes 

Orsat  ana lys i s  ve.q from s tack  i n t e g r a t e d  J 

volume metered 8 /  ft 3 

99 5% 

P o s t t e s t  leak check performed?* Ye 5 ( mandatory ) 
Leakage r a t e  0. a/ @ i n .  Hg 1 5  I>. 

F y r i t e  combustion ana lys i s  sample loca t ion  
Bag system leakchecked?* VET 
I f  da t a  forms cannot be copied, record: 

approximate s t a c k  temp 3/7”F 
% i s o k i n e t i c  c a l c u l a t e d  at end of each run 

SAMPLE RECOVERY 

Brushes: nylon b r i s t l e  Yes other  

Wash b o t t l e s :  g l a s s  Ye .c 

Storage con ta ine r s -  b o r o s i l i c a t e  g l a s s  o t h e r  

P e t r i  dishes:  g l a s s  $Jp,s polyethylene o the r  

Graduated cyl inder/or  balance: subdivisions - ( 2  ml?* Yks 

P l a s t i c  s torage  c o n t a i ~ e r s :  a i r t i g h t ?  “es 

Clean? Yes 

Clean? yes 
Clean? ye5 - Leakfree? $Jes 

Clean? Yes 

other  
Balance: type  Sr/b/e beam 

C 1 e an? Yes 
Probe allowed t o  cool  s u f f i c i e n t l y ?  Yes a5 w {N ) 
Cap placed oyer nozzle t i p  t o  prevent loss of p a r t i c u l a t e ? *  

During sampling t r a i n  disassembly, a r e  all openings capped? YeS 
Clean-up area  desc r ip t ion :  Power PIdN 

F i l t e r s :  g l a s s  f i b e r  yes tme 
S i l i c a  ge l :  type ( 6  t o  1 6  mesh)? new? used? 
Color? b h e  Condition? qood 

(cont inued)  
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Figure 4.5 (cont inued)  

F i l t e r  handling: tweezers used? 

Water d i s t i l l e d ?  Yes 
Stopcock grease: acetone-insoluble? Yes 

Probe handling: acetone r i n s e  Yes 

P a r t i c u l a t e  recovery from: probe nozzle Yes 

Blank: acetone yes d i s t i l l e d  water  
Any v i s i b l e  p a r t i c l e s  on f i l t e r  ho lder  i n s i d e  probe?:* 

s u r g i c a l  gloves? o the r  
Any p a r t i c u l a t e  s p i l l e d ? "  ND 

hea t - s t ab le  s i l i c o n e ?  o the r  

d i s t i l l e d  water r i n s e  

probe f i t t i n g  probe l i n e r  yes 
f r o n t  ha l f  of f i l t e r  ho lder  4P.C 

t'es 
NO 

All j a r s  adequately labe led?  Vp.? Sealed t i g h t l y ?  ypc 
Liquid  l eve l  marked on jars?* 
Locked up? Ye S 

VP S 

Acetone reagent :  <0.001% res idue?  di l l  be phccked  d lab d& ~9 ZuaI srs. 
glass b o t t l e s  Yes ( reqBired? 
acetone blanks? Yes 

*Most significant items/garameters t o  be checked. 



Sect ion No. 3.4.4 
Revision No. 0 
Date January 15, 1980 
Page 18 of 19 

T a b l e  4.1 ACTIVITY MATRIX FOR ON-SITE MEASUREMENT CHECKS 

Ap p a r a t us 

S amp 1 i ng 

F i l t e r  

Condenser 
(addi t ion  of  
reagents)  

Assembling 
sampling 
t r a i n  

Sampling 
(is0 kine t i- 
c a l l y )  

Acceptance l i m i t s  

Centered i n  holder ;  no 
breaks,  damage, o r  con- 
taminat ion during load- 
ing  

100 m l  of d i s t i l l e d  
water i n  f i r s t  two 
impingers;  200-300 g of 
s i l i c a  g e l  i n  fou r th  
impinge r 

1. Assembly spec i f i ca -  
t i o n s  i n  F ig  1.1 

2.  Leak ga te  (4% o r  
0.90057 m /min (0.02 
f t  /min), whichever i s  
less 

1. Within 210% of  
i s o k i n e t i c  condi t ion 

2 .  Standard checked 
f o r  minimum sampling 
t i m e  and volume; Sam- 
p l i n g  t ime/point  - >2 min 

3 .  Minimum number of 
po in t s  spec i f i ed  by 
Method 1 

4 .  Leakag5 r a t e  
- <0300057 m /min (0.02 
f t  /min) o r  4% of the  
average sampling vol-  
ume, whichever i s  less 

Frequency and method 
of measurements 

Use tweezers o r  surg- 
i c a l  gloves t o  load 

Use graduated cy l inder  
t o  add water, o r  weigh 
each impinger and i t s  
contents  t o  t h e  near- 
e s t  0.5 g 

1. Before each sam- 
p l ing  run 

2. Leak check before  
sampling by plugging 
the  nozzle  o r  i n l e t  
t o  f i r s t  impinger and 
by p u l l i n g  a vacuum of 
380 mm (15 i n . )  Hg 

1. Calculate  f o r  
each sample run 

2 .  Make a quick c a l -  
cu la t ion  before  t e s t ,  
and exact  c a l c u l a t i o n  
a f t e r  

3 .  Check before  the  
f i r s t  t e s t  run by mea- 
sur ing  duct  and using 
Method 1 

4 .  Leak check a f t e r  
each t e s t  run o r  be- '  
f o re  equipment re- 
placement during t e s t  
a t  t he  maximum vacuum 
during the  t e s t  (man- 
da to ry )  

l c t i o n  i f  
requirements 
3re not  met 

l i s c a r d  f i l t e r ,  
md reload 

Reassemble system 

1. Reassemble 

2 .  Correct t h e  
leak  

1. Repeat t h e  
t e s t  run 

2 .  As above 

3 .  Repeat t he  
procedure t o  com- 
p l y  with s p e c i f i -  
ca t ions  of Method 1 

4 .  Correct  the 
sample volume, o r  
r epea t  the  Sam- 
p 1 ing  

(continued) 
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Table 4.1 (continued) 

Ap p a r a t u s 

Sample recovery 

Sample 
l o g i s t i c s ,  
da ta  co l lec-  
t i o n ,  and 
packing o f  
equipment 

Acceptance l imits 

Noncontaminated sample 

1. A l l  da t a  recorded 
c o r r e c t l y  

2 .  A l l  equipment exam- 
ined f o r  damage and 
labe led  f o r  shipment 

3. A l l  sample contain- 
ers and blanks properly 
labe led  and packaged 

Frequency and method 
of measurements 

Transfer  sample t o  
labeled polyethylene 
containers  a f t e r  
each t e s t  run; mark 
l e v e l  of so lu t ion  i n  
the  container  

1. After  completion 
of each t e s t  and be- 
fo re  packing 

2. A s  above 

3. Visual ly  check 
upon completion of 
each sampling 

Action i f  
requirements 
a r e  not  m e t  

Repeat t h e  
sampling 

1. Complete data  

2.  Repeat t h e  
sampling i f  
damage occurred 
during t h e  tes t  

3. Correc t  when 
poss ib l e  
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5.0 POSTSAMPLING OPERATIONS 
Table 5.1 at the end of this section summarizes the quality 

assurance activities for the gostsampling operations. 
5.1 Apparatus Checks 

Posttest checks will have to be made on most of the sampling 
apparatus. These checks will include three calibration runs at a 
single orifice meter setting; cleaning; and/or routine mainte- 
nance. Cleaning and maintenance are discussed in Section 3.4.7 
and in APTD -0576.' Figure 5.1 should be used to record the 
posttest checks. 
5.1.1 Metering System - The metering system has two components 
that must be checked-the dry gas meter and the dry gas meter 
thermometer ( s ) . 

The dry gas meter thermometer(s) should be compared with the 
ASTM mercury -in -glass thermometer at room temperature. If the 
two readings agree within 6OC (10.$OF), they are acceptable; if 
not, the thermometer must be recalibrated according to Subsec- 
tion 2.2 of: Section 3.4.2 after the posttest check of the dry gas 
meter. For calculations, use the dry gas meter thermometer 
readings (field or recalibration values) t ha t  would give the 
higher temperatures. That is, if the field readings are higher, 
no correction is necessary, but if the recalibration value is 
higher, add the difference in the two readings to the average d r y  
gas meter temperature reading. 

The posttest check of the dry gas metes is described in Sec- 
tion 3.4.2. The metering system should not have any leaks that 
were corrected prior to the posttest check. If the dry gas meter 
calibration factor (Y) deviates by (5% from the initial calibra- 
tion factor, the dry gas meter volumes obtained during the test 
series are acceptable. If Y deviates by >5%,  recalibrate the 
metering system (Section 3.4.2). For the calculations, use the 
calibration factor (initial or recalibration) that yields the 
lower gas volume for each test run. - 
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Plant /8c*ficP$-wq fM Calibrated by 

Meter box number F a - /  Date 7 ! 3 / J 7 9  

Dry Gas Meter 

Pretest calibration factor, Y 

Recalibration required? Yes 
0 *cis6 

Posttest check, Y* 0 ,  987 (within 25% 

Lower calibration factor, Y 0,986 for calculations 
If yes, recalibration factor, Y 

(within f2%) 
of pretest) 
&+-- no 

(within f2%) 
(pretest or 

pos ttes t ) 

Dry Gas Meter Thermometers - 
Was a pretest temperature correction used? Yes /no 

(within f3OC (5 . - m v e r  

Posttest comparison with mercury-in-glass thermometer?* (within 
Recalibration required? Yes w no 
Recalibration temperature c o r r e r  (within f3OC 

If yes, temperature correction 
range ) 

f6OC (10.8OF) at ambient temperature) 

(5.4'~) over range)" 
If yes, no correction necessary for calculations if meter 
thermometer temperature 15 higher; if calibration temperature 
is hicrher, add correction to average meter temperature for 
calcuiations 

Stack Temperature Sensor 
Was a pretest temperature correction used? yes - no 

Temperature of ref 

If yes, temperature correction 
readings in K ( O R )  over range) 

tion K O  (within *lo% of T ) 

OC ( O F )  (within f1.5% of 

Average stack temperature of compliance test, T 

Temperatur:?? st amermometer for recafibratian dV&K @ 
Difference between reference and stack thennometer temperatures, 

e thermometer or solutioff for 

AT 0 K (OR) 

If yes, no correction necessary for calculatlons 
If no, calculations must be done twice--once with the recorded 
values and once with the average stack-temperature corrected to 
correspond to the reference temperature d i f f e r e n t i a l  (AT ) both 
final result values must be reported since there is no wsy to 
determine which is correct 

no Do v8lues agree within f1.5%?* Yes 

Figure 5.1 Posttest calibration checks. 

