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1. INTRODUCTION 

0 

0 

0 

0 

0 

0 

0 

0 

1.1 BACKGROUND 

The Emission Inventory Branch (EIB) of the Environmental Protection Agency’s 

(EPA‘s) Office of Air Quality Planning and Standards (OAQPS) is responsible for 

developing and maintaining air pollution emission factors for a variety of industrial 

processes. The EPA publishes these data in ComDilation of Air Pollutant Emission 

Factors, commonly known as AP-42. 

In October of 1986, the part of AP-42 that deals. with asphaltic concrete plants 

was revised by dividing the plants into two major types based on the procedure used to 

mix the asphaltic concrete: continuous-mix plants and batch-mix plants. Following these 

revisions, and on the recommendation of the National Asphalt Paving Association 

(NAPA), EPA instructed Radian Corporation to direct emission testing efforts at these 

two types of plants. 

Mathy Construction Company owns and operates asphaltic concrete plants that 

have been cited by NAPA as being representative of both continuous-miu and batch-mix 

plants currently operating in the United States. Radian has already conducted emissions 

tests at Mathy Construction’s Plant No. 6, a batch-mix plant. 

This report discusses the results of the testing program conducted by Radian, 

under contract to the EPA’s Emission Management Branch (EMB), at Mathy 

Construction’s Plant No. 26, a continuous drum-mix plant located near New Richmond, 

Wisconsin, and one of two asphaltic concrete plants studied for the revision of AP-42. 

The testing program quantified emissions of criteria and other air pollutants from the 

facility. The test results will be used by EIB to update the asphaltic concrete plant 

section of AP-42. 

1.2 OVERVIEW OF TESTING PROGRAM 

The specific pollutants of interest in the testing program were particulate matter 

(PM); PM less than 10 p m  (PM,,); condensible PM (CPM); sulfur dioxide (SO,); 

nitrogen oxides (NO,); carbon monoxide (CO); total hydrocarbons (THC); polynuclear 
0 
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0 

aromatic hydrocarbons (PAH), excluding aldehydes and ketones; and trace metals, 

excluding mercury (Hg). 
Testing was performed from September 23 through 25, 1991. The principal 

objectives of the testing were to: 
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 (TI), arsenic (As), nickel (Ni), antimony (Sb), barium (Ba), silver 
(Ag), zinc (Zn), phosphorus (P), copper (a), manganese (Mn), and 
selenium (Se). The Hg levels were not analyzed because Hg was not 
expected to be present in the process stream. 

Determine the filterable PM,, and CPM fractions emitted from the stack. 

Determine the levels of PAHs emitted from the stack. 

0 

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. 

0 

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

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

fuel oil. 

Flue gas concentrations of CO,, 0,, NO, SO,, and CO were determined using 

continuous emissions monitoring (CEM) systems designed in accordance with EPA 

Methods 3 4  7E, 6C, and 10. 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 aldehydes and 

ketones, respectively. PM,, and CPM were sampled by means of three test runs, a 

~ ~ i ~ b k i h i  of piuiucuis ouiiined in EPii Metnoas tOiA and 202, respectively. AH of 

0 

0 

0 

0 

0 

0 

0 

0 

0 

m 2  1-2 



e 

e 

e 

e 

e 

e 

e 

e 

0 

e 

the manual method flue gas samples were analyzed in Radian’s Perimeter Park 

laboratory facility in Morrisville, North Carolina. 

1.3 BRIEF PROCESS AND SITE DESCRIPTION 

Continuous mix plants operate in the following manner. The cold feed material 

known as aggregate is hauled from storage piles and placed in the appropriate hoppers. 

The aggregate is transferred to a set of vibrating screens and classified into as many as 

four different grades (sizes). The classified material then enters the drum mix operation. 

The drum mix process uses proportioning feed controls in place of the hot 

aggregate storage bins, the vibrating screens, and a mixer, which are used in a batch mix 

plant. Aggregate is introduced near the burner end of a revolving drum mixer, and the 

asphalt is injected midway along the drum. A variable flow asphalt pump is linked 

electronically to the aggregate belt scales to control mix specifications. The hot mix is 

discharged from the revolving drum mixer into surge bins or storage silos. 

Drum mix plants usually use parallel flow design for hot burner gases and 

aggregate flow. Parallel flow designs have the advantage of giving the mixture a longer 

time to coat the particles with asphalt and to collect dust in the mix, thereby reducing 

particulate emissions. The amount of particulate generated within the dryer in this 

process is usually lower than that generated within conventional dryers, but because 

asphalt is heated to high temperatures for a long period of time, organic emissions 

(gaseous and liquid aerosol) are greater than in conientional plants. 

In recent years, old asphalt is removed from the road base and is broken up at a 

job site. This material is then transported to the plant, crushed and screened to the 

appropriate size for further processing. This recycled paving material is then heated and 

mixed with new aggregate, to which the proper amount of new asphaltic cement is added 

to produce a grade of hot asphalt paving suitable for laying. 

Direct flame heating is typically performed with a drum mixer, wherein all 

materials are simultaneously mixed in the revolving drum. Split feed drum mixers were 

first used for recycling in 1976 and are now the most popular design. At about the 

midpoint of the drum, the recycled bituminous material is introduced by a split feed 

1-3 IBsY2 



arrangement and is heated by both the hot gases and heat transfer from the superheated 

virgin aggregate. 

The unit tested is a mobile 330-ton-per-hour-rated unit that is fired on waste oil. 

The rotary kiln dryer/mixer is a co-current design similar to that shown in Figure 1-1. 

The oil-fired burner fires into the upper end of the kiln and induces air flow around the 

annular area between the kiln and the burner. This arrangement provided approximately 

30 percent of the air through the burner, with about 70 percent induced through the 

annular area. 

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 quality assurance/quality control 

(QA/QC) procedures foliowed in tine rest program. Appendices to this report include 

detailed methods and procedures, field and laboratory data, and complete calculations 

used in deriving the results presented here. 

0 
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0 
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2. SUMMARY OF TEST RESULTS 
0 

0 

0 

0 

0 

0 

0 

0 

2.1 SUMMARY OF RESULTS 

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

Construction Company's Plant 26. 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 

(CEM) for CO,/O,, CO, SO,, NO, and THC gases, as~well as gas chromatography (GC) 

results for benzene, toluene, xylene, and methane. 

The following list summarizes the significant emissions from Mathy Construction's 

Plant No. 26: 
0 Of the 15 metals analyzed, 11 were found in detectable quantities. Their 

average emission rates (Ib/ton of product) were: 

Arsenic 
Beryllium 
Cadmium 
Chromium 
Copper 
Lead 
Manganese 
Nickel 
Phosphorus 
Silver 
Zinc 

1.80 x 10"; 
4.81 x 10"; 
0.66 x lo"; 
11.8 x 10"; 
6.05 x 10"; 
6.02 x 10"; 
11.3 x 10"; 
15.1 x 10"; 

1.36 x 10"; 
52.6 x 10". 

54.9 x 10"; 

Of the 22 PAHs analyzed, 1 was found in detectable levels. Its average 
emission rate (Ib/ton of product) was: 

Naphthalene 0.690 x lo4. 

For PM and PM,, the average emission rates (Ib/ton of product) were: 

PM 0.014; 
0.005; 
0.040. PMIo + condensibles 

PMIO 

0 
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0 

0 Of the 18 aldehydes analyzed, 13 were found in detectable quantities. 
Their average emission rates (Ib/ton of product) were: 

Acetaldehyde 
Acetone 
Acrolein 
Benzaldehyde 
Butyraldehyde/Isobutyraldehyde 
Crotonaldehyde 
Formaldehyde 
Hexanal 
Isovaleraldehyde 
Methyl ethyl ketone 
Propionaidehyde 
Quinone 
Valeraldehyde 

The following sections present more detailed discussions of the results of this rest 

program. 

2.2 EMISSIONS TEST LOG 
Emissions testing was conducted over a three-day period, from September 23 to 

September 25, 1991. Table 2-1 shows the emissions test log, which includes the test date, 

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

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

analytes. 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, and 

then was combined with the back half for total metals analysis. 

The PAHs were sampled concurrently with PM and metals by EPA SW 846 Test 

Method 0010 using a dual probe arrangement, which 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 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table 2-1. Emissions Test Log 

09/23/91 

09/23/91 

09/24/91 

0 

0 

0 

0 

0 

0 

0 

0 

Stack P-1 o,/co,, so,, 10:05-11:m 212 
NO, THC 

Stack P-2 1025-1l:yI 257 

Stack P-3 l3:L-i-1409 195 

09/23/91 Stacka 1 
PAH 

09/23/91 Stack 2 l3:55-1606 

1236-1503 

09/23/91 Stack M-2 

09/24/91 Stack M-3 

m343 
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Table 2-1, continued 

'After baghoue eltit and ID fan. 
bExact times GC samples were shot. Individual results were averaged over the time period during which 
manual sampling was conducted. 

a 

a 

a 

a 

a 

a 

a 

a 

a 
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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. 

A combination of CEM and GC instruments was used to sample for 11 other 

analytes. To the extent possible, these tests were conducted concurrently with the 

manual method tests. 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. 

2.3 

2.3.1 Overview 

METALS 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 emissions 

of 15 metals (Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Mn, Ni, P, Se, Ag, Tl, 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-dirnethylbenz(a)anthracene, fluoranthene, 

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

PF'ene). 
Three manual sampling runs for PM/metals and PAHs were performed to ensure 

representative test results. The back-half sample bottle from Run 2 of the PM/metals 

train was broken during shipment, so only the front half was analyzed for PM and metal 

content. 

The remainder of this section discusses process operations, average emission rates, 

metals-to-PM ratios, and metals amounts in the flue gas-by-sample fractions. 

2-5 



2.3.2 Process Operation 

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

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

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

between 217 tons/hr and 287 tons/hr (72 to 96 percent of capacity). Waste oil fuel use 

was not determined because no accurate method to evaluate fuel consumption was 

available. 
The PAH emissions from asphaltic concrete plants may originate from fuel 

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

are commonly found in recycled asphalt (Le., gasoline, engine oils). Because there is no 

fuel use information for this facility, the emission factors presented are expressed in 
1L ,", /&.- Lull of p:oduc: ;athe: tha:: !b/ft3 of +de! ail. During the emission tests, the p!?ni was 

operating at near normal capacity, with Run 1 at 96 percent, Run 2 at 90 percent, and 

Run 3 at slightly lower than 72 percent capacity. Although Run 3 of the PAHs was at 

the low end of normal production capacity, it was still within acceptable limits (within 

220 percent of each other) and was used with Runs 1 and 2 in averaging. The 

production rates for Runs 1, 2, and 3 were 287 tons/hr, 270 ton/hr, and 217 tons/hr, 

respectively. 

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

PAHs were analyzed, but they were not collected in detectable amounts. Eleven of the 

15 analyzed were detected (As, Ba, Cd, Cr, Cu, Pb, Mn, Ni, P, Ag, and Zn). Of the 22 

PAHs analyzed, only naphthalene was detected. The metals and PAHs detected were 

blank-corrected and reported as shown. 

2.3.3 Emissions 

Metals 

Table 2-3 presents the metals emissions results for the three tests. The date, 

metered volume (in dscm), 0, concentration, and flue gas flow rate for each run are also 

shown. Flue gas concentrations are given in terms of pg/dscm and pg/dscm corrected to 

7 percent 0,. Oxygen concentrations were determined from CEM data (see Section 2.7). 
- 

0 

~ 

0 

0 

0 

0 

a 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table 2-2 
SUMMARY OF METALS/PM AND PAHS EMISSION FACTORS AND PROCESS OPERATING DATA 

a = 1 x IO(&) or (0.lMJOOl) 
b = 1 x l O ( 4 )  or (0.oOOl) 
c = No1 anilable due to faulty plant inslrumenlation. 
NOTES: Run averages were calculated from readings taken periodically throughout the duration of the emission test Nn. 

See Table 3.1 and 3-2 for the individual readings 
Metals and PAH compounds analyzed, but not detected, are not included in this table. 
Metals and PAH concentrations have been blank corrected. 
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Table 2-3 
METAL GAS CONCENTRATIONS EMISSION RATES 
MATHY CONSTRUCTION C(: 

Arsenic (ugldscm) 
(ugldscm @ 7% 02) 
(g/hr) 

Barium (ugldscm) 
(ugldscm @ 7% 02) 
(g/hr) 

Cadmium (ugldscm) 
(ugldscm @ 7% 02) 
(gihr) 

Chromium (ugldscm) 
(ugldscm @ 7% 02) 
(glW 

Copper (ug/dscm) 
(ugldscm @ 7% 02) 
( O r )  

6.31 
8.30 
0.193 

17.6 
23.1 
0.539 

1.13 
1.49 
0.0346 

66.3 
87.3 
2.03 

18.3 
24.1 
0.561 

LANT 2f 
P 

3.67 
4.69 
0.112 

1.49 
1.90 
0.0453 

2.36 
3.01 
0.0720 

74.9 
95.6 
2.28 

17.6 
22.5 
0.538 

1991) 

9.65 
14.7 
0.294 

32.0 
48.7 
0.975 

3.12 
4.75 
0.0950 

4.07 
6.20 
0.124 

30.5 
46.4 
0.928 

6.55 
9.23 
0.200 

17.0 
24.6 
0.520 

2.20 
3.08 
0.0672 

48.4 
63.0 
1.48 

22.1 
31.0 
0.675 

0 

0 

0 

0 

8 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Table 2-3 (Continued) 
METAL GAS CONCENTRATIONS EMISSION RATES 
MATHY CONSTRUCTION C( 

I Lead (ugldscm) 
(ugldscm @ 7% 0 2 )  
(g/hr) 

Manganese (ugldscm) 
(ugldscm @ 7% 0 2 )  
(glhr) 

Nickel (ugldscm) 
(ugldscm @ 7% 0 2 )  
(glhr) 

Phosphorus (ugldscm) 
(ugldscm @ 7% 0 2 )  
(g/hr) 

Silver (ugldscm) 
(ugldscm @ 7% 0 2 )  
(Or) 

Zinc (ugldscm) 
(ugldscm @ 7% 0 2 )  
(g/hr) 

VIPANY 

19.8 
26.1 

0.607 

24.0 
31.5 

0.734 

107 
140 
3.26 

186 
244 
5.69 

4.42 
5.81 

0.135 

165 
218 
5.06 

2-9 

LANT 2( 

21.2 
27.1 

0.646 

56.5 
72.1 
1.72 

79.6 
102 
2.43 

194 
248 
5.92 

6.68 
8.52 

0.203 

200 
255 
6.08 

'1991) 
b-- 

26.3 
40.0 

0.800 

45.4 
69.1 
1.38 

1.48 
2.25 

0.0451 

235 
358 
7.16 

4.47 
6.81 

0.136 

224 
340 
6.81 

22.4 
31.0 

0.684 

42.0 
57.6 
1.28 

62.6 
81.3 
1.91 

205 
283 
6.26 

5.19 
7.05 

0.158 

196 
271 
5.99 



During the emission tests, P had the highest average mass rate, with 6.26 g/hr, 

followed by Zn, with 5.99 g/hr. These emission rates correspond to an average emission 

factor of 54.9 x 10" Ib/ton of product for P and 52.6 x lod Ib/ton of product for Zn. 

After blank correction, Sb, Be, Se, and TI were not collected in detectable amounts for 

any of the mns during these emission tests. Metal values ranged from 0.0346 g/hr of CD 

in Run 1 to 7.16 g/hr of P in Run 3. 

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

mns except for As, Ba, and Mn. Arsenic varied from 0.112 to 0.294 g/hr, Ba varied from 

0.0453 g/hr to 0.975 g/hr, and Mn varied from 0.734 to 1.72 g/hr. 

Polvnuclear Aromatic Hvdrocarbons 

Table 2-4 presents the PAH emission results for three test runs. The date, 

metered voiume, 0, concentration, and ilow rate for each run are also shown. Flue gas 

concentrations are given in terms of g/dscm and g/dscm corrected to 7 percent 0,. 

During the emission tests, only naphthalene was collected in a detectable amount. 

The average mass rate was 54.8 g/hr. These emission rates correspond to the average 

emission factors of 0.690 x lo4 Ib/ton of product. It should be noted that naphthalene 

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

However, these results were blank-corrected and are reported as shown. The 

naphthalene values ranged from 39.6 g/hr in Run 3 tu 77.6 g/hr in Run 2. 

2.3.4 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 0.0157 mg of Cd per gram 

of PM during Run 1 to 5.12 mg of Zn per gram of PM during Run 2. Phosphorous had 

the highest ratio for Runs 1 and 3, with 2.58 mg metal/gram PM and 4.34 mg 

metal/gram of PM, respectively. 

2.3.5 Metals in Flue Gas Bv Sample Fraction and Metals in Flue Gas Sample 
Parameters 

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 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

Naphthalene (ug/dscrn) 
(ug/dscrn @ 7% 02) 
( d h r )  

0 

0 

0 

0 

1540 2540 1280 1790 
3170 4220 2680 3360 
47.3 77.6 39.6 54.8 

Table 2-4 
PAH GAS CONCENTRATIONS EMISSION RATES 
MATHY CONSTRUCTION COMPANY PLANT 26 (1991) 

2-11 



Table 2-5 
RATIO OF METALS TO PARTICULATE MAlTER 
MATHY CONTRUCTION COMPANY PLANT 26 (1991) 

Arsenic 
Barium 

Cadmium 
Chromium 

Copper 
Lead 
Manganese 
Nickel 

Phosphorous 

Silver 
Zinc 

0.0878 

0.245 

0.0157 
0.923 

c.255 

0.276 
0.333 
1.48 

2.58 

0.0615 
2.30 

0.0943 

0.0382 
0.0606 

1.92 

0.453 

0.544 
1.45 
2.04 

4.99 
0.171 
5.12 

0.178 

0.591 

0.0576 
0.0752 

0.563 

0.485 
0.838 

0.0273 

4.34 

0.0826 
4.13 

NOTES: Metals analyzed but not detected are not included in this table. 

Metals have been blank corrected. 

0.120 
0.291 

0.0446 
0.973 
0.423 

0.435 
0.874 
1.18 

3.97 
0.105 
3.85 

0 

0 

0 

0 

0 

0 

0 

e 

0 

0 
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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.l contains a complete list 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. 
T.....l sariip!i:g times, s z q ! :  volume, 132 isokinetic resu!ts for eich sampling ED are 

presented. Appendix C.4 contains a complete list of these and additional sampling and 

flue gas parameters for each run, along with the field data sheets. 

2.4 PARTICULATE MATTER 

2.4.1 Overview 

Particulate matter emissions were measured using the front half particulate catch 

collected in the combined PM/metals train. Before performing the metals speciation 

analysis, the filter and front half acetone rinse ( e g ,  iimate 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 2-7. Detailed sampling 

parameters are provided in Appendix C.l and analytical results are given in 

Appendix E.l .  

2.4.2 Particulate Matter Results 

The results of the gravimetric analyses are summarized in Table 2-10. Exhaust 

grain loadings, corrected to 7 percent O,, ranged from 0.0217 gr/dscf to 0.0413 gr/dscf, 

with an average of 0.0330 gr/dscf. Emission rates ranged from 2.61 Ib/hr to 4.84 Ib/hr, 

with an average of 3.69 Ib/hr. 

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

0.00968 Ib/ton of product to 0.0169 Ib/ton of product with an average of 0.0144 Ib/ton of 

0 

0 

0 

0 

e 

0 

0 
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Table 2-7 
METALSfPM EMISSIONS SAMPLING AND FLUE GAS PARAMETERS 
MATHY CONSTRUCTION COMPANY PLANT 26 (19911 0 

0 

0 

0 

0 

Total Sampling Time (min) 
Average Sampling Rate (dscfm) 
Metered Volume (dscf) 
Metered Volume (dscm) 

Average Stack Temperature (deg. F) 
0 2  Concentration (%V) 

C 0 2  Concentration (%V) 
Stack Gas Moisture (%V) 
Volumetric Flow Rate (dscfm) 
Volumetric Flow Rate (dscmm) 

Percent Isokinetic 
Particulate Catch (grams) 

NA = No1 Applicable 

0 

0 

0 

0 

125 
0.330 

41.4 
1.172 
326 

10.3 

9.2 
31.1 

18000 
510 
102 

0.0843 

T OSL!3/9X 09/24/91 
125 

0.320 
39.4 
1.116 

323 
10.0 

7.6 
30.8 

17900 

508 
97.9 

0.0435 

124 
0.320 

39.9 
1.129 
329 
11.8 

7.2 

28.8 
17900 
508 
100 

0.0611 
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Table 2-8 
PAH AMOUNTS IN FLUE GAS SAMPLE - BLANK CORRECTED 
MATHY CONSTRUCTION CC 

Acenaphthylene 
Acenaphthlene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 

Chrysene 
Dibenz(a,h)an thracene 
Dibenzofuran 
7,12-Dimethylbenz(a)anthracene 
Fluoranthene 
Fluorene 
Indeno( 1,2,3-cd)pyrene 
2-Methylnaphthalene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 

2-Ciiioioiiapih&iiiz 

IPANY P 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NE 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
1810 
ND 
ND 
ND 

a Eslimated Maximum Possible Concentration 
ND = Not Detected 
NOTE: PAH values have been blank corrected. 

2-16 
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ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
3010 
ND 
ND 
ND 

- -, 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
1410 87.4 a 
ND ND 
ND ND 
ND ND 

01 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

Table 2-9 
PAH EMISSIONS SAMPLING AND FLUE GAS PARAMETERS 

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) 
Percent Isokinetic 

MATHY CONSTRUCTION COMPANY P 0 

0 

0 

125 
0.330 

41.4 
1.173 
326 

14.2 
5.6 

31.4 
18100 
511 

102 

ANT 26 (1991) 

125 
0.340 

41.9 
1.186 

323 
12.5 
5.8 

31.0 
18000 
509 

104 

0 

0 

2-17 
0 

125 
0.310 

38.9 
1.102 
327 
14.3 
5.4 

28.3 
18200 

515 
95.4 



2-18 

0 

0 

0 

0 

0 

0 

0 

0 



product. The emission factors generated from sampling Runs 1 and 3 are in relatively 

close agreement, whereas the second run emission factor represents the low endpoint of 

the data set. 

0 

These emission factors are slightly greater than those currently published in AP-42 

0 for similar facilities (0.098 Ib/ton after baghouse control, from data from circa 1973-74). 

This difference may be attributable to a variety of factors, including product 

specifications or differences in baghouse design, operation, and maintenance between 

facilities tested. 

2.5 PM,,/CPM RESULTS 

2.5.1 Overview 

0 

Three test runs were conducted to determine the concentration and emission rate 
0 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 sampling train’s back half. 

The CSR employs normal isokinetic sampling procedures except that the sample 

duration at each sampling point is proportional to the gas velocity at that point. 
0 

Sampling cutpoints ranged from 9.24 microns to 10.6 microns, with an average cut 

size of 9.79 microns. These particle size separations were achieved with isokinetic rates 

measured from 81 to 91 percent which are acceptable by the method specifications. 0 

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 terms of the phase of PM caught as well as the cut 

size. The following PM weight fractions were determined: 
0 

0 

0 

0 

a 

a 

a 

a 

Noncondensible PM > 10 microns (cyclone fraction); 

Noncondensible PM < 10 microns (filter fraction); 

Inorganic CPM associated with the water fraction (< 10 microns); and 

Organic CPM associated with the methylene chloride fraction 
(< 10 microns). 
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2.5.2 P&, Emissions 

The average emission rate and emission factor for PM,, including condensibles 

were 8.24 Ib/hr and 0.0352 Ib/ton of product, although the condensible and PM,, filter 

catches for Run 2 totaled almost twice those collected in Runs 1 and 3. The sizable 

deviation in condensible emissions detected in Run 2 may be attributable to several 

factors, including abnormalities in fuel characteristics or an increase in VOC residues in 

the recycled asphalt concrete. 

The emission factors calculated for PM greater than 10 microns averaged 
0.017 Ib/ton, and all sampling runs were in relatively close agreement. Also, these data 

are similar to the emission factors for PM calculated from the PM/metals tests discussed 

earlier. 

The emission factors developed from both fractions of these tests are higher than 

those currently found in AP-42. The factors for PM,, are three to six times greater than 

current AP-42 data, although AP-42 literature does not discuss specific fuels used or 

residual VOC contents of recycled asphalt cement for the emission factors published 

(e.g., natural gas or oil). 

It should be noted that EPA Method 201A recommends adding the condensible 

fractions to the PM,, filter catch when compiling data for emission inventory purposes. 

As seen in Tables 2-11 and 2-12, this procedure results in substantially higher PM,, 

emission factors due to the large quantities of condensible PM found in the back half 

water fraction. The quantities of PM,, alone (from the backup filter catch only) are 

shown for comparison. The average emission rate and emission factor for PM,, alone 

were 1.19 Ib/hr and 0.0052 Ib/ton of product, which is substantially lower than the values 

with the condensible fractions added, namely 8.24 Ib/hr and 0.0352 Ib/ton of product. 

