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1. INTRODUCTION 

0 

0 

0 

0 

0 

Radian Corporation, under contract to the U.S. Environmental Protection 

Agency’s (EPA) Emission Management Branch (EMB), has conducted a testing program 

to quantify the emissions of criteria and other air pollutants from the Mathy 

Construction Company’s Facility No. 6, a batch-mix asphalt paving plant located in 

Lacrosse, Wisconsin. The results of this testing will become part of an updated emission 

factors database, which will be used by the EPA’s Emission Inventory Branch (EIB) to 

update the asphaltic concrete plant section of the Compilation of Air Pollutant Emhion 

Factors, an EPA document commonly referred to as AP-42. 

The specific pollutants of interest in the testing program were the following air 

pollutants: particulate matter (PM); PM less than 10 pm (PM,,); condensible PM 

(CPM); sulfur dioxide (SO,); nitrogen oxides (NO,); carbon monoxide (CO); total 

hydrocarbons (THC); polynuclear aromatic hydrocarbons (PAH), excluding aldehydes 

and ketones; and trace metals, excluding mercury (Hg). Mathy’s Facility No. 6 was 

selected as one of the two asphaltic concrete plants studied for the revision of AP-42 

because it was judged by EMB and the National Asphalt Paving Association (NAPA) to 

be representative of the processes, equipment configuration, and production rate of 

batch-mix asphalt paving plants currently in use in the United States. 

Testing was performed on September 19 through 20, 1991, and the principal 

objectives of testing were the following: 
0 

0 

Determine levels of CO, SO,, NO,, and THC emitted from the plant stack. 

Determine the levels of toxic metals being emitted from the stack including 
lead (Pb), chromium (Cr), cadmium (Cd), beryllium (Be), thallium (Tl), 
arsenic (As), nickel (Ni), antimony (Sb), barium (Ba), silver (Ag), zinc 
(Zn), phosphorus (P), copper (Cu), manganese (Mn), and selenium (Se). 
The Hg levels were not analyzed because it  was not expected to be present 
in the process stream. 

Determine the filterable PMli and CPM fractions emitted from the stack. 

Determine the levels of PAHs emitted from the stack. 

0 

0 

0 
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0 

0 Determine the quantities of benzene, toluene, xylene, and methane present 
in the stack exhaust gas. 

Monitor the process operating conditions including aggregate flow rate, 
moisture, and ambient moisture. Also, determine the fuel high-heating 
value, and ultimate analysis. 

0 

In order to ensure repeatability of results, the measurements above were repeated 

in triplicate at near-design operating conditions while the plant was operating on natural 

gas. 

The concentrations of CO,, O,, NO,, SO,, and CO in the flue gases were 

determined using continuous emissions monitoring (CEM) systems designed in 

accordance with EPA Methods 3 4  7E, 6C, and 10, respectively. Emissions of THC 

were determined by CEM following EPA Method 25A. The EPA's Method 18 was 

followed in the gas chromatography (GC) analysis for flue gas concentrations of benzene, 

toluene, xylene, and methane. Samples of PM and metals were collected during three 

sampling train runs, performed according to EPA Method 5/Combined Train SW 846 

Test Method 0031. The EPA SW 846 Test Method 0010 and 0011 were used in the 

collection of PAHs and speciated THCs, respectively. PM,, and CPM were sampled by 

means of three test runs following a combination of protocols outlined in EPA 
?v;cLh~,ds 2GlA iiiid 2G2, iespectivekji. iG GI c the iiianii~: i i i e th~d  Eie gas saii~p:;~ weie 

analyzed in Kadian's Yerimeter Park laboratory facility in Morrisville, North Carolina. 

1.1 BACKGROUND 

The EIB is the branch of the EPA's Office of Air Quality Planning and Standards 

(OAQPS) that is responsible for developing and maintaining air pollution emission 

factors for a variety of industrial processes. The EPA publishes these emission factor 

data for industrial processes--including asphaltic concrete production--in AP-42, the 

Compilation of Air Pollutnnf Einission Fucfors. This testing program is a part of ongoing 

efforts to keep AP-42 up to date. 

The part of AP-42 that deals with asphaltic concrete plants was last revised in 

October of 1986. It divided conventional asphaltic concrete plants into two major types, 

based on the procedure used to mix the asphaltic concrete. One type is the 

0 

0 

d 

0 

0 

0 
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continuous-mix plant and the other is the batch-mix plant. Following this precedent and 

the recommendation of NAP& EPA instructed Radian to direct its testing efforts at 

these two types of plants. The testing program described in this report is one of two 

testing programs being conducted by Radian in support of efforts to revise AP-42’s 

asphaltic concrete section. The other emissions tests were conducted on Mathy 

Construction’s Facility No. 26, a continuous-mix asphalt paving plant. Mathy Facility 

No. 6 ,  the plant discussed in this report, is a batch-mix plant. The plants owned and 

operated by Mathy Construction Company have been recommended by NAPA to be 

representative of both types of asphalt paving plants in the United States. 

1.2 BRIEF PROCESS AND SITE DESCRIPTION 

In general, batch-mix plants operate in the following manner. The cold feed 

materials, known as aggregate, are sorted by size and stored in a series of bins that each 

feed aggregate to a common conveyor belt. The aggregate is then dispensed from the 

bins in a mix that achieves the desired aggregate size distribution and weight for the 

batch of asphaltic concrete. The conveyor carries the aggregate to a rotating drum, 

where it is mixed and dried at approximately 300°F. The dried aggregate is then carried 

to a gradation control unit, which separates and stores the aggregate by size. The 

necessary amount of each size of aggregate is then dropped into a weigh hopper and 

then into a pug mill, where is it thoroughly mixed with hot liquid asphalt. The hot mix is 

then transferred to storage silos, from which it is dispensed into paving trucks. 

Figure 1-1 is a diagram of a generic batch-mix asphalt plant. 

The burner in the drum dryer is natural gas fired. The air from this process is 

drawn into the system by an exhaust fan located on the baghouse. After it passes 

through the burner and mixing drum, the air passes through the baghouse. The air is 

discharged to the atmosphere from a stack connected to the baghouse. 

The stationary batch plant at Mathy Facility No. 6 has been rated at a 
300 ton-per-hour production rate. Several factors affect this production rate. As a 

stationary plant, Facility No. 6 operates only when there is a demand for asphalt. If 

paving is stalled or slowed, the plant production must respond accordingly. Paving and 

plant operation are also shut down during rainy periods. In addition, the burner for 

JBS336 1-3 
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drying the aggregate must be fired at a level suited to the moisture content and 

composition of the aggregate being used. 

The rest of this report is structured as follows. Section 2 contains a summary of 

the test results. The process is discussed in Section 3, and the sample locations and 

sampling and analytical procedures are presented in Sections 4 and 5,  respectively. 

Section 6 presents results of implementing the the quality assurance/quality control 

(QA/QC) procedures followed in the test program. Section 7 contains references used 

in developing this report. Appendices to this report include detailed methods and 

procedures, field and laboratory data, and complete calculations used in deriving the 

results presented here. 
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2. SUMMARY OF RESULTS 
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0 

0 

8, 

0 

This section provides results of the emission test program conducted at Mathy 

Construction Company's Plant 6 from September 19 to September 20, 1991. Included in 

this section are results of manual tests conducted for trace metals excluding Hg, PM, 

PM,,, CPM, aldehydes and ketones, and PAHs. This section also contains the results of 

the continuous emissions monitoring for CO,/O,, CO, SO,, NO,, and THC gases as well 

as gas chromatography (GC) results for benzene, toluene, xylene, and methane. 

Stated briefly, the significant emissions from Mathy Construction's Plant 6 are as 
follows: 

e 

e 

e 

e 

185336 

Of the 15 metals analyzed, 9 were found in detectable quantities. Their 
emission rates are: 

_ _  Ba = 1.23 x 10" Ib/ton of product; 
-_ Cd = 0.351 x 10" Ib/ton of product; _ _  Cr = 0.810 x lod Ib/ton of product; _ _  Cu = 1.86 x lo4 Ih/ton of product; _ _  Pb = 1.02 x 10" Ib/ton of product; _ _  Mn = 11.8 x 10" Ib/ton of product; _ _  Ni = 6.39 x 10" Ib/ton of product; _ _  Ag = 0.621 x lo4 Ib/ton of product; _ _  Zn = 6.29 x 10" Ib/ton of product. 

Of the 19 PAHs analyzed, 2 were found in detectable levels. Their average 
emission rates are: 

-- 2-Methylnaphthalene = 0.117 x lo4 Ib/ton of product; 
-- Naphthalene - - 0.320 x lo4 Ib/ton of product. 

For PM and PM,, (actually PM,; see explanation in Section 2.4.1), the 
average emission rates are: 

_ _  PM = 0.005 Ib/ton of product; 
-_ PM,, = 0.008 Ib/ton of product. 

Of the 18 aldehydes analyzed, 11 were found in detectable quantities. 
Their average emission rates are: 

-- Acetaldehyde = 6.92 x lo4 Ib/ton of product; _ _  Acetone = 105 x lo-' Ib/ton of product; 

/$@ ' \.nc 1 J q  
oqe @f5Vd& 2. 

Au" \ 
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Benzaldehyde 
Butyaldehyde/ 
Isobutyraldehyde 
Crotonaldehyde 
Formaldehyde 
Hexanal 
Methyl ethyl 
ketone 
Propionaldehyde 
Quinone 
Valeraldehyde 

1.41 x lo4 Ib/ton of product; 

0.428 x lo4 Ib/ton of product; 
0.358 x lo4 Ib/ton of product; 
19.4 x lo4 Ib/ton of product; 
0.201 x lo4 Ib/ton of product; 

0.701 x lo4 Ib/ton of product; 
0.710 x lo4 Ib/ton of product; 
4.05 x lo4 Ib/ton of product; 
0.427 x lo4 Ib/ton of product. 

The following sections present more detaile- summaries of the results of  this test 

program. 

2.1 EMISSIONS TEST LOG 
Emissions testing was conducted over a two-day period from September 19 to 

September 20, 1991. Table 2-1 shows the emissions test log. This table shows the test 

date, sample location, run number, test type, run times, and average production rate 

during testing. Testing was performed using EPA manual test methods for six different 

types of substances. Testing was conducted in triplicate for each type of analyte. 

Particulate matter and metals were sampled in the same sampling train by 

employing a combination of EPA Method 5 and EPA SW 846 Test Method 0031. 

Particulate matter was determined gravimetrically from the front half filter catch then 

combined with the back half for total metals analysis. 

The PAHs was sampled concurrently with the PM and metals by EPA SW 846 

Test Method 0010 using a dual probe arrangement. The dual probe arrangement 

allowed both trains to operate side-by-side with their nozzles in approximately the same 

sample location. 

Sampling for aldehydes was conducted in a separate train using EPA SW 846 Test 

Method 0011. 

Testing for PM,, and CPM was performed in a single train employing a 
combination of EPA Method 201A and EPA Method 202. An in-stack cyclone with a 
backup filter composed the front half of this train. The cyclone captured PM greater 

than 10 microns. The backup filter caught PM of 10 microns or less. The CPM was 

caught in the back half impingers. 

JRs336 2-2 
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Table 2-1. Emissions Test Log 

RUI T& 
Datc Lacation Number m 

09/19/91 Stacka 1 

09/19/91 Stack 2 

09/20/91 Stack 3 

09/19/91 Stack 1 

09/19/91 Stack 2 

09/20/91 Stack 3 

PAH 

PM 

09/19/91 Stack 1 

09/19/91 Stack 2 
Metals 

09/20/91 Stack 3 

09/19/91 Stack 1 

09/20/91 Stack 2 

09/20/91 Stack 3 

09/19/91 Stack 1 

09/20/91 Stack 2 

PM,,/CPM 

Aldehydes 

09/20/91 I Stack 1 3 1  

09/19/91 I Stack I M-1 I 
09/19/91 I Stack I M-2 I 
09/20/91 Stack 

09/19/91 Stack o,/co,, so,, 
NO, THC 

Stack 

09/20/91 Stack 

07: 12-0923 245 

13:28-1540 244 

09:45-1203 222 

07:12-0923 245 

1328-15:40 244 

W45-12:03 222 

0712-0923 245 

13:28-15:40 244 

09:45-1203 222 

lo:%-1155 224 

11:27-1252 213 

14:U-15:24 215 

09:06-09:32 229 
10:35-11:17 

07:45-OS25 2&r 
09:38- 10:05 

13:37-U:41 194 
14U-15:24 

0835-0923 I 245 

11%-1155 1 224 

11:27-1252 I 2U 

1415-15:24 I 215 

0 
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Table 2-1, continued 

aAfter baghouse exit and ID fan. 
bExact times GC samples were shot. Individual results were averaged over the time period during which 
manual sampling was conducted. 

e 

e 
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e 
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Eleven other analytes were sampled for by a combination of CEM and GC 

instruments. These tests were conducted concurrent with the manual method tests to the 

extent possible. Continuous emissions monitoring was operated continuously and results 

were averaged over the manual test period in which they were performed. Gas 
chromatography measurements were taken on a semicontinuous basis and multiple 

readings were averaged over the manual test period in which they were performed. 

2.2 

2.2.1 Overview 

METAL AND POLYNUCLEAR AROMATIC HYDROCARBON RESULTS 

The PM/metals and PAH manual sampling trains shared a dual-probe 

arrangement, which allowed testing to be conducted simultaneously in separate trains at 

the same port location. The PM/metals sampling train was used to determine emission 

rates of 15 metals (Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Mn, Ni, P, Se, Ag, TI, and Zn) and 

PM. The PAH sampling train was used to quantify emission rates of 19 PAHs 

(acenaphthylene, ancenaphthene, anthracene, benzo(a)anthracene, benzo(a)pyrene, 

benzo(b)fluoranthene, benzo(g,h,i)perlyene, benzo(k)fluoranthene, chrysene, 

dibenz(a,h)anthracene, dibenzofuran, 7.12-dimethylbenz(a)anthracene, fluoranthene, 

florene, indeno( 1,2,3-cd)pyrene, 2-methylnaphthalene, naphthalene, phenanthrene, and 

P V W .  
Three manual sampling runs for PM/metals and PAHs were performed to ensure 

representative test results. The back half sample bottle from Run 2 was broken during 

shipment, so only the front half was analyzed for PM and metal content. 

Section 2.2 presents process operations. The average emission rates in pgldscm, 

corrected to 7 percent 0,, and g/hr are summarized in Section 2.2.3. The metals-to-PM 

ratios are presented in Section 2.2.4, and flue gas-by-sample fractions are presented in 

Section 2.2.5. 

2.2.2 Process Ooeration 

Table 2-2 summarizes the metals and PAH emission factor results with the 

process operating data. Sampling was performed in two separate trains simultaneously 

using a unique dual-probe arrangement. Total asphaltic concrete production varied 

between 222 tons/hr and 245 tons/hr (73 to 82 percent of capacity), while natural gas 
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Teble 1-1 

SUMMARY OF MFXAISIPM AND PAH EMISSION FACTORS AND PROCESS OPERATING DATA 

Dale 1 09/19/91 I 09/19/91 I 09/20/91 I 
Pmdurtion &le (lonr/hr) I 24s I 2 4 4 1  222 I 237 
Virgin.&phall Ralc (tonrlhr) I rn .8  I 229.8 I 209.1 I 123.2 

MATIIY CONSTRUCTION COMPANY PLANT6 (15%) 

0 

0 

0 

e 



0 

0 

0 

0 

0 

0 

consumption ranged from 5190 ft3/hr to 5280 ft’/hr. Metals emissions from this facility 

are generally associated with aggregate processing because natural gas is used exclusively 

in the kiln. Facilities that alternate fuels may realize different or increased metal 

emission factors because of the chemical composition of fuel oils, which can be burned 

in similar kilns. Therefore, these results are only applicable to natural gas-fired kilns 

and not fuel oil systems. 

The PAH emissions from asphaltic concrete plants may originate from fuel 

combustion; the volatile fraction of the asphalt cement, if any; and organic residues 

commonly found in recycled asphalt (i.e., gasoline, engine oils). No recycled asphalt was 

processed during these tests, nor were data found in the literature indicating the 

contribution of PAH from asphalt cement. Therefore, the emission factors presented are 

expressed in Ib/ton of product and Ib/ft3 of natural gas consumed. The former units 

allow for an unknown volatile fraction to be present in the asphalt cement, whereas the 

latter units assume no volatile fraction in the asphalt cement and that all PAHs result 

from fuel combustion in the kiln. In either case, the emission factors do not apply to 

product containing recycled asphalt. During the emission tests, the plant was operating 

at the normal plant capacity, with Run 1 at 82 percent, Run 2 at 81 percent, and Run 3 

at 73 percent. This allows a comparison of the emission tests during the three runs. The 

production rates were 245 tons/hr, 244 ton/hr, and 222 tons/hr for Runs 1, 2, and 3, 

respectively. 

Only the metals and PAHs detected are given in Table 2-2. The other metals and 

PAHs were analyzed, but they were not collected in detectable amounts. Nine metals of 

the 15 analyzed were detected (Ba, Cd, Cr, Cu, Pb, Mn, Ni, Ag, and Zn). Only 2 of the 

22 PAHs analyzed were detected. These were 2-methylnaphthalene and naphthalene. 

The PAHs detected were blank corrected and reported as shown. 

2.2.3 Emissions 

Metals 

Table 2-3 presents the metals emissions results for the test conditions. Also 

shown for each run are the date, metered volume (in dscm), 0, concentration, and flue 

gas flow rate. Flue gas concentrations are given in terms of pgldscm and pg/dscm 
0 
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Table 2-3 
METAL9 CONCENTRATION EMISSION RATES 
aTHY CONSTRUCnON C IPANY PLANT 6 11991 

2.48 
5.11 

0.141 

0.932 

1.92 

0.0530 

2.87 

5.91 

0.163 

356 

7.32 

0.202 

0.291 

0.601 
0.0167 

31.2 

64.2 

1.n 

245 

50.4 

1.39 

1.68 

3.47 

0~0958 

9.17 

18.9 

0521 

1.60 

2.65 

0 . W  

ND 
ND 

ND 

ND 

I';D 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

14.4 

23.8 

0.780 

ND 
ND 

ND 

0 . m  

1.29 

0.0421 

ND 

ND 

ND 

3.13 

657 

0.165 

0.429 

0.m 

0.0227 

0.258 
0.603 

0.0152 

3.63 

7.61 

0.192 

3.62 

758 

0.191 

23.7 

49.1 

1.E 

0.469 

0.983 

0.0248 

ND 

ND 
ND 

15.1 

31.6 

0.795 

. . .  

2.40 
4.78 

0.131 

0.680 
1.41 

0.0378 

I 5 8  

3.26 

0.089 

359 

7.47 

0.197 

1.95 

4.09 

0.104 

23.1 

45.9 

1.27 

125 

25.7 

0.709 

1.23 

2.38 
0.0689 

12~1  

25.2 

0.658 

0 '  

0 

0 

0 

0 

0 

0 

0 

0 



0 
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0 
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corrected to 7 percent 0,. Oxygen concentrations were determined from CEM data (see 

Section 2.6). It should be noted that Run 2 results are from the analysis of the front half 

only because of sample breakage. Therefore, Run 2 was not used in averaging the runs. 

During the emission tests, Mn had the highest average mass rate with 1.27 g/hr, 

followed by Ni with 0.709 g/hr. These emission rates correspond to an average emission 

factor of 11.8 x lo4 Ib/ton of product and 6.39 x lo4 lb/ton of product. After blank 

correction, Sb, As, Be, P, Se, and TI were not collected in detectable amounts for any of 

the runs during these emission tests. Metal values ranged from 1.77 g/hr of Mn in 

Run 1, to 0.0152 g/hr of Cr in Run 3. 

The metal values for the emission tests are not significantly different between 

Runs 1 and 3, except for Cd, Pb, and Ni. Cadmium fluctuated from 0.0690 to 0.104 g/hr. 

Lead fluctuated from 0.0911 g/hr to 0.259 g/hr. Nickel fluctuated from 0.169 to 

1.53 g/hr. 
Polvnuclear Aromatic Hvdrocarbons 

Table 2-4 presents the PAH emission results for three test runs. Also shown for 

each run are the date, metered volume, 0, concentration, and flow rate. Flue gas 

concentrations are given in t e r n  of g/dscm and g/dscm corrected to 7 percent 0,. 

Oxygen concentrations were collected from CEM data. 

During the emission tests, naphthalene had the highest average mass rate with 

23.2 g/hr, followed by 2-methylnaphthalene with 12.5 g/hr. These emission rates 

correspond to average emission factors of 13.7 x lo4 lb/1000 ft3 of natural gas and 

5.25 x lo4 lb/1000 ft’ of natural gas, respectively. It should be noted that these 

compounds may be a degradation by-product of the XAD absorbent used in the sample 

train. However, these results have been blank corrected and are reported as shown. 

The other compounds listed were not collected in detectable amounts for any of these 

emission tests. The PAH values ranged from 23.2 g/hr of naphthalene in Run 3 to 

11.1 g/hr of 2-methylnaphthalene in Run 2. 

The PAH values for the emission tests did not change significantly from Runs 1 to 

3, except for naphthalene, which was detected in Run 3, but not in Runs 1 or 2. 
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Table 2-4 
PAH CONCENTRATION EMISSION RATES 
MATHY CONSTRUCTION COMPAN 

- 
2- Methylnaphthalene (ug/dscm) 

(ug/dscm @ 7% 0 2  

(g/hr) 

Naphthalene (ug/dscm) 
(ug/dscm @ 7% 0 2  

PLANT 6 (1991) 

222 
456 
12.9 

ND 
ND 
ND 

199 250 224 
33 1 525 437 
11.1 13.4 12.5 

ND 432 432 
ND 905 905 
ND I , 23.2 

1 23.2 

ND = Not Detected 
NOTE: Concentrations given have been b l d  corrected. PAH compounds analyzed. but not detected, are not included 

in this table. 
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2.2.4 Ratios of Flue Gas Metals to Particulate Matter 

A summary of the ratios of metals to PM for the emission tests is presented in 

Table 2-5. Metals-to-PM ratios are given in units of milligrams of metals per gram of 

PM collected by the sampling train. The values ranged from 0.0217 mg of Pb per gram 

of PM during Run 1 to 2.49 mg of Mn per gram of PM during Run 3. Manganese had 

the highest ratio for Run 1 with 2.31 mg metal/gram PM. 

2.2.5 Flue Gas Sampling Fraction and Samole Parameters 

Metals 

Table 2-6 presents the metal amounts in the flue gas samples by fraction for the 

emission tests. All metals detected were collected in the highest proportions in the front 

half (filter, nozzle/probe rinse), except for Cu, which was collected in the highest 

proportions in the back half fraction. Laboratory analytical results for each sample 

fraction are presented in detail in Appendix E.l. 

Sampling and flue gas parameters for the PM/metals runs are shown in Table 2-7. 

Total sampling times, sample volume, and isokinetic results for each sampling run are 

presented. Appendix C.1 contains a complete listing of these and additional sampling 

and flue gas parameters for each run. The field data sheets are contained in 

Appendix A.l. 

Polvnuclear Aromatic Hvdrocarbons 

Table 2-8 presents the PAH amounts in the flue gas sample for the emission tests 

in total pg for each run. Laboratory analytical results for each sample are presented in 

detail in Appendix E.4. 

Sampling and flue gas parameters for the PAH runs are shown in Table 2-9. 

Total sampling times, sample volume, and isokinetic results for each sampling run are 

presented. Appendix A4 contains a complete listing of these and additional sampling 

and flue gas parameters for each run along with the field data sheets. 
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Table 2-5 
RATIO OF METALS TO PARTICULATE MAlTER 
MATHY CONSTRUCTION COMPANY PLANT 6 (1991) 

0.184 
0.0692 
0.213 
0.264 

0.0217 
2.31 
1.82 

0.125 
0.681 

0.203 
ND 
ND 
ND 
ND 
1.82 
ND 

0.0985 
ND 

0.329 
0.0451 
0.Q302 
0.382 
0.380 
2.49 

0.0493 
ND 
1.58 

0.239 
0.0571 
0.122 
0.323 
0.201 
2.21 
0.934 
0.112 
1.13 

ND = Not Detected 
NOTE: Run 2 impinger sample bottle broke during shipment. Therefore. 

only the tront haii is recorded. i i e  average is based 
on Runs 1 and 3. 
Metals analyzed, but not detected, are not Listed in this table. 
Particulate matter is based on the front half ony. 
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Table 2-7 
METALSPM EMISSIONS SAMPLING AND FLUE GAS PARAMETERS 
MATHY CONSTRUCTION COMPANY PLANT 6 (1991) 

Total Sampling Time (min) 125 
Average Sampling Rate (dscfm) 0.490 
Metered Volume (dscf) 61.9 
Metered Volume (dscm) 1.752 
Average Stack Temperature (FJ 24 1 
0 2  Concentration (%V) 14.2 
C 0 2  Concentration (%V) 5.6 
Stack Gas Moisture (%V) 29.7 
Volumetric Flow Rate (dscfm) 33350 
Volumetric Flow Rate (dscmm) 
Percent Isokinetic 
Particulate Catch (grams) 0.0236 
NOTE: Run 2 impinger sample bmle broke during shipment. 

N A  = Not Applicable 

125 
0.470 
59.2 
1.677 
236 
12.5 
5.8 

29.3 
32000 
906 

104 
0.0132 

125 NA 
0.460 0.473 
57.6 59.6 
1.631 1.637 
245 24 1 
14.3 13.7 
5.4 5.6 
29.3 29.4 

31100 32200 

0.0155 0.0174 

0 

0 

0 

0 

0 

0 

0 

0 



TABLE 2-8 
PAH AMOUNTS IN FLUE GAS SAMPLES - BLANK CORRECTED 

MATHY CONSTRUCTION COMPi 

Acenaph t hylene 

Acenoaph thene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g.h,i)perylene 
Benzo(k)fluoranthene 
2-Chloronapthalene 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
7,12-Dimethylbenz(a)anthracene 
Fluoranthene 
Fluorene 
Indeno( 1,2,3d)pyrene 
2-Methylnaphthalene 
Naphthalene 
Perylene 
Phenanthrene 
. Pyrene 
( ) = Fslirnatd Value 

ND = Noi D e i e n d  

WPLANTt 

. . . . . . . . . .  . . .~ 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
N D  
N D  
N D  
ND 
ND 
ND 
ND 
ND 
ND 
ND 
408 
ND 
N D  
ND 
ND 

2- 15 

1991) 

N D  
ND 
ND 
ND 
ND 
ND 
ND 
N D  
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
348 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
N D  
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
417 
719 
ND 
ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 
hm 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
(2.36) 
75 1 
ND 
ND 
ND 



Table 2-9 
PAH SAMPLING AND FLUE GAS PARAMETERS 

MATHY CONSTRUCTION COMPANY PLANT 6 (19911 

Total Sampling Time (rnin) 
Average Sampling Rate (dscfm) 
Metered Volume (dscf) 
Metered Volume (dscm) 
Average Stack Temperature (F) 
0 2  Concentration (%V) 
C02 Concentration (%V) 
Stack Gas Moisture (%V) 
Volumetric Flow Rate (dscfm) 
‘!c!:=e:ri: E=;; R2:e (dsc-;) 
Pcrccnt Isohcinetic 
NA = Not Applicable 

125 
0.520 
65.0 
1.840 
240 
14.2 
5.6 
27.5 

34300 
97 1 
107 

125 
0.490 
61.6 
1.745 
236 
12.5 
5.8 

28.4 
32600 

925 

106 

_I 

......................... ~ 

125 
0.470 
58.8 
1.665 
24.4 
14.3 
5.4 

28.1 
31600 
n94 

105 

NA 
0.493 
61.8 
1.750 
240 
13.7 
5.6 
28.0 

32800 
930 
106 

0 

0 

0 

0 

0 

0 

0 
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2.3 PARTICULATE M A T E R  

2.3.1 Oveniew 

Particulate matter emissions were measured using the front half particulate catch 

collected in the combined PM/metals train. Before metals speciation analysis, the filter 

and front half acetone rinse (e.g., rinsate from nozzle, probe, and filter holder) were 

analyzed gravimetrically as described in Section 5. The sampling and flue gas 
parameters have been presented previously in Table 2-5. Detailed sampling parameters 

are provided in Appendix C.l and analytical results in Appendix E.l. 

2.3.2 Particulate Matter Results 

Table 2-10 summarizes the results of the gravimetric analyses. Exhaust grain 

loadings, corrected to 7 percent O,, ranged from 0.0057 gr/dscf to 0.0121 gr/dscf with an 

average of 0.0089 gr/dscf, and emission rates ranged from 0.941 Ib/hr to 1.69 Ib/hr with 

an average of 1.24 Ib/hr. 

Table 2-2 summarizes emission factors for total PM which varied from 

0.00386 Ib/ton of product to 0.00690 Ib/ton of product with an average of 0.00595 Ib/ton 

of product. The variance may be related to transient emission conditions associated with 

process start-up, which coincided with sampling Run 1. The emission factors generated 

from sampling Runs 2 and 3 are in relatively close agreement, whereas the first run 

emission factor represents the high endpoint of the data set. 

These emission factors are less than those currently published in Ap-42 

(0.02 Ib/ton after baghouse control, from data from circa 1973-74). This difference may 

be attributable to a variety of factors, including product specifications for different 

testing programs or differences in baghouse design, operation, and maintenance between 

facilities tested. 

2.4 PM,,/CPM RESULTS 

2.4.1 Overview 

Three test runs were conducted to determine the concentration and emission rate 

of PM,,. The testing procedures followed EPA Method 201A for the determination of 

PM,, emissions using the constant sampling rate (CSR) procedure coupled with EPA 

Method 202 for determining condensible emissions from the impinger’s back half. The 

2-17 
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CSR employs normal isokinetic sampling procedures except that the sample duration at 

each sampling point is proportional to the gas velocity at that point. 

It should be noted that the smaller PM,, nozzles that would allow 100 percent 

isokinetic sampling and a cut size at 10 microns were several inches longer than a 
standard nozzle and would have required a 4-in. ID sampling port. The existing ports 

were only 3 in. ID, and therefore, a nozzle with a shorter, larger diameter had to be 

used. This resulted in a PM cut size of 7.9 microns rather than the expected 10 microns. 

The net effect on the results is that the fraction of PM present between 7.9 and 

10 microns cannot be determined from the data collected. Therefore, these results are 

not comparable to PM,, data collected from other similar facilities, if they were collected 

at the targeted 10-micron cut size. 

A full description of the method procedures can be found in Section 5 as well as 
in the EPA Reference Method located in Appendix 1.2. The final results from this test 

procedure are presented in t e r n  of the phase of PM caught as well as the cut 

size. The following PM weight fractions were determined: 

0 

0 

0 

0 

Noncondensible PM > 8 microns (cyclone fraction); 

Noncondensible PM c 8 microns (filter fraction); 

Inorganic CPM associated with the water fraction (< 8 microns); and 

Inorganic CPM associated with the methylene chloride fraction 
( c 8  microns). 

Stack gas velocities measured prior to PM,, sampling were up to 15 percent 

higher than those recorded for the other sampling trains. This difference may have 

resulted from reduced dampening of the exhaust between the fan and the sampling ports, 

but this is not certain. All other process parameters (e.g., production rates, fuel 

consumption rates, aggregate moisture) appear comparable to those monitored for the 

other tests. 

2.4.2 PM. Emissions 

The average emission rate and emission factor for PM less than 8 microns were 

equal to those for PM greater than 8 microns (1.65 Ib/hr and 0.008 Ib/ton of product, 
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each). Although the PM, emissions ranged from 45 to 55 percent of the total PM 

measured, the equal distribution of emissions above and below the cut size may be 

coincidental because only Runs 2 and 3 measured condensible emissions in both the 

water and methylene chloride fractions. NO organic condensibles were found in the 

methylene chloride fraction of Run 1. This anomaly may be related to the process 

conditions or possible sampling or analytical errors, but a specific cause is not apparent. 

Table 2-11 summarizes the PM,, emission factors and process operating data. 

Table 2-12 summarizes the analytical results, and Figure 2-1 illustrates the particle size 

contributions to mass emission rates. Figure 2-2 shows the particle sue  contributions to 

flue gas PM concentrations under actual conditions and conditions corrected to 7 percent 

0,. Figure 2-3 illustrates the relative contribution of each sample fraction to total PM 

catch for each sample run. 

2.5 ALDEHYDE RESULTS 

2.5.1 Overview 

A single sampling train was used to collect samples for analysis for 18 aldehydes 

(acetaldehyde, acetone, acetophenone/o-tolualdehyde, acrolein, benzaldehyde, 

butyraldehyde/isobutyraldehyde, crotonaldehyde, 2,5-dimethylbenzaldehyde, 
formaldehyde, hexanal, isophorone, isovaleraldehyde. MIBK/p-tolualdehyde, methyl ethyl 

ketone, propionaldehyde, quinone, m-tolualdehyde, and valeraldehyde). Three sampling 

runs were performed in order to ensure representative test results. 

2.5.2 Process Oueration 

Table 2-13 presents the aldehyde emission factors with a summary of process 

operating data for the three test runs. During the emission tests, the plant was operating 

at slightly below normal load of 76 and 65 percent for Runs 1 and 3, but at a normal 

load of 95 percent for Run 2. Therefore, only Runs 1 and 3 will be used in averaging 

the operating data. The production rates were 229 tons/hr, 284 tons/hr, and 194 tons/hr 

for Runs 1, 2, and 3, respectively. Natural gas consumption vaned from 5000 ft’/hr 

(Run 3) to 6947 ft3/ft/hr (Run 2). 
Only the aldehydes detected are presented. The other aldehydes were analyzed, 

but they were not collected in detectable amounts. Of the 18 aldehydes analyzed, 
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SUMMARY OF PMlO/CPM EMISSION FACTORS AND PROCESS OPERATING DATA 
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Table 2-12 
PMlO EMISSIONS TEST RESULTS 

Cut Size (um) 
Cyclone Particulate Catch (9) 

PMlO Filter Particulate Catch (g) 

H20 Back Half Particulate Catch (9)  

MeCl Back Half Particulate Catch (9) 
Total Particulate Catch (9)  
Particulate Conc. c Cut Size (graim/dscf) 
Particulate Conc. < Cui Size (grains/dscf @7% 

Particulate Conc. > Cut Size (grains/dscf 0 7 %  
Particulate Conc. Total (grains/dscf) 

Particulate Conc. > Cut Sue (grains/dscf) 

Particulate Conc. Total (grains/dscf @7% 02) 
Particulate Emissions < Cut Sue (Ibs/hr) 
Particulate Emissions > Cut Size (lbs/hr) 
Particulate Emissions Total (Ibs/hr) 

0 

7.80 
0.0111 

0.0034 
0.0101 
O.oo00 
0.0246 
0.0071 
0.0145 
0.0058 
0.0120 
0.0129 
0.0265 
2.07 
1.70 

3.77 

MATHY CONSTRUCTION COMPANY PLANT 6 

8.04 
0.0074 
0.oOu) 

0.0OyL 

0.0016 
0.0148 
0.0047 
0.0089 
0.0047 
0.0089 
0.0093 
o.oin 
1.49 
1.49 
2.98 

Corrected Barometric Pressure (in. Hg) 
Stack Static Pressure (in. H20) 
Average Stack Temperature (degree F) 
Carbon Dioxide Concentration (%V) 

Oxygen Concentration (%V) 
Nitrogen Concentration (%V) 
Stack Moisture (%V) 
Stack Gas Velocity,Vs (Ips) 
Volumetric Flow Rate (acfm) 
Volumetric Flow Rate (dscfm) 

7.89 
0.0096 

0.0028 
0.0059 
0.0010 
0.0192 
0.0055 
0.0111 
0.0055 
0.0111 
0.0110 
0.0221 
1.65 
1.65 
3.30 

29.60 
0.80 
241 
5.10 
14.12 
80.78 
28.5 
75.6 

63500 
4Moo 

Total Sampling Time (min) 70.8 
Average Meter Temperature (degree F) 65 

Average Meter Pressure (in.H20) 0.56 
Average Sampling Rate (dscfm) 0.41 
Average Sampling Rate (acfm - cyclone cond) 0.78 
Standard Metered Volume,Vm(std) (dscf) 29 

I 

99 1) 

29.60 
0.80 
255 
5.40 
14.24 

80.36 
28.5 
78.3 

65700 
34500 
202 

64.1 
70 

0.56 
0.41 
0.79 
27 

7.82 
0.0102 
0.0029 
0.0037 
0.0015 
0.0183 
0.0047 
0.0098 
0.0059 
0.0124 
0.0106 
0.0222 
1.39 
1.75 
3.14 
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29.68 29.68 
0.80 0.80 
242 246 

5.62 5.37 
13.61 13.99 
80.77 80.64 
27.6 28.2 
82.1 78.7 

69000 66100 
37300 35300 

61.0 65.3 

73 69 
0.56 0.56 
0.40 0.41 
0.74 0.77 

2s 27 
63.6 I E . 4  

0 

0 

0 

0 

e 

0 

e 



0 

0 

0 

0 

0 

0 

0 

0 

p q p  m i -  - - -  

I > 8 microns I 

Sample port and nozzle considerations reduced cut size to approximately 8 microns. 

Figure 2-1. Emission Rates for PMIO (in Ibs/hr) 
Mathy Construction Company Facility No. 6 
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Sample port and nozzle considerations reduced cut size to 8 microns. 

Figure 2-2. Concentrations of PMIO (in grains/dscf) 
Mathy Construction Company Facility No. 6 
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Figure 2-3. Filter Recoveries of PMIO (in grams) 
Mathy Construction Company Facility No. 6 
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11 were detected. These were acetaldehyde, acetone, benzaldehyde, formaldehyde, 

cutyraldehyde/isobutyraldehyde, crotonaldehyde, hexanal, methyl ethyl ketone, quinone 

propionaldehyde, and valeraldehyde. Aldehyde emissions from this plant are most likely 

a function of fuel consumption and any volatile fraction of the asphalt cement. The 

emission factors generated for aldehydes follow the same assumptions applied to the 

PAH emission factors. 

2.5.3 Emissions 

Table 2-14 presents the aldehyde emissions results for the three test runs. Also 

shown for each run are the date, metered volume (in dscm), 0, concentration, and flow 

rate. Flue gas concentrations are given in terms of g/dscm, and g/dscm corrected to 

7 percent 0,. Oxygen concentrations were collected from CEM data. 

During the emission tests, acetone had the highest average mass rate with 

1090 g/hr, followed by formaldehyde with 185 g/hr. After blank correction, 

acetophenone/o-tolualdehyde, 2,5-dimethylbenzaldehyde, isophorone, isovaleraldehyde, 

MIBK/p-tolualdehyde, and m-tolualdehyde were not collected in detectable amounts for 

any of the runs during these emission tests. Aldehyde values ranged from 1090 g/hr of 

acetone in Run 1, to 1.80 g/hr of quinone in Run 2. 

The aldehyde values for the emission tests did not change significantly from Runs 

1 to 3, except for acetone and quinone. Acetone fluctuated from 1090 g/hr in Run 1, 

303 g/hr in Run 2, and not detected in Run 3. It should be noted that acetone is a 

compound that contaminates easily. This should be taken into consideration when 

accounting for it. Quinone varied kom 3.13 g/hr in Run 1, 1.80 g/hr in Run 2, and 

68.6 g/hr in Run 3. At this time, there are not enough data points on this compound to 

suggest a reason for the variation. 

2.5.4 Flue Gas Aldehvdes bv Samole and Sample Parameters 

Table 2-15 presents the aldehyde amounts in the flue gas sample for the emission 

tests in total pg for each run. Laboratory analytical results for each sample are 

presented in detail in Appendix E.3. 

Sampling and flue gas parameters for the aldehyde runs are shown in Table 2-16. 

Total sampling times, sample volume and isokinetic results for each sampling run are 

2-27 JBy36 
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ALDEHYDES CONCENTRATION AND EMISSION RATES 

MATBY CONSTRUCTIO\ COMPAW P W T  6 ( 

Formaldehyde 

IHeran.l 

Melhyl EIhgl Kelone 

Pmpioddcbyde 

9 Y  
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33500 

1090 
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I28 
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9 2 2  
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4 2 2  

na 
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334a 
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lM 

4 6 3  

19.9 

2 6 1  

ND 
ND 
ND 

ND 
ND 
ND 

55~5  

95.8 

3.13 

ND 
ND 
ND 

Izw) 

ZOM 
u . 9  
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Mm 
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13.2 

ND 

ND 

ND 
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ND 

ND 
ND 
ND 
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ND 

ND 
ND 
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ND 

ND 
ND 
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13.9 
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6140 
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u.5 
1.32 

112 
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3.16 

1170 

21M 
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33sM 

1090 
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13.3 

71.8 

1Y) 
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TABLE 2-15 
ALDEHYDES AMOUNTS IN FLUE SAMPLES - BLANK CORRECTED 
MATHY CONSTRUCTION COMPANY PLANT 6 (1991) 

Acetaldehyde 
Acetone 
Acetophenone/o-Tolualdehyde 
Acrolein 
Benzaldehyde 
Butyraldehyde/Isobutyralde hyde 
Cro tonaldehyde 
2,5-Dirnethylbenzaldehyde 
Formaldehyde 
Hexanal 
Isophorone 
Isovaleraldehyde 
MIBK/p-Tolualdehyde 
Methyl Ethyl Ketone 
Propionaldehyde 
Quinone 
rn-Tolualde hyde 
Valeraldehyde 

822 
17060 
ND 
ND 
199 
47.0 
37.1 
ND 
2940 
40.7 
ND 
ND 
N D  
ND 
N D  
48.8 
ND 
ND 

NOTE Concentrations given have been blank corrected 

f 

1040 
4560 
ND 
ND 
198 
ND 
29.5 
N D  
4460 
62.5 
ND 
N D  
N D  
ND 
N D  
27.0 
ND 
ND 

1170 
ND 
ND 
26.7 
211 
75.4 
65.0 
ND 
2760 
20.0 
ND 
ND 
ND 
93.5 
94.6 
1040 
ND 
56.9 

ND 
6640 
ND 
ND 
ND 
ND 
ND 
ND 
10.7 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0 

0 

0 
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Table 2-16 
ALDEHYDES EMISSIONS SAMPLING AND FLUE GAS PARAMETERS 
MATHY CONSTRUCTION COMPANY PLANT 6 (1991) 

Total Sampling Time (min) 
Average Sampling Rate (dscfm) 
Metered Volume (dscf) 
Metered Volume (dscm) 
Average Stack Temperature (F) 
0 2  Concentration (%V) 
C02  Concentration (%V) 
Stack Gas Moisture (%V) 
Volumetric Flow Rate (dscfm) 
Volumetric Flow Rate (dscmm) 

I Percent lsokinetic 
NA = Not Applicable 

62.5 
0.500 
31.1 
0.880 
240 
12.9 
6.2 
28.7 

33200 
940 
105 

62.5 
0.480 
29.8 
0.843 
ua 
12.4 
6.6 
29.6 

33000 
934 
101 

. ~, 

62.5 
0.470 
29.5 

0.836 
234 
13.4 
5.6 
27.1 

32500 
920 
102 

NA 
0.483 
30.1 
0.853 
237 
12.9 
6.1 

28.5 
32900 
93 1 
NA 

0 

0 

0 

0 

0 

0 

0 

0 
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0 
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presented. Appendix A.3 contains a complete listing of these parameters and additional 

sampling and flue gas parameters for each test run along with the field data sheets. 

2.6 CONTINUOUS EMISSIONS MONITORING RESULTS 

2.6.1 Overview 

0 

Continuous emissions monitoring was conducted at the outlet to the air pollution 

control device (AF’CD) during the two days of testing. Concentrations of 0,, CO,, CO, 

NO,, and SO, were determined on a dry basis by extracting the gas from the flue, 

transferring it to the CEM trailer through heated Teflon tubing (heat trace), passing i t  

through gas conditioners to remove moisture and directing it to each respective analyzer. 

A full description of Radian’s CEM system and methods is given in Section 5. 

Concentrations of THC were also monitored, with gas concentrations determined on a 

wet basis, by allowing a slipstream from the heated sample line to bypass the sample 

conditioners so that the wet flue gas was directed to the analyzer as it exited in the flue. 

0 

0 

All CEM data were recorded as 30-second averages from 

multiple-readings-per-second input by Radian’s CEM data acquisition system (DAS). 

The resulting CEM data files were averaged over the duration of each test run. The 

averages are presented in Section 2.7.2. The 30-second data are included in Appendix D 

along with the following additional CEM information: 

LOCATION CEM DATA TYPE 

0 AppendixD.l CEM Tables 

0 Appendix D.2 Calibration Drifts 

0 Appendix D.3 Calibration and QC Gas Responses 

Appendix D.4 Response Time, NO, Convertor Tests 
Linearity Calculation 

2.6.2 CEM Results 

The CEM averages are presented in Table 2-17. The average 0, runs varied 

from 12.4 to 14.2 percent by volume. Carbon dioxide values were approximately 5 to 6 

percent by volume. Nitrogen oxides concentrations were approximately 30 to 50 ppmv, 

dry at the stack. There were no SO, emissions. Concentrations of THC were also 

monitored, with the resulting concentrations consistently 50 to 70 ppmv/wet. The 

averages were taken over the time period that the CEM was on-line. 

mu6 
0 
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2.6.3 Nonmethane Hvdrocarbon Emission Test Results 

EPA Method 18 analysis of the flue gas was performed using gas chromatography 0 

(GC) to separate the hydrocarbon species (C,-C,) present in the flue gas stream. Several 

samples were injected into the GC during each test day. Methane, benzene, toluene, 

ethylbenzene, and xylene were determined by this method. Total hydrocarbon emissions 

as methane were determined by EPA Method 25A. 

Table 2-18 presents the hydrocarbon concentrations and emission rates in ppmv 

and Ib/ton of asphalt produced. The nonmethane hydrocarbon emissions as methane 

were calculated by subtracting the methane concentration measured by the GC from the 

total hydrocarbons as methane measured by the total hydrocarbon analyzer (CEM) at 

the time of sample injection into the GC. The average nonmethane hydrocarbon 

emissions were 0.0103 to 0.0143 Ib/ton for the two test days. The average emission 

factors of benzene, toluene, ethylbenzene, and xylene for the first test day were 0.00013, 

0.00019, 0.000011, and 0.00017 Ib/ton, respectively. The average emission factors for the 

second test day were 0.00023, 0.00019, 0.000011, and 0.00017 Ib/ton, respectively. The 

data variability is believed to have resulted from process variability. 

0 

0 

0 
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3. FACILITY DESCRIPTION 
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This section provides a description of the Mathy Construction Company’s Facility 

No. 6 asphaltic concrete plant located in Lacrosse, Wisconsin. The process equipment 

and production materials used and the process parameters recorded during the emissions 

test are discussed. 

3.1 PROCESS DESCRIPTION 

The Mathy Construction Facility No. 6 is a typical batch asphaltic concrete plant 

with a rated production capacity of 300 tons/hour. The plant consists of the following 

components: 

0 Aggregate storage piles; 

0 Cold aggregate storage bins; 

0 

0 

A rotary kiln for aggregate drying; 

Hot screens and storage bins for dried aggregate, classified by aggregate 
size; 

0 A heated asphalt storage tank; and 

A pug mill for mixing hot aggregate and asphalt. 

The aggregate must be dried to product specifications in the natural gas-fired rotary kiln 

before it is separated and classified by size by the hot screens and before it is mixed with 

asphalt in the pug mill. The asphalt is an amorphous solid that must be heated to a 

liquid state for injection into the pug mill where it is mixed with the dried aggregate. 

The final product leaving the pug mill may be loaded onto trucks or transferred to a hot 

mix storage bin. 

Aggregate fines become entrained in the combustion exhaust leaving the rotary 

kiln and are transported to a cyclone, which returns heavier particles to the kiln. The 

exhaust gas then enters a fabric filter where smaller fines are collected. Process fugitive 

PM and VOCs from the hot screens, hot bins, and pug mill are also routed to the 

cyclone inlet. Emissions of VOCs from fuel combustion and asphalt mixing are not 

ms336 
0 
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controlled by the cyclone or fabric filter, nor are any VOC emission control devices used. 

The exhaust flow is an induced draft; that is, a clean-air-side fan is used. 

The data collected only reflect emissions from vented process equipment as 

described above and do not include emissions from process and area fugitive sources 

such as: 

0 

Aggregate storage piles and cold aggregate transport; 

Cold asphalt and hot mix storage tanks; or 

0 

0 

0 Plant vehicular traffic. 

Point source PM, PM,,, and metal emissions are attributable primarily to 

aggregate-drying and hot transport mechanisms. Condensible PM, PAH, and aldehyde 

emissions are generally associated with fuel combustion products and the volatile fraction 

of the liquid asphalt, although relative contributions are not found in the literature. The 

aggregate/asphalt throughputs are functions of the desired product specifications, 

whereas fuel consumption is determined by the drying requirements, aggregate moisture, 

and throughput of the aggregate. For the emission factors developed, the final product 

composition is 5.8 percent asphalt cement by weight, and the kiln fuel is natural gas. 

I 'he  emission factors developed in this study reflect these constraints, and the effects of 

changes in these parameters on emission factors have not been evaluated. 

3.2 PROCESS CONDITIONS DURING TESTING 

Production monitoring data for all tests are presented in Tables 3-1 and 3-2. 

3.2.1 Process Conditions During Metals/PAH Testing 

Table 3-3 summarizes the production and operating conditions associated with the 

metals and PAH test data. Production rates for 3 runs varied from 222 tons/hour to 

245 tons/hour (74 to 82 percent of capacity), while natural gas consumption ranged.from 

5170 ft3/hr to 5250 ft'/hr. Sampling runs for these trains experienced no interruptions of 

process upset conditions. 

3.2.2 Process Conditions During Aldehvde Testing 

Table 3-4 summarizes the production and operating data associated with aldehyde 

test data. Production rates varied from 194 tons/hr to 284 tons/hr (65 to 95 percent of 

capacity), while natural gas usage ranged from 5000 ft3/hr to 6950 ft3/hr. Sampling 

IBS336 3-2 
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Table 3-3 ‘ 0  
SUMMARY OF METALS/PM AND PAH EMISSION FACTORS AND PROCESS OPERATING CONDITIONS 
MATHY CONSTRUCTION COMPANY PLANT 6 (1991) 
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Table 3-4 

SUMMARY OF ALDEIIYDE EMISSION FACTORS AND PROCESS OPERATING CONDITIONS 

MATHY CONSTRUCTION COMPANY PLANT 6 (1'991) 

,VI--- ' I 

Control Device I Baghouse I Baghouse 1 Baghouse I 
NOTE : Run averages were Calculated Irom readinp taken periodically throughout lhe duration of lhe emission lcsl run. 

See Table 2-1 and 2-2 for the individual readings 

Run 2 urds not calculaled in Ihe average. Runs 1 R 3 were a1 a minimum production load, whereas Run 2 lvds at a madmum production load. 

All three 1 s t ~  were iniermpted by plant shutdown. Trains were rernovrd from stack and were not operated during d m  times. 
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Run 1 was temporarily interrupted while aggregate moisture was measured, and sampling 

did not proceed during this stoppage. Sampling Run 2 was interrupted by a full plant 

shutdown. Sampling Run 3 was also interrupted by a full plant shutdown. In all cases, 

sampling was suspended and sampling equipment was removed from the stack and 

capped to prevent contamination during plant shutdowns. 

3.2.3 Process Conditions Durine PMJCPM Testing 

Table 3-5 summarizes the production and operating data that correspond to the 

PM,,/CPM test results. For three sampling runs, total asphaltic concrete production 

varied between 213 tons/hr and 224 tons/hr (71 to 75 percent of capacity), while natural 

gas consumption ranged from 5000 ft3/hr to 5230 ft3/hr. No PM,,/CPM sampling mns 
were interrupted by process upsets. 
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0 
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0 

0 
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Table 3-5 
SUMMARY OF PMlO/CPM EMISSION FACTORS AND PROCESS OPERATING CONDITIONS 
MATHY CONSTRUCI'ION COMPANY PLANT 6 (1991) 

NOTE = Run avcragcswcrc calculalcd Irom rcadinp taken periodically Ihmughoui [he duralion of thc emission icsi run. 
Scc Table 3-1 and 3-2 lor the indiGdual rcadinp. 
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0 

0 

0 

0 

0 

0 

0 
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4. SAMPLING LOCATIONS 
0 

0 

0 

0 

This section describes the locations where samples were taken during the emission 

testing program at Mathy Construction Company Facility No. 6. All samples collected by 

manual methods including PM,, samples were collected from six sampling ports at equal 

heights in the exhaust stack. Samples for the CEMS were collected from a single point 

near the manual sampling ports. The sampling location arrangement is shown in 

Figure 4-1. 

The test ports were located according to EPA Method 1. The nearest upstream 

disturbance was 3.3 equivalent diameters away and the nearest downstream disturbance 

was 1.2 equivalent diameters away from the test ports. 

The minimum number of traverse points required for manual sampling was 24. 

Five points at each of the six ports were used as shown in Figure 4-2. 

0 

0 

0 
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Figure 4-1 . Sampling Location Arrangement. 
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5 .  SAMPLING AND ANALYTICAL PROCEDURES 
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The sampling and analytical procedures used for the asphalt plant test program 

were the most recent revisions of the published EPA methods or proposed EPA 

methods. In either case, state-of-the-art sampling and analytical methods were used. 

This section describes the sampling and analytical method used for each compound 

analyzed. 

5.1 PARTICULATE M A T E R  AND METALS EMISSIONS TESTING 
METHOD 

Sampling for particulate matter (PM) and metals was performed according to an 

EPA EMB draft protocol entitled "Methodology for the Determination of Metals 

Emissions in Exhaust Gases from Incineration Processes." The protocol is presented in 

Appendix J.l. This method is applicable for the determination of PM emissions and Pb, 

Ni, Zn, P, Cr, Cu, Mn, Se, Be, TI, Ag, Sb, Ba, Cd, As, and Hg emissions from various 

types of processes. The test samples were not analyzed for Hg because Hg was not 

expected in the process stream. Particulate emissions.were based on the weight gain of 

the filter and the front half acetone rinses of the probe, nozzle, and filter holder. After 

the gravimetric analyses were completed, the sample fractions were analyzed for the 

target metals as discussed in Section 5.2.5. 

5.1.1 Samuline Eauiument for Particulate Matter and Metals 

This methodology used the sampling train shown in Figure 5-1. The sampling 

train consisted of a quartz nozzle/probe liner followed by a heated filter assembly with a 

Teflon@ filter support, a series of five impingers, and the standard EPA Method 5 

meterbox and vacuum pump. The sample was not exposed to any metal surfaces in this 

train. Two of the sequential impingers contained a 5 percent nitric acid 

(HNO,)/10 percent hydrogen peroxide (H,O,) solution and one contained silica gel. 

The first and fourth impingers were empty knockout impingers not required by the 

method, but added because of the high moisture content of the flue gas. The second 

impinger containing HNO,/H,O, was of the GreenburgSmith design; the other 

impingers had straight tubes. The impingers were connected together with clean glass 
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U-tube connectors and were arranged in an impinger bucket. Sampling train 

components were recovered and analyzed in separate front and back half fractions 

according to the described method. 

5.1.2 Eauipment Preparation for Particulate Matter and Metals Sampling 

5.1.2.1 Glassware PreDaration. Glassware was washed in hot, soapy water, rinsed 

three times with tap water and then rinsed three times with deionized distilled water. 

The glassware was then subjected to the following series of soaks and rinses: 
0 

0 

0 Rinsed with acetone rinse. 

The cleaned glassware was allowed to air dry in a contamination-free 

Soaked in a 10 percent HNO, solution for a minimum of 4 hours; 

Rinsed three times with deionized distilled water rinse; and 

environment. The ends were then covered with parafilm. All glass components of the 

sampling train plus any other sample bottles, pipes, Erlenmeyer flasks, petri dishes, 

graduated cylinders, and other laboratory glassware used during sample preparation, 

recovery, and analysis were cleaned according to this procedure. 

5.1.2.2 Reaeent Preparation. The sample train filters were Pallflex 

Tissuequartz 2500QAS filters. The acids and H,O, were Baker "Instra-analyzed" grade 

or equivalent. The H,O, was purchased specifically for this test site. 

The reagent water was Baker "Analyzed H P L C  grade or equivalent. The lot 

number, manufacturer, and grade of each reagent that was used were recorded in the 

laboratory notebook. 

The HNO,/H,O, absorbing solution was prepared fresh daily according to 

Section 4.2.1 of the reference method. The analyst wore both safety glasses and 

protective gloves when the reagents were mixed and handled. Each reagent had its own 

designated transfer and dilution glassware. To avoid contamination, this glassware was 

marked for identification with a felt tip glassmarking pen and used only for the reagent 

for which it was designated. 

5.1.2.3 Eauipment Preparation. The remaining preparation included calibration and 

leak checking of all the train equipment, which included meterboxes, thermocouples, 

nozzles, pitot tubes, and umbilicals. Referenced calibration procedures were followed 
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when available, and the results were properly documented and retained. A discussion of 

the techniques used to calibrate this equipment is presented below. 

Twe-S Pitot Tube Calibration. The EPA has specified guidelines concerning the 

construction and geometry of an acceptable Type-S pitot tube. A pitot tube coefficient 

of 0.84 is used if the specified design and construction guidelines are met. Information 

pertaining to the design and construction of the Type-S pitot tube is presented in detail 

in Section 3.1.1 of EPA Document 600/4-77-027b. Only Type-S pitot tubes meeting the 

required EPA specifications were used. Pitot tubes were inspected and documented as 

meeting EPA specifications prior to field sampling. 

Samoline Nozzle Calibration. Glass nozzles were used for isokinetic sampling. 

Calculation of the isokinetic sampling rate required that the cross sectional area of the 

sampling nozzle be accurately and precisely known. All nozzles were thoroughly 

cleaned, visually inspected, and calibrated according to the procedure outlined in Section 

3.4.2 of EPA Document 600/4-77-027b. 

Temperature Measuring Device Calibration. Accurate temperature measurements 

were required during source sampling. Thermocouple temperature sensors were 

calibrated using the procedure described in Section 3.4.2 of EPA document 

600/4-77-027b. Each temperature sensor was calibrated at a minimum of two points 

~ v e r  the anticipated range of use agairst an NBS-traceable mercury-in-glass 

thermometer. All sensors were calibrated prior to field sampling. 

Drv Gas Meter Calibration. Dry gas meters (DGMs) were used in the sample 

trains to monitor the sampling rate and to measure the sample volume. All DGMs were 

calibrated to document the volume correction factor just before the equipment was 

shipped to the field. Post-test calibration checks were performed as soon as possible 

after the equipment has been returned to Research Triangle Park, North Carolina 

(RTP). Pre- and post-test calibrations agreed to within 5 percent. Prior to calibration, a 

positive pressure leak check of the system was performed using the procedure outlined in 

Section 3.3.2 of EPA document 600/4-77-237b. The system was placed under 

approximately 10 inches of water pressure and a gauge oil manometer was used to 
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determine if a pressure decrease was detected over a 1-minute period. If leaks were 

detected, they were eliminated before actual calibrations were performed. 

After the sampling console was assembled and leak checked, the pump was 

allowed to run for 15 minutes. This allowed the pump and DGM to warm up. The 

valve was then adjusted to obtain the desired flow rate. For the pretest calibrations, 

data were collected at orifice manometer settings (AH) of 0.5, 1.0, 1.5, 2.0, 3.0 and 4.0 

inches of H,O. Gas volumes of 5 ft' were used for the two lower orifice settings, and 

volumes of 10 ft3 were used for the higher settings. The individual gas meter correction 

factors were calculated for each orifice setting and averaged. The method required that 

each of the individual correction factors fall within 2 2  percent of the average correction 

factor or the meter was cleaned, adjusted, and recalibrated. In addition, Radian 

required that the average correction factor be within 1.00 ? 1 percent. For the post-test 

calibration, the meter was calibrated three times at the average orifice setting and 

vacuum used during the actual test. 

Rockwell Model 175 DGMs in Research Appliance Company (RAC) enclosures 

were used for measuring gas sampling rates. The DGM calibrations were performed at 

Radian's RTF' laboratory using an American wet test meter as an intermediate standard. 

The intermediate standard is calibrated every six months against the EPA spirometer at 

EPA's Emissions Measurement Laboratory in RTF'. 
5.1.3 Particulate Matter/Metals Sampline Operations 

5.1.3.1 Preliminam Measurements. Before sampling began, preliminary 

measurements were required to ensure isokinetic sampling. These included determining 

the traverse point locations and performing a preliminary velocity traverse, cyclonic flow 

check, and moisture determination. These measurements were used to calculate a 

"K factor." The K factor was used to determine an isokinetic sampling rate from stack 

gas flow readings taken during sampling. 

Measurements made during the pretest site survey were then checked for 

accuracy. Measurements were made of the duct inside diameter, port nozzle length, and 

the distances to the nearest upstream and downstream flow disturbances. These 

measurements were used to verify sampling point locations by following EPA Reference 
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Method 1 guidelines. The distances were then marked on the sampling probe using an 

indelible marker. 

5.1.3.2 Assembline the Train. Assembling the PM/metals sampling train 

components was initiated in the recovery trailer and final train assembly was completed 

at the stack location. First, the empty, clean impingers were assembled and laid out in 

the proper order in the recovery trailer. Each ground-glass joint was carefully inspected 

for hairline cracks. The first impinger was a knockout impinger with a short tip. The 

purpose of this impinger was to collect condensate. The next two impingers were 

modified tip impingers, which each contained 100 ml of 5 percent HNO, and 10 percent 

H,O,. The fourth impinger was empty, and the fifth impinger contained 200 to 300 

grams of blue-indicating silica gel. After the impingers were loaded, each impinger was 

weighed, and the initial weight and contents of each impinger were recorded on a 

recovery data sheet. The impingers were connected together by clean glass U-tube 

connectors and arranged in the impinger bucket. The height of all the impingers was 

approximately the same to obtain a leak free seal. The open ends of the train were 

sealed with parafilm or teflon tape. 

The second step was to load the filter into the filter holder in the recovery trailer. 

The filter holder was then capped off and placed into the impinger bucket. A supply of 

pirafilm and scxket joints was also placed in the bucket in a clean plastic hag fnr use hy 

the samplers. To avoid contamination of the sample, sealing greases were not used. 

The train components were transferred to the sampling location and assembled as 

previously shown in Figure 5-1. 

5.1.3.3 Samplinp Procedures. After the train was assembled, the heaters for the 

probe liner and heated filter box were turned on. When the system reached the 

appropriate temperatures, the sampling train was ready for pretest leak checking. The 

filter skin temperature was maintained at 120 2 14'F (248 k25'F). The probe 

temperature was maintained above 100°C (212'F). 

The sampling trains were leak checked at the start and finish of sampling. (EPA 

Method 5 protocol required post-test leak checks and recommended pretest leak checks.) 

Radian protocol also incorporated leak checks before and after every port change. An 
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acceptable pretest leak rate was less than 0.02 acfm (ft3/min) at approximately 15 inches 

of mercury (in. Hg). If, during testing, a piece of glassware needed to be emptied or 

replaced, a leak check was performed before the glassware piece was removed, and after 

the train was reassembled. 

0 

To leak check the assembled train, the nozzle end was capped off and a vacuum 

of 15 in. Hg was pulled in the system. When the system was evacuated, the volume of 

gas flowing through the system was timed for 60 seconds. After the leak rate was 

determined, the cap was slowly removed from the nozzle end until the vacuum dropped 

off, and then the pump was turned off. If the leak rate requirement was not met, the 

train was systematically checked by first capping the train at the filter, at the first 

impinger, etc., until the leak was located and corrected. 

After a successful pretest leak check had been conducted, all train components 

were at their specified temperatures, and initial data were recorded (DGM reading), the 

test was initiated. Sampling train data were recorded periodically on standard data 

forms. A checklist for sampling is included in Table 5-1. 

The leak rates and sampling start and stop times were recorded on the sampling 

task log. Also, any other events that occurred during sampling were recorded on the 

task log such as pitot cleaning, thermocouple malfunctions, heater malfunctions, or any 

other unusual occurrences. 

At the conclusion of the test run, the sample pump (or flow) was turned off, the 

probe was removed from the duct, a final DGM reading was taken, and a post-test leak 

check was completed. (The post-test leak check procedure is identical to the pretest 

procedure; however, the vacuum should be at least 1 in. Hg higher than the highest 

vacuum attained during sampling.) An acceptable leak rate was less than 4 percent of 

the average sample rate, or 0.02 acfm (whichever was lower). If a final leak rate did not 

meet the acceptable criterion, the test r u n  could still have been accepted upon approval 

of the test administrator. 

5.1.4 Particulate Matter/Metals Samole Recovery 

Recovery procedures began as soon as the probe was removed from the stack and 

the post-test leak check was completed. 

0 



Table 5-1 

Sampling Checklist 

Before Test Starts: 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Check impinger set for correct order and number. Verify probe markings, 
and re-mark if necessary. 

Verify that you have all the correct pieces of glassware. 

Get data sheets and read barometric pressure. 

Bag sampling equipment needs to be ready (with bags labeled and ready to 
go) if applicable. 

Examine meter box; level i t  and confirm that the pump is operational. 

Assemble train to the filter and leak check at 15 in Hg. Attach probe to 
train and do final leak check; record leak rate and pressure on sampling 
log. 

Check out thermocouples; make sure they are reading correctly. 

Turn on all heaters and check to see that they are increasing. 

Leak check pitots. 

Check that cooling water is flowing and on. Add ice to impinger buckets. 

Check isokinetic K-factor; make sure it is correct. (Refer to previous 
results to conlimn assumptions). (Two people should calculate this 
independently to double check it.) 

Have a spare probe liner, probe sheath, meter box and filter ready to go at 
location. 
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Table 5-1 

Continued 

During Tesr 

1. 

2. 
0 

0 

0 

0 

0 

0 

3. 

4. 

5 .  

6. 

7. 

a. 

9. 

Notify crew chief of any sampling problems immediately. Note problem on 
sampling log. 

Perform simultaneous/concurrent testing with other locations (if 
applicable). Maintain filter temperature between 248°F 225°F. Keep 
temperature as steady as possible. Maintain XAD trap and impinger 
temperatures below 68°F. Maintain probe temperature above 212°F. 

Leak check between ports and record on sampling log. 

Record sampling rate times and location for the fixed gas (CO. CO,, 0,) 
sample (if applicable). 

Blow back pitot tubes at inlet location every 15 minutes. 

Change filter if pressure drop exceeds 15 in. Hg. 

Check impinger solutions every 1/2 hr; if bubbling into impinger prior to 
silica gel, empty out first impinger into pre-weighed bottle and replace. 

Check impinger silica gel every 1/2 hr; if indicator disappears request a 
pre-filled impinger from van lab and replace. 

Check manometer fluid levels and zero every hour. 

After Test Is Completed: 

1.  Record final meter reading. 

2. 

3. 

Check completeness of data .heet. 

Do final leak check of sampling train at 1 in Hg greater than maximum 
vacuum during test. 
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Table 5-1 

Continued 
0 

4. 

5. Disassemble train. Cap sections. Take sections to recovery trailer. 

6. 

Leak check each leg of pitot tubes. 

Probe recovery (use 950 ml bottles) 
a) Bring probes into recovery trailer (or other enclosed area). 
b) For acetone rinses (all trains) 

Attach flask to end of probe 
Add about 50 m l s  of acetone 
Put in brush down probe, and brush back and forth 
Rinse back and forth in probe 
Empty out acetone in sample jar 
Do this 3 times 

c) For MeCI, rinses 
Rinse 3 times with flask attached (no brushing) 

Reattach nozzle and cap for next day, store in dry safe place. 

Make sure data sheets are completely tilled out and give to location leader. 

7. 

8. 

0 
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a 
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To facilitate its transfer from the sampling location to the recovery trailer, the 

sampling train was disassembled into three sections: the nozzle/probe liner, filter 

holder, and impingers in their bucket. Each of these sections was capped with Teflon@ 

tape or parafilm before being transported to the recovery trailer. 

Once in the trailers, the sampling train was recovered as separate front and back 

half fractions. Figure 5-2 is a diagram illustrating front half and back half sample 

recovery procedures. No equipment with exposed metal surfaces was used in the sample 

recovery procedures. The weight gain in each of the impingers was recorded to 

determine the moisture content in the flue gas. Following weighing of the impingers, the 

front half of the train was recovered, which included the filter and all sample-exposed 

surfaces fonvard of the filter. The probe liner was rinsed with acetone by tilting and 

rotating the probe while squirting acetone into its upper end so that all inside surfaces 

were wetted. The acetone was quantitatively collected into the appropriate sample 

bottle. This rinse was followed by additional brush/rinse procedures using a nonmetallic 

brush; the probe was held in an inclined position and acetone was squirted into the 

upper end as the brush was pushed through with a twisting action. All of the acetone 

and particulate was caught in the sample container. This procedure was repeated until 

no visible particulate remained and was finished with a final acetone rinse of the probe 

and brush. The front half of the filter was also rinsed with acetone until all visible 

particulate was removed. After all front half acetone washes were collected, the cap was 

tightened, the liquid level marked and the bottle weighed to determine the acetone rinse 

volume. The method specifies that a total of 100 ml of acetone must be used for rinsing 

these components. However, a thorough rinse usually requires more reagent. For blank 

correction purposes, the exact weight or volume of acetone used was measured. An 

acetone reagent blank of approximately the same volume as the acetone rinses was 

analyzed with the samples. 

The nozzle/probe liner, and front half of the filter holder was rinsed three times 

with 0.1N HNO, and the rinse was placed into a separate amber bottle. The container 

wascapped tightly, the weight of the combined rinse was recorded, and the liquid level 
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was marked on the bottle. The filter was placed in a clean, well-marked glass petri dish 

and sealed with Teflon@ tape. 

Prior to recovering the back half impingers, the contents were weighed for 

moisture content. Any  unusual appearance of the filter or impinger contents was noted 

in the logbook. 

The contents in the knockout impinger was recovered into a preweighed, 

prelabeled bottle with the contents from the HN0,/H202 impingers. These impingers 

and connecting glassware were rinsed thoroughly with 0.1N HNO,, the rinse was 

captured in the impinger contents bottle, and a final weight was taken. Again, the 

method specifies a total of 100 ml of 0.1N "0,  be used to rinse these components. 

The weight of reagent used for rinsing was determined by weighing the impinger 

contents bottle before and after rinsing the glassware. A nitric acid reagent blank of 

approximately the same volume as the rinse volume was analyzed with the samples. 

After final weighing, the silica gel from the train was saved for regeneration. The 

ground-glass fittings on the silica gel impinger were wiped off after sample recovery to 

ensure a leak tight fit for the next test. 

A reagent blank was recovered in the field for each of the following reagents: 

Acetone blank--lOO-ml sample size; 

0 

0 

0 

0 Filter' blank--one each. 

0.1N "0, blank--lOOO-ml sample size; 

5 percent HNOJ10 percent H202 blank--200-ml sample size; 

Dilution water-100-ml sample size; and 

Each reagent blank was from the same lot used during the sampling program. Each lot 

number and reagent grade was recorded on the field blank label and in the logbook. 

The liquid level of each sample container was marked on the bottle in order to 

determine if any sample loss occurred during shipment. If sample loss had occurred, the 

0 
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sample might have been voided or a method could have been used to incorporate a 

correction factor to scale the final results depending on the volume of the loss. 

Approximate detection limits for the various metals of interest are summarized in 

Table 5-2. 
5.1.5 Particulate Analvsis 

The general gravimetric procedure described in EPA Method 5, Section 4.3, was 

followed. Both filters and precleaned beakers were weighed to a constant weight before 

use in the field. The same balance used for taring was used for weighing the samples. 

The acetone rinses were evaporated under a clean hood at  70°F to dryness in a 

tared beaker. The residue was desiccated for 24 hours in a desiccator containing fresh 

room temperature silica gel. The filter was also desiccated to a constant weight under 

the same conditions. Weight gain was reported to the nearest 0.1 mg. Each replicate 

weighing agreed to within 0.5 mg or 1 percent of total weight less tare weight, whichever 

was greater, between two consecutive weighings, and was at least 6 hours apart. 

5.1.6 Metals Analytical Procedures 

A diagram illustrating the sample preparation and analytical procedure for the 

target metals is shown in Figure 5-3. 
The front half acetone and filter fractions were digested with concentrated HNO, 

and hydrofluoric acid (HF) i:: a ricrowave pressure vessel. The microwave digestion 

took place over a period of approximately 10 to 12 minutes in intervals of 1 to 2 minutes 

at 600 watts. The nitric probe rinse was digested by EPA SW 846 Method 3020. The 

digested filters and the digested probe rinses were combined to yield the front half 

sample fraction. The fraction was diluted to a specific volume with DI water and 

analyzed by applicable instrumentation. 

The absorbing solutions from the HN0,/H,02 impingers were combined, 

acidified, and reduced to near dryness. The sample was then digested by conventional 

digestion, with 5 percent "0,. After the fraction has cooled, it was filtered and diluted 

to a specified volume with DI water. 

Each sample fraction was analyzed by inductively coupled argon plasma 

spectroscopy (ICAP) using EPA Method 200.7. Interelement corrections were applied to 
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TABLE 5-2. APPROXIMATE DETECTION LIMITS 

0 

GFAAS = Graphite Furnace Atomic Absorption Spectroscopy 
CVAAS = Cold Vapor Atomic Absorption Spectroscopy 
These detection limits are based on a stack gas sample volume of 1.25 m3. If 5 m3 are 
collected, the instack detection method detection limits are 1/4 of the values indicated. 

‘If Fe and Al are present, samples will be diluted which may raise analytical detection 
limits. 

b 
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the analytes to remove the effects of unwanted emissions. If arsenic or lead levels were 

less than 2 ppm, graphite furnace atomic absorption spectroscopy (GFAAS) was used to 

analyze for these elements by EPA Methods 7060 and 7421. Matrix modifiers such as 

specific buffering agents were added to these aliquots to make the matrix more volatile 

and/or stabilize the analyte element. The total volumes of the absorbing solutions and 

rinses for the various fractions were measured and recorded in the laboratory notebook. 

5.1.7 Qualitv Control for Metals Analvtical Procedures 

All quality control (QC) procedures specified in the test method were followed. 

All field reagent blanks were processed, digested and analyzed as specified in the test 

method. To ensure optimum sensitivity in measurements, the concentrations of target 

metals in the solutions were at least 10 times the analytical detection limits. 

5.1.7.1 Inductively Couuled Areon Plasma Soectroscoov Standards and Ouality 

Control Samoles. The QC procedures used for ICAF' analysis include running two QC 

standards, and a calibration blank after every 10 samples. One interference check 

standard was analyzed at the beginning and the end of the analytical run. One duplicate 

analysis and one analytical spike were analyzed to check for precision and matrix effects. 

Standards less than 1 p g / d  of a metal were prepared daily; those with 

concentrations greater than this were made monthly. 

5.1.7.2 Grauhite Furnace Standards and Oualitv Control Samules. Standards 

used for GFAAS analysis were matrix matched with the samples analyzed and the matrix 

modifiers added. Standards with less than 1 p g / d  of a metal were prepared daily; those 

with concentrations greater than this were made monthly. A minimum of five standards 

composed the standard curve. Quality control samples were prepared from a separate 

10 p g / d  standard by diluting i t  into the range of the samples. 

One analytical spike was analyzed for every 10 samples. If recoveries were below 

80 percent of 100, the samples were analyzed by method of additions as explained in 

EPA SW 846 Method 7000. One QC sample was analyzed to verify the standard curve 

used to quanitate the samples. 
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5.2 EMISSIONS TESTING FOR PARTICULATE M A T E R  LESS THAN 10 
MICRONS/CONDENSIBLE PARTICULATE MATTER 

The sampling method for fine particulate matter/condensible particulate matter 

(PM,,/CPM) was a combination of the protocols outlined in EPA Method 201A [entitled 

"Determination of PM,, Emissions (Constant Sampling Rate Procedure)"] and EPA 

Method 202 (entitled "Determination of Condensible Emissions from Stationary 

Sources"). These methods are presented in Appendix J.2, and are summarized below. 

Method 201A is applicable to the measurement of PM emissions with aerodynamic 

diameters less than or equal to 10 microns (PM,,). Method 202 applies to the 

determination of CPM from various types of combustion devices. Condensible PM 

emissions are gaseous matter and aerosols that condense after passing through a filter 

that captures liquid and solid particulates. Analyses of the test samples were performed 

for total PM (including PM greater than 10 pm), PM,,, and CPM. Total PM emission 

rates were determined from the PM/metals train. 

Particulate matter emissions larger than 10 microns were determined by 

measuring the weight of the catch of an in-stack PM,, cyclone. The PM,, emissions were 

determined from the weight gain of an in-stack backup filter that was downstream of the 

cyclone. The CPM emissions were determined from the evaporated residue of the 

impinger solution, as outlined in Section 5.2.5.2 

5.2.1 Samuline Equipment for P M , m  

Figure 5-4 shows the sampling train for the PM,,/CPM method, which combined 

the in-stack cyclone, filter assembly, and probe from EPA Method 201A with the 

impinger assembly from EPA Method 202. The sample train consisted of a tapered 

stainless steel inlet nozzle, an in-stack PM,, cyclone, a backup filter holder and filter 

behind the cyclone, a heated glass probe liner, a series of 4 impingers, and the standard 

EPA Method 17 meterbox and vacuum pump. 

The instrument used in PM,, determination was a Sierra Instruments Series 280 

Qcladem cyclone. This device collected particulates larger than 10 microns and allowed 

particulates smaller than 10 microns to pass through to a backup filter. The cyclone 
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caused the gas stream to swirl in a vortex; larger particulates contacted the cyclone wall 

and fell into a collection cup. 

The in-stack backup filter used after the cyclone had a demonstrated collection 

efficiency of greater than 99.95 percent on diocytylphepthalate (DOP) smoke particles, as 
required by ASTM Standard Method D 2986. 

As outlined in EPA Method 202, the first two impingers each contained 100 ml of 

deionized distilled H,O, the third impinger was empty, and the fourth contained silica gel. 

The first two irnpingers were of the Greenburg-Smith design with standard tips; the other 

impingers had straight tubes. The impingers were connected together with clean glass U- 

tube connectors. 

5.2.2 P&JCPM Samplinc Eauiprnent Preparation 

5.2.2.1 Glassware Preparation. Glassware was washed as follows: 

0 Rinsed with tap water; 

0 

Washed in hot soapy water; 

Rinsed with deionized distilled water; 

0 Rinsed with acetone; and 

Rinsed with methyiene chloride (MeCI,). 

The cleaned glassware was allowed to air  dry in a contamination-free environment. 

After drying, the ends were covered with parafilm. All glass components of the sampling 

train plus any sample bottles, pipets, Erlenmeyer flasks, petri dishes, graduated cylinders, 

and other laboratory glassware used during sample preparation, recovery, and analysis 

were cleaned according to this procedure. 

The cyclone housing, nozzle, and interior surfaces were cleaned with hot, soapy 

water, rinsed with hot tap water, rinsed with distilled deionized water, and finally rinsed 

with acetone and dried. 
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5.2.2.2 Reaeent Preparation. The deionized distilled reagent water used 

conformed to the American Society for Testing and Materials Specification D 1193-74, 

Type 11. 

5.2.2.3 EauiDment Preoaration. All measuring devices used during sampling were 

calibrated prior to use, as specified in EPA Method 17. This equipment included top 

loading scales, probe nozzles, pitot tubes, metering system, probe heater, temperature 

gauges, dry gas metering system, and barometer. A laboratory field notebook was 

maintained to record these calibration values. 

Before they were used, all filters were desiccated and tared on a five-place 

balance. Replicate weighings at least 6 hours apart must agree to within 0.5 mg to yield 

an acceptable weight. Each filter was then stored in an individual petri dish with an 

identification number, and all data were recorded in the logbook. 

5.2.3 Sampline Operations for P M , D  

The sampling procedure for the PM,,/CPM method is similar to the procedure 

for EPA Method 5,  except that the PM,,/CPM method includes a post-test nitrogen (N2) 
purge to purge SO, from the sample, if considerable amounts of SO, are present in the 

flue gas. Also, a different method was used for nozzle size selection and sampling time, 

and no silicone grease was used in assembling the sample train in order to avoid 

contamination. 

Prior to sampling for PM,,, a preliminary velocity traverse was performed. 

Moisture content, flue gas molecular weight, and temperature were determined using 

EPA Methods 1 through 4. These data were used to determine the appropriate sampling 

rate (as outlined in EPA Method 201A) through the cyclone and to select an appropriate 

sampling nozzle or nozzles. Since a constant sampling rate was required throughout a 

given run, more than one nozzle was required to maintain approximate isokinetic 

sampling conditions. In preparation for sampling, the tester calculated an appropriate 

nozzle size for each anticipated range of pitot readings (delta P), such that isokinetics 

could be maintained within 220 percent of the constant sampling rate. 

In addition to the above mentioned preliminaty data, particulate loading was also 

known in order to calculate the required run duration to achieve a representative sample 
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in the cyclone. Because of the complexity of the PM,, method, only experienced 

samplers performed the sample tests. 
a The impinger train was prepared according to EPA Method 5.  Teflon tape was 

used to provide leak-free connections between glassware. The impingers and impinger 

contents were weighed and the weights recorded. The sample train components were 

carefully assembled in the recovery trailer except for attachment of the cyclone, backup 

filter, and probe, which was performed at the stack sampling location. 

The train was assembled at the stack location by connecting the cyclone, filter, 

and probe liner to the impinger train, which was connected to the meterbox. After the 

probe and filter heaters were turned on, the train was leak checked at 15 in. Hg. The 

leak rate must be below 0.02 cfm. 

The samples were withdrawn at a constant flow rate from the stack at the traverse 

points determined by EPA Method 1. The sampling time at each point was based on the 

relative gas velocity at that point. A leak check was performed before and after each 

sample test. Parafilm or Teflon tape was used to seal the train components at the end of 

each test. As soon as possible after the post-test leak check, the probe was disconnected 

from the impinger train. 

5.2.4 Samule Recovew for P M , m  _. 

P.ernvery prnced~res began as s c m  2s !he probe was removed from the stack I t  

the end of the sampling period. The recovery scheme is shown in Figure 5-5. To 

facilitate transfer from the sampling location to the recovery trailer, the sampling train 

was disassembled into four sections: the cyclone, the filter holder, the nozzle/probe liner, 

and the impingers in their bucket. Each of these sections was capped with parafilm or 
Teflon tape before being transported to the recovery trailer. 

5.2.4.1 Cvclone Recovery. The cyclone was disassembled and the nozzle 

removed. The PM was quantitatively recovered from the interior surfaces of the nozzle, 

cyclone, and collection cup (excluding the exit tube) by brushing with a nylon bristle 

brush and rinsing with acetone until the rinse showed no visible particles. After this 

procedure, a final rinse of the cyclone surfaces and brush was performed. All particulate 

and acetone rinse was collected in a sample jar and sealed. The liquid level was marked, 
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and the jar was identified. This information was logged into the field notebook. 

The above procedure was repeated for all interior surfaces from the exit tube to 

the front half of the in-stack filter. The acetone rinse was collected in a separate sample 

jar, sealed, identified, the liquid level was marked, and the sample information was 

logged into the field notebook. 

5.2.4.2 In-stack Filter Recovery. The in-stack filter holder was opened and the 

filter was removed with tweezers or rubber gloves. The filter was placed in a marked 

petri dish sealed with Teflon tape, and the filter number was logged into the field 

notebook. 

5.2.4.3 Probe and Impingers Recovery. The weight or volume gain in each of the 

impingers was recorded and used to determine the moisture content in the flue gas. The 

liquid from the three impingers was transferred into a clean glass sample jar. The 

impinger bottles, back half of the filter holders, and probe liner were rinsed twice with 

water, the rinse water was added to the same sample bottle, and the liquid level was 

marked on the bottle. 

Following the water rinses, the impingers, filter holder, and probe were rinsed 

twice with MeCI,. The MeCI, rinse was saved in a clean glass sample jar and the liquid 

level was marked. The sample information was lonned _ _  into the field notebook. 

AI! s a ~ p l e  jars were fully identified and sealed. Pertinent information was logged 

into the field notebook. 

5.2.4.4 Field Blanks. Field blanks of water (500 ml), MeCI, (a volume 

approximately equal to the volume used for the MeC1, rinses), and acetone (200 ml) 

were taken. Each reagent blank was of the same lot as was used during the sampling 

program. Each lot .number and reagent grade were recorded on the field blank label 

and recorded into the field notebook. 
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5.2.5 Analvsis for P M , m  

The PM,,/CPM gravimetric analyses were completed as shown in Figure 5-6. 

Sample jars were checked to ascertain if leakage during shipment had occurred. If 

sample loss occurred during shipment, the sample may have been voided or a method 

may have been used to incorporate a correction factor to scale the final results 

depending on the volume of the loss. 

5.2.5.1 Cvclone Catch Analvsis. The dry cyclone catch, stored in foil; the cyclone 

rinse; and the front half filter rinses were analyzed gravimetrically according to EPA 

Method 5. Each rinse was evaporated at 70°F in a tared beaker to dryness. The residue 

was then desiccated at room temperature for 24 hours to a constant weight in a 

desiccator containing anhydrous calcium sulfate. To be considered constant weight, each 

replicate weighing must agree to within 0.5 mg and must be at least 6 hours apart. 

Weight gain for each fraction was reported to the nearest 0.1 mg. This weight gain 

constituted the PM greater than 10 microns in size. 

5.2.5.2 Filter Catch Analvsis. ,The in-stack filter catch w e  analyzed 

gravimetrically according to EPA Method 5 requirements. 

For each filter, the filter and loose particulates were transferred to a tared glass 

weighing dish and dried for 24 hours in a desiccator containing silica gel. The sample 

was weighed to a constant weight, with results reported to the nearest 0.1 mg. The 

resulting weight gain from the filter and exit tube acetone rinses constituted the 

noncondensible PM,, portion of the sample. 

5.2.5.3 Imuinger and Probe Samule Rinse Analvsis. Data were recorded on the 

data sheet shown in Figure 5-7. The water sample was measured volumetrically. 

The MeCI, sample was combined with the water sample in a 1000-ml separatory 

funnel. After mixing, the aqueous and organic phases were allowed to separate; most of 

the organic/MeCI, phase was drained off and collected in a tared 350-ml weighing tin 

(approximately 100 ml). Then 75 ml of MeCI, was added and mixed; again most of the 

organic MeCI, was drained into the weighing tin. This procedure was repeated with 

another 75 ml of MeCI,. A total of approximately 250 ml of organic extract was drained 

into the weighing tin. No water was drained during this procedure. 
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Moisture Determination 

Volume o r  weight o f  liquid in lmpingers 
Yeight o f  moisture in sillca gel 

ml or g 
g 

Container 
number 

Sample Preparation (Container No. 4) ' 

Amount o f  liquid lost during transport ml 
Final volume ml 
pH of sample prior to analysis 
Add1 ti on o f  ",OH required? 
Sample extracted 2X with 75 ml HeCl,? 

For Titration of Sulfate 

Ueight of Condensible Particulate, mg 

Final Ueight I Tare Weight I Weight Gain 

Normal i ty o f  ",OH 
Volume o f  sample titrated ml 
Volume o f  titrant ml 

N 

Sample Analysis 

0 

0 

0 

0 

4 (Inorganic) 
4 & 5 (Organic) 

Total 
Less Blank 

Yeight o f  Condensible Particulate 

e 

e 

0 
Figure 5-7. Analytical Data Sheet 
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Organic Fraction Weight . Determination 

The organic extract was evaporated under a laboratory hood. Following 

evaporation, it was dried for 24 hours in a desiccator containing silica gel. The resulting 

sample was weighed to the nearest 0.1 mg. 

Inoreanic Fraction Weieht Determination 

The water sample was evaporated on a hot plate to approximately 50 ml, then 

evaporated to dryness in a 105OC oven. Because no N, recovery purge was used, the 

sample was then desiccated and weighed to a constant weight. 

5.2.5.3 Field Blank Analvsis. The acetone field blank was measured 

gravimetrically and transferred to a 250-ml beaker. The sample was evaporated to 

dryness, desiccated for 24 hours, and weighed to a constant weight. 

The MeCI, and water field blanks were analyzed as described in Sections 1.2.5.2.1 

and 1.2.5.2.2 of the test method, respectively. Blank correction was not required, 

because the sum of the values for the water blank and the MeCI, blank was less than 

2 mg or 5 percent of the mass of the CPM, whichever is greater. 

5.3 ALDEHYDES EMISSIONS TESTING 

Sampling for aldehydes was performed according to EPA SW-846 Test 

Method 0011, "Sampling for Aldehyde and Ketone Emissions from Stationary Sources." 

5.3.1 Sampling Eauipment for Aldehvdes 

This methodology used the sampling train shown in Figure 5-8. The 

four-impinger train consisted of a quartz nozzle/probe liner followed by a series of 

impingers and the standard EPA Method 5 meterbox and vacuum pump. The contents 

of the sequential impingers were: the first two impingers with 2,4-dinitrophenylhydrazine 
(DNPH), the third impinger empty, and the fourth impinger with silica gel. The first, 

third, and fourth impingers were of the GreenburgSmith design; the second impinger 

had a straight tube. The impingers were connected together with clean glass U-tube 

connectors. Sampling train components were recovered and analyzed in several fractions 

in accordance with the described method. 
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5.3.2 Sampline Eauipment Preparation for Aldehvdes 

5.3.2.1 Glassware Preparation. Glassware was washed in hot, soapy water, rinsed 

with tap water three times, and then rinsed with deionized distilled water three times. 

The glassware was then rinsed with methylene chloride, drained, dried, and heated in a 

laboratory oven at 130°C for several hours. Solvent rinses with methanol were 

substituted for the oven heating. After drying and cooling, glassware was stored in a 

clean environment to prevent any accumulation of dust or other contaminants. 

5.3.2.2 Reagent Preoaration. Reagent grade chemicals were used in all tests and 

conformed to the specifications of the Committee on Analytical Reagents of the 

American Chemical Society. 

The reagent water was organic-free reagent water. The lot number, manufacturer, 

and grade of each reagent that was used were recorded in the laboratory notebook. 