(continued) 
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Figure 5.1 (continued) 

Barometer 

no 
Posttest comparison?* 2-m (in.) Hg (f2.5 mm (0.1 in.) Hg) 

Yes // no Was calibration required? 
If yes, no correction necessary for calculations when the field 
barometer has a lower reading; if the mercury-in-glass reading 
is lower, subtract the difference from the field data readings 
for the calculation 

Was the pretest field barometer reading correct? L&S _I 

*Most significant items/parameters to be checked. 
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5 .1 .2  Stack Temperature Sensors - The s tack  temperature sensor  
readings should be compared with t h e  reference thermometer read- 
ings.  

For thermocouple(s),  compare the thermocouple and reference 
thermometer va lues  a t  ambient temperature. If t h e  values  agree 
within f1.5% of  t h e  absolute  temperature, t h e  c a l i b r a t i o n  i s  con- 
sidered v a l i d .  If the values do not  agree within kl.S%, r e c a l l -  
b r a t e  t h e  thermocouple a s  described i n  Section 3.4.2 t o  determine 
t h e  d i f f e rence  (ATs) a t  t he  average s tack  temperature ( T s ) .  
Note: T h i s  comparison may be done i n  t h e  f i e l d  immediately f o l -  
lowing the tests. 

For thermometers, compare the  reference thermometer ( 1 ) a t  
ambient temperatures f o r  average s tack temperature below 100°C 
(212OF),  ( 2 )  i n  b o i l i n g  water f o r  s tack temperatures from 100°C 
t o  2OO0C, and (3) i n  a bo i l ing  l i q u i d  with t h e  b o i l i n g  p o i n t  
above 2 O O O C  for s t ack  temperature between 2 0 O O C  t o  405OC.  For 
s t ack  temperatures above 4 0 5 O C  compare the s tack  thermometer w i t h  
a thermocouple a t  a temperature within &lo% of the  average stack 
temperature. I f  t h e  absolute values agree within &l.5% t h e  cali-  
b ra t ion  is  considered va l id .  I f  no t ,  determine the  e r r o r  (ATs) 
t o  c o r r e c t  t h e  average s t ack  temperature. 
5.1.3 Barometer - The f i e l d  barometer should be compared t o  the  
mercury-in-glass barometer. I f  t h e  readings agree wi th in  25 mm 
(0 .2  i n . )  H g ,  the f i e l d  readings a re  acceptable; i f  no t ,  use  the  
lesser c a l i b r a t i o n  value f o r  t h e  ca lcu la t ions .  I f  t h e  f i e l d  
barometer reads lower than the  mercury-in-glass barometer, t h e  
f i e l d  da ta  a r e  acceptable.  I f  the mercury-in-glass barometer 
gives  the  lower reading, u s e  t h e  difference i n  t h e  two readings 
( the adjusted barometric value) i n  t h e  ca l cu la t ions .  
5.2 Analysis (Base Laboratory) 

The a n a l y t i c a l  procedures cons i s t  of evaporations and 
weighings. Although both types of procedures a r e  r e l a t i v e l y  
simple, it is essential t h a t  sample handling be minimized and be 
done c a r e f u l l y  t o  avoid loss and contamination. 
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For these  procedures , t h e  term "constant  weight" means 
e i t h e r  a d i f f e r e n c e  between two consecut ive weighings of - < O .  5 mg 
o r  1% i n  t h e  t o t a l  weight less t h e  t a r e  weight (whichever is  
greater) with a minimum of 6 h of des i cca t ion  between weighings. 
Class-S s tandard  weights should be used t o  check t h e  balance 
before  each series of weighings and these  weights should be re- 
corded on t h e  a n a l y t i c a l  balance c a l i b r a t i o n  form (Figure  5 . 2 ) .  
The balance r e s u l t s  should agree wi th in  f 2  m g  of t h e  Class-S 
weights. 

Acetone evaporat ions should be performed a t  ambient tempera- 
t u r e  and p res su re .  However, they may be performed a t  e leva ted  
temperatures with c l o s e  superv is ion  i f  t he  following precaut ions  
are observed: 

1. Acetone i s  h igh ly  flammable and has a low f l a s h p o i n t ,  
1 5 ' C  (59 'F) ;  t h e r e f o r e ,  adequate v e n t i l a t i o n  i s  e s s e n t i a l  t o  
prevent  vapor concent ra t ion  around t h e  h e a t  source.  

2 .  The temperature must  be below t h e  b o i l i n g  p o i n t  of 
acetone, approximately 5G°C ( 1 3 3 ' F ) ,  t o  prevent  'fbumpingll. 

3 .  The acetone s o l u t i o n  must be swir led  occas iona l ly  t o  
maintain an even temperature.  
5.2.1 F i l t e r  - Leave t h e  f i l t e r  i n  t h e  p e t r i  d i sh  o r  t r a n s f e r  
t h e  f i l t e r  and any loose  p a r t i c u l a t e  mat te r  t o  a t a r e d  weighing 
d i s h  and d e s i c c a t e  f o r  a minimum of 24 h.  Weigh the  f i l t e r  t o  a 
cons tan t  weight and record t h e  r e s u l t s  t o  t h e  nea res t  0 . 1  mg on 
t h e  a n a l y t i c a l  da t a  form, Figure 5 .3 .  

A l t e rna t ive ly ,  t h e  sample f i l t e r  may be oven d r i ed  a t  1 0 5 ° C  

(220 'F)  f o r  2 to 3 h ,  allowed t o  coo l  i n  a des i cca to r  and then 
weighed t o  a cons t an t  weight.  T rea t  t h e  blank f i l t e r  in t h e  same 
manner a s  the  sample f i l t e r .  The average f i n a l  weight of t h e  
blank f i l t e r s  should be wi th in  f 5  mg of  t he  i n i t i a l  t a r e  weight 
o r  2% of the sample weight,  whichever i s  g r e a t e r .  I f  t h e  above 
l i m i t  i s  no t  met, complete t h e  ana lys i s  and c a l c u l a t i o n  using the 
s tandard procedures and make a note  i n  the  t e s t  r e p o r t  of t h e  
nonagreement. The blank f i l t e r  may be used i n  a l a t e r  t e s t ,  s o  
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## d . d  Number / 4  7 d L ’  Balance name 

Classification of standard weights S - 
Date 0.500 g 

0 , 5 0 1  

1.0000 g 10.0000 g 

/o. 0003 
50.0000 g 

3-0. OOOI 

~~ 

100.0000 g 

/UO .0003 
Analyst 

Figure  5 .2  Analytical balance calibration form. 
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~~~ ~~ 

Sample I identifiable 
Sample 
t m e  

Plant && Run number @f-'/ 
Sample location&[M / ~ z c f f ~  
Relative humidity mz 
Density of acetone (pa) (J,790x g/ml 

Liquid level marked 
and/or container sealed 

J 

J 
(P 
P 

Acetone rinse 
filter( s )  

Acetone rinse container number zzo07- 
Acetone rinse volume (Vaw) 9 0  ml 
Acetone blank residue concentration (C,) J,O(lp mg/g 

= (0,009 1 (590 1 (0,770.89 = 4 / 9 9  mg wa - 'a 'aw Pa 
Date and time of wt 7-30-7x a q'o&,,, Gross wt /0@00,5 mg 
Date and time of wt Y - Z  --?x . ,  ' 9' /Sh Gross wt /o#On. 5 mg 

Average gross wt / G 4 9 f 7 0 , 5  mg 
Tare wt 104% p0.D mg 

- 

I 

Less acetone blank wt (Wa) 4, / / 9  mg 
Weight of particulate in acetone rinse (ma) -$/ mg 

Filter(s) container number -72OfiZc 
Date and time of wt 7- 50-33 I 9: 6- Gross wt 5390 mg 
Date and time of wt y- / -7x /o.i /5.4 Gross wt 5 x 0  mg 

Tare wt 4 / 9 .  % m9 

Weight of particulate in acetone rinse 606. %/ m9 

/ 

1 
Average gross wt 5 3 , O  mg 

Weight of particulate on filter(s) (m,) //?, 6 mg 

Total weight of particulate (m,) 725-981 mg 

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

Remarks 

Signature of analyst c&u/ 
Signature of reviewe 

Figure 5.3 Sample analytical data form. 
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record the blank filter weight on the blank analysis form, 
Figure 5.4. To aid the reviewer or the analyst in the filter 
weighing procedures, the analytical steps are summarized in 
Figure 5.5. 
5.2.2 Acetone Rinse and Acetone Blank - Initially, confirm that 
no leakage has occurred during transportation of the sample. If 
a noticeable amount of leakage has occurred, either void the 
sample or use methods approved by the administrator to correct 
the final results. Measure the contents in the container either 
volumetrically to the nearest 1 ml or gravimetrically to the 
nearest 0.5 g. Transfer the contents to a tared 250-ml beaker. 
Evaporate to dryness and then desiccate for a minimum of 24 h. 
Weigh to a constant weight and record the data to the nearest 
0.1 mg on the analytical data form (Figure 5 . 3 ) ;  record the data 
for the acetone blank on a separate form, (Figure 5.4). To aid 
the reviewer or the analyst in the acetone rinse weighing proce- 
dures, the analytical steps are summarized in Figure 5.6. 
5.2.3 Silica Gel - If not completed in the field, weigh the used 
silica gel to the nearest 0.5 g, and record the data on the 
sample recovery form (Figure 4.4). 
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Plant A-LM~ y&w - p(ayl 4 
sample location sl/w / fid//d 
Relative humidity % 
Liquid level marked and container sealed 

Blank volume (Va) 300 ml 
Date and time of wt ~ - ~ ~ - ~ ~  ! mow Gross wt 9 f 3 X z  ,F mg 

I ,  'pO& Gross wt ?n,n, mg Date and time of wt F/ -78 p' 
Average gross wt 9y58  2 ,  F mg 

Tare wt -9y5f0, 3 6 5  rng 
2, /35 mg 

& 
Lf 

Density of acetone (pa) n,? 90Y s/ml 

I 

1 -  

Weight of blank (m,) 

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

Filters Filter number z-50 0 
Date and time of wt 7-%-7f,. y,:'%kttt Gross wt &n, 7 mg 
Date and time of wt Y-[?f, zq5&,, Gross wt 4 / 0 J  mg 

Average gross wt +/a7 mg 
Tare wt -w,? mg 

/ 

Difference wt D,# mg 

Note: Average difference must be less than f5 mg or 2% of total 
sample weight whichever is greater. 