The front half instack filter catch (i.e., cyclone catch plus backup filter catch) does 

not compare well with the PM filter catch performed by EPA Method 5 .  One possible 

reason for this discrepancy is the fact that testing by these methods was performed at 

different times. 

the filter was operated at lower temperatures that then EPA Method 201A instack filter 

One would expect the Method 5 PM results to be slightly larger since 0 

0 

0 

0 

- 
0 

0 

0 

0 
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Production Rate (tonshr) 212 I 257 223 

0 

e 

231 

Table 2-11 
SUMMARY OF PMlO/CPM EMISSION FAnORS AND PROCESS OPERATING DATA 

PMlO Emission (Ibdton) b 

MATHY CONSTRUCTION COMPANY PLANT 26 (1991) 

0.0050 I 0.0046 I o.Oo60 I 0.0052 

Particulate Emission < Cut Size 
Particulate Emission > Cut Size 
Particulale Emission Total 

(Ibslton of product) c 

(Ibdton of product) d 
.(lbs/ton of product) e 

0.0336 0.0447 0.0274 0.0352 

0.OM 0.0168 0.0198 0.0171 
0.0482 0.0615 0.0472 0.0523 

NOTES: Run averages were calculated from readings taken periodically throughout the duration of the 

a C02 value suspiciously low. Not used in average. 
b Includes PMlO filter catch only. 
c Includes PMlO filter catch and back half condensibla. 
d Includes cyclone catch only. 
e Includes Ihe sum of all fractions. 

emission test run. See Table 3-2 and 3-3 for the individual readings. 
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Table 2-12 
PMlO EMISSION TEST RESULTS 
MATHY CONSTRUCTION COMPANY PLA 

t b " :  , ;slrreLcwlwtiOao 
Corrected Barometric Pressure (in. Hg) 
Stack Static Pressure (in. H20) 
Average Stack Temperature (deg. F) 
Carbon Dioxide Concentration (%V) 
Oxygen Concentration (%V) 
Nitrogen Concentration (%V) 
Stack Moisture (%V) 
Stack Gas VeloCily,Vs (fps) 
Volumetric Flow Rate (acfm) 
Volumetric Flow Rate (dscfm) 
Stack Viscosiry (micropoise) 

Total sampling time (min) 
Average Meter Temperature (deg. F) 

Average Sampling Rate (dscfm) 
Average Sampling Rate (acfm - cyclone cond) 
Standard Metered Volume.Vm(std) (dscf) 
Percent Isokinetic 

Ave~'age Xeiei Pi-nie (iii.HZGj 

Cut Size (um) 
Cyclone Particulate Catch (9) 
PMlO Filter Particulate Catch (9) 
H20 Back Half Particulate Catch (g) 
MeCl Back Half Particulate Catch (g) 
Total Particulate Catch (9) 
PMlO Concentration (grains/dscf) b 
PMlO Concentralion (grains/dscf @7% 02)  b 
Particulate Conc. < Cut Sue  (grains/dscf) c 
Particulate Conc. c Cut Size (grains/dsd @7% 02)  c 
Particulate Conc. > Cut Size (grains/dscf) d 
Particulate Conc. > Cut Size (grains/dscf @7% 02)  d 
Particulate Conc. Total (grains/dscf) e 
Particulate Conc. Total (grainddscf @7% 0 2 )  e 
PMlO Emissions (Ibshr) b 
Particulate Emissions < Cut Size (Ibshr) c 
Particulate Emissions > Cut Size flbshr) d 

[Particulate Emissions Total (Ibs/hr) e 
a C02 value suspiciouslv low. Not used in average. - 
I_ ,--... >--m,,.nc:, 
Y IIIC.IYUU r LVIIV r r r i e i  -i.iiii ai+. 
c Includes PMlO filler catch an back half condensibles. 
d Includes cyclone catch only. 
e Includes the sum of all fractions. 

29.38 
-0.80 
328 
7.06 
12.01 
80.93 
28.8 
64.5 

4 m  
2 m  
219 

64.3 
59 

"24 
0.27 
0.57 
17 

10.62 
0.0202 
0.0070 
0.0354 
O.Oo40 
0 . d  
0.0062 
0.0098 
0.0414 
0.0647 
0.0180 
0.0282 
0.0594 
0.0929 

1.07 
7.11 
3.10 
10.21 

20.98 
-0.80 
317 
7.60 
10.40 
80.93 
37.7 
81.6 

54300 
16ooo 
209 

65.1 
69 

0.30 
0.22 
0.74 
14 

9.22 
0.0294 
O.Oo80 
0.0619 
O.Oo80 
0.1073 
0 . W  
0.0113 
0.0835 
0.1 105 
0.0315 
0.0417 
0.1149 
0.1521 

1.18 
11.48 
4.33 
15.81 

20.98 
-0.80 
305 
4.74 a 

10.83 
84.43 
36.3 
87.5 

58200 
17900 
207 

71 
0.30 
0.22 
0.71 
15 

9.49 
0.0286 
0.0086 
0.0279 
0.0031 
0.0682 
0.0087 
0.0120 
0.04oO 
0.0552 
0.0289 
0.0398 
0.0688 
0.0950 

1.33 
6.12 
4.42 
10.54 

23.78 
-0.80 
317 

11.08 
82.10 
34.3 
77.9 

518M) 
18000 
212 

7.33 a 

66 
0.28 
0.24 
0.67 
16 

9.78 
0.0261 
0.0079 
0.0417 
0.0050 
0.0807 
0.0078 
0.0110 
0.0549 
0.0768 
0.0261 
0.0366 
0.0810 
0.1133 

1.19 

3.95 
12.19 

8.24 

0 

0 

0 

- 
e 

0 

0 

0 

0 

2-22 



0 
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0 

0 

0 

0 

0 

0 

0 

0 

(248'F versus 317'F). Therefore, the EPA Method 5 filter would be expected to catch 

more of the condensible matter than the instack cyclone filter combination. However, 

such was not the case. It is not known why this discrepancy occurred. 

The PM,, emission factors and process operating data are summarized in 

Table 2-11. The analytical results are shown in Table 2-12. Figure 2-1 illustrates the 

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

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. 

2.6 ALDEHYDE RESULTS 

2.6.1 Overview 

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

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

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

ketone, propionaldehyde, quinone, rn-tolualdehyde, and valeraldehyde). Four sampling 

runs were performed in order to ensure representative test results. 

2.6.2 Process ODeration 

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

operating data for the four test m. During the emission tests, the plant was operating 

at maximum production load of 97, 89, and 80 percent for Runs 1, 2, and 4, respectively, 

but at a reduced load of 67 percent for Run 3. However, all runs were considered within 

typical operating ranges and, therefore, all four runs were used in averaging. The 

production rates were 290 tons/hr, 267 tons/hr, 202 tons/hour, and 241 tons/hr for 

Runs 1, 2, 3, and 4, respectively. 

Only the aldehydes detected are presented. The other aldehydes were analyzed, 

but were not collected in detectable amounts. Of the 18 aldehydes analyzed, the 

following 13 were detected: acetaldehyde, acetone, acrolein, benzaldehyde, 

butyraldehyde /isobutyraldehyde, crotonaldehyde, formaldehyde, hexanal, 

isovaleraldehyde, methyl ethyl ketone, propionaldehyde, quinone, and valeraldehyde. 
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Fig 2-1 PM,, PARTICULATE ,-- .- . EMISSIONS 
(lbs/hr) 
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Fig 2-2 PM,, PARTICULATE CONCENTRATION 
(grains/dscf) 

0.0929 

(@ 7% 0 2 )  t@ 7% 02j (@ 7% 0 2 )  

Run 1 Run 2 Run 3 

e 

a 2-25 

10 < 10 microns 

I > lomicrons 

Note: Values 
are reported in 
grains/dscf and in 
grains/dscf at 
7% 02. 
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MeCl Back Half 
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PMlO Filter 
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Teble 2-13 
SUMMARY OF ALDEHYDE EMISSION FACTORS AND PROCESS OPERATING DATA 

a = 1 x 10(.5) or (0.ooOOl) 
b = No1 available due lo faully plant inslrumenlalion. 
NT = Not Taken 
ND = Not Detected 
NOTES: Run averages were calculated from readings taken periodically throughout the duration of the emission lest run. 

See Table 3-1 and 3-2 for the individual readings. 
Concentrations given have been blank corrected 
Aldehyde compounds analyzed, but not detected, are not included in this table. 
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Aldehyde emissions from this plant are most likely a function of fuel consumption and 

any volatile fraction of the asphalt cement. Because a fuel flow rate could not be 

measured at this facility, the emission factors presented are expressed in Ib/ton of 

product rather than lb/ft3 of fuel oil. 

2.6.3 Emissions 

Table 2-14 presents the aldehyde emissions results for the four test rum. The 

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

shown. Flue gas concentrations are given in terms of pg/dscm, and pg/dscm corrected 

to 7 percent 0, and g/hr. Oxygen concentrations were collected from CEM data. 

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

206 g/hr, followed by acetaldehyde, with 143 g/hr. After blank correction, 

acetophenonejo-toiuaiaenyae, 2,j-dimerhyibenzaidehyde, isophorunc, isovaicraidehydt, 

MIBK/p-tolualdehyde, and m-tolualdehyde yielded insignificant amounts for any of the 

runs during the emission tests. Aldehyde values ranged from 2.88 g/hr of 

iscjFaleraldehj..de in Run 1 to 467 g/hr 3 f  forma!dehyde ir. Run 3. 

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

Runs 1, 2, and 4. Run 3 shows markedly higher values because of the low production 

rate and poor combustion characteristics at the lower end of unit design specifications. 

2.6.4 Flue Gas Aldehvdes bv Sample and Sample Parameters 

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

tests in total jig 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 

presented. Appendix A 3  contains a complete list of these parameters for each test run, 

along with the field data sheets. 
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Table 2-14 
ALDEHYDE CONCENTRATIONS EMISSION RATES 

0 

0 

0 

0 

8 

0 

0 

0 

MATHY CONSTRUCTION COMPANY PLAh 

9cetaldehyde 

icelone 

krolein 

3emldehyde (ug/dscm) 

(ug/dscm @ 7% 02)  

(@r) 

3utyraldehyde/lsobutyraldehyde (ug/dscm) 
(ug/dxm @ 7% 02) 

( O r )  

:rotonaldehyde 

'ormaldehyde 

(ug/dscm) 

(ugtdscm @ 7% 02)  

(Or) 

ND = Nor Delecred 
NOTES Concenlrationr given have been blank mrrecied 

26 (1991) 

4090 
7180 

135 

2060 

3620 

68.1 

124 

218 

4.10 

100 

176 
3.31 

561 

9a4 

18.5 

126 

222 

4.17 

2390 

4200 

79.0 

2100 
2750 

66.9 

3230 

4240 

103 

ND 
ND 
ND 

112 

147 
3.58 

435 

570 

13.9 

82.6 

10.9 

2.63 

3570 

4680 
114 

7020 

12200 

232 

2240 

3910 

74.2 

NLI 
ND 
ND 

903 
1580 
29.9 

755 

1320 

25.0 

669 
1170 

22.2 

14100 

24600 

467 

4410 

6250 

137 

3980 

5640 

123 

231 

327 
7-16 

232 

329 
7.21 

408 

578 

12.7 

176 

249 

5.45 

5230 

7410 

162 

Moo 
7 100 

143 

2880 
4350 

92.2 

177 

272 
5.63 

337 

558 
11.0 

540 

863 

17.5 

263 
437 

8.61 

6320 
10200 

206 

Aldehyde compounds analyzed. but not detected. are no! included in this rable. 
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Table 2-14 (Continued) 
ALDEHYDE CONCENTRATIONS EMISSION RATES 
VIATHY CONSTRUCTION COMPANY PLAN - 

<exanal 

sovaleraldehyde (ugidscm) 

(ugldscm @ 7% 02)  

( O r )  

Propionaldehyde (uydscm) 

(ugidscm @ 7% 0 2 )  

(Or) 

Wnone 

Valcraldchyde 

(ugidscm) 

(ugidscm @ 7% 0 2 )  

( O r )  

!6 (1991) - 

.. . . .. . . . 

220 

386 
7.27 

87.0 

153 

2.M 

42.8 

?5.C 

1.41 

279 

490 

9.23 

14 1 

24.8 

4.67 

103 

181 

3.41 

234 

306 
7.45 

ND 

ND 
ND 

ND 
ND 

ND 

180 

237 

5.75 

266 
349 

8.49 

108 

142 

3.45 

ND = Noi Detected 
NOTES: Concentrations given have been blank corrected 

Aldehyde compounds analyzed, bui not detected. are not included in this iable. 

619 

1080 

20.5 

165 

287 

5.45 

155 

271 

5~14 

906 

1580 

30.0 

976 

1703 

32.3 

411 

716 

13.6 

344 

488 
10.7 

147 

208 

4.56 

31.0 

A3.9 
0.961 

312 

441 

Y~67 

592 
839 

18.4 

23 1 

327 

7-16 

354 

565 

11.5 

133 

216 

4.29 

16.3 

130 

2.50 

419 

687 

13.7 

494 

784 

16.0 

213 

34 1 

6.90 

e 

0 

e 

0 

: 

0 

0 
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0 

0 

0 
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Table 2-15 
ALDEHYDE AMOUNTS IN FLUE GAS -.LMPLI 
MATHY CONSTRUCTION COMPANY 

Acetaldehyde 
Acetone 
Acelophenonelo-Tolualdehyde 
Acrolein 
Benzaldehyde 
Butyraldeh yde/Isobulyraldehyde 
Crolonaldehyde 
2,5-Di met hyl benzaldehyde 
Formaldehyde 
Hexanal 
Isophorone 
Isovaleraldehyde 
MIBWp-Tolualdehyde 
Methyl Ethyl Ketone 
Propionaldehyde 
Quinone 
rn-Tolualdehyde 
Valeraldehyde 

ND = Not Detected 

3530 
1780 
ND 
107 
86.4 
484 
109 
ND 
2060 
190 
ND 
75.1 
ND 
36.9 
24 1 

122 
ND 
89.1 

LANT 26 - 
1220 
1880 
ND 
ND 
65.3 
253 
48.1 
ND 
2080 
136 
ND 
ND 
ND 
ND 
105 
155 
ND 
62.9 

- BLANK CORRECTED - gxu&q 
:+*sivm”g g&&@$ 

2560 
2310 
ND 
134 
135 
237 
102 
ND 
3040 
200 
ND 
85.3 

ND 
18.0 
181 
344 
ND 
134 

j*.<:.3F&.~.;>.s,. . ~ ,  
:&?*+&& 

ND 
3% 
ND 
ND 
ND 
ND 
ND 
ND 
14.5 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

:[ataKPg& 

~~ ~~~ ~ 

NOTE: Aldehyde values have been blank corrected. 

0 

0 

0 
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Table 2-16 
ALDEHYDES EMISSIONS SAMPLING AM) FLUE GAS PARAMETERS 
MATHY CONSTRUCTION C 

Total Sampling Time (min) 
Average Sampling Rate (dscfm) 
Metered Volume (dscf) 

Metered Volume (&a) 
Average Stack Temperature (F) 
0 2  Concentralion (%V) 
CG2 Conccnlraliuo (%V) 

Stack Gas Moisture (%V) 
Volumetric Flow Rate (dscfm) 
voiumerric Fiow Kare (dscmmj 
Percent lsokinetic 

.. 

NA = Not Applicable 

MPANYPLANT: (1991) 
y&w~.*.2<:+pj 

62.5 
0.470 
29.6 

0.838 
315 
12.9 
6.2 
24.4 

19500 

gilia8$$ 
$&@& 

cc- JJL  

95.8 

62.5 NA 
0.330 0.455 
20.5 25.3 

0.581 0.716 

317 316 
11.1 11.8 
6.4 6.9 
28.9 30.8 

18300 19ooo 

0 

0 

0 

a 

0 

2-32 
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0 

0 

0 

e. 

0 

2.7 CONTINUOUS EMISSIONS MONITORING RESULTS 

2.7.1 Overview 

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

control device (APCD) during the three 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 it 

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. 

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. 

2.7.2 Continuous Emission Monitoring Results 

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

ranged from 10.1 to 13.0 percent by volume. Average CO values ranged from 4.7 to 

9.2 percent by volume. Average NO, ConcentrationsTanged from 94.2 to 145.7 ppmv. 

Concentrations of THC were also monitored, with the resulting average concentrations 

ranging from 488.4 to 601.8 ppmv (wet). Sulfur dioxide values were approximately 100 

to 150 ppmv, while average CO concentrations ranged from 31.3 to 374.0 ppmv. 

All of the QA/QC procedures were followed as specified in the test plan. The 

final results are valid, as all of the CEM performance specifications were attained and 9 

of the 10 runs had 100 percent completeness in relationship to the manual run times. 

The QA/QC results are discussed further in Section 6. 

2.7.3 Nonmethane Hydrocarbon Emission Test Results 

EPA Method 18 analysis of the flue gas was performed using 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, 

m y 1 2  2-33 
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e 

and xylene were determined by this method. Total hydrocarbon emissions as methane 

were determined by EPA Method 25A. 
0 

The hydrocarbon concentrations and emission rates in ppmv and lb/ton of asphalt 

produced are presented in Table 2-18. 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 0.0913, 0.121, and 0.01 Ib/ton for the three test days. The 

average emission factors of benzene, toluene, ethylbenzene, and xylene for the first test 

day were 0.00021, 0.0011, 0.00027, and 0.000098 Ib/ton, respectively. The average 

emission factors for the second test day were 0.00072, 0.00068, 0.00078, and 0.0 Ib/ton, 

respectively. The average emission factors for the third test day were 0.00041, 0.00028, 

0.00019, and 0.00014 Ib/ton, respectively. 

2.8 ASTM METHODS 

0 

I 
e 

e 

e This section presents results of laboratory analysis of waste oil fuel collected 

September 26, 1991. Standard ASTM methods were used to assess heat of combustion, 

ultimate analysis (ash, O,, carbon, hydrogen, sulfur, and nitrogen), and chlorine content 

of the sample. 

The results are given in Table 2-19. The waste fuel oil sample was anlayzed by 
0 

McCoy & McCoy Laboratories. 

e 
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Ash 

Table 2-19 

2.91 

Summary of Waste Oil Analysis 
Mathy Construction Company Plant 26 (1991) 

~~ ~ 

Carbon 83.43 II I 

2-38 

Hydrogen 

Nitrogen 

Sulfur 

Oxygen 
Chlorine 

Heat of Combustion 

e 

11.03 

0.22 

0.65 

1.72 

0.04 

18364 Btu/lb 

e 

a 



3. FACILITY DESCRIPTION 

0 
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0 

This section provides a description of the Mathy Construction Company’s Plant 

No. 26 asphaltic concrete plant located near New Richmond, Wisconsin. The process 

equipment and production materials used and the process parameters recorded during 

the emissions test are discussed. 

3.1 PROCESS DESCRIPTION 

Mathy Construction Plant No. 26 is a typical continuous drum asphaltic concrete 

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

following components: 

0 Aggregate storage piles; 

0 

0 

Recycled asphalt concrete storage piles; 

A rotary kiln/drum mixer for aggregate drying and asphalt cement mixing; 
and 

0 

Virgin aggregate and recycled asphalt concrete must be combined and dried to 

A heated asphalt cement storage tank. 

product specifications in the oil-fired rotary kiln/drum mixer. Both materials are 

introduced at the burner end of the drum. Asphalt cement, an amorphous solid that 

must be heated to a liquid state for injection into the drum mixer, is then mixed with the 

dried aggregate and asphaltic concrete. The final product leaving the drum mixer is 

transferred to a hot mix storage bin and then loaded into trucks. 

Aggregate fines become entrained in the combustion exhaust leaving the rotary 

kiln/drum mixer. The fines are then transported by the flue gas to a fabric filter, where 

they are collected. Process fugitive PM and VOCs from the drum mixer are also routed 

to the fabric filter inlet. Emissions of VOCs from fuel combustion, organic contaminants 

in recycled asphalt, and the asphalt cement are not controlled by the fabric filter, nor are 

any  VOC emission control devices used. The exhaust flow is induced by a clean-air-side 

fan. 

185342 3-1 
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0 
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 and recycled asphalt concrete storage piles and cold transport of 

these materials; 

Cold asphalt cement and hot mix storage tanks; or 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 of each 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 41 to 43 percent recycled asphalt and 

5.8 percent asphalt cement by weight, and the drum fuel is a specification waste oil. The 

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 TESTI" 
Production monitoring data for all tests are presented in Tables 3-1 through 3-3. 

3.2.1 Process Conditions Durinp Metals/PAH Testing 

Table 3-4 summarizes the production and operating conditions associated with the 

metals and PA)1 test data. Production rates for three runs vaned from ,217 tons per 

hour to 287 tons per hour (72 to 96 percent of rated capacity). Data regarding fuel 

consumption were not readily available because no functioning fuel flow rate measuring 

device was available. Sampling Run 3 was interrupted by a brief process shutdown, but 

sampling activity was suspended during this time. 

7.2.2 Process cccdicic~~ Du-iin aAJdph~~C',e Tesciin 

Table 3-5 summarizes the production and operating data associated with aldehyde 

test data. Production rates varied from 241 tons per hour to 290 tons per hour (80 to 

JBs342 3-2 
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Table 3-4 
SUMMARY OF METALSPM AND PAHS PROCESS OPERATING CONDITIONS 
h T H Y  CONSTRUCTION COMPANY PLANT 26 (1991) 
l ~ u n  N ~ I W  I I 2 I 3 1 A w a x e  

NOTES: Run averages were calculated from readings taken deriodically throughout the duralion 
of the emission test  run. See Table 3-1 and 3-2 for the individual readings. 

0 

0 

a 
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Table 3-5 
SUMMARY OF ALDEHYDE PROCESS OPERATING CONDITIONS 

NT = Not Taken 
NOTES: Run averages were calculated from readings taken periodically throughout the duration 

of the emission test run. See Table 3-1 and 3-2 for the indfvidual readings. 

0 

0 

0 
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97 percent of capacity). No process shutdowns or upsets occurred during the other 

sampling runs. 
3.2.3 Process Conditions Durine PMII/CPM Testing 

The production and operating data that correspond to the PM,,/CPM test results 

are summarized in Table 3-6. For three sampling rum, total asphaltic concrete 

production vaned between 212 tons per hour and 257 tons per hour (71 to 86 percent of 
capacity). Sampling Run 3 was briefly interrupted by a process shutdown. The sampling 

train was removed from the stack and capped during this interruption. 

3-8 
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Tahle 3-6 - - -. . - . 

SUMMARY OF PMlO/CPM PROCESS OPERATING CONDITIONS 

NOTES: Run averages were calculated from readings taken pkiodically throughout the duralion 
of the emission test run. See Table 3-1 and 3-2 for the individual readings. 
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4. SAMPLING LOCATIONS 

This section describes the locations where flue gas samples were taken during the 

emission testing program at Mathy Construction Company Plant No. 26. All samples 

collected by manual methods, including PM,, samples, were collected from sampling 

ports at equal heights in the exhaust stack. Samples for CEMS were collected from a 

single point near the manual sampling ports. The sampling location arrangement is 

0 

shown in Figure 4-1. 
0 

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

disturbance was 3.7 equivalent diameters away and the nearest downstream disturbance 

was 1.2 equivalent diameters away from the test ports. 
0 The minimum number of traverse points required for manual sampling was 24. 

Five points at each of the five ports were used, as shown in Figure 4-2. 
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Figure 4-1. Sampling Location Arrangement. 
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Figure 4-2. Traverse Point Layout at Stack. 
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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 MATTER 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, ll, 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 Eauimnent 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 

metetbox 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 

(HN03)/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 Greenburg-Smith 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 Eauioment Preoaration for Particulate Matter and Metals Sampling 

5.1.2.1 Glassware Preparation. 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 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 a n y  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 Reapent Preoaration. 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 HPLC' grade or equivalent. The lot 

number, manufacturer, and grade of each reagent thqt 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 glass-marking pen and used only for the reagent 

for which it was designated. 

5.1.2.3 Eauioment Preoaration. 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. 

Tme-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. 

SamDlinP 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 caiibratea according to the procedure outlified iii Scc:ioii 

3.4.2 of EPA Document 600/4-77-027b. 
TemDerature Measurine Device Calibration. Accurate temperature measurements 

were required during source samp!ing. 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 

over the anticipated range of use against an NBS-traceable mercury-in-glass 

thermometer. All sensors were calibrated prior to fzld 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 

;!iippc?, :G the &!d. ?=:t-test ci!it.rztinr! check were perfnrrned xi 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 leakcheck of the system w+ 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 ft3 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 2 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 RTP 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 RTP. 

5.1.3 Particulate Matter/Metals Samoline ODerations 

5.1.3.1 Preliminarv 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 i sohe t i c  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. Firsr, 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 irnpingers were loaded, each impinger was 

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

recovery data sheci. 

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 

sea!ed r:ith parafilm or teflon !ape. 

-. 1 
I L K  mpingers weie cciiiected togethe: by c!ean g l ~ s  U-tube 

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 

parafilm and socket joints was also placed in the bucket in a clean plastic bag for use by 

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 Sampline Procedures. After the train was assembled, the heaters for the 

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

0 

a 

0 

0 

0 

e 

0 

0 

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

filter skin temperature was maintained at 120 t 14OF (248 +25'F). The probe 

temperature ~ ~ was maintained ~~ above l0OT (212OF). 
0 

~ . ~ 
~. -~ ~. ~~ 

~~ 

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

Method 5 protocol required post-test leak checks a n d  recommended pretest leak checks.) 

Radian protocol also incorporated leak checks before and after every port change. An 0 
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acceptable pretest leak rate was less than 0.02 acfm (ft’/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. 

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 

form. 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 a d m  (whichever was lower). If a fmal leak rate did not 

meet the acceptable criterion, the test run could still have been accepted upon approval 

of the test administrator. 

5.1.4 Particulate Matter/Metals Sample Recovery 

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

the post-test leak check was completed. 
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Table 5-1 - "  

Sampling Checklist 

Before Test Starts: 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

a. 
9. 

10. 

11. 

12. 

0 
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 confirm assumptions). (Two people should calculate this 
rllucpclruc,lrrJ L" "VU",. ....... ..., 
Have a spare probe liner, probe sheath, meter box and filter ready to go at 
location. 

' - J - - - - A - - . l . .  6 -  r(-..hlo ~ h a r L  i t )  

0 

0 

0 

C 

0 

0 

IW2W 

0 

5-8 

0 



Table 5-1 

Con t hued 

During Test: 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

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 ~ 2 5 ° 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, C02,  0,) 
sample (if  applicable). 

Blow back pitot tubes at inlet location every 15 minutes. 

Change filter if pressure drop exceeds I5 in. Hg. 

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

Check impinger silica gel every 1/2 Kr; 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. Check completeness of data .heet. 

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

Continued 

0 

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) 
b) 

Bring probes into recovery trailer (or other enclosed area). 
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 
Empiy ai: acetcne 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 filled out and give to location leader. 

7. 

8. 

0 

0 

0 

0 

0 

0 
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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. 

0 

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 forward 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 node lp robe  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 
8 
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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 HNO,/H,O, impingers. These impingers 

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

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

method specifies a total of 100 ml of 0.1N HNO, 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: 

0 Acetone blank--lOO-ml sample size; 

0 

0 

o 

0 Filter blank--one each. 

0.1N HNO, blank--IOOO-ml sample size'; 

5 percent HNO,/10 percent H,O, 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 
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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 i percent of iota! wzigbi less :are xcigh:. whicheve: 

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

5.1.6 Metals Analytical Procedures 

A diagram illustiating the sanple preparztion and analytical procedure €or 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) in a microwave 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 

2.,l2!yzed by .pp!ic&!e ic!F2_!mPr?!a!inn. 

