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DETERMIB?iTION OF PARTICUL2LTE MATTER EMXSSIOSS FROM 
STATIOHARY SOURCES USmG A WET IMPIN- TRl4IN 

1. Overview 


1.1 Principle 


A sample of stack gases is withdrawn 


isokinetically from the source through a sample 


train, Particulate matter is collected in 


impingers containing deionized water and on a 


backup filter- The impingers are contained in an 


ice bath to maintain a sampled gas temperature of 


approximately 1 5 O ~  (60°~), The filter is not 


heated. 


Total particulate matter mass is defined as the 


sum of the mass collected in the impingers and 


probe, and on the filter after removal of 


combined water, plus extractable organic matter. 


Solid particulate matter mass is defined as the 


total particulate matter mass minus extractable 


organic matter and sulfuric acid, An adjustment 


to the total particulate matter mass is allowed 


for sulfuric acid formed from reactions between 




SO2 and SO3 with the sample train components. 


When .ammonia is injected to enhance the 


efficiency of a control device, a second 


adjustment is allowed for neutral sulfates , 

This adjustment is allowed for fluid catalytic 


cracking units only- 


Because of the complexity of this' method, 


personnel involved in both the collection and 


analysis of samples must be trained and 


experienced in the test procedures. 


1.2 Applicability 


This method is used to measure particulate 


emissions from stationary sources, except when 


determining compliance with New Source 


Performances Standards, When the particulate 


matter is hygroscopic, SO; is present in 


concentrations greater than 10 ppm, or ammonia is 


injected to enhance control device efficiency, an 


in-stack filter or a heated filter before the 


impi.ngers is recommended -



DETERMISATION OF PBRTICOLATE MATTER BHIBBIONS FROM 
STATIONARY SOURCES USING A WET IMPINGEBfENT TRAIN 


section 2 of.4 


2. Field Procedures 
' 

2- 1 . Sampling Apparatus 

2- 1.1 Sampling Train 

A schematic of the sampling train used in 

# 

this method is shown in Figure 5.1-1. 


The sampling train consists of the 


following components: 


a. Probe Nozzle 


The nozzle material should be'316 


stainless steel or glass, with a 


sharp, tapered leading edge. The 


taper angle should be ( 30° and on the 

outside, to preserve a constant 


internal diameter. The stainless 




steel nozzle should be constructed 


from seamless tubing. Other materials 


which will not be corroded by the 


sampled gases or interfere with sample 


recovery may be used. 


A range. of nozzle sizes suitable for 

isokinetic sampling should be 


available in increments of 0.16 ch 


(1/16 in.), egg. from 0.32 to 1-27 cm 


(1/8 to 1/2 in.) or larger if higher 


volume sampling trains are used, 


Each nozzle must be calibrated before 


its use in the field. Measure the 


inside diameter of the nozzle with a 


micrometer to the nearest 0.025 mm 

(0.001 in.). ~ a k ethree separate 


measurements using different diameters 


each time, and obtain the average. 


The difference between the high and 


low numbers shall not exceed 0.1 mm 


(0.004 in.). Nicked, dented, or 


corroded nozzles must be reshaped, 


sharpened, and recalibrated before 


use. 




Connect the nozzle to the liner with a 


leak-free fitting resistant to heat 


and chemicals. 


b. Probe Liner 


Use borosilicate or.quartz probe 


liners for stack temperatures up to 


about 4 8 0 ~ ~  ; use' qua.rtz liners '(900~~) 


for temperatures between 480 -and9 0 0 ~ ~  


(900 and 1,650~~)'. If.high 


temperatures are encountered see 


Chapter X section on sampling High 


Temperature Sources. 


Whenever practical, use borosilicate 


or quartz glass probe liners, 


Otherwise, .use metal liners made of 


seamless tubing (e-g. 316 stainless 


steel, Inconel 825, or other corrosion 


resistant metals) when acid 


particulates are present in 


concentrations less than 1 'mg/m3 at 


probe conditions,or So2 is less than 



When assembling the probe and nozzle, 

verify that all components, including 


ferrules and other connectors, are 


heat-resistant, leak-free and non- 


contaminating for the sample. 


The liner may be connected to the 


impingers rigidly w i t h  glass, or 

flexibly with inert vacuum tubing. 


c. Pitot. Tube 


-

Use an S-type ~ltot tube as.described 

- "" 

in Section 1.1 of Method 2.1, or, other 


device approved by the Executive 


Officer. Attach the Pitot tube to the 


probe, as shown in Figure 5.1-1, to 


allow constant monitoring of the stack 


gas velocity. If this is not 


practical see Chapter X, section on 


Flue Factor.
' 

The impact (high pressure) opening 


plane of the Pitot tube must be even 


with or above the nozzle entry plane 


(see Method 2.1) during sampling. The 


S-type Pitot tube assembly must have a 


1 



known coefficient, as determined in 


Method 2.1. 


d. Differential Pressure Gauge 


Use an inclined manometer or 


equivalent device, as described in . 

Method 2.1, for stack velocity head 
readings, and a separate manometer for 


orifice differential pressure 


readings. 


e. Filter Holder 

. . 

Use a borosilicate glass filter 


. holder, with a glass frit filter 

support and a silicone rubber gasket. 


Other materials such as stainless 


steel, Teflon, or Viton may be used if 


they do not react with the particulate 


matter or sample gases. (Reactions 


normally are not a problem after the 


impingers.) The holder design 


provides a positive seal against 


leakage from the outside or around the 


filter. Attach the holder after the 


diy 'impinger in the impinger train. 




f. Impinger Train 

The train consists of four Greenburg- 


Smith design impingers connected in 


series with leak-free ground glass . 

fittings, or any similar leak-free 


non-contaminating fittings . The first . 

and second impingers must be of the 


Greenburg-Smith design with the 


standard tip, The third and fourth 


impingers must be of the Greenburg- 


Smith design, modified by replacing 


the tip with 1.3 cm (1/2 in.) ID glass 


tube extending to about 1.3 ' x u  (1/2 

in. ) from the bottom of the flask. 

Acceptable modifications include the 


following: using non-reactive flexible 


co~ections between the impingers, 


using materials other than glass, or 


using flexible vacuum lines to connect 


the filter holder to the impinger 


train, 


The first and second impingers contain 


100 ml of deionized water (run blanks 


prior to field use) , the third is 



empty, and the fourth contains a known 


weight of 6 to 16 mesh indicating-type 


silica gel or equivalent. Place a 


thermometer capable of measuring 


temperature to within 1°c O OF) at the 


outlet of the fourth 


monitor outlet gas temperature. In 


certain applications an extra dry 


impinger with a shortened straight 


stem may be placed before the wet 


impinger to act as a drop out for 


'particulates that cause excessive 


foaming, or when there is excessive 


moisture. 


Instead of using silica gel the 


moisture leaving the third impinger 


may be measured. by monitoring the 


temperature and pressure at the exit 


of the impinger .train and using 


Dalton's law of partial pressures, 


Even if means other than silica gel 


are used to determine the amount of 


moisture leaving the impinger train, 


silica gel, or equivalent should be 


used between the impinger system and 




pump to prevent moisture condensat ion 


in the pump and metering devices. 


g. Metering System 


The metering system includes vacuum 


gauge, 1,eak-f ree pump, thermometers 


capable of measuring temperature to 


within ~ O C(5. OF) , dry gas meter 
capable of measuring volume to within 


2 percent, and related equipment, as 


shown in Figure 5.1-1. An alternative 


to the thermometer and dry gas meter . 
. . 

compensated dry gas meter. When the 


metering system. is used in conjunction 


with a Pitot tube, the system should 


allow for checks of isokinetic rates. 