Remarks 

Signature of analyst f&& 
Signature of reviewer 

Figure 5.4 Blank analytical data form. 
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Status 

/ 1. 

2. 

3 .  

4. 

5 .  

6. 

Label the filter and/or the petri dish--both with 
the same label number; label the filter on top and 
bottom; check each filter visually against the 
light for irregularities, flaws, and pinhole leaks 

Check the desiccator; be sure the lid is sealed 
tightly and the anhydrous calcium sulfate is dry; 
if not dry, heat the desiccant in the oven for 2 h 
at 180-2OO0C (350°-4000F), and let cool in the 
balance room before putting it back into the des- 
iccator 

Take off the lid of the filter container and 
desiccate the filter for 24 h; during desiccation, 
be sure that filters are widely spread, and not 
ove rl app i ng 

Adjust the analytical balance to zero, and check 
the accuracy with a 0.500-g Class-S weights 
(within f0.5 mg); use tweezers to carefully place 
the filter on the pan of the balance, and weigh it 
to the nearest 0.1 mg. The time of weighing 
should not be > 2  min, and the relative humidity 
should be (50% 

Very important: Desiccator should be tightly 
covered immediately after removing the filter to 
be weighed; never leave the desiccator open while 
weighing a sample because samples in the desi- 
ccator will be exposed to moisture in the room, 
which will cause gains in their weights 

Put the filter back into the petri dish without 
the lid, desiccate for > 6  h and reweigh the fil- 
ter; the two recorded weights should agree to 
f0.5 mg; if not, desiccate for another 6 h and 
reweigh until weight is constant within f0.5 mg; 
keep the tare weight of the filter in file for 
future use 

I 

Be sure the filters that arrived from the field 
are handled and analyzed whenever possible by the 
same person who started the project--the person 
who tared the filters before sampling; use the 
same balance 

Figure 5.5 Procedure fo r  weighing filters before and after 
sampling. 

(continued) 
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Figure 5.5 (continued) 

k 7. Perform s t e p  #2, and then uncover t h e  f i l t e r  con- 
t a i n e r  and v i s u a l l y  examine t h e  f i l t e r  t o  see i f  
it is  to rn ;  w r i t e  down a l l  observations t h a t  you 
th ink  w i l l  help j u s t i f y  t h e  f i n a l  da ta  

Desiccate the f i l t e r  f o r  24 h,  and weigh it t o  t h e  
nea res t  0 . 1  mg; record t h e  weight then des icca te  
again f o r  6 h ,  and reweigh; the  d i f fe rence  be- 
tween the  two recorded weights should be within 
f0 .5  mg; the balance should be zeroed and checked 
with a 0.500-g Class-S weight, and the  r e l a t i v e  
humidity must be (50% 

i/ 9.  Continue t h e  processes of des icca t ing  and weighing 
u n t i l  c o n s i s t e n t  da t a  a r e  obtained; however, a f t e r  
t h e  t h i r d  t r i a l ,  i f  no s a t i s f a c t o r y  da t a  a re  
obtained, confer  with the  supervisor 

/ 8 .  

Notes 

1. When weighing t h e  f i l t e r  and sample, be sure  t o  
use a c l ean  brush and t o  add a l l  p a r t i c u l a t e s  o r  
p ieces  of the f i l t e r  t h a t  might be l e f t  i n  t h e  con- 
t a i n e r  

2 .  Be su re  t o  use tweezers t o  handle the  f i l t e r s ;  
never hold them d i r e c t l y  with your hand 

is weighed 
3 .  Write down t h e  da te  and t i m e  each t i m e  a f i l t e r  
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S ta tus  

I .  Preparing Containers f o r  Shipment 

1. Select t h e  appropriate s i z e  and number of b o t t l e s  
t o  be shipped t o  t he  f i e l d ;  include e x t r a  b o t t l e s  

detergent ,  r i n s e  with t a p  water, and then r i n s e  a t  
l e a s t  t w i c e  with deionized d i s t i l l e d  water 

Rinse t h e  clean b o t t l e s  with acetone t o  g e t  r i d  of 
most of t h e  water; remember t h a t  one batch of 
acetone could be used f o r  more than one conta iner  

a f t e r  they a re  dry t o  be su re  no de tergent  o r  
o the r  contaminant i s  present ;  t i g h t l y  cap a l l  
containers  

L/ 

r/ 2 .  Clean t h e  b o t t l e s  and caps thoroughly with soap 

J 3. 

4. Check the  containers  and the  caps ind iv idua l ly  J 

11. Handling and Analysis of Acetone Rinse Samples 

Important: Blanks and samples should have i d e n t i c a l  
a n a l y t i c a l  treatments;  never handle with bare  hands any 
ana lys i s  glassware once ta red ;  always use tongs o r  
disposable  gloves 

-- 

l/ 1. Log the  samples received from t h e  f i e l d ,  and check 
each container  f o r  leakage; i f  t h e  sample volume 
level i s  marked on t h e  conta iner ,  check t o  see i f  
t h e  sample s t i l l  matches the l e v e l ,  i f  not ,  w r i t e  
a note  of t h a t  

acetone r i n s e  i n t o  t h e  dry,  c lean  250-ml graduated 
cy l inder  

3. Record t h e  volume of t h e  sample t o  t h e  nea res t  
1 .0  m l ,  and t r a n s f e r  it i n t o  a dry,  c lean ,  t a r e d  
( t o  t h e  nea res t  0 . 1  mg) 250- o r  300-ml beaker, 
depending on the  volume of t h e  sample; add 50 m l  
t o  t h e  recorded sample volume t o  account f o r  t h e  
acetone r i n s e  of a l l  containers  

2 .  U s e  a dry,  c lean g l a s s  funnel t o  t r a n s f e r  the / 

I /  

Figure 5.6 Procedure f o r  ana lys i s  of acetone r i n s e  samples. 

(continued) 
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Figure 5.6 (continued) 

Status  

J 4. Rinse t h e  container  with two 25-ml por t ions  of 
acetone ( reagent  grade);  cap the  container ,  and 
shake very gent ly;  t r a n s f e r  the acetone r i n s e  i n t o  
t h e  graduated cyl inder  t o  r i n s e  it, and then  pour 
t h e  r i n s e  through the  funnel i n t o  the  beaker t h a t  
contains  t h e  sample; thus,  the  container ,  t h e  
graduated cy l inder ,  and the  funnel have been 
r i n s e d  

J 5. Repeat s t e p s  3 and 4 f o r  each sample 

J 

/ 

6. L e t  t h e  samples and blanks dry a t  room temperature 
i n  a d u s t - f r e e  environment o r  under a watchglass 

7.  Weigh a c lean,  empty dry beaker, and p lace  it i n  
the  same atmosphere where the samples a r e  drying 
t o  f i n d  o u t  i f  t he re  was any p a r t i c u l a t e  c o l l e c t e d  
on the  samples from the  surroundings while drying 
( n o t  mandatory) 

along with the empty beaker i n t o  a t i g h t l y  sea l ed  
des i cca to r  t h a t  contains dry anhydrous calcium 
s u l f a t e  (CaS04) 

J 8. Transfer  t h e  t o t a l l y  evaporated samples and blanks 

J 9.  Desiccate f o r  24 h 

J 10. Zero the balances and check the  accuracy with a 
100-g Class-S standard weight p r i o r  t o  weighing; 
the reading should be 100 g f 0 . 5  mg, and t h e  rela- 
t i v e  humidity i n  the  balance room should be (50% 

11. Weigh t h e  samples, blanks, and empty beaker t o  t h e  
n e a r e s t  0 .1  mg 

- 

I t  i s  very important to :  

a .  

b. Remove the samples t o  be weighed from t h e  desic-  

Keep the des icca tor  t i g h t l y  closed while weighing 

cator one a t  a time, weigh each, and put  each i m -  
mediately back i n t o  the  desiccator  

c. Keep the weighing time (2 min 

d.  Be  s u r e  t h a t  both s ides  of the balance a r e  c losed 
- 

when weighing 

(continued) 
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F igure  5.6 (continued) 

S ta tus  

e. Turn a l l  balance knobs t o  zero a f t e r  t h e  weighings 

Record t h e  weights of  t he  samples, blanks,  and 
empty beaker; record t h e  da te  and time, each t i m e  
a sample i s  weighed 

13. Desiccate t h e  samples, blanks, and empty beaker 
f o r  >6 h; data  on t h e  f i r s t  and second weightings 
shouid agree within f 0 . 5  mg; i f  not ,  des icca te  
again f o r  6 h and reweigh u n t i l  cons i s t en t  da ta  
a r e  obtained; a f t e r  t h e  t h i r d  t r i a l ,  consul t  the 
supervisor 

empty beaker, note it on t h e  ana ly t i ca l  data  form 

(Figures 5.3 and 5.4) provided f o r  t h i s  ana lys i s  

/ 12. 