The absorbing solutions from the HNO,/H,O, impingers were combined, 

acidified, and reduced to near d y e s s .  The sample was then digested by conventional 

~ 
~~ . ~~ digestion, *th 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 DETECITON LIMITS 

GFAAS = Graphite Furnace Atomic Absorption Spectroscopy 
CVAAS = Cold Vapor Atomic Absorption Spectroscopy 

bThese detection limts 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 AI are present, samples will be diluted which may raise analytical detection 
limits. 

0 

0 

0 

JBS336 5-15 



L 

I I 

n 

T 

0 

0 

0 

0 

5-16 



0 

0 

0 

0 

0 

0 

0 

0 

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 Oualitv 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 Couded Areon Plasma Soectroscoov Standards and Ouality 

Control Samoles. The QC procedures used for ICAP 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 Graohite Furnace Standards and Oualitv Control Samoles. Standards 

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

modifiers added. Standards with less t h a n  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 it 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 & explained in 

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

used to quanitate the samples. 
0 

0 
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5.2 EMISSIONS TESTING FOR PARTICULATE M A T E R  LESS THAN 10 
MICRONS/CONDENSIBLE PARTICULATE M A T E R  

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 

eiriissiors x e  gzeous 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 p n ) ,  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 Samdine EauiDment for PM,- 

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 

Cycladem 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 impingers 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&&PM SamDline EauiDment PreDaration 

5.2.2.1 Glassware PreDaration. Glassware was washed as follows: 

0 

Rinsed with tap water; 

0 

0 Rinsed with acetone; and 

0 

Washed in hot soapy water; 

Rinsed with deionized distilled water; 

Rinsed with methylene chloride (MeCI,). 

0 

0 

0 

0 

0 

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 anaiysis 

were cleaned according to this procedure. 

The cyclone housing, nozzle, and interior surfaces were cleaned with hot, soapy 0 

water, rinsed with hot tap-water, rinsed with distilled deionized waterrand finally rinsed 

with acetone and dried. 
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5.2.2.2 Reagent - 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 Eouipment Preuaration. 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 Ooerations for P M , m  

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 
e 

0 

0 

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 preliminary 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. 

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 Xeihod i .  The sampliiig iime at cach pcin: s.v= based or? 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. Ai soci: as possible after the post-test leak check, the probe was disconnected 

from the impinger train. 

5.2.4 Samole Recoverv for P M , m  

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

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, 

e 
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e 

e 

e 

e 

0 and the impingers in their bucket. Each of these sections was capped with parafilm or 
Teflor? tip.- hefenre k i n g  tranqmr!ed tn 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 

0 
.~ ~~ 

~ ~~ ~~. ~ 

~ -. ~~ . ~ ~ 

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, 0 
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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 Imuineers 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 hoiders, ana probe h e r  were riimeb twice ~ i t h  

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 rimed 

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

level was marked. The sample information was logged into the field notebook. 

All sample 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 MeCl, rinses), and acetone (200 ml) 
were taken. Each reagent blank was of the same lot as was used during the sampling 

plUgIdl1~ r - -L  Lia.cu IVL I - *  A L U L L L V C ~  -..-ha- - -A -a.rnan+ b.--w nr-rl- W P ~ P  .._._ r ~ r n r d ~ d  ._______ cn field h l a d  label 

and recorded into the field notebook. 
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5.2.5 Analvsis for PM,&F&l 

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 Analysis. The in-stack filter catch was 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 ImDinger and Probe Samde 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 1OOO-ml separatory 

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

the organic/MeCl, 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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Hoi sture Oetenni nation 

Container 
number 

Volume or weight o f  liquid in impingers mi or g 
Yeight o f  moisture in silica gel 9 

Ueight o f  Condensible Particulate, mg 

Final Ueight I Tare Ueight 1 Weight Gain 

Sample Preparation (Container No. 4) 

Amount o f  liquld lost during transport ml 
Final volume ml 
pH o f  sample prior to analysis 
Add1 tion of ",OH required? 
Sample extracted ZX with 75 ml HeCl,? 

For Titration of Sulfate 

Normality o f  ",OH N 
Volume o f  sample titrated ml 
Yo1 ume o f  titrant ml 

Sample Anal ysl s 

4 (Inorganic) 
4 b 5 (Organic) 

Total 
Less Blank 

Weight o f  Condensi bl e Particulate 

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, i t  was dried for 24 hours in a desiccator containing silica gel. The resulting 

sample was weighed to the nearest 0.1 mg. 

Inorganic Fraction Weight Determination 

The water sample was evaporated on a hot plate to approximately 50 ml, then 

evaporated to dryness in a 105'C 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, respecriveiy. Biank correction was iiot ieqiliied, 

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 ALZEiiYEES EMISSIONS E S T I N G  
Sampling for aldehydes was performed according LO EPA SW-846 Test 

Method 0011, "Sampling for Aldehyde and Ketone Emissions from Stationary Sources." 

5.3.1 Samulinp Eauiument for Aldehvdes 

11113 1 l l G r r r O " U l u ~  YJCY ,.IC aw..y L... 

-:- --*L A-l - - .  ..--A *ha r-mnl;nn t v i ; n  chn- in Fimirp 5-8. - -0-- -. ..I.** I -.-..-- --- 
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 
/nhmU\ th- thi-rl irnninn-r ernnh, and the fnllrth impinger with silica gel. The first, 
\""A *A,, ..a- ..a. 1" .... y...b-- -___ ~.,, .___ .~~~ 

third, and fourth impingers were of the Greenburg-Smith 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 SamDline EauiDment 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 13OoC 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 Reaeent PreDaration. 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 [he 

reference method. The analyst wore plastic gloves and safety glasses when handling 

DNPH crystals or solutions. Reagent bottles for storage of cleaned DNPH derivatizing 

soiution were rinsed with aceioniiriie and dried befaie use. 

5.3.2.3 EauiDment Preoaration. 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, 

ieaK cnecK metering sysiern, sild baiciiiittti. A Zcl6 kbora:ory nc:cbo~k v+ rn-iztsized 

to record these calibration values. 

5.3.3 Aldehvdes Sampline ODerations 

. . .  . 

5.3.3.1 Preliminarv Measurements. Prior to sampling, preliminary measurements 

wcfc i~equired ifi eiijiiie ijo'kne;ic shi,pfizg. inc!;d-,d d - , t - , r ~ i p j ~ o  the tmuerce D 

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. 

5.3.3.2 Assemblinr! 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 

GreenburgSmith 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 Sampling Procedures. After the train was assembled, the heaters for the 

probe liner were turned 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 

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. 

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 
was cornpieti"& -- IIIC - procGuulc --A..-- was ideii:ica! :G :he pre:es: procedxe, bEt !he 

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 

:ate c: e42 icfm (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 Aldehydes Sample Recovery 

?.ecevery pmced~res hegan as snnn 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 caDped _ _  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 irnpingers 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 w a ~  quantitatively collected in the sample container. 

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 h a l  results depending on the volume of the loss. 

0 

5-33 



0 

5.3.5 Aldehvdes 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 prcjbkms weie obsei-~.c.ed in 

laboratory operations or in field sampling activities. 

Field blanks were submitted with the samples collected at each sampling site. 

iix fieid b k i i  iiichded :he samp!e Sot:les cnntainkg alin,?lotS nf 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 

w a  K~~~~ uulIIIE) 

sample. No gaseous sample was passed through the blank sampling train. 

- 

!---.-A A..A-- +hm .-n,,l, ear+ ,*=.. Ex :::in 'WIC recavered z if it were a n  actual test 

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 
c a t  nf 9",JI,rtiO.31 nnPrltinnc a*. V. -..a,..-- vr.. -...---. 

A field spike was performed by introducing 200 pI 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 N 0 N M E T " E  HYDROCARBON ANALYSIS BY METHOD 25A AND 

Benzene, toluene, and xylene concentrations were determined according to EPA 

C1-C6 BY METHOD 18 

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 25A. 

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,, GH,, GH,, C,H,,, C,HI2, 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. As 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 nomethane 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 BY 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 upstream 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 SamulinP and Eauimnent Preparation. 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 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, 

concentrations were, therefore, determined on a dry basis. Average concentrations were 

calcuiated 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 .~-Veraue Moistlire 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 

samoling was completed, the final weights of the impingers 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 3 4  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. lotai hydrocarbon 
- 

m36 5-38 

0 

a 

8 

0 

Q 

0 



0 

0 

0 

0 

e 

0 

0 

measurements were made on an unconditioned, hot basis. Therefore, this sample stream 

bypassed the gas conditioner. 

5.6.1 CEM Samuline Eauiument 

5.6.1.1 Samule Probes. The main CEM probe consisted of a black iron pipe 

mounted to a Swagelok" 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 O,, 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 Princioles of Oueration 

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 

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 t 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. 
, 71.*-n..rrrn ...bAAsaux W G  !V n e a u r e d  0, =sing 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 

iz th-, re!! cnndxt.ed electrons when i t  was hot from the mobility of O? 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 

\uac  sed !n make. !he 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 

c02 molecules throueh I 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 

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. 

0 

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 run 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 LO bypass the gas conditioner, 

0 

0 

0 

0 

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 total 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 (R’) of greater than or equal to 0.998, 

where the independent viriable 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. 

C'aiibration procedures are further dciaiicd in the d d y  opeiatir.g p:oced.;:e 

(Section 5.6.5). 

Table 5-3 lists the concentration of all calibration and QC gases used on this test 

piGgrZiii. 

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 
C " L " I b L L b U  ------*-,I :- Y. pU.....-' ---nll-l +,-, ." "...re..".. c + - n o h = v +  .---.-- recnrderc * -  and the .-__ data  acqijisitinn 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 

~ ~ i - t s  (ppmv, %V, etc.). n e  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 Oueratine Procedure 

The following is a detailed standard operating procedure for calibrating and 

operating the CEM system: 

e 

e 

a 

a 

e 

e 

e 
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Table 5-3 

CEM Operating Ranges And Calibration Gases 

Analvte 

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 QC Gas Value 

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 QC Gas Value 

I Ksm 

Cas Concentration 

Beckman 880 
0 - 20% 
18% 
100% N, (UHP) 
10% 
5% 

TECO 48H 
0 - 100 pprnvd 
98 PPrn 
100% N, (UHP) 
60 PPm 
20 PPm 

Thennox WDG Ill 
0-25% 
20% 
0.2% o2 
10% 
5% 

Western 721A 
0 - 200 ppmvd 
180 ppm 
100% N, (UHP) 

PPm 
30 PPrn 
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Table 5-3 

Continued 0 

Analyte 

VO" 

Instrument 
Range 
Span Gas Value 
Zero Gas 
Midrange QC Gas Value 
Low Range QC Gas Value 

W C  (EPA Method 25A) 

Instrument 
Range 
Span Gas Value 
Zero Gas 
Midrange QC Gas Value 
L c x . ~  h ~ g e  @C Gas Value 

Gas Concentration 

TECO l0AR 
0 - 250 ppmvd 
200 PPm 
100% N, (UHF) 
100 PPm 
50 PPm 

Ratfisch RS-55 
0 - 100 ppmvd 
90% as methane 

45 ppm as methane 
25 pprn as methane 

100% N, (UHP) 

0 

0 

0 

0 
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1. 

a 
2. 

3. 
0 

0 

0 

0 

4. 

5 .  

6 .  

7. 

8. 

9. 
8 

0 

0 

0 

0 

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. 

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 Therrnox 0, 
analyzers and repeat Step 7 for these instruments. 

Introduce the mixed span gases for 0,, CO,, and CO. Make adjustments 
as required to these instruments. 

10. 

11. 

12. 

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. 

13. 

14. 
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15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

Check the calibration table on the computer, and make a hardcopy. Put 
the computer in the standby mode. 

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. 

Begin sampling routine, with the computer on stand by. 

Start the data acquisition system when signaled by radio that system is in 
stack. 

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. 

Check for drift on each channel. 

5.7 POLYNUCLEAR AROMATIC HYDROCARBON EMISSIONS 
- . - -xTP 
L E 3  A L I Y U  

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 Sarndine Eauiornent 

=,e PAY : ~ ~ . , p k g  --,::).cd =sed !he s z ~ p l i i g  !K& ~hnurn i n  Figire 5-10. Radian 

modified the protocol conGguration to include a horizontal condenser rather than a 

vertical condenser. The horizontal condenser lowered the profile of the train and 

reduced breakage. The X A D  trap following the condenser was maintained in a vertical 

position. 
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5.7.2 Samuline Eouiurnent Preparation 

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. 

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 

nozzie brushesj were cieaneli iuiiowiiig 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 X A D  I1 and Filters Preparation. XAD resin and glass fiber filters were 

p ! ~ &  !=gethe: i~ 3 SC+.!~! 2nd e ~ k ~ t e c !  in IIPLC-gradc water, m~,!hy! 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 

Y.45 ax! fi!:e: S!zk were zix!;zec! for PA&-! compnundc. rcle pressure drop fnr 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 Equipment Preparation. The EPA Method 5 equipment was 

?repared arrnrding !n the prn!ocn! dismissed in Section 5.1.2.3. 
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Table 5 4  

Glassware Cleaning Procedure 
(Train Components and Sample Containers) 

~~ 

NOTE: USE DISPOSABLE GLOVES AND ADEQUATE VENTILATION 

1 

3. 

4. 

5 .  

6, 

7. 

Soak all glassware in hot soapy water (Alconofl). 

Tap water rinse to remove soap. 

Distilled/deionized H20 rinse (X3).' 
Bake at 450°F for 2 hours? 

Acetone rinse (X3), (pesticide grade). 

Methylene Chloride (X3). 
Cap glassware with clean glass plugs or methylene chloride rinsed 
aluminum foil. 

8. Mark cleaned glassware with color-coded identification sticker. 

'(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, hueezers, Teflon squeeze 
bottles, nylon probe and nozzle brushes). The probe liners are too large for the baking 
ovens. 

b 

e 

0 

a 

0 

5-49 



5.7.3 Samuline Ouerations 
5.7.3.1 Preliminaw 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 io 

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 

WCIC C U ~ ~ ~ ~ c ~ G u  rugGri lGl  uJllrE, c!eai;cd g k s  U-kbe coru~ec:o:s and xracged i~ 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. 

______._ 2 .---.La- ..":-- 

m- -----a "*A- ... "" 
A i I C  JGcuIIu w- :o ! a d  :he fi!:e: in:o :he fi!:e: ho!der. n e  fi!!e: h=!der ~m 

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 
!c:-!i=?. 2nd --.e--b!pd prp-:<-:"&y ic r i m i r e  D-. - 5-!c. se.1i.n.g g r e ~ e s  w p p  

used to avoid contamination or adsorption of the sample. 

5.7.3.3 Samuline 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 (ft’/min). After the leak rate was determined, the cap was slowly 

removed from the n o d e  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 

unusual occurrences. 

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. 

m136 5-5 1 



0 

5.7.4 Sample Recovery 

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 iisted in Table 5-5.  Tne 

samples were shipped to the analytical laboratory as expediently and carefully as 

possible. 

5.7.5 haiviicai  Frucedures 

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 anaiysis arc Siiuwx iii Tabk 5-6. 

5.7.5.1 Preparation of Samules 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 
--...- :-h-A 1- Aa*--:-- :C I-.rLnn- n - m ~ - a A  AsvGnn ~ V Q T I P I  Pnlnr anneamnrp and nther 
I s w C I p L u  L" " C L b . I I I Y . C  .I .bu"..6b "*CY..-" ".. .... ..-.-.. -rr ----- ___, - ..__. 

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 

Container/Component 

1 

2 

3 

4 

2 c 

Polynuclear Aromatic Hydrocarbon Sample Components 
Shipped to Analytical Laboratory 

Code Glassware 

F Filter(s) 

PR Rinses” of nozzle, probe, and front half 
of filter holder 

Rinses” of back half of filter holder, 
filter support, and condenser 

First, second, third, and fourth 
impinger contents and r;nsesa 

CR 

IR 

S M  *xo-2 resin 

a 

0 

r 
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Table 5-6 

Polynuclear Aromatic Hydrocarbon Compounds To Be Analyzed 

. 
Naphthalene 

Acenapthylene 
Acenapthene 

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 
7,12-Dime thylbenz( a)anthracene 

Benzo(g,h,i)perylene 

0 

0 
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5.7.5.2 Calibration of GC/MS System. 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 

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 Samole 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 caiculations. 

5.7.5.4 Analvsis bv GC/MS. The PAH analyses were performed by 
high-resolution GC followed by low resolution mass spectrometry. 

- uata  from the 'RiS were recorded atid stored on a compiiiei file as we:! 3 prin:ed 

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 

internai standard and surrogaie standard recuvciics were calc7i:a:ed ky caiiipi;:e;. ?!ie 
chromatograms were retained by the analytical laboratory and also included in the 

a 

a 

a 

a 

r 

m 

a 

analytical report. 

5.7.6 Analvtical OA/OC Procedures 
-:- ---:-- .I:--.---- 61- -----..I - . . l l :h.  -,-...rrnl n r n r , 4 m a r m r  +hot X I I P V , =  fnllnwuprl 1U1J JGCLAUU ULJCLWJGJ LuC 5cLIcI(u  q u - 1 ~ ~  ~ V L I U V L  ~ ' . v - - Y Y . - ~  ...I. ..-a- I----.. -- 

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 0 

a 

a 
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0 

0 

0 

0 

0 

0 

0 

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 Dudicates. 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 measured on the GC/MS. The recoveries of the internal standards were 

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. 
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a 

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, O,, 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-buib temperature readings. 

5.8.1.1 Samoline Eauioment 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 siung through the air for severai minutes. The ihermumeiers were i c d  

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 
"". iviernoa U L ~ U - 0 1 ,  arandard Test iviciiiud fui Kcat of Coiiibiiiioi; of L+id 

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 Samoline Eauioment and Method. Heat of combustion was determined 

using an 0: homb, calorimeter, stirred water jacket. and a thermometer. A weighed 

sample was burned in an 0, bomb calorimeter under controlled conditions. The heat of 

a 

a 

c 

0 

8 

0 

0 

0 
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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 

0 

Total Moisture Content Test Method 

Total moisture content of the aggregate sample was determined according to 
0 ASTM Method C566-89, "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 b y  the plant personnel and is 0 
included in the process data section of the test report. 

5.8.3.1 Samoline Eouioment 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 55°C (230 29°F); and a 

sample container not affected by the heat and of sufficient volume to contain the sample 

0 

0 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 

of the aggregate or where more precise measurement was needed. The dried sample 

was weighed to the nearest 0.1 percent after it had cooled sufficiently to prevent damage 
0 

0 

0 

0 

0 

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 Samoline Eauioment 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 Samdine EauiDment and Method. Total nitrogen was determined using a 

digestion unit, digestion flasks, distillate unit, buret, Erlenmeyer flasks, rubber tubing, 

and pipets. Reagents inciuded an alkali soiution, eihyi aicohoi, and suifuric 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 aistiiiation and h a i i y  deiennined by aikdiiiiieiiic oi 

acidimetric titration. 

5.8.6 Carbon and Hvdronen Test Method 

Carbon and hydrogen concentrations in the sample were determined according to 
- --.- .- ~. I --.-- n .  I" .~ >-.A .-I... .I-. L-2 f-- rn--L-- --.I u .I-..--- A ~ I M  Metnou IJJIIO-W, aiamuaiu ICSL ivicLIIuu IUI uuwu MU IAyuIv6cII in :he 

Analysis Sample of Coal and Coke." 

5.8.6.1 SamDlinp EauiDrnent 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 k e d  in an absorption train 

after complete oxidation and purification from interfering substances. This test method 

0 
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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 
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6. QUALITY ASSURANCE AND QUALITY CONTROL 

0 

0 

To ensure the production of useful and valid data, specific QA/QC procedures 

were strictly adhered to during this test program. Detailed QC procedures for all 

manual flue gas sampling, process sample collection, GC operations, and CEM 

operations can be found in the site-specific test plan prepared by Radian Corporation'. 

This section presents the test program QA parameters and results so that the degree of 

data quality can be shown. 

6.1 SUMMARY 

0 

Tests were conducted over a three-day period at Mathy Construction Company, 

Plant 26. Three sets of runs were completed successfully at normal operating conditions 

while the plant was operating on waste fuel oil. No sampling-related problems that 

would affect data quality were encountered during testing. 0 

In summary, the data quality was maintained throughout the project and this data 

can be used as described. 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 ? 10 percent out of 100 percent, with the exception of one 

aldehyde run. This run was accepted because it exceeded the limits only slightly. The 

PM,,/CPM manual sampling trains met the isokinetic criterion of 220 percent out of 

0 

100 percent, which is acceptable for this test method. 

Method blank and field blank results for the manual sampling trains showed some 

contamination. Also, a few method spike recovery values for the metals, aldehydes, and 

PAH analyses were not within the QA allowance. 

0 

0 

'"Emission Testing for Asphalt Concrete Industry, Site-Specific Test Plan and Quality 
Assurance Project Plan, Mathy Construction Company Plant 26," Radian Corporation, 
September 1991. 
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The CEM results showed acceptable calibration drift values and QC gas 

responses. All CEM QC procedures and objectives described in the site-specific test 

plan were followed. 

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 most of the rum conducted. 

The remainder of this section is organized as follows: Section 6.2 presents the 

QA/QC definitions and data quality objectives; Section 6.3 presents manual flue gas 

sampling and recovery parameters, and a further discussion of method blank, field blank, 

and method spike results; Section 6.4 presents method-specific analytical Q A  parameters; 

Section 6.5 discusses the CEM Q A  parameters; and Section 6.6 presents the GC QA 

parameters. 

6.2 QUALITY ASSURANCE/QUALI"Y CONTROL DEFINITIONS AND 
OBJECTIVES 

The overall QA/QC objective in this test program was to ensure precision, 

acnira.cy5 completeness: comparability, and representativeness for each major 

measurement parameter. The following definitions were used: 

0 Oualitv Control: The overall system of activities whose purpose is to 
provide a quality product or service. Quality control procedures are 
routinely followed to ensure high data quality. 

Oualitv Assurance: A system of activities whose purpose is to ensure that 
overall QC is being carried out effectively. The degree of data quality 
achieved can be assessed from QA parameters. 

Data Ouality: The characteristics of a product (measurement data) that 

0 

bear 011 iis abiiiiy- io jaiijEj B giveii p i i L ~ ~ ~ e .  E,:~csc ~ ! i ~ ~ a ~ : i ~ i ~ : i ~ ;  zre: 

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 is expressed as the relative 
standard deviation or coefficient of variation. 
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Accurag - 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, which 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. 

Comoleteness - 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.. 

Reuresentativeness - 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 IL; estimated precision, accuracy, and completeness objectives is 

presented in Table 6-1. 

6.3 MANUAL FLUE GAS SAMPLING QUALITY ASSURANCE 

The following section reports manual sampling QA parameters in order to 

provide insight into the quality of the emissions test data produced from manual tests 

during the test program. 

6.3.1 Particulate Matter/Metals Samdine Oualitv Assurance 

Table 6-2 presents post-test check results for all of the manual sample trains. The 

acceptance criterion was that all post-test leak checks be less than 0.02 cfm. All 

PM/metals post-test leak checks met the acceptance criterion. 

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. All PM/metals runs deviated by no more than 3 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 
\ 
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Table 6-1 

Summary of Precision, Accuracy, and Completeness Objectives 0 

Flue Gas Temperature 2 5°F 100 

’Precision and accuracy estimated based on results of EPA collaborative tests. All values 
stated represent worst case values. All values are absolute percentages unless otherwise 
stated. 

bMinimum valid data as a percentage of total tests conducted. 

‘Relative error (%) derived from audit analyses, where: 

Measured Value - Theoretical Value 
Theoretical Value 

Percent Error = 

dPercent difference for duplicate analyses, where: 

First Value - Second Value 
O.S(Firs t  + Second Values) 

Percent Difference = 

‘Minimum requirements of EPA method 6C, based on percent of full scale. 

18s342 6 4  

a 

e 

0 

0 

e. 

e 



~ 

0 

0 

0 

0 

0 

0 

0 

0 

Table 6.2 
LEAK CHECK RESULTS FOR MANUAL. SAMPLE TRAINS 
4ATHY CONSTRUCTION COM 

PM/Metals 
PM/Melals 
PM/Metals 

Aldehydes 
Aldehydes 
Aldehydes 
Aldehydes 

PAH 
PAH 
PAH 

PMlO 
PMlO 
PMlO 

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

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

09/23/91 
09/23/91 
09/24/91 

09/23/91 

09/23/91 
09/25/91 
09/24/91 

09/23/91 
09/23/91 
09/24/91 

09/24/91 
09/25/92 
09/25/91 

1 
2 
3 

1 

2 
3 
4 

1 
2 
3 

1 

2 
3 

LhY PLI 

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

1 

1 

1 

2 
2 
1 
1 

4 

3 
4 

1 

1 

1 

T 26 (1991) 

0.33 
0.33 
0.33 

0.50 
0.56 
0.48 
0.34 

0.34 
0.35 
0.32 

0.25 
0.28 

0.31 

- 
0.012 
0.014 
0.0 I2  

0.010 
0.006 
0.014 
0.010 

0.008 
0.010 
0.008 

0.010 
0.012 
0.016 

5 

5 

8 

1 
5 
6 
6 

I 
5 .  
7 

10 
10 
5 

YeS 
Yes 
Yes 

YeS 
Yes 
Yes 
Yes 

Yes 
Yes 
Yes 

Yes 
Yes 
Yes 

0 

0 
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Table 6-3 
ISOIUNETIC SAMPLING RATES FOR MANUAL SAMPLING TEST RUN 

PMMetals 
PM/Metals 
PMIMetals 

PMlOICPM 
PMlOICPM 
PMlOICPM 

Aldehydes 
Aldehydes 

Aldehydes 

. Aldehy&r 

PAH 
PAH 
PAH 

09/23/91 
09/23/91 
09/24/91 

09/24/91 
09/25/91 
09/25/91 

09/23/91 
09/23/91 
F,!24!9! 