The DNPH absorbing solution was prepared according to Section 3.5.5.4.2 of the 

reference method. The analyst wore plastic gloves and safety glasses when handling 

DNPH crystals or solutions. Reagent bottles for storage of cleaned DNPH derivatizing 

solution were rinsed with acetonitrile and dried before use. 

5.3.2.3 EauiDment PreDaration. The remaining preparation included calibration 

and leak checking of all train equipment as specified in EPA Method 5. This equipment 

included probe nozzles, pitot tubes, metering system, probe heater, temperature gauges, 

leak check metering system, and barometer. A field laboratory notebook was maintained 

to record these calibration values. 

5.3.3 Aldehvdes Samdine Operations 

5.3.3.1 Preliminarv Measurements. Prior to sampling, preliminary measurements 

were required to ensure isokinetic sampling. These included determining the traverse 

point locations, performing a preliminary velocity traverse, cyclonic flow check, and 

moisture determination. These measurements were used to calculate a K factor. The 

K-factor was used to determine an isokinetic sampling rate from stack gas flow readings 

taken during sampling. 

Measurements were then made to verify the duct inside diameter, port nozzle 

length, and the distances to the nearest upstream and downstream flow disturbances. 
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These measurements were then used to determine sampling point locations by following 

EPA Reference Method 1 guidelines. The distances were then marked on the sampling 

probe using an indelible marker. a 
5.3.3.2 Assembline the Train. Initial assembly of the aldehyde sampling train 

components was completed at the recovery trailer. First, the empty, clean impingers 

were assembled and laid out in the proper order in the recovery trailer. Each ground 

glass joint was carefully inspected for hairline cracks. The first impinger was of the 

Greenburg-Smith design and contained DNPH. The second impinger was a straight tube 

and also contained DNPH. The third impinger, of the Greenburg-Smith design, was 

empty, and served as a knockout to collect condensate. The fourth impinger contained 

200 to 300 grams of blue indicating silica gel. 

After the impingers were loaded, each impinger was weighed, and the initial 

weight and contents of each impinger was recorded on a recovery data sheet. Final 

assembly of the sampling train components was completed at the stack location. The 

impingers were connected using clean, glass U-tube connectors. The height of all 

impingers was approximately the same to obtain a leak-free seal. The open ends of the 

train were sealed with ground-glass caps. 

5.3.3.3 Sampline Procedures. After the train was assembled, the heaters for the 

probe h e r  were txned  on. When the system reached the appropriate temperature, the 

sampling train was ready for pretest leak checking. The probe temperature was 

maintained above 100°C (212°F). The sampling trains were leak checked at the start 

and finish of sampling. An acceptable pretest leak rate was less than 0.02 acfm (ft’/min) 

at approximately 15 in. Hg. If, during testing, a piece of glassware needed to be emptied 

or replaced, a leak check was performed before the glassware piece was removed and 

after the train was reassembled. 

To leak check the assembled train, the nozzle end was capped off and a vacuum 

of 15 in. Hg was pulled through the system. When the system was evacuated, the volume 

of gas flowing through the system was timed for 60 seconds. After the leak rate was 

determined, the cap was slowly removed from the nozzle end until the vacuum dropped 

off, and then the pump was turned off. If the leak rate requirement was not met, the 
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train was systematically checked by first capping the train at the first impinger, the 

second impinger, etc., until the leak was located and corrected. 

After a successful pretest leak check had been conducted, all train components e 
were at their specified temperatures, and initial data were recorded (DGM reading), the 

test was initiated. Sampling train data were recorded periodically on standard data 

form.  

The leak rates and sampling start and stop times were recorded on the sampling 

task log. Also, any other occurences during sampling were recorded on the task log, 

such as pitot cleaning, thermocouple malfunctions, heater malfunctions, or any other 

unusual occurrence. 

At the conclusion of the test run, the sample pump (or flow) was turned off, the 

probe was removed from the duct, a final DGM reading was taken, and a post-test leak 

check was completed. The procedure was identical to the pretest procedure, but the 

vacuum should have been at least one in. Hg higher than the highest vacuum attained 

during sampling. An acceptable leak rate was less than 4 percent of the average sample 

rate or 0.02 acfm (whichever is lower). If a final leak rate did not meet the acceptable 

criterion, the test run may still have been accepted upon approval of the test 

administrator. 

5.3.4 Aldehvdes Samole Recovery 

Recovery procedures began as soon as the probe was removed from the stack and 

the post-test leak check was completed. 

To facilitate transfer from the sampling location to the recovery trailer, the 

sampling train was disassembled into two sections: the nozzle/probe liner, and the 

impingers in their bucket. Each of these sections was capped before being removed to 

the recovery trailer. 

Once in the trailer, the entire sampling train was recovered into one sample 

container. The weight gain in each of the impingers was recorded to determine the 

moisture content in the flue gas. Following weighing of the impingers, the nozzle/probe 

was recovered. The probe liner was rinsed with methylene chloride by tilting and 

rotating the probe while squirting methylene chloride into its upper end so that all inside 
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surfaces were wetted. The methylene chloride was quantitatively collected into the 

sample container. This rinse was followed by additional brush/rinse procedures; the 

probe was held in an inclined position and methylene chloride was squirted into the 

upper end as the brush was pushed through with a twisting action. The procedure was 

performed three times. The brush was also rinsed with methylene chloride and the 

washing liquid was quantitatively collected in the sample container. 

a 

The first three impingers were then rinsed three times with methylene chloride 

and the washing was collected in the same sample container that was used for the probe. 

There were at least two liquid phases in the impingers. This two-phase mixture did not 

pour well and a significant amount of the impinger catch was left on the walls after the 

methylene chloride rinse. The use of water as a final rinse helped make the recovery 

quantitative. 

After all methylene chloride and water washing and particulate matter had been 

collected in the sample container, the lid was tightened so solvent, water, and DNPH 
reagent did not leak out. 

A sample blank was prepared by using an amber flint glass container and adding 

a volume of DNPH reagent and methylene chloride equal to the total volume in the first 

container. 

The silica gel from the train was saved in a bag for regeneration after the job was 

completed. The ground-glass fittings on the silica gel impinger were wiped off after 

sample recovery to ensure a leak-tight fit for the next test. 

The liquid level of each sample container was marked on the bottle in order to 

determine if any  sample loss occurred during shipment. If sample loss had occurred, the 

sample would be voided or a method would have been used to incorporate a correction 

factor to scale the final results depending on the volume of the loss. 
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5.3.5 Aldehydes Analvsis 

The methylene chloride extract was solvent exchanged into acetonitrile prior to 

HPLC analysis. Liquid chromatographic conditions are described which permit the 

separation and measurement of formaldehyde in the extract by absorbance detection at 

360 nm. 

5.3.6 Oualitv Assurance for Aldehvdes 

The quality assurance (QA) program required for this method included the 

analysis of the field and method blanks, procedure validations, and analysis of field 

spikes. The assessment of combustion data and positive identification and quantitation 

of formaldehyde were dependent on the integrity of the samples received and the 

precision and accuracy of the analytical methodology. The QA procedures for this 

method were designed to monitor the performance of the analytical methodology and to 

provide the required information to take corrective action if problem were observed in 

laboratory operations or in field sampling activities. 

Field blanks were submitted with the samples collected at each sampling site. 

The field blanks included the sample bottles containing aliquots of sample recovery 

solvents, methylene chloride and water, and unused DNPH reagent. At a minimum, one 

complete sampling train was assembled in the field staging area, taken to the sampling 

area, and leak checked at the beginning and end of testing. The probe of the blank train 

was heated during the sample test. The train was recovered as if it were an actual test 

sample. No gaseous sample was passed through the blank sampling train. 

To evaluate contamination and artifacts that can be derived from glassware, 

reagents, and sample handling in the laboratory, a method blank was prepared for each 

set of analytical operations. 

A field spike was performed by introducing 200 p1 of the field spike standard into 

an impinger containing 200 ml of DNPH solution. Standard impinger recovery 

procedures were followed and the spike was used as a check on field handling and 

recovery procedures. An aliquot of the field spike standard was retained in the 

laboratory for derivatization and comparative analysis. 
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5.4 NONMETHANE HYDROCARBON ANALYSIS BY METHOD 25A AND 
C1-C6 BY METHOD 18 

Benzene, toluene, and xylene concentrations were determined according to EPA a 
Method 18. Total gaseous hydrocarbon (THC) concentrations were determined 

according to EPA Method 25A. Methane concentrations were determined by subtracting 

the results of EPA Method 18 from EPA Method 2 5 k  
The instrument used to determine THC utilized a flame ionization detector 

(FID). For FIDs, the flue gas entered the detector and hydrocarbons were combusted in 

a hydrogen flame. The ions and electrons formed in the flame entered an electrode gap, 

decreased the gas resistance, and permitted a current flow in an external circuit. The 

resulting current was proportional to the instantaneous concentration of the total 

hydrocarbons. 

The flue gas was analyzed by a Ratfisch Model 55 analyzer. The analyzer utilized 

a FID. The results are reported on a methane basis. Methane was used as the 

calibration gas. 

EPA Method 18 analysis was performed using gas chromatography (GC) to 

separate the hydrocarbon (C, - C,) species present in the gas stream. Prior to sampling 

of the source gas, the GC/FID system was calibrated with standard gas mixtures 

containing each hydrocarbon (CH,, qH,, C,H,, C4H,,, C,H,,, and C,H,,) to establish 

calibration curves and retention times. The calibration curves and retention times were 

used to quantify the concentrations in the source samples. 

A heat-traced slipstream from the stack was transferred to the Shimadzu Mini2 

GC/FID to prevent any condensation of the sample gas. The gas sampling loop of the 

GC/FID was also heated and was purged each time a sample was analyzed. A 

schematic of the CEM and GC system is shown in Figure 5-9. Each analysis was 

approximately 10 to 15 minutes in duration. Thus, this analysis was semicontinuous with 

a result being generated approximately every 5 to 10 minutes during the sampling period. 

The source sample was drawn into the GC sampling loop under conditions that 

prevented any condensation of the sample gas. The sample was injected into the GC 

and the hydrocarbon compounds were separated by absorbing them onto the column and 
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Figure 5-9. Schematic of CEM System 
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desorbing them at different times. i% each hydrocarbon compound was eluted, it was 

combusted in the hydrogen flame of the FID. The ions and electrons formed in the 

flame entered an electrode gas, decreased the gas resistance, and permitted a current 
flow in an external circuit. The resultant current was proportional to the instantaneous 

concentration of the hydrocarbon. 

The response and retention times of the individual hydrocarbons were recorded 

on a strip chart recorder. A built-in integrator measured the peak areas and printed out 

the retention times and counts. The peaks were identified from the established retention 

times and the concentration of each hydrocarbon was determined by referring to the 

calibration curve. 
The nonmethane hydrocarbon concentration was calculated by subtracting the 

average methane concentration as measured by GC/FID (EPA Method 18) from the 

average total hydrocarbon concentrations by EPA Method 25A. 

5.5 EPA METHODS 1-4 

5.5.1 Traverse Point Location Bv EPA Method 1 

The number and location of sampling traverse points necessary for isokinetic and 

flow sampling was dictated by EPA Method 1 protocol. These parameters were based 

upon . how much duct distance separated the sampling ports from the closest downstream 
and Gpstream flow disturbances. The minimum number of traverse points for a square 

duct of this size was 28. A set of perpendicular sampling ports was established in the 

stack. 

5.5.2 Volumetric Flow Rate Determination bv EPA Method 2 

Volumetric flow rate was measured according to EPA Method 2. A Type K 
thermocouple and S-type pitot tube were used to measure flue gas temperature and 

velocity, respectively. All of the isokinetically sampled methods that were used 

incorporate EPA Method 2. 

5.5.2.1 Samuline and Eauipment Preuaration. For EPA Method 2, the pitot 

tubes were calibrated before use following the directions in the method. Also, the pitots 

were leak checked before and after each run. 
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5.5.2.2 Samoline Operations. The parameters that were measured included the 

pressure drop across the pitots, stack temperature, stack static and ambient pressure. 

These parameters were measured at each traverse point, as applicable. A computer 

program was used to calculate the average velocity during the sampling period. 

5.5.3 

e 

0, and CO, Concentrations bv EPA Method 3A 

The 0, and CO, concentrations were determined by CEMs following EPA 

Method 3A. Flue gas was extracted from the duct and delivered to the CEM system 

through heated Teflon' tubing. The sample stream was then conditioned (particulate 

and moisture removed) and was directed to the analyzers. The 0, and CO, 

a 

a 

a 

concentrations were, therefore, determined on a dry basis. Average concentrations were 

calculated to coincide with each respective time period of interest. More information on 

the CEM system will be given in Section 5.6. 

5.5.4 Averaee Moisture Determination bv EPA Method 4 

The average flue gas moisture content was determined according to EPA 

Method 4. Before sampling, the initial weight of the impingers was recorded. When 

sampling was completed, the final weights of the irnpingers were recorded, and the 

weight gain was calculated. The weight gain and the volume of gas sampled were used 

to calculate the average moisture content (percent) of the flue gas. The calculations 

were performed by computer. EPA Method 4 was incorporated in the techniques used 

for all of the manual sampling methods that were used during the test. 

5.6 CONTINUOUS EMISSIONS MONITORING METHODS 

EPA Methods 3A, 7E, 6C, and 10 were the continuous monitoring methods used 

for measuring CO,/O,, NO,, SO,, and CO concentrations, respectively. Total 

hydrocarbons were .analyzed by EPA Method 25A. A diagram of the CEM system is 

shown in Figure 5-9. 

One extractive system was used to obtain flue gas samples for the CEM systems. 

For the main CEM system, samples were withdrawn continuously at a single point from 

the outlet duct and transferred to the CEM trailer through heat-traced Teflon@ line. 

The flue gas was conditioned (temperature lowered and moisture removed) before the 

flue gas stream was split through a manifold to the various analyzers. Total hydrocarbon 
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measurements were made on an unconditioned, hot basis. Therefore, this sample stream 

bypassed the gas conditioner. 
5.6.1 CEM SamDline Eauipment a 

5.6.1.1 Sample Probes. The main CEM probe consisted of a black iron pipe 

mounted to a Swageloke reducing union which was attached directly to the heat trace 

tubing. The probe was placed approximately at a point of average velocity in the stack 

determined by a prior velocity traverse by EPA Method 2. 

5.6.1.2 Heated Lines. Heated sample lines were used to transfer the flue gas 

samples to the instrument trailer for 0,, CO,, NO, SO,, CO, and THC analyses. These 

lines were heated in order to prevent condensation. Condensate could clog sample lines 

or provide a medium for the flue gas sample to react and change composition. 

All heat trace lines contained three 3/8-inch Teflon' tubes. One tube carried the 

sample, one tube was used for calibration and QC gases, and the other was available as 

a backup. Calibration and QC gases were directed to the sampling probe through the 

transfer tube and then back through the entire sampling/conditioning system. 

5.6.1.3 Gas Conditioning. Special gas conditioners were used to reduce the 

moisture content of the flue gas. A Radian designed gas conditioning system utilized a 

chiller system to cool a series of glass cyclones. An antifreeze liquid system was used to 

chill the glass cyclones. The hot flue gas was chilled by heat conduction through the 

glass wall causing the moisture to condense into droplets. The droplets and any PM 
were flung outward toward the glass walls by the centrifugal force. Particles impacted 

the glass walls and fell to the bottom of the cyclone where they were drained from the 

system. In this manner, both moisture and PM were effectively removed from the flue 

gas sample stream This system operated under positive pressure eliminating the 

possibility of leakage which would dilute the gas samples. The gas conditioner was 
located in the CEM trailer. 

5.6.2 CEM Principles of Operation 

5.6.2.1 Sulfur Dioxide Analvsis. The Western 721A SO, analyzer was essentially 

a continuous spectrophotometer in the ultraviolet range. Sodium dioxide selectively 

absorbed ultraviolet (UV) light at a wavelength of 202.5 nm. To take advantage of this 
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property of SO,, the analyzer emitted UV light at 202.5 nm and measured the 

absorbance (A) of the radiation through the sample cell by the decrease in intensity. 

Beer’s law, A = abc, was used to convert the absorbance into SO, concentration 

(A = absorbance, a = absorbitivity, b = path length, c = concentration). Sulfur dioxide 
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measurements were performed using EPA Method 6C. 

5.6.2.2 Nitroeen Oxide Analvsis. The principle of operation of the TECO Model 

lOAR was a chemiluminescent reaction in which ozone (0,) reacted with nitric oxide 

(NO) to form 0, and nitrogen dioxide (NO,). During this reaction, a photon was 

emitted which was detected by a photomultiplier tube. The instrument was capable of 

analyzing total oxides of nitrogen (NO + NO,) by thermally converting NO, to NO in a 

separate reaction chamber prior to the photomultiplier tube. Nitrogen oxide 

measurements were performed using EPA Method 7E. 

5.6.2.3 Oxwen Analvsis. The Thermox WDG IV measured 0, using an 

electrochemical cell. Porous platinum electrodes were attached to the inside and outside 

of the cell, which provided the instrument voltage response. Zirconium oxide contained 

in the cell conducted electrons when it was hot from the mobility of 0, ions in its crystal 

structure. A difference in 0, concentration between the sample side of the cell and the 

reference (outside) side of the cell produced a voltage. This response voltage was 

proportional to the logarithm of the 0, concentration ratio. A linearizer circuit board 

was used to make the response linear. The reference gas was ambient air at 

20.9 percent 0, by volume. 

5.6.2.4 Carbon Dioxide Analvsis. Non-dispersive infrared (NDIR) CO, analyzers 

emitted a specific wavelength of infrared radiation which was selectively absorbed by 

CO, molecules through the sample cell. The intensity of radiation which reached the 

end of the sample cell was compared to the intensity of radiation through a C0,-free 

reference cell. A reference cell was used to determine background absorbance which was 

subtracted from the sample absorbance. The detector used two chambers filled with 

CO, and connected by a deflective metallic diaphragm. One side received radiation 

a 

a 
from the sample cell and the other side received radiation from the reference cell. Since 

more radiation was absorbed in the sample cell than in the reference cell, less radiation 
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reached the sample side of the detector. This caused a deflection of the diaphragm due 

to increased heat from radiation absorption on the reference side. Deflection of the 

diaphragm created an electrical potential which was proportional to absorbance. 

Absorbance was directly proportional to CO, concentration in the gas. Carbon dioxide 

measurements were performed according to EPA Method 3A using a Beckman 

Model 880 NDIR anlayzer. 

5.6.2.5 Carbon Monoxide Analvsis. A TECO Model 48 analyzer was used to 

monitor CO emissions. The TECO analyzer measured CO using the same principle of 

operation as CO, analysis. A wave length of 5 nm is selective for CO. Carbon 

monoxide measurements were performed using EPA Method 10. 

5.6.2.6 Total Hvdrocarbon Analvsis. A Ratfisch Model 55 was used to monitor 

THC emissions. By allowing the THC sample stream to bypass the gas conditioner, 

concentrations were determined on a wet basis. The analyzer employed an FID. As the 

flue gas entered the detector, the hydrocarbons were combusted in a hydrogen flame. 

The ions and electrons formed in the flame entered an electrode gap, decreased the gas 

resistance, and permitted a current flow in an external circuit. The resulting current was 

proportional to the instantaneous concentration of the total hydrocarbons. This method 

was not selective between species. EPA Method 25A applies to the continuous 

measurement of tntrrl gaseous organic concentrations of primarily alkanes, alkenes, 

and/or arenes (aromatic hydrocarbons). The results were reported on a methane basis 

and methane was used as the calibration gas. 

5.6.3 CEM Calibration 

All the CEM instruments were calibrated once during the test program (and 

linearized, if necessary) using a minimum of three certified calibration gases (zero and 

two upscale points). Radian performed the multipoint calibrations with four general 

categories of certified gases: zero gas (generally N2), a low scale gas concentration, a 

midrange concentration, and a high scale concentration (span gas). The criterion for 

acceptable linearity was a correlation coefficient (R2) of greater than or equal to 0.998, 

where the independent variable was cylinder gas concentration and the dependent 

variable was instrument response. If an instrument did not meet these requirements, it 
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was linearized by adjusting potentiometers on the linearity card within the instrument or 

by other adjustments, if necessary. 

The CEM analyzers were calibrated before and after each test run (test day) on a 

two point basis: zero gas (generally N2), and a high-range span gas. These calibrations 

were used to calculate response factors used for sample gas concentration 

determinations. Instrument drift as a percent of span was also determined using these 

calibrations for each test run. 

After each initial calibration, midrange gases for all instruments were analyzed, 

with no adjustment permitted, as a quality control (QC) check. If the QC midrange gas 

concentration observed was within 2 2  percent of full scale, the calibration was accepted 

and the operator began sampling. If the QC check did not fulfill this requirement, 

another calibration was performed and linearization was performed if deemed necessary. 

Calibration procedures are further detailed in the daily operating procedure 

(Section 5.6.5). 
Table 5-3 lists the concentration of all calibration and QC gases used on this test 

program. 

5.6.4 Data Acauisition 

The data acquisition system consisted of a Dianachart PC Acquisitor data logger, 

a signal conditioner, and a 386 desktop computer. All instrument outputs were 

connected in parallel to stripchart recorders and the data acquisition system. The 

stripchart recorders were a back-up system to the data logger. The PC Acquisitor 

scanned the instrument output and logged digitized voltages. A Radian computer 

program translated the digitized voltages into relevant concentrations in engineering 

units @pmv, %V, etc.). The computer program had several modes of operation: 

calibration, data acquisition, data reduction, data view, data edit, and data import. The 

import function was used to combine other data files for comparison and correlation. 

5.6.5 Dailv OoeratinP Procedure 

The following is a detailed standard operating procedure for calibrating and 

operating the CEM system: 
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Table 5-3 

CEM Operating Ranges And Calibration Gases 

I Analvte 

II co2 
Instrument 
Range 
Span Gas Value 
Zero Gas 
Midrange QC Gas Value 
Low Range QC Gas Value 

CO - dry 

Instrument 
Range 
Span Gas Value 
Zero Gas 
Midrange QC Gas Value 
Low Ranee OC Gas Value 

0 2  

Instrument 
Range 
Span Gas Value 
Zero Gas 
Midrange QC Gas Value 
Low Range QC Gas Value 

II 
Instrument 
Range 
Span Gas Value 
Zero Gas 
Midrange QC Gas Value 
Low Ranee OC Gas Value 

~~ ~ 

Cas Concentration 

Beckman 880 
0 - 20% 
18% 
100% N, (UHP) 
10% 
5% 

TECO 48H 
0 - 100 ppmvd 
98 PPm 
100% N, (UHP) 
60 PPm 
20 PPm 

Thermox WDG 111 
0 - 25% 
20% 
0.2% 0, 
10% 
5% 

Western 721A 
0 - 200 ppmvd 
180 ppm 
100% N, (UHP) 
100 PPm 
30 o m  

a 

0 

0 

e 

e 

0 

4 
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Analyte 

NO. 

Table 5-3 

Cas Concentration 

0 

Midrange QC Gas Value 
Low Range QC Gas Value 

THC (EPA Method 25A) 

Instrument 
Range 
Span Gas Value 

Midrange QC Gas Value 
Low Range QC Gas Value 

Zero Gas 

0 100 PPm 
50 PPm 

Ratfisch RS-55 
0 - 100 ppmvd 
90% as methane 

45 ppm as methane 
25 ppm as methane 

100% NZ (UHP) 

0 

a 

Continued 

Instrument 
Range 
Span Gas Value 
Zero Gas 

TECO l0AR 
0 - 250 ppmvd 
200 PPm 
100% Nz (UHP)  
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1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Turn on computer and printer, put printer on-line, and load the CEM.EXE 
program. Be sure that the CEM instruments have been on for at least 20 
hours. 

Synchronize DAS clock with sample location leaders and the test leader. 
a 

Turn on strip chart recorders (SCR) and make appropriate notes on charts 
and in logbook (write down all procedures and observations in logbook and 
on SCRs as the day progresses). 

Turn on the gas conditioners and blow back compressor. Blow back the 
system. 

Open all calibration gas cylinders so that they may be introduced to the 
instruments via control panel valves. 

Perform daily pretest leak check on CEMs by introducing ultra high purity 
nitrogen to the system. Zero all instruments except the Thermox 0, 
analyzers. Make adjustments to the zero potentiometers as required to 
zero the instruments. Be sure to check and maintain all flows throughout 
calibration and operation. 

Record the zero values in the computer calibration routine. 

Introduce 2.0 percent 0, to set the low scale response for the Thermox 0, 
analyzers and repeat Step 7 for these instruments. 

Intraduce the mixed span gases for 0,, CO,, and CO. Make adjustments 
as required to these instruments. 

Enter these values in the computer calibration routine. 

Introduce the NO, span gas. 

Make adjustments to the NO, instruments as required and enter the value 
into the computer calibration routine. 

Introduce the SO, span gas for the SO, analyzer, repeat Step 12 for the 
SO, analyzer. (Note that all calibration gases are passed through the entire 
sampling system.) 

Switch the Western SO, analyzer range to 0-500 ppm introduce the span 
gas for this range and repeat Step 12 for this instrument. 

0 

0 

0 

0 

e 

0 
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15. Check the calibration table on the computer, and make a hardcopy. Put 
the computer in the standby mode. 

16. Introduce QC gases to instruments in the same sequence as the calibration 
gases. Record three minutes of data for each, once the responses have 
stabilized. If the QC gas response is not within 2 2  percent of the 
instrument range the operator should recalibrate the instrument, or 
perform other corrective actions. 

0 

17. 

18. 

Begin sampling routine, with the computer on stand by. 

Start the data acquisition system when signaled by radio that system is in 
stack. a 

a 

a 

19. Carefully check all flows and pressures during the operation of the 
instruments and watch for apparent problems in any of the instruments, 
such as unusual readings or unreasonable fluctuations. Check the gas 
conditioning system periodically and drain the traps. 

Stop the data acquisition system at the end of the test when signaled. 

Perform final leak check of system. 

Perform the final calibration (Repeat steps 6-16) except make no 
adjustments to the system. 

20. 

21. 

22. 

23. 

TESTING 

The polynuclear aromatic hydrocarbon (PAH) sampling and analytical method is 

a combination of EPA SW-846 Test Method 0010 and EPA SW-846 Test Method 8270. 

5.7.1 Samuline Eauiument 

Check for drift on each channel. 

5.7 POLYNUCLEAR AROMATIC HYDROCARBON EMISSIONS 

The PAH sampling method used the sampling train shown in Figure 5-10. Radian 

modified the protocol codiguration to include a horizontal condenser rather than a 

vertical condenser. The horizontal condenser lowered the profile of the train and 

reduced breakage. The XAD trap following the condenser was maintained in a vertical 

position. 

a 
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0 

0 

0 

0 

0 

0 

5.7.2 Samuline Eauiument Preuaration 

In addition to the standard EPA Method 5 requirements, the PAH sampling 

method included several unique preparation steps which ensured that the sampling train 

components were not contaminated with organics that may interfere with analysis. The 

glassware, glass fiber filters, and XAD resins were cleaned and checked for residuals 

before being packed. 

0 

5.7.2.1 Glassware Preuaration. Glassware was washed in soapy water, rinsed with 

distilled water, baked, and then rinsed with acetone followed by methylene chloride. 

This included all the glass components of the sampling train including the glass nozzles 

plus any sample bottles, Erlenmeyer flasks, petri dishes, graduated cylinders or stirring 

rods that were used during recovery. Nonglass components (such as the teflon-coated 

filter screens and seals, tweezers, teflon squeeze bottles, nylon probe brushes and nylon 

nozzle brushes) were cleaned following the same procedure except that no baking was 

performed. The specifics of the cleaning procedure are presented in Table 5-4. 

5.7.2.2 XAD I1 and Filters Preuaration. X A D  resin and glass fiber filters were 

placed together in a soxhlet and extracted in HPLC-grade water, methyl alcohol, 

methylene chloride and hexane, sequentially. At the conclusion of the soxhlet 

extractions, one filter and 30 grams of XAD resin were analyzed for background 

contamination following the same procedure followed for the flue gas samples. The 

XAD and filter blank were analyzed for PAH compounds. The pressure drop for the 

XAD traps was checked before and after the resin was loaded to ensure that the 

pressure drop across the XAD traps was less than seven inches of mercury. 

5.7.2.3 Method 5 Eauiument PreDaration. The EPA Method 5 equipment was 

prepared according. to the protocol discussed in Section 5.1.2.3. 

0 

0 
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Table 5 4  

Glassware Cleaning Procedure 
(Train Components and Sample Containers) 

NOTE: USE DISPOSABLE GLOVES AND ADEQUATE VENTILATION 
1. Soak all glassware in hot soapy water (Alconofl). 

2. Tap water rinse to remove soap. 

3. Distilled/deionized H20 rinse (X3).' 

4. 

5 .  

6. Methylene Chloride (X3). 

7. 

Bake at 450°F for 2 hours? 

Acetone rinse (X3), (pesticide grade). 

Cap glassware with clean glass plugs or methylene chloride rinsed 
aluminum foil. 
Mark cleaned glassware with color-coded identification sticker. 8. 

'(X3) = Three times. 
Step (4) is not used for probe liners and non-glass components of the train that cannot 
withstand 450°F (Le., Teflon-coated filter screen and seals, tweezers, Teflon squeeze 
bottles, nylon probe and nozzle brushes). The probe liners are too large for the baking 
ovens. 

b 

0 

.; 
0 

0 

0 

0 
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B 

b 

D 

D 

D 

b 

5.7.3 Samoline Operations 

5.7.3.1 Preliminarv Measurements. Prior to sampling, preliminary measurements 

were made as described in Section 5.1.3.1. 

5.7.3.2 Assembline the Train. Initial assembly of the PAH sampling train 

components was performed in the recovery trailer. Final assembly of the train with the 

probe, nozzle, and filter was performed at the stack location. First, the empty, clean 

impingers were assembled and laid out in the proper order. The first impinger was a 

knockout impinger which had a short tip. The purpose of this impinger was to collect 

condensate which formed in the coil and XAD trap. However, the gas was not bubbled 

through the condensate to prevent carry-over to the next impinger. The next two 

impingers were modified tip impingers that contained 100 ml of HPLC grade water each. 

The fourth impinger was empty, and the fifth impinger contained 200 to 300 grams of 

silica gel. When the impingers were loaded, they were wrapped with teflon tape to 

secure the two sections of the impinger. Then each impinger was weighed and the 

weight recorded along with information on the contents of the impingers. The impingers 

were connected together using cleaned glass U-tube connectors and arranged in the 

impinger bucket. The height of all the impingers should be approximately the same to 

obtain a leak-free seal. The open ends of the train were sealed with methylene 

chloride-rinsed aluminum foil. 

The second step was to load the filter into the filter holder. The filter holder was 

then capped off and placed with the XAD trap and condenser coil (capped) into the 

impinger bucket. A supply of precleaned foil and socket joints were also placed in the 

bucket in a clean plastic bag. The train components were transferred to the sampling 

location and assembled as previously shown in Figure 5-10. Sealing greases were not 

used to avoid contamination or adsorption of the sample. 

5.7.3.3 Samdine Procedures. After the train was assembled, the heaters were 

turned on for the probe liner and heated filter box. When the system reached the 

appropriate temperatures, the sampling train was ready for leak checking. 

The PAH train was leak checked at the start and finish of sampling as required in 

EPA Method 5 as well as before and after each port change. If a piece of glassware 
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needed to be emptied or replaced, a final leak check was performed before the 

glassware piece was removed. After the train was reassembled, an initial leak check was 

performed. 

To leak check the assembled train, the nozzle end was capped off and a vacuum 

of 15 in. Hg was pulled in the system. When the system was evacuated, the volume of 

gas flowing through the system was timed for 60 seconds. The leak rate is required to be 

less than 0.02 acfm (ft3/min). After the leak rate was determined, the cap was slowly 

removed from the nozzle end until the vacuum dropped off, and then the pump was 

turned off. 

If the leak-rate requirement was not met, the train was systematically checked by 

first capping the train at the filter, at the first impinger, etc., until the leak was located 

and corrected. 

In the event that a final leak rate was found to be above the minimum acceptable 

rate (0.02 acfm) upon removal from a port, acceptance is subject to the approved of the 

EPA administrator. Otherwise, the run was voided and repeated. 

The leak rates and sampling start and stop times were recorded on the sampling 

task log. Also, any other events that occurred during sampling were recorded on the 

task log such as pitot cleaning, thermocouple malfunctions. heater malfunctions and any 
.1" .c...,l ""m"7PqPPr 
UllLIIYLL. Y - C v I I I .  --I. 

Sampling train data were recorded every five minutes on standard data forms. A 
checklist for sampling was given previously in Table 5-2. The purpose of the checklist is 

to remind samplers of the critical steps during sampling. 

A sampling operation that was unique to PAH sampling was maintaining the gas 

temperature entering the XAD trap below 68'F. The gas was cooled by the condenser 

and the XAD trap, which both have a water jacket in which ice water was circulated. 

0 

0 

a 

a 

a 

a 

a 

a 
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5.7.4 Samule Recoven 

To facilitate transfer from the sampling location to the recovery trailer, the 

sampling train was disassembled into four sections: the probe liner, the XAD trap and 

condenser, filter holder, and the impingers in their bucket. Each of these sections was 

capped with methylene chloride-rinsed aluminum foil before removal to the recovery 

trailer. Once in the trailer, field recovery personnel followed the scheme shown in 

Figure 5-11. The samples were placed in cleaned amber glass bottles to prevent light 

degradation. 

The solvents used for train recovery were acetone (pesticide grade) followed by 

methylene chloride. The use of the highest grade acetone for train recovery was 

essential to prevent the introduction of chemical impurities which interfere with the 

quantitative analytical determinations. 

Field recovery resulted in the sample components listed in Table 5-5. The 

samples were shipped to the analytical laboratory as expediently and carefully as 
possible. 

5.7.5 Analvtical Procedures 

The analytical procedure used to determine PAH concentrations from the 

Modified Method 5 sample followed EPA SW-846 Test Method 8270 protocol. The 

detection limit for PAH was about 1 pg per train. The compounds/isomers of interest in 

the analysis are shown in Table 5-6. 
5.7.5.1 Preparation of Samples for Extraction. Upon receiving the sample 

shipment, the samples were checked against the chain-of-custody forms and then 

assigned an analytical laboratory sample number. Each sample component was 

reweighed to determine if leakage occurred during travel. Color, appearance, and other 

particulars of the samples were noted. Samples were extracted within 21 days of 

collection. 

Glassware used in the analytical procedures (including soxhlet apparatus and 

disposable bottles) was cleaned by washing twice with detergent, rinsing with distilled 

water, and then rinsing with acetone, methanol, and methylene chloride. The glassware 

was allowed to air dry. 
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Table 5-5 

Polynuclear Aromatic Hydrocarbon Sample Components 
Shipped to Analytical Laboratory 

Container/Component 

0 

0 

Code Glassware 

0 

1 F I Filter(s) 

2 

3 

4 

PR Rinses" of nozzle, probe, and front half 
of filter holder 

Rinsesa of back half of filter holder, 
filter support, and condenser 

First, second, third, and fourth 
impinger contents and rinses' 

CR 

IR 

5 

"Rinses include acetone and methylene chloride recovered into the same sample bottle. 

SM I m - 2  resin 

0 
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Table 5-6 

Polynuclear Aromatic Hydrocarbon Compounds To Be Analyzed 

Naphthalene 
Acenapthylene 
Acenap thene 

Fluorene 
Phenathrene 
Anthracene 

Fluoranthene 
Pyrene 

Benzo( a)anthracene 
Chrysene 

Benzo(b)fluoranthene 
Benzo(a)pyrene 

2-Methylnapthalene 
2-Chloronapthalene 

Benzo(k)fluoranthene 
Benzo(e)pyrene 

Perylene 
Indeno( 1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 

Dibenzofuran 
I ,  i ~ - ~ i m e i h y i b e n z ( a j a n i ~ r ~ ~ ~ n ~  

Berm(g,h,i)perylefie 
- .^ -. 
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5.7.5.2 Calibration of GC/MS Svstem. An initial calibration of the GC/MS 

system was performed to demonstrate instrument linearity over the concentration range 

of interest. Analyses for PAH was performed using low resolution mass spectrometry. A 

typical calibration range consisted of points at 4:100, 40:100, and 400:lOO for the ratio of 

0 

0 

0 

0 

0 

0 

0 

0 

analytes to isotopically labeled internal standards. Relative response factors were 

calculated for each compound of interest. The response factors were verified on a daily 

basis using a continuing calibration standard consisting of mid-level standard (typically 

the 40:lOO standard). 

5.7.5.3 Sample Extraction. For PAH analyses, isotopically labeled surrogate 

compounds were added to the samples before the extraction process was initiated. 

These surrogates were used to monitor the efficiency of the extraction/clean-up. The 

internal standards used in the quantitative analysis of these analytes were added to the 

samples immediately prior to analysis, and used to perform the quantitative calculations. 

5.7.5.4 Analvsis bv GUMS.  The PAH analyses were performed by 

high-resolution GC followed by low resolution mass spectrometry. 

Data from the MS were recorded and stored on a computer file as well as printed 

on paper. A duplicate analysis was performed on every tenth sample in the sample 

batch. A method blank which was carried through the complete extraction procedure 

was also analyzed. Results such as amount detected, detection limit, retention time, and 

internal standard and surrogate standard recoveries were calculated by computer. The 

chromatograms were retained by the analytical laboratory and also included in the 

analytical report. 

5.7.6 Analvtical OA/OC Procedures 

This section discusses the general quality control procedures that were followed 

for the analytical methods. Method-specific analytical QA/QC procedures are also 

presented. 

5.7.6.1 Oualitv Control. This section presents the PAH quality control 

requirements. 

Blanks. Two different blanks were collected for the PAH analyses: a laboratory 

proof blank and a field blank. Proof blanks were obtained from a complete set of 
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Modified Method 5 sample train glassware that had been cleaned according to the 

procedure presented in Section 5.1.2. The precleaned glassware, which consisted of a 

probe liner, filter holder, condenser coil, and impinger set, was  loaded and then 

recovered by rinsing with acetone and methylene chloride three times each. All sets of 

glassware were blanked. 

A field blank was collected from a set of PAH glassware that was used to collect 

at least one sample and had been recovered. The train was reloaded and left at the 

sampling location during a test run. The train was then recovered. The field blank was 

used to measure the level of contamination that occurred from handling, loading, 

recovering, and transporting the sample train. The field blank was analyzed concurrently 

with the flue gas samples. If the field blank results were acceptable, the laboratory proof 

blank and reagent blanks were archived but not analyzed. 

Analytical method (reagent) blanks were also analyzed as part of the QC 

program. The QC criteria for method blanks was concentrations less than or equal to 

the detection limit (in the noise range). 

Standards Duplicates. Isotopically labelled internal standards and surrogate 

compounds were added to the sample before the extraction process began. Once added 

to the samples. the internal standards went through the entire extraction process and 

were n?eEcred 5.”. !he GC/MS. E e  recoveries of the interna! standards \upre 

determined and the results of the native species were adjusted according to the internal 

standard recoveries. The results contained in the analytical report were adjusted for 

internal standard recoveries. The surrogate compounds were added in a similar manner, 

but the surrogate recoveries were not used to adjust the results of the native species. 

Surrogate recoveries provided additional data on the efficiency of the extraction 

procedure and the performance of the instruments. The QC objective for internal 

standards and surrogate recoveries was 100 ~ 5 0 %  recovery. 

0 

0 

0 

0 

0 
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The purpose of duplicate analyses was to evaluate the reproductibility (precision) 

of the combined sample preparation and analytical methodology. The QC criterion for 

analysis of duplicates was agreement to within+50% (for each PAH species). Analytical 

duplicates (two injections of the same sample) were also analyzed to assess the precision 

of the analytical methodology. For PAH flue gas samples, only analytical duplicates 

were performed. For every 10 samples, one duplicate analysis was performed. 

5.8 ASTM METHODS 

Standard ASTM methods were used to assess heat of combustion, ultimate 

analysis (ash, 0,, carbon, hydrogen, sulfur, and nitrogen), and chlorine content of the 

waste oil fuel. Aggregate moisture and ambient humidity were also analyzed. 

Descriptions of applicable ASTM methods follow. 

5.8.1 Relative Humidity 

Sampling for relative humidity was performed using ASTM Method E337-62, 

"Standard Test Method for Relative Humidity by Wet- and Dry-Bulb Psychrometer." 

This method covers the determination of the relative humidity of atmospheric air by 

means of wet- and dry-bulb temperature readings. 

5.8.1.1 Samuline - Eauimnent _ _  and Method. A sling psychrometer was used for 

measuring relative humidity. Two thermometers, one with a wet-bulb covering were 

mounted on the psychrometer. The wet-bulb covering was moistened and the 

psychrometer slung through the air for several minutes. The thermometers were read 

and the psychrometric chart was used to calculate the relative humidity. 

5.8.2 Heat of Combustion Test Method 

Heat of combustion of the fuel sample was determined according to ASTM 

Method D240-87, "Standard Test Method for Heat of Combustion of Liquid 

Hydrocarbon Fuels by Bomb Calorimeter." This test method covered the determination 

of the heat of combustion of liquid hydrocarbon fuels ranging in volatility from that of 

light distillates to that of residual fuels. 

5.8.2.1 Samuline - -  Eauioment and Method. Heat of combustion was determined 

using an 0, bomb, calorimeter, stirred water jacket, and a thermometer. A weighed 

sample was burned in an 0, bomb calorimeter under controlled conditions. The heat of 
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combustion was computed from temperature observations before, during, and after 

combustion with proper allowance for thermochemical and heat transfer corrections. 

Adiabatic calorimeter jackets were used. 

5.8.3 Total Moisture Content Test Method 

Total moisture content of the aggregate sample was determined according to 

ASTM Method (366-89, "Standard Test Method for Total Moisture Content of 
Aggregate by Drying." This test method covered the determination of the percentage of 

evaporative moisture in a sample. The plant routinely performed this test at least 

several times per day. This information was provided by the plant personnel and is 

included in the process data section of the test report. 

5.8.3.1 Samplinv EauiDment and Method. Total moisture content was 

determined using a balance or scale accurately readable and sensitive to within 

0.1 percent of the test load, a source of heat such as a ventilated oven capable of 
maintaining the temperature surrounding the sample at 110 25°C (230 ?9"F); and a 

sample container not affected by the heat and of suficient volume to contain the sample 

without danger of spilling. 

The sample was weighed to the nearest 0.1 percent and then dried in the sample 

container. The temperature was controlled when excessive heat may alter the character 
cf ti,- ...- annr-oaf- cr %here more precise me=sureme.n.t w% ceeded. n - e  dried sample 

was weighed to the nearest 0.1 percent after i t  had cooled sufficiently to prevent damage 

to the balance. Total moisture was calculated using the formulas presented in 

Section 7.1 of the reference method. 

5.8.4 Sulfur Test Method 

Sulfur concentrations in the sample were determined according to ASTM 
Method D1552-90, "Standard Test Method for Sulfur in Petroleum Products (High 

Temperature Method)." This test method covered the procedures for the determination 

of total sulfur in petroleum products including lubricating oils containing additives and in 

additive concentrates. 

5.8.4.1 Samplinv EauiDment and Method. Sulfur content of a sample was 

determined using a furnace, an absorber, a buret, and other miscellaneous apparatus. 
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The IR detection system was used for the determination of sulfur. The sample was 

weighed into a special ceramic boat which was then placed into a combustion furnace in 

an 0, atmosphere. Any sulfur was combusted to SO, which was then measured with an 

IR detector after moisture and dust were removed by traps. A microprocessor calculated 

the mass percent sulfur from the sample weight, the integrated detector signal and a 

predetermined calibration factor. Both the sample identification number and mass 

percent sulfur were then printed out. The calibration factor was determined using 

standards approximating the material to be analyzed. 

5.8.5 Nitroeen Test Method 

Nitrogen concentration in the sample was determined according to ASTM 

Method D3179-84, "Standard Test Methods for Nitrogen in the Analysis of Coal and 

Coke." This test method covered the determination of total nitrogen in samples of coal 

and coke. 

5.8.5.1 Samuline Eauiument _ _  and Method. Total nitrogen was determined using a 

digestion unit, digestion flasks, distillate unit, buret, Erlenmeyer flasks, rubber tubing, 

and pipets. Reagents included an alkali solution, ethyl alcohol, and sulfuric acid. 

Nitrogen in the sample was converted into ammonium salts by destructive digestion of 

the sample with a hot, catalyzed mixture of concentrated sulfuric acid and potassium 

sulfate. These salts were subsequently decomposed in a hot alkaline solution from which 

the ammonia was recovered by distillation and finally determined by alkalimetric or 

acidimetric titration. 

5.8.6 Carbon and Hvdroeen Test Method 

Carbon and hydrogen concentrations in the sample were determined according to 

ASTM Method D3178-84, "Standard Test Method for Carbon and Hydrogen in the 

Analysis Sample of Coal and Coke." 

5.8.6.1 Samoline - Eauiument _ _  and Method. Carbon and hydrogen content were 

determined using an 0, purifying train that consisted of two water absorbers and a CO, 

absorber, a flow meter, a combustion unit, and reagents. A quantity of the sample was 

burned in a closed system. The products of combustion were fLved in an absorption train 

after complete oxidation and purification from interfering substances. This test method 
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gave the total percentages of carbon and hydrogen and included the carbon in 

carbonates and the hydrogen in the moisture and in the water of hydration of silicates. 
0 

0 

0 

a 

0 

a 
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6. QUALITY ASSURANCE AND QUALITY CONTROL 

To ensure the production of useful and valid data, specific QA/QC procedures 

were strictly adhered to during this test program. A detailed presentation of QC 
procedures for all manual flue gas sampling, process sample collection, GC operations, 

and CEM operations can be found in the Mathy Test Plan. This section will report the 

test program QA parameters so that the degree of data quality can be shown. 

Two days of testing were conducted at Mathy Construction Company, Plant 6. 

Three mm were completed successfully at near-design operating conditions while the 

plant was operating on natural gas. No sampling related problems were encountered 

during testing that would affect data quality. 

In summary, a high degree of data quality was maintained throughout the project. 

Post-test leak checks for all sampling trains were within acceptable limits and all 

post-test calibration checks for the dry gas meters were within acceptable limits. All 

PM/metals, aldehydes, and PAH manual sampling trains met the isokinetic criterion of - 
2 10 percent out of 100 percent, and the PM,,/CPM manual sampling trains met the 

isokinetic criterion of 520 percent out of 100 percent, which is acceptable for this test 

method. 

Methnd hlank and field hlank results for the manual sampling trains showed some 

contamination. Also, several method spike recovery values for the metals, aldehydes, 

and PAH analyses were not within the QA allowance. Method blank, field blank, and 

method spike results are further discussed in Section 6.2. 

The CEM results showed acceptable calibration drift values and QC gas 

responses. All CEM QC procedures and objectives were followed as described in the 

Mathy Test Plan. 

The GC used for EPA Method 18 analysis was calibrated each test day before 

and after flue gas sampling. Quality assurance/quality control results showed allowable 

response factor drift values for the calibration gases. 

Section 6.1 presents the QA/QC definitions and data quality objectives. 

Section 6.2 presents manual flue gas sampling and recovery parameters and Section 6.3 
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presents method-specific analytical QA parameters. Section 6.4 discusses the CEM QA 

parameters and Section 6.5 presents the GC QA parameters. 

6.1 QUALITY ASSURANCE/QUALITY CONTROL DEFINITIONS AND 
OBJECTIVES 

The overall QA/QC objective is to ensure precision, accuracy, completeness, 

0 

0 

0 

0 

0 

0 

comparability, and representativeness for each major measurement parameter called for 

in this test program. For this test program, quality control and quality assurance can be 

defined as follows: 

e Quality Control: The overall system of activities whose purpose is to 
provide a quality product or service. Q C  procedures are routinely followed 
to ensure high data quality. 

Oualitv Assurance: A system of activities whose purpose is to provide 
assurance that the overall quality control is being done effectively. 
Assessments can be made from QA parameters on what degree of data 
quality was achieved. 

Data Quality: The characteristics of a product (measurement data) that 
bear on its ability to satisfy a given purpose. These characteristics are 
defined as follows: 

e 

e 

Precision - A measure of mutual agreement among individual 
measurements of the same property, usually under prescribed 
similar conditions. Precision is best expressed in terms of the 
standard deviation and in this report will be expressed as the 
relative standard deviation or coefficient of variation. 

Accuracy - The degree of agreement of a measurement (or an 
average of measurements of the same thing), X, with an accepted 
reference or true value, T, can be expressed as the difference 
between two values, X-T, the ratio X/T, or the difference as a 
percentage of the reference or true value, 100 (X-T)/T. 

Comuleteness - A measure of the amount of valid data obtained 
from a measurement system compared with the amount that was 
expected to be obtained under prescribed test conditions. 

Comparability - A measure of the confidence with which one data 
set can be compared with another. 

. .  
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Representativeness - The degree to which data accurately and 
precisely represent a characteristic of a population, variations of a 
parameter at a sampling point, or an environmental condition. 

A summary of the estimated precision, accuracy, and completeness objectives is 

presented in Table 6-1. 

6.2 MANUAL FLUE GAS SAMPLING QUALITY ASSURANCE 

The following section will report manual sampling QA parameters so that insight 

can be gained into the quality of the emissions test data produced from manual tests 

during the test program. 

6.2.1 Particulate Matter/Metals SamplinE Oualitv Assurance 

Table 6-2 presents post-test leak check results for all of the manual sample trains. 

The acceptance criterion is that all post-test leak checks must be less than 0.02 cfm. All 

PM/metals post-test leak checks met the acceptance criterion and, therefore, no leak 

corrections were applied. 

The isokinetic sampling rates for all of the manual sampling runs are presented in 

Table 6-3. The acceptance criterion for the PM/metals, aldehydes, and PAH sampling 

runs is that the average sampling rate must be within 10 percent of 100 percent 

isokinetic. Acceptance criterion for the PM,, runs allows sampling rates to be within 

2U percent of iOO percent isokinetic. Ai Fivijmetais runs deviated by no more ihan 

4 percent of 100 percent, thereby meeting the isokinetic criterion. 

All dry gas meters used for manual sampling were fully calibrated within the last 

six months against an EPA approved intermediate standard. The full calibration factor 

or meter Y was used to correct actual metered volume to true sample volume. To verify 

the full calibration, a post-test calibration was performed. The full and post-test 

calibration coefficients must be within five percent to meet Radian’s internal QA/QC 

acceptance criterion. The results of the full and post-test calibration check of the meter 

boxes used for manual sampling are presented in Table 6-4. The post-test calibration 

factor for the meter box used for PM/metals test runs was within the five percent 

criterion of the full calibration factor. 

0 

0 

0 

0 
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Table 6-1 

Summary of Precision, Accuracy, and Completeness Objectives" 

Flue Gas Temperature 

0 

0 

2 2°F 5 5°F 100 

0 

0 

0 

0 

Measured Value - Theoretical Value 
Theoretical Value 

Percent Error = 

dPercent difference for duplicate anlayses, where: 

First Value - Second Value 
0.5(First + Second Values) 

Percent Difference = 

'Minimum requirements of EPA method 6C, based on percent of full scale. 
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Table 6-3 
ISOKINETIC SAMPLING RATES FOR MANUAL SAMPLING TEST RUN 
&THY cor 

PMlMetals 
PMlMetals 
PMlMetals 

PMlO/CPM 
PMlO/CPM 
PMlO/CPM 

Aldehydes 
Aldehydes 
Aldehydes 

PAH 
PAH 
PAH . -  - PMMetals, 

0911919 1 
09/20/91 

09/19/91 
09/20/91 
09/20/91 

09/19/9 1 
09/20/91 
09/20/91 

09/19/91 
09/19/91 
W/20/9 1 

ehydes and PAH 

1 104 
2 104 
3 104 

1 87.0 
2 89.5 
3 80.4 

1 105 
2 101 
3 102 

1 107 
2 106 
3 105 

L metals specify isokinetic sampling 

rates must be within 10 percent 01 100 percent isokinelic. ?he PMlO 
test method allov6 isokinelic sampling rates to be within 20 percent 

of 100 percent isokinetic 

0 

0 
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6.2.2 P&i,JCPM Samuline Oualih, Assurance 

Post-test leak checks, isokinetic rates, and dry gas meter post-test calibrations for 

the PM,,/CPM test runs were with QA allowances and are presented in Tables 6-2 

through 6-4, respectively. Note that the isokinetic acceptance criterion for PM,,/CPM 

runs is more lenient than other methods allowing the average sampling rate to be within 

20 percent of 100 percent isokinetic. 

6.2 3 Aldehydes Samoline Quality Assurake 

The post-test leak checks for the aldehydes sample trains met the QA acceptance 

criterion. The isokinetic rates for the aldehydes test runs deviated by no more than 

5 percent of 100 percent, meeting the QA acceptance criterion. The post-test calibration 

factor for the meter box used for aldehydes’lest runs was within the 5 percent criterion 

of the full calibration factor. Post-test leak check results, isokinetic values, and dry gas 

meter calibration results for the aldehydes runs are presented in Tables 6-2 through 6-4, 

respectively. 

6.2.4 Polvnuclear Aromatic Hydrocarbon Sampling Ouality Assurance 

The post-test leak check results for tbe PAH trains are presented in Table 6-2, 

and all trains met the QA acceptance criterion. Isokinetic rates, presented in  Table 6-3, 

varied no more than 7 percent of 100 percent, meeting the acceptance criterion. The 

post-test calibration results of the dry gas meter used for PAH sampling are presented in 

Table 6-4 and show that the calibration factor is within the QA allowance. 

6 3 ANALYTICAL QUALITY ASSURANCE 

The following sections briefly report QA parameters for the metals, PM,,/CPM, 

aldehydes, and PAH analytical results. The analytical methods used for the flue gas 

samples are discussed fully in Section 5. 

6.3.1 Metals Analvtical Oualitv Assurance 

Field blanks were collected for the PM/metals, PM,,/CPM, aldehydes, and PAH 

sampling trains. A train of each sample type was fully prepared, taken to the sample 

location, leak checked, and then recovered. Table 6-5 presents the results of the metals 

field blank analysis compared to the test run results. There was a noticeable 

contamination of certain metals in the field blank. The front half fraction was 
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contaminated with Sb, Ba, Cd, Cr, Pb, Mn, Ni, Ag, and Zn. The back half fraction was 

contaminated with Ba, Cr, Pb, Mn, Ni, phosphorus (P), and Zn. The appropriate blank 

corrections were applied to the metals where contamination was found in the field blank. 

This resulted in 9 of the 15 metals exhibiting significant amounts detected in the flue gas 

samples. These metals are Ba, Cd, Cr, Cu, Pg, Mn, Ni, Ag, and Zn. Table 6-6 presents 

the metals method blank results for the flue gas samples. Lead, Mn and Ni were 

detected in the flue gas method blank at  low levels. These amounts were negligible in 

comparison to the amounts found in the field blanks and, therefore, no blank corrections 

were applied based on these results. 

Table 6-7 presents the method spike results for the metals analysis. All spiked 

recoveries for the front half fraction (except for Ag) were within the QA allowance of 

+20 percent of 100 percent. Barium, Cu, and P were slightly below the 20 percent 

acceptance in the back half fraction, with 78.4 percent, 79.3 percent, and 78.2 percent, 

respectively. No spike corrections were applied. 

6.3.2 m , d C P M  Analytical Assurance 

Table 6-8 presents the results of the PM,,/CPM field blank analysis compared to 

the test run results. Methylene chloride and acetone were detected in the field blank 

and were 0.8 percent and 3.1 percent, respectively, of the average run amount. The 

PM,,/CPM samples were gravimetrically analyed according to EPA Method 5 

requirements. Sample jars were checked to determine if leakage occurred during 

shipment. The residue for the cyclone catch, filter catch, organic fraction, and inorganic 

fraction were weighed to within 0.5 mg. The weight determinations were conducted at 

least six hours apart. Weight gain for each fraction was reported to the nearest 0.1 mg. 

Water and methylene chloride blanks were analyzed with the samples. Blank correction 

was not required because the sum of the values for the water blank and the methylene 

chloride blank was less than 2 mg. 

6.3.3 Aldehvdes Analytical Oualih, Assurance 

Aldehydes field blank results are compared to the test run results in Table 6-9. 

Acetone was detected in the field blank at a noticeable level and formaldehyde was 

detected at a low level. The aldehydes method blank results for the flue gas samples are 
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Table 6-6 
METALS AMOUNT IN FLUE GAS METHOD BLANK RESULT 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Nickei 

l'hosphorous 
Selenium 
Silver 
Thallium 

- .. 

TRUCTION C 

[ 1.501 
[0.400] 
[0.100] 
[0.100] 
[0.200] 
[0.600] 
[0.400] 
[0.300] 
(0.330) 
jir.3OOj 
(3u.q 
[ 1.601 
[0.600] 

(2.41) 
[ 10.01 

[ 1 = Minimum Detection Limit. 
( ) = Estimated Vatue 

MPANY PLAN 

[1.59] 
[0.424] 
[0.106] 
[0.106] 

[0.636] 
[0.424] 
(0.744) 

2.37 
(0.572j 
i31.8j 
[ 1.701 

[0.636] 
[10.6] 
[1.59] 

[0.212] 

6 (1991) 

0 '  
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Table 6-7 
METALS METHOD SPIKE RESULTS 
MATHY CON 

An1imony 
Arsenic 

Barium 
Beryllium 
Cadmium 

Chromium 

Copper 
Lead 
Manganese 
Nickel 
Phosphorous 
Selenium 
Silver 

Thallium 
Zinc 

LRUCTION CC 

...... 

100% 
87.4% 
91.4% 
95.0% 
100% 
99.6% 
93.5% 
97.8% 
96.1% 
99.9% 
89.2% 
99.0% 
74.5% 
103% 
103% 

lPANYPLANT 

86.8% 
86.0% 
88.2% 
83.4% 
98.5% 
97.0% 
90.1% 
88.6% 
94.0% 
88.1% 
78.2% 
85.3% 
41.0% 
94.7% 
90.7% 

(1991) 

100% 
95.4% 
91.0% 
95.2% 
99.9% 
99.4% 
93.9% 
102% 
96.2% 
100% 
92.1% 
99.6% 

24.7% 
100% 
104% 

96.8% 
97.8% 
78.4% 
93.4% 
88.5% 
86.5% 
79.390 
98.8% 
84.9% 
98.5% 
86.5% 
95.8% 
30.4% 
97.5% 
101% 

0 

0 

0 

0 

0 
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Table 6-8 
PMlO/CPM FIELD BLANK RESULTS COMPARED 
TO TEST RUN RESULTS 

H 2 0  

MeCl 

Acetone 

MATHY CONSTRUCTION COMPANY PLANT 6 (1991) 

41.7 0.000 b 

5.03 0.040 

26.1 0.800 

b = Showed a slightly negative weight gain, assumed to be zero 
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TABLE 6-9 
ALDEHYDES FIELD BLANK RESULTS COMPARED TO TEST RUN RESULTS 
MATHY CONSTRUCTION COMl 

Acetaldehyde 
Acetone 
Acetophenone/o-Tolualdehyde 
Acrolein 
Benzaldehyde 
ButyraldehydeLsobu tyraldehyde 
Crotonaldehyde 
2,5-Dimethylbenzaldehyde 
Formaldehyde 
Hexanal 
Isophorone 
lsovaleraldehyde 
MIBK/p-Tolualdehyde 
Methyl Ethyl Ketone 
Propionaldehyde 
Quinone 
m-Tolualdehyde 
Valeraldehyde 
[ ] = Minimum Detection Limit 

NY PLA 

822 
23700 
[23.0] 
[13.0] 
199 
47.0 
37.1 

[24.0] 
2950 
40.7 
[18.0] 
[18.0] 
[23.0] 
[18.0] 
[14.0] 
48.8 
[23.0] 
[18.0] 

'6 (1991 

1040 
11200 
[23.0] 
[13.0] 
198 

[18.0] 
29.5 
[24.0] 
4470 
62.5 
[18.0] 
[l8.0] 
[23.0] 
[18.0] 
[14.0] 
27.0 

[23.0] 
[1a01 

1170 
2570 
[23.0] 
26.7 
211 
75.4 
65.0 
[24.0] 
2770 
20.0 

[l8.0] 
[18.0] 
[23.0] 
93.5 
94.6 
1040 
[23.0] 
56.9 

6-14 
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presented in Table 6-10. Acetaldehyde, acetone, formaldehyde, and isovaleraldehyde 

were detected in the flue gas method blank at low levels. However, no corrections were 

made to the flue gas samples based on these results. 

Table 6-11 presents the method spike results for the aldehyde analysis. All spike 

recoveries, except for acetophenone/o-tolualdehyde at 70 percent recovery, acrolein at 

23 percent recovery, crotonaldehyde at 25 percent recovery, and quinone at 64 percent, 

are within the QA ?20 percent of the 100 percent. No spike corrections were applied. 

6.3.4 Polvnuclear Aromatic Hydrocarbon Results 

Table 6-12 presents the PAH field blank results compared to the test run results. 

Naphthalene was detected in the field blank at a noticeable level, while 

methylnaphthalene and phenanthrene were detected at low levels. Blank corrections 

were applied based on these results. The PAH method blank results for the flue gas 

samples are presented in Table 6-13. Fluorene, 2methylnaphthalene, naphthalene, and 

pyrene were detected in the flue gas method blank at low levels. No method blank 

corrections were applied. 

Table 6-14 presents the method spike results for the PAH analysis. All spike 

recoveries, except for nitrophenol, pentachlorophenol, and di-n-butylphthalate, are within 

!he. Q.A- 22.0 percent nf ! h e  10n percent. No spike corrections were applied. Table 6-15 

presents the PAH surrogate recovery results. 2-fluorobiphenyl was out of the lab control 

limits, but nitrobenzene-d5 and terphenyl-dl4 were within control limits for all sample 

runs. 

6.4 CONTINUOUS EMISSION MONITORING QUALITY ASSURANCES 

Flue gas was analyzed continuously for OJCO,, CO, SO,, NO,, and THC using 

EPA Reference Methods 3 4  10, 6C,.7E, and 2 5 4  respectively. Daily QA/QC 

procedures were performed in accordance with QA/QC guidelines in the reference 

methods and Radian standard operating procedures. These procedures are fully detailed 

0 

0 

0 

0 

0 

0 
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Table 6-10 

ALDEHYDES FLUE GAS METHOD BLANK RESULTS 
MATHY CONSTRUCTION COMPANY PLANT 6 (1991) 

0 

0 

0 

0 

0 

0 

0 

'0 

e 

0 

Acetaldehyde 
Acetone 
Acetophenone/o-Tolualdehyde 
Acrolein 
Benzaldehyde 
Butyraldehyde/Isobutyraldehyde 
Crotonaldehyde 
2,5-Dimet hylbenzaldehyde 
Formaldehyde 
Hexanal 
Isophorone 
Isovaleraldehyde 
MIBWp-Tolualdehyde 
Methyl Ethyl Ketone 
Propionaldehyde 
Quinone 
m-Tolualdehyde 
Valeraldehyde 
[ ] = Minimum Derection Lirnir. 

0.660 

6-16 

1.74 
[1.20] 

[1.10] 
[0.710] 

[0.940] 
[0.940] 
[1.30] 
1.06 

[I.lO] 
[0.940] 
3.68 
[1.20] 
[0.940] 
[0.730] 
[0.940] 
[1.20] 
[0.980] 

6640 
[12.0] 

[11.0] 
[7.10] 

[9.40] 
[9.40] 
[13.0] 
10.7 

[11.0] 

[9.401 
[ 9 . ~ 1  

[9.401 

[12.0] 

[7.30] 
[9.40] 
[12.0] 
[9.80] 
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Table 6-11 
ALDEHYDES METHOD SPIKE RESULTS 
MATHY CONSTRUCTION COMPANY PLANT 6 (1 

Acetaldehyde 
Ace tone 
Acetophenone/o-Tolualdehyde 
Acrolein 
Benzaldehyde 
Butyraldehyde/Isobutyraldehyde 
Cro tonaldehyde 
2,5-Dimethylbenzaldehyde 
Formaldehyde 
Hexanal 
Isophorone 
Isovaleraldehyde 
MIBK/p-Tolualdehyde 
Methyl Ethyl Ketone 
Propionaldehyde 
Q1uinnnP. 

m-Tolualdehyde 
Valeraldehyde 
NA = Not Analyzed 
NS = Not Spiked 

90.0% 
83.0% 
70.0% 
23.0% 
119% 
NA 
25.0% 
85.0% 
87.0% 
117% 
91.0% 

NS 
106% 
NA 

107 70 
64.0740 

93.0% 
82.0% 

)91) 0 

0. 

0 

0 

0 

0 

0 

0 
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TABLE 6-12 
PAH FIELD BLANK RESULTS COMPARED TO TEST RUN RESULTS 
MATHY CONSTRUCTION COMPANY PLAN' 

0 

0 

0 

0 

0 

I 

0 

0 

Acenaphthylene 
Acenoaphthene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
2-Chloronapthalene 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
7,12-Dirnethylbenz(a)anthracene 
Fluoranthene 
Fluorene 
Indene( 1,2,3-cd)pyrene 
2-Methylnaphthalene 
Naphthalene 
Perylerre 
Phenanthrene 
Pyrene 

~~ ~ 

[ ] = Minimum Detection Lirnii 

( ) = Ekimated Value 

(41.8) 
(14.9) 
(10.2) 
[50.0] 
[50.0] 
[50.0] 

[50.0] 
[50.0] 
[50.0] 

[50.0] 
[50.0] 
[50.0] 
[50.0] 

[loo1 
[50.0] 
[50.0] 
[50.0] 
408 
416 

[50.0] 

(9.04) 
(1.26) 

6 (1991) 

(37.7) 

(8.99) 

[50.0] 

[50.0] 
[50.0] 
[50.0] 
[50.0] 
[50.0] 

[50.0] 
[50.0] 
[50.0] 

[50.0] 
[50.0] 

(50.01 
[50.0] 
[50.0] 
348 
776 

[50.0] 

[loo1 

(7.94) 
(0.625) 

(48.1) 
[50.0] 
(9.62) 
[50.0] 
[50.0] 
[50.0] 
[50.0] 
[50.0] 

[50.0] 
[50.0] 

[50.0] 

[50.0] 
[50.0] 

[1001 
[50.0] 
[50.0] 
[50.0] 
417 
1470 
[50.0] 
(8.49) 
(0.805) 

[50.0] 
[50.0] 
[50.0] 

t50.01 
[50.0] 
[50.0] 
[50.0] 
[50.0] 
[50.0] 
[50.0] 
[50.0] 

[50.0] 
[50.0] 

[1w1 
[50.0] 

[50.0] 
[50.0] 
(2.36) 
751 

[50.0] 
(0.275) 
[50.0] 

0 

0 

0 
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Table 6-13 
PAH FLUE GAS METHOD BLANK RESULTS 
MATHY CONSTRUCTION COM 

Acenaphthylene 
Acenaphthene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo( b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo( k)fluoranthene 
2-Chloronapthalene 
Chrysene 
Dibenz( a,h)anthracene 
Dibenzofuran 
7,12-Dime thylbenz( a)anthracene 
Fluoranthene 
Fuorene 
Indeno( 1,2,3-cd)pyrene 
2-Methylnaphthalene 
Naphthalene 
Perylene 
Phenanthrene 
Pvrene 

(50.01 
[50.0] 
[50.0] 
[50.0] 
[50.0] 
[50.0] 
[50.0] 
[50.0] 
[50.0] 
[50.0] 
[50.0] 
[50.0] 
[loo1 
[50.0] 

(0.375) 
[50.0] 

(0.680) 
260 

[50.0] 
[50.0] 

(0.805) 
[ I = Minimum Detection Limit 
( ) = Estimated Value 
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Table 6-14 
PAH METHOD SPIKE RESULTS 
MATHY CONSTRUCTION COMPANY PLANT 6 (1991) 

Phenol 

2-Chlorophenol 
1,4-Dichlorobenzene 
N-Nitroso-di-n-propylamine 
1,2,4-Trichlorobenzene 
4-Chloro-3-methylphenol 
4-Nitrophenol 
2,4-Dinitrotoluene 
Pentachlorophenol 
Di-n-butlyphthalate 

84.8% 

94.2% 
95.6% 
104% 
109% 
99.9% 
53.0% 
94.6% 
26.6% 
2.15% 

0 

0 

0 
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0 

in the site-specific test plan prepared by Radian Corporation.' A summary of the 

QA/QC parameters and results is provided in this section. Deviations from the test plan 

and/or problems encountered during the test program are also discussed. 

6.4.1 Calibration and Drift Assessments 

0 

Continuous monitoring instruments were calibrated at the beginning of the test 

0 

0 

0 

0 

0 

0 

period on a two-point basis using a zero gas (N2) and a high-range span gas. A 

mid-range gas was analyzed with no adjustment permitted as a QC check at least once 

on site. The observed mid-range QC gas concentration was within 2 2  percent of full 

scale for the linearity check to be considered acceptable. The results of this check are 

presented in Tables 6-16 through 6-21. 

In addition to conducting the linearity check, the instrument drift was also 

determined for each analyzer on a daily basis. Typically, the mid-range gas was analyzed 

at mid-day and/or at the end of each test day to determine an "inter-run'' drift; however, 

the span gas was used in some cases to conserve gases that were available in more 

limited quantities. A drift check was not determined between every manual run to allow 

completion of as many manual method tests as possible while the batch operated plant 

was actually on-line. The inter-run instrument drift value was calculated as a difference 

on a percent scale basis by comparing the current observed response to the previous 

response. The instrument drift over the entire test program was calculated similarly, 

except that the final mid-gas observed response was compared to the initial mid-gas 

observed response. These inter-run and overall drift values are also provided in 

Tables 6-16 through 6-21. The allowable drift of 2 3  percent of full scale which was met 

in all cases except for one inter-run check of the NO, analyzer; however, the overall drift 

for this analyzer over the entire test period was determined as 0.6 percent, which is 

within 2 3  percent limit. 

0 

'"Emission Testing for Asphalt Concrete Industry, Site-Specific Test Plan and Quality 
Assurance Project Plan, Mathy Construction Company Plant #6," Radian Corporation, 
September 1991. 
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Table 6-16 

Date T i  

Method 3A Oxygen Analyzer and Drift Summary 
Mathy Construction Company-Plant 6 

Difference 
Certified Observed Percent 
GasOoac GasConc Mere Scale 
(%V (%V (%V (%) 

9/20/91 15:40 Mid: 7.99 7.4 -0.3 -1.2 

'Difference Percent Scale = (final observed conc. - initial observed conc.)/span value ' 
100%. 

e 

e 

e 

0 

e 

e 
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Table 6-17 

9/19/91 

9/19/91 

9/19/91 

0 

0 

08134 Zero: 0.0 0.0 0.0 0.0 

08135 Mid: 9.91 10.3 0.4 2.0 

08:34 b a n :  17.0 17.0 0.0 0.0 

0 

9/19/91 1255 Mid: 9.91 

9/19/91 1553 Mid: 9.91 

9120191 15:40 Mid: 9.91 

0 

10.3 0.0 0.0 

10.6 0.3 1.5 

10.2 -0.4 -2.0 

0 

9120191 

Method 3A Carbon Dioxide Analyzer and Drift Summary 
Mathy Construction Company, Plant 6 

15:40 Mid: 9.91 10.2 -0.1 0.5 

0 
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Table &18 

Method 10 Carbon Monoxide Analyzer and Drift Summary 
Mathy Construction Company, Plant 6 

. 

Instrument: TECO48 Serial Nnmbe~ 4W.58-236 

Span Gas concentration: 500 ppmv 
Difference 

Certified Observed Percent 
GasConc GasConc Difference Scale 

Date Time ("PV t%V (o/ov) (%) 

0 

0 

9120191 0651 Mid: 

0 

92.1 82.2 -6.1 -1.2 
0 

0 

0 

0 

0 
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Table 6-19 

9120191 

0 

0 

15:40 LOW: 98.0 97.7 1.9 0.4 

0 

0 

0 

Method 6C Sulfur Dioxide Analyzer and Drift Summary 
Mathy Construction Company, Plant 6 

Mdtiooint linearitv' II 

0 
mifference Percent Scale = (final observed conc. - initial observed conc.)/span value 
100%. 

0 

0 

JBS336 6-26 



Table 620 

Method 7E Nitrogen Oxides Analyzer and Drift Summary 
Mathy Construction Company, Plant 6 

0 

"Difference Percent Scale = (observed conc. - certified conc.)/span value ' 100%. 

bDifference Percent Scale = (current observed conc. - previous observed conc.)/span 
value 100%. 

'Difference Percent Scale = (final observed conc. - initial observed conc.)/span value 
100%. 
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Table 6-21 

Method 25A Total Hydrocarbon Analyzer and Drift Summary 
Mathy Construction Company, Plant 6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

'Difference Percent Scale = (observed conc. - certified conc.)/span value * 100%. 

bDifference Percent Scale = (current observed conc. - previous observed conc.)/span 
value * 100%. 

Qifference Percent Scale = (final observed conc. - initial observed conc.)/span value 
100%. 

0 

0 

JBs336 
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6.4.2 Line Bias Checks 

Radian performed all multi-point and QC calibrations through the entire sampling 

system. A three-way valve was located between the reference method CEM probe and 

the heat-traced line. This valve was shut during calibration and QC drift checks, and the 

standard gases were directed from the gas cylinder through the heat-traced line to the 

analyzer probe and back before the gas was directed to the CEM analyzers. This 

procedure eliminated the need for performing line bias checks described in Methods 3A, 

7E, and the test plan. 

6.4.3 Leak Checks 

Since Radian performed all calibrations through the entire sampling system, leak 

checks were incorporated in each calibration. The criterion used for this test was an 0, 

response to a zero gas of less than 0.5 percent 0,. All leak checks performed at this test 

site met this criterion. 

6.5 GAS CHROMATOGRAPHY QUALITY ASSURANCE 

EPA Method 18 analysis of the flue gas was performed using a G C  to separate 

the hydrocarbon (C,-C,) species in the gas stream. At the beginning of each test day 

prior to sampling the flue gas, the G C  was calibrated with standard gas mixtures 

containing each hydrocarbon (methane, ethane, propane, butane, pentane, hexane) and 

an instrument response factor for each hydrocarbon was determined. Response factors 

for each hydrocarbon were determined again at the end of each test day after sampling 

was completed. In this way, a daily calibration drift was detenniaed for these 

compounds. Additional calibrations were completed for benzene, toluene, and xylene 

(BTX). Only a single calibration was completed daily for BTX compounds. The 
calibration drift values are shown in Table 6-22. The drift values for C, through C, were 

determined to be less than 7 percent, which is within the QA allowance criterion of 

10 percent. Based on these low drift values, the BTX drift values would not be expected 

to higher than the 10 percent criterion. 

6-29 



Table 622 

GC Responre Fador Drift Values 
Ma&y Construction Company-Plant 6 

(1991) 

0 

0 

0 

0 

0 

0 

11 Methane I 2.823 10-5 I 2.788 10.5 I -1.26 I 3.0855 10-5 I 3.3123 10-5 I 6.85 II 
11 Ethane I 1.371 x loJ I 1.355 x lo5 I -1.18 I 1.3928 10-5 I 1.4493 10.5 I 3.90 II 
II ProDane I 9.264 x 10" I 9.123 x 10" I -1.55 I 9.4026 x 10" I 9.7336 x 10" I 3.40 11 
11 Butane I 6.710 x 10" I 6.783 x 10" I 1.08 1 6.4131 x 10" I 6.7103 x 10" I 4.43 11 
II Pentane 1 5.401 x 10" 1 5.414 x 10" I 0.24 1 5.4065 x 10" I 5.6770 x 10" I 4.76 11 
11 Hexane I 4.522~ 10" I ND I -- I 4.6559 x 10" I 4.8493 x 10" 1 3.99 11 
11 Benzene I ND I 4.413 x 10" I -- I 3.9334 x 10" I ND I -- II 
11 Toluene I ND I 3.632 x 10" 1 -. I 4.1761 x 10" I ND I -- 11 

Xylene ND I 2.500 x 10" I .. I 2.2m x io" I ND _ _  

ND = Not Determined 

aResponse Factor = 

bDrift Percent = 

0 

0 
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RAMAN 
- 

L O r n P O P I . , O ~  

MOISTURE AND MPINGER CATCH DATA SHEET 

Impinger  
Number S o l u t i o n  S o l u t i o n  (mL) C o n f i R u r a t i o n  Weight (E) - 

1 Mr 

7 

Final 
I n i t i a l  
U t .  C a i n  

F i n a l  
I n i t i a l  
U t .  Cain 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
..~.. . . . ~  ..; ...,,... . . .. .. .._.. ~ .. .. .- _-. . .. . ~ i  . . -.-. - - ~.. . 

: .*:. . . . .  . . .  



0 

0 

0 

0 

0 
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RAD& C O O P O O P . I D I  

- 

MOISTURE AND MPIHCER CATCH DATA SHCET 

c - - - - 
Impinger 
Number S o l u t i o n  S o l u t i o n  (mL) Configurat ion Weight (E) 

hf \rcWD 6-5 F i n a l  
In i t  i a l  
Ut. Cain 

F i n a l  47s3 
I n i t i a l  y m  
U t .  Cain I 

HOO 6 - 5  Final  
I n i t i a l  
U t .  Cain 

F i n a l  
I n i t i a l  
Ut. Cain 

Final  
I n i t i a l  
Ut.  Cain 

Total  Imppingera Weifit Gain (Wc).'gr- SSJ . 3  AILslyat 

VI - Final Meter Volume - - f t 3  
nr) * 

c f t 3  - V i  - I n i t i a l  Meter Volume - 
OFUCF - D r y  Caa Heter Correction Factor - - 
Vm - Metered Gaa Volume - ( V i  - Vi)(DWCF) - - f t 3  
Tm - Average Meter Temperature - O F  + 460 -- 'R 

'm - Heter Preaaure (Barometric Preaaure) -- in.tlg. 

f t '  - Volume of Water Vapor - .0472(Wc) - . 0 4 7 2 ( g )  - - 'W(etd) 

0 

0 

0 

0 

0 

0 



0 
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0 

0 
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0 
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MOISTllRE AND MPINGER CATCH DATA SHEET 

Impinger 
Number S o l u t i o n  S o l u t i o n  (mL) C o n f i g u r a t i o n  Weight (R) 

c 

POD 1 MT 6 -5 
I n i t i a l  22 
We. Gain 21. 

-. 
( ;. U t .  Gain - - 

6 F l n a l  
I n i t i a l  
U t .  Gain 

7 F i n a l  
I n i t i a l  
U t .  Ga in  

T o t a l  ImpinDere weight ~ e i n  (Wc).'gr- 

Vf  - Fin81 Meter V O l W  - f t 3  

V i  - Initial Meter Volume - - f t 3  

f t 3  Vm Metered Gae Volume ( V f  - Vi)(DQlCF) - - 
'm 

Vm(sCd) I 

eie-bf7 Analgat  

fP 

DFnCF - D r y  Cae Ueter Correction F a c t o r  - - 
O R  0 - Average Meter Tempereture  - O F  + 460 - - - Meter P r e s e u r e  (Barometric Preeeuie) - - in.ng. 

ft') (- in.Hg.) 
I f t '  

I (17.64) ( V d  (Om) (17.64) (- - 
- -. Tm (,- 
.- 0 - Volume of Water Vapor - .0472(h',) - . 0 4 7 2 ( 2 )  - - f t  a (e t d  

fl? - - By, - Moiature F r a c t i o n  - b ( c t d )  

0 
- VvCecd! + vm(etd) - f t '  +- f t '  - 

.--- ._...; .... .- . .  . ., .. . . .. .. ,"iT:. .. .. .-. . .., . .... . . ~~. 
< .  ..j. . .  

.- - .  ... .y 

.. 
0 

0 

0 

0 

0 

0 

0 
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RADtAN 
C O P D O m L T I O I  

~ 

MOISTURE AND I I ~ P I N G E R  CATCH DATA SHEET 0 

Impinger 
Number So l u  t ion Solution (mL) C o n f i g u r a t i o n  Weight (n) 

1 D I L n  I c ) ~  WOO 6-5 F i n a l  @ . $ o  
I n i t i a l  
U t .  Gain 2 - 1  - 

I n i t i a l  ,57 .t 
U t .  Ca in  2 -  - 

L n i t a l  E 
!.It. C a i n  1 

0 
9 2 m dZt3 I O 0  ruoD e 3  F i n a l  

3 L- W& 6-5 

5 F i n a l  
0 I n i t i a l  

U t .  Ca in  

6 F i n a  1 
I n i t  l a 1  
Ut .  Cain  

7 F i n a l  
I n i t i a l  
U t .  Gain 

0 T o t a l  I m i n R e r e  weight cain (wc),’gr- Zlj 2 * h n l y s t  

V f  - F i n a l  tleter Volume - - f t 3  

V i  - I n i t i a l  Heter Volume - - f t 3  F& ‘ p W l 0 - I  
DRlCF - D r y  Cas k t e r  C o r r e c c i a n  F a c t o r  - - 
V, - H e t e r e d  Gee Volume - ( V f  - Vi)(DGHCF) - - 
Pm - k t e r  P r e e a u r e  ( B a r o m e t r i c  P r e s s u r e )  -- in.Hg. 

’m (a t d  ) 

0 
f t 3  a 1 3 0  - Tm - Average Heter Temperature  - O F  + 460 -- O R  

ft’) (- in.Hg.) 
0 - (17 .61) (  

I f t ’  
I (17.64) (Vm) (Pm) 

s - 
Tm (- -1 

( s t d )  - Volume of  Water Vapor - .0472(Wc) . 0 4 7 2 ( 2 )  - - f t ’  





0 

a 

0 

0 

0 

0 

0 

0 





c 

lmpinger 
Number S o l u t i o n  S o l u t i o n  (mL) Conf igu ra t ion  Weight  (R) 

F i n s  1 
I n i t a l  
!.'e. Cain :-- 

3 

u t .  Cain ~ 5.' 

-. <: 
5 F i n a l  

I n i t i a l  
U t .  Cain 0 

6 F i n a l  
I n i t i a l  
U t .  Cain 

0 7 F i n a l  
I n i t i a l  
U t .  Gain 

L 

e T o t a l  I m i n g e r e  Y e i d t  &in (wc) . ' g r - s  2 il h a l y e t  

V f  - F i n a l  k t e r  Volume -- f t  3 

V i  - I n i t i a l  Heter Volume -- f t 3  ~ L L w  w. W l O - 0 1  

DFKF - Dry C a s  Heter Cor rec t ion  Fac to r  - - 
v, - Metered Can Volume I ( V f  - Vi)(OCnCF) I 

Tm - Average Heter  Temperature - O F  + 460 - 
Pm I Meter Preseure  (Baromstr ic  Pressure) - - in.Hg. 

( 1 7 . 6 4 )  (- 

f t 3  @ - 
O R  - 

ft') (- in .Hg .) 
f t '  e I 

I ( 1 7 . 6 4 1  (vm) (Pm) 
- "m (8 t d)  I 

Tm (- la) 

I Volume of Uster Vapor - .0472(Yc) - .0472( g) - - f t  ' 

- f t '  +- f t '  I - 

'v (e t d )  

f t '  
e - 

I 
be - Moisture F r a c t i o n  - vV(ct!J) 

1 Vv(etd! + vm(ntd) 





a 

Figurn 6.1. CSR field dam *eeL 
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RADIAN 
C O P C O P A t l O *  

~ O I S T L I R E  AND  PINGER CATCH DATA SHEET 

c 

lmpinger  
Number S o l u t i o n  S o l u t i o n  (mL) Conf i g u r a t  ion Weight (9) 

I n i t i a l  7& . 
U t .  Gain ,:: 

1 b1 N d l  l o o  mob G-5 

2 Dl k o  1 ( 7 0  INOb 6-5 F i n a l  683.1 
I n i t i a l  b u , 3  
U t .  Gain 3 7  - 0 

5 F i n a l  
I n i t i a l  
U t .  Gain 0 

6 F i n a l  
7 -  1 . 4  - 1 
* L L * L & - A  

U t .  Gain 

0 
7 F i n a l  

I n i t i a l  
U t .  Gain 

, 3, j ,  -. 
0 T o t a l  ImpinRera Weight Coin (Vc).'grams 4 A n a l y s t  

0 
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ALDEHYDES 
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MOISTURE AND MPINCER CATCH DATA SHEET 

. 
Implngec 
Number Solution Solution (mL) C o n f i g u r a t i o n  Welght (E) 

1 btd PI4 2.80 ttlm 63 -2 F i n a l  
I n i t i a l  
We. Cain 

2 W P U  240 6-5 F i n a l  

U t .  Gain 

5 F i n a l  
I n i t i a l  
U t .  Gain 

6 F i n a  1 
I n i t i a l  
U t .  C a i n  

7 F i n a l  
I n i t i a l  
U t .  Cain 

Total  Impingere Ueipht Cain (wc).'gramS a by.Y Analyet 

V E  - F i n a l  k t e r  Volume - - Et 3 

V i  - I n i t i a l  Meter Volume - - Et3 
DFHCF - Dry GEE Meter C o r r e c t i o n  F a c t o r  - - 
V, - Metered Cae Volume - ( V f  - Vi)(DQiCF) - Et 3 - 
Tm - Average Meter Temperature  - OF + 460 - - O R  

'rn 

'm(etd) I -  

- Meter P r e e e u r e  (Bar-tric P r e s a u r e )  -- io.Hg. 
(17.64) ( -Et') (- in .Hg . ) 

I f c '  
I (17.6G) ( v d ( P m )  

- 
Tm (- a) 

d - Volume of Water Vapor - .0472(U,) - .0672( 2) - - f t  ' 
( -' 

Vv(Etd) 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 
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Impinger 
Number S o h  t i o n  S o l u t i o n  (mL) Conf i g u r a c i o n  Ue ight  (E) 

I 

5 F i n a l  
I n i t i a l  

0 U t .  Cain 

6 F ina 1 
I n i t i a l  
U t .  Cain 

7 F i n a l  0 
I n i t i a l  
U t .  Gain 

I 

0 
Total Impingere WeiDht cain  (Wc),'gr- 2++-- ; 8 Anelyet 

Vf  - Final k t e r  Volume - - f t 3  

V i  - I n i t i a l  Meter Volume - - f t '  

3cPY.S 

DRICF - D r y  Caa Meter Correctim Factor - - 
Vm - Metered Caa Volume - (Vf - Vi)(Dr;nCF) - 
Pm - Meter Pressure (Barometric Preaeure) -- 1n.klg. 

f t  3 - 
O R  - - Average Meter Temperature - O F  + 460 - 

in  .Hg .) 
I f t '  

I (17 .64)  ( V d  (Pm) ( 1 7 . 6 1 ) (  -ft') (- 
- 'm ( e cd ) I 

Tm (- -1 
-- 

0 

0 
1 3  / 

I f c '  - Volume of Water Vapor - .0472(Yc) - . 0 4 7 2 ( g )  - - (e t d  1 
fe' , - 

0 
be - Moisture Fraction - ~ ( c t d )  

f t '  + - f t '  - - 
I 

Vw(etd! + Vm(etd) - 



0 

0 

0 

0 

0 

0 

0 

0 

t" 
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RADlAN 
c o a v o a n ~ ~ o n  

MOISTURE AND MPINGER CATCH DATA SHEET 

P 

Imp i n ger 
Number So lu t ion  S o l u t i o n  (I&) Conf iRura t ion  Weight  (8) 

1 

I 

I n i t i a l  
par, 6 - 5  

6 -5 F i n a l  
I n i t i a l  
U t .  Gain 3L. I 0 

I n i t a l  4 B X 
!.'e. Cain q-? 

WD 6-S F i n a l  

Finn 1 g@ 
I n i t i a l  
U t .  Cain L . 1  

~ c l n  6-5 

F i n a l  
I n i t i a l  
U t .  Gain 0 

F i n a l  
I n i t i a l  
U t .  Gain 

0 F i n a l  
I n i t i a l  
U t .  Cain 

VI - F i n a l  k t e r  Volume - - f t 3  

V i  - Init ial  Meter Volume - - f t 3  

Vm - Metered CM Volume - ( V f  - Vi)(DCHCF) - - f t 3  - Average Meter Temperature - OF + 460 - - O R  Tm 
Pm - Heter Preeaure ( B a r o ~ c r i c  Preeeure)  - - in.Llg. 

'm(ecd) I 

DFnCF - Dry Gee Hater Cor rec t ion  Fac tor  - - 

ft')(- in .Hg . ) 
0 f t '  

I (1 7 - 64) ( V d  (Pm) (17.64)(- - 
Tm (- w 

'W(etd) - Volume of Water Vapor - .0472(Uc) - . 0 6 7 2 ( g )  - f t  3 

0 

0 
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O C  

D 4 

Impinger 
Number Soluc ion  S o l u t i o n  (mL) Conf igura t ion  Ueight ( E )  

8% 
c 

0 1 MT WCD 6-5 F i n a l  
I n i t i a l  
U t .  Cain 31 ~9 I 4 

2 HPLL ILo I C  (cj moo 7- 5 F i n a l  7047.0 

U t .  Initial Cain F I 

F ina l  .TLi/,g 
I n i t a l  5Sl .7  

I n i t i a l  YE 
U t .  C a i n  I_ .- . 

l 

3 HfLc H2d \oo Mbn 6- 5 

4 x- MODG -5  
. ! I t .  Cain . I - 

5 Mob 6 - S  Fina l  
I n i t i a l  
U t .  Cain I - - 

0 

0 

6 F ina  1 
I n i t i a l  
U t .  C a i n  53 < -  ' 

7 Fina l  
I n i t i a l  
U t .  Cain 

To ta l  Impingere u e i b c  cain (~c ) . ' gr -  

Vf - F i n a l  Heter Volume - - fC3 

V i  - Ini t ia l  k t e r  Volume - - f t 3  

Vm - Hetered Cas Volume - ( V f  - Vi)(DCHCF) - - f t 3  - Average Mter  Temperature - O F  + 460 - - O R  Tm 
Pm - k t e r  Preesure (Baroue t r i c  Preaeure)  - - in.tIg. 