14. I f  t he re  is  >2 mg change i n  t h e  weight of t he  

/ 15. Calculate  t h e  da ta  recorded on the  da t a  form 
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Table 5 . 1  ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS 

Apparatus 

Sampling 

Dry gas meter 

Meter thermome- 
ter 

Barometer 

Stack tempera- 
t u re  

Acceptance l i m i t s  

Within 25% of ca l ibra-  
t i o n  f a c t o r  

Within 26OC (10.8OF) 
a t  ambient pressure  

Within 25 mm (0.2 i n . )  
Hg a t  ambient pressure 

Within 21.5% of the 
reference check temp- 
e r a t u r e  (OR> 

Frequency and method 
of measurements 

Make th ree  runs a t  a 
s i n g l e ,  intermediate  
o r i f i c e  s e t t i n g  and 
a t  h ighes t  vacuum 
occurr ing during test  
(Sec 3.4.2) 

Compare with ASTM 
mercury-in-glass 
thermometer a f t e r  
each f i e l d  t e s t  

Compare with mercury- 
in -g lass  barometer 
a f t e r  each f i e l d  
t es t  

After each run, com- 
pare  with re ference  
temperature 

Action i f  
requirements 
a r e  not  met 

Recal ibra te  and 
use c a l i b r a t i o n  
f a c t o r  t h a t  gives 
lesser sample vol- 
ume 

Recal ibra te  and 
use higher  temp- 
e r a t u r e  €or  cal-  
cula  t i o n s  

Reca l ibra te  and 
use lower barome- 
t r i c  va lues  for 
ca lcu la t ions  

Reca l ibra te  and 
ca lcu la te  with 
and without tem- 
perature  correc- 
t ion 
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6 . 0  CALCULATIONS 
Calculation e r r o r s  due t o  mathematical mistakes can b e  a 

l a rge  p a r t  of t o t a l  system e r r o r .  Therefore, each se t  of calcu- 
l a t i o n s  should be repeated o r  spot  checked by a team member other  
than the  one who performed them o r i g i n a l l y .  I f  a di f fe rence  
g rea t e r  than a t y p i c a l  roundoff e r r o r  i s  detected,  t h e  calcula-  
t i o n s  should be checked s t e p  by s t e p  u n t i l  the  s o u r c e  of error is 
found and cor rec ted .  A computer program can be advantageous i n  
reducing ca l cu la t ion  e r r o r s .  I f  a standardized computer program 
is used, t he  o r i g i n a l  da ta  en t ry  should be checked; if d i f f e r -  
ences a re  observed, a new computer run should be made. Table 6 . 1  

a t  the end of this s e c t i o n  summarizes the  qua l i t y  assurance 
a c t i v i t i e s  fo r  c a l c u l a t i o n s .  

Carry o u t  c a l c u l a t i o n s ,  r e t a in ing  a t  l e a s t  one s i g n i f i c a n t  
d i g i t  f i gu re  beyond t h a t  of t h e  acquired da ta .  Roundoff a f t e r  
f i n a l  ca l cu la t ions  t o  two s i g n i f i c a n t  d i g i t s  f o r  each run  o r  sam- 
p l e  i n  accordance with t h e  ASTM 380-76 procedures. Record the  
r e s u l t s  on Figure 6 . 1 A  o r  6.lB. 
6 . 1  Nomenclature 

The  following terms def ined and l i s t e d  a lphabe t i ca l ly  herein 
a re  t o  be used i n  c a l c u l a t i n g  dry gas and water vapor volumes, 
moisture contents ,  acetone res idues ,  p a r t i c u l a t e  weights and 
concentrations,  and i s o k i n e t i c  va r i a t ions  f o r  each tes t .  
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SAMPLE VOLUME (ENGLISH UNITS) 

Equation 6-1 

PARTICULATE CONCENTRATION (ENGLISH UNITS) 

m 
= c) . a & l a x  10'' lb/dscf 

Equa t ion  6-8  
Cs = 2.205 x 10'~ 

Figure 6.1A P a r t i c u l a t e  ca lcu la t ion  form (English u n i t s ) .  
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SAMPLE VOLUME (METRIC UNITS) 

+ 
= g & Y  m3 Equation %-1 p a r  - 'm( s td)  = 0.3858 Vm Y 

PARTICULATE CONCENTRATION (METRIC UNITS) 

m, = - -4-Q - b m g  

Equation 6-8 

Figure 6.1B Particulate calculation form (metric u n i t s ) .  
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= Area of nozzle, cross-sectional, m2 (ft2) An 

BWS 

'a 

cs 

AH 

I 

La 

Li 

L 
P 

ma 

", 
mab 

mf 

mn 

Mw 

'bar 

' s  

'std 

= Water vapor in the gas stream, proportion by 
volume 

= Concentration of acetone blank residue, mg/g 

= Concentration of stack gas particulates, 
dry basis corrected to standard conditions, 
g/dscm (lb/dscf) 

= Average pressure differential across orifice 
meter, mm (in.) H20 

= Variation of sampling from isokinetic 
conditions, % 

= Maximum acceptable leakage rate for either a 
pretest leak check or a leak check foljowing 
a compon5nt change; equal to 0.00057 m /min 
(0.02 ft /min) or 4% of the average sampling 
rate, whichever is less 

= Individual leakage rate observed during the 
3 l eak  check conducted prior to the I'ith" 

comgonent change (i = 1, 2, 3 ,  ... n), m /min 
(ft /min) 

= Leakage rate gbserved guring the posttest 
leak check, rn /min (ft /min) 

= Mass of acetone residue after evaporation cor- 
rected for blank (ma = m: - Wa), mg 

= Mass of acetone residue after evaporation, mg 

= Mass of acetone blank residue after evaporation, 
mg 

= Filter weight gain, mg 

= Total amount of particulates collected, mg 

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

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

= Absolute stack pressure, mm (in.) Hg 

= Standard absolute pressure, 760 mm (29.92 in.) Hg 
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Pa 

PW 

Tm 

TS 

Ts td 
0 

'i 

P e 

va 

'aw 

'ic 

'm 

= Density of acetone, mg/ml (see bottle label) 

= Density of water, 0.9982 g/ml (0.0022 lb/snl) 

= Absolute average dry gas meter temperature, 
K (OR) 

= Absolute average stack gas temperature, 
K (OR) 

= Standard absolute temperature, 293K (528"R) 

= Total sampling time, min 

= Interval of sampling time from beginning of 
a run until first component change, min 

= .Interval of sampling time between two suc- 
cessive component changes, beginning with 
first and second changes, min 

= Interval of sampling time from final (nth) 
component change until the end of the sampling 
run, min 

= Volume of acetone blank, ml 

= Volume of acetone used in wash, ml 

= Total volumes of liquid and silica gel col- 

= Volume of gas sample measured by dry gas 

lected in impingers, ml 

meter, dcm (dcf) 

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

using data from Method 5, m/s (ft/s) 

corrected to standard conditions, scm (sef) 

= Stack gas velocity, calculated by Method 2 ,  

= Volume of water vapor in t h e  gas sample, 

= Weight of residue due to acetone blank, 

vS 

Vw(std' 

wa 
Y = Dry gas meter calibration factor 

13-6 = Specific gravity of mercury (Hg) 

60 = Seconds per minute (s/min) 

mg 
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100 = Conversion t o  percent,  % 

6 .2  Dry Gas Volume, Corrected t o  Standard Conditions 
Correct t h e  sample volume measured by the dry gas meter t o  

s tandard condi t ions 20°C (68OF) and 760 mm (29.92 i n . )  Hg by 
using Equation 6-1. The average dry gas meter temperature (T,) 

and the average o r i f i c e  pressure drop (AH) a r e  obtained by 
averaging t h e  f i e l d  da ta  (see F i g u r e  4 .1) .  

+ (AH/13.6) 

'std 
= VmY - 

Tm 
Tstd 

'm( s t d )  

Equation 6-1 

where 
K1 = 0.3858 K/mm Hg f o r  metric u n i t s ,  o r  

= 17.64 " R / i n .  Hg f o r  English u n i t s .  
Note: I f  t h e  leakage r a t e  observed during any mandatory leak 
check exceeds t h e  maximum acceptable r a t e  ( L a ) ,  e i t h e r  t h e  value 
of V, i n  Equation 6-1 may be corrected by using Equation 6-1A or  
6-1B, o r  t h e  t es t  may be inval idated.  

1. I f  no component changes were made during t h e  sampling 
run, rep lace  Vm i n  Equation 6-1 with: 

vm - (Lp - La)@. Equation 6 - 1 A  

2 .  I f  one o r  more component changes were made, r ep lace  Vm 
i n  Equation 6-1 w i t h :  

n 

1=2 
vm - (L1 - La) o1 - , I  {Li - La)  oi - (Lp - La)  Bp 

Equation 6-1B 

S u b s t i t u t e  f o r  only those leakage r a t e s  Li o r  L which exceed La. 
P 
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6.3 Water Vapor Volume, Corrected t o  Standard Conditions 

- P W  Ts td  = K2 Vic 
'w(std) - 'ic 'std 

Equation 6-2 

where 
3 K2 = 0.001333 m / m l  f o r  metric u n i t s ,  o r  
3 = 0.04707 ft  / m l  for English u n i t s .  

6.4 G a s  S t r e a m  Moisture Content 

- - "w( s t d )  Equation 6-3 
Bws 'm(std) + "w(std) '  

Note: I f  l i q u i d  d r o p l e t s  are i n  t h e  gas stream, assume t h e  

stream t o  be s a t u r a t e d  and use a psychrometric c h a r t  o r  s a t u r a t e d  

vapor pressure  table t o  approximate t h e  mixture percentage.  
6 .5  Acetone Blank Concentration 

6.6 Acetone Wash Residue 

wa = ca VawPa. 

O r  combining Equations 6-4 and 6-5: 

- ma 'aw 
'a - va 

Equation 6-4 

Equation 6-5 

Equation 6-6 

6.7 Par t icu la te  Weiqht 

Determine t h e  t o t a l  p a r t i c u l a t e  c a t c h  from t h e  sum of t h e  

weights (obtained from con ta ine r s  1 and 2 )  l e s s  t h e  acetone wash 
res idue  (see Sec t ion  3.4.5). 

mn = mf + ma Equation 6-7 
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6.8 Particulate Concentration 

= 1 x ~ 3 (  mn )(metric, mg/m 3 ) ,  

'm( std) cs 

= 2.205 x low6( )(English, lb/ft3). 
cx 'm(std) 

Equation 6-8A 

Equation 6-8B 

For convenience, the following conversion factors are given. 