09/25/91 

091 1919 I 
09/19/91 
09/20/91 

1 

3 

1 

2 
3 

1 

2 
a 

4 
- 

1 
2 

102 
97.9 
100 

89.1 
91.4 
80.8 

98.8 
112 
05.8 

96.0 

107 
106 

105 

Yes 
YeS 
Yes 

Yes 
Yes 
Yes 

Yes 
Yes b 
YCS 
Yes 

Yes 
Yes 
Yes 

a PMMetals, Aldehydes and PAH lest metals specify isokinetic sampling rates must be within 
10 percent of 100 percent isokinetic. The PMlO lest method allows ioskinelic sampling rates 
lo  be within 20 percent of 1M) percent isokinelic. 

b Marginally accepled because i l  did not exceed prescribed lolerances by a large amounl. 
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verify the full calibration, a post-test calibration was performed. The full- and post-test 

calibration coefficients must be within 5 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 

5 percent criterion of the full calibration factor. 

6.3.2 P&l,dCPM Samuline Oualitv Assurance 

Post-test leak checks, isokinetic rates, and dry gas meter post-test calibrations for 

the PM,,/CPM test runs were within QA allowances and are presented in Tables 6-2, 

Table 6-3, and 6-4, respectively. Note that the isokinetic acceptance criterion for 

PM,,/CPM runs is more lenient than for other methods, allowing the average sampling 

rate to be within 20 percent of 100 percent isokinetic. 

6.3.3 Aldehvdes Samoline Oualitv Assurance 

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 for Rum 1, 3, and 4. Run 2 was slightly out of QA acceptance 

with an isokinetic rate of 112 percent. However, the run was accepted because the 

deviation from acceptable limits was so slight. Post-test leak check results, isokinetic 

values, and dry gas meter calibration results for the aldehydes rum are presented in 

Tables 6-2, 6-3, and 6-4, respectively. 

6.3.4 Polvnuclear Aromatic Hvdrocarbon Sampline Oualitv Assurance 

The post-test leak check results for the PAH trains are presented in Table 6-2. 

All the trains met the QA acceptance criterion. Isokinetic rates, presented in Table 6-3, 

vaned no more than 6 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. 

6.4 ANALYTICAL QUALITY ASSURANCE 

The following sections briefly report Q A  parameters for the metals, PM,,/CPM, 

aldehydes, and PAH analytical results. Field blanks were collected for the PM/metals, 

PM,,/CPM, aldehydes, and PAH sampling trains. A train of each sample type was fully 

m 2  6-7 



Table 6-4 

MATHY CONSTRUCTION COMPANY PLANT 26 (1991) 
DRY GAS METER POST-TEST CALIBRATION RESULTS 

N-30 

N-32 

N-33 

PAH 0.9998 1.0218 2.20 YeS 

Aldehydes 1.m 1.0051 0.45 YeS 

PM/Melals - 0.9875 0.9788 -0.88 YeS 
PMlO/CPM 

0 

c 

a 
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prepared, taken to the sample location, leak checked, and then recovered. The 

analytical methods used for the flue gas samples are discussed fully in Section 5. 
6.4.1 Metals Analvtical Oualitv Assurance 

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 blank. 

The front-half fraction was contaminated with all of the metals except Se, Ag, and TI. 

The back-half fraction was contaminated with Mn, Ni, and P. The flue gas samples were 

blank corrected based on field blank results. 

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. Because the 

flue gas samples were blank corrected for the field blank, no corrections were needed for 

the method blank. 

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 

220 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. Poor Ag method blank recoveries may be due to the fact that silver nitrate 

solutions are light-sensitive and have a tendency to plate out on container walls. No 

spike corrections were applied. 

6.4.2 P&l,dCPM Analvtical Oualitv Assurance 

Table 6-8 presents the results of the PM,,/CPM field blank analysis compared to 

the test run results. Amounts of PM,, were detected in the field blank within all of the 

separate analytical fractions. The total amount detected was 3.2 percent of the average 

total for the three runs. The PM,,/CPM samples were gravimetrically analyzed 

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 rng. Water and methylene chloride blanks were analyzed 

with the samples. Blank correction was not required because the sum of the values for 0 

0 
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Table 6-6 
METALS FLUE GAS METHOD BLANK RESULTS 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 

Copper 
Lead 
Manganese 
Nickel 
Phosphorous 
Selenium 
Silver 
Thallium 
Zinc 

JCTION COMPi 

[l.SO] 
[0.400] 
[0.100] 
[0.100] 
[0.200] 

[O-@W 
[0.400] 
[0.300] 
0.330 
[0.300] 
[30.0] 

[1.W 
lo.-I 
[10.0] 
(2.41) 

[ ] = Minimum Dereciion Limit. 
( ) = Estimated Value. 

[1.59] 
[0.424] 
[0.106] 
[0.106] 
[0.212] 
[0.636] 
[0.424] 
0.744 
2.37 
0.572 
[31.8] 
[1.70] 
[0.636] 
[10.6] 
[1.59] 

0 

0 

0 
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Table 6-7 
METALS METHOD SPIKE RESULTS 

Anlimony 
Arsenic 
Barium 
Be ry I1 i u m 
Cadmium 
Chromium 

Copper 
Lead 

Manganese 
Nickel 
Phosphorous 
Selenium 
Silver 
Thallium 

RUTION COMPANY PLANT26 (1991) 

100% 
87.4% 
91.4% 
95.0% 
100% 
99.6% 
93.5% 
97.8% 
96.1 % 

999% 
89.2% 
99.0% 
74.5% 
103% 
103% 

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% 

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 

e 

0 

0 

0 

0 
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a 

Filter 
MeC12 

H 2 0  a 

0.0070 0.0080 0.0086 0.0004 
0.0048 0.0087 0.0035 0.0006 
0.0036 0.0628 0.0287 0.0008 

Table 6-8 
PMlOlCPM FIELD BLANK RESULTS COMPARED TO TEST R U N  RESULTS 
MATHY CONSTRUCTION COMPANY PLANT 26 (1991) 

Cyclone I 0.0207 I 0.0296 I 0.0288 I 0.0005 
I Total I 0.0361 I 0.1091 I 0.0696 I 0.0023 I 

a 

a 

a 

a 

a 
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the water blank and the methylene chloride blank was less than 3 mg, as specified in the 

test method. 

6.4.3 Aldehvdes Analvtical Qualitv 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 flue gas samples were blank-corrected. 

The aldehydes method blank results for the flue gas samples are presented in 

Table 6-10. Acetone and formaldehyde were detected in the flue gas method blank at 

low levels. Because the samples were blank corrected for the field blank, they were not 

blank corrected for the method blank. 

Table 6-11 presents the method spike results for the aldehyde analysis. All spike 

recoveries were within the 220 percent of the 100 percent criterion except for 

acerophenonejo-roiuaiciehycie at 70 percent recovery, acrolein at 23 percent recovery, 

crotonaldehyde at 25 percent recovery, and quinone a t  64 percent recovery. No spike 

corrections were applied. 

6.4.4 Po!;zuc!ea: ‘L-GEa:ic Hvd:ocarbG= RPsu!S 

Table 6-12 presents the PAH field blank results compared to the test run results. 

Naphthalene was detected in the field blank at an estimated level. The flue gas samples 

were blank-corrected. 

E P  PA!! =I,e.th=d b!2.?k :Ps..!!s fer the fl...e gE ssmp!es are presected i:: 

Table 6-13. Naphthalene was detected in the flue gas method blank at estimated levels. 

Table 6-14 presents the method spike results for the PAH analysis. All spike 

recoveries were within the QA criterion of 220 percent of 100 percent except for 

nitmphe=n!, - ppfi!arh!crcphefin!, 2nd di-fi-hfiyvlnhthalrte ,-I----------. Ne spike ~ c ~ ~ e ~ ~ ~ c ~ ~  

applied. Table 6-15 presents the PAH surrogate recovery results. 2-Fluorobiphenyl was 

out of the laboratory control limits for Run 1, Run 3, and the Method Spike, but 

nitrobenzene-d5 and terphenyl-dl4 were within control limits for all sample rum. 

6.5 CONTINUOUS EMISSION MONITORING QUALITY ASSURANCES 

Flue gas was analyzed continuously for O,/CO,, CO, SO,, NO,, and THC using 

EPA Reference Methods 3 4  10, 6C, 7E, and 25A. Daily QA/QC procedures were 

JBS342 6-18 
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0 

0 

0 

e 

0 

0 



0 

0 

0 

BulyraldehydeIIsobutyraldehyde 484 253 633 231 [lS.O] 
Crolonaldehyde 109 48.1 561 102 (18.01 
2.5-Dimethylbenzaldehyde [24.0] [24.0] [24.0] [24.0] [24.0] 
Formaldehyde 2070 2100 11800 3050 14.5 
Hexanal 190 136 519 200 [20.0] 
Isophorone [1501 [18.0] [lS.O] [lS.O] [18.0] 

Isovaleraldehyde 75.1 [18.0] 138 85.3 [18.0] 
MIBWp-Tolualdehyde [23.0] [23.0] (23.01 123.01 [23.0] 
Valeraldehyde 89.1 62.9 344 134 [18.0] 

0 

0 

0 
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0 

Valeraldehyde 

Table 6-10 
ALDEHYDE FLUE G 

[0.980] 

S METHOD BLANK RESULTS 
MATHY CONTRUCTlON COMPANY PLANT 26 (1991) 

Acetaldehyde 
Acetone 
Acetophenone/o-Tolualdehyde 
Acrolein 
Benzaldehyde 
Butyraldehydellsobutyraldehyde 
Crotonaldchyde 
2.5-Dimethylbenzaldehyde 
Formaldehyde 
Hexanal 
Isophorone 
lsovaleraldehyde 
MIBWp-Tolualdehyde 
Methyl Elhyl Ketone 

1 Propionaldehyde 
Quinone 
m-Tolualdehyde 

[0.580] 
2.74 

[l.20] 

I1.101 

[0.710] 

[0.940] 
[0.940] 
[l.30] 
1.24 

[1.10] 
[0.940] 
[0.980] 

[[1.201 

[0.730] 

[1.20] 

[0.940] 

[0.940] 

1 

0 

0 
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Table 6-11 
ALDEHYDE METHOD SPIKE RESULTS 
MATHY CONSTRUCTION CC 

Acetaldehyde 
Acetone 
Acetophenone/o-Tolualdehyde 
Acrolein 
Benzaldehyde 
Butyraldehyde/lsobutyraldehyde 
Crolonaldehyde 
2,5-Dimethylbenzaldehyde 
Formaldehyde 
Hexanal 
Isophorone 
Isovaleraldehyde 
M1BWp.Tolualdehyde 
Methyl Ethyl Ketone 
Propionaldehyde 
Quinone 
m-Tolualdehyde 
Valeraldehyde 

NS = Not Spiked 
NA = Not Analyzed 

1PANY PLANT 26 ( 
Metbod Splke 

(sb r w  
90.0% 

83.0% 
70.0% 
23.0% 
119% 
NA 

25.0% 
85.0% 
87.0% 
117% 
91.0% 

NS 

106% 
NA 

107% 
64.0% 

93.0% 
82.0% 

,991) 
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Table 6-12 
PAH FIELD BLANK RESULTS COMPARED TO TEST RUN RESULTS 
MATHY CONSTRUCTION COMP/ 

Acenaphthylene 
Acenaphlhlene 
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)an thracene 
Di benzofu ran 
7,12-Dimethylbenz(a)anthracene ~ 

Fluoranthene 
Fluorene 
Indene( 1,2,3-cd)pyrene 
2-Me~hylnaphthalene 
Naphthalene 
Perylene 
Phenaninrene 
Pyrene 

( ) = Estimated Values 
NOTE: PAH values have been blank corrected. 

0 

0 

0 

0 

e 

0 

0 

0 

0 
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0 

Table 6-13 
PAH FLUE GAS METHOD BLANK RESULTS 

0 

0 

0 

0 

MATHY CONSRTUCTION COMPAl 

Acenaphlhylene 
Acenaphlhlene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranlhene 
Benzo(e)pyrene 
Benzo(g.h,i)perylene 
Benzo(k)fluoranlhene 
2-Chloronapthalene 
Chrysene 
Dibenz(a.h)anthracene 
Dibenzofuran 
I, 12-Dimethylbenz(a)anthracene 
Fluoranthene 
Fluorene 
Indeno( 1.2.3-cd)pyrene 
2-Methylnaphthalene 
Naphlhalene 

Perylene 
Phenanthrene 
Pyrene 

[ ] = Minimum Detection Limit. 
( ) = Estimated Values 

’ PLANT 26 (1991) 

[SO.O] 
[50.0] 
[50.0] 

[50.0] 

(50.01 

[50.0] 
[50.0] 

[50.0] 
[SO.O] 
[SO.O] 

[SO.O]  

[SO.O] 

[1001 
[SO.O] 

[50.0] 

[50.0] 

[SO.O] 
[50.0] 
[SO.O] 

[SO.O] 

[SO.O] 

(0.370) 

0 

0 

0 
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Table 6-14 
PAH METHOD SPIKE RESULTS 
MATHY CONSTRUCTION COMPAI 

Phenol 
2-Chlorophenol 
1,4-Dichlorobenzene 
N-Nitroso-di.n-propylamine 
1.2,4-Trichlorobenzene 
4-Chloro-3-methylphenol 
2,4-Dinitrotoluene 
Penlachlorophenol 
Di-n-butylphthalate 
4-Nitrophenol 

6-20 

&.a% 
94.2% 
95.6% 
104% 
109% 
99.9% 
98.4% 

26.6% 
2.15% 
53.0% 

0 

0 

0 

c 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 
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followed in accordance with the QA/QC guidelines in the reference methods and Radian 

standard operating procedures. These procedures are fully detailed in the site-specific 

test plan, 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. 

6.5.1 Calibration and Drift Assessments 

Continuous monitoring instruments were calibrated at the beginning of the test 

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 had to be within 5 2  percent of 

full scale for the linearity check to be considered acceptable. The results of this check 

for the different instruments are presented in Tables 6-16 through 6-21. 

In addition to conducting the linearity check, 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 in order to consewe gases char were avaiiabie in iimited 

quantities, or if the span gas was closer to the observed concentrations. Because 

production runs were limited, drift check was not determined between every manual run 

in order to allow for completion of as many manual method tests as possible while the 

plant was actuaiiy on-iine. 

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 

finai span-gas observed response was compared iu iiic iiiiiiai Sljaii-gaj ubseit-ed iejpoiije. 

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 was met in all cases except for one 

inter-mn check of the NO, analyzer; however, the overall drift for this analyzer over the 

entire test period was determined as -0.4 percent, which is within +3  percent limit. 

e 

0 

0 
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Table 6-16 
-OD 3A OXYGEN ANALYZER AND DRIFC SUMMARY 
MATHY CONSTRUCTION COMPANY PLANT 26 (199 I) 

a Multipoint Linearity - Difference Percent Scale = (observed conc - certified conc)lfull scale * 100%. 

b Inter-run Drift - Difference Percent Scale = (current conc - previous observed conc)lfull scale * 103%. 

c Drift Summary - Difference Percent Scale = (final observed conk - initial observed conc)lFull scale 100%. 

6-23 



Table 6-17 
METHOD 3A CARBON DIOXIDE ANALYZER AND D m  SUMMARY 
MATHY CONSTRUCTION COMPANY PLANT 26 (199 I) 

a Multipoint Linearity - Difference Percent Scale = (observed conc - certified conc)lfull scale * 100%. 

b Inter-m Drift - Difference Percent Scale = (current conc - previous observed conc)/full scale * 100%. 
c Drift Summary - Difference Percent Scale = (final observed conc - initial observed conc)lfull scale * 100% 

0 

0 

0 

0 
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0 

Table 6-18 
METHOD 6C SULFER DIOXIDE ANALYZER AND DFSET SUMMARY 
MATHY CONSTRUCTION COMPANY PLANT 26 (1991) 

Full Scale Concentration: 500 ppmV 
I I I i i I Difference 

0 

0 

a Multipoint Linearity - Difference Percenl Scale = (observed conc - certified conc)/full scale 100%. 

b Inter-run Drift - Difference Percent Scale = (current conc - previous observed conc)lfull scale * 100%. 
c Drift Summary - Difference Percent Scale = (final observed conc - initial observed conc)/full scale * 100%. 0 

0 

lo 

lo 
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Table 6-19 
METHOD 7E NITROGEN OXIDES ANALYZER AND DRET SUMMARY 

Multipoint Linearity a 
9/23/91 I 08:12 I Zero: 0.0 I 0.0 1 .  0.0 I 0.0 
9/23/91 I 08:12 I Span: I 201.0 I 201.0 I 0.0 I 0.0 

,Inte-r!! Drift Summarv b 

MATHY CONSTRUCTION COMPANY PLANT 26 (1991) 

lTest Period Drift Summary c 

9/23/91 I 11:06 I Span: 1 201.0 I 192.0 I -9.0 I -3.6 
9/23/91 I 12:40 I Span: I 201.0 I 201.0 I 9.0 I 3.6 

I I I I I I 9/23/91 I 16:46 I Mid: I 97.0 I 99.0 1 2.0 j o.a 
I 9/24/91 I 15:12 I Mid: I 97.0 I 96.0 I -3.0 1 -1.2 I 
I 9/25/91 I 1555  I Mid: 1 97.0 I 104.0 I 8.0 I 3.2 I 

a Multipoint Linearity - Difference Percent Scale = (observed conc - certified conc)/full scale * 100%. 

b Inter-run Drift - Difference Percent Scale = (current conc - previous observed conc)/full scale 100%. 
c Drift Summary - Difference Percent Scale = (final observed conc - initial observed conc)/full scale 100%. 

0 

0 

0 

0 

0 

0 

0 
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Table 6-20 
METHOD 10 CARBON MONOXIDE ANALYZER AND DRIFT SUMMARY 
MATHY CONSTRUCTION COMPANY PLANT 26 (1991) 

a Mullipoint Linearity - Difference Percent Scale = (observed conc - certified conc)/full scale * 100%. 
b Inter-run Drift - Difference Percent Scale = (current conc - previous observed conc)lfull scale 100%. 

c Drift Summary - Difference Percent Scale = (final observed conc - initial observed conc)/full scale * 100%. 
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Table 6-21 
METHOD 25A TOTAL HYDROCARBON ANALYZER AND DRET SUMMARY 
MATHY CONSTRUCTION COMPANY PLANT 26 (199 1) 

9/23/91 12:40 Mid: 95.3 
9/23/91 16:46 Mid: 95.3 
9/24/91 15:12 Span: 8 10 
9/25/91 1 5 5 5  Span: 810 

94.5 -0.5 -0.05 
102.5 8.0 0.80 
811.0 I .o 0.10 
817.0 6.0 0.60 

a Multipoint Linearity - Difference Percent Scale = (observed conc - certified conc)lfull scale 100%. 
b Inter-run Drift - Difference Percent Scale = (currenl conc - previous observed conc)lfull scale * 100%. 
c ,":if! S!-zr;. - Dilferer?ce Percer?! S E ! ~  = (fins! C B ~ S P Y Y P ~  coir. - initial ohserved conc)/Full scale 100% 

a 

a 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

6.5.2 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 the line bias checks described in 

Methods 3 4  7E, and the test plan. 

6.5.3 Leak Checks 

Because 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. 

6.6 GAS CHROMATOGRAPHY QUALITY ASSURANCE 

EPA Method 18 analysis of the flue gas was performed using a GC to separate 

the hydrocarbon (C,-C,) species in the gas stream. At the beginning of each test day, 

and prior to sampling the flue gas, the GC 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 determined for these 

compounds. Additional calibrations were completed for benzene, toluene, and xylene 

(BTX). The calibration drift values are shown in Table 6-22. A Post-test Response was 

not conducted on the second day of testing. Most of the drift values were within the QA 

allowance criterion of 10 percent. The compounds that did not meet this criteria were 

benzene on the first day of testing, and pentane, hexane, ethylbenzene, and xylene on the 

third day of testing. 
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0 

0 

0 

0 

0 

0 
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APPENDIX A 

EMISSIONS TESTING FIELD DATA SHEETS 

A1 PM/Metals 
A.2 PM,, CPM 

A 4  PAH 
A3 Alde h ydes 



a 

a 

a 

a 
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a 

a 

0 
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A 
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MOISTURE AND IMPINGER CATCH DATA SHEET 

0 
lmpinger 
Number Solution 

6 

Weigh! 
Approx. rnl Conliguralion in grams 

Fmal 638,l Weighl 
Inilia1 Gain 3,1 

aed MB&-5 

a9-0 W&S 

d 

Welghl 
Fmal Inillal Gain [ 7 0 

Weight 
Gain 0. 3 

Final 
Initial 

c 

- Total lmpinger Weight Gain ( W C ) e $ n S  Analyst 

V I  = Final Meter Volume = n3 

Vi = Initial Meter Volume= n3 

DGMCF = Dry Gas Meter Correction Factor = 

Vm = Metered Gas Volume = (Vl-Vi)(DGMCF) = 

Tm = Average Meter Temp. = F A 6 0  = 

Prn = geier ;iesuie (&;o,?e;;;c p:e;;u:e; = 

tt3 

R 

in Y" 
' ' 3  .,.. 

%CO %N2 
%C02 %H2 

- %02 %Cri 

CONDENSED WATER gms 
FILTER WT. GAIN oms 
PROBE WASH WT. GAIN gms 

0 

0 

0 

0 

0 



fa p BAR PRESS - HQ 
STATICPRESS # H20 OPERATOR 

-0. I1 

CONSOLE R /v -32 
FILTER # 

PROBE LENGTH 
LINER MATERIAL 

WEATHER 

REMARKS 



0 

MOISTURE AND IMPINGER CATCH DATA SHEET 

0 
lmpinger 
Number 

1 

2 

3 

4 

5 

6 

Weight 
ApprOX. mi Conliguralion in grams 

Initial 
bum65 

m6--S Flnal 
Initial 

a.90 

Initial 
a moo6-5 

Weigh1 
Gain 2 ) Y . C  0 

Welghl 
Gain qa ,J 

Gain 0 

Welghl 
Gain 1 ,  h- 

Weight 
Galn 

^A' I 

Total lmpinger Weight Galn ( W C ) a . g r m S  Analyst 

V I  = Final Meter Volume = n3 

VI = Initial Meter Volume= n3 %CO %N2 

I ' %C02 %H2 

- woi %Cii DGMCF = Dry Gas Meter Correction FaCfOr = 

Vm = Metered Gas Volume = (VI-Vi)(DGMCF) = n3 CONDENSED WATER gms 

Tm = Average Meter Temp. = F A 6 0  = R PROBE WASH WT. GAIN gms 
FILTER WT. GAIN oms 

(17.64)(Vm)(Pm) (17.64)(-H3)(-"Hg) 

Tm (- R) 
Vrn (std) = - - - - -fi3 

Vwtstd! = Volume of Water VaDor = .0472(Wc) = .0472(-g) = - n3 

0 

0 

0 

0 
Vw(std) -R3 

- - Bws = Moisture Fraction = 
Vw(std) + Vm(std -H3 + -fi3 = - mv.m m u  2101 

f 
0 
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a 

a 

-. 
4 ...... 

Final 4% \ Welghl / 

. . . . . . .  . Initial qm Gain b,3 tw&5 L(.T , , 
I 

.- __ 
I 

. . . . . . . . . .  ..... . WelQhl . Final 
. . . . . .  Gain ! -  lnilial 

I 
I 
~I.-;-. 

... , .  
i . . 

i 6 '  :._ 

! ..,<..._., . . . .  I 
... I ! ~. . 

1 - . . . . .  - _  
a . I  -. ! AnalysI w 

4 

,I ! 
.~~~~ 
i ..... Total l m p T n i W e @ h ? ' G d r I ~ ~  .. . .- ... - , 

I . . . .  I-- 

L- 

VI c FinalMSK~Volume =-- 
.. ...  

~ ___ -. 
I 

'Vi = Initihl me= - R3. 
a _-.- _______._ 

i ! 
Gas~Meter Correction Factor = 

V m e  Metered Gas Volume = O/f-Vi)(DGMCF) = R3 

%CO %N2 
%C02 %H2 

- 4602 %CH 

CONDENSED WATER oms 
FILTER Wr. GAIN oms 
PROBE WASH Wr. GAIN gms 

(17.64)(Vm)(Pm) (17W(R3)(-'Hg) 

Tm I R) 
Vm (std) = - - - - -R3 

Vw!strl! = Volume of Water Vaoor = .0472(Wc) = .0472(-g) = - t13 

Vw(std) - ft3 
- - Bws = Moisture Fraction = - 

Vw(std) + Vm(std -113 + -f13 = - halon O m  UDI 

a 

a 

a 

a 
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'1 H 3 T A B e I N I % , - .  .- , , I- ~, .- DURATION min. 
LEAK RATE ., clrn 

DATE 
DUCT DIMENSIONS X O l A M r n R  H I  
PTCF DGMCF NOZZLE DIA. Inches flNAL LEAK RATE , clm 
BAR PRESS . Hg 
STATIC PRESS * H20 nl Of?EWpFc~ 

TIME START - .  ,. . I  .&>.  ?K 
-,aisM' 

. ~ ,  
S I , .  ,.,. . ! ,. 