Vm(ecd) I 

A n a l y s t  

DRlCF - Dry Cae k t e r  Cor rec t ion  Fac tor  - - 
0 

i n  .Hg . ) - 
I f t '  

I (17.6G) (Vm)(Pm) (17.66) ( ft') (- - 
-. Tm (- 91) 

0 
/ 

0 

' ./ 
'V(etd) - Volume of Water Vapor - .0672(Uc) - . 0 4 7 2 ( g )  - - f t  ' 



. 

In 

I .  



0 

0 



0 r 

t RADIAN 

i -  

C O . P O P a . I O "  

MOISTURE AND MPINGER CATCH DATA SHEET 0 - I 

Lmpinger 
Number So lu t ion  S o l u t i o n  (mL) Conf igu ra t ion  Weight (E) 

0 

0 

0 

O C  

0 

0 

1 MT lZloD G--S F i n a l  - 
I n i t i a l  
U t .  Gain 2 9 8 . 6  

2 lmub l o o  M O O  6 - 5  Fina l  
I n i t i a l  
Ut.  Gain a 

k%- 3 l4PY H a 3  loo p00 6-5 F i n a l  
I n i t a l  
!.'e. Gain v - 0 . 3  

F i n a l  425.L 
I n i t i a l  
U t .  Gain ,$- 

4 MT POD 6-5 

b W D G - 5  F i n a l  728,s ? 

U t .  Cain 

6 F i n a l  
I n i t i a l  
ut. C a i n  r/Z. ? 

7 F i n a l  
I n i t i a l  
U t .  Cain 

T o t a l  Impin&err Weight Cain (Wc) . 'g rm STlVtII  h a l y e t  

V E  - F i n a l  k t e r  Volume - - f t 3  

V i  - Initial Heter Volume - - f t 3  

v, - Hetered Cas Voltme - ( V f  - Vi)(Dc;nCF) - - f c 3  

Tm - Average Meter Temperature - OF + 460 - - O R  
DmCF - Dry G a s  b t e r  Correc t ion  Fac to r  - - 

0 

Pm - Hecer Preeeure  ( B a r e t r i c  Preeeure)  -- in.LLg. 

I (17.64) (Vm) (Pm) (17.64) (- ft')(- in.Hg.) 
I . f t '  -- vm(Etd) 

0 ._ Tm (- 91) 

'W(Etd) - Volume of Water Vapor - .0472(Wc) - .0472(-g) - - E t  ' 



1 
0 

0 

0 

0 



L 

0 
1 

0 

0 

1 

0 

0 

0 



b 

Impinger 
Conf IRuration weight ( g )  Number Solu e i o n  S o l u t i o n  (mL) 

c 

4 MT 

6 

Ptab G-S 

Fob 6-S 

F i n a l  
I n i t i a l  

F i n a l  
I n i t i a l  
U t .  Cain 7 7 .  3 

F i n a l  
I n i t a l  
! - I t .  Cain 

I n i t i a l  
U t .  Cain 

I n i t i a l  
U t .  Cain / ? . ; I  

F i n s  1 
I n i t i a l  
U t .  Cain -fc - 

7 F i n a l  
I n i t i a l  
WE. Cain 

Total Impingers Ueight Cain (Wc),'gram 

- f t 3  

Analyst 

- IC3 V f  - Final tleter Volume - 
V i  - I n i t i a l  k t e r  Volume - 
DFnCF - D r y  Gam k t e r  Correctim Fector - 
vm - k t e r e d  Cas V o l w  - (Vf - Vi)(DmCP) - 
Tm - Average k t e r  Temperature - O F  + 460 - - 
Pm - Weer Preeeure (Baropetric Pressure) -- in.Hg. 

'm (e  cd)  

- f t '  

O R  

I ( 1 7 . 6 4 )  (Vm) (Pm) (17 .64 )  ( - f t ' )  (- in.Hg.) 
I f t '  I - 

Tm (- a) 
f t  ' 'v(std) Volume of water Vapor - ..0472(Yc) - . 0 4 7 2 ( 2 )  - - 

~ 

.( 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



APPENDIX B 

PROCESS DATA SHEETS 
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0 

0 

0 
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t 
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d e 
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t c 
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0 
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APPENDIX C 

SAMPLE PARAMETER CALCULATION SHEETS 

C.1 PM/Metals 
C.2 PM,,/CPM 
C.3 Aldehydes 
C.4 PAH 

0 

0 



0 

0 

0 

0 

0 

APPENDIX C. 1 

PMIMETALS 



0 

0 

0 

a 

0 

0 

0 

0 

0 

0 

0 

IMatered v o l u n , w  (Cu.fr.)  

IAveraga Meter Preasure (in.HZO) 
IAverage Meter l a r p r a t u r e  (deg. F )  
IMoisrure Collected (g)  

ICarbon Dioxide Cmenr ra r ion  (N) 
lorygen Concentration (N) 
INirrogen Cmcentrarlon ( X V )  
l o ry  Gas Meter Factor 
I P i  rot taooranr 
IPar t i cu la te  Carch (9) 

58.38 

65.66 
0.m 

5a.m 
5.LO 

1b.27 
80.33 

0.911750 

0.01550 I 
0.84 I 

I 
IAvcrape S m p l i n g  Rare tdscfa) 
ISrandard Metered Volme.Vm(std) tdscf) 
ISrandard Werered volum.Vm(ard) (dscm) 
Isrardnrd V o l e  Water V w r , V u  (act) 
Isrardard volum Mater Vapor,Vu (am) 
Istack Moiarure (N) 
lmole Fract ion D r y  Stack Gas 
lory Molecular mi ghr 
IWer molecular Weighr 
Israck Gas Velcclty,Vs ((pa) 
Israck Gas Velccity,Va (um) 
lVo lLmr r i c  F l w  Rare (scrm) 
l v o l e r r i c  F I w  Rare team) 
IVo lumrr ic  Flw Rare tdsctm) 
lVolrmetriC F l w  Rare (am) 
IPercent Lnok imr ic  
IPercent Eacess A i r  
lFwl Factor.Fo 

IUlrinulta COZ 
I C m m t r a t i o n  of  Parr lculate (grainslacf)  
J c m m r r a r i m  of  Parr iculate ( g l s e )  
ICaxenr ra t ion  of  Parr iculate (gralnsldscf) 
~ C m m t r a r i o n  of Parr iculate (gldsom) 
I c m e n t r s r i m  of  Par t i cu la te  (grainaldscf 9122 COZ) 

I 
0.46 I 

57.57 
1.631 
a.89 
O A K '  
29.33 

24.43 
26.08 

4222.90 
1287.16 

59120.55 
1674.2% 
31085.51 I 

0.707 

BBo.Y2 I 
104.21 I 
205.23 I 

1.228 I 
17.02 I 

0.00210 I 

O.CO615 I 
0.W5w I 

0.00951 I 
o.Mpz3 I 



fACILITY : Mathy y6 

0 

0 

/Average sarp l ing  Rate (dscfm) 
lStard8rd Metered VoIum.Ym(std) ( d s c 0  
IStardnrd Metered Volum.Vm(std) (dscm) 
lStandard V o l m  Yater Vapr,Vu (scf)  
1Stardard VOIM Yater Vapr,Vw (rcm) 
Istack Moisture (%V) 

IMole f r a c t i o n  Dry Stack Gar 
lDry Molecular Yeight 
(Yet Molecular Weight 
IStack Gas Velocity,Vs (fpn) 
ISIack Gas V e l a i t y . V s  tmpm 
I V o l m t r i c  FIW Rate (acfm) 

J V o l u m t r i c  f lw Rate (acsm) 
I V o l m t r i c  Flw Rate (dscfml 

l V o l m t r i c  Flw Rate (dscmp) 

I Percent I sok i ret i c 
IPercent Eacess A i r  
l fue l  faCtOr.Fo 
IUlt inmte COL 

IConcentration of P a r t i c u l a t e  (pra ins lacf )  
J C m c e n t r a t i m  of P a r t i c u l a t e  (elacm) 

0 . a  
61.81 
1.752 
26.10 
0.739 
29.61 
0.703 
29.47 
26.06 

4540.05 
1JB1.81 
63560.69 
1800.039 
3YR.05 
V47.928 
104.01 
200.80 
1.201 
17.40 

0.00310 
0. oom 

I C m e n t r a t i m  of P a r t i c u l a t e  (pra ins idscf )  

I c m e n t r a t i o n  of P a r t i c u l a t e  ( g i d s c m )  
JConcentration of P a r t i c u l a t e  (grainoldscf 012% 0x1 

0.00569 1 
0.01367 I 
0.01257 I 

I I 

e 

e 

0 

e 

0 

0 

0 

0 



1.m 
24.92 
0.6% 
a z a  

SA3 
2b.a 

13C4.U 
M . 6 4  
lbW.554 
3lWl.67 
W $ . R I  

1OL.18 
1Y.41 
1 . u  
1b.U 

0.m183 
0 . W 1 0  
0.- 
0.M707 
0.00214 

0.707 

bm. io 

I 

. 



0 

0 

0 

APPENDIX C.2 

PM,,/CPM 



JPIi 28 '92 : 5 : 2 5  R A t I A N  CORP PPK NC 
0 

SALMPLE PARAMETERS FOR PMlO/CPM RUNS 
0 

0 

0 

0 

0 

0 

0 

MATHY CONSTRUCTION COMPAttY - E 

'Corrected Baromerric Pressure (in Hg) 
Stack Static Prcuurc (in. nZ0)  
Average Stack Temperacue (dcg. F) 
Carbon Dionide Concentration (%V) 
Omen Conccnrrdtion (%V) 
Nitropen Concentration (%V) 
Stack Moisture (%V) 
Stack Gas Ve!uciiy.Vr (Ips) 
Volumerrlc Row Rate (acfm) 
Volurneiric Flw Rate (dscirn) 

_ .  

Tooral sAmphg time (mi@ 

Average Meter Tempcraiure (de& F) 
Average Meter Pressure (hH20) 
Average Sampling Rare (dscfm) 
Average Sarnplirig Rare (ecfm - cyclone mnd) 
Srandard Metered Volwne,Vrn(mi) (dsct] 
Percent Isokineric 
Particulate Emlssiors e Cui Size (Ibrhr) 
Paruculate Emissions > Cut h (Ibhr) 

! Paniculate ~ m i r s l ~ n c  ( imr) 
V a k  taken fmm ikc avcrnB of dl akr mipr as ihe PMlO f 
'Lhp'b (20. Y) hugher j 

NA - Y a  Applicable 

29.60 
OB0 

24 1.42 
5.10 

14.12 
80.78 
28.53 
14.6. 

62705. 
33530' 
198.52 

mm 
65.18 
056 

0.41 
0.78 
W.36 
91.8 
LO4 
1 .a 
3.72 

I rmcs (Sii 

29.60 
0b0 

25495 
5.40 

14.24 
a36 
2852 

61261' 
32656- 
m o l  

64.07 

69.68 
0.56 
0.41 
0.79 

26.56 
LOO 
1.32 
1.66 

298 
)=re 

n9* 

3.68 

241.84 
5.62 
13.61 

21.g 

70.2' 
58967' 
32105' 
199.01 

0.80 

mn 

61.00 

R60 
0.56 
0.40 
0.74 
24.55 
97.7 
1.28 
1.28 

2.56 - 

P .  15 

25-68 
0.W 

246.07 
5.37 
13.99 
80.64 
2822 
n59 

60,978 
31.764 
199.u 

NA 
69.15 
0.56 

0.41 
0.77 
26.82 
NA 
155 
1.54 
3.08 - 

0 

0 



e 

e 

e 

e 

e 

APPENDIX C.3 

ALDEHYDES 

e 



I 
a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

Total Sampling Time (min.) 
Corrected Barometric Pressure (in. 
Absolute Stack Pressure,Ps(in. Hg) 
Stack Static Pressure (in. H2O) 
Average Stack Temperature (deg. F) 
Stack Area (sq.in.) 
Metered Volume,Vm (cu.ft.) 
Average Meter Pressure (in.H2O) 
Average Meter Temperature (deg. F) 
Moisture Collected (9) 
Carbon Dioxide Concentration (%V) 
Oxygen Concentration (%V) 
Nitrogen Concentration (%V) 
Dry Gas Meter Factor 
Pitot Constant 

6 2 . 5 0  
2 9 . 6 8  
2 9 . 7 4  

0 . 8 0  
2 3 9 . 8 0  

2 0 1 6 . 0 0  
3 0 . 8 7  

0 . 9 1  
6 1 . 5 4  

2 6 5 . 4 0  
6 . 1 7  

1 2 . 8 5  
eo:9e 

1 . 0 0 0 6 0  
0 . 8 4  

Average Sampling Rate (dscfm) 
Standard Metered Volume,Vm(std) (dscf) 
Standard Metered Volume,Vm(std) (dscm) 
Standard Volume Water Vapor,Vw (scf) 
Standard Volume Water Vapor,Vw (scm) 
Stack Moisture (%V) 
Mole Fraction Dry Stack Gas 
Dry Molecular Weight 
Wet Molecular Weight 
Stack Gas Velocity,Vs (fpm) 
Stack Gas Velocity,Vs (mpm) 
Volumetric Flow Rate (acfm) 
Volumetric Flow Rate ( a m )  
Volumetric Flow Rate (dscfm) 
Volumetric Flow Rate (dscmm) 
Percent Isokinetic 
Percent Excess Air 
Fuel Factor, Po 
Ultimate C02 

0 . 5 0  
3 1 . 0 9  
0 . 8 8 0  
1 2 . 5 1  
0 . 3 5 4  
2 8 . 7 0  
0 . 7 1 3  
2 9 . 5 0  
2 6 . 2 0  

4 4 3 5 . 2 0  
1 3 5 1 . 8 5  

6 2 0 9 2 . 7 3  
1 7 5 8 . 4 6 6  
3 3 1 8 7 . 0 4  

9 3 9 . 8 5 7  
1 0 5 . 4 2  
1 5 0 . 3 8  
1.305 
1 6 . 0 2  



e 

Total Sampling Time (min.) 
Corrected Barometric Pressure (in. 
Absolute Stack Pressure,Ps(in. Hg) 
Stack Static Pressure (in. H20) 
Average Stack Temperature (deg. F) 
Stack Area (sq.in.) 
Metered Volume,Vm (cu.ft.) 
Average Meter Pressure (in.H2O) 
Average Meter Temperature (deg . F) 
Moisture Collected (9) 
Carbon Dioxide Concentration (SV) 
Oxygen Concentration (SV) 
Nitrogen Concentration (OV) 
Dry Gas Meter Factor 
Pitot Constant 

62.50 
29.68 
29.74 
0.80 

237.52 
2016.00 

28.98 
0.86 

51.74 
264.50 

6.63 
12- 36 
81.01 

1.00060 
0.84 

Average Sampling Rate (dscfm) 
Standard Metered Volume,Vm(std) (dscf) 
Standard Metered Volume,Vm(std) (dscm) 
Standard Volume Water Vapor,Vw (scf) 
Standard Volume Water Vapor,Vw (scm) 
Stack Moisture (%V) 
Mole FractiQn Dry Stack Gas 
Dry Molecular Weight 
Wet Molecular Weight 
Stack Gas Velocity,Vs (fpm) 
Stack Gas Velocity,Vs (mpm) 
Volumetric Flow Rate (acfm) 
volumetric Flow Rate (acmm) 
Volumetric Flow Rate (dscfm) 
Volumetric Flow Rate (dscmm) 
Percent Isokinetic 
Percent Excess Air 
Fuel Factor, FO 
Ultimate C02 

0.48 
29.75 
0.843 
12.47 
0.353 
29.54 
0.705 
29.56 
26.14 

4446.63 
1355.33 

62252.76 
1762.998 
32907.84 
934.216 
101.48 
136.68 
1.288 
16.23 

8 

e 

e 

8 

e 

e 

e 

e 

e 



0 

0 

0 

0 

0 

a 

0 

0 

0 

0 

0 

Total Sampling Time (min.) 
Corrected Barometric Pressure (in. Hg) 
Absolute Stack Pressure,Ps(in. Hg) 
Stack Static Pressure (in. H2O) 
Average Stack Temperature (deg. F), 
Stack Area (sq.in.) 
Metered Volume,Vm (cu.ft.) 
Average Meter Pressure (in.HZ0) 
Average Meter Temperature (deg. F) 
moisture Collected (g) 
Carbon Dioxide Concentration (SV) 
3xygen Concentration (SV) 
Nitrogen Concentration (SV) 
D r y  Gas Meter Factor 
Pitot constant 

62.50 
29.68 
29.74 
0.80 

233.74 
2016.00 

29.95 
0.83 

72.76 
232.60 

5.63 
13..43., 
80.94 

0.99980 
0.84 

Average Sampling Rate (dscfm) 
Standard Metered Volume,Vm(std) 
Standard Metered Volume,Vm(std) 
Standard Volume Water Vapor,Vw 
Standard Volume Water Vapor,Vw 
Stack Moisture (SV) 
!!ole Fraction Dry Stack Gas 
D r y  Molecular Weight 
#et Molecular Weight 
Stack Gas Velocity,Vs (fpm) 
Stack Gas Velocity,Vs (mpm) 
Volumetric Flow Rate (acfm) 
Volumetric Flow Rate (acmm) 
Volumetric Flow Rate (dscfm) 
Volumetric Flow Rate (dscmm) 
Percent Isokinetic 
Percent Excess Air 
Fuel Factor, Fo 
3ltimate C 0 2  

0.47 
29.50 
0.836 
10.97 
0.311 
27.10 
0.729 
29.44 
26.34 

4208.00 
1282.60 

58912.05 
1668.389 
32474.95 
919.691 
102.23 
168.84 
1.327 
15.75 



0 

0 

0 

0 

0 

APPENDIX C.4 

PAH 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

e 

0 

Total Sampling Time (min.) 
Corrected Barometric Pressure (in. 
Absolute Stack Pressure,Ps(in. Hg) 
Stack Static Pressure (in. H20) 
Average Stack Temperature (deg. F) 
Stack Area (sq.in.) 
Ketered Volume,Vm (cu.ft.) 
Average Meter Pressure (in.H2O) 
Average Meter Temperature (deg. F) 
Koisture Collected (9) 
Carbon Dioxide Concentration (SV) 
3xygen Concentration (%v) 
gitrogen Concentration (%v) 
D r y  Gas Meter Factor 
Pitot Constant 

125.00 
29.68 
29.74 
0.80 

239.68 
2016.00 

63.59 
0.96 

53.86 
523.10 

5.62 
14..15. 
80.23 

0.99980 
0.84 

4verage Sampling Rate (dscfm) 
Standard Metered Volume,Vm(std) (dscf) 
Standard Metered Volume,Vm(std) (dscm) 
Standard Volume Water Vapor,Vw (scf) 
standard Volume Water Vapor,Vw (scm) 
Stack Moisture (%V) 
tole Fraction Dry Stack Gas 
)ry Molecular Weight 
Jet Molecular Weight 
Stack Gas Velocity,Vs (fpm) 
Stack Gas Veloci.ty,Vs (mpm) 
Iolumetric Flow Rate (acfm) 
Iolumetric Flow Rate (acmm) 
lolumetric Flow Rate (dscfm) 
Iolumetric Flow Rate (dscmm). 
?ercent Isokinetic 
'ercent Excess Air 
'uel Factor, Fo 
Iltimate CO2 

0.52 
64.96 
1.840 
24.66 
0.698 
27.52 
0.725 
29.47 
26.31 

4505.27 
1373.21 

63073.77 
1786.249 
34274.71 
970.660 
106.64 
200.80 
1.201 
17.40 



0 

0 

FACILITY :.Mathy # 6  

Total Sampling Time (min.) 
Corrected Barometric Pressure 
Absolute Stack Pressure,Ps(in. 
Stack Static Pressure (in. H20 
Average Stack Temperature (deg 
Stack Area (sq.in.) 
Metered Volume,Vm (cu.ft.) 
Average Meter Pressure (in.H2O) 
Average Meter Temperature (deg. F) 
Moisture Collected (g) 
Carbon Dioxide Concentration (%V) 
Oxygen Concentration (%V) 
Nitrogen Concentration (%V) 
Dry Gas Meter Factor 
Pitot Constant 

1 2 5 . 0 0  
2 9 . 6 8  
2 9 . 7 4  

0 . 8 0  
2 3 6 . 0 4  

2016; 00  
6 1 . 6 1  

0.136 
64.134 

5.713 
5 1 8 . 8 0  

1 2 . 5 3  
8 1 . 6 9  

0 . 9 9 9 8 0  
0 . 8 4  

Average Sampling Rate (dscfm) 0 . 4 9  
Standard Metered Volume,Vm(std) (dscf) 6 1 . 6 1  

Standard Volume Water Vapor,Vw (scf) 2 4 . 4 6  
Standard Volume Water Vapor,Vw (scm) 0 . 6 9 3  
Stack Moisture (%V) 2 8 . 4 2  
Mole Fraction D r y  Stack Gas 0 . 7 1 6  
Dry Molecular Weight 2 9 . 4 3  
Wet Molecular Weight 2 6 . 1 8  
Stack Gas Velocity,Vs (fpm) 4 3 2 3 . 7 3  
Stack Gas Velocity,Vs (mpm) ' 1 3 1 7 . 8 7  

6 0 5 3 2 . 2 7  Volumetric Flow Rate (acfm) 
Volumetric Flow Rate ( a m )  1 7 1 4 . 2 7 4  
Volumetric Flow Rate (dscfm) 3 2 6 5 4 . 5 1  

9 2 4 . 7 7 6  
1 0 6 . 1 5  

Volumetric Flow Rate (dscmm) 
Percent Isokinetic 
Percent Excess Air 1 3 8 . 4 1  
Fuel Factor, Fo 1 . 4 4 8  
Ultimate C02 1 4 . 4 3  

Stanaard Metered Volume,Vm(std) (dscm) 1 . 7 4 5  

d 

0 

0 

0 

e 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

FACILITY : Mathy #6 

Total Sampling Time (min.) 
Corrected Barometric Pressure (in. 
Absolute Stack Pressure,Ps(in. Hg) 
Stack Static Pressure (in. H2O) 
Average Stack Temperature (deg. F) 
Stack Area (sq. in. ) 
Metered Volume,Vm (cu.ft.) 
Average Meter Pressure (in.H20) 
Average Meter Temperature (deg. F) 
Koisture Collected (9) 
Carbon Dioxide Concentration (%V) 
Oxygen Concentration (%V) 
Nitrogen Concentration (%V) 
Dry Gas Meter Factor 
Pitot Constant 

125.00 
29.68 
29.74 
0.80 

244.28 
2016.00 

58.63 
0.82 

63.40 
486.50 

5.40 
14.27 
80i33 

0.99980 
0.84 

Average Sampling Rate (dscfm) 
Standard Metered Volume,Vm(std) (dscf) 
Standard Metered Volume,Vm(std) (dscm) 
Standard Volume Water Vapor,Vw (scf) 
Standard Volume Water Vapor,Vw (scm) 
Stack Moisture (%V) 
Mole Fraction Dry Stack Gas 
D r y  Molecular Weight 
get Molecular Weight 
Stack Gas Velocity,Vs (fpm) 
Stack Gas Velocity,Vs (mpm) 
Volumetric Flow Rate (acfm) 
Volumetric Flow Rate ( a m )  
Volumetric Flow Rate (dscfm) 
Volumetric Flow Rate (dscmm) 
Percent Isokinetic 
Percent Excess Air 
Fuel Factor, Fo 
Ultimate CO2 

0.47 
58.79 
1.665 
22.94 
0.650 
28.07 
0.719 
29.43 
26.23 

4208.90 
1282.87 

58924.63 
1668.746 
31570.07 
894.065 
104.77 
205.23 
1.228 
17.02 



0 

APPENDIX D 

CEM DATA 

D.l  CEM DAS Primours 
D.2 Stripchart Tracings 

0 



0 

0 

a 

0 

APPENDIX D.l 

CEM DAS PRINTOUTS 
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C a l l b r a t i o n  f i t  . . . . . . . . . . . . .  P 
C ' : % l b l s  E I G I I - P U ~  R T  u e d a r s  . .  NO 

S i ! ' I P L E  A P l T  . . . . . . . . . . . . . . . . . .  B . O 8 O B E + B 1 3  
PIUL F A L T U F :  . . . . . . . . . . . . . . . . . .  I . G B B B E + B B  

0 

0 

e 

0 

a 



e 

e 

e 

6 . 9 4 5  

0 . 1 2 8  

1 1 . 4 1 5  

1 1 . 7 9 0  
1 2 .  1 2 5  

S T O P  

R U N #  2 4  S E P  1 9 .  1 9 9 1  1 5 : 2 2 1 2 5  

E j T U - * R E U  
0 K T  T ' i P E  R H E A  W I U T H  H E I G H T  C G L Y  C U N C .  NFImE 

0 . ? 4 5  B E  i540552 . 2 @ 1  2 1 5 2 4 9  5 H  1 4 . 0 2 6  P E N T A N E  

Ll.WlS ' , V E L  3 ~ :  j 3 5 7  , 2 2 3  219777 C H  13.8138 H E X A N E  ..--. 

8 

1 R U N  N 2 ¶  S E P  1 9 ,  1 9 9 1  1 3 : 4 1 : 0 6  

S T A R T  

D 

I .  3 5 8  

3 . 6 2 5  

3 . 5 8 7  

I B 

. . -  

I- . I C  A 2 3  



0 

0 

0 

0 

* E U I T  C G L l B  B 

I = C l l L I B  P R O C E D U R E  



S E C T I U N  T O  B E  E D I T E D :  I 

a 
E = E A T E R N 6 i L  S T k t l O b R D  

I = I N T E E H k L  S T l i N O F I P D  
N = N u R m * L I Z A T I O W  

c ~ L l 6  P R O L E D U P E  C E * I I J N I I  N 

0 

0 

0 

0 

S E C T I O N  TO B E  E O I T E D :  

* R U N  I 2 6  S E P  19. 1991 14:11:56 
S T l i E T  

I .  a 4 3  I S T O P  

R U N *  ' 0  S E P  1 9 .  1 ? 9 1  14:ll:56 

t i 0  C A L I B  P E H ~ . ' ~  F O U t I D  

E E H :: 
E T 9 k E H  T ' i P E  W I O T H  A R E & %  

, 2 6 7  4 2 2 ? 2 2  6'4 , 1 6 4  3 1 . 2 2 1 8 6  

..I,?? 435,?'30 V V  . 1 6 1  32. 1 7 2 2 ?  

I .  139'3 5'39852 V V  .Z94 36.60587 

0 

D 



F l i  N L 2 7  

r i  OFcn- H R E ~ ~  

R T  T Y P E  

. ? 2 3  P V  

3 . 4 4 4  V B  

9 . 7 5 3  6 6  

I 5 . 6 a 5 Y 'V 

I ? . 3 4 B '.! '4 

24.935 ',!F 

0 

a 

. . . -  

a 



P L O T  

S T O P  
, 

0 

0 

a 

D 

D 

D 

5 . 7 5 7  
6 . 0 5 '  

0 . 7 i i  

. -.. 

I I .  7-52 

2 1 . 9 0 1  



R u t i n  z e  S E P  1 9 ,  1 3 4 1  1 5 : 6 5 : 2 2  

N U  P r( - a R E ii 
F T  T Y P E  A R E A  WIDTH H E I G H T  C Y L H  C O H C .  H A m E  

, 7 1 a 'I :i 1 4 1 2 1 3 6  , 1 6 0  2 3 5 1 2 1  1F 5 2 ,  537 M E T H A N E  

3 . 4 3 5  ' I B  5 2 8 4 9 5  A B 8  2 1 5 3 5  .IF * . h i 5  B U T Q N E  

. 3 . - ? a  R P  ' 3 9 5 0 1  , 2 8 7  5 - 3 2  ;R , 5 8 6  B E N Z E t I E  

1 I . .: 4 2 '.J ' I  2 2 8 8 5 1  , 4 9 1  7 7 6 ' "  i F  1 .  3 6 4  HE:!t i t lE 

1 .7 , 6, j 3 ',/ !/ i150'363 1.848 ' ? 7 % 3 9  9 P  1 6 .  '?e I E T  H - B E I t Z  E N E  

1 1 . ? 8 !  ' / ' /  1 5 4 0 1 9 ? 6  2 .  1 3 5  1 5 5 3 6  1 d R  ?j:?56 X ' f L E H E  

. -  .. .I il.031 
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 TIMETABLE^ S T O P  

FUNW 2 9  S E P  1 9 .  l ' 3 ' ? 1  l 9 1 ? 6 : 8 I  

D 
li bkk1-A R E C  

C.T T ' i P E  * R E A  W I D T H  H E I G H T  L A L .  C O H C .  NAmE 

3 . 4 3 7  V B  3 9 6 6 3 9 i  , 8 8 8  S l i B l  J R  6 ' 3 . 5 4 5  B U T Q N E .  

'9.747 BE: $ 1 8 2  , 8 2 4  4381 7p. . 8 0 Z  B E N Z E N E  

1 . 'j c _I .. 9 '.I '4 5 1 1 3 6 3 2  2 . 5 2 9  3 3 7 3 2  S R  2 7 . 9 4 9  E T H - B E N Z E N E  
21.838 v v  Z C l 2 i 7 2  I .  381 1 0 1 5 ~  IBF! 4 . 4 4 4  X Y L E N E  B 

T O T A L  * R E f i = 3 . 6 6 8 6 € + 0 7  

m u L  F ~ ~ C T O R = I . B B B B E * ~ B  

Bl 



4.594 

a 

_ .  .-, .. - 



- 

0 

0 

0 

0 

0 

0 

D 

D 

A R E * %  

E T  

, 8 5 0  

, 5 3 2  

, 6 3 8  
,638 

4 . 8 8 9  

4 . 9 5 4  

'3.7938 
'? . :3 3 3 

I U . 7 6 4  

1 . 3 4 2  
1: .411 

i 4 . : ? 3 a  

1 5 . 5 5 8  

3 1 0 1 6 8 5  B P  

P B  
1 4 4 1  0 8  

6 7 8  B V  
3 I6 I Y P  

TOTAL O R E Q = 6 . b 2 8 b E + 8 7  

WUL F a C T O R = I . B 0 b B E + a 8  
Dl 

W l U T H  * R E * %  

. ba-2 .a3939 

. 2 5 3  1 .  1 2 1 8 6  

.E48 . 1 1 2 9 6  

. b 5 2  , 2 5 6 6 4  

3 . 4 4 .  24.47Cl8 
1 . 4 6 5  4 . 7 7 5 4 8  

. 3 6 4  5 . 1 4 5 4 4  

. 2 1 3  7 . 4 7 9 4 7  

.e12 ,00239 

. a b 1  .80111 
, 1 5 4  , 6 6 5 2 4  
, 2 4 6  5.5883 I 
, 4 1 1  ,72304 
, 6 5 3  1 . 1 5 5 5 1  

,359 1 2 . 2 1 5 4 8  

,101 ,80132 
. 6 9 4  2 7 . 9 3 2 3 5  
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ANALYTICAL DATA 

F.l PMJMetals 
F.2 PM,,/CPM 
F.3 Aldehydes 
F.4 PAH 
F.5 Sample Log 
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PM,,/CPM 
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Psge: 12 

0 

I n s l y r i c a l  Dara Summry 

Radian York Order: P I -W-010  

Merhod:Aldeh*s, M o d  Toll. HPLC ( 1 )  
L i s r : C e d i m  Merhod 10-11 

Sample I D :  /-,Factor: Rcsulrs in: , , 

natr i x :  

Aceraldehyde 
Acetone 
Acetophenonelo-Tolualdehyde 
Acro le in  
Benzaldehyde 
Buryraldehyde/lsoburyraIdehyde 
Croronaldehyde 
2.5-Dimrhy lbmzaldehvds 
Formaldehyde 
Hexansl 
lsopkorone 
lsovaleraldehyde 
PlIBK/p-lOlusldehyde 
Mechvl Erhv l  Kccore 
Propionaldehyde 
Qui none 
rn.Tolualdehyde 
Valeraldehrde 