From 

Conversion Factors 

To Multiply by 

0.02832 3 scf m 

g/ft3 gr/ft3 15.43 

g/ft3 lb/f t3 2.205 X 

s/ft3 s/m3 35.31 

6.9 Isokinetic Variation 
6.9.1 Calculation of I from Raw Data 

loo Ts CK3 'ic + ('mlTm) (Pbar + AH/13.6)] 
Equation 6-r9 I =  60 0 vs P An 

S 

where 
3 K3 = 0.003464 mm Hg-rn /ml-K for metric units, or 
3 = 0.002676 in. Hg-ft /ml-OR for English units. 

6.9.2 Calculation of I from Intermediate Values 

I =  

- - 

where 

loo Ts 'm(std) 'std 
60 0 V S Ps A n Tstd (1 - Bws) 

*s  'rn(std 
K4 0 vS Ps An (1 Bws) 

Equation 6-10 

K4 = 4.320 for metric units, or 

= 0.09450 for English units. 
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6.9.3 Acceptable Resul t s  - If 90% llO%, t h e  r e s u l t s  are 
acceptable .  If  t h e  r e s u l t s  are low i n  comparison t o  t h e  s tandard  
and if the I is beyond the acceptable range, t h e  admin i s t r a to r  
may o p t  t o  accept t h e  r e s u l t s ;  otherwise, reject  them and r e p e a t  
t h e  test .  
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T a b l e  6.1 ACTIVITY MATRIX FOR CALCULATIONS 

I I 

Acceptance limits 

All data and calcula- 
tions given on the 
form 

Difference between 
checked and original 
calculations not in 
excess of roundoff 
error; at least one 
decimal figure beyond 
that of acquired data 
retained 

Frequency and method 
of measurements 

Visual check 

Repeat all calcula- 
tions starting with 
raw data for hand 
calculations and for 
one sample per test 

Action if 
requi remeuts 
are mot met 

Complete the miss- 
ing data values 

Indicate errors 
in analysis data 
on Fig 6 . 1 A  or B 

90% < I < 110%; see 
Eqs 6.9 and 6.10 for 
calculation of I 

For each run, calcu- 
late I 

Repeat the test, 
and adjust flow 
rates to maintain 
I within 210% 
va ria ti on 
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7.0 MAINTENANCE 
Normal use of emission t e s t i n g  equipment sub jec t s  it t o  

cor ros ive  gases,  temperature extremes, v ib ra t ions ,  and shocks. 
Keeping t h e  equipment i n  good operating order  over an extended 
per iod of t i m e  requi res  rout ine maintenance and knowledge of the 
equipment. Maintenance of the e n t i r e  sampling t r a i n  should be 

ever occurs sooner. Maintenance procedures a r e  summarized i n  
Table 7 .1  a t  the  end of t h i s  sec t ion .  The following procedures 
a r e  recommended, bu t  no t  required,  t o  increase  the  r e l i a b i l t y  of 
t he  equipment. 
7 .1  Pumps 

Several types  of pumps a re  used i n  commercial sampling 
t r a i n s .  Two of the  most common types a r e  the fiber vane pump 
with i n - l i n e  o i l e r  and t h e  diaphragm pump. The f iber  vane pump 
requires a pe r iod ic  check of  the  o i l  and t h e  o i l e r  j a r .  Used o i l  
(u sua l ly  nondetergent or machine weight) should be about the  same 
t r ans lucen t  c o l o r  a s  unused o r  spare  o i l .  When t h e  pump s t a r t s  
t o  run e r r a t i c a l l y  o r  when t h e  head is removed each year,  t h e  
fiber vanes should be changed. 

The diaphragm pump requires l i t t l e  maintenance. I f  t h e  
diaphragm pump leaks  o r  runs e r r a t i c a l l y ,  it i s  normally due t o  a 
bad diaphragm o r  malfunctions i n  the  valves;  these p a r t s  a r e  
e a s i l y  replaced and should be cleaned annually by complete d i s -  
assembly of the  t r a i n .  
7 . 2  Dry G a s  Meters 

The dry  gas meter should be checked €or excess o i l  and 
component corrosion by removing t h e  top p l a t e  every 3 mo. The 
meter should be disassembled and all components cleaned and 
checked more o f t e n  i f  t he  d i a l s  show errat ic  rotation, o r  i f  the  
meter w i l l  no t  c a l i b r a t e  properly.  

performed e i t h e r  qua r t e r ly  o r  a f t e r  1000 ft 3 of opera t ion ,  which- 
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7.3 Inclined Manometer 
The fluid should be changed when it is discolored or con- 

tains visible matter, and when it is disassembled yearly. No 
other routine maintenance is required since the inclined manom- 
eter is checked during the leak checks of both the pitot tube and 
the entire meter box. 
7.4 Sampling Train 

All remaining sample train components should be visually 
checked every 3 mo, and they should be completely disassembled 
and cleaned or replaced yearly. Many of the items, such as quick 
disconnects, should be replaced when damaged rather than after 
they are periodically checked. Normally, the best maintenance 
procedure is to replace the entire unit--for example, a meter 
box, sample box, or umbilical cord. 

. .” 
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Per iodic  check of o i l  
j a r ;  remove head and 
change f i b e r  vanes 

PMENT MAINTENANCE CHECKS 

Replace a s  needed 

T a b l e  7. 

Inc l ined  manom- 
eter 

Sample t r a i n  

ACT I VI T1 

- 
No d i sco lo ra t ion  of o r  
v i s i b l e  mat ter  i n  t h e  
f h i d  year ly  disassembly 

No damage o r  leaks  

Check p e r i o d i c a l l y ;  
change f l u i d  during 

Visual ly  check every 
3 mo; completely 
disassemble and c lean  
o r  rep lace  yea r ly  

MATRIX F R EQU 

I I I 

Acceptance l i m i t s  

Action i f  
requirements 
a r e  not  met 

Frequency and method 
of measurements Apparatus 

Routine main- 
tenance 

~ ~~~ ~~ 

No e r r a t i c  behavior 
~~ -~ ~ 

Routine maintenance 
qua r t e r ly ;  disassem- 
b l e  and c l ean  yea r ly  

Replace p a r t s  
as needed 

I 
I 

Fiber  vane pump Leak f r e e ;  required I flow 

Diaphragm pump Leak-free valves  func- 
t i on ing  properly;  re- 
quired flow 

Clean va lves  during 
yea r ly  disassembly 

Replace when 
leaking  o r  when 
running e r r a t i c -  
a l l y  

Dry gas meter No excess o i l ,  corro- 
s ion ,  o r  e r r a t i c  d i a l  
r o t a t i o n  

Check every 3 mo f o r  
excess o i l  o r  corro-  
sion by removing t h e  
top  p l a t e ;  check 
valves  and diaphragm 
when meter d i a l  runs 
e r r a t i c a l l y  o r  when 
meter w i l l  no t  Cal i -  
b r a t e  

Replace p a r t s  a s  
needed, o r  re- 
p l ace  meter 

Replace p a r t s  a s  
needed 

I f  f a i l u r e  noted,  
use another  e n t i r e  
con t ro l  console ,  
sample box, o r  um- 
b i l i c a l  cord 

1 I I 
Nozzle No dents ,  corrosion,  

o r  o ther  damage 
Visua l ly  check be- 
f o r e  and a f t e r  each 
t e s t  run 

Use another nozzle  
o r  c lean ,  sharpen,  
and r e c a l i b r a t e  

f I I 
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8.0 AUDITING PROCEDURE 
An audit is an independent assessment of data quality. 

Independence is achieved by using apparatus and standards t h a t  
are different from those used by the regular field crew. Routine 
quality assurance checks by a field team are necessary for ob- 
taining good quality data, but they are not part of t h e  auditing 
procedure. Table 8.1 at the end of this section sumarhes the 
quality assurance activities €or the auditing. 

Based on the results of collaborative tests of Method 5, two 
specific performance audits are recommended: 

1. Audit of sampling train volumetric flow measuring de- 
vice. 

2. Audit of data processing. 
In addition to these performance audits, it is suggested that a 
systems audit be conducted as specified by the quality assurance 
coordinator. The two performance audits and the systems audit 
are described in detail in Subsections 8.1 and 8.2 respectively. 
8.1 Performance Audits 

Performance audits are quantitative evaluations of the 
quality of data produced by the total measurement system (sample 
collection, sample analysis, and data processing). It is reeom- 
mended that these audits be performed by the responsible control 
agency once during every enforcement source test. A source t e s t  
for enforcement comprises a series of runs at one source. 
8.1.1 Audit of Sainplinq Train Volumetric __I_- Flow MeterinLDevice -- - 

The audit procedure described in this subsection can be used 
to determine the accuracy of the flow metering device (dry gas 
meter) in a sampling train. The dry gas meter is audited using a 
calibrated critical f low orifice housed in a quick-connect 
coupling and the following procedure: 

1. Remove the critical or i f ice  from its case and insert it 
into the gas inlet quick-connect 
meter box. 

coupling on the  source sampling 
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2 .  Turn the power t o  the  meter box on and s t a r t  t he  pump. 
3 .  Completely open the  coarse flow r a t e  cont ro l  valve and 

c lose  the  f i n e  flow r a t e  control  valve t o  give a maximum vacuum 
reading. A vacuum reading of (425 mm (17  i n . )  Hg w i l l  
r esu l t  i n  flow r a t e  e r r o r s .  

4. Allow the o r i f i c e  and source sampling meter box t o  
warmup fo r  45 min with flow cont ro ls  adjusted a s  described i n  
s t e p  3 before s t a r t i n g  q u a l i t y  assurance runs.  I f  t he  a u d i t  is 
made a t  t h e  conclusion of t h e  sample run, t he  warmup per iod is 
no t  necessary. 