' :73, 

PROBE LENGTH 
LINER MATERIAL 

WEATHER 

REMARKS 



MOISTURE AND IMPINGER CATCH DATA SHEET 

impinger Welght 
Number Solution Approx. mi Configuration in grams 

1 

2 

3 

d 

5 Final Weight 

0 Initial Gain 

6 Final Welght 
Initial Gain . \. 

- 
e . I l l - , ,  I 

Total lmpinger Weight Gain (Wc) 1'-tx b grms Analyst \ ci 
V I  = Final Meter Volume = n3 

Vi = Initial Meter Volume= n3 

DGMCF = Dry Gas Meter Conenion Facior = 

Vm = Metered Gas Volume - (Vf-Vi)(DGMCF) = 

Tm = Average Meter Temp. = F 4 6 0  = 

tl3 

R 

P z  = !.!e:er Precure !Esmmg!ric Pra%sure) = - in. Ha 

%CO %N2 
%CO2 %H2 

DLPU . - -mYC 

CONDENSED WATER oms 
FILTER W. GAIN oms 
PROBE WASH VVT. GAIN oms 

( I ~ . w ) ( v ~ ) ( P ~ )  ( 1 7 . 6 4 ) ~ n 3 ) - " ~ g )  

Tm (- R) 
tl3 - Vm (sld) = = - 

Vw(std) = Volume of Water Vapor = .0472(Wc) = .0472(-g) = It3 

Vw(std) -n3 - - Bws = Moisture Fraction = 
Vw(std) + Vm(std -113 + -tl3 = - m..m mu zo1 



0 

0 

7 

0 

0 

0 

0 

0 

0 

0 
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f - 
PROBE LENGTH + M -  

LINER MATERIAL 7, -- L C , ,  . -, -i 
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0 

MOISTURE AND IMPINGER CATCH DATA SHEET 

0 

lmplngel 
Number 

1 

2 

3 

4 

5 

6 

Solutlon Approx. ml 
Weigh1 

Conliguration in grams 

MppG..S; .- Final 
Initial 

Initial 

Final 
Initial 

Weight 
Gain 1 i.: ..e 
Welght 
Gain 6 .Y 

Gain 0.3  0 
Welght 

Weight 
Galn 

Weigh1 
Gain 

e . . ~  
Total lmpinger Weight Gain (WC) grms Analyst 

VI  - Final Meter Volume = 

Vi = Initial Meter Volume= n3 %CO %N2 

%02 %CH 

rt3 

%C02 96142 0 
DGMCF - Dry Gas Meter Correction Factor . .  = 

Vm = ,Metered Gas Volume - (VI-Vl)(DGMCF) = ' . 

Tm = Average Meter Temp. = F 4 6 0  = 

Prn - Meter Pressure (Barornetrlc Pressure) = - . , in: Hg , , 

. .  
n3, . , CONDENSED WATER oms 

FILTER WT. GAIN oms 
PROBE WASH WT. GAIN 

' 

- .  . 

oms 0 
i '  

. -  
.. . .  . 

(17.64)(Vm)(Pm) (17.64)( rt3U . 'Hg) 
= - - n3 Vm (std) = 

Tm I R) 

0 

Vw(std) - I13 - - Bws - Moisture Fraction = 
Vw(std) + Vrn(std -n3 + -113 = - W.h D.y MI 

0 



S O U R C E  S A M P L I N G  F I E L D  D A T A  

Page -,L 01 L 
J 

k 
min 

n INITIAL LEAK RATEQ a / b P J % m  
FINALLEAKRATE - ctm 

SAMPLING LOCATION 
DATE '7- 2 C TIME START -1315- 
DUCT DIMENSIONS X DIAMETER e 
PTCF f v Y  WMCF Jd031 NOZZLE DIA Os/ 7r inches 

RUN NO. pblbw 3 
TIMEFINISH - TEST DURATION 

BAR PRESS . HO 
.STATIC PRESS - d .H20 

WEATHER 

REMARKS 



lmpinger 
Number Solutlon 

MOISTURE AND IMPINGER CATCH DATA SHEET 

0 
Weighl 

Appror. ml Configuration in grams 

1 

4 

5 

Flnal 6 5-7 6 Weighl 
Initial Gain Y 3  

stilocdei 
Final Welghl $.g 0 
lnillal Gain - f 

Final Welght 
lnilial Galn 

6 

Total lmpinger Weight Galn.(Wc) I s s. 0 6 grms 

V I  = Final Meter Volume = 

Vi = Initial Meter Volume= . , tt3 

Analyst- 

?3 

%CO %N2 
%C02 - %H2 

' . %02. %CH DGMCF = Dry Gas Meter Correction Fact& = 

Vm = Metered Gas Volume = (VI-Vi)(DGMCF) = 
. ,  . .  . ,  . .  

tt3 CONDENSED WATER oms 

Tm.= Average Meter h p .  = FA60 = R PROBE WASH Wl. GAIN oms 
FILTER WT. GAIN " oms 

. ' 

. .  

. .  
, Pm = Meter Pressure(8arometrlc Pressure) = - in. Hg 

. .  
. .  . .  . . .  

.. . .. . . .  
, (17,64)(Vm)(Pm): (17.64)(tt3)('--Hg) 

1 - -It3 
. .  

- - 
R),  . '. 

. .  . . ,  . , Vm [std) = 
Tm .~ 

,.* . .  _._^^.. -.-a, 
, .  

. .  . . .  

- .. .Vw(std) & volume oi wmer vapor = .u4/z(wcj - . u r r r ~ g j  = -#- , ,  . 
, .  , 

- 

. .  . .  
.t13 

. .  
- . . Vw(sfd) . .  

Bws = Moisture Fraction =' - .  
. .  

Vw(s1d) +' Vm(srd A h 3  + .H3 = - *Ria D.u m.1 . .  

0 

0 

0 

0 

0 
. .  . .  

, .  
. ,  

. .  
. .  . .  

. .  
. .  



0 

APPENDIX A3 

ALDEHYDES 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

\ is 
0 

S O U R C E  S A M P L I N G  F I E L D  D A T A  

Page - 01 - .tt 3& 
PLANT NAME 1 A4 

RUN NO. A\&I\vdgj - 1 
TIME FINISH TEST DURATION &J. 5 mln. 

SAMPLING LOCATION 5 L I( 
BAR PRESS ’ Hg op& ~~~ 

DATE 9 - 23 -q TIME START 
DUCT DIMENSIONS A X 3g DIAMETER H INITIAL LEAK RATE G f  B” clm 

FINAL LEAKRATE. L’ic3 a-r 7”clrn 7 PTCF 1.063a E M C F  1. 9 2  NOZZLE DIA. 4 1-91 ;inchef 

STATICPRESS - C.17 “20 
z= /.ut 

LINER MATERIAL 
CONSOLEX 4 - 34 PROBE LENGTH 

FILTER # 
AMBIENTTEMP. 

WEATHER cko{ 
REMARKS 



MOISTURE AND IMPINGER CATCH DATA SHEET 

0 
impinger Weight 
Number Solution ApDrox. ml Configuration in grams 

1 

2 

3 

4 

L Initial 

5 Final 
lnilial 

Weight 
Gain [L?,? 

Weight 
Gain 106.2 

0 

Weight 

Gain , 1 8 . 2  0 

WelQhl 
Gain 7,  L 
Weigh1 
Gain 0 

6 Final .Weigh1 
Initial Gain 

- p a l .  
Total lmpinger Weight Gain ( w c ) ~ ' ' t ~  grms Analyst 

V I  = Final Meter Volume = n3 

Vi = Initial Meter Volume= n3 %CO %N2 

%C02 %H2 
"I -8 I _.  -- DGMCF = Dry Gas Meter Correction Factor = %UL 7UC" 

Vm = Metered Gas Volume = (VI-Vi)(DGMCF) = h3 CONDENSED WATER gms 

Tm = Average Meter Temp. = F A 6 0  = R PROBE WASH WT. GAIN gms 
FILTER WT. GAIN gms 

in. Hg m- - L.-.-- D----..-- rO-.nma+.ir D r m c c i i m \  
roll - lwl-lrl I IW-Ylw \L.2'"'.."...". -- 

(17,64)(Vm)(Pm) (17.64)( h3M "Hg) 
h3 - - - Vm (std) = - 

Tm L R) 

Vwfstd) . .  = Volume of Water Vawr = .0472(Wc) = .0472(-g) = -113 

Vw(std) - ft3 
- - Bws = Moisture Fraction = 

Vw(std) + Vm(std - n3 + -113 = - ~r-n  m u  M I  

- 
I 

c 

a 

0 

0 

a 

0 



, , -  . , .  .- .. 
. - . > _  .. 
:- - -  

S O U R C E  S A M P L I N G  F I E L D  D A T A  
. . ~ .  

Travers Clock Dry gas meter P - H  Slack Drygas metertemp HOI box Probe Laft Vacuum 
Poinr Tlme readlng H3 in H20 in H20 Temp. F lnlel Oullel Temp. Temp lmpinger in. Hg 

I 
SAMPLING LOCATION RUNNO. 

DUCT DIMENSIONS 't I" 
DATEY- 2 3 T l M ? S k ' ' '  TIME FINISH TEST DURATION 

x -3s DIAMETER ti INITIAL LEAK RATE 0 0 12 sf 
ydPTW1 L -2 NOZZLE DIA a - inches  FINAL LEAK RATE 12 066 @f-Cfm 

- 
0 

j:i 1 

0 

0 

0 

0 

0 

0 

a 

a 

~~ 

BAR  PRES^^ Z Y  - HQ 
STATIC PRESS ' H20 OPERATOR, ,/ /'/ 

CONSOLE # A/ - 3 t' 
FILTER a 
AMBIENTTEMP. &G 

PROBE LENGTH 0 ' 
LINER MATERIAL 6 u?f 

WEATHER 

REMARKS 



MOISTURE AND IMPINGER CATCH DATA SHEET 

0 
lmpinger Weight 
Number Solution Approx. ml Configuration in grams 

1 

4 

Welghl - 
0 LL 

Final 
lnilial 7r. 5 Gain 

MT w6- I  

5 Final Weight 

Gain 0 Initial 

6 Final Welghl 
lnilial Gain 

Tolal lmpinger Weight Gain (Wc) \ 9 k .  5 grms Analyst e 

V I  - Final Meter Volume = 

Vi = Initial Meter Volume= 

n3 

n3 

DGMCF = Dry Gas Meter Correction Factor = 

Vm = Metered Gas Volume = (VI-Vi)(DGMCF) = 

Tm = Average Meter Temp. = F A 6 0  = 

t13 

R 

in. ug n- . a  -.-- -.._ ,m"*---..;- P.rrr.,.s\ - 
r l a J  = I * I o L = I  T I - W U I W  ,YCm""'W'.'" I ' Y W Y ' I ,  -- 

%CO %N2 
%C02 %H2 

. 4602 %Cri 

oms 
FILTER WT. GAIN oms 
PROBE WASH WT. GAIN oms 

CONDENSED WATER 

(1 7.64)(Vm)(Pm) (1 7,64)(W)(-"Hg) 
- Vm (std) = - - -R3 - 

Tm (- R )  

Vw!std! = Volume of Water Vapor = .0472(Wc) = .0472(-g) = -113 

Vw(std) -113 

Vw(std) + Vm(s!d -03 + -R3 = - 
- - Bws = Moisture Fraction = 

mrra mu YOI 

0 

0 

0 

0 

0 



S O U R C E  S A M P L I N G  F I E L D  D A T A  

PLANT NAMF Mach u 

Travers Clock Dry~aameler ' P  - H Slack Dry gas msler temp HOI box Probe Lasl 
Point nme readlngti3 In H20 In H20 Temp. F lnlel 1 Oullet Temp. Temp lmplnoer 

W 

Vacuum 
In. Hg - 

0 

0 

0 

3 
0 

0 

0 

0 

0 

0 

0 

BAR PRESS Tq-, ' HQ 
STATIC PRESS 0.5- * HX) OPERATOR J b  13 

LINER MATERIAL 
CONSOLE W 4- 34 PROBE LENGTH 

FILTER I 
AMBIENlTEMP. 

WEATHER a e r c a s j  / O  r . Z Z  4 

REMARKS 



0 

MOISTURE A ~ D  IMPINGER CATCH DATA SHEET 

irnplnger 
Number Solullon 

1 

2 

3 

4 

5 - 

6 

Weight 
Conliguralion in grams 

Final 
lnillal 

M O O  6-4 

lnillal 7& & 64 

Inlllal 
rb@ 6-5 

Final 
lnillal 

0 

0 
Welghl 
Gain J 5 7 , O  
Welghl 
Gain 557 
Welghl 
Gain a,% 0 

Welghl 
Gain '7,30 
Welghl 
Gain 0 

Welghl 
Gain 

Total lmpinger Weight Gain (WC) Z O S . ?  gms Analyst 

Vf - Final Meter Volume 0 

Vi = Initial Meter Volume= 

DGMCF = Dry Gas Meter Correctlon Faclor = 

tt3 

tt3 

Vm = Metered Gas Volume = (VI-Vi)(DGMCF) = 

Tm P Average Meter Temp. = F A 6 0  = 

Pm = Meter Pressure (Barometrlc Pressure) = - in. ng 

tt3 

R 

%CO %N2 
%C02 %H2 
% 0 2  %CH 

CONDENSED WATER oms 
FILTER w7. GAIN gms 
PROBE WASH WT. GAIN oms 

0 

0 

0 

0 
Vw(std) - ft3 

ft3 = - Vw(std) + Vrn(std -H3 + - 
- - Bws - Moisture Fraction - 

R".h Du YOI 

0 



S O U R C E  S A M P L I N G  F I E L D  D A T A  
- -  . . .  

a Page - 0 1  - PLANT NAMF 

SAMPLING LOCATION . c 
TIME FINISH TEST DURATION min. 

FINAL LEAK RATE 9 jd a'+ L " k& n INITIAL LEAK RATEQ L ' D F ~  9C 
DATE '7- 75. I TIME START 
DUCTDIMENSIONS 3 8  " X Ll 3 "  DIAMETER . / 4 5  
PTCF ) .ODOL DGMCF /.y.< 'NOZLEDIA. . 
EAR PRESS ~1'i' I I > . HQ Inch& 

OPERATOR rgp STATIC PRESS - nzo 

.- 

PROBELENGTH g 
LINER  MATERIAL^ CONSOCE ~ 

FILTER I 
AMEIENTTEMP. 

. .  i ;? 
I 



lmplnger 
Number Solullon 

1 DmL 
2 b M P H  

. 3  L 
4 5,l IC& k l  ' 

5 

6 

MOISTURE AND IMPINGER CATCH DATA SHEET 

Welghl 
Approx. rnl Conliguralion In grams 

Flnal 
lnlllal 

2 9 - D  G-5 

0 

Welghl . ' L 3  . , Galn . .  

Welghl 
Galn 

Welghl 
Galn 

m 

Total lmpinger Weight Gain (Wc) i Lj. (0' grms Anaiyst e 
V I  - Final Meter Volume = 

V i  = Initial Meter Volume= 

n3 . . 

96co %N2 
96032 9bH2 

- . u n o  .--- %CH 0 
, .  

n3 
. .  

-̂ ..I- - - . A _ .  .._.__----,--.:-^ c ̂ ^.^_ - 
UUMbr = U l y  ULlS M C l l W l  UUIICILLIUII TaCIvI - ! 

. -  

Vm 0 Metered Gas Volume = (VI-Vi)(DGMCFJ = ' n 3  ' CONDENSED WATER . . gms '' 

FILTER WT. GAIN .' gms 
Tm = Average Meter Temp. - $ 4 6 0  =. R .  PROBE WASH wr. GAIN a m  

0 - 

Pm = Meter Pressure jBarometric ,Pressure) = - in. Hg 

., . (17.64)(Vm)(Pm), (17.64)( , ft3M ' 'Hg) , 

Vm (std) = c - -It3 
' . ' .  . .  Tm : ' L R )  

. .  

Vw(sld) = Volum6oI Water Vapor .0472(Wc) a .0472(-g) = -113' 
. .  

, . Vw(std) . . -113 
- . =  

. .  

. . ,  . .  
Bws = Moisture Fraction = . . . .  

' ' vw(itd) + Vm(std .-n3 + -113 = . -*n~. .m 

' 0  

0 

0 



0 

0 

0 

APPENDIX A.4 

PAH 



'0 
S O U R C E  S A M P L I N G  F I E L D  D A T A  

P I A M  NAMF Page of - 

120 rnin 
SAMPLING LOCATIONS tk(-k RUN NO ?A I 

<K DIAMETER ll INITIAL LEAK RATE . o A  4+& ' t f rn 
NOZZLEDIA f q (  inchas FINAL LEAK RATE d 7  cfrn 

DUCT DIMENSIONS 

BAR PRESS " HQ 

DATEf&?l TIMESTART c83@ TIME FINISH TEST DURATION 

' y PTCF .7r7< DGMCF 

OPERATOR x4 STATIC PRESS -.  1 1 - t i20 

'0 

0 

0 

0 

PROBE LENGT 



irnpinger 
Number Solution 

1 

2 

MT 

3 ~ 3 U  b\,o 

4 M T 

5 

6 

MOISTURE AND IMPINGER CATCH DATA SHEET 

Weight 
Approx. rnl Configuralion in grams 

Fmal 
lniliai 

Total lmpinger Weight Gain (Wc) 377 7 grms Analyst e 

V I  - Final Meter Volume = ft3 

V i  = Initial Meter Volume= n3 

DGMCF = Dry Gas Meter Correction Factor = 

Vm = Metered Gas volume = (VI-Vi)(DGMCF) = 

Tm = Average Meter Temp. = F 4 6 0  = 

Pm = Meter Pressure (tiaromeiric Fressurej = iii. Hg 

ft3 

R 

%CO %N2 
%C02 %H2 

. %02 %CH 

CONDENSED WATER oms 
FILTER WT. GAIN oms 
PROBE WASH WT. GAIN oms 



S O U R C E  S A M P L I N G  F I E L D  D A T A  

Travers Clock Dry gas meter P - H Slack ~ r y  gas meter temp Hot box Probe Lasl Vacuum 
Polnl Time readlng H3 In H20 In H20 Temp. F lnlel Oullel Temp. Temp ImDlnger in. Hg 

0 

0 

Y 

YA 0 - 
0 

DSr 

,0 

0 

0 

0 

0 

0 

0 

' Hg ' H20 OPERATOR JkY BAR PRESS 
STATIC PRESS -0, 17 

LINER MATERIA 
AMBIENTTEMP 

WEATHER 

REMARKS 



MOISTURE AND IMPINGER CATCH DATA SHEET 

0 
impinger 
Number Solulion 

1 

3 VPU I - l t o  

4 MT 

6 

Weight 
Approx. ml Conliguralion in grams 

W00G-S Final f44. 3 .- 

Initial 

loo mG--5 Welghl 
Gain - 1, I 

Welghl 
Gain la, I 
Weigh1 
Gain 

0.b 
J& 

Total lmpinger Weight Gain ( W c ) j - g r m s  - 7v.4 I 
Vf = Final Meter Volume = 

Analyst 

ti3 

Vi = Initial Meter Volume= 

DGMCF = Dry Gas Meter Correction Factor = 

h3 %CO %N2 

. %02 %CH 
%C02 %nz 

gms 

Tm = Average Meter Temp. = F 4 6 0  = R PROBE WASH WT. GAIN gms 

Pin = ivieiei Piassuie iEaioiiieiiic Fiessuiej = - ri. Hg 

CONDENSED WATER Vm = Metered Gas Volume = (VI-Vi)(DGMCF) = ft3 
FILTER WT. GAIN gms 

(17.64)(Vm)(Pm) (17.64)(h3)(-'Hg) 
-h3 Vm (std) = = - - 

Tm (-R) ' 

VW!S!d! = VQ!uma Q! Wa_!er Va_p~r = .0472!Wc) = .0472! 0 )  = h3 

Vw(std) -h3 

Vw(std) + Vm(std - ft3 + -h3 = 2 
- Bws = Moisture~Fraction = - 

R.r*lll D.u M? 

. .  
' I. 

0 

0 

0 

0 

0 

0 

0 

0 



S O U R C E  S A M P L I N G  F I E L D  D A T A  

Page - 01 - 

I. 

~ 

J 

TEST DURATION 
SAMPLING LOCATION s.tkcl c RUN NO ?AI-/- 3 
DATE 'i >'i TIMESTART IdTk TIME FINISH 
D U U  DIMENSIONS 9 '3" x 33' DIAMETER ll INITIAL LEAK R A E  0 00 
PTCF DGMCF NOZZLE DIA 

STATIC PRESS -C 9 k - H20 OPERATOR .T> 
I ? (  Inches FINAL LEAK RATE o . m y  @ clrn 

BARPRESS JLI H9 n 

LINER MATERIA - 
AMBIENTTEMP {,> 

WEATHER 

REMARKS 



MOISTURE AND IMPINGER CATCH DATA SHEET 

a 
lmpinger Weight 
Number Solution Approx. ml Conliguralion in grams 

1 

2 

3 

3 

5 

c 
Welghl 

Initial Gain 3/6,2- 0 

Welghl 
lnlllal Gain -0. -iL a 

ttu HzD kL w !  

6 Final Weight 
Initial Gain 

1 
Total lmpinger Weight Gain (Wc) ' s x  grms Analyst e 

V I  = Final Meter Volume = 

V i  = Initial Meter Volume= 

ft3 

ft3 

DGMCF = Dry Gas Meter Correction Factor = 

Vm = Metered Gas Volume = (VI-Vi)(DGMCF) = 

Tm = Average Meter Temp. = F A 6 0  = 

n3 

R 

in Un . .Y ,... - .. . -.--- 1- :_ n -,.-,...--.,- rrn = Meter rruJsuru ( D ~ I V I I I W U ~ ~  r l ~ = ~ ~ - ,  - - 

%CO %N2 
%C02 %H2 

. %02 wcii 
- 

CONDENSED WATER grns 

PROBE WASH WT. GAIN 
FILTER WT. GAIN gms 

gms 

0 

0 

(1 7,64)(Vm)(Pm) (17.64)(ft3)(-aHg) 
Vrn (std) = - - - ft3 

Vw(std) = Vnlurne of Water Vamr = .0472(Wc) = .0472(-g) = - ft3 

- 
Tm (- R) 

Vw(std) - ft3 
- - Bws = Moisture Fraction = 

Vw(std) + Vm(std -It3 + -fl3 = __ mwm 0.u UDI 



0 

0 

0 

APPENDIX B 

PROCESS DATA SHEETS 



0 

0 



r" 

. '-I  

0 

0 

0 

0 

0 

0 



0 
? 
J 



0 

APPENDIX C 

SAMPLE PARAMETER CALCULATION SHEETS 

C. 1 PM/Metals 
C.2 PM,,/CPM 
C.3 Aldehydes 
c.4 PAH 

0 



0 

0 

0 APPENDIX C.1 

PMIMETALS 



0 

0 

0 

0 

0 

0 

0 

e 

0 

0 

0 

FACILITY : Hathy #26 

rota1 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.H20) 
Average Meter Temperature (deg. F) 
Moisture Collected (9) 
Carbon Dioxide Concentration (%V) 
Oxygen Concentration (%V) 
Nitrogen Concentration (%V) 
Dry Gas Meter Factor 
Pitot Constant 
Particulate Catch (9) 

125.00 
29.38 
29.37 
-0.17 

326.04 
1596.00 

41.83 
0.33 

64.68 
395.60 

9.22 
10.33 
80.45 

1.00060 
0.84 

0.08430 

Average Sampling Rate (dscfm) 
Standard Metered Volume,Vm(std) (dscf) 
Standard Metered Volume,Vm(std) (dscm) 
Standard Volume Water Vapor,Vw (scf) I 

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 (acmm) 
Volumetric Flow Rate (dscfm) 
Volumetric Flow Rate (dscm) 
Percent Isokinetic 
Percent Excess Air 
Fuel Factor, Fo 
Ultimate C02 
Concentration of Particulate (grains/acf) 
Concentration of Particulate (g/acm) 
Concentration of Particulate (grains/dscf) 
Concentration of Particulate (g/dscm) 
Concentration of Particulate (grains/dscf @12% 

0.33 
41.40 
1.172 
18.65 
0.528 
31.06 
0.689 
29.89 
26.20 

3577.88 
1090.54 

39654.84 
1123.025 
18016.18 
510.218 
102.35 
94.55 
1.146 
18.23 

0.01428 
0.03267 
0.03143 
0.07191 

C02) 0.04090 



FACILITY : Mathy 126 

rota1 Sampling Time (min.) 
Zorrected Barometric Pressure (in. 
*solute Stack Pressure,Ps(in. Hg) 
stack Static Pressure (in. H20) 
Rverage Stack Temperature (deg. F)  
Stack Area (sq.in.) 
Xetered Volume, Vm (cu . f t . ) 
Rverage Meter Pressure (in.H20) 
Rverage Ileter Temperature (deg. F)  
Moisture Collected (g) 
Carbon Dioxide Concentration (%V) 
Dxygen Concentration (%V) 
Nitrogen Concentration (%V) 
D r y  Gas Meter Factor 
Pitot Constant 
Particulate Catch (g) 

125.00 
29.38 
29.37 
-0.17 
323.24 

1596.00 
40.68 
0.33 

75.86 
372.60 

7.55 
10.01 
82.44 

1.00060 
0.84 

0.04350 

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 D r y  Stack Gas 
D r y  Molecular Weight 
Wet Molecular Weight 
Stack Gas Velocity,Vs (fpm) 
Stack Gas Velocity,Ve (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 CO2 
Concentration of Particulate (grains/acf) 
Concentration of Particulate (g/acm) 
Concentration of Particulate (grains/dscf) 
Concentration of Particulate (g/dscm) 
Concentration of Particulate (grains/dscf @12% C02) 

0.32 
39.42 
1.116 
17.57 
0.498 
30.83 
0.692 
29.61 
26.03 

3536.56 
1077.94 

39196.88 
1110.056 
17932.35 
507.844 

97.92 
85.04 
1.442 
14.49 

0.00779 
0.01783 
0.01703 
0.03897 
0.02707 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

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.) 
Metered Volume,Vm (cu.ft.) 
Average Meter Pressure (in.H20) 
Average Meter Temperature (deg. F) 
Moisture Collected (9) 
Carbon Dioxide Concentration (%V) 
Oxygen Concentration (SV) 
Nitrogen Concentration (SV) 
Dry Gas Meter Factor 
Pitot Constant 
Particulate Catch (g) 

123.50 
29.38 
29.34 
-0.58 

328.52 
1596.00 
40.78 
0.35 

71.39 
341.40 
7.18 
11.77 
81.05 

1.00060 
0.84 

0.06110 

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 (OV) 
Uole Fraction Dry Stack Gas 
D r y  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, Fo 
Ultimate C02 
Concentration of Particulate (grains/acf) 
Concentration of Particulate (g/acm) 
Concentration of Particulate (grains/dscf) 
Concentration of Particulate (g/dscm) 
Concentration of Particulate (grains/dscf @12% 

0.32 
39.85 
1.129 
16.10 
0.456 
28.77 
0.712 
29.62 
26.28 

3459.67 
1054.51 

38344.71 
1085.922 
17925.08 
507.638 
100.24 
122.05 
1.272 
16.44 

0.01106 
0.02531 
0.02366 
0.05414 

C02) 0.03954 



APPENDIX C.2 

PM,,/CPM 



0 

0 FACILITY : MATHEY 26 

0 

0 

0 

0 

0 

0 

rota1 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 (%V) 
Oxygen Concentration (%V) 
Nitrogen Concentration (%V) 
Dry Gas Meter Factor 
Pitot Constant 