116.W18.ALD-F- 
B (12. 13) 
5.4 
local  ug 
M A  

Srack 
~~~ 

lesulr Der. L i m i t  

ND 

b4bo 1 

ND 
ND 

ND 
ND 

ND 

ND 

10.7 * 
ND 

NO 

ND 
ND 

ND 

ND 

ND 

ND 

ND 

116-W19-ALD-1 
(28, 29) 
10 
lata1 ug 
104 
sract 

tesulr Der. L i m i t  
822 
23700 I 
ND 

ND 

. . . . . . . . 
ND 

2950 
40.7 * 
ND ND 

ND 

ND 

NO 

48.8 * 
ND 

ND 

116-W2D-ALD-2 
(U, 67) 
10 
Tota l  ug 
11A 
stac t  

Ruulc Der. L i m i r  
1 ob0 
11200 
UD 

NO 

198 
ND 
29.5 * 
ND 

4470 
62.5 
ND 

ND 

ND 
ND 

YD 
27.0 * 
ND 

ND 

W-0920-ALD-3 

10 
rota1 ug 
121 
Stack 

(65. 66) 0 

0 
lesulr Der. L im i r  
1170 
2570 
ND 

26.7 * . .  . 

0 21 1 
75.L - 
65.0 - 
ND 
2770 -- 
ND 

ND 
NO 
ND 

93.5 
PL.6 
lob0 

0 

.:.. ... n :..::.., :. 

. .. NO 

56.9 - 1 m :  '' 

NO NO1 deCeCCed a1 s p c i f i e d  d e t e c t i o n  l i m i t  * Est. result less than 5 ti- d c r e c r i m  l i m i t  

( 1 )  For a d e r s i l e d  d e s c r i p t i o n  o f  flag, a d  t echn ica l  r e m  In t h i s  repo r r  r e f e r  to A F p l d i x  A in c h i s  r w r c .  

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

I*I) Radian Uort Order: P1-09-010 

Ana ly t i ca l  Data Sunwry Page: 1s 

Methcd:Al&hy&dcl, Mod 1011, HPLC (11 

S q l e  ID:  NEIWQ) ULAYU 

Factor: .SI# 
Results in: rota1 ug 

1 7A 

L i s t : C n p e r d i m  Method 10.11 

Matria: DYPH 

Acetaldehyde 
Acetone 
Acetopheronlo-lolualdehyde 
Acro le in  
Benzaldehyde 

Crotonaldehyde 
2.5-Dimcrhyltenreldehhyde 
F o m  I dehyde 
Hexanal 
I s b o r o n e  
Isovaleraldehyde 
MIEK/p-lolualdehyde 
Methyl Ethy l  Ketone 
Propionaldehyde 
Quinone 
mrolualdehyde 

* Est. r e s u l t  less  then 5 r ims d e t e c t i m  l i m i t  
P Cutside c m t r o l  L im i t s  
us Not spi ted 

1 
x 
1.34 - 
DYPH 

lesuit Dot. L i m i t  
w 
a3 
70 P 

23 a 
119 
WA . ~ . .  
2s a 
85 
87 
117 
P1 
us 
106 
WA 

107 
6 1 0  
P3 . .  ... :: :. ,.. . . . . .. .. . .  . . .  . . .  82 . . . . .  

C a l i b r a t i m  
Check PC 

t 
z 
191 
I C Y  

teault Dot. L i m i t  
116 a 
YS 

Y S  

WS 
LIS 

1W 
NS 
YS 

112 
WS 

YS 
YS 

Y S  

us 
165 P 

WS 

Y S  

YS 

YD Not d e t ~ t e d  a t  specified d e t e c t i m  l i m i t  
WA Not mlwed 

( 1 1  For a d e t a i l e d  descriptim o f  flags end technica l  r e m  in this repor t  r e f e r  t o  Apprdlx 4 i n  t h i s  repor t .  

0 

0 

0 



S m l e  Hiscory 

Radian Work Order: P1-09.010 

09/30/91 
10/04/91 
LKK 
LLUA75 
LLYATS 
V5000 
received 

Page:20 

09/30/91 
10/OL/91~ - 
LKK 
L L Y A 7 6  
LLYA75 
vsooo 
received 

Dace Snpled 

Dace Received 

- Macr lx  

L L U A E  
v5000 
received 

SYB270~Semi-Volariles 

Prepared 

Analyzed 

Analysr 

F i l e  I D  

Blank I D  

I n s t r m n c  

R e m r r  as 

Prepared 

Analyzed 

Ana 1 ys c 
F i l e  ID 
BLank I D  
Inscrurenc 

Reparc as 

Aldehydes, M o d  T D l l ,  HPLC 

LLYAZS 
v5000 
rcceived 

S m l c  ldmci f icar ims and Oates 

116-09ZO.ALD.2 M 6 - W 2 0 - A L D - 3  METHQ) BLAYK M E l l h 3  S P I K E  M E T H O  B U Y K  METHQ) S P I K E  
( 4 6 . 4 7 )  (63. 

G9/20/91 
09/23/91 
Srnck 

11 

W/Z0/9l 
W/2s/91 
Scack 
12 

09130191 
10/18/91 
LKK 

~~ 

09130l91 
10/18/91 
LKK 

09/23/91 
U D - Z / F  i 
15 

09/30/?1 
11/0L/91 
RK 
b506532.11 
~ 5 ~ 6 5 3 2 . r 1  
tC /MS B 
received 

w/23/91 W/23/91 09/23/91 
* - 2 n  I DYPH DYPH 

16 

10111191 
11/05/91 
RK 
450653L . l I  
L506533.11 
tC /MS B 
received 

18 17 

~ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 

8 



s a p l e  Hiscary Pnne:21 

SawLe I D  

Dace s a p l e d  
Dnre seceired 
Matrix 

P m l e  I d m c l f l c a r l ~  ard D a t n  

Cal ibraclm 
Check OC 

Wf23/91 
ACW 

19 

I I I I I I 

Idehydes, Mod 1011. HPLC 

Prepared 

A M I Y S ~  

F i l e  I D  
Blank I D  
Ins t r m c  
Reporc as 

A M l Y Z e d  l D l l 8 l P l  
LKK 
WEN121 

vsooo 
received 

0 

0 

0 

0 



a 

a 

a 

a 

. . -  

a 

a 

a 

0 

0 



. 

Report Comrrnts 

General C m t s  

ALdehyde Data: I . Cutside of c a l i b r i t i o n  curve. 

a n d  Narrative Page: A - 2  

0 . Spike recovery PC l imirs range frm Bo ro 120 percenr. 
Calibration check QC l i n i r s  range f r m  85 to 115 p r c e n r .  

NA - The tutyraldehvdes and MEK coeluted. 



NOres and Def in i r ions  

Radian uort  Order: PI-OP-010 

E This f l a g  indicates thar rhe aMlyte was derecred i n  the reagent blank 
but the SanQle resu l ts  a r e  nor correcred f o r  rho m u n r  in the blank. 

1 Indicares an estimated value far  G t / M S  data. This f lag  i s  used e i t h e r  
when e s r i m r i n g  a comentrar ion for  renrariveLy i d e n t i f i e d  ctnpovlds 
where a response factor  of 1 is ass&. o r  hen rhe ress spectral 
data ind icate rhe presence of  a c m w u d  chat m e r s  the idenc i f i car ion  
c r i t e r i a  b r  rhe resu l r  i s  less rhan rhe srurple quanc i ra r iM l i m i r .  

HA This analyre mas nor analyzed. 

ND This f l a g  (or I is used ro d w r e  amlyres uhich are nor derecred 
a t  or above the speci f ied dececrion l i m i t .  The value to rhe r i g h t  of 
The < s-1 i s  rhe mrhod speci f ied derecrion Limit f o r  rhe s8nple. 

US Thls analyte or surrogare was not added ( spiked1 to the slnple for  
t h i s  analvsis. 

P This qval. iry con r ro l  standard i s  ourside mrhcd o r  laboratory spec- 
i f i e d  conrra l  l i rn i rs .  This f lag is applied 10 marrix spike, a ~ l y -  

t i c a l  QC spike, and surrogare recoveries; and 10 RPO(re1arive p r c e n r  
di f ference)  values f o r  d w l i c e r e  analyses and marrix s p i t e l r a c r i r  
spike dupl icate r e s u l t .  

* The asrerisk(’) i s  used t o  f l a g  resu l rs  r h i c h  are l e s s  rhan f i v e  t i m s  
rhe method speci f ied defect ion l i m i r .  Studies have shorn chat rhe 
uncerrainry of rhe analysis “ill increase erponenrial ly as rhe mrhod 
derecrion l i m i r  i s  approached. These resul rs  should be considered 
approxirere. 

~~ ~ 

0 

Page: A . 3  

0 

0 

0 

0 

. . -  

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

Nares . a d  Def in i t ions  Dl Radian Uork Order: P I - 0 9 - 0 1 0  

TERMS USED 111 T H I S  REPORT: 
Pnalyre - A chemical f o r  r h i c h  a s-le i s  10 be analyzed. 
EPA mrhcd a r d  PC s p c i f i c a r i - .  

COlrp0w-d . See Analyre. 

Derecrion L i m i r  - The m r h d  speci f ied d e r e c r i m  L i m i r .  h i c k  i s  rha Laar L i m i t  of 
quanrirarion speci f ied by €PA for  a mrhcd. 
laborarorier-' m r h d  derecrion Limirs 10 v e r i f y  char rhey mcr or are 1oI.r rhan rhoea 
speci f ied by EPA. Derecc im l i m i r s  d i c h  w e  higher rhan mrhd  l i m i t s  are baaed 
on e x p r i m n r a l  values a1 the PPI c m f l k e  level. The d e t e c r i m  l i m i t s  f o r  €PA CLP 
tConrracr L a b r a C o r y  P r o a r m )  mrhodl) are CROLs tconrracr required q u s n r i r a t i m  
Limirs) for  organics and CRDLs (cmrracr  required d e r e c r i m  l i m i r s )  f o r  imrganics. 
Nore. rhe derecrion l i m i r  may vary f r a  char r w i f i e d  by EPA based on sarple 
s i re .  d i l u t i o n  o r  cleanup. (Refer 10 Facror. below) 

EPA Method . The €PA speci f ied m r h c d  used 10 perfonn an analysis. 
srardard mchods for  analysis of m v i r a n m r a l  ssnplas. 
analyses a d  acconpanying P E  cesrs in c m f o m n c e  u i r h  €PA mrhcds mless  orheruisa specif ied. 

Facror ' Defaulr m r h d  d e r e c r i m  l i m i r s  are b s e d  m analysis of clean ra rer  s a p l e s .  
A factor i s  required 10 calcu lare sarple s w i f i c  d e r e c r i m  l l m i r s  b a e d  m al rernara 
m i r i c c s  ( s o i l  or  r a r e r ) .  reprriw m i r s ,  -e of clearup procadrres, or d i l u r i m  of exr racrs l  
digesrares. For exanple. e a r r a c r i m  or d igemion of 10 g r m  ot s o i l  i n  cmrrasr  
10 1 l i r e r  of ra rer  w i l l  resul r  in  a facror  of 100. 

M a r r i i  . lhe  sarrple marerial.  Generally, i t  u i l l  be s o i l ,  yarer, a i r ,  o i l ,  or s o l i d  
wasre. 

Radian Uork Order . The m i q u e  Radian i d e n r i f i c a r i o n  code assigned I o  the sarples reported i n  

The analysis u i l l  mcr 

. Radian ara f f  regularly aaaena Chair 

€PA has spec i f ied  
Radian r i l l  perform i r s  

the analyr ica l  sumnary. 

Unirs - wlL microgreaa per l i r e r  tpsrta par b i l l l m ) : l i q r i d s / u r e r  

microgr- par a b l e  mcer; a i r  amplss 

mi l l lg reaa per tlloqrm t p r r s  p r  m i l l l m ) : s o i I a / s o l l d s  
p r c m i :  mually ad t o r  p r c m r  recovery of oc arBrdilrds 

wltp microqrmQ9 par k l l m r m  (parrs per blt l lmn);  eoI1sIeoLlds 
wIM3 
mp/L m i l l i g r a m  per l l r e r  tpsrra par m l l l l m ) : I l q r i d s l u a t e r  
w l k g  
x 
uSlcm c-rame mic: m i c r o S l a a m l c m r i m r e r  
a l h r  m i l l i l l r e r s  per h w r :  ra re  at serrLenmr of mercer in  rarer  
N l U  

cu co lo r  mil: -1 10 1 mplL of chloroplacinnre sal1 
t u r b i d i t y  mir: n @ # e l a m r r i c  r u r b l d l r y  mi1 

P a g e :  1 - 4  
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PAH 

e 

e 

0 

0 
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Analyrical Data S m r y  Page: 2 

11 Radian Uork Order: P1-09-01011 
0 

~erhod:SY8270-Srmi-VoIariles (11 
Lisr:PAHs by SyBld 8270 

Samle I D :  M6.0318-PAM-F- M6-0919.PAH-1 116.0919-PAM-2 w-0920-PAM-3 

Facror: 5 5 5 5 

Results in: lot111 Lq Tota l  Ug loca l  Lq rorai ug 

Marr i I : XM- 2/F f Stack Stack Stack 

E (6-111 17,18.20-23 (35, 37-L11 (La, 50-5L1 0 

02A 014 - 064 081 

Acenaphrhcne 
.Acenaphrhylene. 
~nrhracene 
0enrota)anrhracene 
Benzo(a1pyrene 

~Benro(b)fluoranrhene 
. Eenro(g.h, i)prylene ' 

Benzo(k)tluoranrhene 
Chrysene 
D ibenr(a, h lanthracme 
Oibenzofuran 
7.12-0imerhylbenz~alanrhr~ce~e 
Fluoranrhene. 
Fluorene. 
Indeno(l,2.3-cd)pyrene,. 
2-Herhylnaphrhalene 
Naphrhalene ' 
Phenanrhrene 

I Pyrene 

I 

lesulr Det? c h i c  
YD 

WD 
UD 

YD 

YD 

ND 

NO 

YO 

YD 

YD 

YD 

WD 
YD 

YD 

UD 

2.36 J 
E1 E 
0.275 J' 

YD 

tesu l t  Det.  L i m i t  

lL.P J 

L l . 8  J 

10.2 J 

YO 

YD 

LID 

YD 

YD 

YD 

NO 

YD 
YO 

YO 

YD 
YO 

LO8 
L16 E 
P.0L J 
1 .26J  Sa: 

I (See next page t o r  t e n t a t i v e l y  i d e n t i f i e d  c m p u - d  S.) 

I 

0.625 JE. 50::: 

0 
lesulr Der. L i m i r  

L17 sa.  
0 1670 E M.. 

8.69 J M" 
0.805 J* 50'. 

0 

0 

NO Yo1 detected a t  spec i f ied  derecr ion l i m i t  
E Derecred i n  blank,result not  corrected /I J Detected n t  less than detect ion l i m i t  

* E s t .  resu l t  less rhan 5 r i m s  derecrion l i m i t  0 

(11 Far a de ta i led  descr ip t ion  of f lags  and t h n i c n l  t e r n  in t h i s  repor t  r e f e r  to Appndix  A i n  t h i s  reporr. 

(21 L-nethylFhecd co-e lutes wi th  3 ~ m t h y l p h e m l .  
Value reported i s  the c d i n d  t o t a l  ot the 2 
Conporndt. 

rhe 

0 



0 

0 

0 

0 

e 

0 

0 

Amlyrical  Darn S m r y  Page: 3 

Radian York Order: P I -W-010  

Merhod:Su827O-srmi-Vol~riles (1 )  

S q l e  I D :  

facror: 

Resulrs in: 

L is r :P&ns  by S W  8270 

Mar r i x: 

Surroqare Recovcrr(X) 

2-Fluorobiphenyl 

Conrrol L i m i r s :  30 10 115 
Nirrobenlcne-d5 

Conrrol Limirs: 23 ro 120 
Terphmyl-dlL 
Conrrol L i m i r s :  18 10 137 

M-W18-PAM-F. 
0 (6-11) 
5 
l o c a l  Gn 

O i S  
XAD-21Fi  

Result Der. Limit 

141 a 

P6.L 

112 

W-WlV-PAW-1 
17,18,20-23 
5 
Total ug 
0 1 A  

Stack 

Result Der. L i m i t  

1L6 0 

113 

111 

(See near poge for  r e n r a r i v e l v  ?dmrif lea c m ~ ~ u ' d s . 1  

125 a 

P3.V 

112 

W-OPZO-PAH-3 
(48, 50-54) 
5 
T o t a l  ug 
a94 
Stack 

2esulr Der. L i m i r  

153 0 

113 

121 

. . -  

0 Durside c m r r o l  l imi ts  

( 1 )  For a derai led description of f lags  and technical r e m  In this report refer  10 A m i 1  A in this report.  
(2)  L.Merhylphwl co-elutes with J-mthyl@tmol.  The 

value reparred i s  rhe cmbined coral oi  rhe 2 
c m p o u d s  . 
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Page: L 

0 

Analyt ical Data Surrmry 

Rad ian  York Order: PI-W.010 

llethcd:SU8270-Snnl .Volar i  l e s  ( 1 )  
L is I :PAk by S W  8270 

S q l e  ID:  METHOD BLANK METHDD SPIKE 

0 
Factor:  5 5 
Results in: Total w x 

Matr i r :  I IM .2 / r i  I IM- t / r  I 
151 164 - 

Acenaphrhene 
Acenaphrhylene 
Anthracene 
Benrotalanthracene 
Benro(a)pyrene 
Benro(b)fluoranthene 
Benzo(g. h , i lperylene 
Benzo(k)fluoranrhene 
C h r y s m  
Dlbenzta,hlanrhracene 
Dibenrofuran 
7 . 1 2 - D i m r h y l k n z ( a l a n r h ~ a ~ ~ ~  
F luoranrhene 
Fluor- 

Indeno(l.2.3-cdlpyrene 
2-Merhylnaphrhalene 
Naphthalene 
Phenanthrene 

?esulr Der. L i n i r  
ND 

ND 

ND 

ND 

ND 

NO 

ND 

ND 

ND 

NO 

ND 
ND 

YD 
0.375 1. 
ND 

0.68 1. 

260 
ND 

0.805 1- 50 .. 

Result Der. t , i ,mi t  
109 
NS 

NS 

NS 

NS 
NS 

NS 

us 
us 
NS 

NS 

NS 

YS 

YS 

YS 
NS 

NS 
NS 

135 ,.. . .. . . 

0 

9 

. . . -  

0 

. .  
0 

I Pyrene 

I 
ND Nor derecred ar s p c i t i e d  d e r e c r i m  l i m i t  

E s l .  result less rhan 5 t i r e s  d e t u c i o n  l inir 11 I Derecred a t  Less rhan derecrion l i m i t  

YS Nor spiked 

0 
( 1 )  F o r  a d e t a i l e d  descr ip t ion  of f laps a d  rccknical t e r m  in ch is  r c p r r  re fe r  t o  A p p c r d l x  A i n  chis reprr. 
(2) L-Methylphenol co-e lures uirh 3.mrhylpheml. 

value reparred i s  rho c d i n c d  coral o f  the 2 
conpounds . 

The 

0 

0 

0 



n Radian York Order: P1-09-010 

Amlycical Dare S m r y  Page: 5 

~ e r h o d : 5 U 8 2 7 0 - S n i - V o l a c I l e r  ( 1 )  

S q l e  ID: METKID BLANK 

LiS1:PAHs by S u e 4 6  82m 

Faccor: 

Results in: 

narrix: 

5 
loca l  w 
1% , 

xm-21Fl  

Surroqare Recovery(%) 
2-Fluombiphenyl 

Control L i m i c s :  30 t o  115 
N i  rrobenzene.d5 

Concrol Limits: 23 IO 120 

Terphenyl -d l&  

lesulc Der. L i m i c  

130 0 

87.4 

111 

143 0 

105 

127 
Control L i m i c s :  18 IO 137 

. . I  

0 Outride concrol l i m i t 8  

(1)  For a detai led descripcion of f l a g s  and technical terms in th is  repor1 refer IO Appendix A i n  chis report. 
( 2 )  6-MethyIphenol co-elures nich I-mschylpkeml.  

value reporred i s  the cmhined cocaI of che 2 
colpounds. 

l h e  



Analyrical Oara S m  Page: 6 

Radian York Order: P1-W-010 

lenrat ivcly ldenrified C - v d s  
Herhod: SY827O-Semi-Volari Lea ( 1 )  

Liar:  PAHs by S Y U 6  8270 
sarrpic ID A M l Y C e  Result Unira Scan 

M6-0918-PAH-FB (6-11)  

- .  
I~Mefhylnapkthalene 1.VL 0.J Toral ug 

Dierhylpkthalare  7.27 0.J lotal ug 

e - _ .  
".I. I Iura, 

Oi----turylm- .a lare 9.46 E'J l o r a l  ug 

D i p h m y l m i m  0.R * J  l o c a l  ug 

0 ia- (2 -erhylheayl ) -pkthalare  

116-0919-PAH-1 17.18.20-21 

Phenol 

Aceropk- 

3-Methylpkenol 

I rdem 

1-Merhylnaphrhalene 

0utylbenzylpkrhalarc 

0ia-(2-erhylhexyl )-pkrhalare 

Di-n-ocrylpkrhalare 

2.6-Oimrhyl  hepradecane 

2 . 6 - D i m r h y l m a n  

Ierrsnrrhylbenime 

l -Echyl-2,3-dimrkylbenime 

l l . L  0.J local up 

34.6 * J  Tor01 ug 

PS.5 local  up 

5.70 -1 lorat iig 

421 Tola1 uq 

2L9 E role1 ug 

0.67 *J T o t a l  ug 

L 7 . L  E.1 Tola1 ug 

0.66 -1 Torel ug 

Ira Total ug 

Ira T O 1 0 L  ug 

Ma Toral  up 

Ma 1OraL "9 

0 

a 

0 

0 

0 



Amlyrical  Data  Sumary 

Radian Uork Order: PI-09-010 

0 

lenracively ldencif ied torrpovds 
Mechcd: SU8270-Smi.Volaciles (1 )  

Sawle I D  Analyce 
L i s t :  PAUS by SUB46 8270 

0 Result Unirs Scan 

0 

0 

0 

e 

0 ’  

2.3-Dih’ldro-6-mchyl-ln.lndem 

( 1 , l  .Dimchylpropll  ) - h i e m  

6-Merhyldodecane 

2.4-Dimrhyl  ~ 1 .  

( l ~ m c h y l p r n w l ) - b m z e n e  

7-Wechyltridecmne 

4.7-Oimchylvdecana 

I-Mechyltridecane 

l , 1 1 - 8 i @ e m l  

2.11eChylvdecan 

2.Echylna@chalme 

O~mchylnaphchalms 

116-0919-PAH-2 (35 ,  37-41] 

Acecopkenam 

l -Mechyl@hwl 

I rdme 

Oiechyl@chalace 

B i ~ - ( 2 - ~ c h y l h e i ~ l ) - @ c h a l a c e  

1 -Merhylna@chalme 

Ira Tota l  ug 

YO Total ug 

YO local ug 

YO l o c a l  ug 

l o c a l  ug 

YO l o c a l  ug 

YO l o c a l  ug 

YO l o c a l  ug 

YO local y 

YO local ug 

YO l o c a l  ug 

YO local  y 

83.4 l o c a l  ug 

3.66 * J  Total  y 

187 roral  ug 

12.2 8.J local  ug 

IVO 8 Total ug 

213 E local ug 

Page: ? 



Analyrical Data Summry 

lenrar ive ly  ldenr i f ied  C w s  

Merhod: Su8270-Semi-Yolariles ( 1 1  

Sanple 10 Analyte 
L i s t :  PAHs by SUBL6 8270 

Resul r 

1 .3.5-Tr imrhylbenrem YO 

l~Hepry l -2 - r r rhy lcvc lopropam YO 

ErhylmrhylbWlreMs YO 

Uknoun oaygmared h d r o c a r b n s  YO 

Untom branch hvdrocarbans YO 

2.3.Dimrhvlocrare YO 

( l ~ M a r h y l e r h ~ l l - b m r e n c  YO 

D i m r h y l b c n r m i  

1 .  Meoryl-2-mChyLcyclopropem 

2.S.0-Tr imrkylheiare 

Unknobn alcoxy alcohol 

1 -0crene 

L-Merhyl-3-pnrm-2-0ne 

OCCaM 

2-Propeylcycloheiane 

YO 

YO 

YO 

YO 

YO 

YO 

YO 

uo 

~ l - M e r h v l p r ~ l l - c y c l o o c r a n e  YO 

l o l u e n  YO 

M6-0920-PAM-3 (48, 5 0 - 5 L )  

0 

Page: 8 

e 

0 

Phenol 24.0 * J  l o c a l  ug 



0 

A n a l y t i c a l  D a t a  S m r y  - 
Radian Work Order: P1.W-010 1.1 
lcntatively Ident i f ied  Conpovdr 
Method: SU8270-Sni-Volaciles ( 1 )  

L i s t :  PAHs by W846 8270 
S q l e  I D  AMlYte  

rceca@mon 

3 - ~ e t h y l ~ h e m l  

Indm 

cyc 1 ohexan 

l ~ l l e t h y l n a ~ t h a l e m  

Diethylmthalate 

E i s ~ ( 2 ~ e t h y l h e r y l ) - ~ t h a l a t e  

D i - n - o c t y l ~ t h a l a t e  

cycl ohexen 

Unknobn branched hvdrocartons 

T O l U e n F  

4 -Methy l -3 -pntm-2 -OM 

xylene i s c m r s  

l -E thy l -2 -~e thy lbmrene  

DecaW 

1.3-Diethy1benzn-m 

1.4-Diethylbmzene 

Result Units Scan 

114 Tats1 ug 

2.76 * J  l o c a l  ug - 

426 Total ug 

w6 l o c a l  ug 

262 T o t a l  "0 

17.9 * J  T o t a l  Ug 

36.9 * J  l o t a l  ug 

1.17 * J  Tota l  uq 

YO l o c a l  * 
YO T o t a l  Lq 

YO T o t a l  Lq 

Ira Tota l  ug 

YO Tota l  ug 

NO rota1 w 

YO l o c a l  ug 

YO Total w 

YO lot01 ug 



Analytical Data S m r y  

a 

Page: 10 

p l -op~olo~l  
Radian York Order: 

Tentatively I d e n t i f i e d  C w s  
Method: Su827D-smi-Volat i les  ( 1 )  

L i s t :  P A H s  by SY846.8270 
Salrple I D  AiMlyte  Result U n i t s  Scan 

2 .3 -D ih~r0 -4 -uechy l - lH - indene  Yo Total Ua 

METHCO BLANK 

1 - M e t h y l n a p h t h a l m  

Diethylphthalate  

Di -n-hr ty lphchalate  

Bi~. (2.ethylhsryl ) -phthalate 

Cyclohexene 

&-Methyl . 3 . p n c e n - 2 . m  

2 . 2 ' - O r y b i s - e t h a m l  diacetate 

D i e t h y l b e n z m  isoners 

Benzoic acid. nethyl ester 

Unsaturated branched benzyl 

Corpand 

Oxygenated hydrocarbons 

METHOD SPIKE 

P h w l  

2-Chlorophenol 

l , & - D i c h l o r c & n z m c  

YO Total ug 

YO Total  ug 

0.365 * J  Tota l  ug 

22.3 

11.7 

19.5 

YO 

YO 

YO 

YO 

YO 

YO 

YO 

84.0 

94.2 

p5.6 

*J Total ug 

* J  Tota l  ug 

*J  Total ug 

rota1 ug 

Total ug 

local  ug 

Total ug 

Total u$ 

T O t l l l  ug 

Torat ug 

Total ug 

a 

a 

a 

a 

a 

s 



Amlyr ica l  Dara SumYlry - 
Radian Uork Order: P1-oP.010 u 
lenrarively Idenri f ied C n p a n d r  
Merhcd: SY8270-Semi-Volariles ( 1 )  

L i s I :  PnHs by S Y U 6  8270 

Semple I D  A M l y I e  

1 , 2 , 4 ~ ~ r i c h l n r o b m z ~  

&-Chloro-S-mthy lpeml  

4-Ni IroFheml 

2 , l - D i n i r r o r o l u r r  

Penrachlor+eml 

D i - n - t u r y l p r h a l a r e  

Resul c 

101 

109 

W.P 

53 

94.6 

26.6 

2.15 

Unirr Scan 

I 

x 

x 

x 

x 

I 

x 

Pape: 11 



A M L Y t i C a l  Data S m r y  

I 

0 
Result Der. L i m i t  Result Dec. Limit Rnul l  Oec. Limit Result Dec. L i m i t  

I 

0 

Page: 14 

Radian Work Order: P1-OQ-010 I 
Mcthod:Tuenty TICS to be reported (11 

L i s t :  
Senple I D :  *6-W18-PAM-F- 

Factor: 5 
8 (6-11) 

Results in: Total ug 
- 02A . ,  

Matrix: X A D - 2 l F i  

W-WlP-PAII.1 
17.18.20-23 
5 
l o c a l  ug 
MA - 
Stecct 

116- WlP.PIH-2 
(35, 3 7 - L l I  
5 
l o c a l  ug 
MA 
Stack 

W-0920-PAH-3 
( & E ,  5 0 - 5 4 )  
5 
Total ug 
oe.4 
Stack 

/I ( 1 1  For a detai led description of f lags a d  technical t e r n  in t h i s  report refer  t o  Appndir A i n  t h i s  report 

I' 
0 

. . -  

0 

@ 

0 



Radian York Order: P1-Dp-010 

0 

Tentatively Ident i f ied  C m s  
Method: Tuenty T I C S  t o  be reported ( 1 )  

s q i e  ID A M I Y I C  

L i s t :  

0 
M6.0PlB.PAH-FB (6-11)  

Toluene 

Analytical Data S m m q  

1 

page: 15 

R C S U I ~  Units Scan 

ua Total ug 

L-Methyl-3-penten-2-me YO Total ug 

Cyc loharem YO Total  ug 

l . l ' ~ B i c y c l o p r o p / l  YO rota1 ug 

2.3-Oimthylheptane YO Total  ug 

2-Uethyloctane YO rotai ug 

1.4-Diethylbmzene YO Total ug 

1.3.Diethylbmzem YO Total ug 

1 +ethyl.  2. (2,pr-l ) . h z m  YO Total ug 

1 ~ E t h e n y l ~ ~ ~ e t h y l b z e n e  YO T o t a l  ug 

( E ) - ( l . m t h y l ~ l - p r ~ y l ) -  YO Total ug 

b e n Z H l e  local ug 

( l . l -D inr thylpropl l ) .benzrr  YO local rrg 

Decahydro.2.3~diaathyl- NO T O t l l  rrg 

r a ~ t h a l m  Total rrg 

1 ,3 ,5 -Tr ie thy lbenzm YO Total ug 

Untmm oayqmnted branched YO rota1 ug 

hydrocartms rotal ug 

Unk- rrueturated branched YO Total ug 



Analytical Data s-ry 

0 

Page: 16 11 EM0 

Radian York Order: Pl-09-010 

Tentatively Ident i f ied  Cmpounds 
Method: Twenty T I C S  ro be reparred ( 1 )  

L i s t :  ' 

Sanple ID AMlyte  Result Units Scan 

hydrocarbon T O t O l  ug 

M6-0919-PAM-1 17.18.20-23 

Cyclohexme 

T O l U m  

YO Total ug 

YO local ug 

2-Methyl-I-Ueptene YO rota1 ug 

1-Octene YO local ug 

L - W e r h r l ~ 3 - p n t e n ~ Z ~ o n e  YO Total ug 

Octane YO rota1 ug 

Z-Mechy l~ tana  YO Total  ug 

lrimchylnapkthalenes NO Iota1 ug 

Dirnthylbmzenes YO Total  ug 

l-Hepcyl-2-mthylcyc~opropane YO rotat ug 

nept&ane YO T o t a l  ug 

ueiadecane YO l o c a l  ug 

P r m l c y c l o h e a a n  YO local ug 

3-Met hvl m a n e  YO l O t 1 l  ug 

2.3-Dirnrhr1octam YO Iota1 ug 

Ethrlmthylbenxems YO local ug 

2.6-Dimthylheptadecane YO Iota1 ug 

I ~Hept~ l -2 -mthy lcyc lopropane  YO Total ug 

0 

0 

0 

. -.. 

Q 

0 

0 

0 



a 

0 

0 

0 

e 

a 

Redian York Drdsr: P1-09-010 

Tentarively Idenr i f ied  C w  
Method: Twenty TICS to  be reporred ( 1 )  

l i s t :  
S q l e  I D  Amlyre Result un i ts  Scan 

T r i n i t h y l h n z m e  YO l o c a l  ug 

M.OP1P.PAH-2 (35, 37-41) 

2.6-Dinthylnonena YO 

l r i m r h y l b e n r m e  is-r YO 

l - E t h m y l . 2 - n t h y l b m ~ e n c  YO 

1.3.Dlerhylbmrme YO 

1.4-Dlerhvlbmzme YO 

1.2.Diethylbmrme YO 

2-Ethvl-l.4-Di~rhvlbmreno YO 

l.Merhyl-2-(2-propr~1I).hnzm YO 

4, 7-Dimthylmdecme YO 

1.3.Diethyl-5-nrthylbmrme YO 

l - E t h y l - 2 . 3 - d i n r h y l b e n l ~ l e  YO 

(E)-(l-methvl-l.propyl)-bennr YO 

5.6-0imthyluldec~e No 

namthalme s h t i t u t e d  r i r h  a YO 

brarch a l k y l  chain 

1 . 1 ~ D i m t h y l p r a p y l b m z m  YO 

1 .6~Dimthy lnapktha lem YO 

Tota l  ug 

T o t a l  ug 

rota1 ug 

local ug 

T o t a l  ug 

l o c a l  ug 

Total ug 

Tota l  ug 

local ug 

Total ug 

local  ug 

l o c a l  ug 

T O C l l  Ug 

Toral ug 

Total ug 

Toral ug 

Toral ug 



rnalycical  Daca S m r y  

Tentatively Idencif iea C m p d r  
Method: l i e n t y  TICS to be r w r c e d  ( 1 )  

Lisc: 
Salrplc I D  A M l V C e  Rcrulc Unics Scan 

2 , 6 - D i m c h y l h e p c ~ a m  YO local  ug 

Hexadscan YO local ua - 
~ 

116-0920-PAM-3 ( L a .  5 0 - 5 0  

L . 7 - D i m ~ h y ~ u d e c a n  YO 1oca1 ug 

1 , 6 - D i m c h y 1 ~ @ C h a l m e  no l o c a l  ug 

1 ,8-D imchy l  na@ t ha 1 ene no l o c a l  "9 

1,5~Dimchy1na@ChaIem YO local  ug 

2.6-Dimrhy1heprsdccsne NO loca l  ug 

Herhdecsn YO T9Ca1 ug 

Heocsdecan YO Tocal ug 

e 
Page: 18 

e 

e 

. ..I 

Y 

e 

e 



0 

0 

0 

. . . -  

e 

0 



Sanple Hiscory 

I 
su8270-Smi-Volati les 

Prepered 
Analyzed 
Analyst 
F i l e  I D  
Blank I D  
I ns CrUnent 

Report as 

Prepared 
Analyzed 
Anal ysr 
FiLe I D  
Blank I D  

I n s r r m t  
Report as 

Prepared 
Analyzed 
Anal y s c  

F i l e  I D  

Blank I D  
InsrrUnenI 
Reporr as 

Aldehydes. Mod l o l l .  HPLC 

l i enry  TICS to  be reporre 

Pcae:19 

/I ::inn Uork Order: P1-09-010 I1 

Sanple I D  

Date Sanpled 
Dare Received 
Matrix 

I 

&le I d e n r i f i c a r i a  a d  ~ a t n  

M-0918-PAH.F- M-0919-PAH-1 W-0919-PAII-2 W-W20-PAH-3 *6-0918-ALD-F- M-WlQ-ALD-1 

B ( 6 - 1 1 )  17.18.20-23 (35, 37.41) 
WI18191 
09123191 
xM-211l 

02 

09130191 
111D5191 
RK 

LSB6538.11 
4506532.1 I 
G C l M S  B 

received 

OQI30191 
1 1 l O 5 l P 1  
RK 

LSB6538.1 
L506532.1 
G C I M S  B 
received 

09IlQIQl 
Wl23191 
S t a c k  
04 

09130191 
11105191 
RK 

L586535.1I 
LSB6532.11 
GCIMS B 

received 

09130191 
11lOSl91 
RK 

4506535.1 I 
4586532.11 

G C l M S  B 
received 

W l l 9 1 9 1  
WI23191 
Stack 
06 

W130191 
11105191 
RK 

6586536.1 I 
LSB6532.1I 
GCIMS B 
received 

09130191 
l l l 0 5 l Q l  
RE 
4586536.11 
(586532.1 I 
GClMS B 
received 

(4, 50-54) U ( 1 2 ,  13 )  (28. 29) 
0 9 l Z O l p l  09118191 Wl lQ lP I  
09/23/Vl 
Stack 
08 

09130191 
l l l 0 5 l P l  
RK 

L506537.11 
L586532.11 
GClMS B 
received 

09130191 
11105191 
RK 

4586537.11 
LSMS32.1 I 
GClMS B 
r u e i v d  

W N I Q l  W I a I 9 1  
S t a c k  Stock 
W 10 

1 

09130191 
l O l l 8 l Q l  

LKK 

M Y 1 2 5  
LLUA75 
v5000 
received 

PI30191 
Dl18191 . 

KK 

VEY 1261 175 
1wa75 
5000 
ece i red  

0 

0 

0 

0 

0 

e 

0 

0 

0 

0 

0 



Reporr C ~ m n n r s  and Yarrarive 

II II 
Radian Yort  Order: P1-09-010 

General C m r s  
Aldehyaac Dara: 1 . ckrsida of catibrarion curve. 

a . Spite recovery ac limirs range f rm Bo 10 120 p r c m r .  

N A  . The hryraldehydes ard MEK coelured. 
Cal ibrar iM check ac Linirn range frm 85 10 115 percent. 

0 

0 



worcs a d  Def in i r ions 
I 

Radian Yort Order: Pl-OQ-010 

E This f l a g  i d i c a r c s  char rha L I M ~ ~ C ~  uas derecred in rhe remgenr blank 
but rhe s m l e  resulrs are nor corresred for  rhe tmxnr i n  the blank. 

J Indicares an e s t i m t e d  value for  GCIMS data .  l h i s  f l a g  i s  u s d  ai rher  
rhcn esrimaring a concenrrarion for  renraf ive ly  i d e n r i f i e a  cOnp0vd.i 

where a response facror of 1 i s  sssumd, or rhm rhe mass s ~ r r i l  
dara i r d i c a r c  rhe prcsenca of a c W  char r e e f s  rhe i d c n c i f i c a r i m  
c r i r e r i a  brr rhe. resul1 i s  lesa rhan rhe s n p l e  quanc i ra r im lirnir. 

UA This anelyre uas nor ana lyzd .  

NO This f l a g  (or ) i s  used 10 damre analyres r h i c h  are  nor derecred 
a 1  a r  above the speci f ied derccrion l i m i r .  The value 10 rhe r i g h t  of 
rhe < s W l  i s  rhe m r h d  speci f ied dcrccrion l i m i r  for  rhe s m p l e .  

NS This analvre o r  surrogare was nor added ( spiked) t o  rhe s n p l e  for 
t h i s  analysis. 

0 l h i s  q u a l i f y  conrro l  srandard i s  oursida m r h d  or la ta rarory  s p c .  
i f i e d  conrrol l i m i r s .  This f l a g  i s  appl ied IO m r r i i  spika. a ~ l y  
r i c a l  OC spi te .  and surrogare r e c o r e r i a ;  a d  10 RPO(relarive percenr 
dif ference) values f o r  M l i c a r e  I M l y s C s  a r d  mrr ia  s p i k e / m r r i a  
sp i te  d w l i c a t e  resulr. 

* The asrer isk(* )  i s  used 10 f l a g  resulrs rh ich are less rhan t i v e  r i m s  
the mrhOd speci f ied d e r e c r i m  l i m i r .  Srudies hare shorn chat rho 
uncer ta in ly  o f  rhe anatysis w i l l  increase cnpcmnr ia I Iy  as rhe m r h d  
detecrion l i m i r  i s  approached. These resul ts  should be considered 
approximate. 

0 

Page: A - J  
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 ocas a d  Daf in i t ions  

Radian work Order: P 1 - 0 9 - 0 1 0  

TERMS USED I Y  T H I S  REPOLIT: 
Anblyte . i chanical for  which a s m l e  i s  10 be analyzed. 
EPA mthod and OC s p e c i f i c a c i m .  

C o n p D u r d  ' See Analyce. 

Detecrion L i m i c  - The mchod r p e c i l i s d  daceccion l i r n i c ,  which i s  rho 1-r l i m i t  of 
qunnt icac im speci l ied by EPA for  a mchod. Radian s t a f f  r q u l 8 r l y  asom8 chair 
laboratories' m c h d  decacim l i r n i c m  10 verify char choy IDIC or are loYr r h m  chona 
s p c i f i e d  by EPA. Oereccion l i rn i tn  r h i c h  are higher rhan m c h d  l i m i t s  are b a n d  
on eapsriuencal v a l w s  a1 cha PPI c m f i d s r r a  laval .  The &teccim l imicn f o r  EPA CLP 
(Cmcracc L a b r a C o r y  Program) mthodl  are CROL8 (concracc r w i r d  ~ t i c a c l m  
l i m i t s )  for  organics n r d  CRDLs t cmcrac t  r q i r e d  d a c e c t i m  l i m i t s )  to r  imrganics.  
Noce. rhe defection l i m i c  my vary frm chat spec i f ied  by EPA based on s a l e  
Size, d i l u r i o n  or cleanup. (Refer t o  Faccor. b l o w )  

EPA Method . The EPA speci f ied uechod wsd IO psrform bn M a l y s i s .  
scaldllrd mthods f o r  analyois of m i r m m n t a l  s m l a s .  Rdim rill p r f o r m  ICs 
analyses and  ncc-nyinp ac cescs i n  c m i o r n r r r a  r i ch  €PA m c h d a  mlew ocharuire s p c i f i e d .  

Factor . Defaulc mchod d c c a r i m  l i m i t s  are tdasd  on a r d l n l n  of clean n c a r  smvles.  
A laccor i s  rewired IO calculaca smmle s p a i f i c  dnceccim l l m 1 1 8  bid m 8 l t s m c a  
rdcricas ( s o i l  or incar) ,  rwrcinp mlci. usa of c l e a ~  p r a h r e n ,  or d l l u t i m  of nxtraccs/ 
digescaces. For e x a l e .  excracc im or d i g a c i m  of 1 0  g r a m  01 s o i l  in c m t r a n t  
t o  1 l i f e r  of water w i l l  resulc i n  a faccor o f  1 0 0 .  

Tho a m l y s i s  r i l l  mat 

EPA han npecif ied 

a 

Mbrrix . The s q l e  r d c e r i a l .  Generally, i c  r i l l b s o i l ,  racer. a i r ,  o i l ,  or s o l i d  
uastc. 

Radian work Order . The mique Radian i d m t i f i c e c i o n  code assigned 10 the i n p l e a  reported in  
the analyr ica l  rumulry. e 

Page: A.6 
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SAMPLE CALCULATIONS 
__-______-- - - - - - - - -  

0 
COMPANY : BORGESS MEDICAL CENTER 
PLANT S I T E  : KAL*IuzoO. MI INPUT P A M E T E R S :  
SAMPLING LOCATION : BAGHOUSE OUTLET - ............... I..........1..11.1..11....~.~..~...--.-......-...........~-.*~~~-~-~= 
DATE : 09/07/91 : As - 551.55 a q . I n .  PI - 29.48 i n .  Hg W COLLECT.. 0 ~ 0 1 0 2  grms  : 

0.2546 IN H2O: 

EXAMPLE 11: PWMetals , RUN 02 : on . 0.313 i n .  ZNZ - 80.26 MOISTURE - 2 1 1 ~ 6 0  grams : 

STANDARD CONDITIONS: 68 F .  29.92 In  Hg : P(std) - 29.92 in.  Hg T(std) = 68.00 F SAMPL T I M E  - 240 min. : 

. .  

AVG SQRT 0EL.P - : cp . 0.84 X 0 2  = 4.69 

: Q  

: Pb = 29.52 In. Hg Tm(avg) . 110.03 F rg(avg) . 294.42 F : 

: Rng(avg)- 0.45 In. H20 Yn - 91.40 f t - 3  Y = l.OIO8 . .  

. M.59 Lo2 . 15.05 COLLECTED 
0 

: =-3..11....1.11111...1..1..1.......11111...----..-=~....-..................=~.=~.-== 

1) Volunm o f  dry  gas sampled a t  standard condl t lons:  

. .  Fm - Prq/13.6 L Pb 
Y * Vm * (T(s td)  + 460) ' R m .  29.5530 

Vm(std) . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
P(std) (Tm(dVg) 460) 

0 

0 

0 

0 

0 

e 

Vm(std) - 
Vm(std) - 84.52 dscf 

(1.011 * 91.40 * (68 + 460) 29.55) / (29.92 ( 110.09 + 460)) 

2 )  V o l m  o f  r a t e r  vapor a t  standard condi t ions:  

Vw(gas) - 0.04707 f t W g  (moisture col lected)  

Vw(gas) = ( 0.04707 211.60 ) 

Vr(gas) = 9.95 scf  

3 )  Percent m i s t u r e  I n  stack: 

4) Mole f r a c t i o n  o f  d r y  stack gas: 

LOO - xv 

IO0 

MFd (LOO - 10.53) / LOO 

MFd - 0,895 

MFd D _ _ _ _ _ _ _ _  

e 



SYMBOL 

D E F l N l T l D N  OF T E R M  

0 
OEFINITIONS _ _ _ _ _ _ _ _ _ _ _  

AREA OF STACK 
P i T o r  COEFFICIENT 

CONCENTRATION OF PARTICULATE 
O I M E T E R  OF SAMPLING NOZZLE 

EMISSION RATE OF PARTICULATE 
P I T O T  TUBE COEFFICIENT 

MOLE FRACTION OF DRY STACK GAS 
MOLECULAR WEIGHT OF DRY STACK GAS 
MOLECULAR WEIGHT OF WET STACK WS 

MOISTURE COLLECTED I N  IMPINGERS 
Hg) STANOAPO PRESSURE ( Z S  92 In  

BAROMETRIC PRESSURE 
AVERAGE GAUGE METER PRESSURE 

ABSOLUTE STACK PRESSURE 
PARTICULATE CATCH 

AVERAGE STACK DRT VOLUHETRIC FLOY RATE 
PERCENT CO2 IN STACK GAS 

PERCENT N t  I N  STACK GAS 
PERCENT 02 I N  STACK G4S 

PERCENT MOISTURE I N  STACK 
PERCENT EXCESS A I R  
TOTAL SAMPLING TIME 

STANDARD TEMPERATURE (68 F )  
AVERAGE TEMPERATURE OF THE METER 
AVERAGE TEMPERATURE OF THE STACK 

TOTAL METERED VOLUME 
STANDARD METERED VOLUME 

VOLUME OF WATER IN STACK GAS 
VELOCITY OF STACK GAS 

TEST METER CALIBRATION COEFFICIENT 

UNITS 

ln.'2 

g r a l n d f t - 3  
I n .  

1 b/hr 

-_-_- 

_- 

_ _  
_- 

I b l l b - m l a  
l b / l b - m l a  

I n .  Hg 
In. Hg 
in.  Hg 
i n .  Hg 

dry ft-3/mln 

gram 

gram 

_ _  
-_ 

min. 
F 
F 
F 

f t -3  
dry standard ft '3 

standard f t -3  
f t / n l n  _ _  

0 

0 

0 

0 

e 

0 

0 

0 



r! 

0 

0 

11) Concentrntion o f  p a r t i c u l a t e :  

Ca = ( p a r t i c u l a t e  catch) / Vm(std) I 453.59 . 7000 
Cd 0~0102 1 8 4 . 5 2  I 453.59 7000 

Ca - 0.00186 gra insldscf  

12 )  P a r t i c u l a t e  Emissions Rate: 

ER - (concentration) * (Qsd) 60 I 7000 

ER = 0.0019 * 2444.95 60 I 7000 

ER = 0.039 Ib/hr 



L - 

5) Average m l e c u l a r  ' e l g h t  o f  dry stack gas: 

W d  = ( 0 . 4 4  * KO21 + (0.32 L O Z )  (0.28 ZN2) 

W d  I (0.44 * 4.69) + (0.32 15.05) 1 (0.28 ' 80.26) 

W d  - 29.35 l b / l b - m l a  

6) Average m l e c u l a r  welght o f  'et stdck gdS: 

Wyr m Wdd * MFd + 18.0 ' ( 1 . 0  - MFd) 

HWw - 29.35 0.895 + 18.0 (1.0 - 0.895) 
Wvr = 28.16 l b / l b - m l e  

7 )  Stack v e l o c l t y  ( f e e t l m i n )  a t  stack condlt lons: 

Vs - ~'Cp'[SQRT(dP)lavg' (SQRT[(Ts)avg]  )'[SPRT(I/Ps*IIY*)I*60 

Vs I 84.59 0.84 0.25 * SQRl[(294.42 *460) / (29.48 * 28.16)l 

vs = 11.24665 fps 
1034.799 fpn 

8 )  Average stack dry  v o l m t r i c  f lw r a t e :  

Vs As * MFd (T(std)+460)  PI 
Qsd s _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

144 s q . l n . / c u . f t .  * (Ts(avg) + 460) P(3td) 

17.25 * 551.55 * 0.895 (68.0 + 460) 29.48 / (144 ' (294.42 + 460) 29.92) Qsd - 
Qsd = 2444.95 dscfm 

69.24236 dsann 

9) l s o k i n e t i c  s q l l n g  r a t e  1%): 

1039.5746 * Vm(std) (Talavg) + 460) 
= ---___-____-________~~-------------.--- 

V I  ' sdnp. tlm * P I  * MFd * (On1-2 

ZI . 
% I  . 103.24 

(1039.5746 84.52 (294.42 + 460)) / (1034.80 240 29.48 0.895 * (0.313)-2) 

0 

0 

. 
. . -  

e 

0 
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PROJECT PARTICIPANTS 
0 

RADIAN CORPORATION 

0 

0 

0 

Rod Brown 
0 Joan Bursey 

Jamie Clark 
Geoff Johnson 
Jack Johnson 
Vince Laura 
Julie Lopez 
Tom McDonald 
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Charlie Parrish 
Katherine Potter 
Jon F’roulx 
Larry Romesberg 
Tim Skelding 
Judy Smith 
James Southerland 
Joette Steger 

ENVIRONMENTAL PROTECTION AGENCY 

Dennis Holzschuh 
0 

NATIONAL ASPHALT PAVEMENT ASSOCIATION 

Thomas Brumagin 
0 
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APPENDIX J 

SAMPLING AND ANALYTICAL PROTOCOLS 

J. 1 PM/Metals 
J.2 PM,,/CPM 
J.3 Aldehydes 
5.4 PAH 
J.5 CEM and GC 
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HETHODOLOGY mR THE D ~ I N A T I O N  OF mu MISSIONS 
IN UMAUST CASES FROM INCIHERATION PROCLSSLS 

0 

0 

0 

0 

0 

0 

1. App l i cab i l i t y  and P r i n c i p l e  
1.1 App l i cab i l i t y .  This method is appl icable  For the d e t e m i n a t i o n  o f  

a r sen ic  ( A s ) .  bryllilu (Be). c a d . 1 1 ~ ~  (Cd).  t o t a l  M u m  ( C r ) .  lead ( P b ) .  

mercury (Hg). nickel ( N i ) .  M d  zinc (Zn) emlsrioru fra municipal waste 

i n c i n e r a t o r s  and rimilar combustion pmcaaser .  There e l a s a n t s  are referred t o  

hemat'ter M the primary metala.  
d e t e m i n a t i o n  OF mtiwny (Sb). barium (Ea). coppor ( C U I .  manganese (Mn). 
p h o a p h o w  (PI. relanium (Sa). rilver ( A # ) .  and thallium ( T l )  a s r i o n a  from 
these sources .  
metals. 

This method ..Y alro k uaed f o r  the 

There e l m a n t a  a m  roferrd t o  hornoftor  u tho reeondsry 

I n  addi t ion .  tho uthd m a y  k used to do tomine  pu t leu la te  aoissiaru by 

Following the add i t iona l  procdumr dorcribd. 
mcovery and malymir p r o c d u m r  dorcribd in chir protocol  fo r  the purpose of 

decamrning  particulate emlrlioM may p o t o n t i a l l y  isput tho Front h a l f  mercury 
de teminae ion .o  

1.2 Pr inc ip lo .  RU #tack r u p l o  1s withdram i l o L L N t i e a l l y  From t h e  

source.  with pu t l eu la to  .rirriafu c o l l ~ ~ t d  in tho p r o k  and on a heated 

Filter aad -.our alrrionr coll.cted in a rorior of chllld imp-rs 
conta in ing  a s o l u t i o n  of d i lu t e  nitric u i d  in hydmgso in tu0 

impingers. and uidie  potoarirn P.NIVUL.~O w l u t i o a  in tw (or one) 

impiwro. Sampling t& c-u a m  rrcornmd ud diprtod Ln repareta 
Front and back half frrceioru. Ilmurialr c o l l . c t d  Fn tho rupliry t r a l n  OM 

digerted w i t h  u i d  ao lu t ion r  ta diraoln inor#mdcm m d  to -a or#anic 
C O M t i t U - U  t h e  uy emat. u u l y t i c a l  F n t ~ r f ~ l m c c u .  Acid dimrtion is 

perfomed rving canvantianal P a d  B a b  or r i c r a r v a  d i g u c l o n  techniques. me 

IbdCPlcationr to the sample 



0 

n i t r i c  acid and hydmgcn peroxide impinpr  rolut lon.  tho acidic  poturium 
permanganate impingar Solution. m d  tho p m b  rim0 and dimsted f i l t e r  
solut ions u-a analyzed for mercury by cold v w r  atomic abrorption spectroscopy 
(CVAAS) . 
t r a i n  f rac t ions  are  a n d ~ z a d  for k .  Bo. Cd. C r .  Pb. N i .  and Zn (and Sb. Ba, 
Cu. Hn, P. So, Ag, and T1. if der l r sd)  by induct ivmly coupled ugm pluma 

emission SpectMrcopY ( I C @ )  o r  atomic abrorption rpoctrorcopy (-1. 
furnace atomic abrorption rpectmrcopy (GAM) i o  wod for mrlymir  of As. cd.  

wid Pb (and Sb. So. urd T1. when nuwad) if theso olaenta rmqu.im greater  
a n a l y t i c a l  s a r u i t i v l t y  thM C U I  k o b t u  by I W .  
tha tester may use M for uulrrea of all tmt wtalr if the mrul t ing  in-  
stack wchod detoction l h i t a  ( e m b i n d  ramplin# mad d y t i c a l  detoction 
l i r i t r )  moot tho data  qua l i ty  objoctivor of th. tomtin# program. 
convenience. oliquota of o u h  digmstod ramplo frutian CUI bo cab ined  
proportionally for a rin#lo analytical dotorriNtlan. Ih. offlciency ofshe  
M d y t i C d  proceddurr ir quantified by rha mrlyrlm of rpikod qual i ty  control 
a w l a s  containiry em& of tha target w t J r  includiry u td  rompla matrix 

a f fee ta  c h e k s .  

Except f o r  the  PWUnngMatO solut ion.  tho remainder of the ramplmg 

Graphite 

AdditiOnally. i f  desired. 

For 

0 

0 

0 

0 

e 
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a n a l y t i c a l  de t ec t ion  l i m i t a  for the p r U W  [and secondary] w e a l s  i n  s m p l e  

so lu t ions  Maly r sd  by d i r s c t  Mplra t iOn Ius ( b a n d  on SW-846. Method 7000) are  

approximately as follows: A8 ( 2  ng/ml). BE ( 5  ng/ml). Cd ( 5  ng/ml) .  Cr (50 

n g / m l ) .  Pb (100 n g / m l ) .  H i  (40 ne/ml) .  Zn ( 5  ng/ml) [Sb ( 2 0 0  ng/ml).  Ba (io0 
ng:ml). Cu ( 2 0  n e l m l ) .  Mn (10 n s / m l ) .  So ( 2  w/ml). (io ne/ml). TI (LOO 
n g / m l ) ] .  

The use of C F M S  can give addod s w i t i v i t y  compomd t o  tho u o  of d i r e c t  

a s p i r a t i o n  /us f o r  the fol lowing p r i l r y  and awmduy w t a l a :  b (1 u / m l ) .  Be 

(0 .2  n g h l ) .  Cd (0.1 n g / m l ) .  C r  (1  r y / m l ) .  Pb (1  q/al), Sb ( 3  ng/mi) .  k ( 2  

Using (1) the p m c d u r e s  descr ibed  in W a  method. ( 2 )  the ana ly t i ca l  

The de tec t ion  l i m i t  for  mercury by C V M  i a  appmrimately 0 .2  n g / m l .  

ng/ml) . Md T l  (1 n g / m l ) .  

de tec t ion  l imita descr ibed i n  t h e  p r e v i o u  p u a g m p h .  ( 3 )  a v o l l w  of 300 m 1  

f o r  the f r o n t  half Md 150 m l  for tho back h a l f  a u p l e a .  and (4) a r e a d  gar 

sample value of 1.25 d, the corresponding i n - a c u k  wthd dotee t ion  limits 
presented In Table A - 1  and ca l cu la t ed  M aharn: 

Valuer i n  Tablo A - 1  Lp. ca leu la td  for Lha f m a C  .ad back half and/or the t o t a l  
t r a i n .  

To enaup. optimum M m i t i v i t y  In obtaining tbm muummanu. tho 
concmt ra t io l l l  of emget metala in tho m o l u t i a u  M -tsd to bs a t  h a r t  
tan t h e m  the u u l y t i d  d.Uetiao lhlU. Vnb.? CO?tAh C d t i o r u .  and wi th  

greater cam la tbm m d y t i c a l  procdurr, r)rir w e n t i a n  cm k u la M 

apprOriuw1y thmo tiY. tb d y t i c a l  Quctim lhlt.  In all cue.. 
repetitiva -. uthd of r u n d u d  dditiau (1BA). urial d i l u t i o n .  o r  
matrix aplkm -tiom .bould k uud to eetab1i.h tbm quality of tho da ta .  

source a m p l a  pamwtera and d y t i u l  roulu u &scrim above. 

muid. the r t h d  In-rtuk deuetim limits ba ub mre a m i t i v e  t h ~  

thoae .horn in Table A-1  for A a p u i l i c  tut by wing - or mre of the 

Actual in-ate& rthd deuctian 1-U rill ba datmrriad b u d  on ac tua l  
I f  

FollwLry optianr: 



I 

a 

Front Half Back Half, Back H a l f  
Fraction 1 Fraction 2 Fraction 3 Total Train 

netal P r o b ~  M d  Filter I . g l ~ n  1-3 1.p~ry.m 4-5 
e 

Pricvy n0t.l. 

Arsenic 12.7 (0.3). 6 . 4  (0.1). 
B.ryl1iw 0.07 (0.05). 0.04 (0.03). 
cadmium 1.0 (0 .02 ) .  0 .5  (0.01). 
Chromium 1 . 7  ( 0 . 2 ) .  0.8 (0.1). 
Load 10.1 (0 .2 ) .  5.0 (0.1). 
b C C u r y  0.05.. 0.03.. 0. a3.0 
Nickel 3.6 1.8 
zinc 0.s 0.3 

19.1 (0.4). 
0.11 (0 .08) '  
1.5 (0.03)' 
2.5  (0.3)' 

0.11- 
5.4 
0.8 

15.1 (0.3)' 

k c o n d r y  n0calr e 
Antimony 7 . 7  (0.7). 3.8 ( 0 . 0 ) .  11.5 ( i . i ) *  
Bmiw 0 . 5  0 . 3  0.8 
Coppor 1.4 0 .7  2.1 - 
Uuy.nesa 0.5  ( 0 . 2 ) .  0 . 2  (0.1). 0.7 (0.3). 
PhOaphoZu 18 9 27 
SOlanilu 18 (0 .5 ) .  9 (0.3). n ( 0 . 8 ) .  
Silver 1.7 0.9 2.6 
nlalliw 9 .6  (0 .2 ) .  4.8 (0.1).  14 .4  (0.3). 

( 1. Dotoetion l i m i t  rh.n umlyrod by CIPMS. 
*. Dotoction limit rh.n umlyred by CVMS. 

- 

A c t d  wthod Ln-rtuh doroctian lirita d l 1  bo doterr ind bud 
on actual IQIVCO rmpliry parantera and d y t i c a l  mrulta u 
d 0 B C r i b d  oarliar in thi. Hctim. 

e 

e 
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would bo one sixth of the above valuer .  
necessary on ~ n l y a e r  of rupler  Md typ ica l ly  nm of granter g i g n i f i -  

CMce for samples that have k e n  concentrated t o  less than t h e  normal 
sample volume. A v o l u w  lesr than 25 m l  m n y  not allor r a ro lub i l i r a -  
: ion of t h e  res idue and m a y  i n C r a a s e  in te r fe rence  by o the r  compounds. 

o Uhen both of  the above tw impmvemante nm ued on one sample n t  the 

Matt- e f f e c t s  checks are 

Same tame, the mmul tMt  impmvamentr n m  d t i p l i c a t i v e .  For example. 
whom s t ack  gan volum i r  incraamd by a f a c t o r  of f i v e  Md t h e  total 

l i q u i d  #ample d iga r t ad  vol rve  of both tho f ron t  Md back hn lves  is 
reduced by f a c t o r  of a i d ,  tho in-stack method dotee t ion  limit is 
reduced by a f a c t o r  of a r t y  (tho method ir t h i r t y  elmas mora 

s a n d i t i v e ) .  
o Conversely. reducing 8 t h  gu ramp10 wlum ud F ~ c N u ~ ~  sample 

Ru f r o n t  holf Md back h a l f ,  l i q u i d  volume will inc lauo  lirLtr. 
saapler ( F r u t i o n r  1 and 2) CUI bo cmbinad prior  t o  n n a l y r i s .  The 
m a u l t m t  l i q u i d  M ~ W  (ucludLry Fru t ion  3. which must bo ~ n l y ~ ~ d  

sepora to ly)  in =ordad. 

nllw do ta r r ina t ion  (whether fmnt o r  b u k  Wf) of whom i n  the  e r a r n  
the sample WU capturd.  Th. F n - r t u k  method dotact ion l i m i t  then 
bacoms a single v a l w  for  all t-t mtolr except W ~ C U ~ .  f o r  whlch 

tho cont r ibu t ion  of F m c t i u n  3 wt bo eoaridemd. 

are discwood lator in t h i o  vtbod. 

Cabinin# tlm r u p l o  u &rcr lbd 'd&not  

o The &ova dirwrion urtmu M blank co r ru t i an .  Blonk correct ions 

2.3 Pmcirian. Tho pmcirioar (mlatiw rundrrd d.viatioru) f o r  each of 
tho p r i w  nnd mulo d o u ~ t d  in 0 mthd d.rn1-t tart a t  a 

seunga slud#n lnciaonror. a m  u fol lon:  k (13.5s). cd (11.SS). Cr ( 1 1 . 2 2 ) .  

Pb (11.61). Zn (11.8S). Sb (12.7s). 8. (20.61). Cu (11.SS). P (14.6S). Se 

(15.3s). .nd TI (12.3s). 'I& prrcirian for pieb.1 uu 7.7s for Mother t e s t  
conductad at a .ouru r u m t o r .  Boyllium. uugane8o ud ail-? ware not 
doteetad in t& Wta; howvar. bad an r k  OrmlytiCpI s s n e i t i v i t y  of tha ICAP 

for theso motelo. it ir mound that t&ir prreloianr o b d d  bo rlnilar t o  
those f o r  tha ocbr mtals, rb.a datretd at r U u  lavelo. 

2.b x n w r f r ~ u s .  Imn CQ) b. 0 .p.cttrl Lnurfo.lmco aurin# the 

M a y o i o  o f  u r a e .  chmrium. md c.d.Lm by ICAP. 
i n t e r f e m n c a  dur- the uulyoir of aroQlic ud l o d  by ICAP. 
Fnterfetancor  CUI bo mducmi by d i l u t i r y  t b  r.rph. but thir h C m M O r  the 

AluUnun can bo a spcc t r a l  
h r r l l y .  these 



a 

0 in-stack wthod detection 1 L l i t .  Refer t o  WA Method 6010 (SU-846) for deta i l s  
on p o t e n t i d  interfemncer f o r  this mothhod. For all G F M  andyros. aa t r ix  
modifiers should be udsd to  l i m i t  interferancos.  md standards should be macrlx 

- 
matched 



0 



0 

0 
the f i r s t  impinger should ba empty, t he  second and third shall contain h o r n  

q u a n t i t i e s  of a n i t r i c  acid/hydro&an peroxide so lu t ion  (Sec t ion  4.2 .1) .  the 

fou r th  (and f i f t h .  if requi red)  s h a l l  conta in  a knm quan t i ty  of a c i d i c  
p o t a o s ~ t m  pemMgMAt0 so lu t ion  ( % C t i O n  4.2.2) and tho 1Mt .Ilpinger s h a l l  
'ontarn a known quan t i ty  of silica gel  ar oquivr len t  desiccant. 
capable  of measuring to within 1'C ( P F )  rhdl  bo ploced a t  the o u t l e t  of the 
1-t i op inge r .  Vhm tho water hoekou t  1rpi-r is not needed. it  is mmoved 

from the t r a i n  and the other i ~ p i r y r r  mrin tho s u m .  If mercury analysis 1s 

0 
A themomcter 

e n o t  needed, the ~ t M r i r Y  permanganate F.piry.n .TI mwved.  

3.1.6 Meterin# Syrtes. Bommetor. and aU D w i t y  Doter r ina t ion  

3.1.7 Teflon TW. 
sampling t r a i n .  

3.2 sa.pie R U C O V O ~ ~ .  S ~ B O  M not ha^ 5. soctionr 2.2.1 2 .2 .8  

(Nonmetallic Probe-Liner m d  Pmk-Noztlo B n ~ a b s .  Yub Bottlor. S u p l e  - 
Stor- C 4 n t r i n o n .  Potr i  Diahor. Qlur Orrdrutod Cylhdor .  P l u t i c  Storage 
Concrinerr .  -01 and Rubkr P o l i c y u l .  ud Qlur Ftmnol). -poctively. wi th  

cho followin# ucmptiom md additions: 

3.2.1 Nonntollic Probo-Lhor urd Pmk-Norrlo B w h r .  For quan t i t a t ive  
recovery o f  matoridr coll=tod Fn th. f r - t  hrlf of tho s u p l a  t r d n .  
Dercription of ucoptablo .Il-Toflon c a p w e n t  b e  to k included in =A's  

a i r s i o n  M e u u l a w n t  T u c r l  Xnforucion -tor ( m C )  f i l o s .  

1ooO- and W-U. &all bo usod for Rbo,-coaf.iairy r u p l o r  and blanks. 

Polyethylane b c t l u  u y  b. u r d  for  othr r-lo typoa. 

3.2.3 -tad Cy1ind.r. Olur or aquivrlent. 
3.2.4 hnnol. Clur or oquivrlonc. 

3.2.5 L k l r .  For i d m t i f i c o t i a n  of rrp1.r. 
3.2.6 Polyprvpy1.r~ T ~ W Z O I ~  and/or Plutic O l m .  For mcovoxy o f  the 

3.3 S-1. P-tion and kulyais. For tb. aulyair, tb. follorina 

3.3.1 Vohmotric Flub. 100 m l .  2SO ml, lad lOQ0 m l .  For P W u a t i o n  of 

3.3.2 araduated Cylindorr. For pmpuatim of rowants. 
3.3.3 Parr '  Babr or ~ c r o u ~ v o  Pmsrum h l i o f  Vurolr w i t h  CWP- 

Equipment. Sam0 u Method 5. Soetioru 2 . 1  2.1.10. respectively. 
For capping op.nlryr and d i n g  connectlorn on t h e  

3.2.2 S u p l o  Stor- Contoinom. Qlur b t t l m  w i t h  Teflon-lined caps. 

f i l ter  fra t b  ruplia( trrLn e i l to r  boldor. 

spuipwnt is noodod: 

stmdard. and rampla d i lu t ion .  

0 

e 

a 

0 
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S t a t i o n  (CM Corporation model or e q u i v a l e n t ) .  
3 .3 .4  Bankers and WatehglMSOS. 250-m1 beakers for sample d i m s t i o n  w i t h  

3 . 3 . 5  R i n g  Stands and Clamps. For securing equipment such an filtration 

3.3.6 Filter Funnels. For holding f i l t e r  paper .  

3 .3 .7  Yhatman 541 F i l t e r  P a p e r  (or equ iva len t ) .  For f i l t r a t i o n  of 

3.3.8 
3.3.9 Volumetric P ipe t s .  
3.3.10 Analyt ical  Balance. Accurate to within 0.1 a#. 
3.3.11 klicrouave or Conventional Oven. For heating s u p l e a  a t  f ixed 

3.3.12 Hot P l a t e r .  
3.3.13 Atomic Abrorption SpeCtmMter  (-1. Equipped w i t h  a backgmund 

watchglasses to cover the  tops.  

apparacus 

d iges t ed  samples. 
Dispoaable Pasteur  Pipecs  and Bulbr. 

power l e v e l s  o r  taaparatumr. 

corrector. - 
3.3.13.1 Qr.pUto Furnace A t t u h m n t .  With k .  Cd. .nd Pb (and Sb. Se. 

and T1. i f  w u d )  hollow cathob lamp0 (Kb) or d.ctrod.lemr discharge 
lamps (EDLS). S a m  as a A  M o w  7060 ( k ) .  7131 (Cd). 7421 (Pb) .  7041 (Sb). 
7740 ( S O ) .  M d  7841 (7'1). 

3.3 .13 .2  Cold V a p o r  M o m  A t t u h w n t .  With a nrwy HCL o r  EDL. The 

equipment needed for  tho cold vapor nccury a t t . c h u l t  includer  M edr 
r e c i r c u l a t i o n  pump. a quartz col l .  M amrator appuatru. and a heat 1- or 
des i cca to r  tub.. 

temperacum at tb quarts -11 by 1O.C ouch that M condarrat ion f o r u  on the  

w a l l  of tho quaru all. 9aw u =A Y.thod 7970. 
3.3.14 Inductively Ceuplod P l u u  S p ~ t m u t o t .  W i t h  either a 

5br hmt l a p  .hould bo up.bl0 of miring tho ambient 

d i r e c t  or rquontiol rr&r and M Jruiru torch. S o n  u =A Mothod 6010. 



the  metals to be W U U r s d .  

are acceptable. However. if no such miulti are available. f i l ter  blaolu must 
be analyzed f o r  each t u w t  metal pr ior  to  wission toicing. 
glass fiber f i l t e r a  without orranic bindorr r h o l l  bo urod. 
exhib i t  a t  h M C  99.95 mreent efficiancy ( (0 .04  porcw: puretracion) on 0 . 3  
micron d ioc ty l  phthalate smoke PUt1Clor. 
conducted i n  accordance w i t h  Stmndud Hothod D2986-71 (Fncorporatd by 

reference) .  

k u l Y t 1 c a . l  miulti prov1d.d by filter manufacturers e. 

Quartz f iber  o r  
me filtem should 

Tho f i l tor offician~y cart  shall  be 

For puticulate  deteroination in rourcor contaLning SO, or  SO,. 

the f i l t e r  materid NC k of a typo that ii unmutive to x), or 50,.  w 
d e a c r i b d  Fn P A  Mathod 5. 
recoeaendsd . 

b t s  f i k r  f1lt.m Metin# -00 rspuimmancs are 

4.1-.2 water. TO conrorr to ASIW s#cificatiorr ~ i i g 3 . n .  r ~ #  LL 
(Fncorporatd by rrforulco) . 
f i e id  use. 

Analyze tho uator for all target r t a l r  prior to 0 
A l l  -t m t d a  Dhould bo 1-0 thna 1 ng/d. 

4 . 1 . 3  Nitric Acid. Concentrated. kkor L m t m - d y z d  or equivdenc. 
4.1.4 Hydrochloric Acid. Concurtratod. B.Lur Lmtra-umlyzd o r  

4.1.5 nydmgon Po&&. 30 P e r c u r t  (V /V ) .  

4 .1 .7  Sulfuric Acid. Caneentratod. 
4.1.8 Silica 011 and C n u l u d  IC.. SU m Mothad 5. k t i o r u  3.1.2 m d  

4.2 P r r t u t  Rspuatioa for Supl- R.yaru. 
4.2.1 

- 
e p u l v d a n t .  0 

4.1 .6  P O C M r i U  P O r r u y . N t 0 .  

3.1.4, rarpeetiwly. 

Nitric k i d  (=,I/- Pornrid. ( 4 0 , )  -*in# Solution. 
5 Percant nNO,/lO Parcmr %Os. Add 50 ml of cmcmcntd m, .ad 333 II of 



0 

e 

a 

0 

and should b van ted  both to  r e l i e v e  excess p r e s s u r e  and prevent explosron Cue 

to  pressurn buildup. 

contamination of the sample; a No. 70-72 hole d r i l l e d  i n  the container  cap and 
Teflon liner has been used. 

Venting i o  h i&ly  racomaended. but should not a l l o r  

4 2.3 Hicric Acid. 0.1 N .  Add 6 .3  m l  >f concentrated "0, (70 percent)  co 
a graduated cy l inder  conta in ins  approximately 900 a1 of water. Dilute to 1000 

m l  w i t h  wacer. Mix well. The m a g e n t  s h a l l  concnin leas than 2 n g / m l  of each 

target metal. 
4 . 2 . 4  Hydrochloric Acid ( H C l ) .  8 N .  Add 6go al of concancrated HC1 to a 

D i l u t a  t o  lo00 m 1  w i t h  r a t e r .  graduated cy l inder  containing 250 m l  of water. 

Mix well. The m-nc shall conta in  leas than 2 ng/ml of tfg. 

4 .3  G~MWUO c h M i f l #  R O W t S .  

4 . 3 . 1  Nitric Acid, Cancmtrated. Pislur A c 9  # ? d m  or  .e+tvrlanc. 

4 .3 .2  Water. To conform to S p u i f i c a t i o r u  D1193-77. rrP. 11. 
4 . 3 . 3  Nitric Acid, 10 Percent ( V / V ) .  Add 500 a1 of concantrated "0, to a 

gtaduated cy l inde r  c o n t a l n h g  approxiutsly 4000 a1 of uatar. 
m 1  with water. 

Dilute t o  5ooO 
I 

4 . 4  sample Digoafion Md h d m i l  R O W t S .  

4.4 .1  HydrocNoric Acid. Cencmtratd. 
4 . 4 . 2  Hydrofluorlc Acid. Concentrated. 
4 .4 .3  Nitric Acid. Concantmud. hkmr kutt.-uulyxed or equivalent .  

4.4.4 Nitric Acid. 10 Parcat (V /V) .  Add 100 ml of concatraced "0, t o  

800 m 1  of  water. Dilut. Co loo0 ml with -Cor. Mix wll. R.y.nt s h a l l  

conta in  leas chm 2 ng/ml of u c h  t-t ntrl. 

800 al of  wacar. 
4 .4 .5  Nitric k i d .  9 P m M t  (V/V).  AM 54 ml of canc.nCr8ted "0, to 

Diluta to loo0 m l  with n t a r .  R0-t rhrll cant- lcaa 
than 2 ng/d of a d ¶  url.c W t d .  

4.4 .6  Ut.?. To &om to ASIW Sp.eificatiau 01193-77. rrP. 11. 
4.4 .7  -lamina Eydmchlorid. ud Sdlm Chlorid. Solution. k. E P A  

4 .4 .8  S- Chlorid.. 

4.4 .9  Pocurirn Parun(0.u.  5 P-t ( U P ) .  
4.4.10 Sulfuric W d .  w t m u d .  
4.4.11 Nitric k i d .  9 Parcmnt (V/V).  

4.4.12 Potuaium Porrulfat.. 9 P a m t  (U/V). 

4.4.13 N i c k e l  Nicmta. Ni(NO,), 6 y O .  

Method 7470 for p-tiO8. 



4.4.14 Lanthanum Oxide. LqO,. 
4 . 4 . 1 5  MS Grade A i  StMdard. loa0 ug/ml. 

4.b.16 MS Grade Be Stmdard.  loa0 ug/ml. 
4 4.17 AA5 Grade Cd S t a n d u d .  lo00 u g / m l .  
4.4.18 AAS Grade C r  S tandud.  lo00 ug/ml. 

4.4.19 MS Grade Pb StMdrrd.  lo00 ug/ml. 
4.4.20 Ius Grade tlg Standard. loa0 ug/ll. 

4.4.21 Ius Ordo Ni St8ndud.  loo0 ug/ml. 

4.4.22 MS Grdo Zn S t u r d u d .  loo0 ry/ml. 

4.4.23 MS G r d .  Al Sundud. loo0 ug/d. 
4.4.24 MS Grde Fe Standard. 1- w/d. 
b.4.25 m (Irdr sb StMdUd.  ug/d. Optional. 

4.4.26 MS arrdr 8. st-. im wid .  O p t i a u l .  

1.4.27 Ahs GrDde cu starld4rd. loo0 &ti&. 

4.4.28 MS Grd. Un S t ~ d r r d .  lo00 r y f d .  Optional.  

b.4.29 MS a r 8 d . P  stmdud.  lOOory/d. O p t i d .  

'L.4.3@ bAs o d e  h stendnrd. lOQ0 ry/al. Optiuml. 
4.4.31 m a r b  b sundud. lam U S I ~ .  O p t i o a r l .  

4.4.32 MS Grd. Tl Sundrrd. lOQ0 ry/d. Optional. 
4.4.33 Th. u t d r  rt.ndrrdr U y  rL0 bo ud. Ira r o l i d  chasierlr M 

0 darcribod Ln EPA -tbd m.7. =A lbtlmd 7470 or  S r r n d d  MOW f o r  the  

h d y r i r  of W 8 t m  d Y u t M u r .  

t o  For a d d i t i d  infoorutioa o ircuy r-. 
15tb Uti-. kthd 303Q ohodd k mferred 

4.4.34 lbrcury St.adrrdr Ud U l t y  Cartml 9..plor. R.0- f m r h  
d l Y  a 10 W/d 0- by d d h #  9 d Of u/m1 

mercury .to& oolut im to 8 500-d voluntric fluL: d i l u u  to !MX d by f i r s t  
adding 20 d of 15 o.rcat lUQ, rrd tha oddlng -tor. 
mercury rtudud oolutiao f m  Uly: dd 5 d of tb. id  u#/d i n t o m d i a t e  
rtmdud to 8 250 al v o l u t r i c  f l u k  m d  d i l u u  te 250 d r i t b  5 m l  of 
4 poreont Klbo,. 5 al of 15 poreat lUQ,, d U t a  utar. A t  l o u t  ria 

i o ~ a ~ 8 t o  aliquoto of th rprlriry 

4.0. M d  5.0 d of t b  w?kin# rUadrcd oolutim. 
should k prrpurd  by makin# 8 -to 10 \u/d rMd.rd md dl1uti.W unt i l  i n  
th. r u u .  of th. calibmtioa. 

P r r p u r  r wrkiry 

rurd.rd oolutiaa rhar ld  bo u r d  to 

th. rtudud a n m .  Tb.H aliquot# .bould'caauin 0 .0 ,  1.0, 2.0. 3.0. 

mity control r8WleS 

4 .4 .35  ICAP S t d u d r  M d  Qual i ty  Contml S-1.r. C a l i b n t i o n  standards 
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for  ICAP a n a l y s i s  CM be c a b i n a d  into four differuric m i x e d  standard solutions 

as shorn below. 
M I W D  STAhDARD SOLLTIONS FOR ICAP ANALYSIS 

0 

a 

0 

0' 

0 

a 

0 

0 

0 

Sol u cion Elements (secondary meals in  parnnthesest 
I b,  Be. Cd. Pb. Zn (MI, Se) 

I1 F e  IBa. Cul 
I11 
IV 

~ 

A l .  C r .  Ni 
(Sb. P. Ag, T1) 

Prepam these StMdards by combining and d l l u t i n g  tho appmpriace volumes of 

the lo00 ug/ml solutions with 5 percent nitric a c i d .  A liniw of one S C M -  

d u d  and a blank can be rued to fom each calibration CUNO. Hwever. a 
separate q u a l i t y  control ample spiked with born mounts of rh. target metah 

in  quafieicier in tho midrorqe of rh. c r l i b n t i u n  CUM rhould b pmpamd. 

S-rtad r t m d u d  levolr a m  90 w/ml for M ,  25 w/ml for C r  and Pb. 15 ugh1  

for Fa, and 10 w/ml for the d n i r y  el6santr.  St .ndrrb c o n t m n g  lesa 
than 1 ug/d of utal should k p m p d  drily. Sundudr contsCning greater 
than 1 ug/d of wtd should b. rtable for a rLnFM of 1 to 2 uoeks. 

- 
4 .4 .36  Orwhite Furnace AM StMdrrdr for ArUnlc. C.drium. and Laad (and 

htimw. S4laniW. and ThalliU). P W U r  a 10 w/d  rt.ndrrd by adding 1 m 1  

of lo00 ug/ml S t M d u d  t o  a 100-ml volumetric f l u k .  Dilute to 100 m l  r i c h  10 

percant n i t r i c  u i d .  
matchad; 0.0.. i f  ehr r u p l w  c m t U  6 prcent nitric u i d  and 4 percent 
hydrofluoric  acid. ehr r t m  rhould r l r o  k udr up w i t h  6 parcant nitric 

acid Md 4 mrcamt hydrofluoric u i d .  P m p a m  a 100 w/ml rt.ndud by adding 
1 m 1  of the 10 ug/ml ruadud to a 100-11 voluntric flask ud di luto  to 100 m 1  

with the appmpriam ut- s o l u t i m .  O a r  rUadrrdr h u l d  b. p m p d  by 
d i l u t i a n  of ehr 100 ng/ml rundudr. A t  l o u t  fiw rundrrb W d  bo rued to 
mako up tho rundud curvm. S w m t o d  l ~ l r  w 0. 10. SO, 15.  md 100 nglml. 
Quality cantml r m l a  .harld b. pmpamd by ulJn( a w ~ u a t o  10 ry/d 
scandud .ad di lut iag  unci1 i t  ir in tbo rurg of tb 0-108. 
containing lwr thm 1 u g / d  of r t r l  rharld b. p- dri ly .  

containing mater  ttua 1 ug/ml of rtd rbarld br rtmblo for a 
2 d. 

For #raphito h m u c o  U S .  tho rundudr must bo matrix 

Standarda 
 standard^ 

of 1 to 

4 .4 .37  I(.tria Ibdifierr. 
4 .4 .37 .1  NiCk.1 Nitmte. 1 Porcqt  (V/V) .  DWlw 9.956 g of 

N i ( N O , ) ; 6 n , O  in approxiuwly - jO ml of water in  a 100-ml voluntr ic  f1Mk. 



. 

0 
D i l u t e  t o  100 m 1  w i t h  water. 

Dilute 10 m i  O F  1 per- 

c e n t  nickel ni tra te  Solut ion to 100 m 1  with  water. Inject m equa l  amount o f  
sample and c h i s  modifier i n t o  the g r a p h i t e  furnace during M S  malysis f o r  AS.  

Disrolve 9.5864 g of LqO, i n  10 m1 of Concentrated 

4.4.37.2 Nickel Nitrate.  One-tenth Percent ( V / V ) .  

4 . 4 . 3 7 . 3  L M t h M U .  

"0, m d  d i lu t e  to 100 m 1  wi th  water. L n j O C t  an oqurl amount OF sample m d  
t h i s  modifier i n t o  the g r a p h i t e  Furnaco dur ing  Ails uulysis for Pb. 

0 
5 .  P r O C e d U r a  

able mrultr. tooters  should bo trLLMd urd uporioncad with tho test procedures .  

5 . 1  Sampling. me ccaphx i ty  Of Wr rtJd i r  such that. to ob ta in  re l r -  

5.1.1 Protar t  Pmpua t ion .  F o l l a  tho same genorrl procodurn g iven  i n  
0 

Wthod 5 ,  %CtiOn 4.1.1. a C O P t  th.t. d 0 . S  W t i C U h t O  a S S i O M  t0 b 

dotomirmd. tho f i l t o r  n o d  MC bo domiccatod o r  rim. 
g l u r w u o  should f i r s t  b. rinsod with hot tap rator d than wuhed- in  M t  
soapy r a to r .  N u t .  slurram rhould bo rinsod thmo tiY. with up water. 
F o l l d  by thrw a d d i t i d  rLnur with wator. A l l  alurwur should m e n  be 

soaked in a 10 poreat (V /V)  n i t r i c  u i d  rolution for  a minimum of 4 hours, 
rinsed thrw t i w s  with wator, rinsod f inal  tu w i t h  u o t o ~ .  and allowed 
t o  air  dry. A l l  glUSworo 0- whom conurCrution can occur should  ha 
covorod u n t i l  t h m  o u p l h g  tmla ir u r r b l d .  pr ior  to r u p l h g .  

All rampling train 

e 

5.1.2 P l r l F . i n m  b t o r r i r u t i c w .  Sam u kthd 5 ,  %tion 4.1.2. 
5.1.3 R.pmtiom of -1- Train. P o l l a  ttu m u .  C.rurrl procodurns 

givon in  kchod 5, Sutia 4.1.3. axeapt p lum LOO rl of tho nitric 

( n o r u l l y  tb. r.eoad .ad tbid wiry.=). place LOO d of th acidic poturium 
~ c m m g u m t o  ro lu t iaa  (Soction 4.2.2) h th faurtb md f i f t h  L.pingmr. snd 

t r u r r f o r  .oomxhatoly 200 co 300 (I of p r m i w  o i l i a  -1 f m  iu container 
to  tho lut i g w r .  
rho impingor Jut prior to tmin urmbly. 

conditionr. Ib. u.. of aa m t y  f i r s t  i.pFa(.r eo b. al ininatad if tho 

moirtup. to b. c o l l r t d  h uu impinc.rr ir crlculatd or d.toIunad t o  b 

lera than 1 9  d. ma tostor a h d l  h c l u d .  tw Wiry.= con- the 

acidic  poturiu. po-ta solut ion for th f i r s t  t a t  m a .  unless p u t  

testing -rionco at  ttu s a n  o r  r ini lu -.I bu &om th.t d~ O M  is 

acid/hydroC.n pornrid. w l u t i o n  (slctian 4.2.1) in t b  two m,/qO, i 8 p m r s  0 

Alwrmt iva ly .  tb. r i l i u  -1 u y  k uoim d i r n t l y  in 0 

-ral optiau m d l a b l o  to tho tutor bud om ttu -1hg 

0 

0 



0 

0 

n O C O r S W .  Ihe lMt WmMgMatO l8PiflgOr .W b d i r e u d d  i f  bo th  
pemnngmate impingem have r a t a ined  their o r i g i n r l  doop purple pOmMQMate 

co lo r .  A a&Amum of 200 a1 i n  each p e m m g m a t e  impingar (and a asliaum o f  
three pemsng~ate  iaplngers) any k used. i f  n e e o r a m .  t o  mrintr in  the 

desired color  i n  che 1-st pemmgsnata lmpinger. 

s o l u t i o n  end 100 a1 of the a c i d i c  potasium mr~angmate so lu t ion .  
solutions should be labold and treated M doacribed in Sact ion 7.  
sanpling t r a i n  u shorn i n  FicUre A - 1 .  

sampling t r a i n  cannectim. Teflon t.p should bo umd inmteed of s i l i cone  
g r e ~ e  t o  prevent contamination. 

Recain for  raagsnt blanks. 100 a1 of tho n i t r i c  aeLd/hydro&en pamxrde 

'These 

Set up t h e  
If n e e e s r s y  t o  w u r a  1eak-f- 

Precaution: Fatreso c a m  should b. taken to p m t  c o n t u i n a t i o n  wi th in  

the t ra in .  P m t  tho nmry c o l l e c t i o n  m m t  (acidic potua iu  

~ r l y ~ e d  for  #n. 
pOrP-atO) f m  COntaCth# Ury g l M W M  Of tb t& a C h  1s uMhed and 

Prevent hydrogen peroxide from mixiry with the a c i d i c  
pOtMslrY pO-aC0. 

5 .1 .4  Lo&-Chaek Pmcodures. FollW t t n  loak-ehaek proeadures piven-in 
Method 5. kction 4.1.4.1 (PmCest L.mk-ch.eL). *ti- 4.1.4.2 (lank-Checks 
During the Sample Run), and Soct ion 4.1.4.3 (Port-Tost Laak-Cheeka). 

5 . 1 . 5  Sampling T m  Cpetatiun. 
kction 4.1.5. 
the one shorn in P i g u m  9-2 of Mothod 9. 

Follw thm procdum# given i n  Method 5 .  
For e.3r mn, m o d  ttu d.U rrpuid 01 a data shoot such as 

5.1 .6  C r l d a t i m  of Poreart Imkinotic. Srr u bthod 5.  k c i o n  4 . 1 . 6 .  

5 .2  S-1. R.cavuy. 

'The pmk mlmuld b. al lad to cool prior ZO ramplo mcovey. man i t  C M  

Bo@n elourup pmUdllCIl u aan u tb probr is  
rumowd fm tb stack a t  tbm ald of a raplicy p.riod. 

be4 s a e r y  h.ndl.d. ap. off dl erumrl puticulau Sntt.? nu tho t i p  of 
the p r o k  no.zl0 od plum a ?innod. m-coa-ty cap 0y.r tho p r o b  
nozzle to p m t  loa- o r  
t i p  ti*tly rhilo tlm rupl i ry  train is cool-. 
to forr in rbr f i l t m  boldor. thu cub# rbr &id d t  of d r u l l q  

l i q u i d  fm tb *inc.rr into tbm filtor. 

th. rmlin( trUa .ad em tha 
condenmato that mi&t k pmoant .  

p u t i d a t .  uttor. Do not  cap tho probe 
Thir aommlly c a u m  s vacuum 

Boforr mv- tha roplin# trUa to tbm cl..mrg rim. tho p r o k  fma 

G l t l o t .  B. errrnll mt ZO l o u  my 
Cap tbm f i l u r  Lalot dum tb. pmk W M  

fMwnrd. tb rnbilka C o d  fm tbm 1-t mwr .nd ch. 



rmpinger. 
contammatang caps. whothor pround-gluo rtopp.rs. p l a s t i c  caps. ION. caps. 
o r  Teflon tam co close there oponiryr. 

C a p  o f f  tho filter holdor o u t h t  Urd 1mping.r i n l e t .  Ure non- 

Alternarrvely. tho trun Cm k disurembled k f o r o  tho p m k  and f i l t e r  

holder/oven are completoly coolad. 1F thir pmcaduro i r  follorrd: I n i t i a l l y  

d z S C O M O C t  the filter holdor outlot/impLry.r i n l o t  urd loosoly cap the open 
ends. Then disconnact tho p m k  fmm th. f i l t o r  holdor o r  cyclone inlet and 
loorely c.p tho o m  en&. 
previously doscribsd. 

Transfer tho p m k  and f i l t o r - i m p ~ r  u r e m b l y  t o  a c l o ~ u p  m a  t h a t  is 

Clem and pmt.ctod from tho wind urd othor WUntLr l  cuoo of contamination 
o r  lorr of ruplo.  
my & n o d  conditioru. Ru r u p l o  1s rr~ovorod urd t roatd u follow (sea 
schematic i n  F i p r o  A - 2 ) .  
s u p l o  do not c o a t u i n a t o  it. 

f i l t o r  holdor nd p l u v  i t  in its i d o a t i f i d  W t r i  dimh concoinor. 
r u h o d  polypmpylmo o r  Toflon coatod t m s o m  o r  c10.n. dirpor.ble surgical 
glover rinood with -tor .hould k u r d  to -0 tho filtorn. I f  i t  is 
nece8ru-y t o  fold tho f i l t o r .  u k o  c o r t u  tho putieulrto cake is inr ide che 
fold. C a r d u l l y  t ruufor  rb. f i l u r  utd my p u t l e u l o t o  u t t o r  or f i l t e r  
fikn that  odhorr m t b  f i l t o r  holdor yukrt to rb. W t r i  dish by uing a d r y  

(acid-cleurod) nylm brirtlo bnuh.  Do mt w any r t a l - c m t w  materials 
whan mcovorFry chlm errh. S o d  thm labold mtri di.h. 

the outsid.  of thm p m b  or o r tv r  uu r io r  ourfuu W not gmt into the 

sample. q u a t i t a t i n l y  p.0ov.r p a r t i d a t a  n t t o r  rrd any c o n d e ~ a u  from the 

pmk notzlo. p m b .  fit-. prob. l i n r .  and Cmat half of tho f i l t e r  holdrr 
by w u h l n (  W a-ts with 100 rL of U O ~  rrd p l w l n g  thm m h  in a 

glum c o n t a r .  
sub rwumt  blank eomctiaa p-. 
u o t u n a  dim . p p h  by rb. Ad.iniotra.for .ad -1 k wd ubm n p u i f i a d  by 

tho Adriniotntor; in t boa  CIY.. ravm -tor blmk a d  follow rb. 

M . i n i o t n t o r ' o  dirrctionr 011 mdyri.. porfoorr tba u o w  rLwr u follows: 
CUdUl ly  w th. p m k  nosilo and clom t b  inrid. r u r f u o  by r i ru ing  w i t h  

acemono from a w u h  bottle .nd b w -  with 0 nonYtrllic bnuh. Emah I Y I C i ? .  

C a p  tho p m k  t i p  Md -0 rh. rub i l l ca l  cord M 

Ifupoct tho troin k f o r o  md d u r a  d i r u r a b l y  and noce 

kruro that rll it- ~ c o o r u y  for rocwetry of the - 
5 . 2 . 1  Conui rur  No. 1 (Filter). C a m f u l l y  YII th. f i l t o r  f m  the 

Acid- 

5.2 .2  CunerLau WS. 2 ( k o t u ~  W). T.un( m to s a  that dumt on 

wc Rw w of w t l y  100 m l  L. - 0 u y  for tho 
DUUlld ntor Uy b. wd inatead Of 

0 

0 

0 

0 

8 

0 

0 

0 

0 



0 

e 

0 

0 



the  acetone rinse shore no v i s i b l e  p a r t i c l e s .  after which mrke a f i n a l  r i n se  o f  

t h e  i n s i d e  su r face  w i t h  acetone. 
0 

Bmsh and r i n s e  the  inside P a r t s  of the Swa#elok fitting with  acetone in a 

s i m i l a r  w a y  until no v i s i b l e  par t ic les  ramsin. 
Rinse the  p-obe l i n e r  with acetone by t i l t i n g  and r o t a t i n g  the probe while 0 

s q u i r t i n g  acetone i n t o  its up#r end io that all i r u i d o  rurfacor will be wetted 
w i t h  acecone. 
conta iner .  
conta iner .  Follw tho UOtonO r-0 with 0 nonutr l l ic  pmk b w h .  Hold the  0 
probe i n  M inc l inod  pooition. rpuirt u o t o n o  into tho upwr end M the probe 

bmsh is bein# pushed with a t r i a t i r y  u t i o n  thmu#t tho p m k :  hold a 

samplecontainer undomenth tho lower ond of tho pmk. and catch any acetone 
and p a r c i c u l a t o  mactor w h i c h  11 b w h d  thm- tho pmk chrm t h r  or mom 

until no v i r i b l o  p a r t i c u l a t e  ut ter  1s c ~ r 1 . d  out w i t h  tho uetone or until 
none remains in the p m b  linor on v i s u a l  Lnrpeccion. b o  the b w h  w i t h  

acetono. .nd q u n t i t a t i v o l y  colloct t h u o  ruhinp in tho r u p l o  conch&. 
After tho b w h i r y .  uL0 a find uotano riruo of tho p m k  u d o r c r i b d  above. 

losres. Bot- a u p l i n #  mu. L..p b n u b r  cloan and pmtocted fma 
contanina t ion .  

Allow the seotono to d r r i n  from tho l a r  end i n t o  the s m p l e  
A funnel m a y  k Uod to &id in truuferrinq l i q u i d  u u h i n g s  to the  

e 
I t  i. N c m d d  &at tw moplo C1.M tho prob. to minimi20 r u p l e  

Clem tho Fnrido of tho front N f  of tho liltor holdor by mbbiry . 
su r face r  with rn n o n u t r l l i c  nylon b r i r t l o  b w h  md rimin( with seeton 
Rime each rurfue thm tima or mm i f  nadod to - v i r i b l o  p u t i c u l a t e .  
Make a Final rf.1~0 of tho b w h  ad f i l u r  holdor. 
and p u t i c u l a t o  ut-? hnn bwn coll.ctod in tlu raplo  cont.in.r. t igh ten  the 

l i d  on the r u p l o  ccmulrur so chat uot~ma rill mt lo& out rh.a i t  11 

shippod to tho 1.bOrrrory. N u k  tho bight of cbm f l u i d  levo1 to do temine  
uhethor  or not 10- o c m  during truuport. 
t o  i d o n t i f y  itr -mu. 

and f m n c  h r l f  of tho ri lur holdor tb-y w i t h  100 m l  of 0.1 N n i t r i c  acid 
Md p l u o  tho r u h  in to  rn r r g l o  r t o w  caauirur. 
100 ml ir n .co rauy  for tho rubraquant blank c o r m c t i m  procodu~r. 
tho rinr.8 u d u c r i m  in HOW 12. scrim 5.2.2. ~ o r d  tho VOLW of the 

combinad rim.. Muk tho bight of tha f luid 1-1 o tho a r t r i d o  of the 

s t o r y  c o n t r i n a r  and UIO this m a r k  to dotomino if 1o.L.C. occum duriry 

Aftor all UO~OM wuhings 

0 

-1 tho containor c lea r ly  

5 .2 .3  bauirur No. 3 (Pmk R ~ M o ) .  RLnro tlu p r o k  l a? .  p m k  nozzle. 0 

w: 'Ib. W Of u u t l y  

Perfom 
0 

0 



e 

e 

a 

e 

0 

e 

0 

e 
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transport. Sad the conta iner  and c l e a r l y  label the c o n t m t s .  F ina l ly .  rinse 
the nozzle.  probe liner. and f r o n t  ha l f  of the filter holder  with water 

followed by acetone and d i sca rd  these rineer. 
5 . 2 . 4  Container No. 4 (Impingars 1 through 3 .  Contmta and Rinse#). Due 

t c  the large q u n n t i t y  o f  l i q u i d  involved. the tester may place the lmpinger 
so lu t ions  i n  mora than one conta iner .  k u u m  tho l i qu id  i n  the f i r s t  t h r e e  

impintprs v o l u a e t r i c d l y  to w i t h i n  0 . 5  01 uoiw a groduated cy l inder .  
the vo lum of l i q u i d  prosui t .  

n o i s t u m  content of tho supled f l u e  g u .  
impingoro. tho f i l t o r  support. tho back holf  of tho f i l t o r  howing. and 
connocting pluswom by th0-y rho in#  w i t h  100 rl of 0.1 N n i t r i c  acid M 

d a o c r i b d  in Mothod 12. kct ion  5.2.4.  not.: Ib. w of u t l y  100 m 1  of  0 .1  

N n i t r i c  o d d  r tN.  i o  n o e u r u y  for tho ruboquont  blank c o m c t i o n  

volume. CaleuLato tho 0.1 N ni t r ic  =id  rho. voluw by d i f f e m n c e .  
height  of tho f l u i d  levo1 on th. Outaid. of tho canrrCrur to datermine i f  

le@ OCCIV. d u r a  trmnmporc. 
contmt.. 

Record 
Thio i n f o r u t i o n  is requid t o  ca lcu la t e  the 

C h o n  e u h  of the firsc t h m  

procodurss. Ccabino tho rinroo urd l.pin#er 80lutiOno. YuuII and w o r d  t h e  

Mark the  

Sod tho c o n t w r  urd c l o u l y  l a k l  the 

5.2.9 Contmhor NO. 9 ( k i d i f i d  P O t U m i u 8  P0-t. Solut ion M d  

R i ~ e s .  Inpingom No. 4 L 5 ) .  
impingem (fourth ond f i f t h ,  i f  tw --to F.piry.m o m  u o d )  i n t o  a 

gmduatod cylindor and muuro tho ~01- to w i t h i n  0.S rl. 1 N s  i n fo r ra t ion  
is rspuirrd to emleulato wm moioturo c0II-t of th o a p l d  f l u  w. Using 

100 rl t o w  of tho acidif id ~ t u 0 i u m  pomm#mato r o l u t i a l .  
P.PIUVYI.~O L.pingw(r) od canant- g l u o  pi- 0 ataimm of W tiaes. 
M i n a  tho riDvr w i t h  tb -to L.p- . o h t i a n .  
p e m ~ g o n ~ t o  i.pia#ar(o) rad canrwctin# glwrrrr w i t h  50 ml of 8 N llcl t o  
-vo my ruiduo. -: llm w of u m c t l y  100 ml rad SO ml f o r  tho two 

rhooo io d o u y  for tho rubooqu8nt blmk coll.~UIQ pmcodumo. 
combind tiwr rad LgLry.r contento in a hbld #la00 stor- bottle. 
tho hoi#lt of t h  f lu id  1-1 00 tho muid. of tb botClo to burrin0 i f  

10- am during trmnmmrt. 
Psryraph 4.2.2 od p m p u l y  so& tho bottlo m d  clurly 1-1 tho contmta. 

acid. 
bottleo should net b. filled full and should b. -td to rrliwo exCeS0 

Pour oll tho l iquid f- tho p o r r y . n a t e  

rinu tho 

Finally. rinse tho 

Place the 

Mark 

S n  thm follcuin# -to od tho Prscaution i n  

w: Duo to cb. potmtirl mactiaa of tb pot.uiU p0-t. w i t h  the  

may b. p l r r o w  buildup in tbo o.qlo stom#a bottlu. I b r e  

e 



prersum. Venting is  h i g h l y  mommandad. A NO. 70-72 hole d r i l l e d  i n  the e 
con tune r  cap nnd Teflon l i ne r  h M  been found to slla adequate venting without 

loss of sample. 
5 . 2 . 6  Container No. 6 (Silica G e l ) .  Note tho color of the indicating 

a s i l i c a  gel to determine whocher i t  h a  b a n  completely smnc and mdte 8 

notetion of its condition. Transfer the sil ica ml f r a  its impinmr co its 

or ig ina l  contatnar and s e d .  me tester may uno I funnel to pour the  S L ~ L C ~  

-1 and a mbber pOlicem.WI t o  m v e  the silica gel f r a  the impinger. 
small mount of pa r t i c l e s  that u y  adhem to  rh. i.pirqar w e l l  n o d  not be 
maoved. 
r e r ~  -nod i n  tho si l ica  gel impinger is usd for .oirtum calculations.  
Alter-reivoly.  i f  a belance is avUlebl0  in tho f i e l d ,  m o d  the wight of 

the spent s i l i ca  gml (or  silica gel plus  impingw) to tho nemmst 0.5 g. 

100 a1 of the acetone usad in the suple muwry p l w e r s  i n t o  a labeled 
e o n e m e r  for use in tho fmnt h e l f  f i e l d  magait blank. Sed the ebntaher .  

5.2.8 Container No. 8 (0.1 N Nitric Acid B l a n k ) .  Onco during each f ie ld  
test.  p l u e  2 W  m l  of th. 0.1 N nitric u i d  solution u r d  in the r u p i a  
racovey preceIs in to  a 1.kl.d ContrFnrr for us0 in the fmnt ha l f  and back 
half field re-t bluJu .  Sed tho container. 

d u r a  each f i e l d  toat. p l u a  200 ml of the SS nit r ic  u i d / l O l  hydregen 
peroxide solution u s d  u ch nitric acid i.pirU.r magait in to  a labeled 
containar for w in cha hack hrlf f i o l d  m m t  blmk. Sal the contaher. 

5.2.10 bataim? No. 10 (Acidifid Potuaium Porcuyuute Blank). Once 

d u r a  e u h  f i o l d  w e ,  place 300 m l  of th. acidified potui irp porruy.nate 

solut ion urrd u tho i.pingar solut ioa and in chn -1. rrcovey proeerr into 
a 1.kl.d caitrinrr for uu in  th. back hrlf f i e l d  b lmk  for v r e u r y  
analysis. S m l  t b  caitainer. 

w: 
re l ieve eucoss p m u u m .  

5.2.11 Canuirur No. 11 (8  N lICl Blank) .  Onca during uch f i e ld  -st .  

p l u e  50 ml of tho 8 N hydcocNoric w i d  wd co rkru th acidifid po tus iun  

m y n t  blank for r m .  

The 

e 
Do not us0 rater or ocher l iqu ids  to truufor tha s i l i c a  gal since 

e 
5.2.7 Container No. 7 (Acecone B l a n k ) .  Once durw e u h  f iold test .  place 

0 

5.2.9 Contuner No. 9 (5s Nitric Acid/lol Hydmgm Perorid. Bl-). Once 
e 

0 

lW8 caatrirwr 8hould b. mud. u dmeribd in SIction 5.2.4. to 

p e m a t a  F.pingorr into a 1.b.l.d conf.irt.r for w in tho b u k  ha l f  e 

5.2.12 ContUner No. 12 (Filter Blank). Once during o u h  field test. 
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place M unused fi l ter  f r o m  the same lot  M tho sampling f i l t e r s  i n  a labeled 

petri d i sh .  
reagent blank.  

Seal the petri dish .  This rill k urd i n  the f m n t  h r l f  f i e l d  

5 . 3  Sample Preparat ion.  Note the l e v e l  of the l i qu id  i n  each of  t h e  

conta iners  md detern ine  if MY sample w a s  lost during sb ipmen t .  I f  n 
not iceable  amount of lealrngm hM occurred. eithor void tho sample or u e  

methods. sub jec t  to  the approval of the Administrator.  to  cormct  t h e  f i n a l  
r e s u l t s .  A diagram i l lUStratLng Sample P m p u a t i o n  and M d Y S i S  procedures f o r  

each of the  sample t r a in  components is shevn Ln F i m  A-3. 
5 . 3 . 1  Container No. 1 (Filter). If p u t l e u l a t o  emirmio~ a m  being 

de temined .  then demiccate the filter and fil-r catch without heat Md weigh t o  

a COMCMC w i g h t  M described in kct ion  11.3 of Mothod 5.  
metals. d iv ida  tho filter with i t a  filtor ca tch  Lnta  por t ions  containing 
approximately 0.5 s: each Md p l u o  into rh d y m t ' m  choice of e irhr  
i nd iv idua l  microwave pmmmum relief vasaols  or Pur" Babr.  Add 6 nl of 
concentrated nitric acid Md 4 nl of concantratmi hydmfluoric meid to each 

vemsol. For microwove heating. microwaw ramplo vumolm for appmxi&tely 
12-15 LLIIutom Ln LntorvalS of 1 to 2 r i n u t u  at  600 Watts. 
heating. heat rh P u r  B a b s  a t  l ' W C  (2MoF) for 6 havr. 'Ih.n cool t h e  

ampler to  ma taperacum and cambiru w i t h  th. u i d  d i g w t d  p m k  r i n s e  m 

required i n  kct ion  5 . 3 . 3 .  below. 
u: 1. S W m C d  miCraw.Va bath# ti... w .DgrorL..to and w dopondent ~ 

For M d y a i s  of 

For conventional 

. 

upon tho nrnkr of s u p l r  bo- &mud. -1- to 15 m u t o  
hoot lq  tW Iuvo b u m  found to bm ccmpublo for misultan- 
dimtioa of UD ta 12 i d l v i d u r l  mmplm. Suificiant batin# 1s 

evidancd by m0-t ImlM w i t h i n  th Ma. 
If thm m . g l i n g  t r rLn  Iyu ma o p t i m a l  eyclau. tha cycllnu catch 
should b, p- and dimrcd w- t b  m a n  pmcodumm described 
for tho filtem and cmbinod w i t h  tho di#wtd f i l t e r  suplem. 

2 .  

5.3.2 C a s u ?  NO. 2 (Ac~torm -1. Note th l.url 0 )  l i q u i d  Fn the 

containor .ad d i m  o a d y m i r  mtmt atbu or not 1- occurr~d 
durw trumpore. 
tho sample or w rthod.. mubjwt to tha .ppmvrL of th A&bimtrmtor. t o  
cormct rh f i n d  maulu. b u u m  th liquid in tMa em-? o i a r  
v o l u v t r i c r l l y  to '1 ml or m v - t r i d l y  fo 9 . 5  E. 
M acid-c1e.n.d t d  mml kdmr d wapormte to d r u w o  at ambient Figure 

If ao t i coab lo  -t of 1- hu occumd. o i h r  void 

m i o r  tha cmtmts t o  
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temperaturn Md p r a r r u m .  
deaiccace for 24 hourr without hea t .  wigh to a canatmt wi*t according t o  
t h e  procedumr dercr ibed i n  k c t i o n  4 . 3  of Method 5.  and report the results to  
t h e  nearest 0.1 mg.) 

combine the rerulcmc sample i n c h d i n e  rll l iqu id  md MY p a r t i c u l a t e  r a t t e r  
w i t h  Container No. 3 prior to kClMiry tho f o l l w i r y  k c t i o n  5.3.3. 

( I f  PUCiCulate ..iSriofu LP. boiry detemined .  

Reaolubi l ise  the reridue rich concentrated n i t r i c  acid and 

5 . 3 . 3  Concsiner NO. 3 (pmb. R h o ) .  Th. pH of thir r u p i a  o h d l  bs z o r  

The Sample rhould bo ?inred hto a beaker with rater  and 

lower. 
n i t r i c  ac id  to PH 2.  
the  beaker rhould be covemd with a r i b b d  watehglur. 
b reduced to a p p r o l i u t e l y  50 ml by h.atin# 
juac b o l w  boiling. Inmpact tho r u p h  for vimible p u t i d a t e  ut ter .  Md 
depondlng on tho rnrulU of th. iMp.ction. #?fool.. ano Of tho f o l l a i r y .  
p u c i c u l a c r  u t c o r  in obmorved. cabin.  ch r a p l o  d i m e t l y  with tho acid 

p s r t i c u l r c o  mattor i r  oboorved. digmot fb. ramplo in r icmrrva vemrelr or PmP 
b b r  f o l l w i r y  tho p r o c h m  damcr ibd  in Seerim 5.3.1; thm combine me 
rarultmt maple d i m t l y  with th. w i d  dimtd portimu of tho f i l t e r  prepared 

p r a v i o w l y  in Section 9.3.1. 
Fract ion 1. 

rima rup1.r wiry 

appropr i r to  voluw for tho up.ctd wulr c ~ t m t i o n )  with water. MOMUW 

Md -0rd tho C a b -  V o l l r r  Of th. h t i m  1 M l U t i a S  to dtbLn 0.1 rl. 
@ J M C i C 8 C i V d Y  w.1 diWt .ad l.kl U 18. Lkl the 

If the pH L r  higher. tho ruple  rhould bo a c i d i f i e d  with concentrated 

Ru r u p l e  vo lme  should 
a hot  plat. a t  a temperature 

I f  no 

digurted porti0M Of tho f i l t e r  P r S p u r d  PNViOUlY k c t i o n  5.3 .1 .  If 

I 

Ih. mulcmc cab- ample i r  mferred to as 
F i l t e r  tho c a b i n o d  so lu t ion  Of tho u i d  &#matad f i l t e r  Md probe 

541 flltor papor. Diluto to 300 rL (or tho 

29-a portim Y k t i m  u. R.ctim u il u a d  for ICAP or Ms 
M d y a i r .  F r u t i m  lB i m  uwd for tb. dotomumum of fmnc half rrcury. 

5 .3 .4  Con-? Ib. 4 (L.pFnL.m 1-31. rad m o d  t b  total vol-  
u n  of thir r..pla (Rutim 2) to within 0.5 m l .  
mercury urrly.i. Ird lobo1 u R.ction ZB. 

M ~ ~ Y Z O ~  u 6 .rcr lbd  i n  Seetian 5.4.3. 
If rucrruy. uu cmcaitrrtd nitric o d d  rn 1- h C i m  U to pE 2. 

ramp10 rhould bo r i w d  into a b . b r  w i t h  utar md t& k.brr .bould bo 
cornrrd with a ribbod ntcIulur. 'Ib. -10 v o l u  abuld  bo &cod to 

applPri..taly 20 ml by h u t -  01 a hot p l a t .  at a rrg.mtuN jut b o l a  
boiling. ~ & n  f o l i a  r i t h r  of th. diamotiaa p r o e o d u w  dacribd in *tiom 

a W-ml aliquot fo r  
L.b.1 tb. portion of 

C O f ~ t r L r u ?  b. 0 U - C l a n  a. Ib. -rim a diWt .hould bo P W d  Md 

h r i a a  U dull bm pe 2 or  l a r .  
me 
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5 . 3 . 4 . 1  and 5.3.4.2. belor. 

acld and heat for 30 minUteS On a hot P h t e  t o  just k l o u  boilin#. 
3 percent hydrogen pemrido Md heat for 10 Wro minutor. 