5 .  Make t r i p l i c a t e  q u a l i t y  assurance runs. For each run,  
record the  i n i t i a l  and the  f i n a l  dry gas meter volumes, t h e  dry 
gas meter i n l e t  and o u t l e t  temperatures, the  i n t e r n a l  o r i f i c e  
pressure drop (AH), the  ambient temperature, and the  barometric 
pressure.  The durat ion of t he  run should be s l i g h t l y  >15 min. 
The following procedure is recommended and should be performed 
three times t o  provide t h e  required t r i p l i c a t e  q u a l i t y  assurance 
runs: 15 min a f t e r  a run i s  s t a r t e d ,  watch t h e  dry  gas meter 
needle c lose ly .  As the needle reaches t h e  zero (12  o ' c lock )  
pos i t i on ,  s top  the pump and stopwatch simultaneously. Record t h e  
dry gas meter volume and. t h e  time. 

6. Calculate  t h e  corrected dry  gas volume fo r  each run 
using Equation 8 . 1 .  For each r e p l i c a t e ,  record t h e  cor rec ted  
dry gas volume i n  dry standard cubic meters, the sampling t i m e  
i n  decimal minutes, t h e  barometric pressure  i n  millimeters of Hg; 
and the ambient temperature i n  degrees ce lc ius .  

Caution: 

AH + -  13 -6) 
'rn( s t d )  

('bar + -  &H6) 
= K  V Y  

Tm 1 m  

Equation 8-1 
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where : 
K1 = 0.3858 K/mm Hg f o r  metrj-c u n i t s ,  or. 

= 17.64OR/in. Hg f o r  English u n i t s .  
The agency/organization determines the  percent  accuracy, % A be- 
tween t h e  measured standard volume and t h e  a u d i t  o r  known s tan-  
dard volume. The y& is  a measure of t h e  b i a s  of t h e  volume mea- 
surement i n  t h e  sampling phase of Method 5.  Calculate  Y& using 
Equation 8-2. 

% A =  

where 

' s  t d  

Equation 8-2 

( M )  = volume measured by t h e  f i e l d  crew correc ted  t o  
standard conditions,  m 3 , and 

( A )  = a u d i t  o r  known volume of t h e  a u d i t  device cor- 'std 

The recommended cont ro l  l i m i t  f o r  t h e  performance a u d i t  i s  
the  90- p e r c e n t i l e  value f o r  % A ,  based on t h e  r e s u l t s  of t h r e e  
aud i t s  (5/78, 10/78, and 3/79) performed by the Environmental 
Monitoring Systems Laboratory, USEPA. By d e f i n i t i o n ,  90% of t h e  
labora tory  p a r t i c i p a n t s  i n  the  aud i t s  obtained values  of % A less 
than t h e  values  tabula ted  below. The con t ro l  l i m i t  i s  i n i t i a l l y  
expected t o  be exceeded by 10% of  the  l a b o r a t o r i e s  t o  be audi ted ,  
based on these  t h r e e  audi t s .  The 90- t h  p e r c e n t i l e  values are 

given below f o r  each aud i t .  

3 r ec t ed  t o  standard condi t ions ,  m . 
t h  

Audit da t e  90- th p e r c e n t i l e  f o r  % A 

05-78 f10 .7  

10-78 f 9.1 
03-79 f 9.6 

Based on t h e  r e s u l t s  of these  aud i t s ,  t he  recommended 90- t h  per- 

c e n t i l e  con t ro l  l i m i t  f o r  the  performance a u d i t  i s  *lo%. The 
r e s u l t s  of the  a u d i t  should be included i n  the emission t e s t  
r epor t .  
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Responsible cont ro l  agencies can obtain a c a l i b r a t e d  c r i t i -  
c a l  o r i f i c e  (when ava i l ab le )  p r io r  t o  each enforcement s o u r c e  
test, conduct t h e  aud i t ,  and re turn  t h e  o r i f i c e  and d a t a  form t o  
EPA f o r  eva lua t ion .  Orifices may be obtained from t h e  Source 
T e s t  Audit cord ina tor ,  Quality Assurance Division, Environmental 
Monitoring Systems Laboratory, USEPA, Research Triangle  Park, 
North Carolina 27711. I t  i s  a l so  suggested t h a t  organizat ions 
t h a t  conduct compliance tests p a r t i c i p a t e  i n  t h e  EPA semiannual 
aud i t  of volume meters. 
8.1.2 

Data proces- 
s ing  e r r o r s  can be determined by audi t ing t h e  data  recorded on 
the f i e l d  and t h e  laboratory forms. T h e  o r i g i n a l  and t h e  check 
ca lcu la t ions  should agree; i f  not,  a l l  of t h e  data  and calcula-  
t i ons  should be checked. Calculation e r r o r s  should be c l e a r l y  
explained t o  t h e  source test  team t o  prevent o r  minimize reoccur- 
rence. The da ta  processing e r r o r s  may a l s o  be determined by 
requesting t h a t  copies  of data  s e t s  compiled i n  t h e  f i e l d  and 
copies of manual da t a  reductions ( o r  computer p r i n t o u t s  i f  used) 
be forwarded t o  t h e  evaluator  f o r  audi t .  
8 .2  Systems Audit 

A systems a u d i t  i s  an on-si te  q u a l i t a t i v e  inspec t ion  and 
review of t h e  t o t a l  measurement system (sample c o l l e c t i o n ,  sample 
ana lys i s ,  da ta  processing, e t c . ) .  I n i t i a l l y ,  a systems aud i t  i s  
recommended f o r  each enforcement source t es t ,  defined here a s  a 
series of t h r e e  runs a t  one source. After  t h e  team gains  expe- 
r ience  with the method, t he  frequency of a u d i t  may be reduced-- 
f o r  example, t o  once f o r  every four tests.  

The aud i to r  should have extensive background experience in 
source sampling, s p e c i f i c a l l y  with t h e  measurement system being 
audited. The funct ions of t he  audi tor  a r e  summarized i n  t h e  
following: 

1. Observe t h e  procedures and techniques of  t h e  f i e l d  team 
during sample c o l l e c t i o n .  

Performance Audit of Data Processinq 
Calculat ion e r r o r s  a re  prevalent i n  Method 5.  
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2 .  Check/verify t h e  records of apparatus ca l ib ra t ions  and 
the qua l i t y  cont ro l  cha r t s  used i n  t h e  laboratory analysis .  

3 .  Record the  r e s u l t s  of the aud i t  and forward t h e m  w i t h  
comments on source team management t o  the qua l i t y  assurance 
coordinator so  t h a t  any needed cor rec t ive  act ions may be imple- 
mented. 

The audi tor  should observe the f i e l d  team's overa l l  per- 
formance of the source test. Specific operations t o  observe 
should include, b u t  no t  be l imi ted  to :  

1. 
2 .  
3 .  Final  leak check of t r a i n .  
4.  Sample recovery. 

Se t t i ng  up and leak testing the  sampling t r a i n .  
I sokine t ic  sampling check of the sampling t r a i n .  

Figure 8.1 is a suggested check l i s t  t o  be used by the audi tor  f o r  
developing a l i s t  of important tech. iques/s teps  t o  observe. 



- 
Yes - Comment 

. ._ 

ok 

x 

ok 

ox 
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OPERATION 

,1. 
2 .  

3. 
4. 
5. 
6. 
7. 
a. 

9. 
10. 

11. 

Presampling Preparation 

Knowledge of process conditions 
Calibration of pertinent equipment: 
in particular, the dry gas meter, 
orifice meter, and pitot tube 

On-Site Measurements 

Sample train assembly 
Pretest leak check of train 
Isokinetic sampling 
Posttest check 
Sample recovery and integrity 
Recording of pertinent process 
information during sample collec- 
tion 

posts amp 1 ing 

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

General Comments 

Figure 8.1 Method 5 checklist to be used by auditors. 



Table 8.1 ACTIVITY MATR 

I 
Audit 

Volumetric 
sampling 
phase of  
Method 5 

Acceptance limits 

Measured pretest volume 
within 210% of the 
audit volume 

I 
Data processing 
errors 

Systems audit 

Original and check cal- 
culations agree 

Conducted method as 
described in this sec- 
tion of  the Handbook 
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C FOR AUDITING PROCEDURES 

Frequency and method 
of measurement 

~ 

Once during every en- 
forcement source 
test, measure ref- 
erence volume, and 
compare with true 
volume 

~~ 

Once during each 
enforcement source 
test, perform inde- 
pendent calculations 
starting with the 
recorded data 

Once during each 
enforcement test 
until experience 
gained, then every 
fourth test, observe 
techniques; use 
audit checklist 
Fig 8.1 

Action if 
re qu i r eme n t s 
are not met 

Review operat- 
ing technique 

Check and cor- 
rect all data 

~ ~~ 

Explain to team 
the deviations 
from recommended 
techniques; note 
the deviations 
Fig 8.1 
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9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY 
To achieve da ta  of desired q u a l i t y ,  two cons idera t ions  a re  

necessary: (1) t h e  measurement process m u s t  be i n  a s t a t e  of 
s t a t i s t i c a l  con t ro l ,  and ( 2 )  t he  systematic e r r o r s ,  when combined 
with t h e  random va r i a t ions  ( e r r o r s  of measurement), must  r e s u l t  
i n  a s u i t a b l y  small uncertainty.  

To ensure good da ta ,  it i s  necessary t o  perform q u a l i t y  con- 
t r o l  checks and independent audi t s  of t h e  measurement process;  t o  
document the  da t a  by q u a l i t y  control  c h a r t s  ( a s  appropr i a t e ) ;  and 
t o  u s e  mater ia l s ,  instruments,  and procedures which can be t raced  
t o  a standard of reference.  

The working c a l i b r a t i o n  standards should be t r aceab le  t o  
primary o r  higher  l e v e l  standards such a s  those l i s t e d  below. 

1. The dry gas meter should be c a l i b r a t e d  aga ins t  a w e t  
tes t  meter which has been v e r i f i e d  by l i q u i d  displace-  
ment, as described i n  Section 3.4.2. 

2 .  The a n a l y t i c a l  balance should be checked aga ins t  
Class-S weights t h a t  a r e  t r aceab le  t o  NBS s tandards.  