64.25 
29.38 
29.32 
-0.80 
327.81 
1596.00 
17.53 
0.24 
59.16 
148.60 
7.06 
12.01 
80.93 

0.98750 
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 
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 CO2 

0.27 
17.30 
0.490 
7.01 
0.198 
28.83 
0.712 
29.61 
26.26 

3872.25 
1180.26 

42917.42 
1215.421 
20050.32 
567.825 
89.07 
128.15 
1.259 
16.60 

0 

0 



FACILITY : MATHEY 26 

I 
ITotal Sampling Time (min.) 
ICorrected Barometric Pressure (in. 
IAbsolute Stack Pressure,Ps(in. Hg) 
Istack Static Pressure (in. H20) 
IAverage Stack Temperature (deg. F) 
IStack Area (sq.in.1 
IMetered Volume,Vm (cu.ft.) 
IAverage Meter Pressure (in.H20) 
IAverage Meter Temperature (deg. F) 
IMoisture Collected (9) 
ICarbon Dioxide Concentration (%V) 
IOxygen Concentration (%V) 
INitrogen Concentration (%V) 
lDry Gas Meter Factor 
IPitot Constant 

65.10 
20.98 
20.92 
-0.80 
316.82 
1596.00 
20.49 
0.30 
69.02 
185.00 
7.06 
12.01 
80.93 

1.00320 
0.84 

IAverage Sampling Rate (dscfm) 
IStandard Metered Volume,Vm(std) (dscf) 
/Standard Metered Volume,Vm(std) (dscm) 
IStandard Volume Water Vapor,Vw (scf) 
IStandard Volume Water Vapor,Vw (scm)< 
IStack Moisture (%V) 
IMole Fraction Dry Stack Gas 
lDry Molecular Weight 
lWet Molecular Weight 
IStack Gas Velocity,Vs (fpm) 
/Stack Gas Velocity,Vs (mpm) 
IVolumetric Flow Rate (acfm) 
[Volumetric Flow Rate (acmm) 
/Volumetric Flow Rate (dscfm) 
IVolumetric Flow Rate (dscmm) 
IPercent Isokinetic 
IPercent Excess Air 
I Fuel Factor, Fo 
IUltimate CO2 

0.22 
14.40 
0.408 
8.72 
0.247 
37.72 
0.623 
29.61 
25.23 

4895.15 
1492.04 
54254.63 
1536.491 
16048.63 
454.497 
91.42 
128.15 
1.259 
16.60 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

e 

0 

I 
ITotal Sampling Time (min.) 
ICorrected Barometric Pressure (in. 
IAbsolute Stack Pressure,Ps(in. Hg) 
Istack Static Pressure (in. H20) 
IAverage Stack Temperature (deg. F) 
Istack Area (sq.in.) 
IMetered Volume,Vm (cu.ft.) 
IAverage Meter Pressure (in.H20) 
IAverage Meter Temperature (deg. F) 
IMoisture Collected (9) 
ICarbon Dioxide Concentration (%V) 
(Oxygen Concentration (%V) , 
INitrogen Concentration (%V) 
lDry Gas Meter Factor 
IPitot Constant 

I 
70.22 I 
20.98 I 
20.92 I 

304.90 I 
1596.00 I 
21.83 I 
0.30 I 
70.98 I 
185.00 I 

- 0 . 8 0  I 

4.74 I 
10.83 I 

0.84 I 

84.43 I 
1.00320 I 

I 
IAverage Sampling Rate (dscfm) 
IStandard Metered Volume,Vm(std) (dscf) 
IStandard Metered Volume,Vm(std) (dscm) 
IStandard Volume Water Vapor,Vw (scf) 
IStandard Volume Water Vapor,Vw (scm). 
Istack Moisture (%V) 
IMole Fraction Dry Stack Gas FLOW AND ISO'S CALC'ED 
lDry Molecular Weight FROM AVG OF OTHER 
lWet Molecular Weight TRAINS 
Istack Gas Velocity,Vs (fpm) 
Istack Gas Velocity,Vs ALDHDS. MTLS/PAH'S AVG 
IVolumetric Flow Rate (acfm) 
\Volumetric Flow Rate (acmm) 
lvolumetric Flow Rate (dscfm) 
IVolumetric Flow Rate (dscmm) 
IPercent Isokinetic 
IPercent Excess Air 
IFuel Factor,Fo 
lultimate C02 

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

I 
0.22 I 
15.29 I 
0.433 I 
8.72 I 
0.247 1 
36.33 I 
0.637 I 
29.19 I 
25.13 I 

5249.47 I 
1600.04 I 
58181.67 I 
1647.705 I 
17869.49 I 
506.064 I 
80.80 I 
94.37 I 
2.124 I 
9.84 I 

0 

0 



0 

0 

0 

APPENDIX C.3 

ALDEHYDES 



0 

0 

0 

0 

0 

0 

B 

D 

FACILITY : Mathy #26 

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.H20) 
Average Meter Temperature (deg. F) 
Moisture Collected (g) 
Carbon Dioxide Concentration (%V) 
Oxygen Concentration (%V) 
Nitrogen Concentration (%V) 
Dry Gas Meter Factor 
Pitot Constant 

62.50 
29.38 
29.37 
-0.17 

310.72 
1596.00 

31.05 
0.81 

71.18 
284.50 

6.83 
12.98 
80.19 

1.00320 
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 (%V) 
Mole Fraction D r y  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 

(dscf) 
(dscm) 
scf) 
scm) 

0.49 
30.47 
0.863 
13.41 
0.380 
30.57 
0.694 
29.61 
26.06 

3759.20 
1145.80 

41664.46 
1179.937 
19443.32 
550.635 

98.83 
158.17 
1.160 
18.02 



a 

a 

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.H20) 
Average Meter Temperature (deg. F) 
Moisture Collected (9) 
Carbon Dioxide Concentration (SV) 
Oxygen Concentration (SV) 
Nitrogen Concentration (SV) 
Dry Gas Meter Factor 
Pitot Constant 

38.50 
29.22 
29.21 
-0.17 

319.56 
1596.00 
21.41 
1.03 

79.87 
284.50 

8.24 
10.30 
81.46 

1.00320 
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 (SV) 
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 (acmm) 
Volumetric Flow Rate (dscfm) 
Volumetric Flow Rate (dscmm) 
Percent Isokinetic 
Percent Excess Air 
Fuel Factor, Fo 
Ultimate C02 

0.53 
20.57 
0.582 
13.41 
0.380 
39.47 
0.605 
29.73 
25.10 

4231.62 
1289.80 

46900.49 
1328.222 
18760.40 
531.295 
112.25 
91.79 
1.286 
16.25 

a 

a 

a 

a 

a 

a 

a 

a 



0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

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) 
Moisture Collected (4) 
Carbon Dioxide Concentration (%V) 
Oxygen Concentration ( W )  
Nitrogen Concentration ( W )  
Dry Gas Meter Factor 
Pitot Constant 

62.50 
29.38 
29.34 
-0.58 
315.36 

1596.00 
29.71 
0.81 

63.14 
202.90 

6.22 
12.93 
80.85 

1.00320 
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 (SV) 
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 (acmm) 
Volumetric Flow Rate (dscfm) 
Volumetric Flow Rate (dscmm) 
Percent Isokinetic 
Percent Excess Air 
Fuel Factor,Fo 
Ultimate CO2 

0.47 
29.60 
0.838 
9.57 

0.271 
24.43 
0.756 
29.51 
26.70 

3486.43 
1062.66 

38641.30 
1094.322 
19490.62 
551.974 

95.79 
153.37 
1.281 
16.31 



FACILITY : Mathy #26 
0 

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 (g) 
Carbon Dioxide Concentration (%V) 
Oxygen Concentration (%V) 
Nitrogen Concentration (%v) 
Dry Gas Meter Factor 
Pitot Constant 

62.50 
28.98 
28.94 
-0.58 

316.76 
1596.00 

21.27 
0.36 

71.54 
176.60 

6.43 
11.09 
82.48 

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 (OV) 
Mole Fraction Dry Stack Gas 
Dry Molecular Weight 
Wet Molecular Weight 
Stack Gas Ve1ocity.V~ (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 

0.33 
20.50 
0.581 
8.33 

0.236 
28.80 
0.711 
29.47 
26.16 

3525.45 
1074.56 

39073.78 
1106.569 
18260.28 
517.131 
95.96 
103.63 
1.526 
13.70 

0 

0 

0 

0 

0 

0 

0 

0 



e 

0 

0 

0 

0 

APPENDIX C.4 

PAH 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

FACILITY : Mathy #26 

Total Sampling Time (min.) 
Corrected Barometric Pressure (in. Hg) 
Absolute Stack Pressure,Ps(in. Hg) 
Stack Static Pressure (in. HZO) 
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 (9) 
Carbon Dioxide Concentration (%V) 
oxygen Concentration (%v) 
Nitrogen Concentration (%V) 
D r y  Gas Meter Factor 
Pitot Constant 

125.00 
29.38 
29.37 
-0.17 

326.04 
1596.00 

42.08 
0.37 

60.70 
399.70 

9.22 
10.33 
80.45 

0.98750 
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 
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 COZ 

0.33 
41.42 
1.173 
18.85 
0.534 
31.27 
0.687 
29.89 
26.17 

3 77.70 
1-90.48 

39652.79 
1122.967 
17960.14 
508.631 
102.72 
94.55 
1.146 
18.23 



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 (%V) 
Dry Gas Meter Factor 
Pitot Constant 

125.00 
29.38 
29.37 
-0.17 
323.28 

1596.00 
43.49 
0.36 

72.30 
398.10 

7.55 
10.01 
82.44 

0.98750 
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 (%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 (acmm) 
Volumetric Flow Rate (dscfm) 
Volumetric Flow Rate (dscmm) 
Percent Isokinetic 
Percent Excess Air 
Fuel Factor, Fo 
Ultimate CO2 

(dscf) 
(dscm) 

scm) 
scf) 

0.34 
41.88 
1.186 
18.77 
0.532 
30.95 
0.690 
29.61 
26.02 

3542.92 
1079.88 

39267.33 
1112.051 
17931.93 
507.832 
104.03 
85.04 
1.442 
14.49 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

e 

0 

0 

0 

FACILITY : Mathy #26 

LQCATION: Outlet 
DATE : 9-24-91 

RUN NUMBER: 3.00 

SAMPLING PARAMETER PAH 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

---_____________________________________-------------------------- --______________________________________-------------------------- 

Total Sampling Time (min.) 125.00 
Corrected Barometric Pressure (in. Hg) 29.38 
Absolute Stack Pressure,Ps(in. Hg) 29.34 

Average Stack Temperature (deg. F) 326.60 
Stack Area (sq.in.) 1596.00 
Metered Volume,Vm (cu.ft.) 40.52 
Average Meter Pressure (in.H20) 0.33 
Average Meter Temperature (deg. F) 73.41 
Moisture Collected (g) 325.00 
Carbon Dioxide Concentration (%V) 7.18 
Oxygen Concentration (%v) 11.77 
Nitrogen Concentration (%V) 81.05 
Dry Gas Meter Factor 0.98750 
Pitot Constant 0.84 

Stack Static Pressure (in. HZO) -0.58 

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 (ZV) 
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 (acmm) 
Volumetric Flow Rate (dscfm) 
Volumetric Flow Rate (dscmm) 
Percent Isokinetic 
Percent Excess Air 
Fuel Factor, Fo 
Ultimate COZ 

0.31 
38.93 
1.102 
15.32 
0.434 
28.25 
0.718 
29.62 
26.34 

3466.96 
1056.73 

38425.48 
1088.210 
18139.15 
513.701 

95.60 
122.05 
1.272 
16.44 



0 
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APPENDIX D 

D.l Multipoint Linearity/ 

D.2 CEMDAS Printouts 
D.3 Stripchart Tracings 

Drift Summary Tables 

0 

0 

e 



0 

0 

0 

APPENDIX D.l 

MULTIPOINT LINEARITY/ 
DRIFT SUMMARY TABLES 

0 



0 

0 

0 

( I )  Difference Percent Scale = (observed conc. - certified conc.)/span value 100%. 
(2) Difference Percent Scale = (current observed conc. - previous o b s c r d  conc.)/span value ' 100%. 
ND indicates no data is available. e 



0 

INSTRUMENT: EkF/.xH 5s-  SERIALNUMBER: J/dd y/ 
SPAN GAS CONC.: /do //?d 

DIFFERENCE CERTIFIED OBSERVED 
R T I N  GAS CONC. GAS CONC. DIFFERENCE PERCENT 

0 

0 

0 

0 
I 
I 
I 

I 

0 

( I )  Difference Percenl Scale = (observed conc. - certified conc.)lspan value 100%. 
(2) Difference Percent Scale = (current observed conc. - previous observed conc.)/span value 100%. 
ND indicates no dam is available. 

0 

0 

0 



0 

0 

0 

0 

0 

INSTRUMENT: /k&57Zi2~/ -%&# 7dLd/#/r> SERIALNUMBER: 90-?2//ik-;tsiV-/ 
SPAN GAS CONC.: 5 M  FMlV 

CERTIFIED OBSERVED DIFFERENCE 
RUN GAS CONC. GAS CONC. DIFFERENCE PERCENT 

( I )  Difference Percent Scale = (observed conc. - certified conc.)/span value ' 100% 
(2) Difference Percent Scale = (current observed conc. - previou observed conc.)/span value * 100%. 
ND indicates no dah is available. 



(I) Difference Percent Scale = (observed conc. - certified conc.)/span value * 100%. 
(2) Difference Percent Scale = (current observed conc. - previous observed conc.)/rpan value 100%. 
ND indicates no dah is available. 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

( I )  Difference Percent Scale = (observed conc. - certified conc.)lspan value 100%. 
(2) Difference Percent Scale = (current observed conc. - previous observed conc.)/span value 100% 
N D  indicates no data is available. 

0 

0 



0 

0 

0 

0 

0 

0 

0 

( I )  Difference Percent Scale = (observed conc. - certified conc.)/span value 100%. 
(2) Difference Percent Scale = (current observed conc. - previous observed conc.)lspan value 100%. 
N D  indicales no dam is available. 

0 



( I )  Difference Percent Scale = (observed conc. - certified conc.)/span value ' 100%. 
(2) Difference Percent Scale = (current observed conc. - previous observed conc.)lspan value 100%. 
ND indicates no data is available. 



0 

0 

0 
DIFFERENCE 

0 

0 

0 

e 

( I )  Difference Percent Scale = (observed conc. - certified conc.)lspan value 100%. 
(2) Difference Percent Scale = (current observed conc. - previous observed conc.)lspan value 100%. 
ND indicates no &la is available. e 

e 

e 



e 

e 

I I I GASCONC. I GASCONC. IDIFFERENCEI PERCENT I 

I I I I I I I I 

I I I I I I I I 

e 

( I )  Difference Percent Scale = (observed couc. - certified conc.)lspau value 100%. 
(2) Difference Percenl Scale = (current observed couc. - previous observed conc.)/span value 100%. 
ND indicates no dab is available. 

e 

e 



0 

0 

DIFFERENCE 

( I )  Difference Percent Scale = (observed conc. -certified conc.)/span value 100% 
(2) Difference Percent Scale = (current observed conc. - previou observed cooc.)/span value 100%. 
ND indicates no dah is available. 0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

( I )  Difference Percent Scale = (observed conc. - certified conc.)/span value 100%. 
(2) Difference Percent Scale = (current observed conc. - previous observed conc.)lspan value 100%. 
ND indicates no data is available. 

0 

0 

0 



INSTRUMENT: z60 SERIAL NUMBER: d 5-572 - d o l /  7 
SPAN GAS CONC.: d5- / / M  u - 

I DIFFERENCE I I I CERTIFIED I OBSERVED I 
I I I GAS CONC. I G A S  CONC. I DIFFERENCE I PERCENT I 

( I )  Difference Percent Scale = (observed conc. - certified conc.)/span value 100%. 
(2) Difference Percent Scale = (current observed conc. - previous observed conc.)/span value * 100%. 
ND indicates no data is available. 

0 

0 

0 



0 

0 

0 

e 

0 

0 

Q L  

INSTRUMENT: r X W D G E  SERIALNUMBER: 357a - /  

SPAN GAS CONC.: 23- / 
1 CERTIFIED I OBSERVED 1 1 DIFFERENCE 

( I )  Difference Percent Scale = (observed conc. - cerlified conc.)lspan value 100%. 
(2) Difference Percent Scale = (current observed conc. - previous observed conc.)/span value 100%. 
ND indicates no data is available. 

0 



0 

0 

( I )  Difference Percent Scale = (observed conc. - cerfified conc.)/span value . 100%. 
(2) Difference Percent Scale = (cuneof observed conc. - previous observed conc.)/span value 100%. 
ND indicates no dam is available. a 

a 

a 



0 

0 

0 

0 

e 

0 

( I )  Difference Percent Scale = (observed conc. - certified conc.)/span value 
(2) Difference Percent Scale = (current observed conc. - previovr observed conc.)/span value lW%. 

IOOCI.. 

ND indicares no dah is available. 

0 



~ 

0 

0 

, 

0 

0 

0 

e 

0 

( I )  Difference Percent Scale = (observed conc. - certified conc.)lspan value 100%. 
(2) Difference Percent Scale = (current observed COUC. - previovr observed conc.)/span value 100%. 
ND indicates no &la is available. 
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INSTRUMENT: & Z Z  w %  5 SERIAL NLIMBER: O/O , ? 323 
SPANGASCONC.: 20% 1/ 

I I 1 I CERTIFIED 1 OBSERVED 1 1 DIFFERENCE 

. .. 

( I )  Difference Percent Scale = (observed conc. - certified conc.)/span value 100%. 
(2) Difference Percent Scale = (current observed conc. - previous observed conc.)/span value ' 100% 
ND mdicaks no data IS available. 
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( I )  Difference Percent Scale = (observed conc. - certified conc.)/span value 100%. 
(2) Difference Percent Scale = (current observed conc. - previous observed conc.)lspan value 100% 
ND indicates no dah is available. 
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APPENDIX D.2 

CEMDAS PRINTOUTS 

0 



..... 

i 
1 0 

0 
W%AllDN SUllHARl 
09-13-1991 08: 12:2? 

ZALIBRATION FILE N4HE =D:'~CE)IDAIA\0?2;CALj.iAL 

4a579.150 
2 0 7 . 0 i :  

7 i . 2 8 4  
1.ijc.0 
1.000 
1.500 
1.000 
1.!100 
;.3c3 
i.m 
.: i 0 0  

-6.a1 
-0.17 
0.4: 
0.00 
0.00 
(1.00 

0.00 
0.30 
0.30 
0.00 
0.90 

0 

. .. ;., 
.I ' 

Press S h r f k r t S c  t o  P r i n t  Out T a b i s  
P h i  (C) to Continue 

0 



? r e 5 5  S h i l t - P r t S c  t o  ? r i n t  Out ; a b l e  
Pres5 <C> t o  Continue 

0 

0 

8 

0 

0 

0 

0 

0 



.. 
I . &  :;A.? 

3 . 2  15:.: 
3.: i 2 . ;  

9.1 152 .2  
a.o w.2 

a.; ix.6 
a.o 1 4 7 . 2  
6 . 6  1 i 3 . 2  
7 . 7  15I.Cl 

?.lj 15A.G 
9 . 1  13.4 
7.0 1:,:.6 

8.: 1:z.z 

2 . a  151.2 
a.a 147.4 
r -  f.:i il?.? 
? . 5  143.3 
'7.; 148.4 
7 . 4  14b.?  
?.: i 4 3 . 2  
7 . 4  i 4 b . b  
? . 6  I 4 ? . 4  

10.0 1 5 4 . 1  

0 

0 

0 

0 



10.5 157 .5  
10.5 157.: 
10.4 1 5 5 . 5  
10.1 152.:, 

7 . 5  i 4 5 . 3  
9.: i 43 .0  
7.4  1 4 5 . 5  
7 . 5  1 4 5 . i  
7 . 5  1 4 4 . 5  
7 . 5  i4[; .6 
7.1 ! 3 7 . ?  

7.1 i 2 1 . 9  
?.6 122.9 
7 . 7  i 2 b . 4  
7.6 i2?.b 
3.4 il1.i 
7.: 125.: 

l . ?  iX.7 
7 .7  12i.1 
7.: 1?4.[l 
7 . 5  1 2 1 . 5  
7.; 117.7 
7 . h  2 . 4  

f . ,  I?:,.; 

9 . 7  i 2 5 . 4  
7 . 4  114.6 
q.3 122.5 
7 . 2  117.2 
7.: 118.2 
7 . 4  1 2 4 . 6  
9 . 5  1 2 5 . 0  
9.6 i 2 6 . i  
9 . 7  1Zb.4 
9 . 8  i 2 7 . 2  

7.a i49.4 

7.: 1 i a . h  

n - l l j l  7 
7 . 4  I L J . I  

7 . 6  1 2 3 . 8  

7.3 11s.: 
r 7  

. . ' ~. Y?.$ 163.1 5 2 . 4  7 . 9  1 4 9 . 5  
iC.1 5 3 . 5  ifm?,4 45.2 9 . 7  143.8 
it , . . \  r23.6 156.8 4 1 . 2  9 . 7  146.7 
10.; 533.7 158.6  40 .5  9.7 I 4 h . 8  
10.4 5 4 0 . 1  1 5 i . a  43.1 7.7 146.b 
10.4 5 4 ? . 3  157.5  4i.9 9.1 143.2 
10.0 552.1 1 6 i . 2  44.6 9.9 152.7 
7.3 548.3 ib3.6 12.9 10.0 -154.7 
9.6 554.2 166.2 43.4 i0.2 155.2 
7.5 512.2 167.1 47.9 10.3 157.3 
7 . 4  5 5 4 . 2  167.5 49 .6  10.3 159.1 

I n - 

9.8 5 4 b . h  I6 5.0 ILL 10.0 151.9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

- 



P.6 i 5 i . 7  
9 . 6  1 5 0 . 5  
7.b i50.0 
? . 5  147.3 
7 .6  141.0 
7.7 150.0 

7.7 i54.1 
10.1 155.7 
10.1 155.6 
10.1 155.7  
10.1 151.7 

7.3 1 4 3 . 5  
7.6 145.1 
7 . 6  i 4 6 . i  
9 . 4  145,:m 
?.: 143.7 
7.3 14:.b 
7 . 6  147.2 

7.7 150.5  

7.8 151.7 

10.c i4a.i 

q.b 149.8 

7.a 154.1 
7 . 4  148.3 

a.3 141.1 

a.: 137.0 

a.4 137.2 

8.5 1 u . 7  
8.6 140.5 

a.2 140.7 
8.1 140.0 

? . I  i44.6 
7.! 1 4 5 . 4  

8.5 1 3 7 . 7  

8.4 135.: 
3.4  134.2 

8.4 iX.4 
E . l  1 3 4 . 5  

0.4 i45.4 

7.8 136.0 
7.1 lX .2  
7.1 135.7 



?re% Shif6rtSc t o  Print Out i a b l e  
Pr i i l  (c) to Continue 



0 



0 

0 

0 

0 

' J  
/ 

0 

0 

0 

e 

e 



- 

0 

i I  : 35: 49 
l l : 3 6 : 4 7  
ii:37:4Q 
I! ::a : 47 

li:4:!:49 
I I : 41 : 47 
11:42:49 
i I : 43: 41 
11:4;:47 

@!i:45:4q 
i l : 4 6 : 4 9  

0 1 1  :;7 : 47 

11 : 4 7  : 47 

I I : 4 7 :  43 
i! :50:Ca 

Oil : 51 : 48 

i::4a:4a 

11:5?:4a 
I I  ::3:4a 
i I 5 4 :  4a 

0 11 :57:4a 

I::POO: 4a 

11::5:43 
I I : 56: 48 

11:3a:42 
11 :5?:48 

12:01:47 
12:  (1: : 47 

b . 6  105.0 
6 . 7  107.1 

b . b  i05.8 
6.5 i05.4 
b.4 104.1 
6.2 102.2  
6 . 1  101.2 
6.2 102.0 
b .1  101.4 
6 . 0  101.3 
6 . 2  102.4  
6 . 1  103 .7  
6.1 104.5 
6 . 2  185.4 

6.8 108.2 

6.3 loa.: 
6.1 1ob.a 
3.a 106.0 
5 . 6  104.6 
b . 3  !O?.? 
7 . 2  102.0 

1i5.1 ~ 9 . 7  a.b 11:.3 
110.3 37.7 a . 2  111.8 

x e . 7  5 7 . 4  8.1 111.5 

, $ , ? b  - c 7  .",. ~ ,.I., 7 . 8  IO?.! 
i(ia.2 3 6 . ?  8.1 i l l .4  

1 F . b  33.8 8.0 107.7 
105.4 31.7 7.8 IQb.7 
103.4 39.5 7.6 104.5 
IbE.7 18.1 7.5 193.4 
iO2.6 40.2 7.b 104.2 
101.0 28.9 7 . 5  104.4 
103.9 27.4 7.4 103.7 

. .  
!2:1; :47  6 i3 .0  583.2 "105.2 3S.2 7.7 105.8 

E.? 583.: ' l a 4  31.6 7 . 7  104.a 

!?.a 574.8 105.0 12.7  7 . 7  108.1 
i2.7 578.7 103.4 40.8 7.7 105.2 

1?:?::46 
!2;23:46 
I2 :24 : 4b 
12:25:;4 

2 . 3  :3?.:1 106.1 28.5 7 .7  108.5 
E.? 34.3 105.3 2 b . 0  7.7 i'J7.3 
2 . 7  :by .?  102.7 2 5 . 4  7 . 6  105.3 
13.11 564.1 100.4 2 4 . 4  7 . 4  103.4 
13.0 5 4 9 . 4  77.7 25.4 7.3 105.6 
15.2  406.4 71.3 21.0 L'- 8 4 . 6 .  