2.1.2 Barometer 


A mercury, aneroid, or other barometer 


capable of measuring atmospheric pressure 


to within 2.5 mm .(0.1 in. ) Hg is used. 

The barometric pressure may be obtained 


from a nearby National Weather Service 


(NWS) station. Request the station value 



(which is t h e  absolute barometric 

pressure) and adjust  fo r  e levat ion 

difference between t h e  NWS s t a t i o n  and t h e  

sampling point a t  t he  r a t e  of minus 2.5 mm 

(0.1 in.)  Hg per 30 m (100 f t )  e levat ion 

increase o r  plus t he  same adjustment f o r  

elevation decrease, 

2-1.3 Temperature Determination Equipment 

U s e  the temperature sensor described i n  

Method 2 .1. Preferably, the temperature 

sensor should be permanently.attached t o  

t h e  P i to t  tube o r  sampling &be so  t h a t  

the t i p  of the  sensor extends beyond t h e  

leading edge of the probe sheath and 

touches no metal, Alternatively t he  

sensor may be attached j u s t  p r i o r  t o  use 

i n  the  f i e ld .  I f  t h e  temperature sensor 

is attached i n  t h e  f i e ld ,  place it i n  an 

interference-free arrangement with respect 

t o  t he  S-type P i to t  tube openings (see 

Method 2 .1 ) -

AS another alterriative,  i f  a difference of 

not more than 1percent i n  the  average 

measurement and resul t ing  stack flow r a t e  



ca lcula t ion  would be introduced, the ' 

temperature gauge need not  be attached t o  

the  probe o r  P i t o t  tube. 

2.1.4 Gas Molecular Weight - Determination 

Equipment 

Same as M e t h o d  3.1. Concurrent 

determination is no t  required when t h e  

process is s t eady  s t a t e  and molecular 

weight va r i e s  less than 2 percent ,  

2.2 Sampling Reagents 

a. F i l t e r s  

Glass f i b e r  f i l t e r s ,  without organic  binder. 

The f i l t e r s  should be a t  l e a s t  99-95 percent 

e f f i c i e n t  (s 0.05 percent  penet ra t ion)  on 0.3 

micron d i o c t y l  ph tha la t e  smoke particles. 

Conduct the f i l t e r  e f f i c i ency  test i n  

accordance with ASTM Standard M e t h o d  

D2986-71,  o r  use test da ta  from the 

s u p p l i e r ' s  qua l i ty  control 'program, Low 

sodium f i l t e r s  are recommended when SO2 is 

present.  



b. Silica- Gel 


Indicating-type silica gel, 6 to 16 mesh. 


Use new silica gel as received. If previously 


used, dry at 175O~ ( 3 5 0 ~ ~ )  
for 2 hours. 
. , 

Other types of desiccants may bk used subject 


to the approval of the Executive Officer. 


c. Water 


Deionized, distilled water to conform to ASTM 


specification ~1193-77 Type 3. 


At the option of the chemist, the KMn04 test 


for oxidizable matter may be eliminated when 


high concentrations of organic matter are not 


expected to be present. Reference to water 


throughout this method implies deionized, 


distilled water. 


Run blanks prior to,field use to eliminate a 


high blank on test samples. 


d. Crushed Ice or Dry Ice Pellets 




e. Stopcock Grease 


Stopcock grease is not recommended and not 


necessary if screw-on connectors with Teflon 


sleeves or similar are used. Acetone-


insoluble, heat-stable silicone grease may be 


used. Other types of grease may be used, 


subject to the approval of the Executive 


Officer. 

2.3 Pretest Determinations 

Select the 'sampling site and 

of sampling points according 

it is not possible to follow 

than one sample site must be 

the minimum number 

to Method 1.1. If 

Method 1.1, or more 

tested, see Chapter 

X. Determine the stack pressure, temperature, 


and the range of velocity heads using Method 2.1. 


Deternine the moisture content, using Method 4.1 


or its alternative, to make sampling rate 


settings. 


Determine the stack gas dry molecular weight as 


described in Method 3.1. If integrated sampling 

(Method 3.1) is used for molecular weight 

. . 

determination, take the integrated bag sample 




throughout the total time of the 


sample run, unless the effect on the velocity 


measurement and resulting stack flow rate 


calculation is less than 1 percent, In that case 


take the integrated sample immediately before, 


after, or for a shorter time during the 


particulate sample run. 


Select a nozzle size based on' the range of 


velocity heads encountered, so that it is not 


necessary to change the nozzle size to maintain 


isokinetic sampling rates. Do not change the 


nozzle size during the run. Choose the 


differential pressure gauge appropriate for the 


range of velpcity heads encountered (see Method . 

Select a probe length suitable for sampling all 


traverse points. Consider sampling large stacks 


from opposite sides (four sampling port holes) to 


reduce probe lengths. 


Select a total sampling time equal. to or greater 


than the minimum total sampling time specified in 


test procedures for the-specific industry. The 


sampling time-per point must not be less than 2 


minutes and the total sample volume taken 




(corrected t o  standard conditions) must not be 

less than 30 ft3. 

To avoid timekeeping e r rors ,  it is recommended 

t h a t  t h e  number of minutes sampled a t  each point 

should be an integer  o r  an in teger  p lus  one-half 

minute. The sampling time should be the same  .at  

each point. I n  same circumstances, e. g. batch 

cycles, it may be necessary t o  sample for shorter 

times a t  the t raverse points,  r e su l t i ng  i n  

smaller gas sample volumes. I n  .these cases, .  test 

two o r  more cycles. 

2.4 Gas volume M e t e r  Checks 

Check the m e t e r  against the  AH@ o r i f i c e  

cal ibrat ion obtained i n  Chapter I11 without the  

probe, f i l t e r  and t r a i n  connected. A pretest 

check is recommended. A post test check is 

mandatory. 

Check the cal ibrat ion of the metering system by 

performing cal ibrat ion runs a t '  three d i f fe ren t  

flow ra tes .  Set the f l o w  r a t e s  a t  0.4 c f m  + 10 
percent, 0.7 c f m  + 10 percent, and 

1.0 c f m  -+ 10 percent. The ca l ib ra t ion  w i l l  be 



used to calculate AH@ at these three flow rates,
- ,  

where AH@ is calculated as follows: 


where: 

= Average pressure differential across the 

orifice meter, in. H20 at 0.75 sckm 


(528O~, 29-92 in. Hg) 


= Absolute average dry gas meter 

temperature, OR 


= Barometric pressure, in, Hg 

= Total. sampling time, min 

= Dry gas meter calibration factor, 

dimensionless, obtained from'percent 


, Chapter I11 

= Pressure differential across the 

orifice, in. H20 


= Volume of gas sample ,as measured by 

dry gas meter, dcf 




0.0319 = (0.0567 in. ~g/%) x (0.75 cfm12 

A = 1, if meter is not temperature 

compensated 


-
compensated Temp. (%)' 

if temperature compensated. 


If the. measured AH@ differs by more than + 3 
percent of the actual AH@obtained in Chapter 


111, the results of the tests are voided. 


An alternative procedure (e.g. using an orifice 


meter with a known K-Factor) may be used, subject 


to the approval of the Executive'Officer. 


2.5 Pretest Preparation 


Set up the train as in Figure 5.1-1; 


Mark the probe with heat resistant tape or by 


some other method to denote the proper distance 


to insert the probe into the stack or duct for 


each sampling point. -



Place crushed ice or dry ice pellets around the 


impingers. 