r a t e r  and heat tho suple for an additional 20 mi ~utom. Cool. rileor the 

sample. md d i l u t e  to 150 d (or  tho .ppmpriato v o l u n  for  tho aapac td  metals 
concentratioM) w i t h  watmr. 

5.3.4.1 Conventional Dimation Procadurn. Add 30 al of 50 percent n i t r l c  
Add 10 m 1  of 

Add 50 m 1  of hot 0 

5.3.4.2 Ucraavo Dimation Procodurm. Add 10 m l  of 50 mreont n i t r i c  0 
acid and heat fo r  6 Unutos in intorvalr of 1 to 2 Unuttl  at 600 Watts. 

the sample t o  cool. 
mom minutes. 
Cool. f i l t o r  tho ruglo.  and d i lu to  to 1s .I (o r  eh. .pgmpriato volume for t h e 0  

-szpected metals concantrationo) w i t h  wator. 

A l l o w  

Add 10 d Of 3 P.Kmt h y d m g ~  mroxido and heat for 2 
Add 50 ml of hot wator md b a t  for M additional 5 minutes. 

Not.: A l l  Ucmyavo hoatiry tho0 gim UI --to and LI* domndent 
I 

upon tho numbor of s..plor biry dimmtd at tLu. 
abovo h a w  ban found ~ecoptablo for oimdtonrau Qigartim of up t o  12 

bat- t i n#  u given 

0 
individual s u p l o s .  
the vemmel. 

Suff ic ient  hatin# is Wikd by 8olvmt -flux within 

5.3.5 ContrLrur No. s (Impingorr 4 L 5) .  

Follow cho uulysi8 prvc .buru  ducr ibd  in SIctian 5.4.3. 
5.3.6 Cont . i rur  No. 6 (S i l ica  0.1). 

kuurr ud rrcord the t o t a l  

v o l u u  of thir rug10 to r i m  0.5 ml. 
3. 

gel plus *ingar) to t& m t  0.5 s wing a brlmco. 
m a y  bo conductod in th f i o l d . )  

guleratod f o r  .nrly.ir. 

ThLl sup10 i o  r d O r d  to M Fraction 0 

Wi#i tb r m t  r i l i c a  gel (or s i l i c a  
(This m u p  

0 
5.4 S u p l o  mi.. For uch r-1- W. fiV8 indLVidurl rupleS 

A actmatic i d o n t i f y w  ud -10 and tho pmsctibed 

Sarp10 prrgU.tim rad w i 8  i8  in P m  A-3. 'Ib. f i lrt  tW 

lUPh8 .  laid R.ct- U Ud m. QIUilt Of fb. wtd I..plOO f m  the 

f m n t  N f  of th rrrln. 

i n  Sectionr 5.4.1 and/or 5.4.2. 
mercury u &scrim in b t i m  5.4.3. 

r u g l u .  lln tbid .ad fourth r . .p lu .  labold Prrctioru 2A .ad 28. contain 
the dimtod r u p h  fm tho 4 0  md m,/qOa I.piacrrr 1 thcvucb 3. Fraction 
2A ir fo r  ICAP or M S  d y s i s .  

m t i m  U ir for ICAP or M S  88aly8io u doocribd 
m t i m  L. for d.tomUutiim of fmnt hrlf  

0 
Sho back half o f  th W ru wd to prrp.rr t& third f i f t h  

F r a c t i o n  tB rill br d ~ o d  for  rreury. 

Tho f i f t h  r a p l o .  1.brl.d Fraction 3. can8I.u of cha i.piry.r ContuIts a 
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rimor f m m  rho  mate Lpizuerr 4 m d  5. 
mercury M dorcrikd i n  kction 5.4.3. 
determined fmm the sum of Fraction 28 and Fraction 3. 

using E P A  Method 200.7 (40 CFR 136, b o m d i r  C). 
an M a l y s i S  program a8 d a r c r i b d  in Mothod 200.7. 
d u r a  dereribd in k t i o n  7.3.1 of thir Ythd rhal l  k follorad. Recommended 
vavelangtha for U O  in tho M d y l i l  of eh. Primary, recondary. and interfarring 
metal. are l i a t d  bs la .  

Thir ampla im ~ a l y ~ d  f o r  

Ihe t o t a l  b u k  h a l f  mrcury catch 1s 

5.4.1 ICAP Analyrir. Fraction 1 A  and Fraction U are M ~ Y Z ~  by ICAP 
Calibrate the ICAP. and se t  up 

Tho quality control pmce- 

A n d C  
B.rylliru 

chmriw 
lad 
Nickol 
zinc 

193 * 6% 
313.042 
226.502 
267.116 
220.353 
231.601) 
213.856 

hti#ny 206 - 833 
Barium 455.403 
Copp.r 324.79 

257.610 
S.l.airp 196.026 
Silvor 328.068 
Ihrllilm 190.864 

Alrninu 308.215 
1- 39.W 

0 



5.4.2 Ius by Direct Aspiration and/or Graphit. Furnace. If a n a l y s i s  of 
metals i n  Fraction 1.4 and Fraction U using graph i t e  furnace o r  d i rec t  
aspiration AAS is desired. Table A-2 should be ued to deternine which 
techniques and methods should b applied for  each tupt metal. 
should also be Consulted to  dotermine possible intorferances and techniques to 
be followed fo r  chair minimization. Cal ibrate  tho in r t ruwne according to 
Section 6.3 and follow the q u a l i t y  con tml  procedures specified i n  Section 

Table A-2 

1.3.2. 
5.4.3 Cold Vapor MS W r c w  Analysis. F r u t i o n  18. Fraction 28. and 

Fraction 3 should bo d y z d  for r r c u y  uing cold v-r atomic abrorption 
spectroscopy following tha mthod 0utlin.d Ln P A  Mothhod 7470 or Fn Standard 
neth~dr  for Mator and Yutwu.ter Analysis. 15th Wtion. Method 303F. Set up 

tho crl ibrnelon c w o  am do.Cribod in  k c t i o n  7.3 of Mothod 303F. 
approximately 5 d of o u h  s u p l a  t o  BOD bottlor. 
added. 
Dilute t o  approxiaatoly 120 ml w i t h  wrcury-frn uator. 
m l  of 5 percant potamalum pormm#uuto solution to  tho F r u t i o n  28 and Fraction 
3 samples. 
sample M n d o d  to pmduco s purplo solution luting a t  hut 15 minutes. 
minima of 25 d is r w r t d .  A d d  5 ml of 50 poreant n i t r i c  acid. 5 a1 of 
concantrsted su l fu r i c  u i d .  md 9 d of 5 porcmt potusium mnulfate t o  each 
sample and each stadrrd. D i g m a t  tha solution in tho c.pp.d BOD bottlo a t  95°C 
(2OSoF) in u. conwction OVQI or waur bath for 2 hews. 

hydroxyl.rLn. hydroehlorida aolution d mix thm suplo.  
stannous chlorido to o u h  sup10 .nd u u l y z o  M a u l y .  

Add 
h o d  tho amount of sample 

I 

Tho amount uwd is dopurdant upan tho v u d  lovela of wriury. 
Add .pprorimotely 15 

Add 5 poreont potusium p.manganat0 solution t o  tho Fraction 16 
A 

Cool. Add 5 rl of 
Thm dd 7 rl of 

6 .  Calibration 
M r i n t U n  a l a b o m t o y  lo# or rL1 crLibru.tionr. 
6.1 S ~ . p l i n #  T r d n  Calibration. CrLibraU rh. supling trrin comwnents 

a ~ c o r d ~ r y  v) thm indica- -ti- or no- 51 prob. ~(ozzia (section 5-11; 
P i t o t  Tub. (Soctiorr 5.2);  muring S-tm (Scrim 5.3); Pmbo Hoaur ( k c t i o n  
5.4); Taporarum o.u(.. (Soction 5.5);  Iaak-QUcL of thm Motorin8 Syst- 
(Section 5.6): .ad -tor (Saction 5.7). 

s t ~ d r r d r  M outlinod in Saction 4.4. Pmfila md ca l ibra to  tho i n s t w e n t  
according to tha hutnuant m.nufacturor's -ded prrsc-s u r i ~  the  

6.2 Inductively Couplod Arm P l u u  S p . c t r t r r  Calibration. Prepare 

. 
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above standards. 
If the  instrunant dma not repmduca th. C o n C e n t r N l O M  of th. standard w i t h i n  

10 percent. the complete cal ibrat ion procedures should k prfomed. 
6 . 3  Atomic Absorpeion Speecmwcer - Dirrcc h p i r a t i o n .  Qraphite hrnace 

nnd Cold Vapor Mercury Anslysee. P m p ~  rh. atanduds u Outlined i n  Saction 
4 . 4 .  Calibrate tho I p e e t m m a t O r  win# thare p ~ p d  r t m d u b .  Calibration 
procedures are ale0  outlined in th. P A  wthod. refarred to i n  Table A-2 and I n  
Standard Method. for  Yater and Yutwster. 15th edit ion.  bthod 303F ( f o r  
aercuy). 
wad to calculata tha callbrmtion liru. Ru UutruYnt ahould k rmcalibrated 
approILhately once e n y  10 to 12 0upl.r. 

'ihe Lutrumnt caliDration should be checked once mr hour. 

Each rundud cww should k n m  in duplicate urd th. moan values 
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7 . 3  Q u a l i t y  Control S a ~ ~ l e a .  The f o l l w i n c  quali ty contml  samples should 

be analyzed. 
7.3.1 

Method 6010. 
have  been modified to include the f o l l a i r y :  
m a .  tw ca l ibra t ion  blank w. ane i n t e r f e rmce  check ample  e t  che 

baginning - f  th. Malyrlr (RUt b. w i t h i n  25% Or W y x e  by a t andud  addition).  
one qua l i ty  c o n t m l  r u p l e  to check the accuracy of the cal ibrat ion Standards 
( m u s t  be within 251 of ca l ibra t ion) .  .ad ma duplicat. u u l y r i r  ( u t  be r i c h i n  

52 of averago o r  rewet all u u l y r i r ) .  

ICM Analyrir. Follor the qual i ty  contml rhoun i n  9 c t i o n  8 of 
For ehe PurDO*e* Of r+rm nm t a r t  aerier. thrre m u i m n e n t s  

two F r u t m n n t  check standard 

7.3.2 Direct h p i r a t i o n  and/or ar.pNte Funme. MS Afmlyaia for Arsenic. 

0 Beryllium. Cmdaium.  Chromium. bed. Wmuy.  Nickel. rad ZFnc (md Ant imny.  

B a r i u m .  C0pp.r. Uangmnera. Phorphonu. hlenium, S l l W r .  md Ihrllium. i f  

meuumd). 
on one f m n t  half ruple  md one bmck half  ruple o r  QU cabinad ruple: If 
mcoveriar of lo re  
the mntrix .pike. d y z e  each r a p l e  by th rthd of edditionr. 
con tml  ruple .hould be rarln.6 to c h u k  the LcWICY of the cal ibrat ion 
s tandud. .  The multr n u c  be w i t h i n  101 o r  the cal ibrat ion m a t e d .  

A l l  r u p l e r  should b. u u l y x e d  In duplicate.  Perfom a ra t rb  spike 

75 p.rc.nt or mator  thM 1 8  #?cant .p. o b t a e d  f o r  
0 

A quality 

7.3.3 
in duplicate. 
of che ca l ibre t ian  eunb. rd .  (ri- 101 o r  mpmt ca l ibra t ion) .  
utrix epikm on a m  auple  f m  the nitric L.piry.r portion (nut tm within 2sa 

o r  smpler wt k rrulrd by t b m  mthod of remadad dditiQu). 

i n f o r u t i o n  on quality caatml can br ob- f- =A Method 7470 o r  in 
Standrrd M e w  for Water .ad Yutmw8Ur. 15th Uti-. ktbd 303P. 

Cold V . p o ?  MS kulyr ie  for Me-. All r u p l O S  lhould be analyzed 
A qual i ty  cmtrol r r p h  ehmld k uulyz.6 t o  chock the accuracy 0 

Perfom a 

Additional 
0 
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8.4 Weals (hcept  Mercury) i n  Source Sample. 
8.4.1 Fraction 1A.  Front Half. Weals (except Hg). Calculace the ~ O U ~ C  

of each metal collected i n  Fraction 1 of tho r u p l i r y  trrLn wiry the following 
q u a t  Ion : 

"tn C, F, V a o i m . i  a. 1. 

rhera: 

M,, = c o r d  -0 of e u h  wed (ucepc  !I#) coll.etnd in tb. 
front half of tho rampliry crrin (Frrctlon 1 ) .  ry. 

C, cmcmntmtion of wtrl in ramp10 Prutiarr U u rud f r a  the 
scurdud C W  (ry/ml). 

F, dilution f u r o r  (F, tk. Lnm- of t b  f r u t i d  portion of the 
concmncrntd .amp10 in tho rolution uturLly u a d  in r)u irutrrwnt t o  
pmduco tho C , .  For manulo. rha th dilutioa of Fraction 1A 
i. frm 2 t o  10 d. F, 9 ) .  

"loin. I = coral  v o l u n  of d i g m t d  ramp10 rolution ( h t i o n  1 ) .  d. 

8.4.2 Fraction U .  Buk Half, l b t r l a  (ac.ot Rg). CrlcuLato rh amount of 
each r e a l  col1.ct.d in Fraction 2 of th rampllag trrln wing tho Colla"* 
equation. 

0 



0 

*here: 
0 

n, - t o t a l  EMS of each metal ( s e p a r a t e l y  stated f o r  each metal) Collected 
i n  the saapling train. ug. 

= blank cor rec t ion  value f o r   MI of metal d e t e c t d  in f m n t  ha l f  
f i e l d  raaS.nt  blank.  ug. 

field r e w n t  blank. ug. 

u r n s  

0 
hhb Dlank COrMCtiOn Value f o r  MMr of Mtd detected i n  back ha l f  

H e :  IF the w u u m d  blank v r l u e  for  tho f r o n t  h d f  ( m r h a )  is i n  the range 0.3 
t o  A ug [whom A ug mudr tho v d w  & t o m i n d  by m l t i p l y i r y  1 . 4  ug per square 

inch (1.4 
used in the emirrion sample]. m r n b  may k u r d  to co-t the m a s i o n  sample 

v r l u o  (m,,): i f  mrh, a r c a d r  A ug. thm groator of tho two following values 

(either I. o r  XI.) may k d: 

0 
tiw. tha w t u d  in rpum inch.. (in.') of the f i l t e r  

I. A ug, or 
11. tho looror of (a )  mrh, .  or ( b )  5 porcmt of m r h .  

If thm wuumd blank v r l w  for tho back half (m,.,) io  in tho range-0.Oso 1 

1 ug. the greater of tho tro fol lowing v d u w  may k urd:  

% h .  

ug, arb m a y  k u r d  to c o m t  tho airmion #up10 v d w  (a,,; i f  arb e r c e d s  
0 1 ug or 5 percent  of 

8.5 Mercury in kureo Sample. 
8.5.1 Frac t ion  18. F m n t  W f ,  H#. Cdculato thm amount of wrcury 

collect& in thm f m n t  half, F r w t i o n  1. of th. rupling train wiry tho 
fol lowing equation: 

0 

0 

eq. 4 
0 

where: 

Herh = total UIO of rmry col loctd in tbm fmot half of thm rupling 

q, = -tity or Y- in urrly~d a l .p i0 .  W. 0 
V . o l " . l  total M l U  of w t o d  r..pl. r o l u t i e  ( k t i a n  1).  ml. 

v,,, = mi- or Fmctim 18 .nrlyld. rl. s n  tbm roi ia-  NOU. 

trua (Rutial 1). ry. 

- Nota: V,,, i o  tha wtuml W t  of Fractian LB wad. 
of Frac t ion  18 n m  dilutod to 100 ml to b r i n g  i t  into ebr proD.r a n a l y t i c a l  

For . ~ ~ . p l o .  if 1 ~l 

rawe. rad 1 ml of th. 100-ml d i lu t i an  ru d y r d .  V,,, d d  b. 0.01. 0 

8 . 5 2  Rutm ZB .nd -ti= 3 ,  EW mr, u. crlculau th. -ut of 
wtcury collectod in R u t i o n a  2 and 3 uing Epwtionr 5 6. mop.c t ive ly .  

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

whom: 

Hgbh, t o t a l  -0 of nrcw c o l l r u d  in Fraction 2 .  u(. 
quantity of rmry h u u l y s d  r..ph, ry. 

totrl wluw of Fraction 2. ml .  "a 0 I n , a 

v,,, = wluu of Prmctian 28 UrrlY2.d. rl (#a && in 
*tion 8.5.1). 

where: 



0 

. 

0 
HebRB blank correction Value fo r  DM. Of wreury detwtad in back 

h a l f  field reagent blank. ug. 

w: 
of 0 to 3 u g .  then the total m a y  ba used t0 correct the ealsslon sample value 

(HE,, Hg,,); i f  i t  excwdS 3 ug. the m a t e r  of tho fOllOWing two values may 
be used: 3 ug or 5 percent of the emission rample vuue (ne,,, t~g,,). 

arsonic. berylliun. Cadmium. totol d u c d u n .  l o d .  wrcuy. nicke l .  and zinc 0 
( M d  antimony. b u i u s ,  c0pp.r. mUlgMere, phosphorvl. 80hnium. r l l v e r .  M d  

If the total of the m M U r S d  blank '.dues (Hs,~, Hgb,,) 1s in the rsr.ge 

0 

8 .6  Metal Concentration Of Stuk Gu. Calculaco the concentrations of 

chal1b.m. if warumd) In rho stack 
conditions) M fOllW0: 

c, 
where: 

0 
h . 9  

C, = concantration of e u h  wtal in tho stack m. m g / d m a . -  - 
K, 10'3 mg/u(. 
W, = t o t a l  maus of each mcal colloeud in tho oampllnq train. ug. ". [ . t  P ,  = vollrr of p #amplo u m u d  by c l u  dry gam motor. corrected 

to dry rundud canditiona. &a. 
O 

8 . 7  Iaokinotic Variation M d  Accoptablo R..ulta. S a m  M Mothhod 5 .  

0 Sections 6 . 1 1  urd 6.12. rarpectively. 

9. B i b l i o w  

9.1  
WMtWate?'. 15tJ1 Bditim. 1980. Avdlablo fm tho Auric- Public Hoolth 

Association. 1015 18tb S t r u t  N.Y..  Y u N r y u n .  D.C. m 3 6 .  

Test hrthod. for Evrlu~clna Solid Yuta: PhYmicJ/Chrical Uothodm. SU-e46. 

U. S. G n v i r o a m u l  Pmtoccioa -cy. Y u h t a g t m .  D.C. 20460. 

App.nd.iJt C. July 1. 1987. 

60. A p p w n d i r  A .  July 1. 1 9 7 .  

Wehad 303P in %-dud Methods for cha ILuunation of Yator 

0 

9 . 2  =A brhodr 6010. 7000. 7M1,  7060. 7131. 7421. 7470. 7740. M d  7041. 

0 
Third S0p-r 1w. O f f i C O  Of Sol id  U U U  & G u r g m c y  R O s p o N O .  

9.3 =A b t h d  m . 7 ,  cod. of Podoral Roml atiacu. T i t l o  40. P u t  136. 

9.b =A b- 1 throryk 5.  Cod0 of Podoral Ro&atianr. T i t 1 0  40, P u t  
0 
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them lo be emneously measured as 
PM,*. 

Drying and shrinking is not thought to 
be a pmblem. Should il be considered a 
problem. the tester could choose Method 
ZOlA in which there is no recycle gas. 

Another commenler said that the use 
of recycle gas increase!, velocity in the 
cyclone which could cause lriable 
particles lo  break up. becoming PM,.. 

Prior Io  size classification by a P M 0  
cyclone. lhere is no  known or suspected 
mechanism b y  which lriable particles. 
should they exist. may break up. When 
particles greoter than 10 pm 
aerodynamic size reach the cyclone wall 
due to their inerlia. they are collected. 

consideration is made in either method 
of the gas density. gas viscosily. or 
the density of the particulate matter 
being measured. 

Gas density and viscosity are 
conpen!,aled lor  in the calculalions lor  
both PMu methods. Because the 
aerodynamic diameter of PM,@ 
emis!,ions is used in bolh PMll methods, 
detenninalion of particle densities. 
volumes. or shapes is not necessary and 
would be redundanl. 

Another commenler mid if the PM,. 
mesaurement i s  made downstream of an 
eleclrostatic precipitater FSP). lhen the 
particles wi l l  csry  an eleclnc charge 
and the measurement o f  Phi,. by thew 
methods will be affected. 

when using Method 201 or 20lA i s  
considered to be negligible. 

lha l  the particulate matter may settle 
out inside the sample train. 

The b i n s  have been calibrated with 
test aerosols and the relative accuracies 
lo  each other have been established. 
These lests results and h a  operation 
principles of both methods have shown 
that "settling" ia  not a pmblen.  The 
particles travel only 1.5 to 3 in. (nozzle 
length).prior to s u e  classification by the 
trains. 

IV. Admin ish t iva  

The dockel is an  oganized and 
complete file of all the information 
considered by EPA in the development 
of this rulemaking. The docket is a 
dynamic file since material is added 
throughoul the rulemaking development. 
The docketing 6yslem 1s inlended to 
al low memben ol the public and 
indualries involved to identify readily 
and locate documents so that they can 
effeclively participate in the rulemaking 
process. Along with Ihe statement of 
basis and purpose of !he proposed and 
promulgated lea l  method revisions and 
EF'A rerponaes to aippificant comments. 
Ihe conlenls o l t h a  dock& except lor 
interagency review materials. w i l l  serve 

One commenler said lha l  no 

The effect ol  an ESP on part ide sizing 

There was concern b y  the commenlers 

as the record in case ol judicial review 
[section M[d][7)[A)). 

Under h e c u l i v e  Order I=. EPA i s  
required Io judge whether a regulation i s  
a "major rule" and. therefore. subject to 
Ihe requiremenls of a regulatory impact 
analysis. The Agency has determined 
that this regulation would result in none 
of the adverse economic ellecra net l o n h  
in aeclion 1 o l t h e  Order as grounds lo r  
finding a rcgulalion l o  be a "major rule." 
The Agency has. lherelore. concluded 
(hat lhis regulation is not a "major rule" 
under Execulive Order 15291. 

The Rey la lo ry  Flexibi l i ty Act  (RFA) 
of 1980 requires the identification of 
polentially adverae impacts o f  Federal 
regulations upon small business entities. 
The Act  apecirically requires the 
completion ol a E A  analysia in those 
instances where small business impacts 
are possible. Decause this rulemaking 
imposes no advene economic impacts. 
an analysis her not been conducted. 

Lis1 ol Subjecto in 40 CFR Pan 51 

Administrative practice and 
procedure. Air pollution control. Carbon 
monoxide. Integovemmental relations. 
Lead. Nitrogen dioxide. Ozone. 
Particulate matter. Reporting and 
recordkeeping requirements. Sulfur 
oxides. Volati le organic compounds. 

William K. Reilly. 
Adminismior. 

part 51 of the Code of Federal 
R e p l a t i o m  as lollows: 

Dated March 22 1880. 

The !SPA amends l i l le  u). chapter 1 

PART 51--[AHENDED] 
1. The authority citation lor part 51 i a  

revised Io read a8 follows: 

7179. m - 7 S c B  end m ( n ) .  unles~ 
otherwise noted 

2 SubpaH K. I 5 1 2 2  is amended b y  
adding paragraph (c) to read as follows: 

051212 Tnt~ng.Impecllon. enforamant, 
ana compblnu. 

AulhorlW 42 U.S.C ?Un(b][l]. 7410.747Q- 

. . . . .  
IC) Edorceable lest methods lor each 

emission l lmi t  specified in tha plan. As 
an enforceable method. States may use: 

(11 A n y  of tho appropriate methods in 
appendix M to h i s  parL Recommended 
Test Melhodr  lor  Slate lmplemenlalion 
Plans: or ' 

(2) An alternative method following 
review and approval 01 that method b y  
the Administrator o r  

appendix A 1o.W CFR par t  €0. 

read as follows: 

(3) A n y  eppmpriara method in . , 

3. Appendix M i s  added lo pari 51 10 

Appendix M-Recommended Test 
Method8 lor Stela lrnplemenlslion Plans 

Method mt-Delerminslian 01 Phlm 
Emimoni (hhrhsuml G a l  Recycle Prxedure). 

Method f0lA-Delennination of PMM 
Ernis+mm (Constant Sampling Rate 
Procedure). 

Prcienled herein are recommended les t  
methods lor meaiuring air pollulsnli 
emanatin8 lrom an emission sourcc. They arc 
provided for Stales to YIC in their plsni Io 
meet the requirements of Subparl K-Source 
Surveillance. 

The State may also chooac to adopt other 
methods to meel the requirementi of Subpart 
K of thin pan. subject to the normal plan 
review pmccsn- 

The Stele msv ah0 meet thc requiremenls 
of Suhpen K of him pari by adopiing. again 
auhiecl IO he normal plan review proceri. 
any of he relevant melhodi in appendix A to 
40 cm pan 80. 

Mehod 201-Datominatioo 01 PMm 
Emismiom 

[Exhaust Cas Recycle Procedure1 

1. Applicobilily and Principle 

the in-stack mesiurement of parliculatc 
maller (PM] cmiciions equal to or leis than 
an aerodynamic diameler 01 nominally 10 pm 
[ P M d  from slaLionnv sources. The EPA 
recognize, hat condensibie emiii ioni no1 
collected by an in-stack method are a h  
PM,.. and thal emimsioni that conlribule toy 
ambient PM,. levels are the sum of 
condensible emissions and emissions 
measured by a n  in-stack PM,. method such 
as this method or Method POIA. Therefore. 
lor eilablishing i o w  convlbulioru to 
ambicnt levels 01 PM,.. iuch as for cmiision 
invenloy purpoaei. EPA nuagesli that source 
PM,. measurement include both in-stack PM,. 
and condeniibie emisaioni. Condcnsiblc 
mimiions may be measured by an impinger 
analyois in combination with lh i i  melhod. 

12 Rinciple. A gan aample in 
isokincticnlly erlracted lmm the source. An 
in.stsd cyclone i s  used lo iepsrale PM 
p e t e r  than PMm. and an in -s tad  glaas fiber 
filter ii wed to collecl the PM,.. To maintain 
isokinelic now rate conditions st he tip of 
the probe and a conitant flow raw through 
the cyclone. a clesr. dried portion 01 the 
sample gar 81 alack temperature i. recycled 
into h e  nozzle. T h e  particulate masm i m  
dalermined grsrimevlcally i l le r  removal of 
uncombined water. 

2. Appomlur 

refcn to the method in 40 CFR purl 80. 

1.1 Applicability. Th is  method applies Io 

Note: Method 5 as cited in this method 

appendix A 

erhauil 01 lhc exhaus1 gam recycle IECR) 
2.1 Sampling Train. A schemalic of the 

wain II shorn In Fipure 1 of hii mcthod 

Slsonliii imeI (310 or cquivmlmtl with 
sharp ispared leiding edge and recycle 
allschmml welded directly on the ride 01 !he 
n o d e  (8.. mchern.lic m Flgure 2 ofhls 
method) The insla 01 the taper ihaU be on 
the outsade V u  only i l n q h l  sampling 
n o ~ l e s  "Gooseneck" or other noale 

2 1  1 N o d e  mlh Recycle AIIachment 
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cxtensioru dm+ 10 tom h e  v+ P' 
now 80.. y e  arkd s ue mi roceplabk 
Locale a thermocouple in h e  d e  
atiechmml to the t e m p n ~ d * C  
m C k  .hnm in Fiym 301 thin 
&hod, -clc atrrchmenl sha!l k 
made s ~ i n l c ~ ~  steel and .hall be 
connesled to Ihe probe and n o d e  .rirh 
,tB;nb, steel Iittings. T r a  m u l e  risen. 0.8- 
o.la .nd a m  in. sbnul l  ba avaibbk 10 
.iio- imnkinetic snmpLq IO be condusted 
Over a nnpe or now mi- Cllihroie ea& 
nozzle 08 demibed in scthod 5. seClioo3-I. 

PM,. Sizer. Cycicna. mraling h e  
~pcl'lotionm & W r n  W d thu m c l l t d  

Filler Holder. Bham s1aink.m S1-L 
An &de- filter. psrt numb= S w 4 .  ham 
been loud to be scccptablc for the i n - s l d  
niter. 
N ~ U :  urntion 01 trade name8 or  u p c d l c  
produn, do- no1 C O N I I I U I C  endorsement by 
h e  E n v m n b l  Rolrction Awnqv. 

21.4 Pit01 Tube. Same a9 i:i Method 5. 
Section 2.1.3. Altach Ih t  pilot 10 Ihe pilot 
lines with atsir.leas steel E!tinp snd :o the 
cyclone in B configuratron aimihr to h s t  
ihown in Figure 3 of !hi6 m d m d .  Thc pilot 
l ines ihall be mide 01 heat rcsislsnl malarial 
and attached IO h e  p m t ~  wiL4 SlaideM steel 
fitlingb 

15.Smm [%.in.] ID luhing with n pmbe 
liner. s:;ii.lcrs s!ed 9.53mm !%-in.! ID 
slainleso .tee1 rerycle tubing. two 6.35mm 
[%.in.] ID srainlesc steel tubing fcr tbe pilot 
lube extemim. *ree *ermowuple lend& 
and one power lcad a11 con:ained by 
s t a i n l n i  mtecl tubing with a diameter 01 
approximately 51 mm (20 In.]. Dcs ip 
conaidemtiom nhould inclgdc micimum 
weight cnnsmrction matcriali mfficienl lor 
pmbe ntruc!mlsrnn~h. Wrap 5 e  sample 
snd recycle tllbn with a heating mpe to heat 
die sample and recydc gams IO stack 

21.2 

2 1 ~ 3  

2.1.5 ECRProbe.Slcinli.rs steeL 

~~ 

lempemhuc. 

Sec1ion 2 1 7~ 
21.8 Condmser~ Same m in Mchod i 

- .. .. . . . -. . .. . 
2.1.7 Umbilical C o m t o r .  Rexible tubing 

with hcrmmupie  and powcrleadaol 
sufficient lengh 90 connee pmbc to meter 
and now contml cmaole. 

21.8 Vacuum Pump. Leak-tighL oil-hs. 
nonconraminsting. mth an sbaolote film, 
'WEPA- typ. st the pump exit. A Casr Model 
0522-vlm CleDX p - n ~  has bem lomi to be 
satimlactory. 

System wnsirting 01 a d y  gas m e t a  Mc 
calibrated orifire lor menrn%ing .smplc n o r  
rate and rapablm 01 measuring rohme IO t 2  
percent. calibrated laminrr Ibr alcmnli  
[LF€sl or equivalent for meas&ing 101a1 and 
sample now mea. probe h e a r r m t r o l d n d  
manometen and magnchelk u a v g a  [am 
ahown in F igum 4 and 5 d h i m  m c W L  or 
equivelent. Temperalums nrcdcd for 
calculation. include start. recycle. p m h .  d v  
gas meter. filter. and 101.1 now. notw 
measuremenu include uelocity h u d  [ApL 
O n f i Q  dillcrentisl p - u ~  [AHL total now. 
recycle now. and !d u p -  rbmw 
the svstmnr 

2.1.9 Meter and Flaw Clmlml C a i o l r  

t2 SampleRnwcry. 
2.21 Node.  Cyclone. mnd Fdta M e r  

Dmsh-. N y b  bristlebnuhem plopvly liaed 
and shew6 lor cleaning the nodr cyclone. 
f i l ler hoido. and p r o k  or pmbe liner. v i l h  
s t a i d e m  l t e e l  *rrr shaf!s end handlea 

22.1 Wsah Boi!ln. Claim S m p k  Smrap 
Containan. Pelri Dinhes. Grndwled Cylinder 
md Balanrr P l a k  Storqe Canla inan  and 
Farneb. %ma e., Mrrllod 5. Somom U 
Ihmogh LLll and U A  -1ireb. 
2.3 Analyiis. Same m in L k h d  5, 

Section 23 .  

3. Rzup2na 
The reopm mod in sampiiag. umple  

recovey. and analymii am Ibc w .I Iha 
specified in Method 1. seniw 3.L SI and 
3.3. reapctively. 

4, Pmccdure 

method i s  such ihaL In d e r  to obtain 
reliable resultn. testen should be (rained and 
experienced -irk the ml p m c c h m .  

M e t h d  5. Section 4.1.1. 

hlathod 5. Seaion 4 . c  elcept Y D ~  the 
dircctions om n o d e  size melaction in this 
nection. Use d thn ECR method may require 
a minimum eamplim pun dlrmeler o! 02 m (8 
in.L A h .  h e  reqaird mniimmn number or 
sample lzovcne p i x r  i: ~y locntlvni shaU 
be 1 1  

be i n - i t a d  or a1 stack templnhuc d w h g  
8amplir.g. The blockage ellssla ol  Lhe ECR 
sampling asiembly will ba minimal If Ihr 
cioaa-sectional r e a  a l  the sampling' 
asicnbly 1.3 perccni or leis of h a  trim- 
sectional ama of h e  duct and a pilol 
wellicient of 0.01 may bs enigncd 10 the 
pitot. U !he mu-sectional m a  01 the 
assembly in greater than 3 -1 d h e  
cmns.sectional area 01 h e  ducL h e n  aiher 
determine the pitot md( idmt  .I swpl ing 
cnnditions or UUI a standard pi101 wilh a 
knm wefflciern In a cnnfiguration with Ihe 
EGR sampling a s s n b l y  such thst now 
dirlurbsncem am min imind 

lor variovi bp.s and remperatw. A 
computer is useful lor hem calculstiona. An 
erampln 01 h a  output 01 h e  EGR .dip 
p m m m  is  s h n  in Figvra 8 01 rhis m e h d  
and directions on ilr Lye ore in amion  4.163 
01 thia mhod h p u m  pmpnma. writtco 
in IDM DASlC wmputer Iangimpc IO do ltesc 
lypen of selup and reduction ulculationn lor  
the EGR pmcedum. are available through !he 
National Technical hl-ation Scrvlces 
IEmsI. ASSCUion number 3285 
Porl Roy.1  R M d  Spriqqield V l m i a  Zl8L 

4.123 Tbc EGR =tup D-am uUors the 
lemler 10 #eIeci h e  n o d e  size b a d  on 
anticipated avus;e a t a d  CondlUoN and 
p5nis a SCIUP sheet lor Scld use. fhe amount 
01 recycle through the n o d e  should be 
betwecn 10 and Bo -L hpuu lor h e  
PGR m u p  p'ognm am m i a d l e m p n ~ w e  
[minimum naximum a d  .vermeL slack 
velocily Imicimum. maaimunr nnd ovaray). 
ntmospherlc p r e u u m  suJrrrsdcprruurr. 
meter box tmmponhm. mud maisturn. 
P e m N  I%. and FOKUL! CO, k rh am& g a r  

4.1 Sxnpllng.The compleriry d this 

4.1.1 heten R e p a r a l i a n k r ~  as in 

4 - 1 2  Preliminary Lkterminstions. %me as 

4 . 1 2 1  f h e  cyclone and M e r  holder must 

4.1.22 Conrtrucl a v l u p  01 p r n i u r e  drops 

0 approximation o f  the to:d flow rate and  
ssree; wilhin 1 percent of rhhc exan aolution 
lor prersurzdrnp a1 alack t e m p r a t u ~  fmm 
38 10 2m 'C [lm IO SM '0 and mck mohture 
up to 50 pemnt. Also. the example 
worhsheels u s e d  consum s t a d  lernperature 
in the ~l l lc l t ls t ior~ ingminp the complicotd 
lemnerarurr d m d e n c r  lmm dl hne  
prc:.aure drop equations. Errors lor hi, m I  
a t a d  temperaurei ~ 2 a T l r ~ ' F ) o l l h e  
temperature u r d  in h e  ictup ~alwlerions 
a r t  within 5 perccnl lor  flow mlc end wilhin 
5 percent lor  on^ cut size. 

i s  assumed to be conalnnt at 0.6 in. 11; in the 
ECR sctup cslculationr. 

4.1.20 Themup &et constructed using 
this ~rocellvm shall be similar to Fimre 0 01 

4.1.25 Thc prcsnaure upllrcam 01 the E s  

0 
this method. Inputs necdcd lor the &lcula(ion 
am the o m e  81 for the m u p  computer 
evept suck velocities ere MI needd. 

4.13 Rcpnt ion olColIenion T e i a  
Sirme as in Method 5. &clion 4 .U .  n c v l  
use h e  lollowins diroclioru Io  sct up the 

e train. 
1.1.3.1 Asiembie the EGGR mmpling 

device. and atmih  i t  to p:oh as sh%sc in 
F- 3 of h i s  method. II ruck ttr.peralum 
crcecd W 'C (5m 'F), hen ersemblc the 
EGR cyclone without Ihe O-ring and reduce 
the vacuum requiremen1 10 lJOrnm Hg I50 in. 
Hgl in h e  leak-check pmcedum in Section 
4 , 1 ~ 4 , 3 2  01 !hi* rnclhd. 

4.1.3.2 Connect Ihc pmble directly Io the 
filter bolder and wndeniuam in Method 5. 
Cmned h e  c a i d u u u  and pmbc 40 the 
meter and U o w  maml console with thc 
umbilical connector. PIS in Ihe pump a n d  
aitsch pump lines LD  bo meter and now 
control wnaole. 

4.1.1 ha;-Check Pmccdure. The leek. 
check fur the ECR hlethod cmsislrol l w 0  
pasta: the sampleside and Lhe recycle-dde. 
The sample-side Ieak.check ii required at thc 
beginning d h e  run wiL+ h e  cyclone 
aI:achcd. m d  lAer rhe run w.lh the cyc1or.e 
rcmoved. The cyclone Is removed b e h  the 
po~i-tesl leakcheck 10 p m e n l  m y  
dii iurhnce d l h a  colladed sample priOlto 
acalyis. The recycirside leakcheck tests 
the leak tbht inl@ly d l h e  -de 
components and i s  required prior Io  the Srst 
icst run and after each .hipmcnL 

4.1.4.1 Retant LakZhsck. A pmeml leak- 
check of h e  entiresamplbnidc. Including thc 
cyclone and node .  ir m u i r e d  Use the ieak- 
check pmcedw in Saction4.l.4.3 01 this 
method io  wnducl a prates1 laak-check 

'1.1.42 b o k C h c c b  Curtw Sampk Run. 
%mean in Method 5.5eCtioa 4.1.4.1. 

0 

0 

0 

0 
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r,..dmg h n l l  MI e x d  I mm IU.5  inl. U the 
d ~ l l c m m x ~  d h e  limit wecificd adjust 
or repiace tbe p r m u m  
lield us* check the calibmlwn 01 the 
pres- p a u p s  

syi iem in MethDd 5. Seciion 53.  

iyslem in MclhDd I. Srclim 5 1  u r n 1  
complelcly do= both h e  cam and Gnr 
recycL vslveL 

the meter and flow wniiol mnioir r?h the 
umbilical wmector. h e r 1  a Ihmocnuple 
into the probe sampk Line npprmimlely half 
 he length of the probe iamplr lint Calibrate 
ille probe heater at m 'C 1150 TJ 1 3  'C 
[zy)  'F]. and in 'C IUD T L  Turn on the 
power. and met tbe p m h  healer lo tbr 
mpecified temperatum. Allow h e  hcator 10 

and record rhe lhermocovple 
iempcratum and the meter and now conlml 
conaole temperature IO the iesrest  0 3  'C 
(I TI. The 1 1 0  IempcraIum mhodd agree 
r i th in  5.5 'C 110 q. I1 this a p m e n t  i s  nol 
mel, adjust or replace rhe probe heoier 
controller. 

5.5 Tmperatnm Gauges. COMRI nll 
thermocoupln. and Id I ~ E  meter ind flow 
conlol w m o k  equilibrate IO ambicnl 
~empenmre. All L \emcoupln ihsll e F c  to 
within 1.1 'C [ZOW with a mandad 
nernuy-in-@an thmomcir r .  Replace 
defective t h m o c o v p l n ~  

5.0 Barometer. Calibrate apainsl a 
mlsndod mercury-in-glama bamnela. 

5.7 Rob. Cyclone and N d e  
Combinstimu The p m h  cycloneand n o d e  
combinations need no1 bacnlibmtd If the 
&one mecu the design ipcdfietinni m 
Figvrc 12 of thii method and the n o d e  mscb 
the design rpcif icat ionr~in appendix B of Ih 
Appiicorion Guide for fheburrr PM I 
Erhaurr Cos Recycle Snmplin# Sptcm. FA1 
rm/Ma-OSn Tbb documant may bs 
obtained barn Roy Huntley .I (919)Y1-1060. 
II the nod la  do MI meel rho daign 
rpePficationr thm mi h e  cydane nod 
n o d e  mbinst im for wniormiw rilh tbc 
perhrmancc ipcci!icstiona ( E a )  In Table 1 
of thim mcthod. The p q -  of the R t l a l i  h 
IO determine i f  the cyclone's ahorprms 01 cut 
meell minimum perlormanu crileria. If the 
cyclmr doer not meet desig ~ p e d f i o t i m u  
then. in addition 10 the cyclone and  de 
wrnbinaiioo conlormkg IO tbr R'r ulibrata 
the cyclone and determine the rclalimnhip 

Alw rack 

5.3.3 Toul L E  Same am the melering 

53.4  Recyck LFL Same u the marring 

5.4 R o b e  Heakr. ~ o m r c i  the pmiw IU 

- 

h r e r n  h w  I.&. R ~ B  vi.colitp. and pas 
dcnsi!y. Use the pmccduma in Scclim L75 01 
h i  mcthd.to mnduri PS i n i n  and Ihc 
procedvni in Section 6 4  d this merlmd m 
calibrate  he cvclonr. Condun the R t e m  In 
I wind (-el dercribed in MM 5.7.1 of 
' j . ~  n r t h d  and win# a paruck gennlim 

x m  dncribed in Seaion i 7 . 2  of this 
n d  Uia live p o n i d e  mi.- and t h m  

.,nd velocilic. a8 listed InTable Z of this 
m e l h d  Rrlorm a minimm of three repiirate 
m a e m n m e n ~ s  o! collcnion rfficiencv for 
esch of the 15 mndiliona liiled lor B 

minimum 0145 meaiuramenli. 
5.7.1 Wind Tunnel. Pcrlorm calibration 

snd ps teau in a wind tunnel Ira equivalent 
lei1 sppantum) sapable of ntobliahing and 
mainlshing the mquired gas stream 
v i i l d t i n  wilhin 10 percenl. 

532 Panide Generation System. The 
panicle genmtion symtm shall be mpable of 
producing solid m o n a d i s p a d  dye psrllclel 
with the ma- mrdim eemdynsrnic 
diorneten specified in leb le I of thim method 
The partitle mize distribution vaincation 
should be perlormsd on an i n lep ted  .ample 
obtained d u n q  the umplina prid of each 
IE~I.  h scmptabk dtmmlive in 10 w5!y the 
aize diitribution of Ibmples &mined belore 
and altar Bash lei: with both i l l m p h  
requirrd IO mml the diameter aad 
monadiipeniry requirements for an 
aarptsbic l e i  run. 

5.721 hab1i.h mi= of Ihc nolid dye 
par t idn delivered Io the Icst section of the 
r i n d  ~d v s u  h e  opvatinp panunelen 
of the panicle generation myilcm and v u i l y  
the mize during the lesls by nu-pic 
exarninalion or samples of the particler 
collected M. memb-c filter. The particle 
size. ~ 1 a  ntsbliahed by tbe oparaling 
paremelm of the *nuation system. *ball be 
wi!bin the tolvance spdGed in Tabla 2 Of. 
ulil muhod The p k i o n  of the W d e  mue 
vcrifisarion bxhnique shall Le allearn e05 
pm. and tbe particle size determimad by lha 
verification luhn iqw shall no! di6u by mare 
than 10 percenl from tbu ciubli.bed by the 
openling parameten d the particle 

WIOIOI e x c d d s  IO prrcml by mass. t k  
psrticie pncmlirm ayawm .I unscrrnlablr 
for pu- d th i i  1-1. M d l i p k n  am 
p m i c l - a  h a t  am - l a m c r a t d  and sa1cilitr.i 
arc partdem tho! am i m d i a  thm thc 
mpecilind mile ranpc- 

5.7.3 Schemetic D R r i n p .  Schcmstic 
drsvlngs of the wind tunnel and blower 
syalem and other infomation ahowi-a 
complete proceduml details 01 the lcs t  
alma9phem pnemlinn. vcr i lml ion and 
de l i r ry  tcchciqvn shal IIE hmishsd with 
c ~ l ~ b r a ~ i o n  data In ine rcvicwing owncJ.. 

Ihc cyclone ntm ratei  with a dry g m  mrlcr 
and a stopwatch. or a calibrated orifice 
system capable of mes,=ring now rolea 10 
witkin 2 percenl. 

5.7.5 Perlormence Spe-ification 
Rocerlure. Ealsblish the lent pa5icle 
pencrator operalion and veri!$ the particle 
~lim microrcopically. II nondispenily is Io be 
verified by rncmaumments 111 the besinninp, 
snd the end of the run rather liran by an 
intcnraled aumplc, thcse rnensuzmcnll ma? 

5.7.4 F l ~ w  Rate Meaauremenl. Determinc 

be m d c  PI thin limo. 

dcfinsd an the aerodynamic dismeler of a 
particle having a 50 pcrcnt probabilily of 
pmetralion. Determine the requiredcyclone 
now isle "1 which D, i s  10 prn. A su&qc3!d 
procedure i s  to vary the cyclone now m e  
while keeping a wnslanl parliclc mre 0110 
pi. Meaaurc the PM collected in the cyclme 
1m.l. exit lube (041. and filler Imd. Comlrulc 
the cyclonm emciencv 1E.1 aa follows:. 

5.7.5.1 The cyclone WI nile (L1 i s  

~ I 

m. L- x IC3 
Im + m. + mrl 

1 
3 

. 



Federal Regisler / Vol. 55. No. 74 / Tuesday. April 17. 1930 / Rules and Repulalions 14251 0 

4. i .4 .3  Posl-Ten! LeahCheck. A I w L .  
check i. required at Ihe conclusion 0 1  each 
sampling mn. Remove the cyclone bclore Ihc 
IraL-check to prevenl i h r  vacuum crested by 
I ~ C  cooling of the probe from disturbinp the 
cnllecicd *ample and use ths following 
procedure to conduct a posl.ler1 leak-chech. 

4.1.4.3.1 The sample-side 1enk.check is 
p d o r m c d  9 8  la:lows: After removing the 
c\-clonr. m a l  lhe probe wi lh a leak-light 
stappcr. Belore stsning pump. close the 
coarse lolal valve and both recycle YaIvci ,  
and open compleiely the sample back 
pressure valve and the line total v d v c .  Alter 
turning the pump on. perlially open thc 
m a n e  lotel valve dawly  IO prevent a suge 
in the manometer. Adjust Ihe vacuum I o  a1 
Ira91 341 mm Hg (15.0 in. Hg) wilh the fine 
m a l  vnlve. If Ihe desired vacuum is 
exceeded. either leakchcck a1 lhis higher 
vacaam or end the leak.check a8 ahown 
lielow and star1 over. 
bulion: Do not decreeme the vacuum wilh 
am. or the valves. This may cause a ruplure 
of !he riller. 
Kate: A lower vacuum msy be used. provided 
lhni i: is no1 exceeded during h e  ICIII. 

4.1.4.3.2 Leak rates in excess of0.0057 
malmin (0.0:O ft'lmin] are unaccep~elrle. I f  
the lesk rate is too h igh  void the sampling 

4.1.4.34 To complete Ihe leak-check. 
rlawlv remove h e  slopper from the nozzle 
until the vacuum ii near rem. then 
immedialely turn off the pump. This 
procedure squencc prevents a preaaure 
surge in h e  monometer h l d  and rupture of 
the filter. 

4.1.4.3.1 The rccycle-side leakcheck is 
periomned 0s ioiiowa: Close the coane  and 
line total valves and nample back pressure 
vslw. Plug the sampleidel  at the meier box. 
Turn on Ihe power and the pump. dose the 
recycle valve). and open h e  tolal now 
valves. Adjust h e  lola1 flow h e  a d j u t  valva 
until 
achieved. If the desired vacuum is exceeded. 
eilher leaksheck at this higher vacuum or 
end the lesksherk and slart over. Minimum 
acceptable leak r a m  are the same as for the 
soeple-ride. U the leak n l e  ii loo hi@. void 
the sampling run 

4.1.5 EGR Tnin OperaUon Same as in 
hlethod 5. Section 4.1.5. except omit 
references lo nomogaphs and 
reconmendalionl about changing the filler 
assembly dvring a 

sheet such as the one i l i own  in Figura IO of 
lhis me!hod h k k c  periodic c h a d u  of the 
manometer level and r e m  IO ensure C O ~ C I  
A H  and b p  values. An acccplable procedure 
for checking the zero is IO equalize &e 
pressure e l  bolh ends of h a  manometer by  
pullins on  the tubing, allowing the fluid lo 
eqci!ibralc and. il necessary. to re-zero. 
h~oi- :a in the probe lempcrsture IO within 
11 'C [OD 'Fl of slack temperelure. 

example ECR setup sheat is am follows: 
Obtain a #lack valodty rending fmm Iha 
manometar IAPI. and h d  Lhh vduc on he 
ordinale axis Of Lha sslup sheet. find the 
alack temperahre on the abiciisa. Where 
there two value8 infcnut am h e  dinerenilal 
Presruns neserlary to achieve imkinetlciry 

nl". 

vacuum of 25 lncher of m e r c q  is 

4.1.5.1 Record the data required on a data 

4.1.5.2 The procedure lor using the 

1.1.5.3 The top three numlrem am 
dilferrnlisl prr~aurrm (in. KOI. end Ihe 
Loltum number i w  the percent recycle SI these 
now settings. Adiual the Iota1 now rele 
valves. coarse and fine. l o  Ihe sample value 
U H I  un the setup mheet. and Ihe recycle flow 
ralc valves. coarse end fine. IO the recycle 
now on Ihe srlup #heel. 

4.1.5.4 For stanup of the EGR sample 
Irain. the fullowinp procedum i s  
recommended. Reheat the cyclone in the 
rlacL for 30 minutes. Close both the sample 
and recycle coarie valves. Open the fine 
total. line recycle. mnd laample back preisure 
valves hallway. Ensure h a t  the nozzle is 
properly sligned w i h  h e  iample stream. 
M l e r  noting the Ap snd stack temperature. 
select Ihc sppmpriate A H  and recycle lmm 
Ihe EGR ie lup s h m  Slsrl the pump and 
liminp device simullmeoudy. lmmediotely 
open bolh Ihe cuane total and the comae 
recycle vnlves slowly to obiain the 
spiirorimste d r s i d  vdues. Adjuat both Ihe 
h e  tutal and the line recycle valve8 to 
achieve more p r e d d y  Ihe denired values. In 
the ECR n o r  myriern. adilutrnenl of either 
valve wi l l  result in a chanpe In boh total and 
recycle now ralem. and a slight Iteration 
bclween the I o t d  and recycle valves may be 
necessary. &cause h e  a m p l e  back pressure 
valve conlmla h e  lolal flow rale through the 
ayrlcm. i t  may be necearay l o  adjust this 
valve in order l o  obtain the comct  flow IBIC. 

Nola: Iaokinetic samplinp and pmper 
operalion of the cyclone arc not achicved 
unless h a  comcl AH and revcle now rates 
m e  mointsined. 

4.1.5.5 Cuir;ng the ler: run moilitor the 
probe and filler lamperalu-es periodically, 
and make adjustments as necessary 10 
maintain aa derircd temperalums. U the 
sample l o a d l q  11 hip$. h e  llllcr may be@ to 
blind or h e  cyclone may clql. The fil ler or 
h c  cyclone may bs replaced d d n g  h e  
sample IWL &fore changing Ula filter or 
cyclona. condun a leakckcsk (Sedon 4.1.42 
or !him method). The lolal paniculalc maam 
ah311 be the sum of all c)-clona and Ihe filler 
catch during h e  Nn. Moni lor  ilsck 
temperalure and Ap periodically. and mekc 
Ihe neccrsap hdiumhnenis in iamplinp and 
recycle noh- Tales IO mainlain i iokinel ic 
sampling and h e  pmpr flow rate Uvovgh the 
cyclone. At the end of lbe nm. m on the 
pump, c lwe  lhe coanc IoIaI valve. and 
record Ihe final dry p a l  meler rending. 
Remove thn probe from the #tack. and 
conduct a port-test leakcheck as ourlined in 
Section 4-1-42 01 lhi i  m c h d .  

4.1.8 Calculalion of P s m n t  bokinel ic 
Rate and Aemd?nnmic CUI Si=. Calculate 
perccnl iurkinelic rale and tho aemdynnmic 
CUI size (U.1 (see Calculalions. Section E of 
lhis melhodl 10 delcrmine r h c t h e r  the iesl 
was vnlid or another test run ihou ld  be made. 
If lhere wen dilf icull in maintaining isokinelic 
rates or a R. of 10 rrm becouw of nource 
conditions. h e  Adminismior may be 
co~ul led for pomsible varlansc. 

4 2  Sample Recovery. Allow &e probe IO 
COOL When h e  probe a n  be d e l y  h a n d l d  
wipe off a11 external PM adhering to the 
outside of h e  nonle. cydona and n o d e  
allachmenl and placa a cap over h e  n o d e  

Io prcvenl losing orpaining P M  Do no1 cap 
Ihc nozzle l ip  liphlly while Ihe iemplinp train 
i s  c d i n p .  as this action would create a 
vacuum in ihc filler holder. Diiconncci i l w  
probe from the umbilical connector. and wkc 
Ihr  probe to the cleanup sile. Sample 
recovery should be conducled in a d? induar 
area nr. il outside. in an ares pmlectrd fmm 
wind and free or dual. Cap the ends of the 
impingcri m d  carry lhem to the cleanup Bile. 
Inspect I11c componenli of Ihr l rs in prior to 
and during disaraembly Io notc any ahnormal 
conditions. Disconnect the pilot from the 
cyclone. Remove the cyclone from thc probe. 
Recover Ihe sample a8 follows: 

recovery ahall be the same as lhet lor 
Container Number 1 in Method 5. Section 4.2, 

b q e  PM Catch]. The cyclone must be 
disaiscmbled and Ihe nozzle removcd in 
order to recover the large PM catch. 

inlerior surfacem of the nozzle and the 
cyclone. excludinp the "turn a m u n d  clip und 
the inlerior surfaces of the e r i l  lube. The 
recovery ahall be the same a i  that for 
Container Number : in Method 5. Section 4.2. 

4.2.3 Canlainer Number J (PM,.). 
Qusntilelivelg recot'er Ihe PM from i l l 1  of Ihe 
iudoccs fmm cyclone exit to h e  lmnt half ol 
the i n - r t a d  l i l l e r  holder. including the "Iurn 
nrouad" cup and the inkrim of the exit lubc. 
The recovcry shall be Ihe ssme as thal lor 
Container Number 2 in Mclhod 5. Section 4 2  

4.2.4 ConfoinerNumber4 [Si l im Gel):- 
Same aa that for Container Number 3 in 
Mclhod 5. k c t i o n  4.2  

5. Section 4.2 under "lmpingm Walcr." 
Analysis. Same a# in hlelhod 5. 

Seclion 1.3. excepl hsndle EGR Container 
Numben 1 and 2 l ike Conlainer Number 1 in 
Method 5. EGR Container Numbers 3.4. and 5 
like Container Number 3 in Method 5. and 
EGR Container Number E l ike Container 
Number 3 in Melhod 5. UIE Figure 11 or lhis 
mcthod to record the weighls of PM collected. 

Quality Control Fmcedurer Same 8s 
in Method 5. Section 4.4. 

5. Colilrmfion 

cs l ibn t ions  

0 

0 
4.2.1 Conminer Nonrber I (Filler). Thc 

4.2.2 Conminer Number ? (Cyclone or 

Quantitatively recover thc PM from Ihe a 

0 

e 4.2.5 lmpinpsr Worer~ Same as in hlethod 

4.3 

0 
4.4 

hleintsin en acmrale loboralor). log ol 611 

5.1 Probe N o d e .  S a a e  sa in hlelhod 5. 

5.2 Piloi Tube. Same as in Mcthod 5. 

5.3 Meter and Flow Contml Console. 
5.3.1 

5.32 

Section 5.1. a 
Section 5.2. 

Dry G a s  Meter. Same as in Method 

LFE Cauaes. Calibrate the recycle. 
5. Section 5.3. 

lotal. ond inlet lotel L E  p u g c s  with a 
manomeler. Read and record now n l e i  at 10. 
50. and 80 percent of full scale on thc tutal 
and recycle pressure gouges. Read snd rccord 
flow r a m  at io. m. and 30 percent or full 
~01e on the inlet 101d LFE pressure gauge. 
Record the lolal and recycle readings to Ihc 
neamsl 0.3 mm (Om in.]. Record Ihc inlel 
total LIE reading, lo the neareat J mm (0.1 
in.]. Make h c c  scparalc meaiummcnts a1 
each sellhg and calculalc the average. The 
maximum dillerencc beiwccn lhe average 
premium rending and !he sversge manometer 
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e 

e 

The L o r  raw. 81 actual cyclone conditions. 
i s  calculewd as lo!lows: 

e 

0.6.3 Calculalr the molecular weigh1 on B 

we1 basis o l  the cyc!one gam LIS lollowr: 
M. = hUl  - 8.1 + 10.010.1 

t.0.l II the cyclone meeli the drripn 
specilicslion in Fipre  11 01 l h i i  method. 
cdcdoic lhe m u a l  Do of Ihe c y t l o n ~  lor the 
,""a, lollow.: 

0.0 Aerodynamic Cul Sire. Uae the 
following procedum Io  delennine Ihc 

e 

e 

e 

aerodynamic cut size ILI. 
wherc: 

m 3 Slope ol  l e  cslibrolion curve 
oblained in Section 5-8.2 

b = y-inlcxepl of the celibrnlion curw 
oblained in Section 5 . 8 2  

0.7 Acceplsble ResuIii- Acccplobilily o l  
aniiokinelic variation ii the isme a i  Mchod  
5. Scclion 8.12 

8.7.1 Il 9.0 pm < D, < t l  prn nnd 90 < 1 < 
110. the miulu nre acceplsble. Uh. is 
gmo~cr lhen I1 pm !he Admiuiilralormsy ... 

ascepl the resu111. If L is lesi than 0.0 pm. 
mjecl the rcsulli and repeal the I e a l . ~  

7. Bilrliogmphy 
I. Same as Biblioprephy in Mclhod 5. 
2. M a i n .  I.D.. I.W. Raglsnd. and A.D. 

Williamson. Recommended Melhodoiogy lor 
the Delemination of Parlidel Sire 
Dirwibutiona in Ducted S o u m .  F i n d  Reporl. 
R e p a d  lor the GLilomia Air Rewurces 
Board by Sourhem Reiosmb Instilute. May 
1888 

3.Farlhing. W.L. S.S. Dawes. A.D. 
Williamion. ID. McCoin. R.S. Morlin and 
1.W. Raglond. Developmenl 01 Sampling 
Melhodr lor SOUKC PM-IO Emiraioni. 
Soulhcm Rescorch h s l i l u l e  for the 
Pnvimnmcnlal h l c c l i o n  Agency. April 1963 

4. Applicalion Guide for rhe Source P h  
&bus1 Gas Recycle Sompling Sjsrem. EPA/ 
uro/%a5-osb 
Y w o  CDDl u ( C s m  - . -  
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h + m J  5 -  I I W  
lm.+m.+m,+ md 

5.7.5~7 Do L h r ~  rrplicalci h r  each 
combinslion or pas velocities ocd panicle 
I:ZCO in Table 1 of h i s  method. Calculate L 
fur each pen& i i z e  Idloring Ihc 
pmccdurem described in lhim ieclion lor 
determining efficirncy~ Calculale the 
atended dcsislion (0) forthe replicsle 
mea~ummenim. I f  e rr-di 0.10. rcpat the 
replicmc runs, 

the three gar ilmam velociliem. plol the 
average F, 01 a function of parlicle a i m  on 
Figure 13 of h i s  melhod. Drsw a smoolh 
curve lor each velocity through all porticle 
s i re i .  The curve sholl be within the banded 
rqion lor a l l  i i ze i .  and Ihc average L for a 
h. for 10 pm ihsl l  be 50 5 0.5 pcrcmt. 

5.7.8 Criteria for Acccplsnce. For eoch 01 

5.8 Cvclunc Cdibrmtion Rorirdum. The 
puryoir o! thin m i o n  i m  Io develop Ihc 
mlstvmahip t a r e e n  no- m e ,  p n  v l c o l ! ~ .  
pee densir). and L. Thir pmcrdurc only 
need8 10 be done on ihuie cyclones Ihal do 
tm1 meel the d e r i g  rpnihmtimm in Figure 
12 of this meihod 

Delemine the now r a m  and &'a for ihmc 
diflercnl particle iizeel between 5 juri and 15 
w. one of which ihall be 10 -I. All i i res 
mum1 be within 0.5 p m  For each mi-. w a 
diflemnl lempraturr within M'C (im-F] of 
the lern!xratum 11 which lhe cyclone ia la b. 
uicd and conduct tripli=te runm. A iuggeited 
pmcedure ir to keep the panicle m i r r  constant 
and vary the flow rate. Some of the vduem 
oblaind in the PS leilm in Section 5.74 may 
be wed. 

S A l ~ l  On log-log vaph paper. plot thc 
Reynolds numbnr (Re) on the abecisu. and 
!he quare mol of the Slob Y) number 
Il%)"l on the ordinate for each 
temperoiure. Use the following cqualiona: 

5.8.1 c d c u ~ a r  cyclone now rate. 

0 

wllere: 
Q, - Cyclone flow rntc cm'lmc- 0 
p - Gam denlily. glcm'. 
4. s Diameter of cyclone inlet. cm. 
p=,, - Viicoiity olgss through the cyclone. 

L - Cyclone cut a i m .  cm. 
5.0.12 Use a linear regreaaion nnalysis to 

pulac. 

delcrmine the , lop Iml. und Ihc yinlercepl 
[b). Use the foUomng lormula 10 determine 
Q. the cycloac flow rala required lor a a t  
aim of 10 Vm. 

0 

0 
wherc: 

Q = Cyclone flow rele for a cut mi= of 10 
pm. u n 3 / i e r  

T. = Siock gaa ternperslum. X 
d = Diameter ol noylc. cm. 
K ,  = 4.m X lo-! 
5.82. Dirccliona for Using Q. Reler lo 

Section 5 of the ECR operaton manual for 
directions in using thia exprcssion lor Q in 
the retup calculstionm. 

8. C O l C " l ~ L i 0 . ~  

are performed by the ECR reduction 
computer pmgram. which im written in l sh l  
BASIC computer lanpage nnd is available 
lhmvgh NnS. AcCealion number PEE& 
5wwO. Szaj Pon Royal Road. Springfield. 
Virginia 22181. Examples of p r o p m  input8 
and ou[puts am ihown in Figure I4 of lhim 
method. 

6.1.1 
manually. as specified in Method 5. Scsiioni 
8.3 lhmuph 8.7. and 8.9 !hroug!~ E.1: with the 
addilion of the hilowing. 

al.2 Nomenclature. 
8. - Moimium fraction of mixed cyclone 

ct = Viscosity conmlanl. 51.12 r i m p o i s e  

G = Vi*cosity constant. 032 mimpoisel 

8.1 T h e  EGR date reduction Calmlolions 

Calculation8 can ala0  k done 

gas. by volume. dimcnsionlnm. 

lor 'K (51.05 micropoiae for ~ 1 .  

'K (0.207 rnimpoise/'R). 

C, - Virrnsity wnatinL 1.m X ~ b '  
mimpomel'K' [3.U X W'mlsmpoimel 
'R1). 

C - Viiealty constant. U.147 
micmpoiullraction (x. 

C - Viscosity consmnL 74.143 
micmpoise/frastion K O .  

DU - Diameter of panicles having rn XI 
percenl probability ol penemation gm. 

1. = Stack gam fraction OS. by volume. dry 
bask. 

KI - O.YL58'KImm Ha (17.61 'Rlin. Hs). 
M - We1 molecular weight of mixed gam 

lhmugh h e  PM,. cyclone. glkmole (lb/ 
Ib-mole). 

M. - Dry moledor  weight of sla& gam. gl 
ernole [Ibllb-mole). 

P, - Bamrncler prcssure at vlmpling site. 

a L T O ~ ~ I  cyclone now rate at  wet 
cyclone conditions, d l m l n  [IPlmin). 

mtnndad conditoni. dicmlmin [d id /  
mix). 

meler. 'K ('RJ. 

Q- - ~ o i a l  cyclone now m e  at 

T. - Average lempcralum of dry gam 

T. - Average alack gni Irmnperalure. 'K 

V'rcrr - Volume of woler vapor in gam 
ru1. 
ismple (atandad conditioni). am (14. 

X7 - ToIRI LFE Iinaar d i b r m i o n  S O N ~ ~ D C  
m'll(rninl(mm tbOU (It'll~minllin 
H.011). 

dmcmlmin [dmcflrninl. 

LFE mm tt0. (in. K01. 

Y1 - Toul LFE tinear calibration mc3taob: 

AP, ss Rcmium dillcrentiol acmss 10111 

e = Told iampling time. min. 
~b. - Vlscoiity of nixed cyclone gas. 

micropoise. 

elcawnu. miuopoiae. 

micmpoiae. 

D Viscoaily ofgaa laminar flow 

IL. - ViKosily of standard air. 1 0 . 1  

8 2  Phi,. Paniculate Weiglil. Determine 
Ihe weight of PM.. by summing lhc weighli 
oblaincd fmm Container Numben 1 end 1. 
leis the acetone blank. 

8.3 Total Parli;ulsle Weigh:. Delemine 
h e  panicdote caich lor Phr greaer I h n  
Phl. fmm Iha weighl obtained lmm 
Container Number 2 I c u  h e  acetone blank. 
and add i t  lo lhe PMm perticulale weight. 

PM,. Fmction. Determine the PM,m 
fraction of the tom1 paniculate weight by 
dividiw the Phl. particulate weight by the 
toul  parliculote weight. 

now rate a1 standard sondillon# is 
dcermined fmm the avem#e pressure dmp 
a m s i  h e  I O I ~  LFE and in r s l c u l a l d  a~ 
followr: 

&d 

a5 Told Cyclone flow Rate. The avcroge 

e 

0 

0 

0 

0 

0 
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PM 10 CYCLONE EGR NOZZLE 

RECYCLE LINE 
STACY. THERMOCOUPLE 

FILTER HOLDER 
(63-mm) 

F 1 

I 

THERMOCOUPLE 

a 

a 

0 

. .  

0 

a 

. .  

Figure 3. EGR PMIO cyclone  sampling device. 0 
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EXAMPLE EMISSION GAS RECYCLE S W l ’  S H E n  

\‘ERSION 1.1 M A Y  1Wfi 

;EST 1.0.: SAMPLE SlTl11’ 
RUN DATE 11/24!M 
LOCATION: SOURCE SIhl 

SOZZLE DIAM€ITR (IS): 2 5  
OPERATORIS): R i i  in 

S:’ACK co:innios 
AVZRAGE i z h i i u ~ x x ~ :  (VI: zimn . . CAS C ~ I ~ C I S I  11s:;~ 
AVERACE ~“ELOCITY (n/sr!cI: 15n I I : O = I O . ~  ........................ h!u=a:.m 
AhlBIEXT P R W L R E  (IN HC): a . ~  02=20.9% ....... M W - 2 i . X  
STACK PRFSSLIRI; 11%’ 11201: . l n  -. : C02=.01: ........................... ( L D / U  

MOLE) 

TAKCET PRESSURE DROPS 

TEMPERATURE IF) 

01’1VTOJ ..... 
n.ox 

,031 

,035 

.(uY 

l%l  
SA.WpLE 

TOTAL 
RECYCU 

SRCL 
.sn 

1.w 
z . 2  
57s: 

~ 6 7  
1.88 
i 5 7  
5 4 5  

.x 
1.87 
z44 
51% 

Barumctric pressurn. = 

Slack static = 
P, in. Hg 

pressure. P,. ia 
HZO. 

Calibration data: 
NoUic diameter. - 
pi101 coeKicienL = 

AH@. iR t1,O ........... = 
Molecular weight 
01 a~tlck psi. dry 
h i i n :  

[%CC!?l+UZ 
( ‘ ; o , I + O u l  
[S?&+%cO). 

D. In 

c 

M e o . 4 4  =-  

am 
.4G 

1.92 
3-00 
G:l% 

S A  
1.81 
zB5 
59% 
-81 

1-90 
2.72 
S T Y  
.e9 

1.m 
2.59 
N‘V, 

blolesulsr weight 01 
slack gel. W C I  

bsais: 
hL=% = L / l b  mole 

(1 -8-.1+10tl..- 
Abaolulc slack 

presaurc: 
~.=~-+IP./i3.81. = in. HF 

Ueeired me& orifice !mrrure (AH] lor Figure 7. Example nu:kahrel 1. n m e r  urifim A!,SO~UIC ,lack = 
velocity heed 01 Black pas (Apl: prerivra haad calculation. pramum. P. in. Hy~ 

A H - K  i p s  in. HzO Averace t4ad - 
Ihmmelric p m u n .  = ~amkmlum. T. ‘R 

Meler lernparalum. T, ‘R. = P- In. Hg., 
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Figure 9. Example workshcel 3. 
recycle LFE prcssure head. 
m m * C  CODE L I m - M  
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Moleculer weigh! o l  - 

i i a d  pa.. we1 bsrim. 
hi. Ib/tb mole. 

L E  in. I la. 

%ch.-.- = 
Fruclion rnoiiiure - 

h i m u m  Y I I S I R S ~  of  - 0.6 

Ce. dnslp, . :  

cmleni. 4,. 
Calibrelion dab: 

Nozzle diameter. D.. - 
Pilot coefficicnl. C, ._._... = 

in. 

l 'o ial  LFE cslibrviion Viwcosily d d p  ~ IWA 
conslenl. X.. c pas: 

l 'u~rl  LFE calibraiirm #. 152.4 18 2 u.z.55: 

"palream of m 
P,-p,+o.n .....__......._ = /n. rig 

conrlanl. T,. - -- T . + 3 . 3 5 5  x lo-' 
Ahiolulc pmliurr T.:+0.53117 1";QI. - - 
Vircoaily of gam in m i d l  

Conhlmta: 

0 

0 

Told LFE preraum heod: 
Ap,-Au-& l . l p ) C -  In. &O 
hrornelric pressure. P- in. Hg=- 
Absolute stack prcsaure. P, in. 

Average ?rtack lrrr.pcralure. T, 

Abnolulc pressure upstream 01 Ltr:  I m. 
in. Hg = - 
Ca:ibralion data: 

Ha=- Nozzle diameter. D.. in.=- 

'R=- Recycle LFE calibration constant. 

Recycle LFE calibration constant, 

Pit01 coefficient. &=- 

Meter temperature. T.. 'R=- x,=- 
Molccular weight of slack gas. dry basis. 
&. Ib/lb mole=- Y,=- 

Viscosity of LFE gas. p -  poise=- 
Viscosity of dry stack gar. k. 

poac=- 

0 

0 

e 

0 

0 

0 

.& 

x. 
Presiure head for recycle LFE: 

SI=- =- AP.-&-W IApl"*-in. &O 0 

0 



rJX,* 

... ............... I [ZI-IJI- LCJI .ce1014 blanh ]~ ........... ................... I- 
Acelone I h n i  Conc.. nig/mg [Equalion I w q n i  of PM.. ........................ ...................... .............. 

......................... ! . ~ ~  ............. ! ............................... 
Figure 11. ECR method unalysis sheet. 

5 4 ,  Melhod 5)- 
wash ~ , n " ~ ,  ,~uu;llion ~ 5 ,  Z . . . ~ . ~  

.ILLI*C C O W  .56&5oO-Y ~--- I 

m m r ,  mq maner. mg 

I 
~ 

. ~. 
L- ~ C I I D ~  bhnh ...: .............................. ! 0 hlclhod 51- 

0 

. . . .  
. .  

. .  

. . . .  . .  .- . 
. .  : . : .. ,: .. 

. . .  . .  
. .  

.. 1 : . . . . . .  ~. 
. . . . . . . . . . . . .  
. .  
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T I S !  1 PERFOIU4NCE SPEClFltLTiONS 
FOR SJuac~ PWo Cyclones and Hoz. 
zle Cornbinaltons 

2.CrPDnCC"l i pm 

on'oz' i 
TbELE 2. PARTICLE SIZES AND NOHINCL 

GAS VELOCITIES FOR EFFICIENCY 

1.rwr gar "eLDcII*I lm/-l PIWUCIO 1 
U I C '  
I-!. I 7-1.0 I 1 5 ~  1.5 j 25r2.5 

i 

20= LO..! 4 .- ! 

.... 1 I 
5 1 0 . 5  , _ 
1 ~ 0 . 5  j i 
l0=0.5.? 1 ! 
1.s1.0.1 1 

0 

0 



Di" ID- 

cm 

inches 

I 

Din 0 o r  B H h 2 5 

127 4.37 1.50 1.E8 6.95 224 4.71 1.57 

0.5a 1.76 0.59 0.74 274 0.88 1.85 0.62 

!j 
3 I h  7, 2 

I I Dimensions (iO.02 cm. iO.01 i n . )  

F i g u r e  12. Cyclone design s p e c i f i c a t i o n s .  

52 

u25 c.45 

0.83 1.75. 0.40 0.49 

0 

0 

0 

0 

. ." 

c 

0 

0 

0 

0 

0 



0 

e 

0 

0 

0 

0 

0 

0 

0 

0 

0 

,'un,(rr*,,ln:.. 
l7;CTLi .............. ...... ::.i.ii t 
.:P.cL: ....................................... .i"I,F - 
TiLFCl ._ ......... ..... 111~11 F 
TiUChll ......... i8.U F 

5.1,m Rrllvm.' 
DlllORll . . . . .  1111 l\Kl: 
DI1TOTI . ....... 1 P I  1r<wi: 
r t s u  . . .  i : :5  1\1%1: 
0PYCl.I  ...................................... i.:, !SWC 
DP11701 am ISWC: 

hli*CCII."C.: 

,.. 

. O.JZC70 I 3 53701 .......................................................... 
1.907 

C y d m  I 
BachuD Fi:l.r .............. ...- .... YI.: 0 01332 I 
P.rnWII1. T01.I ...... ... 872 I C.02762, 0.03602 I 5 4 4 4  

i. Appljcobilily m d  Principle 

:he in-stack mesiurernem of par:xuiaie 
rnstlci (P%<) cmiiiiona equal IU nr less hnn 
en ncrodmamic diamelcr of nominally 10 
IPhL.1 from atalioner). murces. The W A  
rccugnires thal cmdfnr ib le emissions not 
collecicd by an in-alack melhod are  also 
PM,. and that emissions ihsl  contrihuie to 
ambient. PM,. l e r e l i  ere the sum of 
condenaible emicnioni and emissions 
neaiured by an in.stsck PM.. method. such 
as lhir method or Method :W.Thrrelom. for 
ur!sblirhing molirce cmlrihulionr IO ambient 
!e re l r  olPM,, such P I  for emission inrcntar). 
FY~POICI. U A  nu@esla ihai S D Y ~ Y C  PM.. 
-iensurcmcnl include both in-alack P!.l, sad 
cundensible cmisnionr. Cundensible 
emissions me! be meerured by an impingei 
analysis in combinalicn v;ilh ltii method. 

B constant nor m e  thmugh an in-st&: 
rir ing device. which repercter PM p a t c r  
than PM,- Verielionr lmm iaokine!ic 
sampling condiliona ore meinleined within 
welldefined limits. The psrticulolc marl ii 
&!ermined gravimet"r;ally a ! ~  removal of 
uncombined water. 

2. .I.pomr"r 

1.1 Applicbbility. T i i a  mclhud 2;viieg 10 

X hnciple. A ga? sample is crlrncled ai  

' 

vola: Mclhodi cited in thin melhvd ; s i r  par1 

-1 Sump!ing Train A ichcmalic 1.1 II:. 
of10 CFR part Bo. appendix A, 

Method ZOlA rampling Ifaim i s  a h o m  in 
Figum 1 of this method With h a  exception of 
the PM.. siring d u k e  and in-alack filler. l h i i  
lidin i s  [he wme em an €PA Mulhod 17 t m i n  

eqiaivalenl) with a sharp laperad leading 
21.1 tionla. Stainlearn I I ~  {316 or 

with small nozzie in;remenls incresse the 
likclihood that a sizRle n o d e  can be used fur 
Ihu entire tmvei ie .  I1 the !:ozz'ur do no1 mccl 
the design rpcci;icnlioni i n  Fipure :or lhia 
method lhen the n o n l n  musl mcel Ihe 
criiarilr in Sectiun 5 2  of this method. 

quirulcnl) .  cnpable of dclcrmining.lhe Phl,. 
lruclion. The siring device shall be ri lhcr a 
cyclone l ha l  meeu the ipecilicelions In 
%clion 5 2  of lhis mchod or a ceuade 
impactor that has been calibmted using the 
procedure in Seclian 5 . 4 0 1  thin melliod 

An  Andmen filter. pan numbcrSU74. has 
been luund Io be acceptable lor the in-slack 
filler. Note: hfention of vnde nemci ur 
specific produc~s does iinl conslitule 
mdomcmneni by !he F.miromnenlal Pmlection 
Agency. 
21.4 

Secliun 21.3. Tlir pi101 linen ehsll bz made of 
heal msiilont tubing and altsched Io the 
pmbe with i l i l inleai nteel liltinga. 

Method 5. &lion 2.1.2 

Condenser. Mclering Syalcm. bromcler. and 
Gem Dcnailg Delemination Equipment. Same 
ea in Mflhod 5. Section8 2.1.4. and 21.7 
Ihmugh 1~1.10. recpeclive!?. 
23 Sample Recoven.. 
i i l  

El.? PM.. Sirer. Stoin1e.r aleel (310 or 

21.3 Filler bolder. 03-mm. nleinlesn ulecl- 

PilolTul,e. Same LIS in Mcthod 5. 

2.1.5 Probe Liner. Oplionsl. lame as in 

21.8 Dillerential Rcsaam Cruge- 

SOEI.IE. S:zinp O r r i m .  I'mhe. ond 
Yillcr Hdder Omslies. Nglun bride  brurlien 
r i l h  ntvinless SICEI wire rliafU and handles. 
p rnper l y i i vd  and shsped lor denning the 
nozllr. airing dedvice. prubr or probe liner. 
end filler ho lden  

Wash Fwttlea. Gluai Sample Storilp 
Cmminon. Petri Dishes. Crsdueted Cylinder 

z . 2  

2.2.n. respectively. 

SFCl i l l l :  1.3. 

:, hM,,L.,:,,rx 

I C C O I ' E I ~  and enrlyrir are !he sitme 86  l i w  
specified in Melhod 5. Seclionr :.I. 3.2. rind 
3.3. respcctively. 

4. Pmcccll"re 

method i s  such Ihal. i n  ordcr 10 obtain 
ml i rb l r  ICLUIIL. lerlen should be trl incd ;io*! 
expcrioncrd with Ihe test procedurcs. 

hluihw? 5. SL-c:iun 4.1.1. 

i? h:iibnJ 5, Seclivn 4.1.: exccpl ule thc 
directiota on nozzle size selection and 
ramplinc time in this melhnd. Use olrng 
nozzle p u w r  than 0.16 in. in dismclcr 
requim Y rompling port diPr.?:cr 01 6 inclicr. 
AIBO. llir required m a x : . ' -  .-her of 

2.3 Ai:aiyrir. Ssmc as in hlclhud S 

'Thc n'gcnts fur rampling. aamplc 

4.1 Sampling. The complexily 01 thi. 

4.1.1 Piulcs~ Prcpariuun. Same s i  in 

4.1: Prcliminsy Detcrmmaliuns. Same us 

trn?enr IpoinlP a1 ar' .  811 be 12. 

YI maintained a! SIIICL cein;r~aturr during 
ramp!ing. The blockage effect of the CSR 
snrnp!ing asiembly wi l l  be minimal il Ihe 
cms..scctional x e s  of !he mrcplinp 
asicmbly i s  3 pccenl or less 01 the cross- 
stctiwinl are- of the duct. If Ihe cross- 
m c : i u d  area of the assembly i s  greulcr Ihxn 
a percent of the cmas.aeclionoI area or the 
duct. lhen cither delermine the pilul 
cocfficienl a t  iurnpling condiliona or w e  
s l m d a d  pilot with a known cuefiicirnl inn  
confiptrnllon with the CSR aampling 

4.1.21 The rir ing :. . ,; ..... in.rlach 
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Y < 9 m/s 
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F i g u r e  13. E f f i c i e n c y  envelope for t h e  PH,, cyc lone  
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wilhin 2 percent. 

Rocrdure. b t s b l i r h  tern1 pir l ic lc generator 
operation and verily panicle mile 
microicopically. I1 monodiapcti:? i s  Io be 
wri: iel  by measuremenin a t  the heginning 
and ihc end of thc mn rather t h i n  by p.n 
inlegrated sample. lheae men*uremcn!s ma). 

5.2.5 Perlormance Specificelion 

be made a1 lhia lime. 
525 .1  The cyclone cut size. or a. of a 

rvrlone in defined hem a. the nsnicle size 
_ j  

.. .. 
drawings 01 the wind tunnel and blower 
myaiem and other information showing 
complele procedural details of the test 
etmoaphcre generalion. vcrilicalion. and 

h iv ing  a 50 percent probability 01 
penetration. Delcrminc the cyclone now rmte 
at which 0.. 18 10 pm. A muggciwd procedure 
i. to vary Ihe cyclone flow rule while keeping 

mcaaummenls of +. 
5.2.5.3 Cslcvlaie the standard dcvialion 

10) lor the raplic:alr rnwsurvmenlM of E, a5 

fdows: 

I E , + L + L ) '  [ ~= [ 1Es '+61+L l -  
3 

2 

I1 P excecdi 0.10. repeal Ihe replicated mn3. 

the cyclone and nozzle. !L at  the psrliclc 
rizcm and nominal gam velocitier in Table ? of 
this method using lhhc following pmccdum. 

5.2-5.5 Set lhe air velocity and psniclc 
i i zc  from one of lhe conditions in Table 2 01 
l h i i  method. Esab l i i h  inokinelic ssmpling 
cnndilioni and the comcl flow is le  in the 
&one [obtained by  pmc~durc8  in this 
iection) such thsl the a is 10 pm. Sample 
lung enough Io obtain =5 percent precirion 
an lo id  collecled moan am determined by  h e  
precii ion and the ieni i t iv i ty of measuring 
lechnique. Determine iepsrately the nozzle 
cslch Im.). cyclone catch [ml. cyclone exit 
lube IM.1. and collection filler c a l d  [m,) far 
each particle mile and nominal gar velocity in 
Tab!c 2 01 this melhod. Calculate overall 
efficimcy (E.) a i  lollows: 

5 2 5 . 4  Mesnum the overdl  elficicncy of 

' 

lm.+ml + =  X l W  
lm.+rrs+m.+md 

0 
5.i.5.n Do three replicaten for each. 

conbinstion d g s a  velocity and panicle mile 
in Table 2 of thii method. Uec lhe quo l i on  
below IO CBICUIBI~ the average overall 
efficiency ~L...I] lor each combination 

lolluwing thc proccdurem described in lhir 
iecl ion for determining eflicicnc?. 

\%'here E,. 6. and 6 am m p l i u l e  
mearumnenln 01 5 

to calculate r lor the replicole 
meanurementn. I1 v ax& am or i f  h e  
parlicle r i z n  and nominal gam velociliea are 
no1 within the limitn s p e f i e d  in Tablc 2 CT 
this method repeat h e  replicate N~U. 

5~2.0 Crileria lor Acceptance. For each of  
the I h m  gas stream vc1ocili-x. plot the L..d 
am a function of partide sire on Figure 0 of 
lhia method. Draw mmoolh a m e n  through a l l  
panicle nizer. LI iha l l  be within Ihe 
banded region lor aU sizes. and h e  EA.., 
shall be 50fU percenl a1 10 m. 
53 Cyclone Calibration Fmcedure.The 

purpoae of thia procedure ii to develop Ihc 
relatiomhip between flow rale. gun viscosity. 
gsm deneily. end a. 

5.3.1 Cnlculate Cyclone n o w  Raw. 
Determine flow ralcn and XI lor  * ? e  
dil lerenl panicle sizes beiwecn 5 pm and 15 
pm one 01 which nhaU be 10 pm. All uizcu 
muit b e  determined wilhin 0 5  Srn. For each 
iize. use o diffemnl temperature wilhin Bo 'C 
(108 'n 01 the l tmperalum 01 which the 
cyclone i. IO be used and wndxc l  Viplicale 
Nnl. A iuggested proscdwe is  lo keep the 
panicle mire conitant and ~ a y  h e  flow rale. 

&,I- IEn + 6 + E113 
' 

5.25.7 Use Ihe lormula in %lion 5.2.5.3 

5.3.1.1. On lo#.lw groph paper. plol !he 
Reynolds number IRc) on thc ehrcisla. and 
the square r m i  of Ihe Slokes M number 
I ( S t b ) q  on Ihe ordinate for each 
temperelure. Vac the following equations I O  
cumpule both ~s lues :  . . -  

4 p Q -  

d- - P- Re = 

[StLl!'i = [ rQ-la) '  9 n  p ~ ~ l ,  I "  
where: 

Q,=Cyclone flow rsle. cm'/rec. 
p=Cas dcnrity. g lcm? 
b,=Diametcr of cyclone inlct. Crn. 
~m=Viacos i ty  of gar through the cgclonc. 

L o A e r o d y n a r n i c  diameter o l e  perlicle 
micmpoise. 

having a 50 perccnl probability 01 
penetration. cm. 

5.3.1.2 Uae a linear rcgrcflaion analysis lo 
determine Ihe dope In) and Ihc Y.inlercepl 
[b). Use Ihe fallowing lomule to dclermine 
Q. the cyclone flow rate required lor a CUI 
ri2e 01 10 m. 

K, =4.07X10-? 'where: d-diameter of nozzle. un 
mcSlope o l the  calibration line. T.=SIa3 gam IempermIum .R 53.1.3 Refer to the M e h o d  ZO1A ' ' 

b n  y-inlerscpi of lhc calibralion line. 
Q.=Cyclonr flow rate lor a cut size,ollO 

P.-Ab.olule nlock premsw. in tis. 
M.CMoleculu w c i & l o l  the n l a J  gal .  l b l  

operaton manuaL entitled ApplimiOn Guide 
forSourre P,\t,. Ateauremen: with Consroc: 

0 
pm c m a l s u  Ibmole .  



cvllsclnl mmlvlc und ube inr pmceuure ln 
M r l h d  5. Seciiun 1.1.1.3 IF ulnduci 
IPKI laah&ecl. 

puml- 

4 . 1 1  Method Z l lA  Train Opxalian. Snmr 
in hlcthod 5. k c i o n  1.13. r i ccp l  w e  the 

prnedumi in ihr iectiun lor imkinelic 
mmpling und now laic adiurmenl. Mainlrin 
the now rate u l i d u t a d  in h c i i o n  4.112.1 oi 
thin m c l h d  lhrnuplinul thr mn pmvi4ed the 
sack  emp per mum in  within Z0 -C IY) 'FI of 
~ h c  Icmperalure umd IU calcuidc AH. I i  mlad 
icmpcraiurra vary by more h v n  m 'C IM 'VI. 
UBP Ihe appropriate AH value oalculmled in 
Section 4 . 1 z . 1  01 [his method. Calculnlc Iha 
dwell time RI each ~ruvcine pain1 as in Fipw 
R oi thin mclhud. 

Ratc und Armdynamic CUI S i r e . l L l ~  
C~lcull;ie percent iiokinelic rate ond LL. h a :  
Calculutionr. Scciion 0 ul l h i i  mrllindl Lo 
dowrminr whether thc lea l  WYI valid or 
st~other lemi run should L E  made. I1 lhere wan 
diXicully in msinlaininp imkinclic samplinp 
ralem within !he prescribed r o n ~ e .  or il the L 
is no1 in ill prnper r m ~ e  beceumc of s o m e  
condiliona. thc AdminisIralor mry IC 
c o c r ~ l i r d  lor ponrible vaiisncr. 
i~: Snmplc Rccovcry. II a a s u d e  

:mpilr:lor i s  caad. use Ihe monu1aclumr.b 
rrcvmmundrd procedurra lor  iample 
recovery. I! II cyclonc i s  u r d .  UIC Ihc w m  
sample recorcry UT !hill i n  Method 5. Seclinn 
4.2, except 9n in-srrd number oianrnple 
recovery containen i s  required. 

4.21 bnroicer Number I Iln-Slud 
Fillc:). The recomry mhdl be the isme as lhal 
lor Conluincr Ncmber 1 in hlelhod S. ?el lan 
4 ~ L  

4.23 Conloiner Nunher? [Cyclone or 
Lvgr !?A Cslchl. Thli mlep i, oplionul~ The 
misokinetic ermr lor the cyclone PM i a  
!haoretically lorper lhan the e m r  for Ihc 
PSI,. catch. Thcmfore. adding al l  Ihc 
lraciions IO gel a total PM catch in no1 am 
accurate 80 Method 5 or Method M. 
Disusaemble lhe cyclone mnd remove llie 
n o d e  to mover  Ihe l a v e  PM calcb 
Quenlitatively m w e r  the PM Imm the 
interim i d a c e s  01 h e  n o d e  and cyclone. 
cuiurl ieg Lhe "1- amund cup and h e  
interior iur i rce i  01 Ihe e r i l  tube. The 
recovery rhuU bc.lhe inme os lhal ior 
Container Number 3 in Mclhod 5. Scctiun 1.2 

4 2 4  ConrcmnerA'w;ihnr J [PMd 
QuanritntivFly recove: Ihr PM from all 01 Ihc 
surfaces fmm h e  cyclone e-it IO the fmnl 
haliof h e  insud til ler bolder. includinp *o 
"turn nround' cup inside Ihc c y c l o ~ ~ t  and the 

..Interior wrircem of the e i i l  lube. The 
recover)- ahaU be the mame a# thnl for 
Container Number 2 in Melhod 5. Section 4 1  

12.8 Container Numlhsr I (Silica Gel). The 
recovery ihs l l  be the same em thal lor 
Conlaincr Number 3 in Method 5. Seclion 1 1  

1.2.7 impinper IVorer. Same u in Melhod 
5. Section 4 I  under "lmpingcr Wmler." 
1.3 Analpis. Sume 81 in Method S. 

Seaion 1.3. crccpl handle Method ZU1.4 
Comsincr Number 1 like Container Numkr 1. 
M h o d  ?mA Conoiner Numben 2 and 3 like 
Container Nwber I nnd Method ZmA 
Container Number 4 IIke Cnnlainar Number L 
Ure Figun 7 of Ihla mslhod to record lhe 
welphim 01 F'M colleccsd. Una P l g ~  5-3 in 
Melhod 5. Section 4.3. 10 record lhe VOIUIII. 01 
water colicsled. 

4 , m  blcula l ion o l k r c e n l  bvkinclic 
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Qiialily Conlml I . ~ c d u r a r .  Srmr YL i n  4.4 
hluthud 5. Section 1.4. 

,5. Cdihml;on 

cdibretions. 

Syriem. hh lleater Cvlibralion 
Temperalure Csugen. Leakchech 01 Mblenny 
Synlrm and Baromclcr. Same m n  in Mclhod 5. 
Section 5.1 I h m q h  5.7. rrapeclirtly. 

5 2  Probe C . ~ c l m e  arid Fiurriv 
Cumbinations. The  probe cyclone and II(IU.IE 
combiniiliunm need no1 be calibrulcd i l h t h  
meel design mpeciknliunr in rieurei 2 and 3 
c d  l h i i  method I i  the nozilce du nul m w l  
drsipn nprciiicalionl. tlien Le81 the cyclone 
and i ioulc combinnlions lor conlorrnily with 
prlurrnvnce mpeciiicatiow (1S'rl in Table 1 
ai thin mclhod. I f  Ihc cyclune d a i  no1 mecl 
dcsipn apccilic~liona. then Ihe c l m n e  and 
nozzle cotnbinnliun shall conlorm 141 llw I s ' s  
and c*librulr the cyclunr to dclcrminr Ihr  
rclulienmhip belwucn now rule. pur 
n n c a i r y .  and nai  dcnaity. Use the 
ywuccdurea in Scclion 5.2 01 l h i i  mclhud Iu 
conducl rS 1mls and Ihr p n i c d u w  in 
Sec:tion 5.3 01 h i s  method IU cvlibrsle Ihc 
cyclone. The purpoir oi Ihr p5 le611 urn 1 1 3  

cnnlorm !hut the cyclunc and noi lk  
combinviion ham h e  desired aharpnem ofcul. 
Conducl !he I 5  l ~ i l r  in a wind tunnel 
dercriliad in Section 6 2 1  01 l h i i  method and 
pmticle grnerstion syilem deiu ibrd in 
Ec l i on  5 - 2 2  of lhis method Ume b e  pnrLiJu 
mizm and tlime r i n d  vclocitiei I. lirtcd in 
Table 2 01 h i m  mcthod A minimum ai three 
mplicair meawremcnls 01 CollLrlinn 
cffisionq- a h d l  be porlornwd 10: aiich of llic 
15 conditions listcd. lor B minimum of45  
mcsiuremenlr 

calibrulion and PS ~ e m  In a wind luniiei Iur 

aaublisliing and maintaining the required gas 
amam vclocilies within 10 pescenL 

5 . 2  Particle Cmarelion SyKlrm The 
panicle pencrnlion mystem m h ! i  he upoble ul 
prUdUCitlg d i d  mondirDemcd ayc p;wlicles 
with the :w,i medim aemd?namic 
diumciem specified in Tiiblc 2 oi this me:hud. 
Perionn the panicle size dialribcliun 
veriiicatinn on an inlegrmlad rampie obluined 
durinp the smnpliw period of each leol. An 
acceptable alternative is IO verily Ihc size 
diatr:bulion of samples obtained below end 

' a l ter  each ICSL wilh both aamplem r q u i m d  IY 
meel the diamcler mnd nionodiapfnily 
rcqciwmenls lor sn nsceplablc In1 run 

EAablish Ihe s i re  01 he d i d  dye 
particlem deiiverrd lo the lesl ieclion or the 
wind lunnel by using the opcrdling 
puramctcn 01 the particle gfacralion nyalrnl. 
and verily them durinp the tesla by 
microscopic examination oi rampier o! Ihe 
.paniclea urlleclcd on a membrane lillur. The 
panicle sire. 08 caleblidhed by the operaling 
parsmeten 01 the gmernlion sys!em, lhai l  be 
.within Ihd ioiemncc specified in Tuble 2 o! 
i h i i  malhod The pncimion 01 the particle size 
verlticalion I h n j q u e  ahdl be at lens1 3 5  
~ m ,  and particle m i =  datermind by Ihc 
verification technique shall not d l h  by more 
thpn 10 p m n l  Imm lhal aslabliehcd by Ihc 

Muinlain uti ~ c c ~ r a l c  I~burniur) lop 0 1  i l l !  

S.1 l k o h  Nozzle. Fltul Tube Mewring 

5.2.1 Wind Tunnel. Perform llir 

equivslrnt t e l l  aopar.1ual callublr 01 

5 . L z 1  

' ' 
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7 .  GiULc-smph? 
1. Same as BilrlioRraphy in h f e l h d  5. 
2. McCain. I.U.. 1.M'. Ragland. and A.3 .  

IYi!liamson. Wccummmdd >:cthndo!o&! lor 
l i e  Dctrrnina~ion o l  Parlic!c Size 
Diilrihulioni in Ducled Snurrrr, Final R F ; I C ~ I .  
kcpared lor ihe Celilarnia Air Rcso~rccs 
h a r d  lry Southern Reaearch lnsl i luie  >lay 
1986. 

\Villiamron. 1.D. hlcCain. R.S. hlarlin. and 
1. Farlhinp. WE.. S.S.Dawes. A.D. 

0 

0 

0 

0 



Fdersl Itegislor ! Vol. 55. KO. 74 / Tuesday. Ap:il 17. 1W / K;iles and Regulations 1427 
0 

Svn:pi;..,g R ~ C .  for directions in the us? 01 
lhil 

5.4 Cacwde Impactor. The Purpnrc of 
cdi:llratmp cascade impactor i s  10 
orirrmine the empirical cons1*n1 6-1. 
whlch i s  apecific IO !he impaclor and which 
permlir Ihr accurate determinelion Of the CUI 
ni7.e of the impacIur siapes (11 field condilionr. 
II i l  nni nccrrsav IO calibrate each 
Individual impaclor. Onre an ImPaclm h.8 
been calibrated. the calibralion data can be 
applied IO other Impacton of i d c n t d  deripn 
5.4.1 wind  ~ u n n c L  Same LIB in Section 

5-21 of this mehod. 
5.4.: pvrtids Generution S y w m  S a m  a6 

in Section 5.2.2 01 thir methud. 
5 4.3 Hardware Configurvlion for 

Calibrationn. An impaction mlape conrlmins 
un u c r o ~ d  IO form circular or mlanFldnr ictL 
which PIC direcler! loword II nuitable 
sulmwaie where the larger neroiol particlam 
are  collected^ For colibralion purponrs. lhms 
s taRe i  .d the csncmdr irnpsctm rhall be 
discuaacd and deripnalcd culibruliun sluEca 
1. 2. and 3, Thc fin1 colibrolion nlnp conoirlr 
of Ihc cdlcclion submate of an impaclion 
a i a ~ e  ond all upstraom urli icce up IO and 
including Ihe nozzle. T h i n  mn! include olher 
Irrrccding impsctor nlrgei. The second and 
third cnlibralion nlsges conmi.1 01 csch 
rerpectivc collection subslrslc and a l l  
upilrcam ourfaces up 10 bur excluding l e  
collection subsirale of Ihe pmceding 
calihrution m g c .  Tinis mas include 
intemcning impactor stopcs which ore noi 
designated as calibration slagas. The CUI sizc. 
or L. 01 the sdisccnl calibration slopes nhnll 
differ by 0 lector olnol Icrs than 1.5 ond not 
more lhnn 2.0. For example. i f  Ihe fin1 
d i b r o l i o n  aiega ha, a L d l 2  ym. ihcn tho 
D;. of !he downilresm m p c  shall be belwren 
6 end 0 pm. 

5.4.3.1 
tho1 the complete hsrdwsre assembly wil l be 
used in each of the aampling runs of Iha 
colibralion and performance determinallonn. 
Only the fin1 calibretion stage must be tented 
under isokinetic sampling conditions. The 
second and third calibration slag- must be 
calibraled wilh the collectioniubiwate 01 tho 
preceding calibration atsee in place. so thal 
6-3 flow pattemr existing i n  Dcld operation 
wil l be simulated. 

E c h  of h e  PUB. slogem should bo 
d i b r a i e d  with Ihc lype of colleclion 
subrlralc. viscid material [such an W ~ K )  or 
EluSB fiber. uaed in P h h  measunmenls. XOIC 
lnal  moil maier isi i  uned ns iubscnlm a1 
elevsled lemperaiwen a n  not vincid ai 
nonnnl labsratoy conditloru. Tho s u b s h i e  
mulerial used lor calibnlionn should 
minimize particle bouno. yct be viscous 

.CnQu&!h l o  withotand erosion or dclormalion 
by the impactor jets and no1 interfere wllh 
Ihe procedure lor measuring the cdlcctmd 
Phf. 

Panicle Fnerator operslion and verify 
particle size misroncopicaII,-. ir 
monodispetaity i n  to be verified-by. 
mellsurcmenls SI !he beginning and tho end 
01 h e  run reiher lhan h y  on inl-ted 
#ample. 1he.a meahemenl ishal l  be mudc nh 
thin time. Measure in tripllsate Ihc PM 
co l lwed  by the calibretion slmoe lml and Ihe 
PM on a11 surfacer downmusam of Ihe 

lor Q m the letup C B I C Y h I I I W a  

I t  in erpecled but no1 neccamary. 

5-4.2.2 

5.4.4 Calibralion Fmcedura. Eamblish le11 

Khcrc: 
D=APrvJ~msmic diamslur of Ihs tel l  

particle. cm [g lcm7%-  
i)=Cam flow rate through Ihc u l i b r i l i o n  

i m p  a1 inlet wnditionn. cmVrec. 
p =Cas riscosily. mimpoime. 
A-Tolal crosm-ncclionnl mea  o l l hu  i i3n 01 

Ihe calibration #Inye. cm:. 
d,=Lliamcier of o m  jct a1 the wlibrution 

%!ape. M. 

51.4.4 Drlrrmine S t L  lor each 
cslibralivn mspe by.piotting E.., V I : ~ U *  Stk 
on lug-log paper. Sllr, in the Slk number 01 50 
pcrceni errtciency. Note that pnrlicle.bounce 
can cause dficicncy to d c m s e  11 hiph 
values 01 SIL. Thun. Y) percent aficiency can 
occur at multiple v n h n  01 Slk. The 
calibralion dnla ihould clearly indicale tho 
value o l S b  lor minimum particle bun- .  
Lmpsclor efficiency venui SIk wilh minimal 
particle bounce ii characterized by a 
monutonicslly increasing luncrion with 
FORILY~I or increming s l o p  with increasing 
S k  

s l o p  a n  potenlially decmsmc with 
demeaning n o d e  size. Therelore. 
d i b n l i o r u  should be parformed with 
mou& n o d e  112~1s 10 provide a menmured 
value within 25 pcrcenl 01 any n o d e  size 
u d  i n  PM,. measwemcnlb 

5.44 Crileria For Acccplanca. Plot E., 10: 
the fin1 calibration .luge mu) the nquim 
mol 01 the relio 01 Stk Io S I L  on Fiaurc D 01 
this method. Draw u imooIh cume Ihrough all 
01 the poinil. The cuwc sha l l  bo within Iha 
banded region. 

e. Calcularions 
8.lNomendaNn. . . .  

5.4.43 Tha S I L  ?I the fin1 calibrnlion 

R - M o i s l m  lmclioo 01 s i o A  by vul+ne. 

C, =vlsrni l iy  conrmnt. 51.1: i i i ioi+oina 

C-virsoai ly wnstanL CV: micmpoinnl 

dimensionlsms. . : . .  

lor 'K 151.05 mimupoise lor 'RI. 

'K [azoi micmpoime/Tt). 

0 

0 

0 

d 
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0 

0 

0 
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1@4 c - - 
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0 
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0 
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0 

0 

NOZZl. 
Dimeter 
1 i n c c e  s) 

C.136 
0 .153  
0.164 
0 . 1 8 0  
0 . l S i  
0 . 2 1 5  
0 . 2 3 3  
0 . 2 6 4  
0.303 
0 . 3 4 2  
C.330 

1 

tone 
angle, e 
( d q : e e 5 )  

4 
4 
5 
6 
6 
6 
6 
5 
4 
4 
3 

&:side 
t w e c ,  4 
( d e g r e e s )  

1 5  
15 
15 
15 
1 5  
1 5  
15 
1 5  
1 5  
15 
15 

S t r a i g h t  i n l e t  
l e n g t h ,  L 
(lnc!?es) 

( 0 . 0 5  
( 0 . 0 5  
( 0 . 0 5  
( 0 . 0 5  
( 0 . 0 5  
c0.05 
( 0 . 0 5  
( 0 . 0 5  
( 0 . 0 5  
( 0 . 0 5  
( 0 . 0 5  

F i g u r e  2. Nozzle design specifications. 

0 

0 

T O C S L  Le.lgZ? 
1 

( inches )  

2.651'0.05 
2.553'0.05 
1.970' 0 .OS 
1 . 5 7 2 2 0 . 0 5  
1.49 1 1 0 ; 0 5  
1 .45  '0.05 
1.45 $0.05 
1 .45  tO.05 
1.48 $ 0 . 0 5  
1.45 50 .05  
1 . 4 5  20 .05  

e 
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Mclhod 2 pi101 coclficienL 
c- 
M. = 

Kozzie valocily: 

hlolecular weight 01 alack gos. we1 bfisii. 

16ozzic diamc1r.r. D.. in. = 

blarimum and minimum vclucitics: 
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O r  