:. 
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10.0 REFERENCE METHOD 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 5 rather than the method presented.
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rn 
Rum’ 
FiIm Wa 
Amount liquid lost during tnnsport 
Acatoae blank volume, ml 
Amtone d volume, Rd 
Aatone k n k  conantntioa, mghg (equation 5 4 )  

Aatone wash blank, mg (equation 5-51 I 

toss acetone btank 
Weight of particulate maw 

~ 

CONVERT: WElGliT OF WATER TO VOLUME BY DIVIDING TOTAL WElGHT 
INCREASE BY MNSlPT OF WATER (lg/mlb 

INCREW* z VOLUME WATER, 3 
1 dd 

Flgwo 5-3. Analytlcal data. 
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5.4 Probe Hgter C&braUon. The prob heating 
sysurn shall be csUbrated before lta lnltial IPC in the 
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Beetlon 4.a of Method 2 to dbrate  I n s a c k  texprature 

M O W  INTO TUBING 
UNTK MANOMETER 

READS 5 TO 7 INCHES 
WATER COLUMN 

.I 
A. 
B“ 
C. 
c 

I 
L. 

Lc 

r, 
I;. 

M. 
n. 

Figure 54. Leak chwk of meter box. 
R 
T, 
T. 
TU 

L -1 

Pb.t(AE 13.6) 
T m  

=Kit‘- Y 

L -1 

Pb.t(AE 13.6) 
T m  

=Kit‘- Y 
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12.0 DATA FORMS 
Blank data forms are provided on the following pages for the 

convenience of the Handbook user. Each blank form has the cus- 
tomary descriptive title centered at the top of the page. How- 
ever, the section-page documentation in the top right-hand corner 
of each page of other sections has been replaced with a number in 
the lower right-hand corner that will enable the user to identify 
and refer to a similar filled-in form in the text section. For 
example, Form M5-1.2 indicates that the form is Figure 1.2 in 
Section 3.4.1 of the Method 5 Handbook. Future revisions of 
these forms, if any, can be documented by 1.2A, 1.2B, etc. 
Fourteen of the blank forms listed below are included in this 
section. Five are in the Method Highlights Section as shown by 
the MH following the form number and one is left blank in the 
text. 

Form 
1.2 
2.3A & B 

2.4A & B 

2 ; 5  

2 .6  

3 . 1  (MH) 
3 . 2  (Text) 
4.1 
4.2 
4.3 
4.4. 
4.5 (MH) 
5.1 ( M H )  
5.2 

Title 
Procurement Log 
Dry Gas Meter Calibration Data Form 
(English and Metric units) 
Posttest Meter Calibration Data Form 
(English and Metric units) 
Stack Temperature Sensor Calibration 
Data Form 
Nozzle Calibration Data Form 
Pretest Sampling Checks 
General Pretest Checklist 
Nomograph Data Form 
Particulate Field Data Form 
Sample Label 
Sample Recovery and Integrity Data Form 
On-Site Measurement Checklist 
Posttest Calibration Checks 
Analytical Balance Calibration Data Form 

/ I  -7 

'L ,' 
\ L  
\ -  



Form 

5.3 
5.4 
5.5 (MH)  
- .  

5.6 ( M H )  

6.1A & 6.1B 

8.1 
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Title 

Sample Analytical Data Form 
Blank Analytical Data Form 
Procedure for Weighing Filters Before and 
After Sampling 
Procedure for Analysis of Acetone Rinse 
Samples 
Particulate Calculation Data Form 
(English and Metric units) 
Method 5 Checklist To Be Used by Auditors 





METER BOX CALIBRATION DATA AND CALCULATION FORM 

(English units) 

Date Meter box number 

Y 

I 

Barometric pressure, P, = in. Hg Calibrated by 

I i I 
manometer I meter I meter 

s e t t i n g  (Vw), (V,) 9 

i n .  H,O f t 3  f t 3  
(MI 

0.5 I 5 1 
1.0 I 5 I 
1.5 10 

2.0 10 

4 . 0  I 10 I 

Tern eratures 
Wet test 

meter In le t  Outlet 

OF [ OF [ OF 

4 
in. 

H2° 

0.5 

2.0 

3.0 
- 

4 . 0  
_I - 

vw Pb( ta  + 460) - - - m@i - 
13.6  'i - AH Pb (td + 460) 
An 

+ 460)  'd('b + 13.6) (tw 

0.294 

a I f  there i s  only one thermometer on the d r y  gas meter, record the temperature 
under td. 

Quality Assurance Handbook M5-2.3A (front side) 



-- 

METER BOX CALIBRATION DATA AND CALCULATION FORM (English units) 
Nomenclature: 

- 
vw - 

- 
'd - 
t =  

td - i 

td - 

td - 

W 
- 

- 
0 

- 

AH = 
- Yi - 

Y =  

AHBi = 

AH@ = 

@ =  

'b - 
- 

Gas volume passing through the wet test meter, ft3. 

Gas volume passing through the dry gas meter, ft3. 

Temperature of the gas in the wet test meter, OF. 

Temperature of the inlet gas of the dry gas meter, O F .  

Temperature of the outlet gas of the dry gas meter, O F .  

Average temperature of the gas in the dry gas meter, obtained by the average td 
td , OF. i 

Pressure differential across orifice, in. H20. 

and 
0 

Ratio of  accuracy of  wet test meter to dry gas meter for each run. 
Y f 0 . 0 2  Y. 

Tolerance Yi = 

Average ratio of accuracy of wet test meter to dry gas meter for all six runs. 
Tolerance Y = Y fO.O1 Y. 
Orifice pressure differential at each flow rate that gives 0 . 7 5  ft 3 /min of air at 

Average orifice pressure differential that gives 0 . 7 5  ft 3 /min of air at standard 

standard conditions for each calibration run, in. H20. 
(recommended). 

conditions for all six runs, in. H 2 0 .  

Tolerance = AH@ f 0 . 1 5  

Tolerance = 1.84 f 0 . 2 5  (recommended). 

Time for each calibration run, min. 

Barometric pressure, in. Hg. 

Quality Assurance Handbook M5-2.3A (backside) 



METER BOX CALIBRATION DATA AND CALCULATION FORM 

(Metric units) 

& 

10 

25 

40 

50 

75 

100 

Date 

Barometric pressure ,  P = - 
I 

0.15 

0.15 

0.30 

0.30 

0.30 

0.30 

meter 

mm H,O 

25 

40 

50 

75 

100 

1.8 

2 . 9 4  

3.68 

5.51 

7.35 

Meter box number 

mm Hg Calibrated by 

, 
mm H20 

I I I 

Quality Assurance Handbook M5-2.3B (front s i d e )  



METER BOX CALIBRATION DATA APJD CALCULATION FORM (metric units) 
Nomenclature: 

3 Vw = Gas volume passing through the wet test meter, m . 
vd = Gas volume passing through the dry gas meter, m . 
tw = Temperature of the gas in the wettest meter, OC. 

3 

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

i 

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

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

AH = Pressure differential across orifice, mm H20. 

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

and 
td , OC. i 
0 

Tolerance Yi = 
Y - +0.02 Y. 

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

AH@i = Orifice pressure differential at each flow rate that gives 0.021 m' of air at standard 
conditions for each calibration run, mm H20. 
(recommended). 

ditions for all six runs, mm H 2 0 .  

Tolerance AH@i = AH@ - +3.8 mm H20 

AH@ = Average orifice pressure differential that gives 0.021 m3 of air at standard con- 
Tolerance AH@ = 46.74 - +6.3 mm H20 (recommended). 

0 = Time of each calibration run, min. 

Pb = Barometric pressure, mm Hg. fl' 
'. -.. 

I ,  

\, ', 

\ ,  

~ Quality Assurance Handbook M5-2,3B (backside) 



POSTTEST DRY GAS METER CALIBRATION DATA FORM (Eng l i sh  units) 

Test  numbers Date Meter box number P lan t  

Or i f i ce  Gas volume Temperature 
manometer Wet tes t  Dry gas Wet t es t  Dry gas meter 
s e t t i n g ,  meter meter meter I n l e t  Out le t  Average 

i n .  H20  
(V 1 ,  ( t w > ,  ( t d  1 3  (td 1, ( td) ,a  

i 0 
OF O F  OF OF d3 

(AH) , (VW) 9 

f t  3 f t  

Barometric pressure ,  P, = i n .  Hg Dry gas meter number 

Time 
(0) , 
min 

I 10 I 

I 10 I 
I 

I I  

Vacuum 
s e t t i n g ,  

i n .  Hg 

P r e t e s t  Y 

I 'i 

vw Pb (td + 460)  

Vd Pb f AH tw + 460 
1 3 . 6  

'i 

I 
I I 

Y =  

a If the re  i s  only one thermometer on the  dry gas meter, record t h e  temperature under td. 

3 
3 

V = Gas volume passing through the  wet t es t  meter, f t  . 
V = Gas volume passing through the  dry gas meter,  f t  . 

W 

d 
= Temperature of the  gas i n  the  wet t e s t  meter,  OF. 

= Temperature o f  t h e  i n l e t  gas of t he  dry gas meter, O F .  

= Temperature of t he  o u t l e t  gas of t he  dry gas 

tw 

td 

td 

i 
meter, OF. 

0 

td = Average temperature of t he  gas i n  the  dry gas meter, obtained by the  average of td and t 
i AH = Pressure d i f f e r e n t i a l  across  o r i f i c e ,  i n  H20. 

Y .  = Ratio of accuracy of wet t e s t  meter t o  dry  gas meter f o r  each run. 
1 
Y = Average r a t i o  of accuracy of w e t  tes t  meter t o  d r y g a s  meter f o r  a l l  t h ree  runs;  

to le rance  = p r e t e s t  Y - +O.O5Y 
P,, = Barometric pressure ,  i n .  Hg. 

8 = Time of c a l i b r a t i o n  run, min. 