Ieak Checks 


2.6.1 .PretestLeak Check 


If a Viton A. O-ring or other. leak-f ree ' 

connection is used in assembling the probe 


nozzle to the probe liner, leak check the 


train at the sampling site by plugging the 


nozzle and drawing a 380 mm' (15 in.) Hg 


vacuum.. 

. . 

A lesser vacuum may be used if it is not 

exceeded during the test. The probe may 


be.leak checked separately at a pressure 


equal to the stack pressure minus 25 mm (1 


in.) Hg. Alternatively, the probe may be 

leak checked with the rest of the sampling 


train, at 380 mm (15 in.) Hg vacuum. 


A leakage rate in excess of either 4 


percent of the average sampling rate or 


0.00057 m3/min (0.02 cfm) , is 
unacceptable. 




Star t  the  pump with the  bypass valve ful ly  

open and the coarse adjust  valve 

completely closed. Pa r t i a l ly  open t he  

coarse' adjust valve and slowly close the 

bypass valve un t i l  the  desired vacuum is 

reached, Do not reverse direction of 

bypass valve; t h i s  w i l l  cause water t o  

back up in to  the  probe- I f  t he  'desired 

vacuum is exceeded, e i the r  leak check a t  

this higher vacuum or  end the  leak check 

a s  shown below and s t a r t  over-

When the leak check is completed, .slowly 

remove the  plug from the  i n l e t  t o  the' 

probe, and then turn  off the  vacuum p u p .  

This prevents the  water i n  t he  impingers 

from being forced backward i n t o  the f i l t e r  

holder and s i l i c a  gel  from being entrained 

in to  the thi rd  impinger. 

Perform a leak check of the  P i to t  l ines .  

(See ~ e t h o d  2 .1 ) .  

2 . 6 - 2  Leak Check During Sampling Run 

I f  a component chang'e (e-g. f i l t e r  

assembly o r  impinger) becomes necessary 



aduring the  sampling run, conduct a leak 

check immediately before t he  change is 

made. U s e  the pretest  leak check 

procedure, but  use a vacuum equal t o  o r  

greater than t h e  maximum value recorded up 

t o  t ha t  point i n  the test-

I f  the  leakage ra te  is not  greater  than 

either 0.00057 m3/min (0.02 cfm) o r  4 

percent of t h e  average sampling r a t e ,  the  

resu l t s  a re  acceptable and no correct ion 

has t o  be applied t o  the  to t a l  voluple of 

dry gas metered. However, i f  the  leakage 

r a t e  exceeds e i ther  of these l imi t s ,  t h e  

t e s t e r  must e i t he r  record the leakage r a t e  

and corPect the sample volume a s  shown i n  

Chapter X, Section 7 ,  o r  void the  sampling 

run immediately a f t e r  component change. 

2 - 6.3 Post T e s t  Leak Check 

A leak check is mandatory a t  t h e  

conclusion of each sampling run. Follow 

the procedures outlined i n  Section 2 .6.1 

a t  a vacuum equal t o  or  g rea te r  than the  

maximum value reached during t h e  sampling 



Compare t h e  leakage r a t e  t o  the  l i m i t s  

indicated i n  Section 2 .6 .2  and follow the 

procedure described there. 

2.7 Sampling Train Operation 

During the sample run, maintain an isokinet ic  

sampling r a t e  within 10 percent of true 

isokinetic.  

For each run, record the da ta  required on t h e  

data sheet shown i n  Figure 5.1-4 . Be sure  t o  

record the i n i t i a l  dry gas m e t e r  reading. Record 

the  dry gas m e t e r  readings a t  the beginning and 

end of each sampling t i m e  increment, when changes 

i n  flow rates a r e  made, before and a f t e r  each 

leak check, and when sampling is halted. 

Record other data required by the sheet i n  Figure 

5.1-4 a t  l e a s t  once fo r  each sample point  during 

each time increment. Take' addit ional  readings 

when s ign i f ican t  changes (20 percent var ia t ion i n '  

veloci ty head readings) require adjustments i n  

flow ra te .  



Level and zero the manometer and make periodic 


checks during the traverse because the manometer 


level and zero may drift due to vibrations and 


temperature changes- 


Clean the portholes prior to the test run to 


minimize the chance of contamination. To begin 


sampling, remove the nozzle cap and verify that 


the Pitot tube and probe are properly positioned. 


During the period before sampling, the nozzle can 


be pointed downstream. Position the'nozzle at 


the first. traverse point and rotate the nozzle 


until the tip is pointing directly into the gas 


stream be'f ore turning the sampling 


Immediately start the pump and adjust the flow to 


isokinetic conditions- 


Use calculators or nonkgraphs to determine 


correct adjustment of the isokinetic sampling 


rate, 


When the stack is under significant negative 


pressure (height of water in impinger stem), take 


care to close the coarse. adjust valve before 


inserting the probe into w e  stack to prevent 


water from backing into the probe- If necessary, 




the pump may be turned on with the coarse adjust 


valve closed. 


When the probe is in position, block off the 


openings around the probe and porthole to prevent 


flow aisturbance and dilution of the gas streani. 


Traverse the stack cross section, as required . by. 

Method 1.1. Be careful to avoid bumping the 


probe nozzle into the stack walls when sampling 


near the walls or when removing or inserting the 


probe through 'the portholes. This minimizes the . 

chance of extracting stack deposits. . 

During the test run, periodically add ice to 


maintain a temperature less than 1 5 O ~  (60O~) at 


the condenser/silica gel outlet. Also, 


periodically check the level and zero of the 


manometer. Note and investigate any changes in 


stack temperature or velocity pressure over those 


measured during previous tests or traverses. 


Changes can mean failure of sampling equipment or 

. . 

a change in process. 


If the pressure drop of the filter becomes too 


high, making isokinetic sampling difficult to 


maintain, the.filter may be replaced during a 




sample run. Use another complete filter assembly 


rather than attempting to change the filter 


itself. Before a new filter assembly is 


installed, conduct a leak check (see Section 


.The total particulate weight includes ;the 


summation of all filter assembly catches. Use a 


single train for the entire sample run,. except 


when sampling is required in two or more ducts or 


at two or more locations within the same duct, or 


when equipment failure necessitates a change of 


trains.. When two or more krains are used, 


' ' separate analyses of each train must be 


performed. 

At the end of the sample run, turn off the coarse 


adjust valve, remove the probe and nozzle from 


the stack, turn off the pump, record the final 


dry gas meter reading, and conduct a post test 


leak check, as outlined in 2.6.3. Also, leak 


check Pitot lines as described in Method 2.1. 


The lines must pass tXis leak check to validate 


the velocity head data. Perform a gas volume 


meter check as described in Section 2.4. 




2.8 Calculation of Percent Isokinet ic  

Calculate percent isokinetic ,  using the equation 

shown i n  Figure 5.1-6, t o  determine whether the  

run was val id or another test run should be made. 

2.9 Sample Handling 

Proper clean-up procedure begins a s  soon as  the  

probe is removed from the stack a t  t h e  end of the  

sampling period, 

Allow the probe t o  cool, When the probe can be 

safely handled, wipe off a l l  external  par t icula te  

matter near the  t i p  of the probe nozzle and place 

a cap over it t o  prevent losing o r  gaining 

part iculate matter, Do not cap off  the probe t i p  

t igh t ly  while the  sampling t r a i n  is cooling down. 