1.50 

0.59 

0. 10 i n .  I..-...--. 

B 

1.88 

0.74- 

Cyclof ie  I n t e r i o r  Dimensions 

- H  

6.25 

274 

D 

h 2 S Hcup Dcup 0; 0, 

1 2 4  4.11 1.57 225  4.45 1.02 1.24 

0.88 1.65 0.62 0.89 1.75. 0.40 0.49 

- 

L -Hc 

I- 
S 
I 
1 

- 

Figure  3. Cyclone  d e s i g n  s p e c i f i c a t i s n s .  
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Dimensions (20.02 crn, tO.01 in.) 

0 



0 1427n Federal Resister I Vol. 55. No. 7: I Tuesdav. Aoril :?. 1 9 W  / Rules and ReRulations 

TA0LE 2.-PARTICLE SIZES AND NOhtlNAL 

GAS VELOCITIES FOR EFFICIENCY 

5 2 0 5  ................. 1 .................. 
7 ~ 0 . 5  .................................... 
10-0.5 ................. 
1 4 ~ .  I.O..~~ .......... i ................. 

................... 2 0 -  1.0 ......... ~~... !  .................. ~..! .................... ! 

0 

0 

0 

0 



1~o:al run lime. minulei = 
h'uml,cr of trnrcrse puin1* = 

whurc: 

Plan1 
Dale 
Eun no. 
Flller no. 
Amoun!.Ls! liquid 1011 during 

Acetone blsnk volunm. rnl 
Acclonc wash volcme. rn: (41 

1ranrpon 

151 . .  
Amlone blank cant.  mglmg [Equalion 5 4 .  

Acelonc r a s h  blank. mg (Equalinn s-5, 
Mlcthod 51 

Method 5)  



5 1 I I 1 1 1  I 
4 6 8 10 20 4a 1 2 

1,114. AERODYNAMIC DIAMETER b m l  

Figure 8 .  Efficiency enrelope Cor rho P!4:, cyclone 
. ... 

1 I I I 1 1 
95 

O.+ 0.6 O d  1 2 4 ai 02 

J STK I s r k  

Z'igure 9 .  

IFR Doc W7wJ Filod ClbRt &a6 nm] 
uwm cw( 8- 

Efficiency envelope €or Eirsc cnlibraclon scsge. 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 .  

T? " 0 .. - -. ...., 

3 



EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER 
CONDITIONAL TEST METHOD 

Determination O f  Condensible Emissions 
From Stationary Sources 

1. APPLICABILITY AND PRINCIPLE 

1.1 Applicability. This method applies to the determination o f  condensible 
particulate matter (CPM) emissions from stationary sources. 
represent condensible matter as material that condenses after passing through 
an in-stack filter (Note: The filter catch can be analyzed according t o  
Method 17 procedures). This method may be used in conjunction with Method 201 
or 201A if the probes are glass lined. 
measure material that condenses at other temperatures by specifying the filter 
temperature. 

1.2 Principle. The CPM is collected in the impinger portion of a Method 17 
(Appendix A, 40 CFR Part 60) type sampling train. The impinger contents are 
immediately purged after the run with nitrogen (N.) to remove dissolved sulfur 
dioxide (SO?) gases from the impinger contents. fhe impinger solution is then 
ertra::ed with methylene chloride (MeCl,). 
are then taken to dryness and the residues weighed. 
fractions represents the CPM. 

It is intended to 

This method may also be modified to 

The organic and aqueous fractions 
The total of both 

- 
2. PRECISION AND INTERFERENCE 

2.1 Precision. 
waste burner and tu: coal-fired boilers are 13.0 1 .1  mg/m', 
and 3 9 . 5  9.0 mg/m-, respectively. 

2.2 Interference. Ammonia (e.g., in sources that use ammonia injection as a 
control technique) interferes by reacting with the hydrogen chloride (HC1) in 
the gas stream to form ammonium chloride (NH,Cl) which would be measured as 
CPM. The sample may be analyzed fo r  chloride and the equivalent amount o f  
NH,C1 can be subtracted from the CPM weight. 

The precisions based on method development3tests at a wood 
2.1  m g / m ,  3 . 5  

3. APPARATUS 

3.1 Sampling Train. 
exceptions noted below (see Figure 1) .  
specific products does not constitute endorsement by EPA. 

3.1.1 The probe extension shall be glass-lined. 

Same as in Method 17, Section 2.1,  with the following 
Note: Mention of trade names or 

Prepared by Candace Sorrel1 , Emission Measurement Branch MTIC CTM-005 
Technical Sumort Division. OAPPS. EPA March 21, 1990 
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4.2.1 N, 6as. 
20 liters/min for 1 hour through the sampling train. 

N, gas at delivery pressures high enough to provide a flow of 0 

0 

0 

0 

a 

0 

4.2.2 Methylene Chloride. 

4.2.3 Yater. Same as in Section 4.1. 

4.3 Analysis. Same as in Method 5, Section 3.3, with the following 
addi ti ons : 

4.3.1 Methylene Chloride. 

4.3.2 Arnnonium Hydroxide. Concentrated (14.8 M) ",OH. 

4.3.3 Water. Same as in Section 4.1. 

4.3.4 Phenolphthalein. The pH indicator solution, M percent in'64 percent 
alcohol. 

-si' 5ii 

5. PROCEDURE 

5.1 Sampling. 
exceptions: 

Same as in Method 5, Section 4.1, with the following 

5.1.1 Place 100 ml o f  water in the first three impingers. 

5.1.2 
Teflon tape or similar means may be used to provide leak-free connections 
between glassware. 

5.2 Sample Recovery. Same as in Method 17, Section 4.2 with the addition of 
a post-test N, purge and specific changes in handling of individual samples as 
described below. 

The use o f  silicone grease in train assembly is not recommended. 

0 

5.2.1 Post-test N, Purge for Sources Emitting SO. (Note: This step i s  
recommended, but is optional. 
stream, i.e., the pH of the impinger solution i s  greater than 4.5, purging has 
been found to be unnecessary.) 
check, detach the probe and filter from the impinger train. 
the impinger box to prevent removal of moisture during the purge. If 
necessary, add more ice during the purge to maintain the gas temperature below 
20'C. 
It to the input o f  the impinger train (see Figure 2). 
under-pressurizing the impinger array, slowly commence the N, gas flow through 
the line while simultaneously opening the meter box pump valve(s). Adjust the 
pump bypass and N, delivery rates to obtain the following conditions: 
(1) 20 liters/min or AHa and (2) an overflow rate through the rotameter of 
less than 2 llters/min. Condition (2 )  guarantees that the N, delivery system 

When no or little $0, is present in the gas 

As soon as possible after the post-test leak 
Leave the ice in 

With no f l o w  of gas through the clean purge line and fittings, attach 
0 To avoid over- or 

r' 

0 

, .  
L- . 
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3.1.2 A Teflon filter support shall be used. a 
3.1.3 
design with the standard tip. 

Both the first and second impingers shall be of the Greenburg-Smith 

3.1.4 All sampling train glassware shall be cleaned prior to the test with 
soap and tap water, water, and rinsed using tap water, water, acetone, and 
finally, MeCl . It is important to remove completely all silicone grease from 
areas that wiil be exposed to the MeCl, during sample recovery. 

3.2 Sample Recovery. Same as in Method 5, Section 2.2, with the following 
addi ti ons : 

3.2.1 N Purge Line. Inert tubing and fittings capable of delivering 
0 to 28 fiters/min of N, gas to the impinger train from a standard gas 
cylinder (see Figure 2). 
compression fittings i n  conjunction with an adjustable pressure regulator and 
needle valve may be used. 

3.2.2 Rotameter. Capable of measuring gas flow at 20 liters/min. 

3.3 Analysis. 
listed in Method 5, Section 2.3: - . -  

3.3.1 Separatory Funnel. Glass, 1-liter: 

3.3.2 Weighing Tins. 350-ml. 

3.3.3 Drying Equipment. Hot plate and oven with temperature contro; 

Standard 0.95 cm (3/8-inch) plastic tubing and 

The following equipment is necessary in addition to that 

-3.3.4- - m .  

3.3.5 Pipets. 5-ml. 

3.3.6 Ion Chromatograph. Same as in Method 5F, Section 2.1.6. 

4.  RLAGENTS 

Unless otherwise indicated, all reagents must conform to the specifications 
established by the Committee on Analytical Reagents of the American Chemical 
Society. 
grade. 

4.1 Sampling. 
deionized distilled water to conform to the American Society for Testing and 
Materials Specification 0 1193-74, Type 11. 

Where such specifications are not available, use the best available 

Same as i n  Method 5, Section 3.1, with the addition of 

a 

a 

a 

a 

a 

a 

4.2 Sample Recovery. 
additions: a 

Same as in Method 5, Section 3.2, with the following 
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(Note: Do no t  use t h i s  a l i q u o t  t o  determine c h l o r i d e s  s ince t h e  HC1 w i l l  be 
evaporated du r ing  t h e  f i r s t  d r y i n g  step; Sect ion 8 . 2  d e t a i l s  a procedure f o r  
t h i s  ana lys is . )  

5.3.2.1 Ex t rac t ton .  
the  contents  o f  Conta iner  No. 5 (MeClZ), to the  contents  o f  Container No. 4 i n  
a 1000-ml separatory  funne l .  A f t e r  mixing, a l l ow  t h e  aqueous and organic  
phases t o  f u l l y  separate, and d r a i n  o f f  most o f  the  organic/MeCl, phase. 
add 75 m l  o f  MeCl t o  t h e  funnel ,  m i x  w e l l ,  and d r a i n  o f f  the  lower organic  
phase. Repeat w i t h  another 75 m l  o f  MeC1,. Th is  e x t r a c t i o n  should y i e l d  
about 2 5 0  m l  o f  o rgan ic  e x t r a c t .  Each time, leave a smal l  amount o f  the 
organic/MeCl, phase i n  the  separatory funnel ensur ing t h a t  no water i s  
c o l l e c t e d  i n  t h e  organ ic  phase. Place the organic  e x t r a c t  i n  a ta red  350-ml 
weighing t i n  . 

5.3.2.2 Organic F r a c t i o n  Yeight  Determinat ion (Organic Phase from Container 
Nos. 4 and 5) .  Evaporate t h e  organic e x t r a c t  a t  room temperature and pressure 
i n  a l a b o r a t o r y  hood. Fol lowing evaporation, des icca te  t h e  organic  f r a c t i o n  
f o r  24 hours in a des i cca to r  conta in ing  anhydrous ca lc ium s u l f a t e .  , Weigh t o  a 
constant weight and r e p o r t  the r e s u l t s  t o  the nearest  0.1 mg. 

5.3.2.3 I no rgan ic  F r a c t i o n  Weight Determination. Using a h o t  p la te ,  o r  
equ iva len t ,  evaporate t h e  aqueous phase t o  approximately 50 m l  ; then evapqrate- 
t o  dryness i n  a 105'C oven. Redissolve the res idue i n  100 m l  o f  w a t e r .  Add 
f i v e  drops o f  phenolphthale in  t o  t h i s  so lu t i on ,  then add concentrated 
(14.8 M) ",OH u n t i l  t h e  sample tu rns  p ink .  Any excess ",OH w i l l  be 
evaporated du r ing  t h e  d r y i n g  step. 
oven, des icca te  t h e  sample f o r  24  hours, weigh t o  a constant  weight,  and 
record t h e  r e s u l t s  t o  the  nearest  0 . 1  mg. (Note: The a d d i t i o n  of ",OH i s  
recommended, b u t  i s  op t i ona l  when no o r  l i t t l e  SO, i,s present  i n  the gas 
stream, i . e . ,  when the  pH o f  the  impinger s o l u t i o n  i s  g r e a t e r  than 4 . 5 ,  the 
a d d i t i o n  o f  ",OH i s  n o t  necessary.) 

5.3.2.4 Ana lys is  o f  S u l f a t e  by  I C  t o  Determine Arnnonium Ion (NH -) Retained 
i n  t h e  Sample. (Note: I f  ",OH i s  not  added, omi t  t h i s  step.)  
amount o f  s u l f a t e  i n  the ,a l i quo t  taken from Container No. 4 e a r l i e r  as 
descr ibed I n  Method 5F (Appendix A, 40 CFR P q r t  60). 
ana lys is  o f  t h e  a l i q u o t ,  c a l c u l a t e  the c o r r e c t i o n  f a c t o r  t o  de le te  the  NH,- 
r e t a i n e d  in t h e  sample and t o  add the combined water removed by the  acid-base 
r e a c t i o n  (see Sect ion  7 . 2 ) .  

5.3.3 Analys is  o f  Water and MeC1, Blanks (Container Nos. 6 and 7). 
these sample b lanks as descr ibed above i n  Sect ions 5 .3 .2 .3  and 
5 . 3 . 2 . 2 ,  r e s p e c t i v e l y .  
MeCl, b lank  must be l e s s  than 2 mg o r  5 percent  o f  t h e  mass o f  the  CPM 
(m, + mJ, whichever I s  g rea ter .  
g rea ter ,  then s u b t r a c t  2 mg o r  5 percent of t h e  mass o f  t h e  CPM. whichever i s  
greater .  

Separate the organic f r a c t i o n  o f  t h e  sample by adding 

Then 

Evaporate the  sample t o  dryness i n  a 105'C 

determine the 

Based on the  IC SO,' 

Analyze 

The sum o f  the values f o r  t h e  water  b lank  and the 

I f  the  sua o f  the actua l  b lank  values IS 

e 
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is operating at greater than ambient pressure and prevents that possibility of 
passing ambient air (rather than Nz) through the impingers. 
purge under these conditions for 1 hour, checking the rotameter and AH 
value(s) periodically. After 1 hour, simultaneously turn off the delivery and 
pumping systems. 

5.2.2 Sample Handling. 

Continue the 

5.2.2.1 Container Nos. 1, 2. and 3 .  
detailed in Method 5, Section 4.2. 

If filter catch Is to be determined, as 

5.2.2.2 Container No. 4 (Impinger Contents). Measure the liquid in the first 
three impingers to within 1 ml using a clean graduated cylinder or by weighing 
it to within 0.5 g using a balance. 
present to be used to calculate the moisture content of the effluent gas. 
Quantitatively transfer this liquid into a clean sample bottle (glass or 
plastic); rinse each impinger and the connecting glassware, including probe 
extension, twice with water, recover the rinse water and add i t  to the same 
sample bottle. Mark the liquid level on the bottle. 

5.2.2.3 
impinger and the connecting glassware, including the probe extension with two 
rinses of MeC1,; save the rinse products in a clean, glass sample jar. 
the liquid level on the jar. 

5.2.2.4 Container No. 6 (Hater Blank). Once during each field test, place 
500 ml of water in a separate sample container. 

5.2.2.5 Container No. 7 (HeCl, Blank). Once during each field test, place in 
a separate glass sample jar a volume of MeCl, approximately equivalent to the 
volume used to conduct the MeC1, rinse of the impingers. 

5.2.2.6 Container No. 8 (Acetone Blank). As described in Method 5, 
Section 4.2. 

Record the volume or weight of liquid 

Container No. 5 (fleci, Rinse). Follow the water :irises o f  each 

Mark I 

5.3 Analysis. Record the data required on a sheet such as the one shown in 
Figure 3. 

5.3.1 Contalner Nos. 1. 2. and 3. If filter catch is analyzed, as detailed 
in Method 5, Section 4.3. 

5.3.2 Contalner Nos. 4 and 5. Note the level of liquid in the containers and 
confirm on the analytical data sheet whether leakage occurred during 
transport. If a noticeable amount o f  leakage has occurred, either void the 
sample or use methods. subject to the approval of the Administrator, to 
correct the final results. Measure the liquid In Container No. 4 either 
volumetrically to +1 ml or gravimetrically to fl.5 g. 
and set aside for later ion chromatographic (IC) analysis of sulfates. 

Handle each sample container as follows: 

Remove a 5-ml aliquot 

0 
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7.3 Mass of Inorganic CPH. 

7.4 Concentration of CPH. 

8. ALTERNATIVE PROCEDURES 

'Eq. 2 

Eq. 3 

8.1 Determination of NH,- Retained in Sample by Titration. 

8.1.1 An alternative procedure to determine the amount of NH,- added to the 
inorganic fraction by titration may be used. After dissolving the inorganic 
residue in 100 ml o f  water, titrate the solution with 0.1 N ",OH to a pH of 
7.0, as indicated by a pH meter. 
7 m l  o f  concentrated (14.8 M) ",OH to 1 liter o f  water. Standardize against 
standardized 0.1 N H,SO, and calculate the exact normality using a 
procedure parallel to that described in Section 5.5 of Method 6 (Appendix A, 
40 CFR Part 60). 
standardized against a National Institute o f  Standards and Technology 
reference material. 

8.1.2 Calculate the concentration o f  SO,' i n  the sample using the following 
equation. 

' ". The 0.1 N ",OH is made as follows: A d d 

Alternatively, purchase 0.1 N ",OH that has been 

where: 

-48.03 V. N 

lU0 
'Soh 

N - Normal 1 ty of the ",OH, mg/ml.  

V, Volume o f  ",OH titrant, ml I 

40.03 - mg/meq. 
100 = Volume o f  solution, m i .  

Eq. 4 

8.1.3 Calculate the CPM as described I n  Section 7. 
e 
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5.3.4 Analysis of Acetone Blank (Container No. 8). 
Section 4.3. 

Same as in Method 5, 

6. CALIBRATION 

Same as in Method 5, Section 5, except calibrate the IC according to the 
procedures in Method 5 F ,  Section 5. 

7. CALCULATIONS 

Same as in Method 5, Section 6, with the following additions: 

7.1 Nomenclature. Same as in Method 5, Section 6.1 with the 
following additions. - Concentration o f  the CPH i n  the stack gas, dry basis, corrected to 

standard conditions, g/dscm (g/dscf). 

CSoa - ioncontration of SO,' in the sample, mg/ml. 

C C P  

m, - Sum of the mass of the water and MeC1, blanks, mg. 

m, - Mass of the NH,- added to sample to form ammonium sulfate, m g .  

m, 

m, = Mass of organic CPM, mg. 

m, - Mass of dried sample from inorganic fraction, mg. 
mrc - Mass of dried sample f r om inorganic fraction corrected for volume 

Mass o f  inorganic CPM matter, mg. 

o f  aliquot taken for IC analysis, mg. 

V, - Volume of aliquot taken for IC analysis, ml. 
V,, - Volume o f  impinger contents sample, ml. 

7.2 Correction for NH,- and H,O. 
delete the NH,- retained in the sample and to add the combined water removed 
by the acid-base reaction based on the IC SO,'. 

Calculate the correction factor to 

me - K CS, " I C  

where: 

K - 0.020502 

Eq. 1 

0 
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8.2 
described in Section 5.3.2.3, redissolve the inorganic fraction in 100 ml of 
water. 
techniques similar to those described in Method 5F for sulfates. 
drying of the sample should have removed all HCl. Therefore, the remaining 
chlorides measured by IC can be assumed to be NH,C1, and this weight can be 
subtracted from the weight determined for CPM. 

8.3 Air Purge to Remove 50 from Impinger Contents. As an alternative to the 
post-test N, purge described in Section 5.2.1, the tester may opt to conduct 
the post-test purge with air at 20 liter/min. The use of an air purge 
I s  not as effective as a N, purge-. 

Analysis of Chlorides by IC. At the conclusion of the final weighing as 

Analyze an aliquot of the redissolved sample for chlorides by IC using 
Previous 

Note: 
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Moisture Determination 

0 

0 

0 

0 

0 

Volume or weight o f  liquid in irnpingers ml or g 
9 Weight of moisture in silica gel 

Sample Preparation (Container No. 4) 

Amount o f  liquid lost during transport ml 
Final volume m l  
pH o f  sample prior to analysis 
Addition o f  ",OH required? 
Sample extracted ZX with 75 ml MeCl,? 

For Titration o f  Sulfate 

Normal i ty of ",OH N 
Volume o f  sample titrated ml 
Volume o f  titrant ml 

Sample Analysis 

1 Weight of Condensible Particulate, mg 
Container 
number 

. . -  

Final Weight I Tare Weight 1 Weight Gain 

4 (Inorganic) 
4 & 5 (Organic) 

Total 
Less Blank 

Weight of Condensible Particulate 

Figure 3. Anaiytfcal data sheet. 
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?,is se:hod is applicable eo chc daccrminacion of Destruction and Rcmovai 

rrflciencv (DRE) of formaldahyda. CAS Ragiscry n u b a r  50-00-0. and p o s r i i i : ~  

3: ier  aldehydes and ketones from scacionary sou?css as specified i 3  : ic  

:egulaclons. The machodology has bean appllad specifically co formaldc?.?-ie 
?,ovevar, many laboratories have axcandad cha,applicacion eo ocher a1deh:;ies 
and kaconer. Compounds darivacirsd with 2 ,L-d in icrophany l .hydrar ins  can j e  

Ie:ec:ed as lov as 6 . L  x LO" Lbs/cu € e  ( 1 . 8  ppbv) in stack gar over a 1 k r  

sampling pariod, sampling approximacely L5 cu f c .  

_ _  

3 . 5 . 2  - 
3 . 5 . 2 . 1  Gasaour and parciculacr pollucaner arm vichdravn isokine. . ..- 

tically from an amirrion sourca and a r a  collaccad in aquaour acidic 2.L. 
dinicrophanyl.hydrazina. Formaldahyda praranc in cha aolrrions raaccs ai:?. 

:ha 2.L-dinicrophanyl-hydrazina co € o r a  cha fonuldahyda dlnlcrophanylhyd?a- 
zona dartvaciva. Tha dlnlcrophanylhydrazona darivaeiva is axcraccad. rol.;er.:- 

exchangad, concancraead; and than analyzed by high parformanca liquid chroma. 

:ography. 

3 . 5 . 3 . 1  A dacoaporlcion produce of 2.L.dlnierophanyl.hydrazina. 

?,L-dinlCrOUIlliM. can ba an analycical incarIeranc if concantraclonr a r c  

high. 
formaldahyd. undar hi& p a r f o m n c a  liquid chromco6raphy condlclonr. vhich 
may be used for tho snalyslo. 
compounds. aspacially a c a c o ~ ,  Chac hava cha rams raeanclon elma or naarly :?.e 

sama racrncion elma ar cha dlnlerophenylhydrasona of formaldahyda. and chat 
also abiorb ac 360 118. will lncarfrra vlch cha analyslr. 

Z.L.Dlnlcroanll1na can coaluca wtch 2.L-dlnlcrophanylhydrazona of 

Hf& concencrsciono of  hl@ly-ony~onsCod 

0 
3 . 1 5 3  
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1.5.6,l A rchamaclc of cha s ~ m p l l n g  c r a l n ' l s  shown l n  Flgure 
3 . 5 - 1 .  This s v p l i n g  c r a i n  configuracion 1s adapead from EPA Machod 6 

procaduraa.  Tha sampllng t r a i n  cons lscr  o f  tha fo l lov tng  componancs: P:obe 

Hozrla. Plcoc  .Tuba. D l f f a ranc la l  Prassura Cauga, Macarlng Syscam. Baromacar. 

and Gar Danslcy Dacarmlnacfon Equipmanc. 

" 

1 .5 .0 .1 .1  Probo Horzla: Quarcr or g lass  uich  sharp. Caparad (30' 
angle) l ead ing  edgs.  
lnnar d l m a c r r .  Tha norzla a h a l l  ba bucconhook or  albov dasi&n. A range o f  

n o r r l a  s l z a s  su icab la  f o r  i soklnac ic  s ~ ~ p l i n g  should ba avallabla l n  Lncra. 
manes of 0 .15  cm(l / l6  i n ) .  a . 8 . .  0.32 co 1 . 2 7  cm (1/8 co 1/2 f n ) ,  of la rger  :f 
hlghar  voluma srmpllng c r a l n r  arm usod. 
accordlng co cha procaduras oucllnad In  Sacclon 3 . 5 . 8 . 1  

Tho Cape? rhaLL be on CA. oucsldr Co prasarf. a constar.: 

Each norzla  s h a l l  ba ca l lbracad  

3 . 5 . ( r . 1 . 2  Probo Linar: Borosl l lcaca glarr o r  qurcr s h a l l  ba usad 
€or  cha probo l l n a r .  T h m  cascar should noc ~ 1 1 ~  cho caeparaeura i n  eha probe 
co a r c e d  120 f 11'C (218 2 25.F). 

3 . 5 . 0 . 1 . 3  Plcoc Tuba: Tha Plcoc cub0 a h a l l  bo Typo S. as darcr lbcd 
In Sacclon 2.1 of  EPA Machod 2 .  o r  any ochar appropriaca davico.  

Cuba sha l l  ba a c c a e h d  co cha probo co allow conncanc w n l c o r i n g  of  cha s u c k  
gas volocley.  
shall  ba w a n  vlch  or abova cha nozzle ancry p l a n ' ( s a a  EPA Machod 2 .  Fl&ur* 2 .  

6b)  durlng s m p l l n g .  
c o o f f l c l a n c .  dacarrninad as oucl lnad i n  Sacclon (r of LPA Hathod 2 .  

Tha plcoc 

Tha impacc (hl&h praasura)  opanlng plana of cha plcoc cub* 

Tha Typa 5 plcoc euba asrambly s h a l l  havo a known 

0 

0 

0 

0 
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l . S . b . . i . L  DiffcrenC;al Pressure Gauge: ma differential p r c s r r c  

gauge shall be an ixlined m ~ O m a C e r  O r  aquiValenC drvlcr as described in 
Sac:ion 2 . 2  o f  E?A Yethod 2 .  
reading and :ha o : h r  for orifice diffarenclal presiura readings. 

One manomacar shall ba usad for velocity-head 

3 . 5 ~ b . L . S  Impingrrs: iha sampllng crain requires a minim- of 501;: 

impingrrs. conncccad as shorn in Figure 3 . 5 - 1 .  WlCh ground glass ( o r  equiva. 

L e n t )  vacuum-cigh: ficctngr. For cha f l r s c .  chird. and fourch impingarr. ' i s e  

:he Greenburg-Smlch darlgn, modlfiad by replacing chr tip vich A 1.3 cm i r . s i i s  

dianacar ( 1 / 2  I n )  glass cubr excinding Co 1.3 cm (1/2 in) f r o m  cha bottom o f  

:he flask. For che second impingar. ura a Grranburg-Smlch Impingar vlch ::.e 

standard cip. Place a charnomecar capable of maarurin& canprracucr co wi:ki?, 
L'C (2'F) ac eha ouclrc o €  cha tourch impin&rr for monicorin& purposes. 

3 5.k.1.6 X:.earln& Syrcam: Thr nacarsary componancs ara a v a c u a  
gauge. laak-frra p u p .  chrmonacars capablr of nrrrurlng crmprracurr wichkn - 
3 ' C  (5.b'F), dry-grr maerr capablr of mrrrurin& volum eo vtchln 11, and 
ra1ac.d aqulpmanc as rhoun I n  Pl&uura 3 . 5 - 1 .  Ac a minimum. cha pump rhou!d b e  

C l p A b h  of 6 cfm Crar Clov, .nb Chr dry g u  -err rhould havr a racordlng 
capaclcy of 0-999 9 cu fc vlch a rrrolucion of 0.00) cu fc. 
syscrmr may ba usad vhlch arm capablr of m~lncalnln& rampla v o l u a s  co w r c h i ?  

2 I  Tha mrcrrlng s y s c m  may ba urad I n  conjunction with a plcoc cubr co 
enable chackr of irokinrclc  impl ing  r a c a r .  

Ochar mrcrr:ng 

3.5.6.1.7 Baromacrr: Thr baromacrr may ba marcuy. uurold. o r  

ochar baromacar crprblr of @nsnurlng rcmonpharic prrrrurr eo vtchin 2.5 mm Hg 
(0.1 l n  Hg). In  many C U ~ I .  chr baromrcric r.adln& my br obulnrd from a 
naarby Nrciocul Yrachrr Srrvtca Scaclon. l n  vhlch c a m  chr scrcton v a h a  

(vhlch is Cha abrolucr barorcrlc prrrrurr) 11 rrpwrcrd and an adJurtmrnc f o r  

elrvacion diffrrancar b r n r a n  chr vaachrr rcaclon and rmpling point is 
appllrd ac a race of m i n u  2.5 m Hg (0.1 in  Ha) par 30 m (100 fC) 

incraasas (vlca versa for rlavrcion dacrarm). 
alrvacion 

0 

e 

0 

0 

0 

0 

3.5.b.t.8 Gar Dansicy Dacrrmlnacion Equipunc: Trmparacura ranror 0 
and Prrssurr &auga (aa drrcribad in Sacclonr 2.3 and 2.3 of EPA Hachod 2). a?< 
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gas a n a l y z e r .  i f  n e c e s s a r y  ( a s  d e s c r i b e d  in EPA 3aChod I ) .  The cempera:'::e 

sensor i d e a l l y  s h o u l d  be permanent ly  a t z a c h e d  :o :he p i t o c  cub. o r  sunpiing 
- -  < - ~ b e  i n  a f i x e d  con€lgura: ion such  chac  :he ClP of  cha sensor cxcendr  beyocd 

:?.e :ea l l? .g  edge o f  che probe shea:h and does  noc couch any mecal .  A1:err.a. 

- - . e i : r .  :?.e s e n s o r  may be dC:dChed j u s c  p r i o r  co use  i n  :he € i e l d .  Soce .  

+.oweve:, :La: I f  :he cemperacure s e n s o r  1s ac:ached ln che € i e l d ,  :Le ser.sa: 

. x s :  be p l a c e d  in an i n c a r € e r e n c e - € r e e  arrangemenc v l c h  r e s p e c c  :a :be ::;;re 5 

?;roc open ings  ( s e e  EPA Yechod 2. F l g u r e  2 . : ) .  A s  a second a l c e m a c i v e .  :f a 

d i f f e r e n c e  oE no more chan 18 l n  t h e  a v o r a g  v s l o c l c y  mearuremcn: Is Co be 

i n c r o d u c e d ,  cha cemperacure gauge need n o c  be acc rched  co t h e  probe  o r  ?i:o: 

:abe. 

_ i _ .  , 

3.5.L.2 Sample Recovery 

3 . 5 . b . 2 . 1  Probe Liner: Probe nozzle and b r w h e r ;  Tef lon  b r l s c l e  

b r u s h e r  vich rcainlarr rcee l  wire handler are  required. The probe  b r u s h  s h a l l  

have excenrlonr of rcainlerr r c e e l .  Teflon. or inerc macerial ac l a a r c  2 s  14175 

as t h e  p robe .  The b w h e r  shall be properly sired and shaped  eo b r u s h  o u t  ::e 

p robe  l l n e r .  cha probe  norzla ,  and che lmplngerr. 

3 . 5 . b . 2 . 2  Yarh Boccler: Three wash b o c c l e r  are required. T e f l o n  o r  

g l a s s  varh b o c e l e r  are recommanded; polyechylane varh boccler should no: be 

used  beCduS0 organlc concMinancr may be  extraccrd by axporure co.organ1c 
s o l v e n t s  used €or  raaple recovery. 

3.5 b . 2 . 3  Gradwce Cyllnder and/or Balance: A greduced cylinder 0: 

b a l a n c e  1s required co maaura conderued weer  eo cha naareac 1 m 1  o r  1 g ,  

Craduac rd  cylln&rr rh.11 b v e  division noc >2 sl. 
c a p a b l e  of mighlng to fl.5 g are required. 

Lboraeory balancer 

3 . 5 . 6 . 2 . b  Anbar Clara Scoragr Concalnerr: One-ricer vide-mouth 

amber f l i n c  g l a r e ' b o c r l e r  vlch Taflon-lined capr ara requlred co score 

impingar water sampler. Tha boccler murc be sealad with Taflon capo. 

0 



3 . 5 . L Z . 5  Rubbar Policeman and Funnal: A rubbar policeman and 
f u n n e l  are requi red  t o  a i d  tn :he t r a n s f e r  o €  macarial Inco and out  of 

containers i n  ch* € I a l d .  

3 . 5 . b . 3  Reaganc Praparaclon 

3 . 5 . 4 . 3 . 1  Bocclrr/Capr: -bar 1- o r  L - L  boccler v I c h  Teflon.1ined 

Addieional b - L  b o c c l e r  caps ara raqul red  f o r  scor ing  claanad DNPH SoluCiOn. 
a re  r equ i r rd  eo c o l l e c t  varca organic so lvancr .  

3 . 5 . b . 3 . 2  L r g a  Glass Concainar: Ac l aarc  on. large g las s  ( 8  eo  

i6 L) Is requi red  €o r  mixing cha aquaour a c i d i c  DNPH so luc lon .  

3 . 5 . 4 . 3 . 3  S c l r  Placa/Lrge S c i r  Bara/Scir  Bar Raerievar: 
s c i r  placa  and large r c l r  bar are raqul rad  f o r  cha mixing of aqwour a c i d i c  
DNPH ro luc lon .  
cha l a rga  c o n c a i m r  hold ing  cha DNPH ro luc ion .  

a magnetic 

A r c i r  bar racriavar i r  n a a h d  fo r  removing cha a c i r  bar t rom- ,  

3 . 5 . 6 . 3 . C r  Buchnar F i l ca r /F l l ca r  F la rk /Fl lcar  Papar: A large fi1:er 

f lask  (2-4 L) v ich  a buchnar f i l c a r .  approprlaca rubbar rcoppar.  f i l t a r  paper. 
and conneceing cubing arm raqulrad f o r  f i l e r r i n g  che a q w o w  a c i d i c  DNPH 

so luc lon  p r i o r  eo c leaning .  

. 
e 

0 

a 

0 

0 

3 . 5 . 4 . 1 . 5  Separacory Funnal: AC Laarc on. large raparacory funnel 

( 2  L) i s  raqul rad  f o r  c leaning  che DNPH p r i o r  eo uaa. 

a 
3 . 5 . 4 . 3 . 6  bakmrr: kakarr (150 m1. 250 ml. .nd &OO ml) ara ura fu l  

€or ho ld in&/nuur i ry  orpnlc l l qu lda  when c leaning  cbe aqwour a c i d i c  DNPH 

so lu t ion  and for welghlcq DNPn C r y r C A h .  

3 . 5 . C r . 1 . 7  kmolr :  AC l a a r e  one large f-1 l a  Ma&d f o r  pouring 
cha aquaow a c i d i c  DHPW lnco cha reparreor funnel. 
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1.5.b.3.8 Cradua:ed C v l i n d e r r :  A: l e a S C  ona large  graduaccd 
cy:i:.der ( 1  :o 2 L)  is  r e q u i r e d  f o r  measuring o r g a n l c - € r e a  reagenc w a c e r  ar.6 

a c i d  ;-hen prcpdring :he DNPH so!c:ion. 

l . S ~ k 3 . 9  Top-Loading Balanca:  A one-p lace  :op load!ng ba!a?,ce is 

:ceded f o r  va lghing  out :he DSPH cr:rscals used Co prepare :he aqueous ac : i ic  

3SPH so  luc  t o n .  

3 . 5 . L . 3 . 1 0  SpACuldS' SpaCulaS dra naadad t o r  va lghing  ouc DSPY . ? e -  

prepdr ing  cha aquaour DNPH solucion. 

3 . S . b . L  Crurhad I c e :  Q u a n c l c l e s  ranging from 10-50 lb may be  

nacarrary d u r t n g  a rampling run.  dapandlng upon roblane camparacure. SampLes 

which hava baan cakan must ba scored and shlppad c o l d ;  r u f f i c l a n c  i c e  € o r  :his 

purpose musc ba allowad. 

I 

3 5 . 5  LUmnsl 

3 . 5 . 5 . 1  Raaganc grada chrmlca l r  s h a l l  ba usad I n  a11 c e s c s .  

L'nlass ochsrwlsa lndlcacad, IC  i s  incandad :hac a11 raagancr s h a l l  conform ~2 

cha s p a c i f l c a c i o m  o f  cha Comiccam on h ~ l y ~ i c ~ l  RaAaanCS of cha d a r i c a n  

Chamical Soclacy. vkara such spacificaCionr arm a v a i l a b l a .  Ochar gradas may 

ba usad. prov1d.d l c  i r  f i r r c  a r c a r c a i n a d  char cha raaganc is of rufficien:!:J 

hlgh p u r i t y  CO p.miC i C 1  WiChouC haranin& Cha Accuracy of the  dacernir.a. 

:lot-. 

1.5.5.2 Organic-fraa raaganc wacar: ~ l l  rafarancms t o  water L?. 

:his machod ;afar eo o r g a n i c - f r a a  raaganc vacar. ar d a f t n a d  In Chapcar One 

3.5.5.3 S i l k .  Gal: S i l i c a  8.1 r h l l  ba i n d i c a c i n g  Cna.  6 - 1 6  

mesh. 

hours  bafora  using. 
o:har cypar of d o r l c c a n c r  (aqulvmlmnc or baccar )  MY ba usad.  

I t  cha s i l ica  g a l  haa baan-usad p r a v l o u l y .  d v  ac 175'C (35o'P)  for  2 

Haw rlllca ga l  may ba usad aa rmcaived. AlCamrclva ly .  

0 
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3 . 5 . 5 . 1 .  2 .L-dinicropheny:hydrazina ( D N P H ) ,  [ 2 . b .  ( 0 1 N ) 2 C , ~ , :  SK., . a 

?.e quan t i ty  o f  water may vary from LO co 3 O t .  

1 . 5 . 5 . L . t  ma 2.L.dini:rophenylhydr.zina rraganc must ba prepared i?. 

0 :he l abora tory  vi :hin f i va  days o f  W P l i n g  US. i n  cha f i a l d .  

5 S P H  can a l s o  bo dona i n  cha f i a l d .  with conridaracion of appropriaca proca. 
dures raqui rad  € o r  s ~ f a  handling o f  SOlvmnC i n  cha f i a l d .  Uhan a concalnar C,[ 

?reparad DNPH r e ~ g e n c  i s  opaned i n  tha f l a l d .  tha concancr o f  cha opened 
concalnar should bo usad wlchin L8 hours .  A l l  hbOroCOry g l ~ r s v a r e  musi be 

washed w i t h  dacergenc and wacer and r i n r a d  w i t h  wacar. machanol. and mathy1e.e 

ch lo r ide  p r i o r  co us*. 

Preparat ion o f  - 

d 

a NOTE: DNPH c r y s t a l s  or DNPH rolucion should ba hmdlad  wlch p l a rc i c  gloves 
ac a11 c l w r  wlch prompc and a rcan r ivo  us. of runnln i  wacar In cas. 

o f  akin  a ~ p o r u r r  
I 

1 . 5 . 5 . 0 . 2  Praparacion of Aquaow Acldic DNPH b r i v a c i r l n 6  Raagant: 
0 

Each batch of DNPH raaianc should ba praparad And p u r i f i e d  w l c h i n  f lva  days 9 5  

s a p l i n g .  aCCOrdln~ co cha procadurar dascr lbad  balow. 

NOTE. Raagonc bocclar  for  s c o r q a  of cloanad DNPH dar lvac lz lng  rolucion 
muse bo r1M.d wlch acacon lc r i l a  d d r i a d  batore usa. h k a d  
g l ~ r r w ~ r a  11 noc arranelal for praparac1c.- t DNPLl r a q a n c .  n o  

glarrvara m.uc noc ba rlnsad w i c h  .cat:-: 

crac lon  of .COCON c o n c r l r u c l o n  will ba incroducad. If  f l a l d  
proporoclon o f  DUPH l o  p o r f o m d .  caucion w e  bo oxorcload i n  

A V O i d i q  acacorn c o n c r l n a c l o n .  

z an w c c a p c a b l o  concen- 

3.5.5.b.2.1 Placa an 8 L concalnar  und.r a f u u  hood on a 

magnacic sclrrar. 
organic-frma raaganc wacar. 
raaganc wacar. 
aI p o r r i b l a .  

hydrochlor lc  Acid. 

be ganarACad And cha wacar 

M d  a h r p  mcir bar  d fill chm concainor half f u l l  o f  

S c a n  cha r c i r r i q  bar  and adJurc rh. rc lr  m e a  eo ba AI f a s t  

Saw cha ampcy bocela from cha or( .nic-fro* 

U I i q  A SrAdUACad c y l i n d a r .  MAIUra 1.0 d O f  COnCanCrAC1d 

Slowly pour cha a c i d  lnco cha r c l r r l n i  wacar. Tumor may 

bocoma w a r m .  Uaighc cha DNPH c r y r c a l r  on a 

e 

0 

0 
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one-p laca  ba lance  ( s e a  Tab le  1 . 5 - 1  f o r  approxirnata amounts) and add :a :+,e 

stirring a c i d  S o l u t i o n .  

f r e e  reagenc w a t e r  and s t i r  o v e r n i g h t .  

d i s s o i v e d  o v a m i g h t .  add a d d i t i o n a l  D N P H  and s t i r  f o r  two more h o u r s .  

,Continue :+.e ? r a c e s s  o f  addir.g D N P H  u l c h  a d d i t i o n a l  s t i r r i n g  un:il a sa:'a:a:eC 

solu:ion ha5 been formed. F11:er the  DNPH s o l u t i o n  us lng  vac'Jum F i ! : r a t : a n  

Gravi ty  f i l t r a t i o n  may be used.  b u t  a much longar t!ma i s  r a q u i r a d .  S:ore :?.z 

Ei!:ered solution i n  an amber boc:le ac  room t a a p e r d t u r a .  

T i l ?  :ha 8.L conta inac  t o  t h o  8 . L  mark u1:h organ-: .  

I f  a l l  o f  the  DHPH c r y s t a l s  hava 

3 . 5 . 5 . L . 2 . 2  Li:hin Civa d a y s  of proporad us.. p laca about i . 6  : 
o f  the D N P H  reasenc  i n  a 2.L snparacory f u n n a l .  Add approxlmacely 200 m 1  o f  

rnechylene ch loc ida  and s t o p p e r  tho funnel .  Wrap t h e  scoppar o f  t h o  funnel 

with paper towels to absorb any leakage .  I n v e r t  and vanc the  f u n n a l .  n e n  

shake v igorous ly  € o r  3 minutes .  I n l e i a l l y ,  cha funnel  s h o u l d . b e  vanted 

f r e q u e n t l y  (every  10 - 1 5  s a c ) .  A f C e r  cha l a y a r s  hava separacad .  d t s c a r d  t h e '  

lowar (organic)  l a y e r .  
- ... 

3 . 5 ~ 5 . b . 2 . 3  Excracc tha D N P H  a sacond t l m a  v t c h  machylana 

c h l o r i d e  and f i n a l l y  u l t h  cyclohaxana.  Uhan cha cyclohaxana layor  has 

soparaced from tho D N P H  raaganc . tha  cyclohaxana layar will ba cha top l a y e r  i:. 

t h e  separacory  funnel .  D r a i n  cha lover layar ( tha  claanad axcracc DNPH 
reagent s o l u e i o n )  i n t o  an ambar boccla  t h a c  has bean r lnsad ulch  acrconicr i :e  

and al lowad co d r y .  

3.5.5.b.3 w l l c y  Concrol: 
Tha s lra  of cha a l l q u o c s  la dapandanc upon cha axacc sawpllng 

Taka NO a l l q u o c r  of cha axcrac ted  DNPL. 

reaganc. 

procadura usad. bue LOO a1 is r a a r o r u b l y  raprasancac lva .  

background l n  chr raaganc is a c c r p c a b l r  f o r  f i a l d  us.. r n a l y z r  ona a l l q u o t  o f  

:he rargane accord ing  eo cha procadura o f  Hachod 8315. 
o f  aquaoua o c i d l c  D N P H  f o r  us0 as  a aachod blank when cha a m l y 8 l s  is per .  

€armed. 

To a ~ u r a  chat the 

Saw cha ocher a l i q u o :  

3 . 5 . 5 . b . b  Shlpoanc co cha P i r l d :  Tlghrly cap cha boccla  concalnitg 
S a d  chr boccla  v i c h  Tef!o- e x t r a c e a d  D N P H  raagrnc using a Taflon-llnad cap.  
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.uoune  o f  !4oircure i n  DNPH 

10 walghc parcane 
15 weight parcane 
10 vaighc parcrnc 

APPROXHIATE A H O W  OF CRYSTALLISE DNPH USED 
TO PREPARE A SATLUTED SOLLTION 

Yatghc Required par  8 L o f  Sotucton 

3 1  8 
3’ 8 
‘0 8 I) 

a 
Tablo 2 . 5 - 2  

INSTR- DETECTION LIMITS AND R U G =  W A C I T I  
FOR F O R M L D W Y D E  ANALYSIS’ c 

Anrlycr Dacacclon LlmlC. p p b 4  R ~ 6 0 n C  CApaCiCy. ppmv 

Formaldahyda 1.8 6 b  
Acecaldahyda 1 . 7  70  
A C r O  l a  l n  1 . 5  75 
Acacon./ProploMldahyda 1 . 5  15 
Bueyraldahyda 1 . 5  79 
Hachyl achy1 kacoru 1 . 5  79 
Valaraldahyda 1 . 5  8 1  
Isovalaraldehyde 1.0 89 
Haxaldahyda 1.3 86 
Banzaldoh~da 1.0 81 
o - / m * / p - T o l ~ l d a h y d a  1 . 3  89 
Dimrchylbarrraldahyda 1 .2  93 

a 

‘Oxyganacad compoundr l n  a d d i t i o n  eo forP.ldahyda arm lncludad f o r  
comparlron with fo rmldahyda ;  a x c a N L o n  of  cha machodolow co ochar compounds 
La p o r r l b l a .  

‘Dacacclon l imicr arm dacarmlnad t n  rolvanc.  Thara valuar  charafore 
rapr r ranc  cha opclmum capab i l l cy  of cha machodology. 

3 - 1 6 2  
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:ape. 
can ( p a i n c  can or aqulva lenc)  containing a 1 .2  inch l a y e r  of granulaced 

ciarcoal and scored  ac ambient :ernperaturn unci1 usa .  

~ f c e r  the  bocc le  is !abeled. cha b o t c l a  may be placed ln a fric:ion.r: j  

? . 5 . 5 . L . L . l  i f  :he DNPH reagent  has passed :ha Q u a l i t y  Con:rol 

:-. . : - e r i a ,  - 
and senc t o  t h e  sampling a r e a .  I €  cha Q u a l i t y  Concrol c r i c e r i a  a r e  ro :  >e:, 

:he reaganc ro luc ion  may be r a - a x c r a c t e d  o r  c h e  s o l u t i o n  may be r e - p r e ? a r e d  

and :he e x t r a c e i o n  saquenca repeacad.  

t h e  reagenc may be packaged eo meet necessary sh ipping  rcqu;:eme?.rs 

3 ~ 5 . 5 . L . 0 . 2  I f  cha DNPH raaganc is noc usad l n ' c h a  f l a l d  w i c h i n  

f i v a  days  o f  excracc lon .  an a l i q u o t  may be cakan and analyzad a 1  dascr lbed i: 

Yachod O O l h .  

reaganc may be urad .  

requiremanes.  rho reaganc m s c  be d i s c a r d e d  and new raagane muse be prepared 

and c o s r a d .  

I f  cha reagent maacs cha Q u ~ l l c y  Concrol raqulremancs.  che 

I f  t h e  raaganc  doas not  aaae cha Q u a l i t y  Concrol 

. . -  

3 . 5 ~ S . 6 . 5  Calculae ion  of Accapeabla Concaneraclonr of  Impuri-les L: 

DNPH Raagane: Tho accapcabla  impurley concancraelon (AIC. rg/ml) 1s calc- :ar-  

ed from cha axpaccad A I I A ~ Y C ~  concaneraclon i n  chr ramplad gar ( U C .  ppbv) .  zk.2 

voluna o f  a l r  Chae will ba ramplad a< scandard condlclona (SVOL. L); Cka 

:onnula vaighc o €  cha analyea (N. g/moL). and eha voluma of DNPH raaganc  :ha: 

w i l l  bo u r a d  i n  cha lmplngarr (RVOL. m 1 ) :  

A I C  - 0.1 x [ U C  x SVOL X N/22.6 x (N + 18O) /N] (RVOL x 1,000) 

vhara:  

0 . 1  l a  cha accapeabla  coneaminane concancraelon. 

2 2 . 6  l a  a faceor r a l a e l n g  ppbv eo g/L.  
180 Is A facto r e l a c l n g  under lvae lzed  eo d e r l v a c l z e d  analyce 
1,000 l a  a unit c o n v a r r l o n  faceor. 

3 . 5 . 5 . 6 . 6  Dlapoaal of Cxcarr DNPH Raaganc: Excarr DNPH raaganc ma:* 

be rocurnad eo eha 1abor.COy and r a c y c l a d  or eraacad aa aqwour YalCa. f o r  
0 

0 



3 . 5 . 5 . 5  Fla ld  Spike Scandard Praparacion:  To prapara a formaida- 

hyda f i a l d  sp ik lng  scand.rd ac L . 0 1  mg/ml, us1 500 r l  syrlnga eo transfer 
0.5 m l  eo 3 7 b  by vaighc o f  forma:-e+.yda (LO1 mg/ml) eo a 50 m l  vo1ume:ric 

::ask concaining approrimacaly SO m 1  of mchano l .  Dlluca co 50 m 1  u i c h  

mchanol .  

0 

i 

0 

0 
3 . 5 . 5 . 6  Hydrochloric Acid, HCL: Raaganc grad. hydrochloric acid 

(approxlmacaly 12N) is raquirad fo r  ac id l fy lng  cha aquaour DNPH so luc ion .  

3 . 5 . 5 . 7  llachylana Chlorida.  C H Z C l z :  Mrchylana ch lor ide  (Juicabla 

for r r s l d u a  and parcic ld .  ana lys i s .  cc/ns. HPLC. GC.  Spaccrophocomacay o r  

aquivalanc)  is raqul rad  €or  c leaning  cha aquaour a c i d i c  DNPH so luc lon ,  r i n s ing  

g l a s rva ra .  and racovary of rampla craina. I 

3 . 5 . 5 . 8  Cyclohaxana. C,H,,: Cycloharana (HPU grade) 1s raquircd 

€ o r  c l a m i n 6  cha aquaour a c i d i c  DNPH so lu t ion .  

NOTE: Do not ura rpacCroanalyZad gradas of cyclohaxana i f  c h l s  s a m p l i n g  

machodology is excandad eo a1d.hyd.r and kaconar vlch  four o r  mora 

carbon ~ C O M .  

3 . 5 . 5 . 9  Math.no1. CH,OH: Hachanol (HPU grad.  o r  aquivalanc)  i s  
requirad €or  rinsing glurware. 

0 

e 

0 

0 

1.5 .5 .10  k a c o a l t r l l a ,  CH,CN: k a c o n i t r i 1 a  (HPU grad .  o r  aquiva. 

l anc )  Is r aqu i r ad  for r l rdrq  g l u r v a r a .  
0 

3 . 5 . S . 1 1  Poru ldahyd . .  HCHO: Amlycical  grad. o r  aqulvalanc 

f o m l d a h y d .  ir raqui rad  f o r  praparacion of scandardr. 
k i tonas  a r a  usad. analyclcal &rad. o r  equivalanc is raqul rad .  

I f  ochar aldahydas o r  

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

3 . 5 . 6 . 1  Bacause o f  :ha complexicy o f  c h i s  machoa. f i e l d  person-e:  

should be : ra ined i n  and axparienced v i c h  cha c e s c  procedures i n  o rder  :2 

ob-din rallabla r a s u l e s .  

3.5.6.2 L b o r a c o r y  Praparac ion:  

3.5.6.2.1 All chr componancs s h a l  a 1Caln.d and ca ,raced 

according eo cha procadura d a s c r l b a d  in APTD-0576. u n l a s r  o c h a w l s r  s p e c i f i e d .  

3.5.6.2.2 Yrlgh r r v a r a l  200 co 300 g porclons of s l l i c a  g a l  in 
a i r c i g h c  c o n c a l n r r r  eo chr n a a r r s c  0 . 5  g.  Racord on aach concalner  cha :oca: 

xeighc  o f  cha i l l l c a  gal p l u s  c o n t a i n e r s .  As an a l c r r n a c l v a  eo prowsighing 

cha s l l l c a  g a l .  l e  may InSCaAd ba v r l g h r d  d l r a c e l y  i n  cha lmplngrr or !ampLJ25 

h o l d a r  j u s t  p r i o r  eo c r a l n  arrrmbly. 

3.5.6.3.1 Salrcc cha sampling slca and cha mfnimum numbar o f  

sampling polnc ACCOCdlng eo EPA Plathod 1 o r  ochar r r l r v a n c  c r l c r r i a .  

sin. chr rcack  p r a r r u r r .  ermparacura: and rangr  of v r l o c l c y  haad.  uslng EPA 

Xachod 2. A h a k - c h o c k  of cha p l c o c  l l n r r  according co LPA Hachod 2. Saccion 

3 . 1 ,  m u s t  b r  p a r f o r a d .  k c r r m i n a  cha r u c k  888 aoircura concrnc u l n g  EPA 

Approrinoclon Itmehod 0 o r  its o l c a m e l v o r  co r r c a b l l r h  arclsmcas of l rok ine .  

:ic rampl ing- raer  rrtclngr. Decarmina cha rcack gar d y  molecular walghc, as  

d a s c r i b r d  in CPA nrchod 2 .  S r c c l o n  3.6. 
is usad f o r  o o l a c u l a r  weight dacr rmlruc lon .  ehr i n c r g r a c r d  bag rampla s h a l l  b e  

:akan r imulcanaourly w i c h ,  and f o r  cha saar coca1 l r n g c h  of  c laa  as,  cha 

Dater-  

11 tncagracrd  EPA Mrchod 3 s a p l i n g  

samplr run. 

3.5.6.3.2 Srlacc a nozzle  r l z r  basad on t h e  rang. of valoc lcy  haads 
so c h a t  1s n o t  nacarrary co changr cha nozzle  r l z r  l n  o r d r r  t o  malncaln 

i r o k f n r c f c  l a m p l h g  rater ba lov  28 L/mln (1 .0  c h ) .  During cha run. do no: 

3 . 1 6 5  

0 



change cha n o z z l a .  

chosen f o r  :ha ranga o f  v e l o c i t y  heads encouncarad (sa. Sacclon 2 . 2 .  o f  EPA 

Yechod 2 )  

Ensure char  :Ce p r o p e r  d i f f e r a n c i a 1  ?rassura  gauge i s  

0 

i 

0 3 . 5 . 6 . 3 . 3  S a l r c t  a suicabla  probr l l n a r  and probe l a n g c h  so  cha t  a i i  

:ravarrr p o i n c s  can br  ramplad. For largr s t a c k s ,  c o  raducr chr  langch o f  : i e  

?robs, conr idar  sunpllng from opportca r i d e s  of c h r  s t a c k ,  

3 . 5 . 6 . 3 .  k A minimum of ~5 fc’ of rampla v o t u r  is requi red  for :?.e 

dacarminacton o f  t h r  Dastruccion and Ramoval Efflciancy (DRE)  of formaldahyde 
€ r o m  inc tnarac lon  systrrni  ( b 5  f t ’  Is aqulvalenc eo on. hour of sampl lng  ac 

0 . 7 5  d r c f ) .  Addictonal sample voluma s h a l l  ba co l l acc rd  as nrcr rs icacad  by 

:ha capaclcy of  cha DNPH r ragrnc and r n a l y c l c a l  d rc rc t ion  l l m l t  conscra lncs .  
To d r c r m l n r  cha minimum samplr volumr r aqu i r rd .  r r f r r  eo sample ca l cu la t ions  

I n  S r c t i o n  10. 
. ..” 

3 . 5 . 6 . 3 . )  Drcrminr  chr coca1 langch of sampling cima nr rdrd  co 

obcaln ch r  i d r n c l f l r d  minimum v o l u m  by cornparin6 chr anc ic ipacrd  avrraga 

sampllng racr ulch  cha volumr rrquirrmrnc.  Allocaca chr SLD. tin. co a11 
:raver ia  polncs daf lnad  by EPA Krchod 1. To avoid clmrkraplng e r r o r s ,  cha 

Length of tima ramplad ac aach cravrrsr polnc should ba an Lncrgrr or  an 
incrgar  p l u s  0.3 a h .  

3.5.6.3.6 In s o y  c i rcunrcancrs  ( a . 6 . .  bacch c y c l r s )  it m y  br  

n e e a s s a y  co ramplr Cor rhorerr cimr ac t h r  crawria p o h c s  and co obcaln 
r m r l l r r  g a s - v o l u u  a m l i r .  In ch r s r  caaaa, c a r r f u l  documncaclon w c  br 

malncalnad 18 o r b r  co all- accur rcr  ca l cu lac ion  of concrncraclons.  

0 

0 

e 

0 

0 

1 .5 .6 .6  Praparacion of Col l rcc lon  Train:  
0 

l.S.6,b.l During prrparacion and assrmbly of chr  sampling c r a l n .  

karp a11 openings uhara concaminacion can occur covrr rd  uich TrClon film or 
aluminum f a l l  uncll ! u c  p r i o r  eo assembly o r  uncll s u p l l n c  is about CO 

bagin.  0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

3 . 5 . 6 . L . 2  Placr  LOO m l  of Cladned DHPH s o l u t i o n  i n  edch o f  :?.e 5 ~ : s :  

:'JO i m p i q e r r .  .ard l a r v a  t h e  Z h i r d  i m p i n g a r  e m p t y .  I f  addi:iondi capaci::, : S  

:e;,,ired f o r  high expec:ed c0ncen::acions of formaldchyda i n  cha s t a c k  j a s .  

200 91 o f  W P H  p e r  impingar may be usad or dddic iona l  impingerr may be  ;sed 

f o r  sam;,!i7.g. ::anr.Eer approximacely 200 co 300 g ot pre.vaighed s i l i c a  3e: 

from its concainec : o  che €ourch impingar .  Cara should be caken t o  er.siirc 

thac  :he s i l l c a  g a l  is  n o t  e n t r a i n e d  and c a r r i e d  O U C  from cha imptnger  Cur:-< 

sampilng. Place che r f l i c a  g e l  concalnar  In d c l e a n  placa o r  l a t e r  u s e  i? :':? 

sampla recovery.  Alcarndclvc ly .  cha v r l g h c  of cha s l l l c a  g a l  p lus  i m p i r j c r  

mdy bo dacerminad co che nearerc  0 . 5  g and racordad.  

3.5.6.L.3 Ui:h a g l a s s  or q u a r t z  l i n a r .  i n s c a l l  the  s e l e c t e d  ? o r : : e  

us ing  a Vlcon-A O-ring v i c h  scack cemparacures ara <260'C (500'F) and a 'dove- 

glair.tibar gaskac vhan camparacurer arm h i g h a r .  Sa. APTD.0576 (Rom. - 7 7 2 )  

to r  d e c a i l r .  Ochar connaccion ryrcemr u c l l l z l n g  e l c h a r  316 s t a i n l e s s  s:ect 0: 

Taf lon  f e r r u l e s  may ba used.  nark cha probe wick hUC-rOSlSCdnC :ape or b y  

soma ochar  machod eo dmoca  cha propar  dllCAnCa inco cha scack or  ducf  f o r '  

each sampling p o i n t .  

. -  

3.5.6.L Ir Asaambla t h e  crain as rhovn l n  Figura 1 .9 -1 .  During 

assembly. do n o t  us. any rillcona graasr on g r o u n d - & l a s ~  jo iner  upstream o f  

c h e  Impingers.  Us. Taflon Cape. i f  r a q u i r a d .  A Vary l l g h t  COdCing of 

s i l i c o n e  grrasa m y  be u a d  on g r o u n d - s l a r s  fo ines  dormscram of cha 

rmplngarr.  buc cha rlllcona graara should ba l imlcad Co cha oucar  p o r t i o n  :sic 

APTD-0576) of cha ground-glass j o l n c s  co mlnimizr r i l i c o n a  grrasa concamlna. 

cion. I f  nacassary .  TatLon cape m y  be urad eo m a l  lraks.  Connacc all 

camperacure sanrors co an rppropr iaca  pocrnciomacrr /dirplay unic. 
cemparacura sensors aC ambianc camparacuras. 

Check a;: 

3 . 5 . 6 . 6 . 5  Ploca crushed i c e  a l l  around cha iapingars. 
0 

3 . 5 . 6 . k . 6  Turn on and sac cha probe haac ing  syscam ac cha d e r i r e d  

oparac lng  campardcura. A L l o w  cime fo r  eke canparacurr  EO s c r b i l i z a .  

3.167 



1 . 5 . 6 . 5  Lcak.Check Procadurar:  

3 . 5 . 6 . 5 . 1  Pra-care  Laak Chack 

3 . 5 . 6 . 5 . 1 . 1  A f m r  cha r m p l i n g  c r a i n  har baan a r r aab lad .  :urn o n  

A ~ ~ D W  and s e t  :he proba haacing ryrcrm a t  chr d a r l r r d  oparaeing caaperacura.  
:ima Cor :ha camparacurr Co s c a b i l l z a .  

conneccion Is urad ln arsrmbllng cha proba nozzle eo cha proba linar, leak . ’  

check :ha c r a l n  ac che l-pllng i l e a  by pluggin& cha nozzla and p u l l i n g  a 1 8 1  

nm Hg ( 1 5  in Hg) vacuum. 

I f  a VlCOn-A O . r l n g  or oche r  lcak-f-ec 

VOTE: A lowar v a c u u  may ba urad. providad ChAC cha lowar vacuum is noc 
axcardad during cha carc .  

? 
3 . 5 . 6 . 5 . 1 . 2  If an arbarcor  rcring l a  Mad.  do noc connacc cha 

proba eo cha m a i n  during cha laak check. IruCrad. laak-chack cha c r a l n  by 

f l r r c  areachina a carbon-filled leak check lmplngor Co cho lnloc and chon 

plugging cha lnlac and pulllng a 381 m Hg ( 1 5  In H i )  vacuum. 
any ba usad If chis lowar vacuum l a  noc arcamdad dur l ry  eha c a r c . )  Haxc 

connaec che prob. co ch. c r a i n  and hak-check ac about 25 m Hi (1 ln Hg) 
vacuum. AlCarrucivr ly ,  laak-chack cha proba wick cha rarc of cha raapllng 
:rain i n  ona rcap  ac 381 m Hg ( 1 5  ln Hg) vacuum. 
( a )  6 t  of cha avaraga rampling raca or (b) *.00057 m’/min (0.02 efm). a r e  

unaccapcabla.  

( A  lowar vacuua 

L a b g a  racar I n  axcarr o f  

5 .  

1 . 5 . 6 . 5 . 1 . 1  ihr Colloving l a d  chack ~ M C W C ~ O I U  for cha 
saapl lng  crain d a r c r l e d  la ADPT-0576 and A R D - 0 5 8 1  may be halpful. Scare cha 

p u p  wich cha Ciru-adJuae valva fully open and coar ra-va lva  complacaly e lorad  
P a r c l a l l y  open che coa r ra -ad ju re  valva and rlouly elora cha f ina -ad ju rc  
u n c l l  cha darired V ~ C W  i r  reached. Do a r ava r re  d i r acc lon  of cha f lna -  

adfu rc  va lva .  ar l i q u i d  will back up lnco che c r a i n .  IC the drrired vacuum is 

.xcardad. alehar perfom cha lrak check AC chin hifier vat- o r  end tha laak 

valva 

C k E k ,  2: :he%?. b=Le=, ezs ;:;:: Bysr. 

0 

0 

0 

0 

0 

e 
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e 

a 

3 . 5 . 6 . 5 . L . L  L'hen cha laak check  is Complacrd. f i r s c  s loul : r  rc=o.:e 

:?,e plug from tho inlac co :he probe .  

3 s  o r  l e s s .  i m e d l a c e l y  closa :he c o a r s a . a d j u s c  v a l v a ,  Swicch o f f  che puapi:,j 

sys tem and reopen t h e  f i n e - a d j u s c  v d l v a .  Do noc raopan che f ine .ad jur :  Vd:~Je 

L%en cha vacuum drops co 1 2 7  mm ( 5  i r '  

. . "  -..:Ll :he :oarse-ddfusc  va lve  has  been c l o s e d  co p r a v a n c  cha l i q u i d  i x  :?e 

I s ~ i ? . g c r s  €:om b e i n g  forced  backvard I n  cha sampling Llna and silica y e :  f::: 

b e i n g  ancra inad  backvard inco cha c h l r d  implnger.  

3 . 5 . 6 . 5 . 2  Laak Checks During Sampltng Run: 
e 

e 

a 

e 

e 

e 

3 . 5 . 6 . 5 . 2 . 1  I f ,  d u r i n g  cho sampling run. a componanc change 

( 1 . e . .  impingar) bacoaas n e c e s s a r y .  a leak chack s h a l l  be conducead 1meCia:e. 

l y  a f c a r  cha incar rupc ion  of  s u p l l n g  And bafoca cha changa Is m d a .  n a  1edK 

c h r c k  s h a l l  ba dona accord ing  eo cha procadura d a r e r i b a d  i n  Saccion 3 . 5 . 6 . 5 . :  

axcape chac is shall ba dona ac a vacuum graacar chan o r  aqua1 eo cha maximum 

valua recorded up eo chac poinc in cha casc.  I f  eha l r a h g a  caca 1s found :a 

bo no graacar  chm 0.00057 m ' / m i n  (0.02 cfm or 
(whichover is lass), cha rasulcr arm accapcabla .  I f  a higher laakage r ace  :s 

obcainod. cha cascar  muse void  Cha sampling run. 

I 

of cha avaragr  s q l i n g  race  

NOTE: Any c o r r a c c i o n  of  cha sample v o l u m  by calculation raducns cha 

l n c a g r i c y  of cha pol lucane  concancraeion &EA ganaracad and mus: .:e 

avoidad. 

3 . 5 . 6 . 5 . 2 . 2  I w d i a c a L y  afcar a coaponanc c b n p  and before 

sampling is r a i n i e i a t a d .  a l a a k  chack similar eo a p r a - r a s c  l a a k  chack musc 

also ba conduecad. 

3 . 5 . 6 . 5 . 3 . 1  A la& chack is m m d r c o y  ae cha conclurion of  aach 

sampling run. 

p r a - c u e  l a a k  chack,  axcape chac cha pose-carc l aak  chack s h a l l  ba conducted 

ac A vacuum g r a a c a r  than or  aqua1 co cha maximum valua caachad d u r i n l  cha 

sampllng ~ n .  I f  cha l a a h g o  race 1s found EO ba no graacar chan 0.00057 

'Iha l aak  chack rhall  ba dona wick cha s.0. procaduraa as cha 

3.169 
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3 . 5 . 6 . 6  Sampling Train Oparaclon: 
0 

3 . 5 . 6 . 6 . 1  Durln@, chn sampling run. maincain an i rok lnac ic  rampiins 
[ a t e  t o  w i th in  10% of crua i r o k l n s c i c ,  balov 20 L/mln  ( 1 . 0  cfm). ?air.:ai- a 

:empnracure around :ha proba o f  120'C ( 2 U '  2 25'P). 

3 . 5 . 6  6 . 2  For nach run, racord cha d ~ c a  on a daca rhanc such a s  :?.e 

ann shown i n  Figura 3 . 5 - 2 .  Ba sura  CO r r co rd  cho Lnlclal  d ry -ga r  macnr 

readlng .  Rncord che dry-gar  macer rnadlngr ac cha baginning and and o t  each 

saap l lng  clma lncramanc. uhan ChangaS l n  flow racer arm mad.. bafor r  and af:er 0 
each leak ckask. and uhan s u p l i n g  l o  holcad. Taka oehar raadln@,r tnqul rad  by 

Flgura 2 ae laarc onca ac aach rampla p 0 h C  d u r l q  aach ctma Lncrrmrnc and 

addiCioM1 raadlngr  uhan r l ( n i f l c a n c  a d j w c m n c r  20a var l ac ion  i n  valoclcy 
heAd reading:) necenrlcaEl  addlCloM1 AdjUcmanCS In flow roco. b v o l  and 
zaro  cha manomacar. 8acaura chr manomecar lava1 and raro MY d r i f c  dur co 

vibrac lonr  and cnmpnracura changar. make par lodlc  c h n c h  during chr cravnrse 

- 
0 

a 3 5 . 6 . 6  3 t h a n  cha rcack accarr porcr p r i o r  co chr carc  run co 

eliminacn cha changa of rampllng dapor lc rd  macarial. To bagin aampllng. 

remova cha no r r l a  cap ,  v e r i f y  chat  cha C i l ca r  and proba hracln& ryrcrmr arn a: 

cha r p a c i f i a d  camporacura. and v e r i f y  c b c  cha plcoc cub. and proba are  

properly por ic lonad .  
cha c l p  polnclng d i r a c c l y  lnco cha gar scram. 
adjurc  cha flow co i r o k l r u c i c  condic ionr .  Nomographr, vhlch a i d  i n  cha rapLC 

adjuscnanc of cha i rok lnac ic  rampling rata ulchoUC axcar r iva  compucacionr. a r e  

a v a i l a b l a .  

0 Porlclon ch. nortla ac ch. f lrrc eraversa poin t .  wich  

I n u d l a c a l y  rearc cha pump and 

0 Thara nomographr are darignad f o r  u a  vhan cha Typ. 5 picoc cube 
c o a f f i c l a n c  
w * i & h C )  i s  equal  CO 29 2 0 .  APTD-0576 d * C A l l l  ch. procadurr for u l n a  Ch* 

0.81 5 0.02 and t h e  SCACk gar a q u l v ~ l a n t  d a N l W  (dry mOlaCuld: 

nomographr. I f  cha rcack gar molecular valghc and cha p i c o t  cub. CO~ffiClOr: --- - . . - - I  2- -I.- _ L  _.__ _ _ - _ _ _  & no; _._ ___----- L- ..-*--- ------- ,--- 
0 

--. "-.-.I- ..a. ."&I". ran,.., ~ n m  ~ l u l v . & r p r v  -n*--* rpr.-r.*--- 

ICaPr arm cakan co comparuaca Cor cha davlac lonr .  

3 . L i O  
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3 . 5  6 . 6 . L  Lhan cha scack i s  undar s i g n r f i c a n c  nmgaclva prossure 

(equi.>alenc co the  hr ighc  o f  cha impingar s c a m ) .  cakr care  co c losa  cha 

coarse.adjusC v a l v e  bafora LnSOKCLng cha proba I n C O  chr  scack i n  Ordar :O 

?:event l i q u i d  from backing up chrough cha c r a i n .  

be :,urnad on wich cha CoAKSa-rdjuSC Valva c losad .  
I f  nacrssary,  cha p u p  may 

3 . 5 . 6 . 6 . 5  Uhan cha proba 1s i n  pos i c ion ,  block o f f  ch r  opanings 

around cha proba and s t a c k  accass pore eo prrvrnc unrapr rs rnca t iva  dl luclor .  oC 

:ha gas seraan .  

3 . 5 . 6 . 6 . 6  Travarsa ch r  s t ack  c r o s s  s r cc ion .  AI r aqu i r rd  by EPA 
Yachod 1. baing c a r a f u l  noc eo brrmp chr  probe nozzla ineo cha scack walls when 

sampling near  cha walls o r  whan ramoving o r  insarc ing  cha proba chrough cha 

acc r s s  pore.  i n  ordar  eo mlnimlrr cha cnanca of axcraccing daposicrd aacrriai. 

. 
0 

0 

0 

I 

3 . 5 . 6 . 6 . 7  During cha care run. m k a  par iod lc  adJwcaancs  eo kaap cha 

camparacurr around cha preba ae che proper lovolo.  Add more l c o  aiid. I f  0 
nrcassary .  sale. eo mainrain a camparaeura of <ZO'C (68.F) ac cha s i l i c a  go! 

ouc l r c .  A l s o .  p a r l o d l c a l l y  chack cha lava1  and z r r o  of eha manomacar. 

3 . 5 . 6 . 6 . 8  A s ing la  c r a i n  s h a l l  be u a d  f o r  cha r n c i r a  sampl ing  rur. 

excapc i n  casas  h a r e  r inulcmaow saap l ing  is r rqu l r ad  i n  NO OK mora 

soparaem duces o r  ae no or  oora d i f f a r a n c  locacioru ulchin  cha s w  ducc. o r  

i n  ca sas  whara aquipwne f a l l u r a  nacasalcacaa A changa of cralna.  An addicion- 

a1 crain o r  addiclorul crairu MY also ba u r d  f o r  r.npllng whan cha cspac1:y 

o f  a s l n g l a  erain 11 ucradad. 
0 

3 . 5 . 6 . 6 . 9  Ybaa ne or  mora C ~ A L M  arm w a d .  saparaea ~ ~ l p a a  of 

coaponancr from aach crain r h d l  ba p a r f o w d .  If mulcipla e ra i ru  h v a  bean 

urrd  bacaura cha capacity of A ring10 craln would ba areaadad. f i r r c  lmplngars 

Erom rach  c r a i n  aay ba combhad. and sacond Lmpingarr from aach erain MY ba 

combined. 

0 
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0 

1 . 5 . 6 . 6 . 1 0  A C  che end o f  :ha sampling run. eurn o f f  :he c a r r s e .  

adjus: v a l v e .  remova cha p r o b a  and n o r z l a  from cha rcack .  cucn o f f  :ha p u p ,  

zecord :Le f i n a l  dry  gas macer r e a d i n g .  and conduce a porc .cerc  leak  chock. 

A l s o .  l e a k  chock cha p icoc  Lines as descr ibed  in EPA Wechod 2 .  The l i n e r  nus: 

;ass :?.is l e a k  chock in order  Co v a l i d a c e  che  velaci:y.head C a c a .  

a 
1.5.6.6.11 Calculaca parcenc i sokinec ic i -y  ( s e a  Yechod 2 )  I O  

d e c e r s i n e  whochar cha run vas v a l i d  o r  anocher :asc should bo rnada. 

a 

0 

a 

0 

a 

3 . 5 . 7  

3 . 5 . 7 . 1  Praparac ion:  

3 . 5 . 7 . 1 . 1  Propar c laanup procedur i  begins  as soon as the  probe LS 

:amoved from cha s u c k  ac cha and of  cha sampling p e r i o d .  A l l o w  eh. probe eo 

c o o l .  
maccar near  cha c i p  of  cha proba norzla and p laca  a cap over  cha c i p  ca I 

pravenc l o a i n g  o r  g a i n l n g  p a r c l c u l a c a  matcar. Do nor cap cha proba c i p  

c ighc ly  v h l l e  cha r r n p l i n g  train la c o o l t n g  bacausa a V ~ C U U  will ba crea-.ec 

drawing Liquid from cha impingars back through cha rampling t r a i n .  

Vhan cha proba can ba handlad r a f a l y .  uipa o f f  a11 axcarnal parc icu lace  

3.5.7.1.2 Baforr moving cha rampling t r a i n  t o  cha claanup r i c a ,  

ramova cha proba from cha rampling t ra in  and cap cha opan ouclac.  ba ing  

c a r a f u l  noc t o  loa. m y  condanraca c h ~ c  m i g h c  ba praranc .  Rawva cha u m b t l i -  

c a t  c o r d  €corn cha l u c  *ingar and cap cha impingar. I f  a f l r x l b l a  l i n a  is 

usad .  l a c  any condamad uacar  or l i q u i d  d r a i n  I n t o  cha lmplngara. 

open impingar inlac. and o u c l a c r .  

o f  ochar  l n a r c  macarlala may ba u r a d  t o  r a d  a11 opaningr .  

Cap o f f  ar..; 

Ground 8h.r rcoppara.  Tef lon  capr o r  caps 

3 .5 .7 .1 .3  Iruvfar cha proba and impingar aarambly eo a n  araa chat  

is c l a m  and procaccad from wind 10 c h ~ c  cha chancar of c o n c u l n a c i n g  o r  

l o s i n g  cha rampla ara minIrnIzad. 

3 . 5 . 7 . 1 . b  1 ~ p . c ~  cha Crain bafora  and d u r i n g  d l r U r a a b l y ,  and noce 

any abnormal c o n d i c l o n r .  

3 . 1 7 3  



3 . 5 . 7 . 2  Sample Concalnarr: 

3.5.7.2.1 Concalnrr 1: Probr and Impingar Cacchrr. Using a 

graduacad cylinder. maaura  C O  ch* naarerc m l ,  and r rcord  tha v o l u r  o f  :he 

soluclon I n  cha f l r r c  chraa lmplngarr Alcr rnac iva ly ,  cha ro luc lon  may ba 

weighed co cha naararc 0 . 5  g .  Includr any condanracr I n  chr probe ln chis  
dacarminaclon. Trannfar cha impingar solucion from tha graduacad cyl lndar  
in:o chr ambar f l i n c  glass bocc l r .  Taking c a r r  ChaC d u c  on cha oucslda o f  

tha  proba o r  ochar rrcrrlor rurfacrr dorr  noc p c  h C 0  cha rampla. c lean  a11 

su r facas  eo vhlch cha rampla is rxporrd ( inc lud ing  cha proba n o r r l r .  probr 
f i c c l n g .  proba l lmr.  f i r r c  impingrr. and impingar connaccor) w i t h  machylrnr 
c h l o r l d a .  Usa lana chan 500 m 1  f o r  chr anc i r a  varh (250 a1 vould ba baccar .  

if p a r r i b l a ) .  AM cna warhint t o  cha rampla concalnar .  

3 . 5 . 7 . 2 . 1 . 1  Caraful ly  ramova cha proba nozzlr  and r i n r a  chr 
i n r l d r  rurfaca vich  machylana ch lo r lda  from a wash botch. B w h  wlch a 

Taflon b r i r c l r  brush,  and rlnrr uncll eha rima show* no v i r l b l a  pa rc l c l e r  o r  

yallow c o l o r .  afcar which mako a f l r u l  r i N e  of cha lnrida ru r f aca .  Brush and 
r l n r a  eha ina ida  parer  of che Svagalok f i t c i n g  vich u c h y h u  chlorldm I n  a 

similar way. 

i 

0 

c 

e 

e 
3 . 5 . 7 . 2 . 1 . 2  Pinna the probe liMr vlch u c h y h M  ch lo r id . .  Yhlla 

squ l r c lng  cha ~ c h y l e ~  c h l o r i d .  inco cha uppar and of cha proba. c i l c  and 
rocaca cha p r o k  so c b t  a11 lnrida ru r f acas  v i11  ba veccad vich r t h y l r n r  
ch lo r ida .  

concalnar .  Tha Carcar m y  u r  a f-1 (glars or  polyaehylom) co a id  i n  
c r a n l f a r r i n g  cha l l q u i d  vaahar co chr conca in r r .  follow the  rima vich a 

Teflon b r u h .  

L c  rh. wrbylrna chlor lda  drain from chm laver ond lnto che rampla e 

Hold che proba i n  an l n c l l n a d  por ic ion ,  and rqu i r c  machylanr 
cn io r ida  tneo chr upper and an cha proba brush 1s b a i r y  purhad wlch a m i a c i n g  e 
acclon c h r o u o  cha probe. Hold chr rampla conca inr r  undarneach chr 1Ow.r mnd 



0 

0 

0 

0 

0 

0 

0 

0 

o f  :he proba.  and c a t c h  any methylene c h l o r i d e .  wacar .  and par:lc,u?acc aa::er 

:hac is brushad from tho p r o b a ~  Run t h o  brush :hrough tho proba :hrac cL=es 

o r  n o r e .  
:?,e abova p r a r c r l b a d  manna? a t  :eas t  S i x  C h O S  S L n C O  chore may be small 

c - e v l c e s  i n  .dhich parrlculace mat:er can be an:rappcd. Rinso :he brush ' J : - &  

ne:hylene c h ? o r i d e  o r  w a c n r .  and q u a n t i t a c l v a l y  c o l l a c c  thoro washi-g i n  :=e 

sample c o n c a i n a r .  Aftar  che b r u s h i n g ,  mako a f i n a l  r i n a a  o f  :he probe as 

i e s c r i b a d  abova. 

7 1 t h  s c a i n l a r s  r c e e l  o r  ocher macal probes.  run t h o  brush chrough I?. 

VOTE: Two paopla should c l e a n  the proba in  order  to minimize szapie  

l o r r a r .  Bacwaan rampllng r u n s .  brushes m u s t  be kept  c lean  and f r e e  

from concamination. 

3.5.7.2.1.3 Rinsa cha i n s i d e  s u r f a c a  of each of tha f l r i c  :hrac 

implngara (and connacclng tub ing)  chraa raparaca clmas.  Uea a small p o r t i o n  

of mathylana c h l o r i d e  f o r  each r l n s a .  and brush each r u r f a c a  to which tho 

sampla is axporad v l c h  a Taf lon  b r l r e l e  brush eo anrurm r a c o v a r y  of Elks - 

p a r c l c u l a t a  maccar .  h e a r  will bo r a q u l r a d  f o r  tha racovary o f  tho impizsers 

i n  a d d l e i o n  t o  cha r p a c i f i a d  quancicy of mathylano c h l o r i d e .  

l a a r e  cwo phasar  l n  eha Lmpingers. This No-phaaa mlxeura doar not  pour vel:  

and a s l g n i f i c a n c  amounc of chm tmplngar c a t c h  w i l l  ba l a f e  on cha valls. 

usa o f  waear as a r l n r a  makrr cha rscovary q w n e l c a c i v a .  U k a  a f inal  r i n s e  

of  aach s u r f a c e  and of eha brush .  u s i n g  boeh machylana c h l o r i d a  and vacer .  

. -  

Thoro will be a: 

>e 

3.5.7.2.1.6 *fear a11 machylana c h l o r i d a  and w e a r  uashlng and 

p a r c l c u l a c a  maccar haw baan collmccad ln  eha rampla conca inar .  clghcan :ha 

l i d  so t h a  solvanc. wacmr. and DNPH raaganc w i l l  noc l a d  our  vkan tha 

c o n t a l n a r  l r  rh lppad  eo cha l a b o r a t o r y .  
d a t a r d n a  vkaehar 1aai.p occurs  d u r i n g  t r a n s p o r t .  

Tef lon tap.. 

Hark cha halghc of cha f l u i d  l e v e l  :a 

Sea1 cha c o n t a i n e r  wi:h 

L b a l  cha conca lnar  c l a a r l y  t o  l d a n c l f y  l er  concaner.  

3.5.7.2.1.S IC cha f i r s e  EVO l a p l n g e r r  arm eo ba arulyzad 

saparaca ly  t o  check Cor braakehrough. raparaea  cha concanes and rtnses of  :he 

two lmplngars lnco l n d l v l d u l  c o n c a i n a r r .  

p h y s i c a l  car ryovar  from cha f lrsc  tmplngar eo cha racond. 

Carl w e  ba cakan co avold 

'Iha fomaldehyda 
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b hydrazone is  d s o l i d  which f l O O C S  and f r o t h s  o n  COP of tha  Lmplngar so1u:ion. 

Any p h y s i c a l  c a r r y o v e r  of col!nc:ed mOiSCura in:o :ha sacond lmplngar w i l l  

Lnva1ida:e a breakthrough arsessmenc.  

3 . 5 , 7 . 2 . 2  Concalnar 2 :  SamPla Blank.  Prapar r  a b lank  by uslng an 

amber f l l n c  g l a s s  c o n c a l n a r  and adding  a voluma o f  DNPH raaganc and mechylene 

; h l o r i d e  equal to cha COCA1 v o t u a  i n  COnCaln*r 1 .  Procara cha blank I n  [Le  

same manner as Concalnar 1. 

3 . 5 . 7 . 2 . 3  Concalnar 3 :  s l l l c a  Gal .  Noca cha c o l o r  o f  cha indica:. 

i n g  s l l l c a  g a l  co d a c r m i n a  whacher lC h a r  b a r n  complacaly rpanc and make a 

rocac ion  of l:s c o n d l t l o n .  

as a sample c r a m p o r t  conca lnar  wich boch andr  r a a h d  v l c h  c l g h c l y  € l c c i n g  

caps  o r  p lu&a.  Ground-&larr rcopparr or  Taflon caps m y b a  w a d .  The l i l l c a  

g a l  lmptngar rhould  chon ba L a b a h d .  covarad with aluminum f o i l .  and packagad 

on l c a  for cruuporc co chhr l a b o r a t o r y .  

i m p l n p r ,  cha Carcar may usa funnal Co pour cha silica gal and a rubbar  

pollcaman co ramova cha a i l l e a  gal  from cha Lmpingar. IC i r  noc n a c a s r n y  :o 

remova cha smdl mounc of  d w c  parciclar chac m y  adhere co cha impin&ar v a i :  

and ara d i f f l c u l c  eo ramova. Slnca cha gain in  W a l g h C  i r  Co ba w a d  f o r  
moiscura c a l c u l a c i o n s .  do n o t  usa watar o r  ochar l i q u i d s  co cransfar cha 

s i l i c a  g a l .  I f  a balanca  La a v a i l a b l a  i n  cha f i e l d ,  cha spanc r l l i e a  ga l  (or 

s i l i c a  g a l  p l w  Impingar) u y b a  waighad eo cha naararc 0 . 5  8 .  

The impinger conca ln ing  tha r i l l c a  g a l  may be used 

I f  cha r i l i c a  gal  1s ramovad from c h b  

3 . 5 . 7 . 2 . 1  S u p l a  containerr rhould ba placad i n  a coolar.  coolad by 

( a l t h o u g h  noc in  contace wich) ice.  Sauple containera w e  ba placad varct -  

c a l l y  and. ainchr chay are g l u r ,  procaccad from braakega during rhipwnc.  
Samplaa should k coolad &ins ahlpMnc ao chay will ba racalvad cold ac cha 

l a b o r a c o r y .  

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

e 

0 

0 

0 

0 

0 

0 

3 . 5 . 8  

L 5 . 8 . 1  Probe N o z z l a :  Probe nozzles  s h a l l  ba c a l i b r a t e d  b e f o r e  

:heiz Ir.i:lal use in the  f i e l d .  Using a micrometer.  measure the ins ide  

-rame:er o f  :he nozzle to the nearerc  0 . 0 2 5  mm ( 0 . 0 0 1  i n ) .  3ake mearuremencs 

a: rhree separace  p l a c e s  a c r o s s  the dlamacer and o b t a i n  the  a v e r a g e  o f  :be 

xeasurements.  The d l f f e r a n c a  b e t v e r n  che high and low n u b a r s  sha!; 20: 

exceed  0.1 mm (0.00Cr I n ) .  when the nozz les  become nicked or corroded .  :hey 

s h a l l  be rep laced  and c a l l b r a c e d  b e f o r e  US.. Each n o z z l a  must be pemanecrl:, 

and uniquely l d a n c l f l e d .  

i 

1.5 8 . 2  P i c o t  Tube: The Type 5 picoc tuba asrambly s h a l l  be 

c a l i b r a t e d  according Co che procadura o u t l i n e d  l n  Seccion Cr of  EPA 5ethod 2 .  

o r  a s s i g n e d  a nomlrul c o a f f i c i a n c  of  0.W i f  IC Is noc v l r i b l y  nicked o r  

cor rodad  and i f  i c  maacr das lgn  and lncercomponanc spac ing  s p a c l f i c a c l o n s .  

3.5.8.3 Uacarlng Syscam 

3 . 5 . 8 . 1 . 1  Bafora i c s  i n l e i d l  US. in  cha f i a l d .  cha macaring s:is:ea 

s h a l l  be c a l l b r a c a d  accord ing  eo cha procadura ouc l inad  i n  APTD-0576. 1ns:aac 

O f  p h y s i c a l l y  AdjUClng Cha d w - g a r  macar d i a l  raadingr  CO corraspond C O  :Ce 

uet.tesc macor raadlngs .  c a l l b r a e i o n  f a c c o r r  may ba w a d  co c o r r a c t  the gas 

meter d i a l  reading# m c h a ~ c i c a l l y  to cha proper va luaa .  

:he macering ryscam. l e  i r  ruggascad chae a laak chack ba conducted. 

meter ing syscaaa h a v t r y  d t a p h r a p  punpa. cha normal laak chack procadura vi!; 

noc d a t e c c  l a a k 4 a r  vtFh cho puap. For char. casea. cha f o l l o v l n &  leak check 

procadura will apply: 
(0.02 c f m ) .  Ac eha ond of chr  run. taka cha d l f f a r a n c a  of cha maarurad vet. 

: e s t  and d r y . # u  wear v o l w r  and d l v i d a  tho d l f f a r a n c a  by 10 eo gac che l e a k  

r a c e .  

8aEora c a l i b r a t i n g  

For 

ollu a can-mlnuca c a l l b r a c t o n  run ac 0.00057 a’/mln 

Tha la& raco rhould  noc a r c a a d  0.00057 m’/mln (0.02 d o ) .  

3 . 5 . 8 . 3 . 2  After aach f l a l d  w a .  chock cho c a l l b r a c l o n  of cha 

mecerlng symcam by parformin& chraa c a l l b r a c l o n   AN ac a r i n & l a  incamadlace  

o r l f l c a  racein# (barod o n  cha praviour  f l a l d  c a r e ) .  

maximum v a l u a  roached d u r l n a  cha casc sar i## .  To adJuaC tho  vacuum, lnserc a 

Sac cha vacuum ac cha 

3 . L i 7  

0 



3 . 5 . 8 . 3 . 1  h a k  chack of macrr tng i y s e r a :  Tha p o r t i o n  of cha 

sampling c r a i n  from tha pump Co cha o r i f k a  macar (sa. Figure 1) should  Sa 

Leak chrckad  p r i o r  co iniclal use and . fear each shipmane. Laakaga df:ar :>.e 

? u p  w r l l  r a s u l c  i n  l a s s  voluma b a i n g  racordad  than  is a c c u l l y  rampled. L s e  

:he f o l l o w i n g  procedura :  Closa cha main valva on cha macar box. Inrer t  a 

ona.hola rubbar  scoppar w i c h  rubbar  cubtng accachad into cha o r l f l c r  exhaus: 

?ips. Dirconnacc and vane cha low r l d a  of cha o r l f l c a  manomacar. C L O J O  off 
;ha low s i b  o r l f i c a  C A P .  P r a r r u r l z a  the ryscam t o  13 . 18 co ( 3  . 7 I n )  

wacar coluan by blowing lnco cha rubber CubLng. Plneh of f  cho cubing and 

obrarvo  cha Mnooacar f o r  1 min. A lor1 of p r a r r u r a  on cha manomacar l n d l -  

cacas  a leak in  chr macar box. Laaka must b r  eor r rccrd .  
. . I  

NOTE: I f  chr d r y - g u - H e r r  co r f f l e i anc  valuar  obcalnad brforr and af:ar a 

easc rarlam d l f f r r  by > s t ,  a lcha r  cha case rarlar aumc ba voidad o r  

C d C U h C i O N  f o r  care sarlar muse ba p a r f o r w d  u l n g  vhlchavar macer 

coa f f l c i anc  valua ( 1 . a . .  batora o r  a fca r )  g l v a r  cha Lovar v a l u a  O E  
C O C A 1  1AEPl. MlUDa.  

0 

8 

0 

0 

3.S.8.1 Prob. W I A C ~ C :  Tha proba haaclng ayacam m w c  be c a l l b r a c e d  

Probra c o n r c w c a d  accordlng eo ARD-0581 noad noc br  c a l l b r a c a d  
0 ba€ora i c s  i n i t i a l  u r  in rkr f i a l d  according eo chr proeadurr ou t l inad  In 

APTD-0576. 
i f  cha c a l i b r a t i o n  c u r p ~ m  i n  G7D-0576 arm umd. 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

and recorded.  Corraccion i s  nacearary  if che urn of an excanrion Lead 

produces a change > l . 5 r .  

3 . 5 . 8 . 5 . 1  Impinger and dry .gar  m e c r r  chermocoupler: For t h e  

:hernocou?ler used eo measure [ha :emperacura o f  :he gar l e a v i n g  :he i n p i ? . s e r  

: r a i n .  :n:ee-?oLnc c a l i b r a i l o n  a c  i c e  w a c a r ,  room a i r ,  and b o i l i n g  --.a:er 

temperatures  i s  necessary .  Accapc :he charmocoupler only i f  che readi7 .g~  3: 

a i !  :hrea temparacurer a g r e e  :o :2C (3.6.F) W i : h  chose of che abso1u:e .:a:-r 

o f  :he r s € a r e n c e  zherrnomecer. 

1 . 5 ~ 8 . 5 . 2  Probe and scack cheraocouple:  f o r  the  chermocoupler - s 2 -  

:o ind lcaca  che probe and s t a c k  :amperacurer. a chraa-polnc c a l i b r a c i o n  a: l : t  

wacar.  b o i l i n g  uacar .  and hoc o ' i l  bach csmpsracurer murc ba performed. Cse 2 :  

a poinc ac room a i r  cemperacura i s  recommended. Tha charmomcar and chermo- 

couple  muse agree eo v i c h i n  1 . 5 t  ac aach of cha c a l i b r a c i o n  polncr .  

c d l i b r a c i o n  c u m a  (equaclon)  may be conrcruccrd  (CalculACrd) and che  d a t a  

excrapolacad  co cover che ent ire  carnparacura rang. ruggarcad by che manufac,: 

c u r e r .  

A 

3 . 5 . 8 . 6  Baromacar: Adjurc cha b a r o m c a r  l n l c i a l l y  and before  e a i :  

C B S C  s a r i a r  co agree eo u l c h i n  2 2 . 5  am Hg (0.1 tn Hg) of chr mercury baromezrr 

or cha c o r r a c c  baromacrlc p r a r r u r a  valua raporcad by a nearby Hacional Zea::.sz 

Sarv ice  Scaclon ( r a m  a l c l c u d a  abova raa laval). 

1.5.8.7 Tr1plo.ba.a balanca :  Callbraem cha c r l p l r - b a r n  balance 

b e f o r e  aach cart arrlrr. ruing C h a r  S rcandard uolgher. The walghcr musi tre 

v i c h i n  ~ 0 . 5 8  of cha rcandardr. or  cha bAhnC. musc ba adJurcad EO moat :hese 

l imier .  . 

Carry ouc c a l c u l a c i o n r .  racalnlng ac laarc on. axera  doclml flgura beyond 

chat of  cha a c q u i r r d  data. Round o f f  figucar afcar f i n d  CalCuhCiOnr.  

3-1!9 



0 

1 . 5 . 9 . 1  Calculaclon o f  Toea1 Formaldrhydo: TO dacrrmin. che c 3 c l :  

fomaldahyd. i n  mg. US. the Eottouing equation: 0 

[g/molr a ldrhydr]  

[ g/molr DNPH darivaciva] 
Y o t a t  mg Eormaldahydr - C, x V x DF x 

whore: 

x LoJ mg/rg 

0 
C, - mearurrd concrncraclon of DNPH . formaldahydr drrlvaclva. Ug/al 
V 
DF - d l luc lon  faccor 

- organic  rxcracc voluma ml 

3 . 5 . 9 . 2  Formaldrhydo concrncracion I n  rcack gar :  

Drcarminr chr  formaldrhydr concancracion In chr  r u c k  gar u a l n g  :!e 

follovlng aquaelon: 

ct  - K [coca1 fomaldrhyda.  m s ]  V,(,,,, 

vhara:  

K - 3 3 . 1 1  fca/aJ If V.,,,,, l a  r r p r a r s r d  In Engl l rh  u n l c r  - 1.00 mJ/aJ l f  Vmt,ul Is rxprar rad  l n  macrlc u n i c r  
Vmt,ul - v o l w r  of sar .ampla a a a u u r r d  by dry sa# mrcrt .  
corraccrd  co r u n b r d  condlclonm, dscm (d rc f )  

” 

0 

0 

e 

0 

3 . 5 . 9 . 0  Dry G u  V o l m :  Calculacr Va,,u, urd a d j u c  f o r  l r rkaga 

l f  nacar rary .  u l n s  rh. aquc lon  in.Saccloa 6.3  o f  V A  hehod 3 .  
0 

3.5.9.3 Voluv of h e o r  Vapor and Hotsmra Concanc: Calculacr cha  

voluma o f  varar vapor ud mlrcura concrnc from rpruclonr 5 - 2  and 5 - 3  of EPA 

Machod 5 .  

0 
3 .5 .10  

To dacarmlna cha minimum rampla voluma eo ba co l l acc rd .  u a  cha fOllOWlng 

raquanca of rquac lonr .  0 



0 

0 

0 

0 

0 

e 

0 

0 

0 

3.5.10.1 F r o m  p r i o r  a n a l y s i s  o f  cha Walce fead .  cha c o n c e n : ~ a : : ~ ~  

o f  for=aldehyde (FORH)  Lncroducad lnco t h e  combuscion ayscem can be calc-;a:. 

e d .  >e degree o f  deacruccion and removal OffiCiOnCy c h a c  is required is uset 

:o ie:e:mine the amount o f  FOR7 allowed to be prosene i n  che offluen:.  3 , ; s  

anocp: =ai, be  expressed  a s :  

Yax FOR!  Yass - ! ( Z F )  (FORq conc) (!OO . \DRE) ; /lo0 
uhare:  

Z F  - mars f?ow race o f  w a s t e  feed p e r  h ,  g/h (Lb/%) 

FORH - cor,cancracion o f  FORH ( w c  8 )  lncroduced l n r o  :he 

combusclon process  

DRE - percane D e s t r u c t i o n  and Removal E f f l c l a n c y  requr-ed 

Yax FOR7 - mass €low rata  (g/k [ l b / ] )  o f  FORH anlcced  f:om :.-.e 

combusclon s o u r c a r  

3 . 5 . 1 0 . 2  Tha avrrage d l s c h a r g r  concencraclon of  cha FOR7 In the 

e f f l u a n c  gar 1s d a c r m i n a d  by comparing cha Max FORH w l c h  :ha volumecrLc f lav 

:ate belng  axhaulCrd from cha source.  

as a r e s u l t  of p r a l i m l r u r y  EPA Machod 1 . k dacarainaCionr:  

Volumacrlc flow raca ~ A C A  are availa5le 

Max FORH conc - jHax FORH MASS] / DV,ttl,u) 

v h a r a :  
DV,tzl,u) - volumacrlc f l o v  r a m  of axhaurc gas. drcm ( d r c f )  

FORM cone - anCiCipACAd concaneraclan of cha FORH ln the 

axhause gaa scram. &/&ern ( l b / d a c f )  

3 5 . 1 0 . 3  In d i n g  chia c a l c u l a c l o n .  ie l r  r a c o m n d a d  chac a 

safecy  margin of ac h u e  can ba inc ludad .  

[ L D h  x 10 / POW concl - 0, 

vharr: 
L O h  - decaccabla  rnounc of FORM I n  ancira r m p l l n g  crain 

0, - m l n i m u  d r y  reandarb  wluma EO ba c o l l a c c a d  ac d r y -  

macar 

0 

0 



..f ConcroL i -. 3 . 5 . 1 1  

3 5 . 1 1 . 2  A n A l y r l S :  'Iha q U a l l C y  arruranca p rogrm required € o r  : L - s  

machod includes cha analysis o f  che f f r l d  and machod blank.. procedure 

va l idac ion r .  and a n a l y s i s  of f i e l d  sp ikes .  Tha ures rmenc  of combustion da:a 

and por ic lva  ldanc i f i cac ion  and q u n c i c a c i o n  of  formaldehyde a re  dapendanc o n  

:he 

ana lyc ica l  machodolog.. Qrulicy aarurance procedures for  chi8 mechod are 
incegricy of che ramplas received and che p r e c t r i o n  and accuracy of the  0 

darigned co w n i c o r  che p*rfOrfunCr of che arulycical machodolog. and co . " 

provide che required informarion Co cake C O r r r C C i V .  accion if prob lam arm 
obsenwd In laboratory 0p.rAtiON o r  I n  f i e l d  Sampling aCCiViCiea. 

3.5.11.2.1 Ffs ld  Blanks: Fie ld  b l a n k  m s c  be rubmiccad u i c h  

:he samples co l l ecced  ac aach sampling r ice .  The f i e l d  blanks include the 

sample bocclrr concaining a l iquocr  o f  r m p l e  recovery ro lvencr .  mochylenr 
ch lo r ide  and vacer. and w e d  DNPH reagenc. Ac a minimum. one complaee 

sampling train wtll be assembled i n  che f i e l d  reagins area. caken eo chr  

sampling ara,  and leak-chackmd ac che beginnin6 and end of t h e  cercing ( o r  €or  

:he r u e  coca1 number o f  t i n s  u the  ecnul  s u p l i q  erain). 
:he blanL erain .UIC b. haacad dur ing  che r a a p l r  ceee. The crain will be 
recovered u lf IC vera UI accrul cesc raaple. 
?asred ehroryh ek. blank rampling train. 

The probe of 

No grreow sample will be 

3 . 5 . 1 1 . 2 . 2  Mrehod B h L k m :  A mchod blank muat be prepared fo r  

each rec of  a ~ l y ~ i c ~ l  operacionr .  co eval ruce  eoneamitucion and a r c i f a c c r  

chat can be der ived  from glassware. reagencr. and sample handling in  Chr 

laboracory. 

0 

0 

0 

0 

0 

0 
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3 . 5 ~ 1 1 . 2 . 3  F i e l d  Sp ike :  A f i e l d  s p i k a  is  p a r f o r s a d  b y  

ing 200 OL of :Ce F i e l d  Spike 5:andard i n t o  an Lapingar conca in ing  ZCG 3: 3: 

CSPH solution. f:andard impinser  recovery  procaduras  are  Eolloved and :ie 

s p i k e  ;s used a s  a check on f i e l d  hand l ing  and recovory p r o c e d u r e s .  
a l iquo:  o f  :he f i e l d  s p i k a  r canda rd  ts r aca inad  i n  cha 1abora:orv f o r  dar:.:a. 

: i zac ion  and c o r p a r a c l v a  ana l :ds i r .  

An 

3 . 5 . 1 2  3 t h o d  ?e r fo r-ancp 

3 5 . 1 2 . 1  Yachod parformanca a v a l u a c t o n :  Tha axpaccad mothod 

p e r f o m a n c a  p8ramccers f o r  p r e c i s i o n .  a c c u r a c y ,  and d r c a c c i o n  1isi:s a r e  

p rov idad  in Tablo 3.5.3. 

Addicion of a F i l c a r  co cha Fomaldahydr  Sampling Tra in  

As a chack  on cha s u r v i v a l  o f  p a r c i c u l a c r  aacrrial chrougk cha t a p i n g a r  
s y r c a o .  a f l l c a r  can  ba addad co cha l a p i n g a r  train a i c h a r  afcar  cha racond 

i a p i n g a r  o r  a f c a r  tho  c h i r d  t a p i n g a r .  S ince  cha i n p t n g a r r  are In an i c e  ba::, 

:hare i s  no reason t o  haac  cha f l lcrr ac c h i s  po inc .  

c: 

Any s u i c a b l a  madiwn ( a , & . .  p a p a r .  o r g a n i c  aaabrana) m y  b r  u s r d  fo r  :ha f i l z e :  

if  :ha aacarlal conforms co cha follovlng s p a c l f l c a c l o n r :  

1) cha f i l e a r  has ac laasc  9 5 1  CollacClOn a t i l c i r n c y  (e51 panacrac ion!  

€or 3 um dlocryl p h t h a l a c a  smoka parciclrr. 
:asc s h a l l  ba  conduccad i n  accordmca vlek A S M  scandard aachod 

02986.71. 

ruffielanc € 0 ~  c h i a  pu rpora .  

Tha I l l e a r  a f f i c i a n c y  