-.E J .  16.9 1.a 0.5 8.8 

-1b.O -2 .1  - 4 . 4  
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e 

a 

a 

e 

e 

e 

e 
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e 
-: .. ~ 

Il-L-. 
.. ~~ 

h e 5 5  Shi&rtSc to P r i n t  Out !ab!? 
p$i; (E) to Continue 

0 



~~ ~~ ~~ ~~ ~ 

0 NO1 ?F?V 4.0983 9.400 1 u i . 3 3  3 .40  0.00 -:O.iu 
.~: .:,e.: ;.a0 .'I "., :,#I 2 . 2 0  <,.j&] ' ] . 2 "  

3 J.000 .).000 6.20 0.00 0.00 
? U.500 6.300 0.00 0.00 0.00 0.00 
IO 0.666 0.060 0.00 0.00 0.00 0.00 
i: 0.000 0.000 0.00 0.00 0.00 0.00 
i? 0 6 0 0  0.000. 0.00 0.00 0.00 0.00 
i 3  0.600 0.000 0.00 0.00 5.04 0.00 
i4  5.000 0.w 0 . 0 0  0.00 9.60 0.00 

*I . .30 i 

0 

0 

0 

'11.3 

:i.> 

2 4 . 8  
6 . 1  
0.4 -- 
-!.9 
-:.4 
- 4 . 5  
- 4 . 6  
- 4 . 2  

- 4 . ?  
- 4 . q  
4.? 
-5.0 
- 5 . i  
-5 .0  
- 5 . 0  
- 5 . 1  
-5.2 

- 4 . a  

-:.4 -5.6 -0.; -0.B 
- 7  c 

.x.d -6.1 -0.5 -0.a 
- 2 . 6  - 4 . 4  -0.: 

1.2 r.a 4 . 3  
4 . 6  b7.6 2 3 . i  - ? . 2  
-2.1 
-3.1 
- 3 . 4  
-3.: 

216.7 ? 9 . 3  -0.5 
347.9 31.4  -0.7 
4?7 .1  3 2 . 0  -0.7 
4 b b . S  32.2  -0.8 

- 3 . 5  481.7 3 2 . 2  -0.8 - C ~ ?  - .  
.I.; d:.6 3 2 . 2  -0.3 

-3.5 59?.4 30.6 -0.3 
-:.5 to;.; 16.7 -0.8 
-i.? 5 o r . a  1 7 . ;  -0.8 
-3.0 x 4 . a  17.3 -0.8 
-3.4 505.4 !7.3 -0.8 
-3.S 505.5 17 .5  -0.E 
- 3 . 6  476.5 17.3 -0.8 
-3 .6  4a9.9 17.7 -0.8 
- 5 . 6  486.5 17 .7  -0.8 
-3.7 481.9 17.5 -0.9 

0 

0 

0 

0 

0 

0 

0 

- 



... ! ? . 4 7 : 4 7  

-5.; -i.d 48k.a i 6 . i  -3.i 

-1.5 -3.5 179.3 17.' -0.7 
1 4 . 9  -0.2 -3.1 ! I .  -0.1 

9 . 4  0.6 -3.U 386.2 IO,? -0.8 
9.5 0.8 -3.8 276.1 10.5 -0.3 

7 . 7  !.O -1.2 128.1 10.5 -O.B d% a.1 1.0 -3.9 IE:.~ 10.4 -9.8 

-0.8 
:.: -4.5 io.: - 0 . 7  

i.:. 35.2  -4.; 73.1 2 . 7  -0.8 7 -  

0.7 : ~ . i  - 4 . 0  5 5 . 2  0 . 7  -0.a 

0 

0 

0 

e 

0 

0 

0 



0 

0 

0 

0 

0 

0 



0 

0 

0 



0 

0 

0 

0 

0 

0 

0 



! 4 : !j : 3: 2 . d  ~ i d . d  1 5 5 . 4  5U. i  i.1 147.5 

0 

- 7 - q  

51.0 
46 .6  
38.0 
4i.4 
4 2 . 5  
4 2 . 7  
43.: 
45.6 
4 2 . 7  
47.6 
4 i . 3 
3 7 . 2  
:?.; 
3 1 . 4  
4U.G 

40.5 
41.0 
38.4 
;7.5 
X.5 
32.:; 
i a . 6  

7.1' 145.5 
7.; 147.3 
7.2 15c.5 
?.! i47.5 
7.0 i46.5 
6 . 1  i15.4 
6 . 7  147.1 
7.1' i51.1 

6 . 4  151.6 
6.7 1 5 4 . 0  
6 . 3  i51.4 
6 . ;  i47.a 
J . ,  i 4 4 . 4  
J.! 14:.; 
:,.7 i 4 2 . 0  
6.1' i4i .0  
5.6 140.7 
1.: i 4 i . 4  
4 . 3  i44.3 
4 . 2  1 4 b . 7  
4.:  i 4 7 . 4  

b.2 118.3 

I ?  

C I  

c .  

6 1 7 . 2  

-!.1 

- i . l  
-1.i 

613.0 
6f : i l . i  147.5 :I.;  B.7 154.4 
J L . J . ~  i45.7 2 ? . ?  7.5 i56.! . * c  

5 5 c . 5  i 4 4 . 7  ?!.a 8.8 153.7 
573.0 i45.3 3.8 8.8 1 5 2 . 4  

142.a 28.4 a.7 149.1 C r ?  - 
557.1 142.1 52.4 8.4 147.2 
5:i.5 !40.i 35.i 8.0 138.7 
501.1 ;:a,? 48.1 7 .6  iZ2.5 
511.P 132.1 53.8 7.5 -152.2 
5 i 4 . 1  135.6 58.?  7.4 129.8 
.82,.3 i X . 0  LE.? 7.6 132.1 c c ,  

543.6 135.1 57.7 7.8 131.7 



i5:5l::i i 1 0 . 5  :a: 1 3 6 . 0  54.0 a,: 1 4 1 . 5  

!5:53:31 I 7 .a  ~ 9 0 . 1  140.6 5 5 . 5  a.7  -150 .2  
I0 . i  5 7 7 . 2  157.2 32.4 8.: 147.2  1 5 . r i. .4::31 I 

0 

0 

0 

0 

0 

0 

0 

0 



0 

7 . b  
? . 7  
9 . 1  

10.2 
IC. ;  
;I,; 

i(i.4 
i0.4 
10.; 
10.1 
?.'? 

? . 7  
7 . 7  
?.? 
i . ?  

10.7 

! I :  a 
10.3 
10.2 

J U . 5  

i0.2 
!O.? 
!i, * 
io.2 

n.4 
I i i .6  

?.a 

!i., 1 .... 
:;: i ... I 
.. . 

1'; 7 . . . ~  
I n 

... Y 

!C ? 
.I._ 

a.? i x . 8  

a.; 145.7 

a , :  141.9 

8 .6  117.3 

3.4 i 4 3 . i  

3.2  141.5 
8.2 i 4 9 . F ~  
6.1 i10.5 
a.1 i u . 5  
3.: 141.8 

a.6 i4 '1 .6  

a, :  118.4 

7 . 0  i3e .o  

P.b  147.! 
a .5  i4 i .4  

9 . 5  150.6 
P.5 150.4 

9 . 2  1 4 2 . 1  
?.? i37.3 

7 . 1  i;7.2 
7.1 IX.4 
7.8 i36.0 
a,: 131.6 
a . 2  1 4 1 . 6  
E.: I G . 2  
8.5 144.5 
E.: I 4 6 . 0  
8 . 2  143.3 
8.: i42.a 
8.1 140.2 
8.0 i38.2 
7.7 i3a.i 

0 



a 

a 

. I  : . *  
7.; 

7 . 5  

, . 5  
7 ', 
3.2 

2.3 
8.:. 
? . b  

7.7 
1 . 2  
6.7 
5 . 9  

a.o -0.0 -1 .2  

d . 4  5 .4  -6.i 24.3 -0.1 
0.0 1.7 -0.6 0 . 9  -0.6 
O.! 4 . 4  -0.5 -1.3 - 0 . b  4Z.7 

-3.C 4 . 4  -0.7 -2.1 -0 .6  
,3.3 4 . b  -0.6 -2.1 -0.7 

-0.i  4 . 7  -0.a -2 .1  -0.7 
-'o.! 5 . 2  -0.a -2.1 -0.7 
-O.i 4.7 -0.8 -2 .0  -0.7 
-0.0 4 . 4  -0.7 - 2 . 1  -0.7 
-0.0 1.5 -0.9 -2 .1  -0.7 

0.0 4 . 0  -1.0 - 2 . 1  -0.7 
0 . 2  3 . 9  -0.7 -1.7 -0.4 
0.2 ;.E -0.9 -1.1 -0.1 
O.! 3 . 7  -1.0 -1.1 -0.2 

-0.1 3.E -0.E - - I . b  -0.3 

4 4 . 2  

. 40.2 
1 b . l  

1.7 
-0.2 
-0.6 ~ ~~ 

e 



-0.1 3.1 
-0.1 3 . 2  

0 . 4  1 7 4 . 5  
0 . 6  223.1 
.).A 2 2 5 . 7  
a . 6  Z 6 . 7  
O.b 2::.4 
0 . 6  ??7 .5  
0 . 5  127.5 
0.: 227 .4  
0.6 127.6 
9 . 6  T j , !  
O.6 127.0 
O.b 226 .b  
0 . 6  ??b.4 
0.: 130.7 

-0.i 3 5 . 4  
-0 .1 2 7 . :  

0 . 2  ??.I 
G.? 1 2 b . 3  
3 . 2  !?3 .1  

-0.9 
-! ? 

- , . . I  

I ,  -,., 
..- 
, -  

- 1 . 4  
-! 3 
- 1 . 4  
.. 
, *  -L.: 

-! ! 

_.3 

... 
, I  -. 

- 1  3 
-1.3 
- l . J  
-1.1 

.. 

_ I  - 1 . .' 
, i 
..i -. 

-1.0 
-1.0 

- i . b  

I -  - .  . ~ . .. 
O.? I J 2 . b  - ! . 5  
0.1 6 -i.6 

-4 . i  7 3 .  -!.I 
.~ 

-,J.~I &:.a -1.0 
-0.0 5 7 . 1  -1.0 
-0.1 58.3 -1.3 
-0.1 5 7 . 9  -1.3 
-0.1 5 7 . 5  -1.5 
-0.1 5 7 . 5  .?=.q.3 

-. 

-0.1 -0.1 1' -1.4 -i.2 

-0.1 ::.; - 1 . 5  
-6.1 52 . ;  -1.: 
-.. .,:.: -1.4 

-0.1 2 . 2  - 1 . 1  
-0.1 51.7 -1.2 
-0.1 ;l.b -1.3 
-0.1 22.4 -0.9 
-0.1 21.3 -1.1 
-0.1 21.1 -1.2 
-0.1 20.7 -1.1 
-0.1 2 0 . 8  -1.1 
-0.1 20 .6  -0.8 

-h ! 

-3.1 
-3.1 
-3.0 
- 5 . 1  
- 5 . 7  
- 5 . 7  
- 5 . 6  
- 5 . 6  
- 5 . b  
- 5 . 6  
-:s.b 
- 5 . 6  
- 5 . 6  
- 5 . 6  
-5 .6  
- 5 . 6  
-5.1 
-3.u 
-3.0 
4.: 
-5.1 
- 5 . ?  
-5.0 
- 6 . 1  
- 6 . I  
- b . !  
- 6 . 1  
-6.1 
-6.1 
-5.1 
-b.I 
-3.5 
-2.7 
-2.1 
-1.9 
-1.9 
-2.3 
-2.7 
-2.7 
-2.P 
-1.9 
- 2 . 9  
-2 .9  
- 2 . 9  
-2 .7  
- 2 . 9  
- 2 . 9  
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 

-0.3 
-0.3 
-0.; 
-0.3 
-0.4 
-0.1 
-0.4 
-0.1 
-0.4 
-0.4 
-!!.4 
-0.1 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.3 
-0 .3  
-0.3 
-0.4 
- 0 . 1  
-0.4 
- 0 . 4  
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.1 
-0.4 
-0.3 
-0.2 
-0.2 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
- 0 . 3  
-0.3 
-0.3 
-0.3 
-0 .3  
-0.3 
-0.3 
-0.3 
-0.1 

-0.9 
-1.0 
-1 .1 
-1.1 

-1.1 
- 1 . 1  
-1.2 
-!.? 
- 1 . 2  
-1.2 
-1.2 
-1.: 
-1.3 

-1.3 
-1.3 

-I 3 
-1.3 

- i .?  
-1.; 
-1.3 
-1.3 
-1.; 
-1.3 
-!.? 
- 1 . 4  
- 1 . 4  
-1.4 
-1.1 
- 0 . 9  
- 1 . 2  
-1.; 
-1.3 
-1.3 
-1.; 
-1.3 
-1.3 
-!.3 
-1.1 
- 1 . 1  
-1.1 
-1.1 
-1.1 
-1.1 
-1.3 
-1.2 
-1.3 
-1.1 
-1.1 
-1.4 
-1.1 

-I I ... 

-! 7 
~ . .' 

17 
- , .J  

.. 
, -  - ,  _.. '  

5 
? 

17: 07 : 00 -0.1 20.5 -1.4 -3.0 -0.; -1.1 
~~ 



2 o . j  
20 .2  

A,! 
x.1 
?0. i  
20.0 

b.O 
b.O 
5 . i  
5 . 2  
5 . 2  
t.1 

6 . 2  
A.! 
5 . ?  
4.:  
6 . 3  
6 . h  
0.4 

2n.z  
7~ 

a.0 

I ?  
0 . :  

, 7  
3.2 

2.1 
, 1  

b.O 
& l  _.. 
I .  .' . 0 

- c  J . d  

i.i 

I C  I . .' 
* -  

il . 7 
:i . 4 

-fi li .., 
-0, 
-0.7 
-0.9 

6 .  . -1.1 
-1.1 
- 1 . 1  
-"8 
-1.0 
-1.0 
-i.il 
- 0 . 1  
-0 .1  
-O.P 
-0.7 
-0. 
-0.8 
-6.9 
-1.0 

-I.! 
-1.1 
- 0 . 1  
-1.0 
-1.4 

-1.8 
.! a 

I ,  -. _ . 1  

I 
- I  . .' 
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Aicetophenone/o-lolualdehyde 

Acro le in  
Benza 1 dehyde 
Butyraldehyde/ lsobutyraldehyde 
Crotonaldehyde 
2.5-Dimethylbenzaldehyde 
Form ldehyde 
Hexanal 
lsophorone 

Isovaleraldehyde 
MIBK/p-Tolueldehyde 
Methyl E thy l  Ketone 

Propionaldehyde 
Quinone 
m-lolualdehyde 

l e s u l t  Det. L i m i t  
ND 
396 
ND 

ND 
ND 
ND 

ND 

ND 

14.5 
ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 
ND 

*esu l t  Det. L im i t  
3530 
2180 
YD 

107 
86.4 
404 
109 
ND 

2070 
190 
ND 

75.1 
YD 

36.9 
241 
122 
ND 
89.1 * 

Result Det.,,Limit 
1220 

ZZBO 
NO 

NO 
65.3 
253 
48.1 
ND 
2 l O D  
136 
ND 

ND 
ND 

ND 
105 
155 
ND 
62.9 Valeraldehyde 

Result Det,., Li,mi,t zm;:,.<: sea0 .. . 
. . . .. . ... 

...... 

2280 
ND 

ND 
757 
633 
561 
ND 
ll8OD 
519 
ND 

138 
ND 

130 
759 
818 
ND . .  ... . 

ND Not detected a t  s m i f i e d  de tec t i on  l i m l t  Est. r e s u l t  less than 5 times detect ion l i m i t  

( 1 )  For a d e t a i l e d  desc r ip t i on  of  flags erd  technical t e r m  In t h i s  repor t  r e f e r  t o  A p p n d i r  A i n  thls report. 

0 

0 

0 

0 

0 

0 

0 

0 

0 



. 
A m l y t i c a I  Data S m r y  Page: V 

.I 
II 

Radian York Order: PI-10-001 
II 

. Method:rldehy&s, Mod T o l l ,  HPLC (1) 

Sanple I D :  Y26-C425-ALD-. METHaD UUYX MET- SPIKE Ca l i b ra t i on  

Factor: 10 .54 1 1 

L i S t : C c u p e n d i u m  Method TO-11 

6 ( I C ,  Pa) Check OC 

Results in :  Total ug Total ug 2 2 
051 D6A 07A 2DA 

Matrix: Stack DYPH DWPH ACY 

Result Det. L i m i t  Result Det. L i m i t  Re8ult Det. L i m i t  
Acetaldehyde 2560 NO 90 
Acetone 2710 2.74 83 
Acetophenonelo.ToluaLdehyde YO ND 70 a 

9 

Acro le in  1% 

Benzaldehyde 135 
Butyraldehydellsobutyraldehyde 237 
Crotonaldehyde 102 
2.5-Dimthylbenzaldehyde YO 
Formaldehyde 3050 
Hexanal 200 
lsophorone NO 

I I I I 

....... ............. D:.,,.:: . .: .: I ND . .  ....... 
YD 

ND 

ND 

YO 

1.24 
WD 
YD 

23 0 

11v 
YA 

25 0 

.85 
87 
117 
91 

. . . . . . .  

Result Det. L i m i t  

115 
NS 

us 
NS 

us 
103 
us 
us 
105 
us 
us 

lsovaleraldehyde 
MlBKIp-Tolualdehyde 
Methyl Ethy l  Ketone 
Propionaldehyde 

ND not detected at s p e c i f i e d  de tec t i on  L i m i t  

US Yot spiked 

(1) For a d e t a i l e d  desc r ip t i on  of flags ad technical t e r n  i n  t h i n  repwt r e f e r  to A p p l l d l x  A i n  t h i s  report.  

* E e t .  r e s u l t  less than 5 ti- detect ion l i m i t  
a Cutside con t ro l  l i m i t s  w YO( aM1-d . 

. 

. 

. 



ssnple His tory  

10108191 
10119191 
L KK 

WEN1311179 
WEN129 
v5000 
received 

Page: 15 

10108191 10108191 
101 19/V 1 101 19/91 
LKK LKK 

WEN1321178 avEN1331177 
WEN129 avEN129 
V5000 v5000 
received received 

S m ( e  I d e n c i f l c a t i m s  and Dates 

SBnple I O  

Dace Ssnpled 
Date Received 
Macrix 

I' 
]Aldehydes. Mod 1011. HPLC 

Prepared 
Analyzed 
Analysr 

F i l e  I D  
Blank I O  

1 nstrlmen t 
Report as 

W12219l 
10/01/91 
Srack 

01 

10/08191 
lO/l8191 
LKK 

WEN130 

OYEN 129 
vsooo 
received 

09/25/91 
10101191 10101191 
Bcack DNPW 
05 06 

10108191 10108191 
lOll9191 10118191 

M N l 2 9  
V5000 

received received 

- 
0 

0 

a 

0 

0 

0 

0 

0 

a 

0 



0 

i 

0 

0 

0 

0 



Report 

~ ~~~ 

Cnmnts  and Narrat ive 

Redian work Order: P1-10-001 

General Canrents 
OS-A: The XM-Z /F i l te r  portion o f  the s n p l e s  was lost  brim 

NO = not quantitated. 
PAM ranples uere di lu ted  because o f  high hydrocarbon content. 

p r e p r a t  i on. 

Page: 

0 

h.2 

0 

0 

0 

0 

0 

0 

0 

0 



Notes and Def in i t ions  Page: 1-3 

York order: PI-10-001 

J Indicates an estimated value for  W W S  data. l h i s  f l a g  i s  used e i t h e r  
when e s t i m t i n g  a concentration f o r  ten ta t i ve ly  i d e n t i f i e d  c w s  
where a response factor of 1 i s  ass&, o r  when the mass spectral 
data indicate the presence of a c n p a n d  that meets the i d e n t l f i c a t l o n  
c r i t e r i a  brt the resu l t  i s  less than the s-le q u a n t i t a t i o n  l i m i t .  

NA This analyte YBS not analyzed. 

ND This f lag  (or < ) i s  used to denote analytes uhich are nor detected 

0 

0 at or  above the speci f ied detection l i m i t .  The value to the r i g h t  o f  
the < s-l i s  the method speci f ied detect ion l i m i t  for  the s m l e .  

NS This analyte or surrogate was not  added ( spiked) to the s q l e  for  
t h i s  analysis. 

0 0 This q u a l i t y  control standard i s  outside method or laboratory spec. 
i f i e d  control l i m i t s .  l h i s  f l a g  i s  appl ied to m t r i x  spike, analy- 
t i c a l  PC spike, and surrogate recoveries; and to RPDCrelative percent 
dif ference) values f o r  dupl icate analyses and matrix spike/matrix 
spike duplicate resu l t .  

0 * The aster isk(* )  i s  used to f l a g  resu l ts  which are less than f i v e  times 
the method speci f ied detection l i m i t .  Studies have shown that the 
uncertainty o f  the analysis u i l l  increase erponent ia l ly  as the mthod 
detection l i m i t  i s  approached. These resu l ts  should be ccnsidered 
approximate. 

0 

0 

0 

0 

0 



Motes and Def in i t ions - 0 '  

Page: A.4 

11 z i a n  Uork OrdFr: P1-10-001 II 
0 

TERMS USED I N  T H I S  REPORT: 
Analyte - A chemical f o r  uhich 8 s a p l e  i s  to be analyzed. 
€PA method and Qc speci f icat ions.  

Conpound - See Analyte. 

Detection L i m i t  - The method speci f ied detection L i m i t .  uhich i s  the louer l i m i t  of 
quant i ta t ion  speci f ied by €PA for  a mthod. 
laboratories' method detect ion l i m i t s  t o  v e r i f y  that they met or are Lwer than those 
speci f ied by €PA. 
on experimental values a t  the PPX confidence level .  
(Contract Laboratory Progrm) methods are CROLs (contract r q i r e d  quant i ta t ion  
l i m i t s )  f o r  organics and CRDLs (contract required detect ion l i m i t s )  f o r  inorganics. 
Note, the detect ion l i m i t  may vary from that Specified by €PA based on senple 
size, d i l u t i o n  o r  cleanup. (Refer t o  Factor. belou) 

€PA Method . The €PA Specif ied method used to perform an analysis. EPA has speci f ied 
standard methods for  analysis of e n v i r m t a l  samples. 
analyses and  accorrpanying PC tests  in  conformance u i t h  EPA rrethods unless otheruise s p x i f i e d .  

Factor - Default method detection l i m i t s  are based on analysis o f  clean uater sanples. 
A factor i s  required to calcu late s a p l e  speci f ic  detect ion l i m i t s  bred on a l te rna te  
matrices ( s o i l  o r  uarcr ) ,  r e p r t i n g  m i t s .  use of cleanup procedures, or d i l u t i o n  of extracts/ 
digesrates. For example, ex t rac t ion  or d igest ion of 10 gram of s o i l  i n  contrast 
t o  1 l i t e r  of water u i l l  r e s u l t  i n  a factor  of 100. 

The analysis u i l l  met 

Radian s t a f f  regu la r ly  assess t h e i r  

Detection l i m i t s  uhich are higher than method L imi ts  are based 
The detect ion l i m i t s  for EPA CLP 

Radian u i I I  perform i t s  

Matrix . The sample mater ia l .  Generally, i t  u i l l  be s o i l ,  uater, a i r ,  o i l ,  or s o l i d  
uaste. 

Radian Uork Order - The unique Radian i d e n t i f i c a t i o n  code assigmd tb the s a p l e s  reported i n  
the analy t ica l  summary. 

Uni ts  . ug/L microgrsns per L i t e r  (por ts  p r  b i l l i m ) : i i y i d s / u a t e r  

microgrsas per c d i c  m t e r ;  a i r  su@cb 

m i l l i n r e  per L i t e r  (por ts  par n i lL ion) : I i y ids /ua ter  
m i L I i g r a r  psr kit-ra. (par ts  per miII ion):soi ls/soLids 

w / k g  microgreas per til-rm ( p r t s  per bi l l ion): oo i ls /so i ida 

up/U 
W L  
w / k g  
x percant: uprvllly u d  for psrcent recovery of uC standsrda 
uS/cm cwxbetarce mit; microSlaMslcent imeter  
ml/hr 
NTU 

cu co lo r  mlt; wl t o  1 m/L of ch loropiat innte s a l t  

m i l l i l l t e r r  pr  hwr; r a t e  of re t t lenant  of w r t e r  in uafer 
t u r b i d i t y  mit; nsphe lamt r ic  t u r b i d i t y  v l i r  

0 

0 

0 

0 

0 

0 

0 

0 

0 



Senple History 

0 

Page: 1 i 

Sanple I D  

Date Senpled 
Date Received 
Matrix 

Y8270-Semi-voletiles 
Prepnred 
Analyzed 
Analyst 
F i l e  I D  
Blank I O  
Ins trurent 
Report as 

Prepared 
Analyzed 
Analyst 
F i l e  I D  

Blank I D  

l n s r r w n t  
Report as 

ldehydes, Mod l o l l .  HPLC 

SBlpIe l d u n t l f l c a t l o m  lad Dates 

Method Spike Ca l ibrac im 
Check OC 

l0 lO l lV l  
Y*D-Z/f i  

19 

1011 1/91 
11/05/91 
RK 

4586534.71 
4586533.11 
G C l M S  E 
received 

l O / O l / V l  
A 0 1  
20 

10/1v/v1 
LKK 
WEN180 

vsooo 
rete i ved 



2-Chlorophenol 

1.4-Dichlorobenzene 

N-Nitrosodi-n-propylamine 
Acetophenone 

3-Methylphenol 

Indene 

Cyclohexane 

Isophorone 

1 .2,4-Trichlorobenzene 

Naphlhalene 

4-Chloro-3-methyl phenol 

2-Methynaphthalene 

I-Methynaphthalene 

Acetoaphthylene 

Aceloaphthene 

4-Nitrophenol 

2.4-Dinitroioluene 

Diethylphthalate 

Fluorene 

N-nitrosodiphenylamine 

Pentachlorophenol 

Phenanthrene 

Anthracene 

Di-n-butylphthalate 

Fluoranthene 

Diphenylamine 

Pyrene 

Butylbenzylphthalate 

Bis-(2~1hylhexyl)-phthalate 

Di-n-xlyphrhalate 0.66 

34.63 

93.5 

5.695 

420.855 

416.255 

407.s95 

249.355 

41.765 

14.94 

9.035 

10.24 

50 

1 

47.4 

1.17 

83.405 

3.465 

37-09 

776.14 

347.54 

212.975 

37.745 

50 

12.245 

7.93s 

8.99 

50 

0.625 

390.355 

,....., ~. 
I:*.< ........ 7X.l 

U.97 

113.565 

2.745 

426.24 

995.545 

1470.645 

4 16.865 

262.12 

48.13 

50 

17.875 

8.49 

9.62 

50 

I 

36.87 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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RADIAN 
C o P ~ . m l . I I I O I  Radian uork Order P1.10~001 

Analyt ica l  Report 

01113192 

Radian Corporation 

Custrmer uork I d e n t i f i c a t i o n  EMU Asphalt Test S i t e  26 
Purchase Order N d r  275-026-L0-17 

Con tent s: 

1 Analyt ica l  Data S m r y  
2 Sanple History  
3 C-nts Slmrrary, 

4 Notes and D e f i n i t i o n s  

Radian Analyt ica l  Services 
POD Perimeter Park 

n o r r i s v i l l e .  NC 27560 

919-681-0212 

C l i e n t  Services Coordinator: LJRCUESBURG 

C e r t i f i e d  by: 

Previously Reparted on 12116191. 