This would create a vacuum i n  the probe, drawing 

water from t h e  impingers in to  the probe. 

Before moving the  sample t r a i n  t o .  t h e  clean-up 

site, remove the  probe from t h e  sample t r a i n ,  

wipe off any stopcock grease, and cap the open 

out le ts  of t h e  probe, Be  careful  not t o  lose any 

condensate t h a t  might be present, Wipe any 



stopcock grease o f f  of t h e  impinger t r a i n  i n l e t  

where the probe w a s  fastened and cap it, . Remove 

the  umbilical cord from the last impinger and cap 

the impinger. I f  a f l ex ib l e  l i n e  is used between 

the f i r s t  impinger and the probe, disconnect the 

l i n e  a t  the probe and le t  any condensed water o r  

l iquid d ra in  in to  t h e  impingers, A f t e r  wiping 

off any stopcock grease, cap off t h e  open i n l e t  

of the  flexible l i n e  opening- E i t h e r  ground 

g lass  stoppers, p l a s t i c  caps, or  serum caps may 

be used t o  close these  openings, 

Transfer the probe and filter-impinger assembly 

f t o  ' the clean-up area ,  This area should be clean 

and protecteg from t h e  wind t o  reduce chances of 

contaminating o r  los ing the sample, It is 

recommended t h a t  sample recovery be performed i n  

a controlled laboratory environment. 

2 - 10 Calibration 

See Chapter 111. 



DETEXWIHATIOrS OF PARTI-TE MATTER BMIS81GHS FROM 
STATIOXARY 80-8 USI190 A WET IMPI10GEMSNZ TR?iIN 

Section 3 of 4 


3. Laboratory Procedures 


3.1 Apparatus 

3 . 1 . 1  Sampling Train 

See Section 2 .1 .1 .  

3 . 1 . 2  Sample Recovery 

a. Balance 

The balance must be accurate t o  the 

nearest 0 .5  g. 

b. Nylon B r i s t l e  Brushes with Stainless 

W i r e  Handles. 

The probe brush must have extensions 

a t  least  a s  long as the probe, and 



made of stainless steel, Nylon, or 


Teflon, ox: similarly inert material. 


The brushes must be properly sized and 


shaped to bmsh out the probe liner 


and nozzle. 


c. Wash Bottles 


Glass wash bottles are recommended; 


polyethylene wash bottles may be used 


at the option of the tester. 


d. lass sample Storage Containers- 


Use 500 ml or 1000 m l  chemically-

resistant, borosilicate glass bottles. 


Screw cap liners must be rubber-backed 


Teflon or constructed to be leak-free 


and resistant to chemical attack. 


Narrow mouth glass bottles are less 


prone to 'leakage. Alternatively, 


polyethylene bottles may be used. 




e. Petri Dishes 


For filter samples, use glass or 


polyethylene dishes, unless otherwise 


specified by the Executive Officer. 


f. Plastic Storage Containers 


Air-tight containers to store silica 


gel. 


g. Funnel and Rubber Policeman 


To aid in transfer of silica gel to 


container; not necessary if silica gel 


is weighed in the field. 


h. Funnel 


Glass or polyethylene, to'aid in 


sample recovery. 


3.1.3 Analysis of Particulate Matter 


a. Glass Weighing Dishes 




b. Desiccator 


Containing indicating-type calcium 


sulfate or indicating-type silica gel 


desiccant. 


c. Analytical Balance 


To measure to 0.1 mg. 


d. Beakers 


600, to 1000 .ml, 150 ml.. 


e. Hygrometer 


To-.
measure the relative humidity of 


the laboratory environment. 


f. Temperature Gauge 


To measure the temperature of the 


laboratory environment. 

. 

g. Drying Oven . 



h. Separatory Funnel 


1000 ml. 

i. Hot Plate 


Heavy duty. 


j. Ribbed Watch Glasses 


-
k. Filtration Apparatus 


Includes suction flask, filter holder 


and vacuum pump. 


1. Rubber Policeman 


To aid in quantitative sample 


transfer. 
, . 

3.1.4 Acid and Sulfate Analysis 


a. Beakers 


400 or 600 ml. ' 



b. Buret 

10 m l  or 50 ml (0.02 d iv i s ions )  , or 

autotitrator. 

Hot Plate 

Heavy duty. 

Furnace 

. , 

e. Crucibles 

'Gooch, 20-40 m l. Prepared with 

asbestos mat and tared a f t e r  9 0 0 ~ ~  

( 1 6 5 0 ~ ~ )and 6 hours desiccation.  

f- Crucible tongs. 

g. Analytical Balance 

To measure t o  0 . 1  mg-



h. Desiccator 


Containing indicating-type calcium 


sulfate or indicating-type silica gel 


desiccant. 


i. Hygrometer 


To measure relative humidity. 


j. Temperature Gauge 


To measure the temperature of the 


laboratory environment. 


k. Pipet 


Graduated 25 ml, in 1 ml increments. 


1. Sample Containers 


To hold filter and impinger .resid.ue. 


m. Stirring Rods 


Glass. 




n. Watch Glass 


Ribbed, to cover beakers. 


o. Filtration Apparatus 


Includes suction flask, filter holder 


and vacuum pump. 


p. Steam Bath. 


3.2 Reagents 


3.2.1 Sample Collection -Train Preparation 


a. Filters 


Same as Section 2.2 a. 


b. Silica Gel 


Same as Section 2.2 b. 


c. Water 


Same as Section 2.2 c. 




d- Crushed Ice or Dry Ice Pellets 


e, Stopcock Grease 


Same as Section 2.2 e. 


3.2.2 Sample Recovery 


a. Water 


Same as Section 3.2.1. c. 


3.2.3 Analysis of Parti~late.Matter . 

a. Water 


Same as section 3-2.1 c. 


b. Desiccant 


Indicating-type anhydrous calcium 


sulfate, or silica gel (see Section 




c. Organic Solvent 


Reagent grade dichloromethane with 


-< 0.001 percent residue. 

3.2.4 Reagents for Analysis of Sulfuric Acid and 

Sulfates 


Same as 2.2 c. 


b. Sodium Hydroxide 0.1N 


Dissolve 4.00 grams of sodium 


hydroxide in 200 ml of.carbon-dioxide 

free water.' Dilute to 1 liter with. 


carbon dioxide free water. 


Standardize and protect from exposure 


to air. 


c. Methyl orange Indicator 


Aqueous. 




d, Bar ium Chloride Solution, 10  Percent 

Dissolve 100 grams of barium chloride 

dihydrate w i t h  900 m l  of water, 

e. Hydrochloric Acid (HC1) 

Concentrated. 

f ,  Hydrochloric Acid (HC1) 0.1N 

(Approximately) 

Di lu te  8.3 m l  concentrated HC1 t o  1 

l i ter  water, 

g, S i l v e r  N i t r a t e  T e s t  Solution 

3.3 P r e t e s t  Preparation 

A l l  equipment, including balances, oven 

temperature, glassware, and safe ty  equipment 

should be checked fo r  readiness  before 

proceeding, Weigh severa l  200 t o  300 g portions 

of  silica ge l  i n  a i r - t i g h t  containers t o  the 

nea r e s t  0.5 g, Record the t o t a l  weight of t h e  

s i l i c a  g e l  p lu s  container ,  on each container.  As 



an alternative, the silica gel may be weighed 


directly in its impinger or sampling holder just 


prior to train assembly. 