h a c  data troa cha r u p p l i a r ' s  q u l l c y  c o n t r o l  program a:? 

2) cha € i l t a r  has A low a ldahyda  b l a n k  valur (c0.015 ag t o r m l d a h .  
y d a / c d  of f l l c a r  a n a ) .  Baiorr cha Cast rarlrr .  dacmrmina cha 

avaraga  f o m a l d a h y d a  b l a n k  valua of at l * A r C  c h r r r  f t lCarS (from :?.e 

l o c  co ba u r a d  €or sampling) 
p r o c r d u r a r .  

u r l n &  cha a p p l l c a b l r  a M l y C i c a 1  

3.183 



T a b l e  3 . 5 - 3  
0 

EXPECTED METHOD P E R F O W C E  COR FORMLDEHYDE 

0 

Paramecar Praclrlon' Accurac? Datacclon L i m i t 1  

0 

0 

e 

'Rmlrclva parcmnc diffaranca l l n i c  for dual erains.  
'Limlc for f i a l d  rp i lu  rrcovariar. 
'Tha lovar raportlni llrit h~vln8 l a m  &an 1t probabillcy of fa l rr  poslclvo 

dm cmc c lon .  

0 

' 0  

0 

0 



0 

0 

0 

Recover cha exposed f l l t e r  i n t o  a saparace c l e a n  c0ntain.r and r a t u r n  :ha 

con:ainer.ovar l e a  to the laboratory f o r  dnalySiS. I f  the E l l t a r  1s  b e i c n  

a?,alyzed f o r  formaldehyde. the  fl!:er may be recovered i n t o  a concainar o r  

>!i?X reagenc f o r  shlpmant back t o  :he Laboratory. I f  the f l l t e r  Is b a i n g  

examir.ed f o r  :he preranca o f  p a r t i c u l a c a  m a t e r i a t ,  the f i l c e r  may ba  r e c o v e r e i  

i n t o  a c i e a n  dry concalnar  and returned co the Laboratory. 

0 

0 

0 

0 

0 
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3 , s  3Uid . , s i s  cor ehvdes and Keconar bv H e 7 :  

v (HP IC) /xe:hod 00 1 1u 

3.6.1.: Yechod 0011A c o v r r s  chr  dsce:mlnaclon o f  f:ee !oraaldeh:tde 

13 :he aquaour samples and l r a c h a c r r  and d r r l v r d  a ldrhydrs /krcones  c o l i e c : e d  

hy Yechod 0011. 

0 

0 

0 
Compound Name CAS N o . *  

Formaldehyde 50-00-0 

Acrca ldrhydr  75-07-0 0 

. ..I Chrmlcal AbiCraCC Srrvlcan Rrnlscry Numbrr 

3.6.1.2 Xrch6d X L L A  i a  a h igh  p e r f o r o s n c r  l l q u i d  chromacogiaih:: 0 
(HPLC) mrchod o p c i m l r r d  f o r  chr d r e r r m i n a c i o n  of formaldrhydr and acrcaiCety:e 

i n  aqueous r n v i r o m r n c a l  macriers and l r a c h a c r r  of s o l l d  smplrs  and r:ack 

samples c o l l r c c r d  by Hrchod 0011. 
u n f a m i l i a r  sample macricrr. compound l d r n c i f i c a c l o n  should bo rupporced by a: 

leas: one addi:ional q u a l i c a c l v r  c r c h n i q u r .  A gar chromacograph/mass s p a c .  

::omecar (GC/HS) may br u r r d  f o r  chr  q u l i c a c l v r  conflrmaclon O E  rrsulcs :roc 

:hr c a r g r c  a n a l y c r r .  usin( chr rxcrrcc produced by c h l r  mrchod. 

Vhrn c h i s  mrchod 1s urmd co ana lyze  

0 

0 
3.6.1.3 Thr r e h o d  d r c r c c l o n  l lmlcr (ML) arr l l r c r d  l n  Tables 

3 6 - 1  and 3 . 6 - 1 .  

d r p r n d i n g  upon chr  rucurr of l n c r r f r r r n c r r  i n  chr ruaplr macrlx and chr amoun: 

of samplr u r e d  i n  chr  p r o c r d u r r .  

Thr MDL f o r  A r p r c i f i c  ruaplr MY d l f f r r  from chac l i s c e d  

0 

3 . 6  1.b Thr r x c r a c c l o n  p r o c r d u r r  f o r  r o l l d  ruapirr is rtmllrr i o  

chrc  r p r c i f i r d  l n  Mrchod 1311 (1 ) .  Thur.  a r i n 6 l r  rampla m ~ y  be rxcracced :a 

mrarurr  cna r n a i y c r a  r n c i u m d  i n  chr s c o p r  of ocnar appropriasi s i i h e d i .  ?.& 

anAlySC 1s a l lowad chr  flrxiblllcy co r r l r c c  chromacographlc condic lonr  

3-196 
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0 

0 

0 

0 

0 

0 

0 

0 

Racancton  T!na 
(minuca r )  

Fo rmd Idrhyda 7 . 1  : . 2  

HPLC condtclonr: Ravarra phara C l 8  c o l m n .  b . 6  I 250 m n :  tsocracic e!'-:ia?. 
u s i n g  machanol/vrear ( 7 5 : 2 5 .  v /v) ;  €law raca 1.0 nL/mtn.: dacaccor 160 ?a. 

+ A t c a r  correcclon €or Irboracory blink. 

Table 3.6-2 

H I G H  P E R F O W C E  L I Q U I D  CHROHATOGRAPHY CONDITIONS 
rrHD METHOD D E T E C T I O N  L I X I T S  U S I N G  PIETHYLWE 

C H L O R I D E  L X T U C T I O N  

. ..I 

H P U  condlclonr:  b w r r r  p b u r  C l 8  colum. 0 . 6  x 250 m; lrocraclc r1u:ion 
u s t n g  machuroL/vacrr (75:25.  v/v); flow race 1.0 &/.in.; h e a c e o r  360 m 

mar. v d u r  Lnclud. rryrne  b l a d  concancraclonr of  approxlmacaly I3 ~ 5 ; :  
forp.ldahy& and 130 uL/L acrcaldahydr. 

0 

0 

0 
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0 

3 . 6 . 1 . 5  Thls machod i s  r n s c r i c t r d  co us. b y ,  o r  undar cha s u p a r ~ i .  

sion o €  analyscs experlanerd In  chr u s r  of chromacography and i n  the i n c a r ; r r e .  

:a:ion of C h K O m a t O g C m S .  Each a ru ly rc  m u l e  drmonscracr ch r  abil i :y eo  

genaracn accrpcablr  r r ~ u l c s  w l t h  c h i s  mrchod. 

0 

3 . 6 . 1 . 6  Tha coxlclcy or carc lnogrn lc icy  of rack rragenc used i n  

:hls  mrchod has noc barn p r r c i s r l y  d r f l n r d ;  howwar.  rach chrmlcal compound 

should b r  creaced as a poernclal  h ra l ch  hazard.  From c h l s  vlrwpoinc.  exposure 

:a : h s e  chemicals muse b r  reduced co Chr 1owr.C p o r s i b l r  lave1 by  whscever 

m a n s  a v a i l a b l e .  Thr 1aboraCoKy i s  r r r p o n s l b l r  for malncaining a currenc 

auar rners  €11. of OSHA r r y l a c l o n s  r rgard lng  chr r a f r  handllng of cha c h a d .  

c a t s  s p r c i f l r d  in c h i r  machod. A r r f r r r n c r  f i l a  of macrrial safecy ~ A C A  

shares  should also bo M& ava i l ab la  eo a11 prrrOnnr1 involvrd In c h r  ch rmicd  

a n a l y s i s .  Addiciorul r r f r r r n c r r  eo l a b o r a c o y  #.fry ara a v a i l a b l r .  

3 . 6 . 1 . 7  Fomaldahyda ha# barn cancaclvr ly  c l u s i f i r d  as a know, o r  

suspaccrd.  human or  mamal lan  carcinogrn.  

3.6.2 - 
3 . 6 . 2 . 1  Envirormrncal Liquids and Sol id  h a c h a c a r  

1 . 6 . 2 . 1 . 1  For waucaa coaprirod of ro l l&  or  for  a q u e o u  uasces 

concalnina r l p i f i c l n c  aouncr of r o l i d  macrrial. cha aqwour phABr. l f  any. 

IS sapAraCrd from .;- , o l i d  p h u a  and rcorad Cor lacar r r u l y i i r .  If nmcrs. 

s a ry .  chr puc ic la  r i m  of cha s o l i d s  in tho w u C o  l r  rrducad. The r o l l d  

pharr 1s rxcraccad vi& .n u o u n c  of  rxcraccion f l u i d  rqrvl co 20 cF..r chr 

Wright of cha s o l i d  phara of chr warcr. 
whrn c a r t i n g  f o r  v o l a c i l a r .  Following rxtraccion.  cha aquaour rxcracc Is 

srparacad from chr rolid pharr by €ilcracion employing 0 . 6  eo 0 . 8  rn glors 
f t b r r  f l l c r r r .  

A spacial rxcraccor v a r r a l  ir usad 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

1 . 6 . 2 . 1 . 2  I f  compatible ( i . 9  . .  m u l c i p h  phases wtll noc form o n  

sornbinacion).  the  i n i c l a l  a q u ~ o u s  ?haso of :he WdrCI 1s addad co  Cha aqueous 

sxzrac:. and :hose l i q u i d s  a r e  ana!:~zad :ogecher. I f  incornpacibla, :he 

.:q~ids are analyzed separace iy  and cha rasu1:s arm machemacical!y combi-ed 7 5  

.:le!d a ' J O ~ U ~  xeishcad  averaee concancracl  o n .  

0 

. .  

_ _  - 
0 

0 

0 

0 

0 

L 6 . 2 . 1 . 3  A measured voluma o f  aquaour s a p l a  o r  an appropria:e 

anounc o f  s o l i d s  leachacr  is  b u f f e r e d  co pH 5 and d a r i v a c l r e d  wi:h 2.i- 
~ l ~ i ~ r o p h e n y l h y d r a r l n e  ( D N P H ) .  u s i n g  a i c h a r  the  s o l i d  sorbenc o r  the  me:iylerc 

~erlvaclracion/excrscclon opeion.  I f  cha s o l i d  rorbanc opeion is used.  :he 

d e r i v a c i v e  is axcraccad us ing  s o l i d  sorbrnc  CaKCrldgar. followed by alucior .  

'<L:h echanol .  :f :he mechylene c h l o r i d e  opt ion  is used.  the  der ivac ive  is 

excrac:ed vi:h machylena c h l o r i d e .  Tha mechylana c h l o r i d a  axcraccs  dK9 

concencracad u s i n g  cha Kuderna-Danish (K-D) procrdura and rolvent  exchanged 

i n c o  methanol p r i o r  co HPLC a n a l y r i r .  Liquid chromcographlc  cond1:lonr a r e  

d e s c r i b e d  which permit  cha raporac ton  and maaruremanc of formaldehyde i n  :he 

excracc  by abrorbanca dacrcc lon  a t  360 M. . ..I 

3.6.2.2 Scack Car S m p l a r  Col lacced by Hachod 0011 

3 . 6 . 2 . 2 . 1  Tha a n c l r a  rrapla racurnad Co cha LaboraCory 1 s  excrac:ed 

.ai:h mechylana c h l o r l d a  and cha mrchylana c h l o r l d a  axerace is brought up :o a 

known volumr. 

exchanged and concrncracad or  d l l u e r d  ar n r c a r r a r y .  

M allquoc of  chr  mrchylrnr  c h l o r i d a  merace 11 rolvanc 

3 . 6 . 2 . 2 . 2  Liquld  c h r o m c o g r r p h i c  COndiClOM rra d a r e r i b a d  t h a t  

panni:  cha r a p a r a c l o n  md m r r u r a m r n e  of Coruldahyda i n  cha axerace by 

absorbanca d a c r c c l o n  aC 360 M. 

3.6.3 Ine.ri.r.nc.. 

3 . 6 . 3 . 1  Mathod i n c a r f a r a n c a r  m y  ba caurad by concaalnancr i n  

s o l v a n c r .  raagrncr. glarrvarr. and ochar  r q l r  p r o c a r r l n ~  hardwarm chat  

:o d l r c r a c r  areiface# and/or a lavacad  b a r a l l n r r  i n  chr e h r o u c o g r r a r .  A 1  

rad 

O f  

0 
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3 . 6 . 3 . 1 . L  Glasswarr must be scrupulous ly  c leaned .  C l a m  a t 1  

a!assvara as soon as  p o s s i b l e  a f t e r  use b y . r l n s l n g  wick cha l a s c  solvanc ~ ~ s e d  

T h i s  should  ba fo l louad  by dacnrganc wrshlng w i t h  hoc vacar.  and rinses v i r 5  

:ap water and d l s c l l l a d  W A C a r .  IC should than  ba dra lnod .  d r l a d .  and hea:ed 

in a t aboracory  oven A C  130'C fo r  s rvarAl  hours  bafora  u r a .  Solvent rinser 

vlch  machanol may ba rubreleucad f o r  ch i  ovan h a ~ c l n & .  

coo l lng .  glassuara should ba sco r rd  i n  a c l a m  nnvlrormonc eo prrvanc an!, 

accuaulac lon  of d u s t  o r  ochar  concamlnanca. 

Afcar dry tng  and 

3 . 6 . 3 . 1 . 2  Tha usa of  h igh  pu r l cy  r a ~ g a n c s  And so lvancs  he lps  co 

mlnlmlra lncar€aranca  problamr. Purlficaclon o f  so lvancr  by dlsclllaclon i n  
a L l . & l U a  SysCa- M y  bo r r q u l r a d .  

. . -  

1.6.3.2 A n ~ l y r l s  f o r  f o m l d a h y d .  l r  a r p o c l a l l y  Coap~lcACad by Lcs 

ubiquicoru  occurrancr  In cho anvironmrnc. 

3.6.3.3 IClcrlx Incar farancar  may br carurd by concamlnancs chat  
arm coaxerac tad  €roo cha r.nplr.  Thr axcanc o f  McrIx l n c a r f r r a n c r a  utll var? 
COnJldArAbly from sourco CO aourcr .  dapandin& upon t h r  NCUra And d1varsi:y of 

:ha macrlx be ing  saaplrd. No l n c r r f r r a n c r r  h a w  bran obsarvrd In cha macrlcer 
scudlad A I  A r a s u l e  of  usin6 solid rorbanc excracc lon  A# opposed eo l l q u i d  

excracc lon .  I€ l n c a r f r r r n c r r  occur  In subroqrunc raaplrr. roo .  Addlclorul  

c l a m u p  m y  be  nocorrary. 

3.6.3.0. Ihr rxtrnc of  i n c r r f r r r n c a r  chat MY bo ancouncrrad ur lng  

l i q u i d  ch rouco6rAph ic  crchniqrur ha. no t  b r a n  f u l l y  arsO#r*d. 
HPLC condic lonr  d a r c r i b r d  allow €or A r r r o l u c l o n  of  chr rpacific compounds 
covrrad  by chis wchod .  ocher  macrix coaponrncr MY l n c r r f r r a .  

Alchou&h cha 

0 

0 

0 

0 

0 

0 

0 

0 
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1 . 6 . L . 2  Separacory funnel - 2 0 5  m l .  vi:h T e f l o n   copc cock 

3.6.6.3 Kuderna.0anish (K.D) apparacus. 

3.6.6.3.l C o n c e n c r a c o r  cube . LO m l  graduated (Konces K-570050-1025 

or equivalent): A ground glass scopper is used Co pravenc evaporation o f  

ex:rac : s ,  

3.6.L.1.2 Evrporacion Elask . 500 m l  (Koncas K.S70001.50n a r  

equivalent). Accach t o  concencracor cube vtch  springs. clamps, or equi.:aierr 

1,6,L.3.3 Snyder column . n r a 8  b a l l  macro (Koncas K-501000.3::: 3: 

equivalene) 
3.6.6.3.1. Snyder column - Tvo ball macro (Konces K-569001.02:9 O K  

equiva lenc) 
3 . 6 . L . 3 . 5  Springs - 1/2 inch (Koncas K-662750 or equivalent). 

3 . 6 . d . 6  Vials . 10. 2 5  m l .  glass vich Teflon lined screv caps or 

crimp cops 

3.6.6.5 Boiling chlps - Solvenc excracced vich mechylene ctllori8e 

approximacely 10/60 mesh (silicon carbide or equivel8nc). 

3.6.6.6 BalanCr - Analycical, capable of accuracrly velghing :o 

:he neararc 0.0001 g. 

3 . 6 . 6 . 7  pH macer . Capable of measuring eo the neararc 0.01 unirs 

3.6.6.8 HI@ performance llquid chronacograph (modular) 

3.6.0.8.1 RnpIng ayscem . Isocracic, vich conreanc flov control 

capable of 1.00 ml/min. 

3.6.0.8.2 Hi@ pressure injaccion valve vich 20 rL loop. 

3.6.6.8.3 Colum - 250 rn I 6 . 6  mm ID. 5 um parciclr s i z e ,  C18 ( o r  

equlvalenc). 

3.6.0.8.0 Abmorbance dececcor . 360 M. 
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1 . 6 . 6 , E . j  Scrip-char: recordor compacibla with d a c a c c o r  . L S ~  o f  a 

c!a:a sys:em f o r  measuring ?eak areas dnd recancion t i m a s  is rccommcnded~ 
d 

3 ~ 6 . L ~ 9  Class fiber f i l t a r  papar. 

e 
l.S.L.10 Solid rorbanc careridgas . Packad wlch 500 mg C i a  (Sake: 

o r  aquivalrnc). 

3 . 6 . 6 . 1 1  Vacuum manifold - Capablo of rimulcanaous axtraccion of -; 

z o  12 samplar (Supalco or aquivalant). 

3 . 6 . L . 1 2  Sampla rasamoirs . 60 ml capacity (Supalco o r  cquiva. 

lenc) 

3 . 6 . 6 . 1 3  Pipac - Capabla of accuracaly dalivaring 0.10 m 1  rolucion 
- ..- 

( P i p a a n  or aquivalanc). 

3 . 6 . 6 . 1 6  Yacar bach . Haacrd. wlch concancric ring covar. capab;e 
of canparacure control ((c) 2.C).  Tha bath should ba u a d  udar a hood. 

3 . 6 . L . 1 5  Volumacric Flasks . 250 or 500 nl 

3 . 6 . 5 . 1  Raaianc arada chmica la  shall be uaad In  a11 c a r t s .  

L'nlass ochonlaa indlcacad. l c  l a  1ncand.d thac a11 raagmca shall conform c o  

:ha rpacfficacionr of cha Cemiccaa o n  A ~ l y ~ i c ~ l  h a i r n c a  o f  cha Amclean 

Chanlcal S O C L a t y .  uh0ra cuch SpacLftCaCioM ara availAbh. 
ba used. providad iC is f i rac  U C a C C A h a d  c h ~ c  Cho raaganc is o f  aufflcianclv 

h i g h  purity co p a m i c  l ca  wo wlchouc laaaonini cha accuracy of cha dacaraina, 
:lon. 

Ochhrr gradas may 

3 6 . 5 . 2  Organic-frra wacar . All rafarancaa EO wacar in chis 
method rafar co organic-fraa raaganc wacar. as daflmd in  Chapcar I SV-8L6 

e 

e 

0 

0 
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3 . 6 . 5 ,  I Y e c h y l e n e  c h l o r i d e ,  CHZClZ . HPLC grada o r  equivalep:  

3 . 6 . 5 . G  ! lachanot,  CHIOH - HPLC grada o r  a q u i v a l a n c ~  

1 . 6 . 5 . 5  Echanol ( a b r o l u c e ) .  CH,CH,OH - HPLC grada o r  equivaiea:. 

3 . 6 . 5 . 6  2.G-Sinicrophanylhydrazina (DNPH) (70 t  ( L ' F ) ) ,  : 2 , ~ .  

( O , ? I ) z C , i l l j ~ z .  i n  organic .Eraa raaganc vacar .  

3 . 6 . 5 . 7  Formalin ( 3 7 . 6  p a r c a n c  ( v / v ) ) .  formaldahyda i n  o r g a n i c .  

fraa  raagenc wacar. 

~ ' 3.6.5.8 Acacfc a c i d  ( g l a c i a l ) .  CH,CO,H 

3 . 6 . 5 . 9  Sodium hydroxlda ao luc ionr  NaOH.  1 .0  N and 5 !4 

3.6.5.10 Sodium chlor idm.  N a C 1 .  

1 . 6 . 5 . 1 1  Sodium Sulf fCa rolucfon, Na2.50,. 0.1 H. 

3.6.5.12 Hydrochlorfc Acid. H C 1 .  0 . 1  H. 

3.6.5.13 Excracclon f l u l d  - Dilucm 66.3 ol of  1 . 0  N l - - ~ ~  and - .  , 3. 
g l a c i a l  a c a c i c  a c i d  eo 900 o1 4 t h  organic-tram raaganc uacar. 
l i c a r  w i c k  organic-from raaganc wacar. 

Dlluca co 1 
0 . 0 2 .  Zha pH should ba 6 . 9 1  

1.6.5.U Stock scanbrd aolucionr 

3.6.5.1k.l Stock f o m l d a h y d a  (approximacaly 1 .00  o y o l )  . Prapara 

by d l l u c l n g  265 rl forMlln eo 100 ol 4 t h  organic-Cram raapnc  uacar. 

CI 

0 

3 . 6 . 5 . 1 6 . 1 . 1  ScandArdfzacLon of fomaldahyda acock rolucfon . 
Transfer a 2 5  o1 aliquoc of a 0.1 H Ha,SO, aoluclon eo a bmalur and racord :he 

p H .  
3 . 6 . 5 . 1 6 . 1 )  m d  racord cha pH. 

Add a 2 5 . 0  ol aliquoc o f  chm f o m l d a h y d .  #cock solucion (Smcelon 
Tlcraca c h i s  oixcura back co c h m  orlgfnal pH 
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,Concancracion (mg/ml) - 30.03 X (?i HC1)  x (a1 HC1)  25.0 

vhara: 

N H C 1  - N o m ~ l l c y  of H C 1  roluclon usrd 

ml H C l  - a1 of scrndardlzad H C l  soluclon urad 

3 0 . 0 3  - W of fomaldrhyda 

3.6.5.16.2 Stock formaldahyda and acacaldrhyda - Prepare by addins 

2 6 5  p L  formalln and 0.1 g acacaldmhyda co 90 m l  of wacar and dlluca co 100 ;a1 

Tho concancraclon of acacaldehyda in c h i s  soluclon 11 1-00 mg/ml. 
cha concancraclon of formaldahyda in chir soluclon using cha rasulcs of ;ha 

assay parformad in Sacclon 3 . 6 . 5 . 1 6 . 1 . 1 .  

Calculace 

- . ”  
3 . 6 . 5 . 1 6 . 3  Stock rCandrrd lOhClOIU 0 U . C  ba raplacad . fear  six 

monchr. or roonar. I f  comparlron v ich  chack rcandardd indicacas a problem. 

a 3.6.5.15.1 DNPH (1.00 r&/L)  - Dlrrolva 162.9  mg of 708 (u/v) raaganr 

in LOO a1 abrolucr achanol. 

effacc dlrroluclon. 

Sll6hc haaclng or ronicacion may ba necessary : o  

3 . 6 . 5 . 1 5 . 2  A C r U C O  buff.; ( 5  N) PrapA;. by MUCrallZiflg glac ia l  
acacic Acid EO pH 5 w l r h  5 N NAOH roluclon. 
wacar. 

Dlluco co rCAnd.rd wlum vich 

3 . b . b  

3 . 6 . 6 . 1  Sar cha lncroduccory macarla1 eo chlr Chapcar. OrganLC 
hnalytaa. Sacclon 6.1 of SY-816.  
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1.6.6.3 Scack gar  samplas c o l l e c c c d  by Xcchod O O l l  mus: be 

r e f r i g a r a c e d  ac L ' C .  I C  is recommanded chac  samples ba excrac-ed vi:r.i?, 10 

iays o f  c o l l a c c i o n  and c h a t  excraccs  ba analyzad wi:htn 30 days excraczion. 

3 . 6 . 7  - 
3.6.7.1 Excraccton o f  So116 Sampler 

3.6.7.1.1 All s o l i d  ramplas should ba homogenaour. Uhan che sampie 

is not d r y ,  dacarmlna cha dry  walghc of tha Sampla. urlna a raprasancaci,m 

a l l q u o c .  

3.6.7.1.1.1 Oacarmlnaclon of d r y  ual@c - I n  c o r c a i n  c a r a s .  .rampLo 

rarulcr  are d a r l r r d  basad on a d r y  ualghe b a r b .  

o r  r a q u l r a d .  a porc lon  o €  ranpla  €or d r y  vaf@C d a c a m l n a c i o n  should b e  

'weighad ouc ae che ram e l m  as t h e  porclon usad for a ~ l y ~ l ~ ~ l  determina:i:r 

m a n  such &Ea Ls d a s i r e d .  

; ' M I N C :  Tha d r y i n g  ovan should ba concalnad i n  a hood o r  vancad. 

cane hboracory concamllucion may rasulc from d r y l n g  a h a a v l l y  

concamirucad hazardour W a l t .  S . a p h .  

SignLfi. 

3 . 6 . 7 . 1 . 1 . 2  I m d h c a l y  .fear valghin(  cha rampla f o r  axcraccton.  

Allow eo cool In a dar lccacor  

vatgh 5-10 ( of cha # u p l a  Inco a e a r a d  cruciblr.  
o f  cha smpla by dry in#  ovarnlghc ac 105'C. 

b e f o r a  ual@ln(: 

Dacrrmlna cha I dry uatghc 

I dry v a l p c  - & o f  drv I 100 
8 o r  s a p i a  

1 . 6 . 7 . 1 . 2  Haarura 25 g o f  s o l l d  lnco a 500 a1 bocch vlch a Taflon 

l i n e d  s c r a v  cap or crimp cop,  and add 500 m 1  of axeracclon l l u l d  (Sacelon 

3 6 , 5 . 1 3 ) .  EaCracc cha so l id  by rocatlna cha b o c t l a  aC apprOXlMCaly 30 rpm 
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1.6.7.2 C:aanup and S e p a r a t i o n  

0 3 . 6 . 7  2 . L  Clranup  procadurea  may noc  bo n a c a s s a r y  f o r  a ra lac ; . i e iv  

c l e a n  rampla macrix. zha c laanup  p r o c a d u r a r  r a c o m e c d a d  in c h l s  machod 'r.a,:e 

been u s e d  for cha analysis o f  various Sample Cypar. 1: ? a r c i c u L a r  c i r c . a -  

s c a n c a s  damand cha us0  of an r l c a r n a c l v e  c l a a n u p  p r o c a d u r a .  chm analys :  x s :  

d o c a m i n o  cha e l u c i o n  p r o f l l a  and damonscraca c h a t  cha r acova ry  a €  fornalie. e 
hyda is no less chon 8 5 8  o f  r a c o v a r i a s  s p e c i f i e d  i n  Tablr 3 . 6 . 3 .  Recover:i :a: 

be lower f o r  samplas which €orm e m u l s i o n s .  

3 . 6 . 7 . 2 . 2  If cha rampla l a  noc c l e a n .  or t h o  c o a p l a x i c y  is unknovn. 

cha anc ira  sample r h o u l d  be c r n c r l f u g a d  ac 2500 rpm f o r  10 minucar Dacanc 

cha rupe rnacanc  l l q u i d  from cha cmncr l fuga  b o c c l a .  and f l l c a r  t h rough  g l a j s  

PLbar Pl lcar  p a p a r  lnco a c o n c a i n a r  which c a n  ba ClghCly realad.  
c. 

3.6.7.3 Darlvaclzaelon 

0 

0 

3.6.7.3.1 For aquaour r u p l a r .  maarure a 50 co 100 m l  a l i q u o t  o f  :?.? 

sample .  Q u a n c t c a c i v a l y  t r a n s f e r  cha s u p l a  a l i q u o c  co cha rmacclon ve r se !  

( S a c c i o n  3.6.4.L). 

3.6 7.3.2 For s o l i d  samplrs, 1 eo 10 m l  of laachaca (Sace lon  

3 . 6 . 7 . 1 )  v l l l  usually bo raquirad. 
muse be daca rminad  Lhrou&h p r a l i m i r u y  axpa r imancs .  

firm MOUC used for  a p a r c i c u l a r  # u p l a  m 
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:;ace: For a l l  r e a c t i o n s .  the coca1 v o l u m  o f  :he aqueous Layer s h o u i d  j e  

adjusCad co 100 a1 wi:h water .  

3 . 6 . 7 . 3 . 3  DariVACiZaCiOn and axcraccion o f  cha dar ivac ivr  can be  

accomplished u s i n g  chs  s o l l d  rorbrnc (Srcc ion  3 . 6 . 7 . 3 . b )  o r  mechylene chlor ide 
o?cion (5ec:ion 3 . 6 . 7 . 3 . 5 ) .  

3 . 6 . 7 . 3 . b  Sol id  Sorbent Opclon 

3 . 6 . 7 . 3 . b . 1  Add m l  of acrcacr  bu f fa r  and a d j u s t  the pH co  5 . 3  

0 . 1  w i t h  g l a c t a l  acac ic  ac id  o r  5 N SaJH. Add 6 m 1  of DNPH reagent.  r e a l  :!.e 

con ta ine r .  and placa o n  a vr t sc -acc ion  shakr r  f o r  30 olnucer .  

3 . 6 . 7 . 3 . L . Z  Arrrmblr chr vacuum m n l f o l d  and connacc co a vacar 

asp l r aco r  o r  vacuum p u m p  

m l n l n u  of 1 . 5  8 of C18 rorbrnc.  rrrlng connaccorr rupp l l rd  by ch r  nanufacrur . ,  

o r .  and ACCACh cha rorbane craln co chr vacuum M n l f o l d .  Condlclon each 

carcr ldga  by pars ing  10 m l  dl luca  acaCaCr b u f f e r  (10 m 1  3 N acacaca buf fe r  

d i sso lved  In  250 n l  vacrr) chrough cho rorbanc CarCridga crain. 

Araambla r o l l d  rorbanc CarCrldgar concarnlng a 

3 . 6 . 7 . 3 . b . 3  Ramova cha raacclon v r r r r l  from cha shakar and add :.I 
a1 sacuracad NaCl roluclon co cha v r r r a l .  

3 . 6 . 7 . 3 . 1 . 6  Add cha raacclon ro luc lon  co chr rorbanc c ra in  and 

apply a vacuum so c h ~ e  cho roluelon I s  d r a m  chrough eho carcr ldgar  ac a race 

o f  3 c o  5 ml/mln. Ralraro cha vacuua a f c r r  cha ro luc lon  l u r  parrad chrough 

:ha rorbrnc .  

3 . 6 . 7 . 3 . L . S  Elucr rach  ca rc r ldga  crain vleh approximealy  9 ml o f  

abroluca rchanol .  d l rocc ly  lnco a 10 m l  volumacric fhrk. Dllucr cho so lu t ion  

co volunr wlch abro lucr  rchanol. mixad choroulhly.  and place  in Cl@cly  
sea lad  Vial unci1 amlyzad .  

0 

a 

e 

0 

a 
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3 . 6 . 7 . 3 . 5  Yechylene Ch!orlde Option 

0 

0 

3 . 6 . 7 . 3 . 5 . t  Add 5 of  acacace  b u f f e r  and a d j u s t  :he pH :O S.9 : 
1.5 .ai:?. 3 l a c l a l  a c e t i c  a c i d  o r  5 N NaOH. 

c x t a i n e r ,  and p taca  on a v r i s c . a c c i o n  shakar  f o r  t hour .  
Add L O  m 1  o f  D N P H  r e a g e n t .  s e a l  :!.e 

3 . 6 . 7 . 3 . 5 . 2  Excrac: :ha s o l u t i o n  vi:h chraa 20 m 1  por:ions of 

7e:hylena c h l o r i d e .  u s i n g  a 250 m l  l a p a r a t o r y  funne l .  and combine the  ae:h:;. 

:ene c h t o r i d a  l a y e r s .  I f  an amutr ion form upon excraccion. ramove :he en:::? 

emulsion and c a n c r i f u g a  ac.2000 rpm f o r  10 minutas .  Saparaca :ha Layars and 

procsad v i c h  :he n e x t  exc racc ion .  

e, 3 . 6 . 7 . 3 . 5 . 3  Arsambta a Kudarna-Danish ( K - D )  concancrator by 

a t c a c h i n g  a 10 m l  concancracor tuba eo a 500 m 1  avaporacor  flask. Wash cha K .  

D appa racu r  wi th  2 5  a1 of axeraceion so tvane  t o  comphca eha q u n c i c a c i v a  

rranrfer.  
. ' -  

e 

e 

3 . 6 . 7 . 3 . 5 . 0  Add one co NO c l a m  b o i l i n g  c h i p s  eo cha avaporari:-? 

€!ark and aceach a chraa ball Snydar column. P ra rae  eha Snydar e o l m  by 

adding about  1 m1 maehylana c h l o r l d a  co cha cop. Placa cha K - D  apparacus o n  a 

hoc  vacar bach (80-9O'C) so c h a t  eha concancracor  cube ia p a r t i a l l y  i m a r s e d  

i n  cha ho: v a t a r  and cha anclra l o v a r  roundad s u r f a c a  of  eha f l a r k . i s  bachad 

w i t h  hoc vapor .  Adjure cha v a r t l c a l  p o r i c i o n  of  tha a p p a r a e w  and eha water 

ternparacure. as r a q u i r a d .  eo c o q l a c a  cha concaneraelon in 10-15 mJn. A c  :r.e 

p ropa r  rata o f  dlacillacion eha b d l r  of  the c o l u m  vi11 a c c i v a l y  c h a t t e r .  bu: 

:he chambarr rill me flood wlch condensad so lvanc .  

o f  Liquid roacham 10 al, rsmova cha K-D apparacur  and allow i c  eo d r a i n  and 

coo l  €o r  a h u e  10 min. 

man eha appa r rnc  v o t , a e  
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d 3.6.7.3.5,S.L Following i ( . D  conccncrac ion  o f  :ha machylene ciioriie 

e x c r a c c  co  < 10 m l  u s i n g  cha macro Snyder c o l u m .  allov chr  apparatus to C O O L  

and d r a i n  f o r  ac lease 10 minucas.  

’ 

a 1.6 - ’ 5 . 5 . 2  !4omencarlly ramova cha Snydar column. add 5 m l  of 

a a z h a n o l .  a -.= . o e d ,  o r  b o l l l n g  c h i p .  and aeeach cha micro Snyder 

column. 
column. Placa cha K - D  appar reus  on eha w e a r  b a t h  so chac cha concancracor 
:uba i s  p a r t i a l l y  lamarred I n  cha hoc vacar .  AdJuae cha v a r e l c a l  p o r l c l o n  ~f 

cha apparecur  and cha vacar eaaparaeura .  as r a q u i r a d .  eo complaea concancra-  
: ion.  A C  cha proper - : . ’  of d l s c l l l a c l o n  cha b a l l r  of cha column w l l l  
a c c i v e l y  c h a c e r r .  I 2 chambers vlll noc f l o o d .  uhan t h a  apparanc v o t w e  
of l i q u l d  r e x ?  _ _ .  ramova cha K - D  apparaeus  and allow iC Co d r a l n  and 

Concencraea cha * X C r L C C  Using 1 rn1 of maehanol eo pravac cha Snydar 

. c o o l  f o r  ae laarc 13 mlnucar.  

e 

0 

3 . 6 . 7 . 3 . 5 . 5 . 3  Ramova eha Snyder c o l u m  and rima cha flask a n d  i cs -  
lowar j o l n c  wich 1 - 2  m l  o f  maehanol and add eo concancraeor  cube. 

s y r l n 8 a  11 recommandad f o r  e h i r  o p a r a e l o n .  Adjust  ehr a r c r a c e  voluma eo  !O 
m l .  Scoppar eha concancracor  tuba and reora r a f r i g a r a c a d  ae h*C l f  t u r c h e r  
p r o c a r s i n 8  w i l l  noc ba parformad i m a d l a e r l y .  I f  eha a x c r a c c  w l l l  ba scored  
longer  chan evo d a y s .  l c  should  ba e r a n r f a r r a d  eo A v ia l  wlch a T a f l o n - l l n e d  
screw c a p  or  crlmp cop. Procaad wlch l i q u i d  c h r o m ~ e o ~ r a p h l c  a n a l y r l a  if 
f u r c h a r  c l a a n u p  l r  MC r a q u i r a d .  

A 5.ml 

0 

3 . 6 . 7 .  G Exrractlon of S tack  Gaa Sampler Col lacead  by k c h o d  0011 

3 . 6 . 7 . 0 . 1  h u u r a  cha aquaour voluma o f  cha r u p l a  p r i o r  eo axcrac.  

c l o n  ( f o r  m h w a  docomin~c lon  i n  car. cha v o l w  waa n o t  MUUrrd In  chr 

ELa ld ) .  Pour cha rampla lnco a r a p a r a c o y  f u n n a l  and drain cha w c h y l a n a  
c h l o r l d a  lnco  a volumacric f l u k .  

3 . 6 . 7 . h . 2  Excracc eha aquaour r o l u e l o n  wlch cvo or  ehraa a l l q u o c s  o f  

meehylana c h l o r l d a .  AM cha aaehylana c h l o r i d a  areracer eo cha volumacrlc 
f l a s k .  a 
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3 . 6 . 7 . L . l  F i l l  the volumacrlc flask t o  the 1Lna vlch methylene 
chloride. nix vel1 and ramova an allquoc. 

1 . 6 . 7 ~ L L  If high levels of formaldahyda are presanc. cha ext:ac: 
can be d i l u t e d  vi:h mobile phase. ocharvlse cha axcracc muse be solvenc 

exchanged as descrlbed in Section 3 . 6 . 7 . 5 . 3 . 3 .  If l o w  levels of formaldehyde 

are presanc. cha sample should be concancrated during the solvane exchange 
procedura. 

3.6.7.5 Chromatographic Conditions 

Column: Cl8. 250 rim x L . 6  mm ID, 5 urn parclcle sire 
Nobile Phase: meChanOl/WdCar. 7 5 : 2 5  ( v / v ) ,  lsocraclc 
Flow Race : 1.0 ml/min 
W Decaccor: 360 nm 

Injaccion Voluma: 20 r l  

? 

3 . 6 . 7 . 6  Calibracion 

3 . 6 . 7 . 6 . 1  Escablioh liquid chromacographic oparaclng paramecars :o 

produce a recancion clma aquivalenc co chat indicacad in Tabla 3 . 6 - 1  for :he 

solld sorbent opclonr. or ln Tabla 3 . 6 - 2  for machylana chlorlde option. 
Suggascad chromacographic condicionr arm providad in  Saccion 3.6.7.5. 
darivaclrad CallbraCiOn scandardr according eo cha procadura in Sacclon 
3.6.7.6.1.1. Calibraca eh. chromcographic ryscam wily cha axcarnal rcandard 
cachniqua (Saction 3.6.7.6.1.1). 

Prepars 

3.6.7.6.1.1 Praparacion of calibracion acandards 

3.6.7.6.1.1.1 Prapara calibracion rcandard solucionr of formalde. 

hyda and acacaldahyda in wacar from cha rcock standard (Saccion 3 . 6 . 5 . 1 h . 2 )  

Prapara chasa rolucionr ac cha folloving concancracionr ( in &ml) by rarial 
dilucion of the #cock rcandard aolucion: S O ,  20. 10. Prapara addicional 
calibracion rcandard rolucionr ac cha following concaneracionr. by dllutlon o f  

cha appropriaca 50, 20. or 10 &ol rcandard: 5 ,  0 .5 .  2 .  0 . 2 .  1. 0.1. 
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3 , 6 . 7 . 6 . 1 . ' 1 . 2  Process each callbraclon rcandard solution through 
:he deriva:iZation option used for sample processing (Saccton 3 . 6 . 7 . 3 . L  or 

3 . 6 . 7 . 3 . 5 ) .  

1 . 6 . 7  6 . 1 . 2  E x c a r n a l  scandard callbraelon procadura 

I 
1 . 6 . 7 . 6 . 1 . 2 . 1  Analyze each darlvaclred calibration standard using 

:ha chromatographic condlcions listed ln Tablar 3 . 6 - 1  and 3 . 6 . 2 ,  and tabulate 
peak area against concencraclon injeccad. ma CaSulCs may be used co prepare 

calibracion curJes for formaldehyda and acacaldahyda. 

0 

0 

0 

3 . 6 . 7 . 6 . 1 . 2 . 2  The working calibracion c u m a  musc be verified on 
each working day by the measuremanc of ona or mora callbraelon scandards. I f  
cha response for any analyca varias €roo tha pravlously aicabllrhad rasponses 
by mora tha 101. cha casc musc ba rapaacad uslng a frarh calibraclon standard 

sfcar l c  1s veriflad chac cha analyclcal ryscam is In concrol. Altarnacluely,, 
a nav calfbraclon cum. nay ba praparad for chac compound. 

0 

If an aucosampler 
is available. ic is convanlanc co prapara a calibraclon cum. dally by e 
analyzing rcandards along vlch ca#c r a p l a r .  

3 . 6 . 7 . 7 . 1  Andyza ramplar by H P U .  urlng condiclonr aacabllrhad in 

Secclon 3 . 6 . 7 . 6 . 1 .  Tablaa 3.6.1 and 3 . 6 - 2  l l s c  cha racanclon clnas and nDL 

choc warm obcalnad undar char. condlcionr. Ochar H P U  coluans. chromatograph. 
ic condlcioni, or dacaccora MY ba usad lf cha rrqulramancr Cor Sacelon 
3.6.8.1 arm mmc. or If cha daca are vlchln cha llmica dareribad in Tablas 
3 . 6 - 1  m d  3 . 6 - 2 .  

3.6.7.7.2 Tha widch of cha racancion cim vindov usad Co Mka 

idancifLcacLonr should ba baaad upon maaruramancr of aCCUA1 r @ C W l C i O f l  

varlaclonr of rcandards ovar cha courra of a day. 

drvlaclon of a rmcancion cinm for a compound can ba u a d  EO calcu1-C. a 

ruggascad window siza; howavar. tha axparlanca of cha m l y a c  should walgh 

heavtly ln cha incerprecacion of cha chromacograms. 

Thrum char cho standard 

e 

e 

a 

i 
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3 . 6 . 7 . 7 . 3  I f  cha peak a r e a  exceeds  the  l i n e a r  range o f  the  c a l i b r a .  

c i o n  c y m e .  a smallar supp la  V O l u m a  should  bo usad .  A l c e r n a c i v e l y .  cha f i n a i  

s o l u t i o n  may ba d i l u c a d  vlch e t h a n o l  and r a a n a t y r a d .  

3 6 . :  7 Ir I €  cha peak a r e a  measurement is preven ted  by the  presence  

' of obse rved  i n c e r € a r e n c a s .  f u r t h e r  z l a a n u p  i s  r e q u i r e d .  However, none a €  :ie 

3600 mechod series have been e v a l u a t e d  for :his procedura .  

3 . 6 . 7 . 8  C a l c u l a c i o n r  

e 
1 . 6 . 7 . 8 . 1  Calcu laca  each  rasponra f a c c o r  AI €ollowr (maan v a l u e  

basad o n  5 p o i n t s ) :  

0 

. - . -  

3 . 6 . 7 . 8 . 2  C A ~ C U ~ A C ~  chr concaneracion of formldahydr and a c a t a l d a .  

hyda a i  follows: 

- 
&ml - (RF) ( U a a  of signal) (eoncrncraelon factor)  

e 

NOTE: For r o l i d  ramplrr, a di luc ion faceor D w c  br includad i n  cha aqua. 

elon co ACCOUIIC for chr wrighc of cha rampla u r d .  

3 . 6 . 7 . 8 . 3  C d C U l A C .  chr  COCA^ uaighc of Pormldahyd. in  cha s t a c k  

gar rmplr  AS follow: 

3-23! 
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ug/ml  - (RF) ( a r e a  o f  s i g n a l )  (concmncracion f a c c o r )  

vhcrc :  i 
Final Voluma of  Excrac: 

1ni : ia l  Excracc Volume 
concencrac ion  f a c c o r  - 

3.6.8.1 Refar Co Chapear On. of  SV-8L6  €or guidance on q u a l i z y  

concrol p r o c e d u r e s .  

0 
3.6.9 3 c h o d  Performanrp 

3 6 9 1 Tho .%lL concancracions l iscmd i n  Tabla 3 6 - 1  vere obcarned 

using organic- f rom wacar and solid rorbanc mxcracclon. 

a c h i m v d  using a final mffluanc and r l u d g r  laachaca 

l l s c a d  Ln t a b l a  3.6-2 worm obcainad u s i n g  o r g a n i c - f r a a  vacar and mmchylmnm 

chlorida mxcracclon S imi l a r  rmrultr war. achiavad u s i n g  rmprmrmncacivm' 

macricor  . 

Slmllar r a s u l c r  vmre 

Tha MDL concmncracionr 

I 

3.6.9.2 This machod has bean carcmd f o r  l l n a a r i c y  o f  rmcovmry from 

spikmd o r g a n l c - f r a a  vacar and has  bman damonrcracmd eo ba applicablm ovmr CLe 

rang. from 2 x MDL co 200 x HDL. 

3.6.9.3 I n  a s i n g l a  laboracory a v a l u r c i o n  u i n g  s a v a r a l  spikmd 

macricms. rho avoraga r rcovar lms  prarmncad i n  Tabla. 3 . 6 - 3  and 3 . 6 - L  worm 

obcainad u s i n g  s o l l d  sorbanc  and nachylana c h l o r i d .  mxcracclon. r a s p a c c i v a l y  

Tha r c a n d a r d  ~ W ~ A C ~ O M  of cha parcane r a c o v a y  are also inc1ud.d I n  Tablmr 

3.6-3 and 3.6-6. 

3.6.9.6 A r r p r r a a n c a c i v a  chromaco~rm 1s prasancad l n  

Flgurm 3.6-1. 

e 

0 

a 

0 

0 
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3.6.10 

L .  FadaraL  Ragiscar ,  1 9 8 6 .  5 1 .  LO6Ll -LO652:  Sovembar 

2 .  EPA Raehods 6 0 1 0 .  7000. 70L1,  7 0 6 0 ,  7131. 7L21. 7ir 7 7 L O .  and 
78L1.  f o r  E V S o l i d  Uasca:  ph , c a l / C h e  mical, 
YechodS. Sb’-8&6. Third E d i t i o n .  Sepcambrr 1988.  Off lca  Of Solid 
U ~ S C ~  and Emergency Rasponsa. U.S. E n v l r o m a n t a l  P r o c e c c i o n  Ager.c:i 
Washingcon. D.C. 20L60 .  

. ..” 

0 

. 
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Cround- 9 2 . 5  11.2 50 6 

UqUldJ 6 9 . 6  1 6 . 1  2 50 12 

AC*.CAldrkyd .  8 . y . U t  6 0 . 1  1 . 2  90. LOO0 9 

w.c.r 
I 

I iiatmr 

50 12 

I 
Liqu1dJ U . 0  20 .2  2 so 12 
( 2  cypar) 
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0 

0 

0 

0 

0 
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METHOD 0010 

MODIFIED METHOD 5 SAMPLING TRAIN 

1.0 SCOPE AND APPLICATION 

1.1 This method i s  app l i cab le  t o  the  detenninat ion o f  Des t ruc t ion  and 
Removal E f f i c i e n c y  (DRE) of  s e m i v o l a t i l e  P r i n c i p a l  Organic Hazardous Compounds 
(POHCs) from i n c i n e r a t i o n  systems (PHS, 1967). This method a l so  may be used 
t o  determine p a r t i c u l a t e  emission ra tes  from s ta t i ona ry  sources as per  EPA 
Method 5 (see References a t  end o f  t h i s  method). 

2.0 SUMMARY OF METHOD 

2.1 Gaseous and p a r t i c u l a t e  p o l l u t a n t s  a re  w i t h d r a w  from an emisslon 
source a t  an i s o k i n e t i c  sampling r a t e  and are co l l ec ted  i n  a multicomponent 
sampling t r a i n .  P r i n c i p a l  components o f  t h e  t r a i n  include a h igh -e f f i c i ency  
g lass-  o r  q u a r t z - f i b e r  f i l t e r  and a packed bed o f  pornus polymeric adsorbent 
res in .  The f i l t e r  i s  used t o  c o l l e c t  o .qmlc - laden  p a r t i c u l a t e  ma te r ia l s  and 
the porous polymer ic  r e s i n  t o  adsorb semivo la t i l e  organic  species. 
Semivo la t i l e  species are  de f ined IS compounds wi th b o i l i n g  p o i n t s  >lOO*C. 

2.2 Comprehensive chemical analyses o f  t h e  c o l l e c t e d  sample are 
conducted t o  de tern ine  the concent ra t ion  and i d e n t i t y  o f  the organic 
mater i  a 1 s . - 
3.0 INTERFERENCES 

3.1 Oxides o f  n i t rogen  (NOx) are  poss ib le  i n t e r f c r e n t s  i n  the 
determinat ion o f  c e r t a i n  water-soluble conpounds such as dioxane, phenol, and 
urethane: reac t i on  o f  these cowounds with NO i n  the  presence o f  moisture 
w i l l  reduce t h e i r  concentrat ion.  Other p o s s i h l i t i e s  t h a t  could r e s u l t  i n  
p o s i t i v e  o r  negat ive b i a s  a re  (1) s t a b i l l t y  o f  t h e  compounds i n  methylene 
ch lo r ide ,  (2) t h e  f o m t i o n  o f  water-so lub le organic s a l t s  on t h e  r e s i n  i n  the 
presence o f  moisture,  and (3) t h e  so lvent  e r t r a c t l o n  eff lciency o f  watcr-  
so lub le  compounds from aqueous media. Use o f  tm o r  mre i ons  per  compound 
f o r  qual 1 t a t i v e  and q u a n t i t a t i v e  ana lys i s  can overcome in te r fe rence  a t  one 
mass. These concerns shou ld '  be addressed on a compound-by-conpound basis 
before us ing  t h i s  method. 

4.0 APPARATUS ,AND MATERIALS 

4 . 1  Sanpl ing t r a i n :  

4 . 1 . 1  A schematic o f  the  s a w l i n g  t r a i n  used i n  t h i s  method i s  
shown i n  F igure  1. This s a w l i n g  t r a i n  con f igu ra t i on  i s  adapted f r o m  EPA 
Method 5 procedures, and,,as such, the m j o r l t y  o f  t h e  required equipment 
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is identical to that used in EPA Method 5 determinations. The new 
components required are a condenser coil and a sorbent module, which are 
used to collect semivolatile organic materials that pass through the 
glass- or quartz-fiber filter i n  the gas phase. 

Construction details for the basic train components are given 
in APTD-0581 (see Martin, 1971, in Section 13.0, References): comercial 
models of this equipment are also available. Specifications for the 
sorbent module are provided in the following subsections. Additionally, 
the following subsections list changes to APTD-0581 and identify 
a1 1 owabl e train configuration modi f i cat1 ons. 

4.1.3 Basic operating and maintenance procedures for the sampling 
train are described i n  APTD-0576 (see Rom, 1972, in Section 13.0, 
References). As correct usage is important in obtaining valid results, 
all users should refer to APTD-0576 and adopt the operating and 
maintenance procedures outlined therein unless othenise specified. The 
sampling train consists of the components detailed below. 

4.1.3.1 Probe nozzle: Stainless steel (316) or glass with 
sharp, tapered (30' angle) leading edge. The taper shall be on the 
outside to preserve a constant I.D. The nozzle shall be buttonhook 
or elbow design and constructed from seamless tubing (if made of 
stainless steel). Other construction materials may be considered 
for particular applications. A range of nozzle sizes suitable for 
isokinetic sampling should be available in increments of 0.16 cm 
(1/16 in.), e.g., 0.32-1.27 cm (1/8-1/2 in.), or larger if higher 
volume sampling trains are used. Each nozzle shall be calibrated 

4.1.3.2 Probe liner: Borosilicate or quartz-glass tubing with 
a heating system capable of maintaining a gas temperature of 120 + 
14'C (248 + 25'F) at the exit end during sampling. (The tester .ai 
opt to operate the equipment at a teaperature lower than that 
specified.) Because the actual teaperature at the outlet of the 
probe i s  not usually monitored during sampling, probes constructed 
according to APTD-0581 and utilizing the calibration curves of APTD- 
0576 (or calibrated according to the procedure outlined in APTD- 
0576) are considered acceptable. Either borosillcate or quartz- 
glass probe liners may be used for stack teaperatures up to about 
480'C (9OO'F). Quartz liners shall be used for tcnperatures between 
480 and 9OO'C (900 m d  1650'F). (The softenlng temperature for 
borosi 1 icate i s  820'C (1508*F), and for quartz 15OO'C (2732.F) .) 
Water-coollng of the stainless steel sheath will be necessary at 
temperatures approaching and exceeding 500.C. 

4 . 1 . 2  

according to the procedures out1 ined in Paragraph 9.1. % 

4.1.3.3 Pitot tube: Type 5, as described in Section 2.1 of 
EPA Method 2, or other aDDropriate devices (Vollara. 1976). The 
pitot tube shall be attached to the probe to allow constant 
m n i  toring of the stack-gas velocity. The lapact (high-pressure) 
opening plane o f  the pitot tube shall be even wlth or above the 
nozzle entry plane (see EPA Method 2, Figure 2-6b) during sampling. 
The Type 5 pitot tube assembly shall have a known coefficient, 
determined as outlined in Section 4 of EPA Method 2. 
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4.1.3.4 D i f f e r e n t i a l  pressure gauge: Inc l ined manometer o r  
One equivalent device as descrlbed i n  Section 2.2 o f  €PA Method 2 .  

manometer shal l  be used fo r  velocity-head (AP) readings and the 
other fo r  o r i f i c e  d i f f e r e n t i a l  pressure (AH) readings. 

4.1.3.5 F i l t e r  holder: Boros i l icate glass, wi th  a glass f r i t  
f i l t e r  support and a seal ing gasket. The seal ing gasket should be 
made o f  mater ia ls that  w i l l  not Introduce organlc material i n t o  the 
gas stream a t  the temperature a t  which the f i l t e r  holder w i l l  be 
maintained. The gasket sha l l  be constructed of Teflon o r  materials 
o f  equal o r  be t te r  character is t ics .  The holder design shal l  provide 
a pos i t i ve  seal against leakage a t  any point  along the f i l t e r  
circumference. The holder shal l  be attached imnediately to  t h e  
o u t l e t  of the cyclone o r  cyclone bypass. 

4.1.3.6 F i l t e r  heating system: Any heating system capable o f  
maintainlng a temperature o f  120 + 14'C (248 + 25'F) around the - 
f i  1 t e r  holder during sampling. Other temperatures may be 
appropriate f o r  pa r t i cu la r  appl icat ions. A l ternat ive ly ,  the t e s t e r  
may opt t o  operate the quipment a t  temperatures other than t h a t  
specif ied. A t e  erature gauge capable of measuring temperature t o  
w i th in  3'C ( 5 . 4 . 8  shal l  be i n s t a l l e d  SO that  the temperature around 
the f i l t e r  holder can be regulated and monitored during sampling. 
Heating systems other than the one shown i n  APTD-0581 may be used. 

4.1.3.7 Oraanic sampling d u l e :  This u n i t  consists o f  three 
sections, including a gas-conditioning section, a sorbent trap, and 
a condensate knockout trap. The gas-conditioning system shal l  be 
capable o f  condi t ioning the gas leaving the back h a l f  o f  the f i l t e r  
hciider i o  a temperature not exceeding 20'C (68'F). The sorbent t rap  
sha l l  be sized t o  contain approximately 20 g o f  porous polymeric 
res in  (Roha and Haas XAD-2 o r  equivalent) and shal l  be jacketed to  
maintain the in ternal  gas temerature a t  17 + 3'C (62.5 + 5.4.F). 
The most c o m n l y  used coolant i s  i ce  water fkn the inpi i iger ice- 
water bath, constantly c i rcu la ted  through the outer jacket, using 
rubber o r  p l a s t i c  tubing and a p e r i s t a l t i c  pump. The sorbent trap 
should be o u t f i t t e d  with a glass wel l  o r  depression, appropriately 
s i z e d  to  accOPIDdate a small thermocouple i n  the t rap f o r  m n i t o r i n g  
the gas ent ry  tcaperature. The condensate knockout t rap shal l  be o f  
s u f f i c i e n t  s ize t o  c o l l e c t  the condensate fo l lowing gas 

The organic m d u l e  c m n e n t s  shal l  be oriented to  
d i r e c t  the 7 iow o f  Condensate f o n d  v e r t i c a l l y  donnward f r o m  the 
condi t ioni 

condi t ioning section, through the adsorbent media, and I n t o  the 
condensate knockout trap. The knockout t rap  i s  usually s im i la r  in 
appearance t o  an empty impinger d i r e c t l y  underneath the sorbent 
module; i t  may be oversized but should have a shortened center stem 
(a t  a minimum, one-half the length o f  the normal inpinger stems) t o  
c o l l e c t  a large volume o f  condensate without bubbling and 
overf lowing into the inpinger train. A l l  surfaces o f  the organic 
module wetted by the gas s w l e  sha l l  be fabr icated o f  boros i l icate 
glass, Teflon, o r  other i n e r t  materials. Conmcrcia1 versions of the 
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complete organic  module are no t  c u r r e n t l y  ava i l ab le ,  but  may be 
assembled from comnerc ia l ly  ava i l ab le  labora tory  glassware and a 
custom-fabr icated sorbent t rap.  Detai  I s  o f  two acceptable designs 
are  shown in Figures 2 and 3 ( the  thermocouple we l l  i s  shown i n  
Figure 2).  

4.1.3.8 I i n  e r  t r a i n :  To determine the stack-gas moisture 

ground-glass j o i n t s ,  f o l l ow  t h e  knockout t rap.  The f i r s t ,  t h i r d ,  
and f o u r t h  impingers sha l l  be o f  the Greenburg-Smith design, 
modi f ied by rep lac ing  the t i p  w i t h  a 1.3-cm ( l /Z - i n . )  1.0. glass 
tube extending about 1.3 cm (1/2 from the bottom o f  the outer  
cy l i nde r .  The second impinger s h a l l  be o f  the  Greenburg-Smith 
design w i t h  the  standard t i p .  The f i r s t  and second impingers sha l l  
con ta in  known q u a n t i t i e s  of water or appropr ia te t rapp ing  so lu t ion .  
The t h i r d  s h a l l  be empty o r  charged w i t h  a caus t i c  so lu t i on ,  should 
the stack gas conta in  hyd roch lo r i c  a c i d  (HC1). The f o u r t h  sha l l  
con ta in  a known weight o f  s i l i c a  ge l  o r  equiva lent  desiccant.  

4.1.3.9 Meter ing system: The necessary conponents are a 
vacuum gauge, l eak - f ree  pump, thennometers capable o f  measuring 
temperature t o  w i t h i n  3'C (5.4'F), dry-gas meter capable o f  
measuring volume t o  w i t h i n  11, and r e l a t e d  equipment, as shown in 
Figure  1. A t  a minimum, the  pump should be capable o f  4 cfm f r e e  
f low,  and t h e  dry-gas meter should have a record ing  capaci ty  o f  
0-999.9 cu f t  w i t h  a r e s o l u t i o n  of 0.005 cu ft. Other meter ing 
systems capable o f  ma in ta in ing  sampling ra tes  w i t h i n  101 o f  
i s o k i n e t i c i t y  and o f  determin ing sample volumes t o  w i t h i n  2 1  may be 
used. The meter ing system must be used i n  con junc t ion  w i t h  a p i t o t  
tube t o  enable checks o f  i s o k i n e t i c  sampling rates.  Sampling t r a i n s  
us ing meter ing systems designed f o r  f low ra tes  h lgher  than those 
descr ibed in APTD-0581 and APTD-0576 may be used, provided t h a t  the 
s p e c i f i c a t i o n s  o f  t h i s  method a re  met. 

4.1.3.10 Barometer: Mercury, aneroid, o r  o the r  barometer 
capable o f  measuring atmospheric pressure to  w i t h i n  2.5 ma Hg (0.1 
i n .  Hg). In many cases t h e  barometr ic  reading may be obtained f r o m  
a nearby Nat ional  Weather Serv ice s ta t i on ,  i n  which case the s t a t i o n  
value (which i s  t h e  absolute barometr ic  pressure) i s  requested and 
an adjustment f o r  e leva t i on  d i f f e rences  between the  weather s t a t i o n  
and sampling p o i n t  Is app l ied  a t  a r a t e  o f  minus 2.5 m Hg (0.1 in .  
Hg) per  30-m (100 f t)  e l e v a t i o n  increase ( v i c e  versa f o r  e leva t i on  
decrease). 

content,  f ou r  + 500 mL imp ngers, connected in ser ies  w i t h  leak- f ree  

in.)  

- 

4.1.3.11 Gas dens i t y  de tenn ina t ion  equipment: Tenperature 
sensor and Dressure aauae (as descr ibed In Sect ions 2.3 and 2.4 o f  - - .  
EPA Method Z), and gas analyzer,  i f  necessary (as descr ibed i n  EPA 
Method 3). The temperature sensor i d e a l l y  should be p e m n e n t l y  
at tached t o  the  p i t o t  tube or  sampling probe i n  a f i x e d  
c o n f i g u r a t i o n  such t h a t  the  t i p  o f  the sensor extends beyond the 
lead ing  edge o f  t h e  probe sheath and does n o t  touch any metal.  
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A l t e r n a t i v e l y ,  the sensor may be at tached j u s t  p r i o r  t o  use i n  the 
f i e l d .  Note, however, t h a t  if the temperature sensor I s  attached i n  
the  f i e l d ,  the  sensor must be p laced in an in te r fe rence - f ree  
arrangement w i t h  respect  t o  the  Type 5 p i t o t  tube openings (see EPA 
Method 2, Figure 2-7). AS a second a l t e r n a t i v e ,  I f  a d i f f e rence  o f  
no more than 1% i n  the  average v e l o c i t y  measurement i s  t o  be 
in t roduced,  the temperature gauge need not  be at tached t o  the probe 
o r  p i t o t  tube. 

4.1.3.12 C a l i  b r a t  i o n /  f i e ld -p repara t i on  record:  A permanent 1 y 
bound labora tory  notebook. i n  which duo l i ca te  cooies o f  data mav be - w ~- - ~- - _  
made as they a& be ing  recorded, 1 s  - requ i red  i o r  documenting and 
record ing  c a l i b r a t i o n s  and prepara t ion  procedures (i.e., f i l  t e r  and 
s i l i c a  ge l  t a r e  welghts,  c lean XAD-2, qual I t y  assurancelqual i t y  
c o n t r o l  check r e s u l t s ,  dry-gas meter, and thennocouple c a l i b r a t i o n s ,  
e tc . ) .  The d u p l i c a t e  cop les  should be detachable and should be 
s to red  separate ly  i n  the  t e s t  program archives.  

4.2 Sample Recovery: 

4.2.1 Probe l iner :  Probe nozzle and organic  module cond i t ion ing  
sec t i on  brushes; ny lon b r i s t l e  brushes w i t h  s t a i n l e s s  s tee l  w i re  handles 
are  requ i red .  s h a l l  have extensions o f  s t a i n l e s s  s tee l ,  
Tef lon,  o r  i n e r t  ma te r ia l  a t  l e a s t  as long as t h e  probe. The brushes 
s h a l l  be p r o p e r l y  sized and shaped t o  brush out the  probe l i n e r ,  the 
probe nozzle,  and the organic  module cond i t i on ing  sect ion.  

4.2.2 Wash bott les: Three. Teflon or glass wash b o t t l i s  are 
reconacnded: po lyethy lene wash b o t t l e s  should n o t  be used because organic 
contardnants may be ex t rac ted  by exposure t o  organic so lvents  used f o r  
sample recovery. 

4.2.3 Glass s a q l e  storage containers: Chemically r e s i s t a n t ,  
b o r o s i l i c a t e  amber and c l e a r  g lass  b o t t l e s ,  500-mL o r  1,000-mL. Bot t l es  
should be t i n t e d  to  prevent  a c t i o n  o f  l i g h t  on sample. Screw-cap l i n e r s  
s h a l l  be e i t h e r  Te f lon  o r  const ructed so as t o  be leak- f ree  and r e s i s t a n t  
t o  chemical a t t a c k  by organ ic  recovery solvents.  Narrow-mouth glass 
b o t t l e s  have been found t o  e a h l b i t  l e s s  tendency toward leakage. 

4.2.4 Petri dishes: Glass, scaled around the  circumference w i t h  
wide (1-in.) Teflon tape, f o r  s torage and transport o f  f i l t e r  samples. 

4.2.5 S r a d u r t d  cylinder and/or balances: To measure condensed 
water t o  the nearest  1 mL or 1 g. Graduated c y l i n d e r s  s h a l l  have 
subd iv i s ions  n o t  >2 m l .  Laboratory t r ip le-beam balances capable of 
weighing t o  - M.5 g or b e t t e r  are rquired. 

4.2.6 Plas t ic  storage containerr: Screw-cap polypropylene o r  
po lye thy lene conta iners  t o  s t o r e  s i 1  i c a  gel. 

4.2.3 Funnel and rubber policaan: To a id  i n  t rans fe r  of s i l i c a  
gel t o  CG “a ine r  (not  necessary i f  s i l i c a  gel i s  weighed i n  f i e l d ) .  

The probe brush 
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4.2.8 Funnels: Glass, to aid in sample recovery. 

4.3 Filters: Glass- or quartz-fiber filters, without oqanic binder, 
e x h i b i t i n g a t s t  99.95% efficiency (<0.05% penetration) on 0.3-urn dioctyl 
phthalate smoke particles. The filter efficiency test shall be conducted in 
accordance with ASTM standard method 02986-71. Test data from the supplier's 
quality control program are sufficient for this purpose. In sources 
containing 502 or SO3, the filter material must be of a type that 1 s  
unreactive to SO or SO3. Reeve Angel 934 AH or Schleicher and Schwell 13 

4.4 Crushed ice: Quantities ranging from 10-50 lb may be necessary 
during a sampling run, depending on ambient air temerature. 

4.5 Stopcock grease: Solvent-insoluble, heat-stable silicone grease. 
Use of sillcone grease upstream of the module i s  not permitted, and amounts 
used on components located downstream of the organic module shall be 
minimized. Silicone grease usage i s  not necessary I f  screw-on connectors and 
Teflon sleeves or ground-glass joints are used. 

4.6 Glass wool: Used to plug the unfritted end of the sorbent module. 
The glass-wool fib er should be solvent-extracted with methylene chloride in a 
Soxhlet extractor for 12 hr and air-dried prior to use. 

filters work we1 ? under these conditions. 
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5.0 REAGENTS 

5.1 Adsorbent resin: Porous polymeric resin (XAD-2 or quiva1en.t) it 
recomnended. These resins shall be cleaned prior to their use for sample 
collection. Appendix A of this method should be consulted to determine 
approprtate precleaning procedure. For best results, resin used should not 
exhibit a blank of higher than 4 mg/kg o f  total c h m t o g r a p h a b l c  organics 
(TCO) (see Appendix e) prior to use. Once cleaned, resin should be stored in 
an airtight, wide-mouth amber glass container with a Teflon-lined cap or 
placed in one of the glass sorbent modules tightly sealed with Teflon film and 
elastic bands. The resin should be used within 4 wk o f  the preparation. 

5.2 Silica el: Indicating type, 6-16 mesh. I f  previously used, dry at 
175'C (350'+hr before using. N a  silica gel m y  be used as received. 
Alternatively, other types o f  desiccants (equivalent or better) may be used, 
subject to the approval o f  the Administrator. 

5.3 Inpinger solutions: Distilled organic-free water (Type 11) shall be 
used, unless sanpllng i o  intended to quantify a particular inorpanic gaseous 
species. I f  s w l i n g  i s  intended to quantify the concentration of additional 
species, the iminger solution o f  choice shall be subject to Administrator 
approval. This water should be prescreened for any compounds o f  interest. 
One hundred mL will be added to the specified Iopinger: the third (ginger in 
the train may be charged with a basic solutlon (1 N sodiua hydroxide or sodium 
acetate) to protect the sallpling punp from acidic gases. Sodium acetate 
should be used when large sanple volumes are antlcipated because sodium 
hydroxide will react with carbon dioxide in aqueous media to fora sodlum 
carbonate, which may possibly plug the inpinger. 
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5.4 Sample recovery reagents: 

5.4.1 Methylene chloride: D is t i l l ed- in -g lass  rade i s  required for  
sample recovery and cleanup (see Note t o  5.4.2 below!. 

5.4.2 Methyl alcohol: D is t i l l ed- in -g lass  grade i s  required for  
sample recovery and cleanup. 
NOTE: Organic solvents from metal containers may have a high 

-residue blank and should not be used. Sometimes suppliers 
t rans fer  solvents f r o m  metal t o  glass bot t les:  thus blanks shal l  
be run p r i o r  t o  f i e l d  use and only solvents wi th  low blank value 
(<O.OOlX)  shal l  be used. 

5.4.3 Yater: Water (Type 11) shal l  be used f o r  r ins ing  the organic 
module and condenser conponent. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

6.1 Because o f  complexity o f  t h i s  method, f i e l d  personnel should be 
t ra ined i n  and experienced wi th  the tes t  procedures i n  order to  obtain 
r e l i a b l e  resul ts.  

6.2 Laboratory preparation: 

6.2.1 A l l  the components shal l  be maintained and cal ibrated 
according t o  the procedure described i n  APTD-0576, unless atherwise 
spec1 fled. 

6.2.2 Yeigh several 200- t o  300-0 port ions o f  s i l i c a  gel i n  
a i r t t g h t  containers t o  the nearest 0.5 g. Record on each container the 
t o t a l  w i g h t  o f  the s i l i c a  gel p lus containers. As an a l te rna t ive  t o  
preweighing the s i l i c a  gel, i t  m y  instead be ueighed d i r e c t l y  i n  the 
imginger o r  sampling holder j u s t  p r i o r  t o  t r a i n  assembly. 

6.2.3 Check f i l t e r s  v i sua l l y  against l i g h t  for  i r r e g u l a r i t i e s  and 
flaws or  pinhole leaks. Label the shtpptng containers (glass P e t r i  
dishes) and keep the f i l t e n  i n  these containers a t  a l l  times except 
during sampling and weighing. 

6.2.4 Desiccate the f i l t e r s  a t  20 + 5.6.C (68 + 10.F) and a&ient 
pressure f o r  a t  leas t  24 hr, and weigh a t  T n t e n a l r  of-at least  6 h r  t o  a 
constant wetght (1 .e., <0 .5 -q  change f r o m  p n v t o u r  ueighing), recording 
resu l ts  t o  the nearest 0.1 mp. During each ueighlng the f i l t e r  must not 
be exposed f o r  more than a 2-min period t o  the laboratory atnosphere and 
r e l a t i v e  humidtty above 501. Al te rna t ive ly  (unless otherr ise specified 
by the Administrator), the f i l t e r s  my be oven-dried a t  105'C (220.F) for  
2-3 hr, desiccated f o r  2 hr, and weighed. 
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6.3 Preliminary f i e l d  determinations: 

6.3.1 Select the sampling s i t e  and the minimum number o f  sampling 
points  according t o  EPA Method 1 o r  as  specif ied by the Administrator. 
Detennine the stack pressure, temperature, and range o f  ve loc i ty  heads 
using EPA Method 2. I t  i s  recommended that  a leak-check o f  the p i t o t  
l i nes  (see EPA Method 2, Section 3.1) be perfonned. Determine the stack- 
gas moisture content using EPA Approximation Method 4 o r  i t s  a l ternat ives 
t o  establ ish estimates o f  i sok ine t ic  sampling-rate sett ings. Detennine 
the stack-gas dry molecular weight, as described i n  EPA Method 2, Section 
3.6.  I f  integrated EPA Method 3 sampling i s  used fo r  molecular weight 
determination, the integrated bag sample shal l  be taken simultaneously 
with, and f o r  the same t o t a l  length o f  time as, the sample run. 

6.3.2 Selec t  a nozzle s ize based on the range o f  ve loc i ty  heads so 
that  i t  i s  not necessary t o  change the nozzle size i n  order t o  maintain 
i sok ine t ic  sampling rates. During the run, do not change the nozzle. 
Ensure that  the proper d i f f e r e n t i a l  pressure gauge i s  chosen f o r  the 
range o f  ve loc i ty  heads encountered (see Section 2.2 o f  EPA Method 2). 

6.3.3 Select  a su i tab le probe l i n e r  and probe length so that  a l l  
traverse points can be sanpled. For large stacks, t o  reduce the length 
o f  the probe, consider s m l i n g  f r o m  opposite sides o f  the stack. 

6.3.4 A minimum o f  3 dscm (105.9 dscf) o f  sample volume i s  required 
f o r  the deteminat ion o f  the Destruction and Remval Ef f ic iency (ORE) o f  
WHCs f r o m  inc inerat ion systems. Addit ional sanple volume shal l  be 
co l lected as necessitated by analy t ica l  detection l i m i t  constraints. TQ I 

determine the minimum sample volume required, re fe r  t o  sanple 
calculat ions i n  Section 10.0. 

6.3.5 Detemine the t o t a l  length o f  sanpling t i m e  needed t o  obtain 
the i d e n t i f i e d  minimum volunw by comparing the ant ic ipated average 
sanpling r a t e  w i th  the volume requirement. Al locate the same time t o  a11 
traverse points defined by EPA Method 1. To avoid timekeeping e r ro rs ,  
the length o f  t i m e  sanpled a t  each traverse po in t  should be an integer o r  
an integer plus one-half oin. 

6.3.6 I n  soma circumstances (e.g., batch cycles) i t  nay be 
necessary t o  saaple f o r  shorter t i w s  a t  the t raverse  points and t o  
obtain smaller g a s - s w l e  volumes. In these cases, the Administrator 's 
approval must f i r s t  be obtained. 

6.4 Preparation o f  co l lec t lon  t ra in :  

6.4.1 During preparation and asscmbly o f  the sampling t ra in ,  keep 
a l l  openings where contamination can occur covered wi th  Teflon f i l m  o r  
aluminum f o i l  u n t i l  j u s t  p r i o r  t o  asscmbly o r  u n t i l  sampling i s  about t o  
begin. 
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6 .4 .2  F i l l  the sorbent t r a p .  section o f  the organic module w i th  

approximately 20 g of clean adsorbent resin. While f i l l i n g ,  ensure t h a t  
the t rap packs u n i f o n l y ,  t o  el iminate the p o s s i b i l i t y  o f  channeling. 
Yhen f reshly  cleaned, many adsorbent resins carry a s t a t i c  charge, which 
w i l l  cause c l i ng ing  t o  t rap walls. This may be minimized by f i l l i n g  the 
t rap i n  the presence o f  an antistatic device. C o m r c i a l  an t i s ta t i c  
devlces include F(ode1-204 and Model-210 manufactured by the 311 Company, 
S t .  Paul, Minnesota. - 

6.4.3 I f  an impinger t r a i n  i s  used t o  co l l ec t  moisture, place 100 
mL o f  water i n  each o f  the f i r s t  two impingers, leave the t h i r d  impinger 
e w t y  (or charge wi th  caust ic solut ion, as necessary), and transfer 
approximately 200-300 g o f  prewelghed s i l i c a  gel from i t s  container to  
the four th  impinger. More s i l i c a  gel  may be used, but care should be 
taken t o  ensure tha t  i t  i s  not  entrained and car r ied  out from t h e  
iap ingcr  dur ing sampling. Place the container i n  a clean place f o r  l a t e r  
use i n  the sample recovery. A l ternat ive ly ,  the welght o f  the s t l t c a  gel 
p lus iapfnger may be detemined t o  the nearest 0.5 g and recorded. 

6.4.4 Using a tweezer o r  clean disposable surgical gloves, p lace a 
labeled ( i den t i f i ed )  and weighed f i l t e r  i n  the f i l t e r  holder. Be sure 
tha t  the f i l t e r  i s  properly centered and the gasket proper ly placed t o  
prevent the sample gas strean f r o m  circumventing the f i l t e r .  Check the 
f i l t e r  for  tears a f t e r  asscllbly I s  coapleted. 

6.4.5 Uhen glass l i n e r s  are used, i n s t a l l  the selected nozzle using 
a Viton-A O-ring when stack tcaperatures are <260*C (500.F) and a _*oven 
g lass- f ibor  gasket when t m e r a t u r e s  are higher. See APTD-6576 (Rom, 
1972) for deta i ls .  Other connecting systems u t i l i z i n g  e i ther  316 
stalnlcaa steel  o r  Teflon ferru!es MY be used. men  aetal  l i ne rs  a r e  
used, i n s t a l l  the nozzle as above, o r  by a leak-free d i r e c t  mechanical 
connection. Hark the probe w i t h  heat-resistant tape o r  by some other 
method t o  denote the proper distance i n t o  the stack o r  duct for  each 
sampling point. 

6.4.6 Set up the t r a i n  as in Figure 1. During assembly, do not use 
any s i l i cone  grease on ground-glass j o i n t s  that  are located upstream o f  
the organic wdule.  A very l i g h t  coating o f  s i l i cone grease may be used 
on a11 ground-glass j o i n t s  tha t  are located doms t rem o f  the organic 
module, but  i t  should be l i a i t e d  t o  the outer por t ion  (see APTD-0576) o f  
the  ground-glass Jo ints  t o  minimize s i  licone-grease contamination. 
Subject t o  the approval o f  the Administrator, a glass cyclone may be used 
between the pmba and the f l l t e r  holder when the t o t a l  par t i cu la te  catch 
i s  expected t o  exceed 100 q o r  when water droplets are present i n  the 
stack. The o q a n i c  d u l e  condenser m s t  be maintained a t  a tcnperature 
o f  17 + 3.C. Connect a11 t e q e r a t u r n  sensors t o  an appropriate 
potent i&ter/display uni t .  Check a11 t c q e r a t u r a  sensors a t  ambient 
t cllpe ra t urn. 

6.4.7 Place crushed i c e  around the impingers and the organic module 
condensate knockout. 
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6.4.8 Turn on the sorbent module and condenser c o i l  coolant 
rec i rcu la t ing  pump and begin monitoring the sorbent module gas entry 
temperature. Ensure proper sorbent module gas entry temperature before 
proceeding and again before any sampling i s  i n i t i a ted .  I t  i s  extremely 
important that  the XAD-2 res in  temperature never exceed 50'C (122'F), 
because t h e m 1  decomposition w i l l  occur. During test ing,  the XAD-2 
temperature must not exceed 20'C (68'F) f o r  e f f i c i e n t  capture o f  the 
semivolat i le species o f  interest .  
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6.4.9 Turn on and s e t  the f i l t e r  and probe heating systems a t  the 
desired operatjng temperatures. Allow time fo r  the tenpera tu res  t o  
s tab i l i ze .  

6.5 Leak-check procedures 

6.5.1 Pre-test leak-check: 

6.5.1.1 Because the number o f  addit ional intercomponent 
connections i n  the Semi-VOST t r a i n  (over the I45 Train) increases the 
p o s s i b i l i t y  o f  leakage, a pre-test  leak-check i s  required. 

6.5.1.2 A f te r  the sampling t r a i n  has been asselnbled, turn on 
and set the f i l t e r  and probe heating systems a t  the desired 
operating tenperatures. Allow time f o r  the teqera tures  t o  
s tab i l i ze .  I f  a Viton A O-ring o r  other leak-free connection i s  
used i n  assembling the probe nozzle t o  the probe l i n e r ,  leak-check 
the t r a i n  a t  the sa l i n g  s i t e  by plugging the nozzle and pu l l i ng  a 
381-mn Hg (15-in. Hg 7 vacuum. 
(NOTE: A lower vacuum may be used, provided tha t  i t  i s  not exceeded' 

during the test.) 

6.5.1.3 I f  an asbestos s t r i n g  i s  used, do not connect the 
probe t o  the t r a i n  during the leak-check. Instead, leak-check the 
t r a i n  by f i r s t  attaching a carbon- f i l led leak-check inpinger (shorn 
i n  Figure 4) t o  the i n l e t  o f  the f i l t e r  holder (cyclone, i f  appl ic- 
able) and then plugging the i n l e t  and p u l l i n g  a 381-m Hg (15-in. 
Hg) vacuum. (Again, a lower vacuum may be used, provided that  i t  i s  
not exceeded during the test.) Then, connect the probe t o  the t r a i n  
and leak-check a t  about 2 5 - 1  l+g (1-in. Hg) vacuum: a l ternat ive ly ,  
leak-check the probe w i th  the rest  o f  the sanpling t r a i n  i n  one step 
a t  381-nm Hg (15-in. Hg) vacuum. Leaka e rates i n  excess o f  4X o f  

i s  less, are unacceptable. 

6.5.1.4 The fol lowing leak-check inst ruct ions f o r  the sanpling 
t r a i n  described i n  APTD-0576 and APTD-0581 m y  be helpful.  Star t  
the punp w i th  f ine-adjust valve f u l l y  open and coarse-adjust v a l v e  
completely closed. P a r t i a l l y  open the coarse-adjust valve and 
slowly close the f ine-adjust valve u n t i l  the desired vacuum i s  
reached. Do not reverse d i rec t i on  o f  the f ine-adjust  valve: t h i s  
w i l l  cause w a G  t o  back up i n t o  the organic module. If the desired 
vacuum i s  exceeded, e i t he r  leak-check a t  t h i s  higher vacuum or  end 
the leak-check, as shown below, and s t a r t  over. 

the average s-llng r a t e  o r  )0.00057 9 /min (0.02 cfm), whichever 
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Figure 4. Leak-check inplnger. 
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6.5.1.5 When the leak-check i s  completed, f i r s t  slowly remove 
the plug from the I n l e t  t o  the probe, f i l t e r  holder, o r  cyclone ( i f  
applicable). When the vacuum drops t o  127 m (5 in.) Hg o r  less, 
immediately close the coarse-adjust valve. Switch o f f  the punping 
system and reopen the f ine-adjust valve. 00 not reopen the f ine- 
a d j u s t  valve u n t i l  the coarse-adJust valve has been closed. This 
prevents the w a t e r  i n  the impingers from being forced backward in to  
the organic module and s i l i c a  gel from being entrained backxard in to  
t h e  t h l r f  impinger. 

6.5.2 Leak-checks during sampling run: 

6.5.2.1 I f ,  during the sampling run, a component (e.g., f i l t e r  
assembly, impinger, o r  sorbent t rap) change becomes necessary, a 
leak-check shal l  be conducted Inmediately a f t e r  the in te r rup t ion  o f  
sampling and before the change i s  made. The leak-check shal l  be 
done according t o  the procedure out l ined i n  Paragraph 6.5.1, except 
that  I t  shal l  be done a t  a vacuum greater than o r  equal t o  the 
maximum value recorded up t o  t ha t  po int  i n  the test .  I f  the leakage 
r a t e  i s  found t o  be no greater than 0.00057 d / m i n  (0.02 cfm) o r  4X 
o f  the average sampling r a t e  (whichever i s  less), the resul ts  are  
acceptable, and no correct ion w i l l  need t o  be applied t o  the t o t a l  
volume o f  dry gas metered. I f  a higher leakage r a t e  i s  obtained, 
the tes te r  shal l  void the sampling run. ( I t  should be noted that 
any ‘correction’ o f  the sanple volume by ca lcu lat ion by calculat ton 
reduces the i n t e g r i t  o f  the po l lu tan t  concentrations data generated 

” 
and must be avoided. J 

6.5.2.2 Imnediately a f t e r  a conponent change, and before- 
sampling i s  re in i t i a ted ,  a leak-check s im i la r  t o  a pre-test leak- 
check must also be conducted. 

6.5.3 Post-test leak-check: 

6.5.3.1 A leak-check i s  mandatory a t  the conclusion o f  each 
sampling run. The leak-check sha l l  be done with the same procedures 
as those wi th  the pre-test  leak-check, except tha t  It shal l  be 
conducted a t  a vacuum greater than o r  equal t o  the maximum value 
reached during the s m l i n g  run. I f  the leakage r a t e  i s  found t o  be 
no greater than 0.00057 &/,in (0.02 cfm) o r  4X o f  the average 
sampl ing  ra te  (whichever t s  less),  the resul ts  are acceptable, and 
no correct ion need be applied t o  the t o t a l  volume o f  d r y  gas 
metered. If, however, a higher leakage r a t e  I s  obtained, the tester  
shal l  e i t he r  record the leakage rate. correct the saaple volume (as 
shown i n  the ca lcu lat ion sect ion o f  t h i s  method), and consider the 
data obtained o f  questionable re l iab i l i t y ,  o r  void the sampling run. 

6.6 Sampling-traln operation: 

During the sampling run, maintain an isok ine t ic  sampling r a t e  
t o  w i th in  1OX o f  t rue  isok inet ic ,  unless othemlse s p e c i f i d  by the 
Administrator. Maintain a teaperaturc around the f i l t e r  of 120 2 14.C 
(248 + 25.F) and a gas tellperature enter ing the sohent  t rap a t  a m x l w  
o f  2O’C (68.F). 

6.6.1 
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6.6.2 For each run, record the data required on a data sheet such 

as the one shown i n  Figure 5. Be sure t o  record the i n i t i a l  dry-gas 
meter reading. Record the dry-gas meter readings a t  the beginning and 
end of each sampling time increment, when changes in f low rates a r e  made 
before and a f t e r  each leak-check, and when sampling i s  halted. Take 
other readings required by Figure 5 a t  least  once a t  each sample point  0 
dur ing each time increment and addi t ional  readings when s ign i f i can t  
changes (20X var ia t ion  i n  veloci  ty-head readings) necessitate additional 
adjustments i n  flow rate. Level and zero the manometer. Because the 
manometer leve l  and z e r o  may d r i f t  due t o  v ibrat ions and temperature 
changes, make per iod ic  checks dur ing the traverse. 

6.6.3 ,Clean the stack access ports p r i o r  t o  the t e s t  run t o  
e l iminate the chance o f  sanpling deposited material.  To begin sampling, 
remove the nozzle cap, v e r i f y  t h a t  the f i l t e r  and probe heating systems 
are a t  the speci f ied tenperature, and ver i f y  that  the p i t o t  tube and 
probe are proper ly positioned. Posi t ion the nozzle a t  the f i r s t  t r a v e r s e  
po int ,  w i th  the t i p  po int ing d i r e c t l y  i n t o  the gas stream. Imnediately 0 
s t a r t  the pump and adjust the f low t o  i sok ine t ic  condit ions. Nomographs, 
which a i d  i n  the rap id adjustment o f  the isok ine t ic  sampling r a t e  without 
excessive computations, are avai lable. These nomographs a r e  designed fo r  
use when the Type 5 pi to t - tube coe f f i c i en t  i s  0.84 + 0.02 and the s tack -  
gas equivalent density (dry m l e c u l a r  weight) i s  eqiial t o  29 + 4.  APTD- 
0576 d e t a i l s  the procedure f o r  using the nomgraphs. I f  thc stack-gas 
molecular weight and the p i to t - tube coef f ic ient  are outside the above 
ranges, do not  use the nomographs unless appropriate steps (Shigenara. 
1974) are taken t o  compensate f o r  the deviations. 

6.6.4 Uhen the stack i s  under s ign i f i can t  negative pressure 
(equivalent t o  the height o f  the i q i n g e r  s t e m ) ,  take care t o  close t h e  
coarse-adjust valve before i nse r t i ng  the probe i n t o  the stack, t o  prevent 
water f r o m  backing i n t o  the organic module. I f  necessary, the pump may 
be turned on w i th  the coarse-adjust valve closed. 

6.6.5 Uhcn the probe i s  i n  posi t ion,  block o f f  the openings around 
the probe and stack access port t o  prevent unrepresentative d i l u t i o n  o f  
the gas stream. 

6.6.6 Traverse the stack cross section, as required by EPA Method 1 
or as speci f ied by the Administrator, being careful  not t o  bunp the probe 
nozzle i n t o  the  stack wal ls when s a q l i n g  near the wal ls or when remving 
o r  i nse r t i ng  the  probe through the access port, i n  order t o  minimize the 
chance o f  ext ract ing deposi ted aa ter ia l .  

6.6.7 During the t e s t  run, make per iodic adjustments t o  keep t h e  
temperature around the f i l t e r  holder and the organic mdu le  a t  the proper 
levels;  add mra i ce  and, i f  necessary, s a l t  t o  maintain a temperature o f  
< 2 0 Y  (68.F) a t  the condenser/si l ica gel  out le t .  Also, per iod ica l ly  
check the leve l  and zero of the manometer. 
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6.6.8 I f  the pressure drop across the f i l t e r  o r  sorbent t r a p  
becomes too high, making i sok ine t i c  sampling d i f f i c u l t  t o  maintain, t h e  
f i l t e r / s o r b e n t  t rap may be replaced i n  the midst o f  a sample run. Using 
another complete f i l t e r  holder/sorbent t rap assembly i s  recomnended, 
ra ther  than attempting t o  change the f i l t e r  and res in  themselves. A f t e r  
a new f l l t e r l s o r b e n t  t rap assembly Is i ns ta l led ,  conduct a leak-check. 
The t o t a l  pa r t i cu la te  weight sha l l  include the sumnation o f  a l l  f i l t e r  
assembly catches. 

6.6.9 A s ingle t r a i n  sha l l  be used for  the en t i re  sample run, 
except i n  cases where simultaneous sampling i s  required i n  two or  more 0 
separate ducts o r  a t  two o r  more d i f ferent  locat ions w i th in  the same 
duct, o r  in cases where equipment fa i l u re  necessitates a change o f  
t ra ins.  In a l l  other s i tuat ions,  the use o f  two o r  more t ra ins  w i l l  be 
subject t o  the approval o f  the Administrator. 

analysis o f  the f ron t -ha l f  ( i f  applicable) organic-module and impinger 
(if applicable) catches f r o m  each t r a i n  shal l  be perfonned, unless 
ident ica l  nozzle sizes were used on a11 t ra ins.  I n  tha t  case, the f ront -  
ha l f  catches from the ind iv idual  t ra ins  may be combined (as may the 
impinger catches), and one analysis of f ront -ha l f  catch and one analysis 
o f  impinger catch may be performed. 

6.6.11 A t  the end o f  the saEple run, t u n  o f f  the coarse-adjust 
valve, remove the probe and nozzle f r o m  the stack, turn o f f  the pump, 
record the fdnal dry-gas meter reading, and conduct a post - test  leak- 
check. Also, leak-check the p i t o t  l i nes  as described.in EPA Method 2. 
The l i nes  must pass t h l s  leak-check i n  order t o  va l idate the veloci ty-  

6.6.12 Calculate percent i s o k i n e t i c i t y  (see Section 10.8) t o  

0 

- 

6.6.10 Note that  when two o r  more t ra ins  are used, separate 

0 

neaa data. c 

determine whether the run was v a l i d  or another t e s t  run should be made. 

7.0 SAMPLE RECOVERY 0 

7.1 Preparation: 

7.1.1 Proper cleanup procedure begins as soon as the probe Is 
removed f r o m  the stack a t  the end o f  the sanpling period. Allow the 
probe t o  cool. When the probe can be safely handled, wipe o f f  a l l  0 
external pa r t i cu la te  w t t e r  near the  t i p  o f  the probe nozzle and place a 
cap over the t l p  t o  prevent l os ing  o r  galning pa r t i cu la te  matter. Oa not 
cap the probe t i p  t i g h t l y  whi le  the sanpling t r a i n  i s  cooling down 
because t h i s  w i l l  create a vacuum i n  the f i l t e r  holder, drawing wa te r  
f r o m  the inpingerr  i n t o  the sorbent mdule. 

7.1.2 Before m v l n g  the  s a p l e  t r a i n  t o  the cleanup s i te ,  remove 
the probe from the sample t r a i n  and cap the open ou t le t ,  being careful 
not t o  lose any condensate tha t  might be present. Cap the f i l t e r  i n l e t .  

0 
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Remove the u m b i l i c a l  cord f r o m  the  l a s t  impinger and cap the  impinger. 
I f  a f l e x i b l e  l i n e  i s  used between the organic module and the f i l t e r  
ho lder ,  d isconnect the  l i n e  a t  the f i l t e r  ho lder  and l e t  any condensed 
water o r  l i q u i d  d r a i n  i n t o  the organic  module. 

7.1.3 Cap the f i l t e r - h o l d e r  o u t l e t  and the i n l e t  t o  the  organic 
module. Separate the sorbent t r a p  sec t i on  o f  the organic module f r o m  the 
condensate knackout t rap and the  gas-condi t ion ing sect ion.  Cap a l l  
organic  module openings. Disconnect the organic-module knockout t r a p  
from the  impinger t r a i n  i n l e t  and cap bo th  o f  these openings. Ground- 
g lass  stoppers, Tef lon caps, o r  caps o f  o the r  i n e r t  ma te r ia l s  may be used 
t o  seal a l l  openings. 

7.1.4 Transfer  the  probe, the f i l t e r ,  the  organic-module 
components, and the  impinger/condenser assembly t o  t h e  cleanup area. 
This area should be c lean and pro tec ted  f r o m  the  weather t o  minimize 
sample contaminat ion o r  loss.  

7.1.5 Save a p o r t i o n  o f  a l l  washing so lu t i ons  (methanol/methylene 
ch lo r i de ,  Type I1 water) used f o r  cleanup as a blank. Transfer  200 mL o f  
each s o l u t i o n  d i r e c t l y  f r o m  the  wash b o t t l e  be ing used and p lace  each in 
a separate, pre labeled g lass  sample conta iner .  

7.1.6 Inspect  the  t r a i n  p r i o r  t o  and dur ing  disassembly and note 
any abnonnal condi t ions.  

7.2 Sample conta iners:  - 
7.2.1 container no. 1: C a r e f u l l y  r e m v e  the f i l t e r  fma t h e  f i l t e r  

ho lder  and p lace  i t  in I t s  i d e n t i f i e d  P e t r i  d i s h  conta iner .  Use a p a l r  
o r  p a i r s  o f  tweezers t o  handle t h e  f i l t e r .  If  i t  i s  necessary t o  fo ld  
the f i l t e r ,  ensure t h a t  the  p a r t i c u l a t e  cake i s  i n s i d e  t h e  fo ld .  
C a r e f u l l y  t r a n s f e r  t o  the  P e t r i  d i s h  any p a r t i c u l a t e  ma t te r  o r  f i l t e r  
f i b e r s  t h a t  adhere t o  the f i l t e r - h o l d e r  gasket, us ing a dry ny lon b r i s t l e  
brush o r  sharp-edged blade, o r  both. Label the  conta iner  and seal w i t h  
I - in.-wide Tef lon  tape amund the  circumference o f  t h e  l i d .  

7.2.2 Container no. 2: l a k i n g  care t h a t  dus t  on the outs ide  o f  the  
probe o r  o t h e r  e x t e r i o r  surfaces does no t  ge t  i n t o  t h e  sanple, 
q u a n t i t a t i v e l y  recover  p a r t i c u l a t e  ma t te r  o r  any condensate fmm the 
probe nozzle,  probe f i t t i n g ,  probe l i n e r ,  and f r o n t  h a l f  o f  the  f i l t e r  
ho lder  b washing these cwponents f i r s t  w i t h  methanol/methylene ch lo r i de  
(1:l v/v  T i n t o  a g lass  conta iner .  D i s t i l l e d  water  my a l s o  be used. 
Reta in  a water and so lvent  b lank and analyze i n  the  sane manner as w i t h  
the samples. P e r f o m  r inses  as fo l lows:  

7.2.2.1 C a r e f u l l y  remve the probe nozzle and clean the ins ide  
sur face by r i n s i n g  w i t h  the  so lvent  mix tu re  (1:l v/v methanol/- 
methylene ch lo r i de )  f r o m  a wash b o t t l e  and brushing with a ny lon 
b r i s t l e  brush. Brush u n t i l  t h e  r i n s e  shows no v i s i b l e  part ic les;  
then make a f i n a l  r i n s e  o f  t h e  i n s i d e  sur face w i t h  the so lvent  m i x .  
Brush and r inse the inside par ts  o f  t h e  Swagelok f i t t i n g  w i t h  the  
so lvent  mix in a s i m i l a r  way u n t i l  no v i s i b l e  par t i c les  remin. 
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7.2 .2 .2  Have two people r inse the probe l i n e r  wi th  the solvent 

mix by t i l t i n g  and ro ta t i ng  the probe while squ i r t ing  solvent in to  
i t s  upper end so tha t  a l l  inside surfaces w i l l  be wetted w i t h  