Quality Assurance Handbook M5-2.4A 
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O r i f i c e  
manometer 
s e t t i n g ,  
(AH) , 

mm H20 

POSTTEST METER CALIBRATION DATA FORM (Metric units) 

'i 
Gas volume Temperature  

Wet t e s t  Dry gas  Wet t e s t  Dry g a s  meter 
meter meter meter I n l e t  O u t l e t  Average Vw Pb (td + 273)  

O C  

'i Pb + AH tw + 273 
(VW) 9 ('dl 9 ( t w ) ,  ( td  >, ( td  >, ( td ) , a  Time Vacuum 

13.6  d (0) s e t t i n g ,  
min mm Hg 

i 0 

O C  O C  
O C  

3 m 3 m 

. 3  

. 3  

. 3  

a 
d '  If t h e r e  i s  o n l y  one thermometer on t h e  d r y  gas  meter, r e c o r d  t h e  t empera tu re  under  t 

where 

v =  
v =  d 

W 

- 
t w  - - 

td - i 

td - 

t =  d 
A H =  
Y .  = 

Y =  

- 
0 

1 

P =  b 
o =  

3 Gas volume p a s s i n g  th rough  t h e  w e t  t e s t  meter, m . .-. 
3 Gas volume p a s s i n g  th rough  t h e  d r y  gas meter, m . 

Temperature  of t h e  g a s  i n  t h e  wet t e s t  meter, OC. 

Temperature of t h e  i n l e t  g a s  of t h e  d r y  gas meter, OC. 

Temperature  of t h e  o u t l e t  g a s  of  t h e  d r y  gas meter, O C .  

Average t empera tu re  o f  t h e  gas  i n  t h e  d r y  gas meter, o b t a i n e d  by t h e  ave rage  o f  td 

P r e s s u r e  d i f f e r e n t i a l  a c r o s s  o r i f i c e ,  mm H20. 

R a t i o  o f  accu racy  o f  wet t e s t  meter t o  d ry  gas 

Average r a t i o  o f  accu racy  of wet t e s t  meter t o  d r y  gas 
t o l e r a n c e  = p r e t e s t  Y - t0.05Y 

na romct r i c  pressure, mtn Ilg. 

Time of  c a l i b r a t i o n  run ,  min. 

and td , OC. 
i 0 

meter f o r  each  run .  

meter f o r  a l l  t h r e e  r u n s ;  

Quality Assui-ance Handbook M5-2.4B 
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STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

Date Thermocouple number 

Ambient temperature OC Barometric pressure  in. Hg 

Cal ibra tor  Reference: mercury-in-glass 

o ther  

Reference 
p o i n t  

number 
Sourcea 
spec i fy )  

Reference 
the nnome t e  r 
temperature, 

OC 

Thermocouple 
potentiometer 
temperature, 

OC 

b Temperature 
d i f fe rence  , 

% 

1 
aType r of c a l i b r a t i o n  system used. 

O C  -I- 273)] 10051.5%. '[(ref temp, OC + 273)  - ( t e s t  thermom temp, 
ref temp, OC + 273 

Quality,Assurance Handbook M5-2.5 
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NOZZLE CALIBRATION DATA FORM 

Date Calibrated by - 

where : 

= three different nozzles diameters, m (in.); each 
diameter must be within (0.025 mm) 0.001 in. aDl,2,3 

AD = maximum difference between any two diameters, mrn (in.), b 
AD L(0.10 mm) 0.004 in. 

= average of D1, D2' and Dg. avg ' D  

Quality Assurance Handbook M5-2.6 



NOMOGRAPH DATA FORM (English units) 

Plant 

Date 

Sampling location 

Calibrated pressure differential across 
orifice, in. H20 I AH@ I 

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

Percent moisture in gas stream by volume, % 

Barometric pressure at meter, in. Hg 

Station pressure in stack, in. Hg 

Ratio of static pressure to meter pressure 

(Pmf0.073 x stack gauge pressure, in. H20) 

Average stack temperature, OF 

Average velocity head, in. H20 

Maximum velocity head, in. H20 

C factor 

Calculated nozzle diameter, in. 

Actual nozzle diameter, in. 

Reference bp, in. H20 

Quality Assurance Handbook M5-4.1 



PARTICULATE FIELD DATA FORM 

Meter c a l i b r a t i o n  (Y)  
P i t o t  t ube  (C ) 
Probe l eng th  

P l a n t  
C i ty  
Locat ion 
Operator  
Date 

Shee t  of  
Nozzle i d e n t i f i c a t i o n  number - 
Nozzle diameter  mm ( i n . )  
Thermometer number 9 

F i n a l  l e a k  r a t e  m”/min (cfm) 
Vacuum dur ine  l e a k  check 

Probe l i n e r  m a t e r i a l  
Probe h e a t e r  s e t t i n g  
Ambient temperature  
Barometric p re s su re  (P b ) 
Assumed mois ture  

mm ( i n . )  Hg 
Run number 
Stack diam, mm ( i n . )  mm ( i n . )  Hg 

F i l t e r  number 
Remarks 

~ 

Sample box number mm ( i n . )  H20 
Meter box number C Fac to r  
Meter AH@ Reference aP - - mm ( i n . )  H20 

S t a t i c  p re s su re  (P a ) 

! PressLre 
d i f f e r -  
e n t i a l  
a c r o s s  
o r i f i c e  

meter (AH) 

( i n . )  H2! 
mm 

Temperature 
of gas  

l eav ing  
Stack  

tempera - 
t u r e  

Gas sample temp- 
e r a t u r e  a t  d ry  

Veloc i ty  
head 
(q 9 

mm 
( i n . )  H 0 2- 

Traverse 
po in t  
number 

S amp 1 i ng 
t ime,  

(O), min 

Clock 
time, 
( 2 4  h)  

Gas sample Vacuum, 

( i n . )  Hg 
mm 

I--+--- -- 

Max I Tota l  Max 

Quality Assurance Handbook M5-4.2 



SAMPLE LABEL 

Plant  City 

S i t e  Sample type 

D a t e  Run number 

Front r inse  Front f i 1 t e r  Front solut ion 

Back r inse  Back f i l t e r  Back solut ion 

Solution Level marked .. 
Volume: I n i t i a l  

Clean up by 

II] 

fd 
E 

Final 2 
I2 

Quality Assurance Handbook M5-4.3 



SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Plant Sample date 
Sample location Run number 
Sample recovery person Recovery date 
Filter ( s  ) number 

MOISTURE 
Impingers silica gel 
Final volume (wt) Final wt Q g ml (a) 
Initial volume (wt) ml (g) 4 Q 
Net volume (wt) ml (9) g 91 

Initial wt 
Net wt- 

Total moisture g 
Color of silica gel 
Description of impinger water 

RECOVERED SAMPLE 
Blank filter container number Sealed 
Filter container number Sealed 
Description of particulate on filter - 

Acetone rinse Liquid level 
container number marked? 
Acetone blank Liquid level 

Sampl'es stored and locked 
Remarks 

marked? % container number - 

Date of laboratory custody 
Laboratory personnel taking custody 
Remarks 

Quality Assurance Handbook M5-4.4 



ANALYTICAL BALANCE CALIBRATION FORM 

Balance name Number 

Classification of standard weights 

0.500 g 1.0000 g 10.0000 g 50.0000 g 100.0000 g 

Quality Assurance Handbook 

Analyst 
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SAMPLE ANALYTICAL DATA FORM 

Sample 
type 

Acetone rinse 

Sample Liquid level marked 
identi f i able and/or container sealed 

I I 

Acetone rinse container number 
Acetone rinse volume (Vaw) ml 

- 
wa - 
Date 
Date 

Acetone blank residue concentration (Ca) 

and 
and 

time of wt Gross wt 
time of wt Gross wt 

Average gross wt 
Tare wt 

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

Filterts) container number -~ 

mg 
mg 
mg 
mg 
mg 
mg 
mg 

Date and time of wt Gross wt 
Date and time of wt Gross wt 

Average gross wt 
Tare wt 

Weight of particulate on filter(s) (m,) 

Total weight of particulate (m,) 
Weight of particulate in acetone rinse 

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

Remarks 

Signature of analyst 
Signature of reviewer 

Quality Assurance Handbook M5-5.3 



BLANK ANALYTICAL DATA FORM 

Plant 
Sample location 
Relative humidity 
Liquid level marked and container sealed 

Blank volume (Va) ml 
Date and time of wt Gross wt mg 

mg Date and time of wt Gross wt 
Average gross wt mg 

Tare wt mg 

Density of acetone (pa) g/ml 

Weight of blank (mab) mg 

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

Filters Filter number 
Date and time of wt Gross wt mg 
Date and time of wt Gross wt - *g 

Average gross wt mg 
Tare wt mg 

Difference wt mg 

Note: Average difference must be less than f5 mg or 2% of total 
sample weight whichever is greater. 

Remarks 

Signature of analyst 

Signature of reviewer 

Quality Assurance Handbook M5-5.4 



PARTICULATE CALCULATION FORM (English units) 

SAMPLE VOLUME (ENGLISH UNITS) 

+ (AH/13.6) 
f t3 - - -  

Tm 
Equation 6-1 

PARTICULATE CONCENTRATION (ENGLISH UNITS) 

* - mg m =  n _ _ _ _  

= 2.205 x mn )= - . - - -  x lo" lb/dscf 
"m(std) Equat ion  6-8 

cs 

Quality Assurance Handbook M5-6.1A 



PARTICULATE CALCULATION FORM (metric u n i t s )  

+ (AH/13.6) 
= 0.3858 Vm Y p a r  'm( std) ) = - .  - - -  m3 Equation 6-1 

Tm 

PARTICULATE CONCENTRATION (METRIC UNITS) 
- mn - - - - - * - m g  

Equation 6-8  

Quality Assurance Handbook M5-6.1B 



METHOD 5 CHECKLIST TO BE USED BY AUDITORS 

- 
Yes - No Comment OPERATION 

Presampling Preparation 

1. 
2. 

3 .  
4. 
5. 
6. 
7. 
a. 

9. 
10. 

11. 

Knowledge of process conditions 
Calibration of pertinent equipment: 
in particular, the dry gas meter, 
orifice meter, and pitot tube 

On-Site Measurements 

Sample train assembly 
Pretest leak check of train 
Isokinetic sampling 
Posttest check 
Sample recovery and integrity 
Recording of pertinent process 
information during sample collec- 
tion 

Postsampling 

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

General Comments 

Quality Assurance Handbook M5-8.1 