Check filters visually against light for 


irregularities, flaws, or pinhole leaks. Label 


filters of the proper diameter on the back side 


near the edge using numbering machine ink. As an 


alternative, label the shipping containers (glass 


or plastic .petri dishes), and keep the filters in 


these containers at all times except during 


sampling and weighing. 


Desiccate the filter at 15 + 5.6O~ *(60 + 1 0 O ~ )  
. and ambient pressure for at least 24 hours. 

Weigh at intervals of at least 6 hours to a 


constant weight (i.e, 0.5 mg change from previous 


weighing); record each weight to the nearest '0.1 

mg. .During each weighing the filter must not be 


exposed to the laboratory atmosphere for a period 


greater than 2 minutes and a relative humidity 


. above 50 percent- Alternatively, the filters may 

be oven dried at 1 0 5 ~ ~  
(220%) for 2 to 3 hours, 


desiccated for 2 hours, and weighed, 




During preparation' and assembly of t h e  sampling 

t r a i n ,  cover a l l  openings wherever contamination 

can occur un t i l  jus t  p r i o r  t o  assembly, A s s e m b l e  

the  impingers i n  the t r a y  .as shown i n  Figure 5-1-

1. Load each of the  f i r s t  two impingers w i t h  

exactly 100 m l  of w a t e r .  Leave the t h i r d  

impinger empty. Place approximately 200 t o  300 g 

of s i l i c a  gel i n  the  fourth impinger and record 

its weight t o  the neares t  0.5 g. More s i l i c a  gel 

may be used, but ensure that it is not entrained 

and carr ied out of the impinger during sampling, 

If moisture content is t o  be determined 

gravimetrically, weigh each impinger p lus  its 

contents t o  the neares t  0.5 g and record the  

weights, 

Using a tweezer o r  clean disposable surg ica l  

gloves, place a weighed and iden t i f i ed  f i l t e r  i n  

the  f i l t e r  .holder, Be su re  t h a t  t h e  f i l t e r  is 

properly centered and the gasket properly placed 

t o  prevent the 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  assembly is completed, 

5.1-40 



circumventing the filter, Check the filter for 


tears after assembly is. completed. 


When using a glass liner, install the selected 


nozzle using a Viton A O-ring when stack 


temperatures are less than 2 6 0 ~ ~  
(500°~), and an 


asbestos string gasket when temperatures are 


higher (consult with source testers). Teflon 


. ferrules may also be used for temperatures less 

than 3 5 0 ~ ~ .  With metal liners, install. the 


nozzle as above or by a leak-free.direct 

-
mechanical connection- Set up the train as in 


Figure 5-1-1 using a very light coat of stopcock 


grease on ground glass joints, greasing only the 


outer portion to avoid the possibility of 


contamination by the stopcock -ease. Use of 


stopcock grease is not recommended unless it is 


absolutely necessary, Connect the impingers, and 


seal the train or its components for transport to 


the sampling site, 


3.5 Sample Collection Train Leak Check 


The sample collection train.may be leak checked 


in the laboratory after assembly using the 


procedure in Section 2 - 5 ,  



3,6 Sample Recovery 

I n  most cases the in tac t  and secured t r a i n  is 

delivered t o  t h e  laboratory f o r  subsequent 

recovery, Occasionally, conditions demand tha t  

recovery be made by source testers i n  the f ie ld ,  

but  t h i s  is not recommended a s  a standard 

procedure, The following discussion is directed 

t o  source t e s t  o r  laboratory personnel, The 

l a t t e r  should determine when laboratory recovery 

methods should be used, I f  the t r a i n  is 

recovered i n  the f i e ld ,  col lect  the sample i n  

leak-free containers, which a re  subsequently 

recovered i n  the laboratory (Section 3.6.5) , I f  

the t r a i n  is recovered i n  the laboratory, col lect  

the sample i n  analytical  glassware, and delete 

container recovery , 

Inspect the t r a i n  f o r  general condition, Note if 

the s i l i c a  gel  is completely expended, and i f  t h e  

t r a i n  or  its components are  sealed, Note any . 

unusual cond i t ions tha t  may af fec t  results ,  

including torn filters ,. cloudiness i n '  the 

impinger l iquids,  etc-



3-6-1 F i l t e r  

Working area t h a t  protected from 

the wind and f r ee  from dust ,  disconnect 

the f i l t e r  holder from the rest of the 

t r a in .  Carefully remove t h e  fi l ter from 

the f i l t e r  holder and place it i n  its 

iden t i f i ed  p e t r i  dish container. . U s e  a 

p a i r  of tweezers  and/or clean disposable 

surgica l  gloves t o  handle the filter.  I f  

it is necessary t o  fold the f i l t e r ,  fo ld  

the par t icula te  cake t o  the inside. 

Carefully t ransfer  t o  the  p e t r i  dish any 

par t i cu la te  matter and/or f i l t e r  f i be r s  

which adhere t o  t he  f i l t e r  holder gasket 

by using a dry nylon b r i s t l e  b ~ s h  and/or 

a sharp-edged blade. ' s ea l  t he  container. 

3-6-2 Probe and Nozzle 

Wipe the connection of the probe and 

t r a i n ,  and disconnect the probe from the 

t r a i n .  During the  probe and nozzle 

recovery, keep 'the remainder of the  t r a i n  

sealed t o  prevent ,any contamination from 

occurring. Wipe down the outside of the 

probe and nozzle. Taking care t o  see that 



dust on the outside of t h e  probe o r  o ther  

exter ior  surfaces does not get i n t o  - the  

sample, quanti tat ively recover p a r t i c u l a t e  

matter or  any condensate from the probe 

nozzle, probe f i t t i n g ,  and probe l i n e r  by 

washing these components with water and 

placing the  wash i n  a sample container. 

Carefully remove the  probe nozzle and 

clean the ins ide  surface by r ins ing with 

water from a wash b o t t l e  and brushing with 

- a Nylon b r i s t l e  brush, Brush u n t i l  t h e  

r inse  shows .no v i s ib l e  pa r t i c l e s ,  then 

make a f i na l  r inse  of the ins ide  surface  

with water, Similarly, brush and r i n s e  

the  inside pa r t s  of the Swagelok f i t t i n g  

with water u n t i l  no v i s i b l e  p a r t i c l e s' 

remain, 

Rinse the probe l i n e r  with water by. 

t i l t i n g  and ro ta t ing  the  probe while 

squir t ing water in to  its upper end s o  t h a t  

a l l  inside surfaces a r e  wetted. L e t  the 

water drain from the  lower end i n t o  t h e  

sample container, A.glass  o r  polyethylene 

funnel may be usqd t o  t r a n s f e r  l i qu id  

washes t o  the container. 



Follow the  water rinse with a probe brush. 

Hold the probe in an inclined position and 

squir t  water into the  upper end a s  the  

probe brush is being pushed with a 

twisting action through the  probe. Hold a 

sample container underneath the  lower end 

of the  probe and catch any water and 

particulate matter which is brushed from 
. . 

the probe. Run the brush through Me  ' 

probe three or more times u n t i l  no vis ible  

part iculate matter is carried out with the 

water or  unti l  none remains i n  the probe 

l ine r  on visual inspection, 

W i t h  s ta inless  steel or  other metal 

probes, run the brush through i n  the above 

prescribed manner a t  l eas t  s i x  times, 

since m e t a l  probes have small crevices in 

which particulate matter can be entrapped. 

Rinse the brush and quantitatively collect  

these washings i n  the sample container. 

A f t e r  the brushing, make a f i n a l  r inse  of 
. . . . 

the probe. 