solvent. L e t  the solvent d ra in  from the lower end i n t o  the sample 
container. A glass funnel may be used t o  a id  i n  t ransferr ing l i q u i d  
washes t o  the container. 

7.2 .2 .3  Follow the solvent r inse with a probe brush. Hold the 
frobe I n  an inc l ined  pos i t ion  and squ i r t  solvent i n t o  the upper end 
whi le pushing the probe brush through the probe wi th  a twis t ing 
action: place a sample container underneath the lower end o f  the 
probe and catch any solvent and par t i cu la te  matter tha t  i s  brushed 
from the probe. Run the brush through the probe three times o r  more 
u n t i l  no v i s i b l e  par t i cu la te  matter I s  carr ied out w i th  the solvent 
o r  u n t i l  none remains i n  the probe l i n e r  on visual inspection. U i th  
s ta in less steel  o r  other metal probes, run the brush through In the 
above-prescribed manner a t  leas t  s i x  times (metal probes have s m a l l  
crevices i n  which par t i cu la te  m a t t e r  can be entrapped). Rinse the 
brush w i th  solvent and quant i ta t i ve ly  co l l ec t  these washings i n  the 
sample Container. A f te r  the brushing, make a f i n a l  solvent r inse of 
the probe as described above. 

7.2.2.4 It i s  reconwnded tha t  two people work together t o  
clean the probe t o  minimize sample losses. Between sampling runs, d 
keep brushes clean and protected f r o m  contamination. 

7.2.2.5 Clean the Ins ide of the f ron t  h a l f  o f  t he  f i l t e r  
holder and cyclone/cyclone f lask,  i f  used, by rubbing the surfaces 
w i th  a nylon b r i s t l e  brush and r ins ing  w i th  methanol/mcthylene 
ch lo r lde  (1:l v /v )  mixture. Rinse each surface three times or  mre 0 
i f  needed t o  r m v e  v i s i b l e  par t icu la te.  Make a f i n a l  r inse o f  the 
brush and f i l t e r  holder. Carefu l ly  r inse out the glass cyclone and 
cyclone f lask  ( i f  appl icable). Brush and r inse any par t i cu la te  
mater ia l  adhering t o  the inner surfaces o f  these components In to the 
f ron t -ha l f  r inse  s w l e .  A f t e r  a11 solvent washings and par t i cu la te  
m a t t e r  have been co l lected I n  the saaple container, t ighten the l i d  0 
on the saaple container so tha t  solvent w i l l  not leak out when i t  i s  
shipped t o  the laboratory. Hark the height o f  the f l u i d  level  t o  
deternine whether leakage occurs during transport. Label the 
container t o  i d e n t i f y  I t s  contents. 

7.2.3 bntrlnrr m. 3: The sorbent trap section o f  the organic 
nmdule m y  be used as a sanple t ransport  container, o r  the spent res in  
may be t ransferred to  a separate glass b o t t l e  f o r  shipment. I f  the 
sorbent t rap  i t s e l f  i s  used as the  transport container, both ends should 
be sealed w i th  t i g h t l y  f l t t i n g  caps or plugs. Ground-glass stoppers o r  
Teflon caps m y  be used. The sorbent trap should then be labeled, 0 
covered w i th  aluminum f o i l ,  and packaged on i c e  f o r  transport t o  the 
laboratory. I f  a separate b o t t l e  i s  used, the spent res in  should be 
quan t i t a t i ve l y  t ransferred from the  t rap  i n t o  the clean bo t t le .  Resin 
tha t  adheres t o  the  wal ls  o f  the t rap  should be recovered using a rubber 
policeman o r  spatula and added t o  t h i s  bo t t le .  
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7.2.4 Container no. 4: Measure the  volume o f  condensate co l l ec ted  
i n  the  condensate knockout sec t i on  o f  t h e  organic  module t o  w i t h i n  +1 mL 
by us ing a graduated c y l i n d e r  o r  by weighing t o  w i t h i n  +0.5 g usTng a ,  
t r tp le-beam balance. Record t h e  volume o r  weight Of 1iquTd present and 
note any d i s c o l o r a t i o n  o r  f i l m  i n  the l i q u i d  catch. Transfer t h i s  l i q u i d  
t o  a pre labeled g lass sample container.  Inspect  the back h a l f  o f  the 
f i l t e r  housing and the gas-condi t ion ing sec t i on  o f  the organic module. 
I f  condensa te j s  observed, t rans fe r  i t  t o  a graduated o r  weighing b o t t l e  
and measure the  volume, as descr ibed above. Add t h i s  mater ia l  t o  the 
condensate knockout- t rap catch. 

0 

0 

0 

0 

0 

0 

0 

0 

7.2.5 Container no. 5: A l l  sampling t r a i n  components located 
between the h igh -e f f i c i ency  g lass-  o r  q u a r t z - f i b e r  f i l t e r  and the f i r s t  
wet impinger o r  the f i n a l  condenser system ( i nc lud ing  the heated Tef lon 
l i n e  connect ing the  f i l t e r  o u t l e t  t o  t h e  condenser) should be thoroughly 
r l nsed  w i t h  methanollmethylene c h l o r i d e  (1:l v/v) and t h e  r i n s i n g s  
combined. This  r i n s e  s h a l l  be separated f r o m  the  condensate. I f  the 
spent r e s i n  i s  t rans fe r red  f r o m  the sorbent t r a p  t o  a separate sample 
conta iner  f o r  t ranspor t ,  the sorbent t r a p  s h a l l  be thoroughly r insed 
u n t i l  a l l  sample-wetted surfaces appear clean. V i s i b l e  f i l m s  should be 
removed by brushing. Whenever t r a i n  components a re  brushed, the  brush 
should be subsequently r i nsed  w i t h  so lvent  m ix tu re  and the r l n s i n g s  added 
t o  t h i s  conta iner .  

Note the  c o l o r  o f  t h e  i n d i c a t i n g  s i l i c a  ge l  
t o  determine i f  i t  has been completely spent and make a no ta t i on  o f  i t s  
cond i t ion .  Transfer  the  s i l i c a  ge l  from t h e  four th  irapinger t o  i t s  
o r i g i n a l  con ta ine r  and seal. A funnel m y  make i t  eas ie r  t o  pour the . I 

s i l i c a  ge l  w i thou t  s p i l l i n g .  A rubber policeman m y  be used as an a i d  i n  
removing the  s i l i c a  ge l  f r o m  t h e  imginger. It i s  no t  necessary t o  renuve 
the small amount o f  dus t  p a r t i c l e s  t h a t  may adhere s t rong ly  to  the  
impinger w a l l .  Because the ga in  i n  weight i s  t o  be used f o r  moisture 
ca l cu la t i ons ,  do no t  use any water o r  o t h e r  l i q u i d s  t o  t r a n s f e r  the 
s i l i c a  ge l .  I f  a balance i s  a v a i l a b l e  i n  the  f i e l d ,  weigh the conta iner  
and i t s  contents t o  0.5 g o r  be t te r .  

7.3 Impfnger water: 

7.3.1 Make a n o t a t i o n  o f  any c o l o r  o r  f i l m  i n  t h e  l i q u i d  catch. 
Measure the  l i q u i d  i n  the first th ree  i lppingers to  w i t h i n  +1 aL by us ing 
a graduated c y l i n d e r  or by weighing i t  t o  w i t h i n  0 . 5 -  g by us ing a 
b=lance ( i f  one i s  ava i lab le ) .  Record t h e  volunte o r  weight o f  l i q u i d  
present.  Th is  i n fo rma t ion  i s  requ i red  t o  c a l c u l a t e  the  w i s t u r e  content 
of the  e f f l u e n t  gas. 

7.3.2 Discard the  l i q u i d  a f t e r  measuring and record ing  the  volume 
o r  weight,  un less ana lys is  o f  t h e  impingcr  ca tch  i s  requ i red  (see 
Paragraph 4.1.3.7). M e r  g lass  conta iners  should be used f o r  storage o f  
impinger catch, if required. 

7.3.3 I f  a d i f fe ren t  type o f  condenser i s  used, measure the  amount 
of mois ture condensed e i t h e r  v o l u m e t r i c a l l y  o r  g rav ime t r i ca l l y .  

7.2.6 Container no. 6: 
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7.4 Sample preparation fo r  shipment: Pr io r  t o  shipment, recheck a l l  

salnple containers t o  ensure tha t  the caps are wel l  secured. Seal the l i d s  o f  
a l l  containers around the circumference w i th  Teflon tape. Ship a l l  l i q u i d  
samples upr ight  on i c e  and a l l  pa r t i cu la te  f i l t e r s  w i th  the par t i cu la te  catch 
facing upward. Q> The pa r t i cu la te  f i l t e r s  should be shipped unrefrigerated. 

8.0 ANALYSIS 

8.1 Sample preparation: 

tn a f i n i t e  volume o f  concentrated solvent. The f i n a l  sanplt volume 
(usual ly i n  the 1- t o  10-mL range) i s  then subjected t o  analysis by 
GC/HS. A l l  sanples should be inspected and the appearance documented. 
A l l  samples are t o  be spiked w i th  surrogate standards as received from 

0 
the f i e l d  p r i o r  t o  any saaple manipulations. The spike should be a t  a 
leve l  equivalent t o  10 times the MOL when the solvent i s  reduced i n  
volume t o  the desired leve l  ( i .e . ,  10 mL). The spik ing colnpounds should 
be the stable i so top ica l l y  labeled analog o f  the coapounds o f  in terest  o r  
a compound tha t  would exh ib i t  propert ies s iml la r  t o  the compounds o f  
in te res t ,  be eas i l y  chromatographed, and not i n te r fe re  w i th  the analysis 
o f  the compounds o f  in terest .  Suggested surrogate spik ing compounds are:  
deuterated naphthalene, chrysene, phenol, n i  trobenzene, chlorobenzene, fD 
to1 uene, and carbon-13-! abel ed pentachlorophenol. 

8.1.2 Condensate: The .condensate' i s  the m i s t u r e  cpllecJed i n  
the f i r s t  iapinger fo l lowlng the  XAD-2 module. Spike the condensate wi th 
the surrogate standards. The vo lum i s  measured and recorded and then 
t ransferred to  a separatory funnel. The pW i s  t o  be adjusted t o  pH 2 
w i th  6 N s u l f u r i c  acld, I f  necessary. The sanple container and graduated 
cy l inder  are sequent ia l ly  r insed wi th  three successive 10-mL al iquots o f  
the ext ract ion solvent and added t o  the separatory funnel. The r a t i o  o f  
solvent t o  aqueous sanple should be maintained a t  1:3. Extract the 
sample by vigorously shaking the  separatory funnel f o r  5 min. Af ter  
complete separation o f  the phases, remove the solvent and t ransfer  to  a 
Kuderna-Danish concentrator (K-D), f i l t e r i n g  through a bed o f  precleaned, 
dry sodium sul fate.  Repeat the  ext ract ion step two addi t ional  times. 
Adjust the pH t o  11 u l t h  6 N sodlun hydroxide and reext ract  combining the 
ac id  and base extracts. Rinse the sodium su l fa te  i n t o  the K-D wi th  fresh 
solvent and dtscard the deslccant. Add Teflon b o i l i n g  chips and 
concentrate t o  10 mL by reduclng the volume t o  s l i g h t l y  less than 10 mL @ 
and then br lng lng t o  volume w i t h  fresh solvent. In order t o  achieve the 
necessary detect ion l i m i t ,  the sample volume can be fu r ther  reduced t o  1 
nL by using a micro column K-0 o r  ni t rogen blow-down. Should the sample 
s t a r t  t o  exh ib i t  p rec lp i ta t ion ,  the concentration step should be stopped 
and the s w l e  redissolved with fresh solvent taking the volume t o  some 
f i n i t e  amount. A f te r  addlng a standard ( for  the purpose o f  quant i ta t ion 0 
by GC/MS), the saraplc i s  ready f o r  analysis, as discussed i n  Paragraph 
8.2. 

8.1.1 beneral: The preparation steps f o r  a l l  samples w i l l  resu l t  0 
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8.1.3 Iap inger :  Spike the  sample w i t h  the  surrogate standards; 

measure and record the  volume and t r a n s f e r  t o  a separatory funnel. 
Proceed as descr ibed i n  Paragraph 8.1.2. 

0 

0 

9 

8 

a 

0 

8.1.4 XAD-2: Spike the r e s i n  d i r e c t l y  w i t h  the  surrogate 
standards. Transfer  the  r e s i n  t o  the  a l l - g l a s s  th imbles by the  fo l l ow ing  
procedure (care should be taken so as no t  t o  contaminate the th imble by 
touching i t  with anyth ing o the r  than tweezers o r  o the r  so lvent- r insed 
mechanical hord ing devices).  Suspend the  XAD-2 module d i r e c t l y  over the 
th imble.  The g lass  fr lt of t h e  module (see F igure  2) should be i n  the up 
p o s i t i o n .  The th imble 1s contained i n  a c lean beaker, which w i l l  serve 
t o  catch the so lvent  r inses.  Using a Te f lon  squeeze b o t t l e ,  f l u s h  the  
XAD-2 i n t o  the  th imble.  r i n s e  the  g lass m d u l e  w i t h  solvent 
i n t o  the  beaker conta in ing  the thimble.  Add the XAD-2 glass-wool p lug  t o  
the th imble.  Cover t h e  XAD-2 i n  the  th imble w i t h  a precleaned glass-wool 
p lug  s u f f i c i e n t  t o  prevent the  r e s i n  f r o m  f l o a t i n g  i n t o  the  so lvent  
r e s e r v o i r  o f  the  ex t rac to r .  I f  the r e s i n  I s  wet, e f f e c t i v e  e x t r a c t i o n  
can be accomplished by loose ly  packing the  r e s i n  i n  the th imble.  I f  a 
ques t ion  a r l s e s  concerning the  c o q l e t e n e s s  of t h e  ex t rac t i on ,  a second 
ex t rac t i on ,  w i thout  a spike, i s  advised. The th imble i s  placed i n  the 
e x t r a c t o r  and the  r i n s e  so lvent  contatned i n  t h e  beaker i s  added t o  t h e  
so lvent  rese rvo i r .  Add i t iona l  so lvent  i s  added t o  make the  rese rvo i r  
approximately two- th i rds  f u l l .  Add Tef lon  b o i l i n g  ch ips and assenble the 
apparatus. Adjust  the heat source t o  cause the  e x t r a c t o r  t o  cyc le  5-6 
times p e r  hr.  Ex t rac t  the  r e s i n  f o r  16 hr. Transfer  the  so lvent  and 
th ree  10-mL r i nses  of  the r e s e r v o i r  t o  a K-0 and concentrate as described 
i n  Paragraph 8.1.2. 

8.1.5 Part iculate f i l t e r  (and cyclone catch): I f  p a r t i c u l a t e  
loading is t o  be determined, weigh the f i l t e r  (and cyclone catch, i f  
appl Icable) .  The p a r t i c u l a t e  f i l t e r  (and cyclone catch, i f  appl icable)  
i s  t rans fe r red  t o  the  g lass th imble and ex t rac ted  simultaneously with the 
XAD-2 res in .  

8.1.6 T r a l n  so l ven t  r lnses:  A l l  t r a i n  r i nses  (i.e., probe, 
impinger, f i l t e r  housing) us ing  the  e x t r a c t i o n  so lvent  and methanol are 
re tu rned t o  the  labora tory  as a single sample. I f  t h e  r i nses  are 
contained i n  more than one container,  the intended sp ike i s  d iv ided 
equa l ly  among t h e  conta iners  p ropor t ioned f r o m  a s i n g l e  syr inge volume. 
Transfer the  r i n s e  t o  a separatory funnel and add a s u f f i c i e n t  m u n t  o f  
o rgan ic - f ree  water so that the methylene c h l o r i d e  becomes i w i s c i b l e  and 
i t s  volume no longer  increases with t h e  a d d l t i o n  of  more water. The 
e x t r a c t i o n  and concent ra t ion  steps a r e  then performed as descr ibed i n  
Paragraph 8.1.2. 

8.2 Sample analys is :  

8.2.1 The pr imary a n a l y t i c a l  t o o l  f o r  the  measurement o f  emissions 
from hazardous waste i n c i n e r a t o r s  i s  GC/MS us ing  fused-s i l i ca  c a p i l l a r y  
GC columns, as  descr ibed i n  Method 8270 i n  Chapter Four o f  t h i s  manual. 
Because o f  the  nature o f  GC/MS i ns t rumenta t ion  and the  cost  associated 

Thoroughly 

c: 

0010 - 23 
Rev i s i  on 0 
Oate September 1986 



0 

wi th  sample analysis, prescreenlng o f  the sample extracts by gas 
chromato raphylflame ion iza t ion  detection (GC/FID) or  with electron 
capture 4 GC/ECD) I s  encouraged. In fomat ion  regarding the complexity and 
concentration l e v e l  o f  a sample p r i o r  t o  GC/MS analysis can be o f  
e n o m u s  help. This information can be obtained by using e i t h e r  
c a p i l l a r y  columns or  l e s s  expensive packed columns. However, the F I D  
screen should be perfonned wi th  a column s i m i l a r  t o  that  used w i t h  t h e  
GC/MS. Keep i n  mind tha t  GC/FID has a s l i g h t l y  lower detection l i m i t  
than Gt/MS and, therefore, tha t  the concentration o f  the sample can be 
adjusted e i the r  up o r  down p r i o r  t o  analysis by GC/MS. 

8.2.2 The mass spectrometer w i l l  be operated i n  a f u l l  scan (40- 
450) mode f o r  most o f  the analyses. The range for which data a r e  
acquired i n  a GC/MS run w i l l  be su f f i c i en t l y  broad t o  encompass t h e  major 
ions, as l i s t e d  i n  Chapter Four, Method 8270, f o r  each of the designated 
WHCs i n  an inc inerator  e f f l uen t  analysis. 

8.2.3 For most purposes, electron ion izat ion ( E l )  spectra w i l l  be 
co l lected because a major i ty  o f  the WHCs give reasonable E1 m e c t r a .  
Also, E1 spect-a are compatible w i th  the NBS Library o f  Mass Spec--a and 
other mass spectral references, which aid i n  the Iden t i f i ca t i on  . x e s s  
f o r  other components i n  the inc inerator  process streams. 

8.2.4 To c l a r i f y  somc i den t i f i ca t ions ,  chemical ion izat ion (CI) 
spectra using e i t h e r  pos i t i ve  ions o r  negative ions w i l l  be used to  
e l  ucidate ml ecul ar-weight i n f o m t i o n  and s i q l  i f y  the f ragmentat i on 
patterns o f  sow conpounds. I n  no case, however, should C I  spectra alone 
be used f o r  compound iden t i f i ca t i on .  Refer t o  Chapter Four, Method 8270, 
f o r  colnplete descr ipt lons o f  CC conditions, MS conditions, and 0 
quant i ta t i ve  and quant i ta t ive i den t i f i ca t i on .  

0 

b 

e 

9.0 CALIBRATION 

i n i t i a l  use i n  the f i e ld .  Using a mlcr r ter ,  measure the inside diameter o f  
the nozzle t o  the nearest 0.025 am ( O s - - ;  in.). Make measurements a t  three 
separate places across the diameter and obtain the average of the 
measurements. The di f ference between the high and low nuders  shal l  not 
exceed 0.rm (0.004 in.). When nozzles become nicked, dented, o r  corroded, 
they sha l l  be reshaped, sharpened, and recal ibrated before use. Each nozzle 
shal l  be permanently and uniquely ident i f ied .  

9.1 Probe nozzle: Probe nozzle5 shal l  be ca l ibrated before the i r  

0 

9.2 P i t o t  tube: The Type 5 p i t o t  tube assembly shal l  be cal ibrated 
according t o  the procedure ou t l ined  i n  Section 4 o f  EPA Method 2 ,  o r  assigned 
a nominal coe f f i c i en t  o f  0.84 i f  i t  i s  not v i s i b l y  nicked, dented, o r  corroded 
and i f  i t  w e t s  design and interconponent spaclng speci f icat ions.  0, 
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9.3 Meter ing system: 

9.3.1 Before i t s  i n i t i a l  use i n  the f i e l d ,  the metering system 
s h a l l  be c a l i b r a t e d  according t o  the procedure o u t l i n e d  i n  APTD-0576. 
Instead of p h y s i c a l l y  ad jus t i ng  the dry-gas meter d i a l  readings t o  
correspond t o  the  wet - tes t  meter readings, c a l i b r a t i o n  fac to rs  may be 
used t o  co r rec t  the gas meter d i a l  readings mathematical ly t o  the proper 
values. Before c a l i b r a t i n g  the meter ing system, i t  i s  suggested tha t  a 
leak-check be conducted. For  meter ing systems having diaphragm pumps, 
the normal leak-check procedure w i l l  no t  de tec t  leakages w i t h i n  the pump. 
For these cases the fo l l ow ing  leak-check procedure i s  suggested: Make a 
10-min c a l l b r a t i o n  run a t  0.00057 m3/mln (0.02 cfm); a t  the end o f  the 
run, take the d i f f e rence  o f  the  measured wet- test  and dry-gas meter 
volumes and d i v i d e  the  d i f fe renc  by 10 t o  get  the  leak ra te .  The leak 

the  c a l i b r a t i o n  o f  the  meter ing system 
s h a l l  be checked by  perfonning th ree  c a l i b r a t i o n  runs a t  a s ing le  
in tenned ia te  o r i f i c e  s e t t i n g  (based on the  previous f i e l d  t e s t ) .  The 
vacuum Sha l l  be s e t  a t  the  maximum value reached du r ing  the  t e s t  ser ies.  
To ad jus t  t h e  vacuum, i n s e r t  a v a l v e  between the wet - tes t  meter and the 
i n l e t  o f  the  meter ing system. Ca lcu la te  the  average value o f  the 
c a l i b r a t i o n  fac to r .  I f  the  c a l i b r a t i o n  has changed by more than 51, 
r e c a l l b r a t e  t h e  meter over t h e  f u l l  range of o r i f i c e  se t t ings ,  as 
o u t l i n e d  i n  APTD-0576. 

t r a i n  f r o m  the pump t o  the  o r i f i c e  meter (see Figure 1) should be leak- 
checked p r i o r  t o  i n i t i a l  use and a f t e r  each shipment. Leakage a f t e r  the 
pump w l l l  r e s u l t  i n  l ess  volume being recorded than i s  a c t u a l l y  sampled. 
The f o l l o w i n g  procedure i s  suggested (see Figure 6):  Close the main 
va lve on the  meter box. I n s e r t  a one-hole rubber stopper w i t h  rubber 
tub ing  at tached i n t o  the o r i f i c e  exhaust pipe. Disconnect and vent the 
low s ide  o f  the  o r i f i c e  manometer. Close o f f  the  low s ide  o r i f i c e  tap. 
Pressur ize the system t o  13-18 cm (5-7 in.) water column by blowing i n t o  
the rubber tubing. Pinch o f f  t h e  tub ing  and observe the manometer f o r  1 
min. A l oss  o f  pressure on the mnomcter i nd i ca tes  a leak i n  the meter 
box. Leaks, i f  present, must be corrected. 
NOTE: I f  the  dry-gas-meter c o e f f i c i e n t  values obta ined be fore  and a f t e r  

a t e s t  se r ies  d i f f e r  by  >55, e i t h e r  t h e  t e s t  ser ies  sha l l  be 
voided o r  c a l c u l a t i o n s  f o r  t e s t  ser ies  s h a l l  be perfonned using 
whichever meter c o e f f i c i e n t  value (1 .e., before or a f t e r )  g lves 
the  lower va lue o f  t o t a l  sample volume. 

9.4 Probe heater:  The probe-heat ing system s h a l l  be c a l i b r a t e d  before 
i t s  i n i t i a l  use in the f i e l d  according t o  the  procedure o u t l i n e d  i n  APTD-0576. 
Probes const ructed according t o  APTD-OS81 need no t  be c a l i b r a t e d  i f  the 
c a l i b r a t i o n  curves i n  APTO-0576 are  used. 

r a t e  should no t  exceed 0.00057 m 5 /min (0.02 cfm). 

9.3.2 A f t e r  each f i e l d  use, 

9.3.3 Leak-check of  meter ing tystes: That p o r t i o n  o f  the s a w l J n g  I 
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9.5 Temperature sauaes: Each t h e m c o u p l e  must be pemanent ly  and 

uniquely  marked on the cast ing;  a l l  mercury-in-glass reference thermometers 
must confonn t o  ASTH E-1  63C o r  63F spec i f i ca t i ons .  Thennocouples should be 
c a l i b r a t e d  i n  the  labora tory  w i t h  and w i thout  the  use o f  extens ion leads. If 
extension leads are  used in the f i e l d ,  the  thennocouple readings a t  ambient 
a i r  temperatures, with and w i thout  the extension lead, must be noted and 
recorded. Cor rec t ion  i s  necessary i f  t h e  use o f  an extension lead produces a 
change >1.5%. - 

e 

0 

9.5.1 Inpinger, organic  mxlule,  and dry-gas meter t h e m c o u p l e s :  
For  the  t h e m c o u p l e s  used t o  measure the  temperature o f  the gas leav ing 
the impinger t r a i n  and the XU-2 r e s i n  bed, three-point  c a l i b r a t i o n  a t  
ice-water,  room-ai r, and bo i  1 ing-water temperatures i s necessary. Accept 
the  t h e m c o u p l e s  on ly  if the readings a t  a l l  th ree  temperatures agree t o  
+2'C - (3.6.F) with those o f  t h e  absolute value o f  the  reference 
thennometer. 

9.5.2 Pmbe and stack t h e m c o u p l e :  For the  thennocouples used t o  
i n d i c a t e  the probe and stack temperatures, a three-point  c a l i b r a t i o n  a t  
ice-water,  b o i l i n g - r a t e r ,  and ho t -o i l - ba th  temperatures must be 
perfonned; i t  i s  recolnnended t h a t  room-air t e q e r a t u r e  be added, and tha t  
the  t h e m m e t e r  and the t h e m c o u p l e  agree t o  w i t h i n  1.5X a t  each o f  the 
c a l i b r a t i o n  po in ts .  A c a l l b r a t i o n  curve (equation) may be constructed 
(ca lcu la ted)  and the data ex t rapo la ted  t o  cover the  e n t i r e  telnperature 
range suggested by the manufacturer. 

9.6 Barometer: Adjust  the  barometer I n i t i a l l y  and before each t e s t  
ser ies  t o  agree t o  within +25 m Hg (0.1 In .  Hg) o f  the  m r c u r y  barnmete? o rc :  
the cor rec ted  barometr ic  pTessure va lue repor ted by a nearby Nat ional  Yeather 
Service S t a t i o n  (same a l t i t u d e  above sea l e v e l ) .  

9.7 Triple-beam balance: C a l i b r a t e  the  t r lp le-beam balance before each 
t e s t  ser ies,  us ing  Class-S standard welghts: the weights must be w i t h i n  +0.5% 
of  the standards, o r  t h e  balance must be adjusted t o  meet these l i m i t s .  

- 

10.0 CALCULATIONS 

c a l c u l a t i o n  t o  t h e  correct  nrober  o f  s ign i f icant  f igures .  
10.1 Carry out ca lcu la t ions .  Round o f f  f i gu res  a f t e r  the f i n a l  

10.2 Nomencl a tu re  : 

An = Cross-sect ional  area o f  nozzle, I$ ( f t 2 ) .  

hs Yater vapor i n  t h e  gas stream, proportion by volume. 

dimensionless. 
cd = Type S p i t o t  tube c o e f f i c i e n t  (nominal ly 0.84 2 0.02). 

I a Percent o f  i s o k l n e t i c  sampling. 
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La Maximum acceptable leakage r a t e  f o r  a leak-check, e i ther  pre-test 
or following a component change: equal t o  0.00057 m3/min (0.02 
cfm) o r  4% o f  the average sampling rate ,  whichever i s  less .  

Individual leaka e r c t e  observed during the leak-check onducted c 
(cfm). 

Leakage r a t e  observed during the post-test leak-check, rn3/min 
(cfm). 

Stack-gas dry molecular weight, g/g-mole (lb/lb-mole). 

p r ior  t o  the " i t B m  component change (1 = 1, 2 ,  3...n) m s /min 

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

Pbar Barometric pressure a t  the sampling s i t e ,  mn Hg ( in .  Hg). 

Ps = Absolute stack-gas pressure, rn Hg (in. Hg). 

Pstd = Standard absolute pressure, 760 m Hg (29.92 I n .  Hg). 

R = Ideal gas constant, 0.06236 m Hg-d/K-g-mle (21.85 i n .  

Hg-ft3/*R-Ib-mole). ., 
1, = Absoiute average dry-gas meter temperature (see Figure a), K 

Ts 9 Absolute average stack-gas tcnperature (see Figure 6 ) ,  K ( * R ) .  
I 

( W .  

TStd 9 Standard absolute tenperature, 293K (528'R). 

V i c  Total volume of l iquid collected i n  the organic module condensate 

Vm = Volume of gas s a q l e  as measured by dry-gas meter, dscrn (dscf). 

knockout t rap,  the ilapingers, and s i l i c a  gel ,  mL. 

4 
V,(,td) 9 Volume of gas saq)le neasured by t h e  dry-gas meter, corrected 

V,(,td) 9 Volume of water vapor i n  the gar s q l e ,  corrected t o  standard 

to  standard conditions, dscm (dscf). 

conditions, scm (scf) .  

data obtained from Method 5, dsec (f t /sec) .  

9 
Vs = Stack-gar velocity,  calculated by Method 2, Equation 2-9, using 

Ua = Yeight of residue i n  acetone wash, mg. 

7 Dry-gas-meter ca l ibra t ion  factor ,  dimensionless. 

AH 9 Average ressure d i f f e ren t i a l  across the o r i f i c e  meter (see 
Figure 2 P , nn H f i  (In. H$). 

c) 
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pw = Densi ty  o f  water, 0.9982 g/mL (0.002201 lb/mL), 

8 = Total  sampling time, min. 

81  = Sampling time i n t e r v a l  from the beginning o f  a run u n t i l  the 

81 = Sampllng t ime i n t e r v a l  between two successive component 

f l r s t  component change, min. 

changes, beginning w i t h  the  i n t e r v a l  between the f i r s t  and 
second changes, mln. 

u n t i l  the  end o f  the  sampling run, min. 
BP = Sampllng t ime i n t e r v a l  from the  f i n a l  (nth) component change 

13.6 = S p e c i f i c  g r a v i t y  o f  mercury. 

60 = sedmin.  

100 = Conversion t o  percent. 

10.3 Average dry-gas-meter temperature and av rage 
drop: See data sheet (F igure 5, above). 

r i f i c e  pressure 

as volume: Correct  t h e  s q l e  measured by the d r  -gas meter 
t o  Eauation s t % - d ~ ( 2 O * C ,  1: 760 nn Hg [ W F ,  29.92 In. Hgj) by us ing . ..I 

T s t d  Pbar + AW13.6 pbar + AH/13.6 

where: 

K1  = 0.3858 K/m Hg for metric unl tr, o r  
K 1  = 17.64'R/ln. tlg for  Eng l ish  units. 

I t  should be noted t h a t  Equat ion 1 can be used as written, unless t h e  leakage 
r a t e  observed du r ing  any o f  thc mandatory leak-checks ( i .e . ,  the  pos t - tes t  
1 eak-check or leak-checks conducted prior to  component changes) exceeds La. 
If LP or L i  exceeds La, Equation 1 must be modlf ied as follows: 

a. Case I (no component changes made du r ing  sanpl ing run):  Replace V, 
m a t i o n  1 with the expression: 
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b. Case I1 (one o r  more component changes made during the sampling 
' run) :Replace Vm i n  Equation 1 by the expression: 

n 
0 

and subs t i tu te  only f o r  those leakage rates (L1 o r  Lp) that  exceed 
La. 

e. 
10.5 Volume o f  water vapor: 

pW RTstd 
= K2 " l C  - - 

'w(std) ' I C  
'std 

where: 

~2 
K2 = 0.04707 ft3imL f o r  English un i ts .  

0.001333 m3/m~ f o r  metr ic uni ts,  o r  

10.6 Moisture content: 0 

"w (s td) . 
'dstd)  + "w(std) 

. .- (3) 

0 NOTE: I n  saturated o r  water-droplet-laden gas streams, two calculat ions 
o f  the misture content o f  the stack gas sha l l  be made, one from 
the i l rpinger analysis (Equation 3)  and a second f r o m  the 
assunption o f  saturated conditions. The lower o f  the two values 
o f  Ei,, shal l  be considered correct. The procedure f o r  detennining 
the m i s t u r e  content based upon assumption o f  saturated conditions 
i s  given i n  the Note to Section 1.2 o f  Method 4. For the purposes 
o f  t h i s  method, the average stack-gas tenperature f r o m  Figure 6 
may be used t o  make t h i s  determination, provided tha t  the accuracy 
o f  the in-stack tcmperature sensor i s  +l*C (2'F). 

10.7 Conversion factors: 0 

w 
15.43 
2.205 x 

3 FrOn 
izT 
g i f t 3  
g I f t 3  
g / f t3  35.31 8 
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10.8 I s o k i n e t l c  v a r i a t i o n :  

10.8.1 Ca lcu la t i on  from raw data: 

100 Ts[K3Flc + (V,/T,) (Pbar + AH/13.6)] 
I =  

60EVsPSAn 
- 

where: 

K3 = 0.003454 nun Hg-m3/mL-K f o r  me t r i c  u n i t s ,  o r  
K3 = 0.002669 in .  Hg-ft3/mL-'R fo r  Engl ish un i ts .  

10.8.2 Ca lcu la t i on  f o r  i n t e d i a t e  values: 

TsVm(std) PstdlOO 
I = 'std V s EA n P s 60(1-6ws) 

( 4 )  

(5) 

where: 

K4 = 4.320 f o r  me t r i c  un i t s ,  o r  
Kq = 0.09450 fo r  Engl ish u n i t s .  

10.6.3 Acceptable r e s u l t s :  I f  9OX < I ( 1102, the  r e s u l t s - a r e  .. 
acceptable. 
I i s  beyond the  acceptable range, o r  i f  I i s  l ess  than 902, the 
Admin is t ra to r  may op t  t o  accept t h e  resu l t s .  

10.9 To determine the minimum sample volume t h a t  s h a l l  be co l l ec ted ,  the 
f o l l o w i n g  sequence o f  c a l c u l a t i o n s  s h a l l  be used. 

10.9.1 From p r i o r  ana lys is  o f  the waste feed, the  concentrat ion o f  
POHCs in t roduced i n t o  t h e  combustion system can be ca lcu lated.  The 
degree o f  des t ruc t i on  and removal e f f i c i e n c y  t h a t  i s  requ i red  i s  used t o  
determine the  maximum a m u n t  o f  POHC al lowed t o  be present i n  the 
e f f l u e n t .  Th is  nay be expressed as: 

(UF) (mC, conc) (100-XDRE) 

I f  t h e  r e s u l t s  a re  low i n  comparison w i t h  the  standard and 

Max WHCi Mass 
100 100 

where: 

YF = mass f l ow  r a t e  o f  waste feed p e r  hr ,  g /h r  ( l b /h r ) .  

POHCI = concent ra t ion  o f  P r i n c i p a l  Organic Hazardous Compound ( w t  L) 
in t roduced i n t o  the  combustion process. 
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ORE = percent Destruction and Removal Ef f ic iency required. 

Max POHC = mss flow ra te  (g/hr [ lb /hr ] )  of  POHC emitted from the 
combustion source. 

0 

10.9.2 The average discharge concentration o f  the POHC i n  the 
e f f l uen t  gas i s  detennined by comparing the Max POHC wi th  the volumetric 
f low ra te  being exhausted from the source. Volumetric f low ra te  data a r e  
avai lab le as a resu l t  o f  prel iminary Method 1-4 detenninations: 

Max POHCi Mass 

Oveff(std) 
= Max WHCi conc 

where: 

oveff(std) 9 volumetric f low ra te  O f  exhaust gas, dscm (dscf) .  

POHC! conc ant ic ipated concentration o f  the POHC I n  the 
exhaust gas stream, g/dscm ( lb /dscf ) .  

a 

10.9.3 I n  making t h i s  calculat ion,  i t  I s  recommended tha t  a safety 
margin o f  a t  leas t  ten be included: 

LDLWWC x 10 

vTBc 
"OHCi conc 

. .- 

' (e) 

where: 

LDL~oHc detectable m u n t  o f  WHC i n  en t i re  sampling t ra in .  
NOTE: The whole ex t rac t  fro. an XAD-2 car t r idge i s  seldom i f  ever, 

in jec ted  a t  once. Therefore, i f  a l iquot lng factors a r e  
involved, the LDL HC i s  not the same as the analy t ica l  (or 
c o l m )  detect ion PP i m i t .  

VTBC min ima  dry standard volume t o  be co l lected a t  dry-gas 
r t e r .  

0 
10.10 Concentration o f  any given WHC I n  the gaseous emissions o f  a 

combustion orocess: 

1) Mu l t i p l y  the concentration o f  the WHC as determined i n  Method 8270 

CWHC (ug/mL) x s-10 volume (mL) w u n t  (ug) o f  powc i n  saaple (9) 

by the f i n a l  concentration volume, t y p i c a l l y  10 .L. 
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where: 

C ~ O H C  = concentration o f  POHC as analyzed by Hethod 8270. 

2) Sum the anmunt o f  POHC found I n  a l l  samples associated with a single 

(10) 

t ra in .  

Total (ug) = XAO-2 (ug) 4 condensate (ug) 4 r inses (ug) + impinger (ug) - 

3) D i v i d e  t h e  t o t a l  ug found by the volume o f  stack gas sampled (rn3). 

(Total ug ) / ( t ra in  sample volume) concentration o f  POHC (ugh3)  (11) 

11.0 QUALITV CONTROL 

control.  
11.1 Sampling: See EPA Hanual 600/4-77-027b f o r  Method 5 qual i ty  

11.2 Anal s i s :  The qua l i t y  assurance program required f o r  t h i s  study 

incorporation o f  stable labeled surrogate conpounds, quant i tat ion versus 
stable labeled in ternal  standards, cap i l l a ry  column p c r f o m n c c  checks, and 
external p e r f o m n c e  tests. The surrogate spiking colrpounds selected f o r  a 
pa r t i cu la r  analysis are used as prlmary lndlcators o f  the  qua l i t y  o f  the 
analy t ica l  data f o r  a uide range o f  compounds and a var ie ty  o f  sample 
matrices. The assessment o f  combustion data, pos i t i ve  ident i f i ca t ion ,  and 
quant i ta t ion o f  the selected compounds are dependent on the i n t e g r i t y  o f  the- 
samples received and the precis ion and accuracy of the analyt ical  methods 
employed. The qua l i t y  assurance procedures f o r  t h i s  method are designed t o  
monitor the performance o f  the analy t ica l  method and t o  provide the required 
infonnation t o  take correct ive action i f  problems are observed i n  laboratory 
operations o r  in f i e l d  sampling ac t i v i t i es .  

11.2.1 F ie ld  Blanks: F ie ld  blanks nust be submitted wi th the 
samples co l lected a t  each s a q l i n g  s i t e .  The f i e l d  blanks Include the 
sample bo t t les  containing a l iquots  of sample recovery solvents, unused 
f i l t e r s ,  and res in  cartridges. A t  a minium, one cow le ta  sampling t r a i n  
w i l l  be assembled i n  the f l e l d  staging area, taken t o  the sanpling area, 
and leak-checked a t  the beglnning and end o f  the test ing (or f o r  the same 
t o t a l  number o f  t imes as the actual t e s t  t ra in) .  The f i l t e r  housing and 
probe o f  the  blank t r a l n  w i l l  be heated during the sanple t e s t .  The 
t r a i n  w i l l  be recovered as i f  i t  were an actual t e s t  saq le .  No gaseous 
sample w i l l  be passed through the s m l i n g  t ra in .  

11.2.2 Method blanks: A w t h o d  blank must be prepared for each s e t  
o f  analy t lca l  operations, t o  evaluate contamination and a r t i f a c t s  that 
can be derived fmm glassuan, reagents, and sample handling i n  the 

includes the _yT ana ys is  o f  f i e l d  and mcthod blanks, procedure validations, 

1 aboratory. 

considerations. 
11.2.3 Refer  t o  Hethod 8270 f o r  addit ional qua l i t y  control 
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12.0 METHOD PERFORMANCE 

12.1 Method perfonnance evaluation: Evaluation o f  analy t ica l  procedures 
fo r  a selected s e r i e s  o f  compounds must include the samle-preparation 
procedures and each associated analy t ica l  determination. The analyt ical  
procedures should be challznged by the tes t  covounds spiked a t  appropr ia te 
l e v e l s  and car r ied  through the procedures. 

12.2 dethod detect ion l i m i t :  The overa l l  method detection l i m i t s  (lower 
and upper) must be detennined on a compound-by-compound basis because 
d i f f e r e n t  compounds may exh ib i t  d i f fe ren t  co l lec t ion ,  retention, and 0 
extract ion e f f i c ienc ies  as well as instrumental minimum detection l i m i t  (MOL). 
The method detect ion l i m i t  must be quoted r e l a t i v e  t o  a given sample volume. 
The upper l i m i t s  f o r  the method must be determined r e l a t i v e  t o  compound 
retent ion volumes (breakthrough). 

12.3 Method precis ion and bias: The overa l l  method precis ion and b i a s  
must be detennined on a compound-by-conpound basis a t  a given concentration 
leve l .  The method precis ion value would include a combined v a r i a b i l i t y  due t o  
saw l ing ,  sample preparation, and instrumental analysis. The method bias 
would be dependent upon the co l lect ion,  retention, and extract ion ef f ic iency 
o f  the t r a i n  components. From evaluation studies t o  date using a dynamic 
sp ik ing system, method biases o f  -132 and -162 have been detennined f o r  
toluene and 1,1,2,2-tetrachloroethane, respectively. A prec is ion o f  19.9X was 
calculated frrjia a f l e l d  t e s t  data s e t .  representlng seven degrees o f  freedom 
which resul ted from a series o f  paired, unspiked S a l v o l a t i l e  Oqanic  Sampling 
t r a i n s  (Semi-VOST) sampling emissions frw a hazardous waste inc inerator% 
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METHOD 0010, APPENDIX A 

PREPARATIOM OF XAO-2 SORBENT RESIN 

1.0 SCOPE AND APPLICATION 

1.1 XAD-2 r e s i n  as suppl ied by the  manufacturer i s  impregnated with a 
b icarbonate  s d u t i o n  t o  i n h i b i t  m ic rob ia l  growth dur ing  storage. Both the 
s a l t  s o l u t i o n  and any res idua l  ex t rac tab le  monomer and polymer species must be 
removed be fore  use. The r e s i n  i s  prepared by a ser ies  o f  water and organic 
ex t rac t ions ,  fo l lowed by c a r e f u l  d ry ing .  

2.0 EXTRACTION 

2.1 Method 1: The procedure may be c a r r i e d  ou t  I n  a g i a n t  Soxhlet 
e x t r a c t o r . m - g l a s s  th imb le  con ta in ing  an extra-coarse frit i s  used f o r  
e x t r a c t i o n  o f  XAO-2. The, frit i s  recessed 10-15 nm above a c rene l l a ted  r i n g  
a t  the  bottom o f  the  th imb le  t o  f a c i l i t a t e  drainage. The r e s i n  must be 
c a r e f u l l y  re ta ined  in the  e x t r a c t o r  cup with a glass-wool p l u g  and s ta in less  
s tee l  screen because it f l o a t s  on methylene ch lo r ide .  This  pmcess invo lves 
sequent ia l  e x t r a c t i o n  i n  the  f o l l o w i n g  order.  

Solvent  P m c e d u r e 

Water I n i t i a l  r inse :  Place r e s i n  i n  a beaker, 
r inse once w i t h  Type I1  water, and ? 

d iscard.  F i l l  u i th  water a second time, 
l e t  stand overn ight ,  and dlscard.  

Water Ex t rac t  w l t h  H20 f o r  8 hr .  

Methyl a lcoho l  Ex t rac t  f o r  22 hr.  

Ex t rac t  f o r  22 hr .  

E x t r a c t  for  22 hr. 

Methylene c h l o r i d e  

Methylene c h l o r i d e  (fresh) 

2.2 Method 2: 

2.2.1 As an a l t e r n a t i v e  t o  Soxhlet  ex t rac t i on ,  a contlnuous 
e x t r a c t o r  has been fabricated fo r  the e x t r a c t i o n  squence. This  e x t r a c t o r  has 
been found t o  be acceptable. The p a r t i c u l a r  c a n i s t e r  used f o r  the  apparatus 
shown i n  F igure  A-1 conta ins about 500 g o f  f i n i s h e d  XAO-2. Any s i z e  may be 
constructed: t h e  choice i s  dependent on the  needs o f  the  sanpl ing programs. 
The XAO-2 i s  h e l d  under l i g h t  spr ing  tens ion  between a p a i r  o f  coarse and f i n e  
screens. Spacers under the bottom screen a l l ow  f o r  even d i s t r i b u t i o n  of clean 
solvent.  The three-necked f l a s k  should be o f  s u f f i c i e n t  s i z e  ( 3 - l i t e r  i n  t h i s  
case) t o  h o l d  so lvent  
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Figure A-1. XAD-2 cleanup extraction apparatus. 
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equal t o  twice the dead volume of the XAD-2 canister. Solvent i s  refluxed 
through the Snyder column, and the d i s t i l l a t e  1s continuously cycled up 
through the XAD-2 f o r  extract ion and returned t o  the f lask. The f l o w  i s  
maintained upward through the XAO-2 t o  al low maximum solvent contact and 
prevent channeling. A v a l v e  a t  the bottom o f  the canister allows removal o f  
solvent f r o m  the canister between changes. 0 

0 

0 

0 

0 

0 

0 

0 

2.2.2 Experience has shown tha t  i t  i s  very d i f f i c u l t  t o  cycle 
su f f i c i en t  w a t e r  i n  t h i s  mode. Therefore the aqueous r inse i s  accomplished by 
simply f lushing the canister wi th about 20 l i t e r s  o f  d i s t i l l e d  wa te r .  A s m a l l  
pump may be useful for  pumping the water through the canister. The w a t e r  
extract ion should be carr ied out a t  the ra te  o f  about 20-40 mL/min. 

2.2.3 A f t e r  draining the water, subsequent methyl alcohol and 
methylene chlor ide extract ions are carr ied out using the re f lux ing  apparatus. 
An overnight or 10- t o  20-hr period i s  n o m l l y  su f f i c i en t  f o r  each 
extract ion. 

2.2.4 A l l  materials o f  construction are glass, Teflon, o r  stainless 
steel .  Pumps, i f  used, should not contain extractable materials. Pumps a r e  
not used w i th  methanol and methylene chloride. 

3.0 DRYING 

3.1 A f t e r  evaluation o f  several methods o f  m v l n g  residual solvent, a 
f luidized-bed technique has proved to  be the fastest  and mst re l i ab le  drying 
method. 

3.2 A s inp le column wi th  su i tab le retainers, as shown i n  Figure A-2,  
w i l l  serve as a sat is factory  colum. A 10.2-a (4-in.) Pyrex pipe 0.6 m (2 
f t )  long w i l l  hold a l l  o f  the XAD-2 fnn the ext ractor  shorn i n  Figure A - 1  o r  
the Soxhlet extractor,  w i th  su f f i c ien t  space f o r  f l u i d i z i n g  the bed while 
generating a minimum resin load a t  the e x i t  o f  the column. 

3 . 3  Method 1: The gas used t o  remove the solvent i s  the key to  
p r e s e r v i n g t h c a n l l n e s s  o f  the XAD-2. Liquid nitrogen f r o m  a standard 
comnercial l i q u i d  ni t rogen cyl inder has rout ine ly  proved t o  be a re l i ab le  
source o f  large volumes o f  gas frea fmo organic contaminants. The l i q u i d  
nitrogen cy l inder  i s  connected t o  the co lum by a length o f  precleaned 0.95-cm 
(3/8-in.) copper tubing, co i led  t o  pass through a heat source. As nitrogen i s  
bled from the cyl inder,  i t  i s  vaporized i n  the heat source and passes through 
the column. A convenient heat source i s  a water bath heated f r o m  a steam 
l ine .  The f i n a l  n i t rogen tcmperature should only be warn t o  the touch and not 
over 40'C. Experience has shorn tha t  about 500 g o f  LAD-2 may be dr ied 
overnight by consuming a f u l l  160- l i te r  cy l inder  o f  l i q u i d  nitrogen. 

3.4 Method 2: As a second choice, h igh-pur i ty tank nitrogen may be used 
t o  dry t h e m  The high-pur i ty ni t rogen must f i r s t  be passed through a bed 

I 

0 

0 
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o f  act ivated charcoal approximately 150 mL i n  volume. Y i t h  e i ther  type o f  
dry ing method, the ra te  o f  f low should gent ly ag i ta te the bed. Excessive 
f l u i d i z a t i o n  may cause the par t i c les  t o  break up. 

0 

0 

0 

0 

0 

0 

0 

4.0 QUALITY CONTROL PROCEDURES 

4 . 1  For-both Methods 1 and 2,  the qua l i t y  control  resul ts  must be 
reported fo r  the batch. The batch must be reextracted i f  the r a u a l  
extractable organics are >ZO ug/mL by TCO analysis or the gravimetric residue 
I s  x . 5  mg/20 g XAD-2 extracted. 

4.2 Four control  procedures are used w i th  the f i n a l  XAD-2 t o  check f o r  
(1) residual methylene chloride, (2) extractable organics (TCO), (3)  speci f lc  
compounds o f  in te res t  as detennined by GC/MS, as described i n  Section 4.5 
below, and (4) residue (GRAV). 

(See also section 5.1, Method 0010.) 

4.3 Procedure f o r  residual methylene chloride: 

4.3.1 Darcr ipt lon:  A 1tO.1-g sanple o f  dr ied  res in  i s  weighed in to  
a small v i a l ,  3 mL o f  toluene a% added, and the v i a l  i s  capped and well 
shaken. Five UL o f  toluene (now containing extracted methylene chloride) are 
in jected i n t o  a gas chromatograph, and the resu l t ing  integrated area i s  
conpared w i th  a reference standad. The reference so lut ion consists o f  2.5 uL 
o f  methylene ch lor ide i n  100 mL o f  toluene, simulating 100 ug o f  residual 
methylene ch lor ide on the resin. The acceptable m a x i m u  content i s  1,000 ug/g 
resin. I 

4.3.2 E x p e r l m t a l :  The gas chromatograph conditions are as 
fo l  1 ow5 : 

6 - f t  x 1/8-in. stainless steel column containing 1OX OV-101 on 
100/120 Supelcoport; 

Helium c a r r i e r  a t  30 mL/ain; 

F I D  operated on 4 x 10-11 AImV; 

I n jec t i on  po r t  temperature: 250.C: 

Detector tcnperature: 305'C; 

Program: 

Program teminated a t  1,000 sec. 

30*C(4 min) 4 0 W m i n  250'C (hold): and 

4.4 Procedure f o r  residual extractable organics: 

4.4.1 Description: A 209.1-g  s m l e  o f  cleaned, dr ied res in  I s  
weighed i n t o  a preclerned alundro or cel lu lose t h i d l e  which i s  plugged with 
cleaned glass ml. (Note tha t  20 g o f  res in  w i l l  f i l l  a t h i d l e ,  and the 
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res in  w i l l  f l oa t  out unless well  plugged.) The thimble containing t h e  r e s i n  
i s  extracted f o r  24 h r  w i th  200-mL of pesticide- grade methylene chloride 
(Burdick and Jackson pesticide-grade o r  equivalent pur i t y ) .  The 200-mL 
extract  i s  reduced i n  volume t o  10-ml using a Kuderna-Danish concentrator 
and/or a n i t rogen evaporation stream. Five uL o f  tha t  so lu t ion are analyzed 
by gas chromatography using the TCO analysis procedure. The concentrated 
so lut ion should not contain >20 ug/mL o f  TCO extracted from the UD-2 .  This 
i s  equivalent t o  10 ug/g of TCO i n  the XAD-2 and would correspond t o  1.3 mq o f  
TCO i n  the-ext ract  of the 130- XAD-2 module. Care should be taken t o  correct 

s i m l l a r  manner. 

4.4.2 Expcrirntal:  Use the TCO analysis condit ions described i n  
the revlsed Level 1 manual (EPA 600/7-78-201). 

4.5 GC/MS Screen: The ext ract ,  as prepared i n  paragraph 4.4.1, i s  
subjected t o  GClMS analysls f o r  each o f  the Ind iv idual  compounds of interest .  
The GC/MS procedure i s  described I n  Chapter Four, Method 8270. 
screened a t  the MOL o f  each conpound. The presence o f  any conpound a t  a 
concentration >25 ug/mL i n  the Concentrated ext ract  u i l l  r q u i r e  the XAD-2 t o  
be recleaned by repeating the methylene chlor ide step. 

4.6 Methodolow f o r  residual  gravimetr ic detennination: A f te r  the TCO 
value and tC/MS data are obtained f o r  the res in  batch by the above procedures, 0 
dry the remainder o f  the ext ract  i n  a tared vessel. There must be <0.5 mg 
residue reg is tered o r  the batch of  res in  n t l l  have t o  be extracted r i t h  fresh 
methylene ch lor ide again u n t i l  i t  meets t h i s  c r i t e r i on .  This level 
corresponds t o  25 ug/g i n  the XAD-2, or about 3.25 rpg i n  a res in  chdlge of 
130 g. 

the TCO data fo r  a solvent b 4 ank prepared (200 m l  reduced t o  10 mL) i n  a 

0 

The extract  i s  0 

0 

0 
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METHOD 0010, APPENDIX B 

TOTAL CHROMATOGRAPHABLE ORGANIC MATERIAL ANALYSIS 

a 

l 

m 

e 

e 

el 

e 

e 

1.0 SCOPE AND APPLICATION 

1.1 In t h i s  procedure, gas chromatography i s  used t o  deternine the 
quant i ty of lower b o i l i n g  hydrocarbons (bo l l lng  points between 90’ and 300.C) 
i n  t h e  concentrates o f  a l l  o q a n i c  solvent rinses, XAD-2 res in  and LC 
f ract ions - when Method 1 I s  used (see References, Method 0010) - encountered 
I n  Level 1 environmental s a v l e  analyses. Data obtained uslng t h i s  procedure 
se rve  a twofold purpose. F i r s t ,  the t o t a l  quant i ty o f  the l o w e r  bo i l ing  
hydrocarbons i n  the sample i s  detemined. Then whenever the hydrocarbon 
concentrations i n  the o r lg ina l  concentrates exceed 75 ug/m3, t he  
chromatography resul ts  are reexamined t o  determine the amounts o f  individual 
species. 

The extent o f  compound Iden t l f i ca t l on  I s  l im i ted  t o  representing a l l  
materials as normal alkanes based upon colrparison o f  b o l l l n g  polnts. Thus the 
method i s  not qual i ta t ive.  I n  a s lm i la r  manner, the analysis i s  
semiquantltative: ca l ibrat ions are  prepared using only one hydrocarbon. They 
are rep l icated but samples rou t ine ly  are not. 

1.2 A l l ca t i on :  This procedure applies solely t o  the Level 1 C7-CI6 
gas chromatograp c analysls o f  concentrates o f  o q a n i c  extracts, neat 
l iqu ids ,  and o f  LC fractions. Throughout the procedure, i t  i s  assumed t h e  
analyst has been given a properly prepared sanple. 

1.3 S e n s i t i v i t  The s e n s l t i v l t y  o f  t h i s  procedure, defined as t h e  
slope o f  4. response versus concentration, i s  dependent on t h e  
Instrument and must be v e r l f i e d  regular ly.  TRY experience indicates the 
nominal range i s  of the order o f  77 uV.V*sec.uL/ng o f  n-heptane and 79 
uV-sec-ul lng o f  n-hexadecane. The instrument i s  capable ;f perhaps one 
hundredfold greater sens l t i v l t y .  The level  spccl f led here i s  suf f i c ien t  f o r  
Level 1 analysis. 

1.4 Detection l i m l t :  The detect ion l l m l t  o f  t h l s  procedure as wr i t ten  
i s  1.3 ng/uL f o r  a 1 UL i n j ec t l on  o f  n-decane. This l l m l t  i s  a r b i t r a r i l y  
based on def in ing the mlnimm detectable response as 100 uv-sec. This i s  an 
easier operational d e f i n i t l o n  than def in ing the mlniaus detection l l m l t  t o  be 
t h a t  amount o f  m t e r l a l  whlch y l e l d r  a signal twice the noise level .  

1.5 Range: The range o f  the procedure w i l l  be concentrations o f  1.3 
ng/uL and greater. 

” 

+ 

1.6. Limitat ions 

1.6.1 Reporting l lm l ta t ions :  I t  should be noted that a typical  
environmental sample w i l l  contain cmounds whlch: (a) w i l l  not e lu te in 
the specl f led b o l l l n g  ranges and thus w i l l  not be reported, and/or (b) 

e 

a 
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w i l l  not e lu te  from the colUan a t  a l l  and thus w i l l  not be reported. 
Consequently, the organic content of the sanple as reported Is a l o w e r  
bound and should be regarded as such. 

ca l i b ra  ion  w i th  n-decane. Data should therefore be reported as, e.g., 

(over a wlde ran e the assumption ray  Involve a 202 error) ,  i t  i s  c l e a r  
that  heptane (C7 ? detected i n  a s m l e  and quanti tated as decane w i l l  be 
overestimated. Likewise, hexadecane (C16) qUantltdted as decane w i l l  be 
underesttmated. From previous data, i t  i s  estimated the error  Involved 
i s  on the order o f  6-71. 

1.6.3 Detection l i m i t r t l o n s :  The s e n s l t l v i t y  o f  the flame 
ion iza t ion  detector varies f r o m  compound t o  compound. However, n-al kanes 
have a greater response than other classes. Consequently, using an n- 
alkane as a ca l ib ran t  and assuming equal responses o f  a l l  other compounds 
tends t o  give lor reported values. 

1.6.2 Cal ibrat ion 1 imi ta t ions:  Quanti tat ion i s  based on 

mg C8/m ! as n-decane. Since response varies l i n e a r l y  wi th  carbon number 

0 

t . 0  SUWARY OF METHOD 

2.1 A mL a l iquot  of a l l  10-ml concentrates i s  disbursed f o r  GC-TCO 
analysis. With b o i l i n g  point - re tent ion t lw and response-amount ca l ib ra t ion  
curves, the data (peak retent ion times and peak areas) are Interpreted by 
f i r s t  s w i n g  peak areas i n  the ranges obtained from the b o i l i n g  point- 
re tent ion tim cal lbrat ion.  Then, w i t h  the response-anmunt ca l ib ra t ton  curve, 
the area sums are converted t o  mounts o f  material i n  the reported M i l i n g  
po in t  ranges. 

2.2 Af te r  the instrument i s  set  up, the b o i l i n g  point-retent ion t i m e  
ca l i b ra t i on  i s  ef fected by i n j e c t i n g  a mixture o f  n-C7 through n-C16 
hydrocarbons and operating the standard teaperatun program. Response- 
quant i ty ca l ib ra t ions  are accoq l ished by i n jec t i ng  n-decane i n  n-pentane 
standards and per foming the standard temperature program. 

c 

2.3 De f in i t i ons  . .  6C: Gas chromatography o r  gas chromatograph. 

0 

2.3.2 C7416 n-alkanes: Heptane through hexadecane. 

2.3.3 6CA tmr r tum p m r u :  4 min isothermal a t  60'C, 10'C/min . 
from 60' t o  220'C. 

2.3.4 TRY t m r r t u m  program: 5 min isothennal a t  room 
tenperature, then program f r o m  30'C t o  250'C a t  15*C/min. 

3.0 INTERFERENCES 

Not appl icable. 
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4.0 APPARATUS AN0 MATERIALS 

0 

0 

0 

0 

4.1 Gas chromatoqraph: This procedure i s  intended fo r  use on a Varian 
1860 gas chromatograph, equipped wi th  dual flame ion izat ion detectors and a 
l i nea r  temperature programer. Any equivalent instrument can be used provided 
t h a t  electrometer sett ings, etc., be changed appropriately. 

4.2 Gases: 

4 . 2 . 1  Helium: Minimum qua l i t y  i s  reactor grade. A 4A o r  13X 
molecular s i e v e  drying tube i s  required. A f i l t e r  must be placed between 
the t rap and the instrument. The trap should be recharged a f t e r  every 
t h i r d  tank o f  helium. 

- - 

4.2.2 A i r :  Zero grade i s  sat is factory .  

4.2.3 Hydrogen: Zero grade. 

4.3 Syringe: Syringes are Hamilton 701N. 10 uL, o r  equivalent. 

4.4 Septa: Septa w i l l  be o f  such qua l i t y  as t o  produce very low bleed 
during the tenperature program. An appropriate septum 1s Supclco Microrep 
138, which i s  Teflon-backed. I f  septum bleed cannot be reduced t o  a 
neg l ig ib le  level ,  i t  w i l l  be necessary t o  i n s t a l l  septum swingers on the 
i nstrument . 

4.5 Recorder: The recorder o f  t h i s  procedure must be capable of not 
less than 1 1 - s c a l e  display, a 1-sec t i m e  constant and 0.5 in. per nin 
chart  rate. 

4.6 I n t  ra tor :  An in tegrator  i s  required. Peak area measurement by 0 
hand i s  sat +-- s actory but  too time-consuming. I f  manual integrat ion I s  
required, the method o f  'height times width a t  h a l f  height' i s  used. 

0 

0 

0 

4.7 Colunms: 

o f  10% ov-101 on 1001120 mesh Supelcoport. 
4.7.1 p r s f e w d  co lu r :  6 f t  x 1/8 in. 0.0. stainless steel  column 

4.7.2 A l temt8  colm: 6 ft x 1/8 in. 0.0. stainless steel  column 
o f  10% OV-1 (or other s i l i c o n  phase) on 100/120 mesh Supelcoport. 

4 .8  S r i n  e cleaner: Hamilton syringe cleaner o r  equivalent connected 
t o  a su i ta  + e vacuum source. 

5.0 REAGENTS 

t r a d e m a r k ) f o r a n d a r d s  and f o r  syringe cleaning. 
5.1 Pentane: 'Dist i l led- in-6lass'  (reg. trademark) o r  'Nanograde' (reg. 
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5.2 Methylene chloride: "01 s t i  11 ed-i  n-G1 ass' (reg. trademark) or  
"Nanograde" (reg. trademark) f o r  syringe cleaning. 

6.0 SAMPLING HANDLING AND PRESERVATION 0 

6.1 The ext racts  a r e  concentrated in a Kuderna-Oanish evaporator t o  a 
volume l e s s  than 10 mL. The concentrate i s  then quant i ta t i ve ly  transferred t o  
a IO-mL volumetric f lask  and d i l u ted  t o  volume. A 1-mL a l iquot  i s  taken f o r  
both th i s  analysis and possible subsequent GC/HS analysis and set aside i n  t h e  
sample bank. For each G C - K O  analysls, obtain the sample su f f i c i en t l y  i n  0 
advance t o  al low i t  t o  warn t o  room temperature. For example, a f t e r  one 
analysis i s  started, re turn that  sample to  the sample bank and t a k e  t h e  next 
samp 1 e. 

7.0 PROCEDURES 0 

fo1:ow:ng: 
7.1 Setup and checkout: Each day, the operator w i l l  ve r i f y  t h e  

7.1.1 That supplies o f  c a r r i e r  gas, a i r  and hydrogen a r e  

7.1.2 That, a f t e r  replacement o f  any gas cyl inder,  a l l  connections 

7.1.3 That the c a r r i e r  gas flow ra te  is 30 + 2 mL/min, the hydrogen 

7.1.4 That the electrometer i s  funct ioning properly. 

7.1.5 That the recorder and in tegrator  are funct ioning properly. 

7.1.6 That the septa have been leak-checked (leak-checking i s  

su f f l c i en t ,  i . e . ,  tha t  each tank contains > 100 pslg. 

leadl  ng t o  the chromatograph have been leak-checked. 

f low r a t e  I s  30 - + 2 mL/min, and the air f low rate- is 300 

0 

- 
0 20 mL!min. 

ef fected by p lac ing the soap bubble f low meter i n l e t  tube over the 
i n j e c t l o n  port adaptors), and t h a t  no septum w i l l  be used f o r  more  than 
20 in ject ions.  

7.1.7 That the l i s t  o f  sanples t o  be run i s  ready. 

7.2 Retention t ime ca l ibrat ion:  0 

7.2.1 To obtain the tenperature ranges f o r  report ing the resul ts  o f  
the analyses, the chromatograph i s  given a n o m 1  b o i l i n g  point-retent ion 
time ca l ib ra t ion .  The n-alkanes, t h e i r  b o i l i n g  points, and data 
report ing ranges are given i n  the tab le below: 

0 
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"C Reporting Range.'C Report As 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n-heptane 
n-octane 
n-nonane 
n-decane 
n-undecane 
n-dodecane 
n- trl decane 
n-tetradecane 
n-pentadecane 
n-hexadecane 

98 
126 
151 
174 
194 
214 
234 
252 
270 
288 

90-110 c7 
110-140 C8 
140-160 c9 
160-180 c10 
180-200 c11 
200-220 c12 
220-240 C13 
240-260 C14 
260-280 c15 
280-300 C16 

7.2.2 Preparation o f  standards: Preparing a mixture o f  the C7-Cl6 
alkanes i s  required. There a r e  two approaches: (1) use o f  a standards 
k i t  (e.g., Polyscience Kt t )  containing bo t t les  of mixtures o f  selected n- 
alkanes which may be c d i n e d  t o  produce a C7-Cl6 standard; o r  (2) use o f  
bo t t l es  o f  the ind iv idual  E7416 alkanes from which accurately known 
volumes may be taken and c d i n e d  t o  g ive  a C7-Cl6 mixture. 

7.2.3 procadurn for  mten t lon  tlm cal ibrat ion:  This ca l lb ra t ion  
i s  per fo rwd  a t  the s t a r t  o f  an analy t ica l  program: the mixture i s  
c h m t o g r a p h e d  a t  the s t a r t  o f  each day. To a t t a i n  the r q u i r e d  
retent ion tilac precision, both the c a r r i e r  gas f low ra te  and the 
temperature program speci f icat ions must be observed. Detai ls o f  the 
procedure depend on the i ns t rumnt  belng used. The general procedure I s  
as follows: -. 

7.2.3.1 Set the pmgr-r upper l i m i t  a t  250.C. I f  t h l s  
se t t ing  does not produce a column teqe ra tu re  o f  250*C, f i n d  the 
correct  se t t ing  . 

7.2.3.2 Set the pmgraawr  lower l i m i t  a t  30.C. 

7.2.3.3 Verify tha t  the ins t rwmnt  and sauples are a t  mom 
tengerature. 

7.2.3.4 Inject 1 UL o f  the n-r lkanr mixture. 

7.2.3.5 S t a r t  the in tegra tor  a d  recorder. 

7.2.3.6 A l l o w  the tnrtnrment t o  run i s o t h e m l l y  a t  room 

7.2.3.7 Shut the oven door. 

7.2.3.8 Change the d e  to Automttc  and s t a r t  the teqera ture  
program. 

7.2.3.9 Repeat Steps 1-9 a su f f i c ten t  nraber o f  times so that  
the r e l a t i v e  standard deviat ion o f  the retentton times f o r  each peak 
i s  <5r. 

temperature f o r  f i v e  min. 
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7.3 Response ca l ibrat ion:  

7.3.1 For the purposes of a Level 1 analysis, response-quantity 
ca l i b ra t i on  w i th  n-decane i s  adequate. A 10-uL volumc o f  n-decane t s  
in jected i n t o  a tared 10 mL volumetric f lask. The weight in jected i s  
obtained and the f lask i s  d i l u t e d  t o  the mark wi th  n-pentane. T h i s  
standard contains about 730 ng n-decane per uL n-pentane. The e x a c t  
concentration depends on temperature, so that  a weight 1 s  required. TWO 
se r ia l  ten fo ld  d i l u t i o n s  are made f rom t h i s  standard, g iv lng standards a t  
about 730, 73, and 7.3 ng n-decane per UL n-pentane, respectively. 

perfomed a t  the s t a r t  o f  an analy t lca l  program and monthly thereafter. 
The most concentrated standard i s  in jected once each day. Any change i n  
ca l i b ra t i on  necessitates a f u l l  ca l i b ra t l on  wi th  new standards. 
Standards are stored i n  the re f r igera tor  locker and are made up monthly. 

7.3.2 Procedure for response ca l ibrat ion:  This ca l ib ra t ion  i s  0 

7.3.2.1 Ver l fy  t ha t  the instrument i s  set  up pmper ly .  0 

7.3.2.2 Set e l e c t m e t e r  a t  1 x 10-10 A/mV. 

7.3.2.3 I n j e c t  1 UL of the highest concentration standah. 

7.3.2.4 Run standard tc lperature program as speci f ied above. 0 

7.3.2.5 Clean syrlnge. 

7.3.2.6 Make repeated in ject ions o f  a l l  three standards u n t i l  
the r e l a t i v e  standard devlat ions o f  the areas o f  each standard a r e  
<sa. e 

7.4 Sanmle analysis procedure: 

7.4.1 The fol lowing apparatus i s  r q u i r e d :  

7.4.1.1 br  ch-tognph set up and working. 

7.4.1.2 Recorder, In tegra tor  working. 

0 

7.4.1.3 Syringe and syringe cleaning apparatus. 

7.4.1.4 Paructers :  Electrometer se t t i ng  i s  1 x 10-1O A/mV; 
0 

recorder i s  set a t  0.5 in./min and 1 mV fu l l -sca le.  

7.4.2 Steps i n  the procedure are: 

7 . 4 2 . 1  Label chromatogram wi th  the data, sample number, etc. 0 
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0 

0 

0 

0 

0 

0 

7.4.2.2 In jec t  sample. 

7.4.2.3 S t a r t  in tegrator  and recorder. 

7.4.2.4 A f t e r  isothermal operation for  5 min, begin 

7.4.2.5 Clean syringe. 

7.4.2.6 Return sample: obtain new sample. 

7.4.2.7 Yhen analysis i s  f inished, allow instrument t o  cool. 
Turn chromatogram and tntegrator output and data sheet o v e r  t o  data 
analyst. 

temperature program. 

- 

7.5 Syringe cleaninq procedure: 

7.5.1 Remove plunger f r o m  syringe. 

7.5.2 Inser t  syringe i n t o  cleaner: turn on aspirator. 

7.5.3 F i l l  p ipet  w i th  pentane: run pentane through syringe. 

7.5.4 Repeat w i th  methylene ch lor ide f r o m  a separate pipet. 

7.5.5 Flush plunger w i th  pentane followed by methylene chloride. 

7.5.6 Repeat w i th  methylene chloride. 
Y 

7.6 Sam\t analysis decision c r i te r ion :  The data f r o m  the TCQ analyses 
o f  organic ext ract  and r inse  concentrates are flnt used t o  calculate the 
to ta l  concentration o f  C7-Cl6 hydrocarbon-qulvalents (Paragraph 7.7.3) i n  t h e  
sample w i th  respect t o  the volume o f  a i r  actua l ly  sampled, i.e., u g h 3 .  On 
th i s  basls, a decision i s  made both on h a t h e r  t o  calculate the quant i ty o f  
each n-a1 kane equivalent present and on whlch analy t ica l  procedural pathway 
w i l l  be followed. If the t o t a l  o anic content I s  g n a t  enough t o  w r rant  

requlre only LC f ract lonat lon and g rav i lw t r l c  detenninatlons and IR spectra t o  
be obtained on each fractton. If the TCO i s  greater than 75 ug/m3, then the 
f irst seven LC f ract ions o f  each s m l e  w i l l  be reanalyzed using t h i s  same gas 
chromatographic technique. 

continuing the analysis -- >SO0 ql3 -- a K O  of  less than 75 u g h  3 w i l l  

7.7 Calculations: 

7.7.1 Boiling h i n t  - Retention Tim Cal ibrat ion:  The required 
data f o r  t h l s  ca l i b ra t i on  a n  on the chromatogram and on the data sheet. 
The data reductlon i s  perfonned as follows: 

0 

0 

0 

7.7.1.1 Average the retent lon tlmes and calculate r e l a t i v e  
standard deviat lonr f o r  each n-hydrocarbon. 
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7.7.1.2 Plot  average retent ion times as abscissae ve rsus  

7.7.1.3 Draw in ca l i b ra t i on  curve. 

7.7.1.4 Locate and record retent ion times corresonding t o  
bo1 1 ing  ranges 90-100, 110-140, 140-160, 160-180, 180-200, 200-220, 

7.7.2 Response-munt ca l ibrat ion:  The required data  f o r  t h i s  
ca l l b ra t i on  are on the chromatogram and on the data sheet. The data 
reduction i s  perfonned as fol lows: 

7.7.2.1 Average the area responses o f  each standard and 
ca lcu late re1 a t i ve  standard deviations. 

7.7.2.2 Plot  response (uv-sec) as ordinate versus ng/uL as 
abscissa. 

7.7.2.3 Draw i n  the curve. Perfora leas t  squares regression 
and obtain slope (uV-sec.uL/ng). 

7.7.3 Total C7-Cl6 hydrocarbons analysis: The required data f o r  
The data 

7.7.3.1 Sum the areas o f  a11 peaks w i th in  the retent ior r t ime 
range o f  in terest .  

7.7.3.2 Convert t h i s  area (uV.sec) t o  ng/uL by d iv id ing  by the 
weight response f o r  n-decane (uV.rec.uL/ng). 

7.7.3.3 Mul t i p l y  t h i s  weight by the t o t a l  concentrate volume 
(10 mL) t o  get the weight o f  the C7-CI6 hydrocarbons I n  the sample. 

7.7.3.4 Using the v o l w  o f  gar sanpled or the t o t a l  weight o f  
sample acquired, convert the resu l t  o f  Step 7.7.3.3 above t o  ugh3.  

7.7.3.5 I f  the value o f  o t a l  C 7 4 6  hydmcarbons f r o m  Step 
7.7.3.4 above exceeds 75 ug/ 3 , calculate ind iv idual  hydrocarbon 
concentrations i n  accordance w i th  the inst ruct ions I n  Paragraph 
7.7.5.5 below. 

7.7.4 Ind iv idual  C7-CI6 n-Alkane Equivr lant  Analysis: The required 
data f r o m  the analyses am on the chrcwtograa and on the data sheet. 
The data reduction i s  pcrfotmed as follows: 

7.7.4.1 Sua the areas of peaks i n  the proper re tent ion time 

noma1 b o i l i n g  points as ordinates. 

220-240, 240-260, 260-280, 280-3OO'C. - 

t h i s  ca lcu lat ion are on the chmmatogram and on the data sheet. 
reduction i s  performed as follows: 

ranger. 

a 

0 

a 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

7.7 .4 .2  Convert areas (uv-sec) t o  ng/uL by d iv id ing  by the 

7.7.4.3 Mul t ip ly  each weight by to ta l  concentrate volume (10 

7.7.4.4 Using the volume o f  gas sampled on the t o t a l  weight o f  

proper weight response (uV-sec.uL/ng). 

mL) t o  get weight o f  species i n  each range o f  the sanple. 

sample acquired, convert the resu l t  of Step 7.7 .4 .3  above t o  u g / d .  

8.0 QUALITY CONTROL 

method. 
8.1 Appropriate QC i s  found i n  the pert inent procedures throughout the 

9.0 METHOD PERFORMANCE 

9.1 Even r e l a t i v e l y  comprehensive e r ro r  propagation analysis i s  beyond 
the scope o f  t h i s  procedure. Y i th  reasonable care, peak area reproducib i l i ty  
o f  a standard should be o f  the order of 1X RSD. The r e l a t i v e  standard 
deviat ion o f  the sum of a11 peaks i n  a f a i r l y  cowlex  waste might be o f  the 
order o f  5-101. Accuracy i s  more d i f f i c u l t  t o  assess. U i t h  good analyt ical  
technique, accuracy and precis ion should be of the order o f  10-2OX. 

10.0 REFERENCES 

1. Emissions Assessment o f  Conventional Stationary Combustion Systems: 
Methods and Procedure Manual f o r  Sampling and Analysis, Interagency 
Energy/Environmental RhD Program, Indus t r ia l  Environmental Research 
Laboratory, Research Triangle Park, NC 27711, EPA-600/7-79-029a, January 1979. 
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Method 3 - Gas A n a l y s i s  f o r  the D e t e r m i n a t i o n  o f  
Dry M o l e c u l a r  Y e i g h t  

1. APPLICABILITY AND PRINCIPLE 

1.1 A p p l i c a b i l i t y .  

1.1.1 T h i s  method i s  a p p l i c a b l e  f o r  d e t e r m i n i n g  carbon d i o x i d e  (CO,) and oxygen 
(0  ) c o n c e n t r a t i o n s  and d r y  m o l e c u l a r  w e i g h t  o f  a sample f rom a gas s t ream o f  
a q o s s i l - f u e l  combust ion  p rocess .  The method may a l s o  be a p p l i c a b l e  t o  o t h e r  
p rocesses  where i t  has been de termined t h a t  compounds o t h e r  t h a n  C02, 02, carbon 
monoxide ( C O ) ,  and n i t r o g e n  ( N 2 )  a r e  n o t  p r e s e n t  i n  c o n c e n t r a t i o n s  s u f f i c i e n t  
t o  a f f e c t  t h e  r e s u l t s .  

1.1.2 Othe r  methods, as w e l l  as m o d i f i c a t i o n s  t o  t h e  p rocedure  d e s c r i b e d  h e r e i n ,  
a r e  a l s o  a p p l i c a b l e  f o r  some o r  a l l  o f  t h e  above d e t e r m i n a t i o n s .  Examples o f  
s p e c i f i c  methods and m o d i f i c a t i o n s  i n c l u d e :  ( 1 )  a m u l t i - p o i n t  sampl ing  method 
u s i n g  an O r s a t  a n a l y z e r  t o  ana lyze  i n d i v i d u a l  g rab  samples o b t a i n e d  a t  each 
p o i n t ;  ( 2 )  a method u s i n g  CO o r  O2 and s t o i c h i o m e t r i c  c a l c u l a t i o n s  t o  de te rm ine  
d r y  m o l e c u l a r  w e i g h t ;  and ( 3 f  a s s i g n i n g  a v a l u e  o f  30.0 f o r  dry m o l e c u l a r  w e i g h t ,  
i n  l i e u  o f  a c t u a l  measurements, f o r  p rocesses  b u r n i n g  n a t u r a l  gas ,  c o a l ,  o r -o i l . . ?  
These methods and m o d i f i c a t i o n s  may be used, b u t  a r e  s u b j e c t  t o  t h e  approva l  o f  
t h e  A d m i n i s t r a t o r ,  U .S .  Env i ronmenta l  P r o t e c t i o n  Agency (EPA). 

1.1.3 Note. Men t ion  o f  t r a d e  names o r  s p e c i f i c  p r o d u c t s  does n o t  c o n s t i t u t e  
endorsement by EPA. 

1.2 P r i n c i p l e .  A gas sample i s  e x t r a c t e d  f rom a s t a c k  by one o f  t h e  f o l l o w i n g  
methods: (1) s i n g l e - p o i n t ,  g r a b  sampl ing ;  ( 2 )  s i n g l e - p o i n t ,  i n t e g r a t e d  sampl ing;  
o r  ( 3 )  m u l t i - p o i n t ,  i n t e g r a t e d  sampl ing .  The gas sample i s  ana lyzed f o r  pe rcen t  
C O  , p e r c e n t  02, and i f  necessary ,  f o r  p e r c e n t  CO.  Fo r  dry m o l e c u l a r  we igh t  
d e t e r m i n a t i o n ,  e i t h e r  an O r s a t  o r  a F y r i t e  a n a l y z e r  may be used f o r  t h e  a n a l y s i s .  

2. APPARATUS 

As an a l t e r n a t i v e  t o  t h e  sampl ing  appara tus  and systems d e s c r i b e d  h e r e i n ,  o t h e r  
sampl ing  systems (e.g. ,  l i q u i d  d i sp lacemen t )  may be used, p r o v i d e d  such systems 
a r e  capab le  o f  o b t a i n i n g  a r e p r e s e n t a t i v e  sample and m a i n t a i n i n g  a cons tan t  
sampl ing  r a t e ,  and a r e ,  o the rw ise ,  capab le  o f  y i e l d i n g  a c c e p t a b l e  r e s u l t s .  'Use  
o f  such systems i s  s u b j e c t  t o  t h e  approva l  o f  t h e  A d m i n i s t r a t o r .  

2.1 Grab Sampl ing ( F i g u r e  3-1). 

Prepared by Emiss ion  Measurement Branch 
Techn ica l  Suppor t  D i v i s i o n ,  OAQPS, EPA 
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2 . 1 . 1  Probe. Stainless steel or borosilicate glass tubing equipped with a n  
in-stack or out-stack filter to remove particulate matter (a plug of glass wool 
is satisfactory for this purpose). Any other materials, inert to Og, COi, CO, 
and N2 and resistant to temperature at sampling conditions, may be u ed f r the 
probe. Examples of such materials are aluminum, copper, quartz glass, a n d  
Teflon. 

2.1 .2  Pump. A one-way squeeze bulb, or equivalent, to transport the gas sample 
to the analyzer. 

2.2  Integrated Sampling (Figure 3 - 2 ) .  

2 . 2 . 1  Probe. Same as in Section 2 . 1 . 1 .  

2 .2 .2  Condenser. An air-cooled or water-cooled conden er, or other condenser 
no greater than 250 ml that'will not remove 02 ,  C02, CO, and N 2 ,  to remove excess 
moisture which would interfere with the operation of the pump and flowmeter. 

2 . 2 . 3  Valve. A needle valve, to adjust sample gas flow rate. 

2.2 .4  Pump. A leak-free, diaphragm-type pump, or equivalent, to transport 
sample gas to the flexible bag. Install a small surge tank between the pump 
and rate meter :G elimiiiate the pulstiion effect o f  the diaphragm pump on the 
rotameter. 

2 .2 .5  Rate Meter. A rotameter, or equivalent rate meter, capable of measuring 
flow rate to within 2 percent of the selected flow rate. A flow rate range o f  
500 to 1000 cc/min i s  suggested. 

2 .2 .6  Flexible Bag. Any leak-free plastic (e.g., Tedlar, Mylar, Teflon) or 
plastic-coated aluminum (e.g., aluminized Mylar) bag, or equivalent, having a 
capacity consistent with the selected flow rate and time length of the test run. 
A capacity in the range of 55 to 90 liters is suggested. To leak check the bag, 
connect it to a water manometer, and pressurize the bag to 5 to 10 cm H20 ( 2  to 
4 in. H 0). Allow to stand for 10 minutes. Any displacement in the water 
manomete$ indicates a leak. An alternative leak-check method is to pressurize 
the bag to S to 10 cm ( 2  to 4 in.) H20 and allow to stand overnight. A deflated 
bag indicates a leak. 

2.2 .7  Pressure Gauge. A water-filled U-tube manometer,.or equivalent, of about 
30 cm (12  in.), -for the flexible bag leak check. 

2.2.8 Vacuum Gauge. A mercury manometer, or equivalent, of at least 760 mm 
(30  in.) Hg, for the sampling train leak check. 

2.3 Analysis. An Orsat or Fyrite type combustion gas analyzer. For Orsat and 
Fyrite analyzer maintenance and operation procedures, follow the instructions 
reconmended by the manufacturer, unless otherwise specified herein. 

. ..I 
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3. SINGLE-POINT,  GRAB SAMPLING AND ANALYTICAL PROCEDURE 

0 3 . 1  The sampling p o i n t  i n  the duct  s h a l l  e i t h e r  be a t  the c e n t r o i d  o f  the cross 
sec t i on  o r  a t  a p o i n t  no c l o s e r  t o  the  w a l l s  than 1.00 m ( 3 . 3  f t ) .  unless 
otherwise s p e c i f i e d  by the Admin i s t ra to r .  

0 

0 

0 

0 

0 

0 

0 

3 . 2  Set up the equipment a s  shown i n  F igure  3 - 1 ,  making sure a l l  connections 
ahead o f  t he  analyzer  are t i g h t .  If an O r s a t  analyzer  i s  used, i t  i s  recommended 
t h a t  the analyzer  be l eak  checked by f o l l o w i n g  the procedure i n  Sect ion 6 ;  
however, t he  l e a k  check i s  o p t i o n a l .  

3 . 3  Place the probe i n  the  s tack,  w i t h  the  t i p  o f  the probe pos i t i oned  a t  t h e  
sampling p o i n t ;  purge the sampling l i n e  long enough t o  a l l o w  a t  l e a s t  f i v e  
exchanges. D r a w  a sample i n t o  the analyzer ,  and immediately analyze i t  f o r  
percent C02 and percent  0 Determine the  percentage o f  t he  gas t h a t  i s  N and 
CO by sub t rac t i ng  the  s u i ' o f  the percent  CO f r o m  100 p e r j e n t .  
Ca lcu la te  the d r y  molecular  weight a s  indica%ed i n  Sect ion 5 . 2 .  

3 . 4  Repeat the  sampling, ana lys is ,  and c a l c u l a t i o n  procedures u n t i l  the dry  
molecular  weights o f  any th ree  grab samples d i f f e r  f r o m  t h e i r  mean by no more 
than 0 . 3  g/g-mole (0 .3  l b / l b -mo le ) .  Average these th ree  molecular  weights.  and 
r e p o r t  t he  r e s u l t s  t o  the nearest  0.1 g/g-mole (0 .1  Ib / l b -mo le ) .  

and percent 0 

. . ~ I  
4 .  SINGLE-POINT, INTEGRATED SAMPLING AND ANALYTICAL PROCEDURE 

4 . 1  The sampling p o i n t  i n  the duct  s h a l l  be loca ted  as s p e c i f i e d  i n  Sect ion 3 . 1 .  

4 . 2  Leak check ( o p t i o n a l )  t he  f l e x i b l e  bag as i n  Sect ion 2 . 2 . 6 .  Set up the 
equipment as shown i n  F igure  3 - 2 .  Jus t  be fore  sampling, leak  check ( o p t i o n a l )  
the t r a i n  by p l a c i n g  a vacuum gauge a t  t h e  condenser i n l e t ,  p u l l i n g  a vacuum o f  
a t  l e a s t  250 m Hg (10 in .  Hg), p lugging the  o u t l e t  a t  t he  qu ick  d isconnect ,  and 
then t u r n i n g  o f f  the pump. The vacuum should remain s tab le  f o r  a t  l e a s t  
0 .5  minute. Connect the probe, and p lace i t  in the 
s tack,  w i t h  the t i p  o f  t he  probe pos i t i oned  a t  t he  sampling p o i n t ;  purge the 
sampling l i n e .  Next, connect the bag, and make sure t h a t  a l l  connections are 
t i g h t .  

4 . 3 ,  Sample a t  a constant  r a t e .  The sampling run  should be simultaneous w i th ,  
and f o r  the same t o t a l  l e n g t h  o f  t ime  as. t he  p o l l u f a n t  emission r a t e  
determinat ion.  C o l l e c t i o n  o f  a t  l e a s t  30 l i t e r s  (1.00 f t  ) o f  sample gas i s  
recommended; however, smal ler  volumes may be co l l ec ted ,  i f  des i red .  

4 . 4  Obtain one in teg ra ted  f l u e  gas sample du r ing  each p o l l u t a n t  emission r a t e  
determinat ion.  Y i t h i n  8 hours a f t e r  the sample i s  taken, analyze i t  f o r  percent 
CO and percent O 2  us ing  e i t h e r  an Orsat  analyzer o r  a F y r i t e  type combustion 
ga z analyzer.  I f  an Orsat analyzer i s  used, i t  i s  recomnended t h a t  O r s a t  leak  
check descr ibed i n  Sect ion 6, be perfonned be fore  th is  de terminat ion ;  however, 
t he  check i s  o p t i o n a l .  and CO 
by sub t rac t i ng  the  sum o f  t he  percent CO and percent O2 f rom 100 i e r c e n t .  

Evacuate the f l e x i b l e  bag. 

Detennine the  percentage o f  t he  gas t h a t  i s  N 

Ca lcu la te  the dry molecular  weight a s  i n d i  I! ated i n  Sect ion 7 . 2 .  

0 
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4.5 Repeat the analysis and calculation procedures until the individual dry 
molecular weights for any three analyses differ from their mean by no more than 
0.3 g/g-mole (0.3 Ib/lb-mole). Average these three molecular weights, and report 
the results to the nearest 0.1 g/g-mole (0.1 lb/lb-mole). 

5 .  MULTI-POINT, INTEGRATED SANPLING AND ANALYTICAL PROCEDURE 

5.1 Unless otherwise specified by the Administrator, a minimum o f  eight traverse 
points shall be used for circular stacks having diameters less than 0.61 m 
(24 in.), a minimum o f  nine shall be used for rectangular stacks having 
equivalent diameters less than 0.61 m (24 in.), and a minimum of 12 traverse 
points shall be used for all other cases. The traverse points shall be located 
according to Method 1. The use o f  fewer points is subject to approval o f  the 
Administrator. 

5.2 Follow the procedures outlined in Sections 4.2 through 4.5, except for t h e  
following: Traverse all sampling points, and sample at each point for an equal 
length of time. Record sampling data as shown in Figure 3-3. 

6. LEAK-CHECK PROCEDURE FOR ORSAT ANALYZER 

Moving an Orsat analyzer frequently causes it to leak. Therefore, an Orsat 
analyzer should be thoroughly leak checked on site before the flue gas sample 
i s  introduced into i t .  The procedure f e r  leak checking an Orsat anaiyzer is as 
fol 1 ows : 

0 

0 

0 

0 

0 

” 
6.1 Bring the liquid level in each pipette up to the reference mark on the 
capillary tubing, and then close the pipette stopcock. 

6.2 Raise the leveling bulb sufficiently to bring the confining liquid meniscus 
onto the graduated portion o f  the burette, and then close the manifold stopcock. 

6.3 Record the meniscus position. 

6 

0 6.4 Observe the meniscus in the burette and the liquid level in the pipette 
for movement over the next 4 minutes. 

6.5 For the Orsat analyzer to pass the leak check, two conditions must be met: 

6.5.1 The liquid level in each pipette must not fall below the bottom of the 
capillary tubing during this 4-minute interval. 

6.5.2 The meniscus in the burette must not change by more than 0.2 ml during 
this 4-minute interval. 

6.6 If the analyzer fails the leak-check procedure, check all rubber connections 
and stopcocks t o  determine whether they might be the cause o f  the leak. 
Disassemble, clean, and regrease leaking stopcocks. Replace leaking rubber 
connections. After the analyzer is reassembled, repeat the leak-check procedure. 

0 

0 

0 

0 
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7. CALCULATIONS 

0 7.1 Nomenclature. 

Md - Dry molecular weight, g/g-mole (lb/lb-mole). 
%Cot = Percent C02 by volume, dry basis. 

- Percent O2 by volume, dry basis. 
%CO = Percent CO by volume, dry basis. 

0 

0 

0 

0 

0 

0 

0 

%N2 - Percent N2 by volume, dry basis. 

0.280 = Molecular weight o f  N2 or CO, divided by 100. 

0 . 3 2 0  = Molecular weight o f  O 2  divided by 100.  

0 . 4 4 0  = Molecular weight o f  C02 divided by 100.  

7.2 Dry Molecular Ueight. Use Equation 3 - 1  to calculate the dry molecular 
weight o f  the stack gas. 

Md = 0 . 4 4 0 ( 7 L 0 2 )  t 0 . 3 2 0 ( W 2 ) .  t 0.280(%N2 + %CO) Eq.  3 -  

nate: The above equation does not consider argon in air (about 0 . 9  percent 
molecular weight o f  3 9 . 9 ) .  A negative error o f  about 0 . 4  percent is introduced 
The tester may choose to include argon in the analysis using procedures subject 
to approval o f  the Administrator. 

8. 

1. 

2. 

3 .  

.4. 

5. 
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