To reduce saurple losses, it is recommend 

tha t  two people clean the probe. Between 



sampling runs, keep brushes clean and 

protected from contamination. 

If the sample is recovered i n  the f i e l d ,  

t ight- t h e  sample container l i d  and mark 

the f l u i d  l e v e l  t o  indicated i f  leakage 

has occurred during t ranspor t ,  Label the 

container t o  c l e a r l y  i den t i fy  its 

contents. 

Wipe any dust  o r  grit o r  water from the 

outside of the impingers, especial ly near 

the impinger j o i n t -  Carefully disconnect 

the impingers. Weigh the impingers plus 

content t o  the nearest  0 .5  g and record 

the w e i g h t s ,  Transfer the catch t o  a 

sample container. Clean a l l  surfaces by 

rubbing t h e m  w i t h  a Nylon bristle brush 

and r ins ing with water t h r ee  times o r  more 

i f  necessary t o  remove v i s i b l e  

par t icula tes ,  Make a f i n a l  r inse  of each 

component and the brush, 

I f  this recovery is performed i n  the 

f i e l d ,  t igh ten  the sample container l i d  

. and mark the f l u i d  level t o  indica te  i f  



leakage has occurred during transport. 

Label the container t o  c l ea r ly  ident ify 

its contents. 

3.6.4 s i l i c a  Gel 

Transfer the  s i l i c a  gel  t o  its container 

and t igh ten  the l id .  Alternatively, weigh 

t h e  impinger plus content t o  the  nearest 

0.5 g and record t h i s  weight, or  sea l  t h e  

impinger fo r  return t o  the  laboratory. 

3.6.5 Container Recovery 

If'the sample has been recovered i n  the  ' 

f i e l d ,  check a l l  the sample containers t o  

ensure t h a t  no sample was contaminated o r  

l o s t  during transport .  

For a l iqu id  catch, note the l iquid  level  

i n  the container and determine i f  

not iceable leakage has occurred. If so, 

void t h e  e n t i r e  sample. W i p e  the  cap area 

and t r a n s f e r  t h e  sample t o  a beaker. 

Carefully r i n se  the cap and container i n t o  

the beaker, t i l t i n g  the  conkainer and 

using a brush i f  necessary t o  dislodge 



par t icula te  matter. Record the t o t a l  

volume t o  the  nearest 10 m l ,  and proceed 

with the analysis. 

Combine the  probe and impinger catches. 

Note whether the  silica gel ,  impinger, o r  

container was properly sealed; weigh and 

record t o  the  nearest 0.5 g. 

3.7 Analysis 

The South Coast A i r  Quality Management D i s t r i c t  

has separate ru les  regulating the emissions of 

t o t a l  and sol id  part iculate  matter and therefore  

it is necessary t o  analyze f o r  both s o l i d  and 

l iquid  par t icula tes  from a s i n g l e  pa r t i cu l a t e  

sample. The only l iquid par t icula tes  rout inely 

analyzed a r e  organics and s u l f u r i c  acid. 

While the complete analysis f o r  so l id  and l iqu id  

par t icula tes  is described i n  sequence i n  t h e  

following sections, not a l l  s t e p s  a re  necessari ly 

applied t o  every sample. 

Where organics are not expected t o  be a 

s ign i f i can t  portion of the combined probe and 

impinger catch (greater than 5 mg or  5 percent ) ,  



the  organic extraction procedure found i n  

Sections 3.7.2 and 3.7.3 may be eliminated, and 

the  probe and impinger catch analysis  begun 

direc t ly  with Section 3.7.4. 

I f  the  sampled gases contained SO2 i n  

concentrations less than 5 ppm, t he  analyses of 

combined probe and impinger catch f o r  ac id  and 

su l fa te  found i n  Sections 3.7.6, 3.7.7, and 3.7.8 

may be eliminated. 

Finally, i f  the f i l t e r  has collected more than 

10 mg, it must be analyzed f o r  acid .and sul fa te .  ' ' : 

F i l t e r  preparation f o r  subsequent analys is  is 

found i n  Section 3.7.5. 

3.7.1 F i l t e r  Catch 

Leave the content's in t h e  shipping 

container o r  t r ans fe r  t he  f i l t e r  and any 

loose par t icula te  from the  sample 

container t o  a tared  g lass  weighing dish. 

Desiccate f o r  24 hours i n  a desiccator  

containing anhydrous calcium su l fa te .  

Weigh t o  a constant weight and repor t  t h e  

r e su l t s  t o  the nearest  0.1 mg. For this 

method, t h e  term "constant weight" means a 



difference of no more than 0.5 mg or 1 ' 

percent of total weight less tare weight, 


whichever is greater, between two 


consecutive weighings, with no less than 6 


hours of desiccation time between 


weighings. 

Alternatively, the sample may be oven-


dried at 1 0 5 ~ ~  
(220°F) for 2 to 3 hours, 


cooled in a desiccator, and weighed to a 


constant weight. 


3 . 7 . 2  Probe and Impinger Catch - Insoluble 

Particulates 


If organic extraction is to be performed, 


first filter the sample through a tared 


fiberglass . filter dried. at 1 0 5 ~ ~ .  This 

. prevents any insolubles from . interfering 

with the organic extraction. Rinse the 


filter and insoluble catch using 


dichloromethane and combine this rinse 


with the dichloromethane extract described 


in the next section.. D r y  the fiberglass 

filter at 1 0 5 ~ ~  
(220°Fj and report as 




3.7.3 Probe and Impinger Catch - Organic 

Extraction 


Transfer the aqueous filtrate from Section 


3.7.2 to a separatory funnel. 


. 
Extract the 'aqueous catch five times with 


25 ml portions of dichloromethane.. Each 


time, extract for 30 seconds with vigorous 


shaking, then allow .the layers- to 


separate. This may take up to 15 minutes 


due to emulsion formation. When using 


dichloromethane, use gloves and work in a 


hood. 


Drain the dichloromethane layers into a 


tared 150 m l  beaker. Save the aqueous 

layer for use in Section 3.7.4. Evaporate 


the organic extract under a stream of 


clean filtered air at room temperature in 


a hood. Place in a desiccator overnight. 


Weigh the extract 'residue to the nearest 


0.1 mg. Record the gross and tared 


weights and report the net weight as 


"Solvent Extractn. 




3.7.4 Probe and Impinger Catch - Soluble Residue 

Quantitatively transfer the aqueous catch 


to a beaker. If solvent extraction has 


been performed, warm the sample on a hot 


plate, being careful to prevent any 


residual solvent from causing the sample 


to wbumpn. Use a ribbed watch glass to 


cover the beaker, This will allow 


scrubbing of the beaker walls and protect 


the sample from contdmination. 


Concentrate the sample to &out 50 m l ,  

Quantitatively transfer the aqueous 


concentrate to a tared 150 ml beaker and 


evaporate in an oven at 1 0 5 ~ ~  to
( 2 2 0 ~ ~ )  


dryness. 


Weigh the residue to' constant .weight, to 
 , 

the nearest 0.1 mg, and record'the weight. 


Desiccate the sample for 6 hours and . 

reweigh the sample, Repeat until the 


weight changes less than 0.5 mg between 


weighings. 


Add the insoluble and soluble weights from 


Sections 3.7.2 and 3.7.4 and report as 




"Impinger CatchN. Do not include the 


solvent extract. 


3.7.5 Filter Catch - Preparation for Acid and 

Sulfate Analysis 


Filters are analyzed for acid and sulfate 


if the filter catch is greater than 10 mg. 


The whole filter is processed. Cut the 


filter into pieces into a 400 .ml  beaker, 

being careful not to lose any sample. 


Submerge it in distilled water. Add 


5.0 ml o.f 'approximately 0.1N HC1 and soak 

the filter at least four hourg, with 


occasional stirring. Recover the liquid 


quantitatively by vacuum.filtration using 


a 0.45 micron cellulose ester paper and 


rinsing the sample filter at least three 


times with water. Process a blank filter 


at the same time following the same 


procedure. 


3.7.6 Probe and Impinger Catch - Preparation for 

Acid and Sulfate Analysis ' 

Add distilled water to the 150 ml beaker 

containing the residue from Section 3.7.4 




u n t i l  the beaker is three-fourths f u l l .  
.*.

Cover the beaker and allow it t o  soak a t  

l e a s t  four hours. 

'3.7.7 Acid Analysis 

Add several drops of methyle orange t o  

each extraction solution from Sect ions  

3.7.5 and 3.7.6, including the blank 

f i l ter  extract.  

T i t r a t e  each solution with standardized 

0.lN sodium hydroxide solut ion t o  a straw . 

yellow colored end point (pH 4 - 2 ) . Record 

the volumes t o  the nearest  0.02 m l .  

Alternately, use an automatic t i t r a t o r  

known t o  be accurate. 

F i l t e r  the aqueous ca.tch through a 0.45 

micron cel lulose ester paper t o  remove any 

insolubles, and quanti tat ively recover 

this extract using a t  least three r ins ings  . 

with water. 



3-7.8 Sulfate Analysis 

Adjust each t i t r a t e d  solution from Section 

3.7.7, t o  approximately pH 7 and add 2 n i l  

of concentrated HC1- Place each beaker on ' 

the hot plate ,  add a s t i r r i n g  rod, and 

cover with a ribbed h t c h  glass .  Heat 

un t i l  the solution is nearly boiling. 

While s t i r r i n g ,  slowly add 15 m l  of 10  

percent barium chloride solution. Let the  

precipi tate  settle, Add. a ml of BaC12; i f  

more precipi tate  forms, keep adding BaC12 

-unt i l  no more precipi ta te  is produced. 

Allow the prec ip i ta te  t o  d iges t  severa l  

hours on the  steam bath. 

~ u a n t i t a t i v e l y  f i l t e r  through a properly 

prepared Gooch crucible (see Section 3.1.4 

e; use safety precaution while handling 

the asbestos fo r  the mat), Rinse the mat 

thoroughly w i t h  hot d i s t i l l e d  water and 

test for  chloriae i n  the  r i n se ,  using 

s i lver  n i t r a t e  solution. If  chloride is 

absent, place the crucible i n  t h e  furnace 

and heat a t  9 0 0 ~ ~  f o r  one hour, ( 1 6 5 0 ~ ~ )  

Cool and place the crucible i n  a 



desiccator for at least 6 hours, Weigh 


until constant weight is reached (6 hours 


desiccation between weighings) . Record to 
the, nearest 0.1 mg. 


3.8 Calculations and Reporting 


Carry out calculations, retaining at least one 


decimal figure more than that of the acquired 


data, Round off figures after the final 


calculation. Summarize the data to be reported 


to-source testers using the following listing: 


Total Impinger Volume, m l  (g) 

Impinger Gain, m l  (g) 

Total Impinger Volume Incl. Wa,shings, ml (g) 


Silica Gel Gain, g 


Organic Extract, mg 


Insoluble Residue, mg 


Soluble, or Total, Residue, mg . 

.Acid, as H2S04-2H20, mg 


Sulfate,. as H2S04 *2H20, mg 


Filter Catch, mg 


Acid, as H2S04-2H20, m g  

Sulfate, as H2S04-2H20, mg 




V 

Calculate the above measurements as follows: 


where: 

= Constant weight measurement of the 

the sample plus container, to 0.1 


= Tare weight of the sample 

. container, to 0,l mg 

Acid, as 


where: 

= volume of sample titration (minus 

blank, where required), m l  

N = Normality of NaOH used 

134.11 

= Equivalent weight of H2S04*2H20 



AF = Aliquot factor (sample volume/ 

analysis  volume), normally 1 

Sulfate,  

Where: 

=. Constant weight of barium s u l f a t e  

precipi ta te  plus crucible t o  0.1 

wt . . = Tare weight of c ruc ib le ,  ' t o  0.1' mg 

134.11 .. H2S04-2H20 
= Molecular weight of 

233.43 -O4 

3.9 Calibrations 

3.9.1 Balance Calibration 

Calibrate the  analytical balance uaing NBS 

traceable weights. etai in cal ibrat ion 

records fo r  each balance. These records 

a re  usually furnished yearly by a 

professional service providing the 



calibrations. Check at least monthly for 


balance accuracy, using NBS traceable 


weights. 


3.9.2 Furnace Check 


Check.the furnace and oven operating 


temperatures in accordance with the 


manufacturer's instruction manuals. 


3.9.3 Sodium Hydroxide Standardization 


Standardize the sodium' hydroxide using the 


f oll&ing procedure: 

. . 

Dry crushed primary grade potassium acid 


phthalate (KHP) in an oven at 1 0 5 ~ ~  

for two hours. Cool room 


temperature in a desiccator, Weigh 0.95 g 


-+ 0.05 g of KHP, to the nearest 0.1 mg, 

into an Erlenmeyer flask. Dissolve in 


70 ml of water and add 2-4 drops of 

phenolphthalein indicator, Titrate 


quickly to a faint pink end point using 


0.1N NaOH. Repeat this titration using 


another portion of KHP. Titrate duplicate 

70 m l  blanks of water using the above 



procedure, and average the results-


Replicate blanks 'must .agree within 


0.05 m l ,  Calculate the normality for each 

KBP aliquot as follows: 


m g  KEiP/203,44
N = 

(ml std-avg . blank) 

Values must agree within 0-5 percent. 


Average the results and report to four 


significant figures. Label the sodium 

hydroxide with the normality, date of 


standardization, and reference to the. 
, 

data -

Autotitrator 


Calibrate the pH meter of. the autotitrator 


using pH 4 and pH 7 buffers and following' 


the manufacturer's instructions- 




DE-TION OF PARTICULATE XATTER EHISSIOHS PROM 
STATIOL5sRY SOURCES USING A WET IHPIHGEMENT TRAIN 

Section 4 of 4 


4. Engineering Calculations and ~eporting 

4.1 Calculations 


Carry out calculations, retaining at least one 


extra decimal figure beyond that of the acquired 


data, Round off figures after the final 


calculation,. Other forms of the equations may be 


used as long as they give equivalent results. 


See Figure 5.1-4, 5.1-5 and 5.1-6, 




Temperature Sensor . 11. Ice Bath 
Nozzle 12. Fi l te r  
Glass Lined Stainless Steel Probe 13. Sealed Pump (Leak Free) 
S-type P i to t  Tube 14. Fi l te r  for Puctp 
Stack Wall 15. Metering Valve 
Temperature Sensor Meter 16. Vacuum Gauge 
P i t  o t  Tube Inclined Manometer 17. By-pass Valve 
Impinger with 100 nl H20 18. Temperature Compensated 
Empty Bubbler Dry Gas Meter 
Bubbler with Si l ica  Gel 19. Orif ice 

20. Orif ice Inclined Manometer 

Figure 5.1-1 

Part icula te  Sampling Train Setup-Wet Impingement ~ e t h o d  



Figure 5.1-2 

Kozzle Calibration Sheet 



80- COILST A I R  QUALITY MAXAGEMEST DISTBICT 

T e s t  No. 

METER/- BAHPLIHG SYSTEM CHECK 

P r e t e s t :  D a t e  T i m e  

Meter r 
-P e 
O r i f i c e  # 1 B - M e t e r e g  
AH ( i n  HZO) V o l u m e  (ft ) 

A -o;;lfice 

0 . 7 5  

A v e r a g e .  

P e r f o r m e d  by 
Senior 

post T e s t: D a t e  T i m e  

A - O r i f i c e  B - M e t e r e g  C - T i m e  
AH ( i n  HZO) V o l u m e  (ft ) ( s e c o n d s )  K* 

A v e r a g e  

P e r f  o m e d  by 
Senior 

*Maximum a l l o w a b l e  difference i n  any t w o  m e a s u r e m e n t s  of K 
is 0.02.  

Figure 5.1-3 

Meter Calibration Sheet  

i 



-- fRAIfJlSt SOURCE TEST DATA 

r r r l e n t  Leak C h e h  Fast-Test Leak Cbeck: 

f f l w r  cf. C 711 wac t i l t e r  cf- @ "HR W ~ C  

Prnhe cf. C "It1 Wac Probe c h  C 718 ru 

(FJlal  Tube Leak Check 1 ( P t t o t T u h c l r a k C h u k  ) 

%&i; D t v c t c r  1.( " R t c a r d d  87 
Rammetr ic  Pressure "1lr.lr F l t o t  Factor..................... 

S ~ a t l c  Pressnre I n  Stack............... ....... 
 "nrh (+/- - "ll2O) 

Calibrrcion Data r + 
Inclined llanometer (m: N/A ) 
?kunr?hcI t c 31,. " 1 ~ a  i: 
P I  tot Tahe Wa. (&I: 
Psl rnt  l r r e i e r  Wn. (Cal  : 
Thcrwcrcplc N& (Ca 1 : 
Cas .%tcr No. (Ca l  : 1 
Hctcr Car r .  Factor: 

Traverse Sampling Data Sheet 




v 

CALCULATION SHEET 


LAB ANALYSIS 

f i l t e r  Cacch ......................................... 

(1) f i l ter  Acid ...................................... 

(2) F i l t e r  T o t a l  S u l f a t e  ............................. 

Probe Catch ........................................... 

( 1) Probe Acid ......................................-

(2) Probe To ta l  S u l f a t e  .............................. 

Impinger Cacch ....................................... 

(1) I.aIplnger Acid .................................... 

( 2 )  Impinger Tocal  Su l fa te  .........................-..* 

Organic & t r a c t  ....................................... 

H2SO6-2H2O from SOX Train  Thimble ..............-..-.. 

? ; r r r i c u h ~ e? r a i n  co r rec ted '  Gas V o l e  Metered ..-..... d s d  
SO:< Tra in  Corrected Gas Volume Metered ........-..-... dscf 


HxIK - i.'rorated H,SUG.LH,O mss (-y....................... '08 


FILTER (PARTICULATE) TE4PEBArtJRE GREATER I l U U  200'F 

L. To cal  P a r t i c u l a t e  . (A-B*+C-D*+E-FW) ................ . mg 

x- Solid P a r t i c u l a t e  (L-G-E) ............................ "'g 


t r - --.- ---1 Parricu1;::t <Corrected fo r  Ammonium S-1f a re )  

F igu re  5.1-5 

C a l c u l a t i o n  Data  Sheet .  f o r  P a r t i c u l a t e  Matter 

. FILTER TPIPERATURE L&S TKW 200'F 

? -
'?. 

To-1 
5::i ?  

P a r t i c u l a t e  (A+C+E-P+G) 
P a r t  iculacc  (r-Be-D*-t) 

..................... .. 
........................ 

ms 
'% 

R .  ' I ' a t a l  pa. C i c u h t c  (Corrected f o r  Ammonium Su l fa te )  

S. 
1 32( M M - ~ ( i  l c - I F ( l ) - ~ ( l )  I .-) ........................ 

Solid P a r t i c u l a t e  ( ~ o r r e c t ! ~ ~ fo r  monirrm Sulfa te)  
'% 



Sampl i n g  
Test No. T r a i n  D a t e  
C a l  c u l  ate0 by C h e c k e d  By 

A. A v e r a g e  T r a v e r s e  V e l o c i t y  ( P r e - T e s t )  .-....................,.-... +?s 

B. A v e r a g e  R e f e r e n c . e  P o i n t  V e l o c i t y  ( P r e - T e s t  ................... *?s 

C. average T r a v e r s e  V e l o c i t y  ( D u r x n g  T e s t )  ........................ *Ps 

D. G a s  H e t e r  T e m p e r a t u r e  (Use 60.~. for Temp. Comp. M e t e r s )  ...... O F  

E. Gas meter C o r r e c t i o n  F a c t o r  ................................... 

F. A v e r a g e  S t a c k  Temp. .--
G. S t a c k  Cross-!Sect. A r e a  
H. B a r o m e t r x  c P r e s s u r e  .., 
I.  Gas meter P r e s s u r e  .... 
J. T o t a l  S t a c k  P res su re  .. 
K. P ~ t o tC o r r c c t r o n  F a c t o r  

R. C o r r e c t e d  G a s  V o l u m e  m e t w e d  -
wO1SNRE 1 6Aq DMSfW 

OF L. S a m p l r n g  T i m e  ......... 

+t' m. N o z z l e  C r o s s - S e c t .  A r e a  
"-6 N. N e t  Sa-le C o l l e c t i o n  . 
'-6 0. N e t  S o l i d  C o l l e c t a o n  .. 
'-6 P. Water V a p o r  C o n d e n s e d  . 

Q. G a s  V o l u m e  Metered .... 
[(Q x 1129.92) x 520 x E] . 

(460 + D) 

S. P e r c e n t  Water V a p o r  x n  G a s  S a m p l e  [. 4 . 6 4 ~F 
(0.8464 x P )  + R 

1. A v e r a g e  Molecular W e 1 g h t  ( W e t  ) : 

EmLwY.E 
U. Gas D e n s i t y  C o r r e c t i o n  Factor ( J 2 8 . 9 5 / T  1 ......... 

V. F l u e  C o r r e c t i o n  F a c t o r  ( 61%)  ........... ...-..... 

W. V e l o c r t y  Pressure C o r r e c t i o n  F a c t o r  ( ... 
X.  C o r r e c t e d  V e l o c i t y  ( C  x K x U x V x W )  .............. 


( XY .  F l ~ ~ R a t e x G x 68) .............................. 

2. F l o w  R a t e  J x S20 ] ................... 

AA. e l o w  R a t e  ......................... 


min 
+t8 


r g 
rg 
ml 
dc+ 


d u +  


+PI 
c+m 
=+a 


d8&m 

CC. Sampl e C o n c c n t r a t i on (54.143 x 
DD-Sample  E m i s s i o n  R a t e  (0.m857 x 
EE. Sol i d  E m i s s i o n  R a t e  (,0.0CB01323 

................. 

BB/-Wolec. w t.) ... -m (dry) 

A h  x BB) ............ lb /h r  

6FI) ...,....... -qr/dsc+ 


x 0.  x 1b/hr 
Fi 

FF. I s o k i n e t r c  S a m p l i n g  R a t e (  G x R r V x 100).......... 
 X 
L X W X A A  

Figure 5.1-6 

Calcula t ion Sheet 

X 
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