RADIAN ~ o m c o m m ~ m o -  

(1) For a de ta i led  descr ip t ion  of f lags  a d  technical t e r m  in  t h i s  repor t  re fe r  to AppdiI A i n  t h i s  repcr t .  

(2)  L-Methylphenol co.elutes u i t h  3-mthyLpheml. 

va lue reporred i s  the c u r b i d  t o t a l  of the 2 
The 

L C W S .  0 

i ,I 

Radian work Order: P1-10-001 111 
Analyt ical D a t a  Sunnary 

0 

Page: 2 

0 

method:SU8270-Semi-Voletiles (1)  

Sample ID: M26-0922-PAH-- 
List:PAHS by SUB66 8270 

FE 

factor: 5 *  
Results in :  Total ug 

M a t r i x :  Acetone 
14A 

Acenaphthene 
acenaphthylene 
Anthracene 
0enzota)anthracene 
Ecnzo(a)pyrene 
Ecnzo(b)fLuoranthenc 
Eenzo(g,h, i lpery lene 
Eenzo(k)fluoranrhene 
Chrysene 
Dibenr(a,h)anthracene 
0 i benzofuran 
7.12-Dimeth~lbenzta)anthracene 
Fluoranrhene 
fluorene 
Indeno(l,2.3-cd)pyrene 
2.methylnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 

lesulr Det. L i m i t  

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

87.4 
NO 

UD 

M26.0924-PAM-3 
0 

M26-0923-PAH-1 M26-O923.PAH-2 

1000 1000 600 
l oca l  ug Tota l  ug T o t a l  YQ 

15A 16A 17A 

Stack Stack Stack 

esul t Det. L i m i t  

(See next page f o r  tenta1Ive.y i d e n t i f i e d  conpornd s .1  

esul t  Det. L i m i : t  

NO 10000. 

NO 1mw 

NO 1UXQ 

NO 1 Qy .. 

75.0 J 1&W: 

NO 1 WM 

NO l @ W  
NO 1;brDO:ii 
YO iqm" 

NO 1 M m . :  

NO 2QIw:. 

NO 10000 ~ 

73.0 J l ~ C 0  
120 J' 1 W m  
NO 1 m w  
2260 J lQIoD. 
3100 J lOo(w' '  

630 J* 1WM'  
NO 1 cram 

- 
esul t  Der. L i m i t  

5L.6 J YlCQ 
NO MM 
NO moo 
NO MQI 

NO bOM 
NO hOM 
NO MCQ 
NO MOO 
NO bOcQ 

NO 12mo 
NO MOD 
56.0  J bOW 
NO a m  
1980 J 6000 

NO M W  0 

NO 6oco 0 

1500 J MOO 0 
208 J. WDO 
36.0 J 6000 

0 

0 

NO Not detected at speci f ied detect ion l i m i t  
J Detected ac less than detect ion l i m i t  

0 * E s t .  resu l t  Less than 5 r i m s  detection L i m i t  



Analy t ica l  D a t a  S m r y  Page: 3 

I Radian Uork Order: P1-10-0011 

nethod:SY8270-Semi.Volatiles (11 
Lisr:PAHs by S Y U 6  8270 

Sawle I O :  1126-0922-PAH-. 
FB 

5 . I  
Factor: 
Results i n :  T o t a l  ug 

1 LA 
Matrix: Acetom 

1126-0923-PAH-1 

1000 
Tote l  ug 

151 
stack 

Surroqare Recovery(%) 
2-Fluorobiphenyl 
Control Limirs: 30 to 115 
Nitrobenzene-d5 
Control  Limi ts :  23 t o  120 
Terphenyl-dlL 
Control L im i t s :  18 t o  137 

8esult Der. L i m i t  

59.4 

39.6  

LL.8 

l e s u l t  Der.  L i m i t  

132 0 

102 

85.1 

(See next page for t e n t a t i v e l y  i d e n t i f i e d  conpounds.1 

1126-0924-PAH-3 1126-0923-PAH-2 

1000 600 
Total "0 T o t a l  up 
1M 17A 
Stack Stack 

Result Der. L i m i t  

107 

102 

90.3 

Result D e l .  L i m i t  

135 0 

122 0 

05.8 

0 Outside conrro l  l i m i t s  

(11 For a de ta i l ed  desc r ip t i on  of f l a g s  and technical terms in  t h i s  repor t  re fe r  to Apperdir A i n  t h i s  repor t .  
(2 )  &-Methylphenol co-e lu tes u i t h  I-merhylphenol. 

value reported i s  the cmbined t o t a l  o f  the 2 
The 

compounds. 



Radian Uork Order: 
I / -  EMB 

Ana ly t i ca l  Data S m r y  

0 

Page: L 

0 

Method:SYB270-Semi -Vo la t~ les  (1) 
L i S t : P A H S  by SU846 8270 

Sanple I O :  Method Blank Method Spike 

! 5 
Resul ts i n :  local ug x 

., Factor:  

1 8A 19A 

Mat r i x :  Stack XAD-21 F i - 
kenaphthene 

Acenaphthylene 

Anthracene 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h. i l p e r y l e n e  

Benzo(k)fLuoranthene 

Chrysene 

Dibenz(a.h)anthracene 
Dibenzofuran 

7.12.Dimethylbenz(a)anrhraccn 
F Luoranthene 

Fluorene 
I rdeno( l .2.1-cd)pyrene 

2.Methylnaphthalene 

Naphthalene 

Phenanthrene 

Pyrene 

l e s u l t  D e i .  L i m i t  

ND 

NO 

ND 

NO 

NO 

NO 

ND 

ND 

ND 

NO 

ND 

NO 

NO 

NO 

NO 

NO 

0.17 J 

ND 

NO 

2esult Der. L i m i t  

109 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

115 

0 

0 

0 

ND Not detected a t  s p e c i f i e d  d e t e c t i o n  l i m i t  
US Not spiked , 

J Detected at Less than de tec t i on  L i m i t  

0 
(1 )  For a d e t a i l e d  d e s c r i p t i o n  o f  f lags and technica l  t e r n  i n  t h i s  report r e f e r  to Appendix A i n  t h i s  r e p o r t .  
( 2 )  4-Methylphenol co -e lu tes  u i t h  3 -mthy lp%eno l .  

value repo r ted  i s  t he  cmb ined  c o t a l  of the  2 
CDmpoUrdS.  

The 



a 

Result Der .  L i m i t  

99.2 

81 .a 

101 

a 

Result Der. L i m i t  

143 0 

1 05 

127 

a 

RAblAN 
C O P C O ~ ~ T I O I  Dl Radian YOrk Order: P1-10-001 

Analyt ical Data Sunnary Page: 5 

M e t h ~ : S U B 2 7 0 - ~ e m i - V o l a t i l e s  ( 1 )  

Sanple l o :  Method Blank 

List:PAHs by SY846 8270 

Factor:  

Results in: 

M a t r i x :  

5 .~ .  
Tota l  ug 

181 
Stack 

Method Spike 

5 
% 

1% 

XAD. 2lF i 

Surroqate Recovery(%) 

2.Fluorobiphenyl 
Control Limits: 30 to 115 
Nitrobenzene-d5 
Control Limits: 23 t o  120 
Terphenyl-dla 
Control Limits: 18 to 137 I 

0 Outside control l i m i t s  

(1) For a deta i led descr ip t ion o f  f lags  ard technical t e r n  i n  t h i s  report re fe r  to Appendil A i n  chis repart.  
( 2 )  4-Methylphenol to -e lu tes  with 3-methylphenol. The 

value reported i s  the combined t o t a l  o f  the 2 
conpounds . 

a 



Ana ly l i ca l  Dara S m r y  
RADIAN 
C O R ~ O P I T I O I  

Radian Work Order: P1-10-001 

a 

Page: 6 

a 
I I 

Tentat ive ly  I d e n t i f i e d  C~npounds 

Methd:  Su8270-Semi-Volatiles ( 1 )  
L i 5 t :  PAHs by S u a 6  8270 

Sample I D  Analyre 

M26-OV22-PAH-FB 

150phOrone 

Diethy lphthalate 

D i -n -bu ty lph rha la te  

~ i s - c 2 - e t h v l h e i y l ) - p h t h a l a t e  

M26-OP23.PAH-1 

M26-OQ23.PAH-2 

Cyclohexane 

1-Methylnaphthalene 

Diethy lphthalate 

D i -n -bu ty lph tha la te  

Bin- (2 -e tky lhe iyO-phtha la~e  

Acetophenone 

Cyclohexane 

1-Hethylnaphthalene 

Diethy lphthalate 

D i - n - h r y l p h r h a l a r e  

Diphenylamine 

B i s - ( 2 . e t h y l h e i y l ) - P t h a l a t e  

0 
Result Un l t s  . Scan 

2.24 J*  .Total  ug 

5 . 6 8  J* T o t a l  ug 

7.9 J* Tota l  ug 

1 . 1 2  J *  Total ug 

16800 Total ug 

2020 J* Total ug 

911 J' Total ug 

1650 J* Total ug 

716 J. Tota l  ug 

1050 J* Total ug 

v n o  J. Total ug 

1650 J* Tota l  Ug 

112 J*  Total Ug 

2050 J' T o t a l  U9 

310 1. l o c a l  ug 

1070 J* Total Ug 

a 

a 

a 

a 

0 

a 

1126-DV24-PAM-3 

?.Methylnaphthalene 1220 J*  Total UQ 



e 

e l  

Page: 7 

Radian York Order: P1-10-001 

Tentatively I d e n t i i i e d  Conpourds 

Method: Su8270-smi-vo lat i les  ( 1 )  

Sample I D  Analyte Result Un i t s  Scan 

L i s t :  PAHs by Sua6 8270 e 
. 

Oiethy lphthalate 43.8 J* Total ug 

N-ni t rosdiphenylamine 134 J* Total ug 

Di -n -bu ty lph tha la te  I100 J' Total ug 

Diphenylamine 134 J. Total u g  

E i s - ( 2 - e t h y l h e i y l ) - p h t h a l a t e  590 J*  Total u g  

0 

e Method Blank 

e 

e 

e 

e 

e 

Oiethy lphthalate 13.0 J* Total u g  

D i - n - b u t y l m r h a l a t e  6.34 J* Total u g  

B i s - t 2 - e t h y l h e i y l ) - p t h a l a t e  13.0 J* Total ug 

Method Spike 

Phenol 

2-Chlorophenol 

1,l-Dichlorobenzenc 

N-IIitroso-di-n-proW(amine 

1.2.4-Trichlorobenrene 

4-Chloro-3-methylphenol 

L-Uitraphend 

2 .4~Oin i t ro to luene  

Pentachlorophenol 

D i -n -bu ty lph tha la te  

W . 8  

P4.2 

P5.6 

104 

109 

99 .9  

53.0 

98.4 

26.6 

2.15 

x 

x 

x 

x 

x 

x 

% 

x 

x 

x 



RADiAN 

Resulr D e r .  L i m i r  Result D e r .  L i m i t  Resulr D e r .  Limit 

Analytical Dara  S m r y  

Resul t  D e r .  L i m i t  

0 

Page: IO 

0 
1 7 1  Radian Work Order: P 1 - 1 0 - 0 0 1  



0 

0 

0 

0 

0 

Result  Der. L i m i t  Result D e r .  L i m i t  Result  D e t .  L i m i t  

h n a l y t i c a l  D a t a  Sunnary Page: 1 1  

Result D e l .  L i m i t  

Radian Uork Order: P1-10-001 

I 
Method:Tuenty Tics to be r e p r t e d  ( 1 )  

Sample ID: Method Blank 

~ L I S [ :  

(1) For a d e t a i l e d  d e s c r i p t i o n  o f  f l a g s  and technical  r e m s  i n  t h i s  report  r e f e r  to LFpendix A i n  chis r e p o r t .  

0 



RAD!AN ILIZIIl Radian York Order: P1-10-001 

T e n t a t i v e l y  I d e n t i f i e d  Conpounds 

Method: lrenty I I C S  to be repo r ted  ( 1 )  

Sanple I D  Ana l yte 
L i s t :  

M26-OP22-PAH-FB 

M26-0923-PAH-1 

A n a l y t i c a l  Data S m r y  

R e s u l t  U n i t s  Scan 

Cyclohexene NO E Tota l  ug  

Oxygenated hydrocarbons NO To ta l  ug 

2-Hexanol NO To ta l  ug 

Methylpentenone isomers NO B Tota l  ug 

Unknown a l koxy  a l coho l  UP T o t a l  ug 

2.2.4.L-Tetramethyl-J-  UO Tota l  ug 

pentanone NO Tota l  ug 

2 .2 ' -Oayb is -e thano l  d i a c e t a t e  NO E T o t a l  ug  

1.3-Diethylbenzene NO Tota l  ug 

l.Ethenyl-4-ethylbenzene NO Tota l  ug  

Unknovn a l c o h o l  NO Total  ug 

Cycloheaene NO B Tota l  ug  

Unknoun oaygenated hydrocarbon 110 Tota l  ug 

Unknown branched alkane NP Tota l  ug  

Decane NO Tota l  ug 

Oimethylundecanes NO Tota l  ug 

6-Methyldddecane NO Tota l  ug  

T r imerhy lddecanes  NO Tota l  ug 

0 

Page: 1 2  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



RADIAN 
c m P P O m . . I O m  

I I 

Radian York Order: P1-10.001 
0 

Tenla l ive ly  I d e n t i f i e d  Ccnpounds 
Method: Tuenty T I C S  to be reported ( 1 )  

Analyt ica l  Data  S m r y  

L i s t :  

0 S a q l l e  IO Analyre 

Oimrhylhepradecanes 
.. 

Result Uni ts  Scan 

UP T o t a l  ug 

2-Ethyl-1-Oecanol NO T o t a l  ug 

0 M26-OQ23-PAH-2 

Cyclohexene NO E T o t a l  ug 

Unknoun oxygenated hydrocarbon UO T o t a l  ug 

Decane uo T o t a l  ug 

Oimerhylundecane isomers NO T o t a l  ug 

2 .3 .7 -Tr imthylocrane uo T o t a l  ug 

2.7.10-Trimrhyldodecane NO T o t a l  "9 

2.6.11-Trimethyldodecane uo T o t a l  ug 

Branched alkanes UO T o t a l  ug 

0 MZb-OQ24.PAH-3 

Cycloheiene uo B Tota l  ug 

4-Merhyl -S-pnren-2-one NO B T o t a l  ug 

4-Methyloctane NO Tota l  ug 

l - E t h y l . 2 - m t h y l k n z e n e  NO Total ug 

Decane uo Tota l  ug 

Oimethylundecme isanerr uo local ug 

Branched alkanes NO Total ug 

6-Methylddecane NO l o c a l  ug 

Page: 13 



Radian Work Order: P1-10-001 

Tenrarively Idenr i f ied  Conpounds 

Method: Twenty TICS t o  he reporred ( 1 1  

S a ~ p l e  ID Analyre 
L i s t :  

AnalyricaL Data Sunnary 

Resul t 

I. 
Dimethylhepradecane isomers NO 

Method Blank 

Cyclohexene NO 

L-Mechyl-3-penren-2-one NO 

Oxygenated hydrocarbons NO 

2,21-Orybis-erhanol diaccrate NO 

Unirs Scan 

Torn1 ug 

Total ug 

Toral ug 

Total ug 

Total "9 

0 

Page: I L  

0 

0 

0 

0 

0 

0 

0 

0 



0 

Page: I6 
RADIAN O 0 

0 * a ' sanp le  H I S C O ~ Y  

'0 Radian Work Order: ~1-10.001 

0 

0 

Sanple I o  

Date S a n p l e d  
Date Received 
Ma t r i x  

1270-Semi-VoLariles 

Prepared 
Analyzed 

Ana L ys t 

F i l e  I O  

Blank I O  

lnsrrunenr 
Report as 

Prepared 
Analyzed 
Analyst 
FiLe  IO 
Blank I O  
lnstrunent 
R e p o r t  as 

Prepared 
Analyzed 
Ana 1 ys t 
F i l e  I O  

Blank I O  
Instrunem 
R e m r t  as 

iehydes, M o d  loll, HPLC 

m y  T I C S  t o  be reportec 

Senple l d e n r i f i c a t i o n s  and Onles 

MElHCO SPIKE Y26-092Z-PIn-- 1126-0923-PhH-1 Y 2 6 . 0 9 2 3 - P A H - 2  M26-0924-PAH-3 Method Blank 

lOlOll9l 
ONPH 

07 

FE 

10/01/91 
X I D - Z / P  i 
14 

.. 09/22/91 09IZ3I91 
10/01/91 
Stack 
15 

09/30/91 
10/04/91 
LKK 
LLYA76 
LLYA75 
V5000 

rece ived 

1011 1/91 
11/05/91 
RK 

4506539.71 
4586533. T I 
cc/ns 0 
rece i ved 

loll 1/91 
11/05/91 
RK 
4506539.1 I 
4586533.11 
t C / M  0 
rece ived  

10/11/91 
1 1  /os191 
RK 

4506540.11 
4506533.71 
t C / M S  0 
rece ived 

lO/ll/Ql 
11/05/91 
RK 

458639.1 I 
4 5 8 6 3 3 . 1  I 
GC/MS 0 
rece ived  

09/23/91 0 9 / 2 6 / 9 1  
10/01 /v1 10/01/91 10/01/91 
Stack Stack Y M - 2 I F i  
16 17 18 

lOllll91 
11/06/91 
RK 
~5a6545 . r r  

Gc/ns a 
4586533.11 

received 

1011 1/91 
11/06/91 
RK 

4586545.11 
4 5 8 6 5 3 3 . 1 1  
GC/MS 8 
r e t e  i w e d  

---t--- 
I O /  1 1 I91 
11/06/91 
3K 
~ 5 ~ 6 5 4 6 . 1 1  

:c/ms a 
L506533.11 

rece ived  

lO/lI/91 
11/06/91 
RK 

L506546.11 
L506533.1I 
C C I M S  0 
rece ived  

10/11/91 
11/05/91 
RK 

4506533.71 
4506533.TI 
Gcins B 
rece ived  

1011 1/91 
11/05/91 
RK 
4506533.11 
4586533.11 
G t l Y S  0 
rece i  w e d  



/I EnO Radian Work Order: P1-10-001 

I 

Sanple History 

Su8270-Semi-Volatiles 

Prepared 

Analyzed 

Analyst 

F i l e  I D  

Blank 10 

I n s r r m n t  

Report as 

Prepared 

Analyzed 

Anal ys t 

F i l e  I D  

Blank I D  

l n s t r m n t  

Report as 

Aldehydes. M o d  T o l l ,  HPLC 

0 

Page:17 

Sample 10 

Dare S e n p l e d  
Date Received 

nat r ia  

Sample ldenrif icarions and Dace6 

nethod Spite Calibration 
Check aC 

10/01/91 

XAD-2IF i 
19 

~ 

10/11/91 

11/05/91 

RK 

650653L.71 

4506533.71 

GCIMS 0 
received 

-. 
lO/OllPl 

ACN 

20 

10119/91 

LKK 

WEN180 

v5000 

received 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

RADIAW 
C O E C O E I T I O U  

I-1 C m n c s .  Notes a r d  Definitions 



RADIAN Remrt C m n t s  and Narrnt ive 

0 

Page: 4.2 

Radian York Order: Pl-10.001 

General c m n t s  

05-A: The XAD-Z/Filter portion o f  the SanQles mas l o s t  during 

NO = Not quantitated. 

PAH sanQles were d i lu ted  because of high hydrocarbon content. 

preparation. 

0 

0 

0 

0 

0 

0 

0 



0 

Notes and Def in i t ions  

Radian Uork Order: PI-10-001 

1 I 

J Irdicates an estimated value for  G C I M S  data. This f lag  is used e i ther  

uhen estimating a concentration for  ten ta t i ve ly  i d e n t i f i e d  corrpounds 
uhere a response factor  o f  1 i s  assuned. or when the mass spectral 

data indicate the presence o f  a conpound that meets the i d e n t i f i c a t i o n  

: r i t e r i a  tut the r e s u l t  is less thanJhe sanple quant i ta t ion l i m i t  

NA 

ND 

N S  

0 

This analyte was not anelyled. 

This f lag  to r  < ) is used to denote maly tes  uhich a r c  not detec ted-  

a t  or  above the speci f ied detection l i m i t .  The value t o  the r i g h t  of 
the < s w l  i s  the m e t h d  speci f ied detection l i m i t  for  the sanple.  

This analyte or surrogate was not added ( spiked) t o  the sanple for  

th is  analvsis. 

This q u a l i t y  cont ro l  standard i s  outside m t h d  or laboratory spec- 

i f i e d  control l i m i t s .  This f l a g  i s  applied t o  m a t r i x  spike, anely- 
t i c a l  Oc spike, and  surrogate recoveries; a d  t o  RPDtrelative percent 

dif ference) values f o r  dupl icate analyses and matrix sp i te lmat r ia  

spike dupl icate r e s u l t .  

The a s t e r i s k ( * )  is used to f lag  results  uhich a r e  less than f i v e  t imes 

the mthod spec i f ied  detect ion l i m i t .  Studies have show that the 

uncertainty of the analysis w i l l  increase exponential ly as the m t h d  

detection l i m i t  i s  approached. These resul ts  should be considered 

approximate. 

Page: A.3 

0 



RADIAN C O P D O P . I T I O I  Notes and Def in i t ions 

Radian Uork Order: P1-10.001 

TERMS USED I N  T H I S  REPORT: 

Analyte - A chemical f o r  which a sanple i s  to k analyzed. 

EPA methcd and oc spec i f icat ions.  

Conpound . See Analyte. 

Detection L i m i t  - The method speci f ied detection l i m i t ,  which i s  the lower l i m i t  of 

quant i ta t ion Specif ied by EPA f o r  a method. 
laboratories' method detect ion l i m i t s  to v e r i f y  that they m e t  or a r e  lowar than those 

speci f ied by EPA. 

on experimental values a t  the W% confidence level .  The detect ion l i m i t s  f o r  EPA CLP 

(Contracl Laboratory Program) methods are CROLs (cont ract  required quant i ta t ion  

l i m i r s )  for  organics and CRDLs (contract required de tec t ion  l i m i t s )  for  inorganics. 

Note. the detection L i m i t  may vary from that spec i f ied by EPA based on sanple 

size. d i l u t i o n  o r  cleanup. (Refer to Factor, below) 

EPA Methcd . The EPA spec i f ied method used to perform an analysis. 

standard methods for  analysis of e n v i r o m n t a l  sanples. 

analyses and acconpanying OC tests  in  conformence r i c h  EPA methods unless otherwise specif ied. 

Factor . Default method detect ion l i m i t s  are based on analysis of clean mater sanples. 

A factor  i s  required to Calculate sample speci f ic  detect ion l i m i t s  based on a l ternate 

m t r i c e s  ( s o i l  o r  mater). repor t ing uni ts ,  use of cleanup procedures. or d i l u t i o n  of e r t r a c t s l  
digestates. For cranple, ext rac t ion  or d igest ion of 10 g r a m  of s o i l  i n  contrast  
to 1 L i t e r  of yarer r i l l  resu l r  in  a factor  of 100. 

The analysis U i I t  meet 

_. 
Radian s t a f f  regular ly  assess t h e i r  

Detection l i m i t s  uhich are higher than method l i m i t s  are based 

EPA has speci f ied 

Radian u i l l  perform i t s  

Matrix . The sanple mater ia l .  Generally, i t  M i l l  be s o i l ,  water, a i r ,  o i l .  o r  so1id 

Waste. 

Radian uork Order - The unique Radian i d e n t i f i c a t i o n  code assigned to the sanples reported i n  

the ana ly t i ca l  srmnary. 

Units - uglL microgram per l i t e r  (par ts  per b i I I i o n ) : l i q u i d s l u a t e r  

microgram p r  cubic mcer: a i r  smples  

m i l l i g r a m  per ki logram (parts per mi1 l ion) :so iLs lso l ids 

uglkg microgram per ki logram ( p w t r  per b i l l i o n ) :  s o i l s l s o l i d s  

ug1113 
w/L m i l l i g r a m  per l i t e r  (par ts  per mi l I ion) : I iqu ids luater  

mglkg 
x percent: usual ly  used for  percent recovery of OC standards 

uhlcm conductance unit: microSinnensIcentimerer 

N l h r  m i l l i l i t e r s  per hour; rate of s e t t l e m n t  of m t t e r  i n  water 

NTU t u r b i d i t y  wit; m p h e l n r t r i c  t u r b i d i t y  mit . 

cu co lo r  unit; equal to 1 w/L of ch lo rop la t ina te  s a l t  

0 
Page: t . 4  
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0 

0 

0 

0 

0 

0 
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APPENDIX F.5 

SAMPLE ID LOG 

0 
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a 

Date 

a 

z 

a 

3 

0s 

a -  
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APPENDIX G 

CALIBRATION DATA SHEETS 

0 

0 



e 

e 

. - .. 

e 
c 
0 

U 
.- 
c 

0 

X 
0 
m 
I 
a, 
a, 
c 

I 

e 



0 

L 
13 
U 
0 

.- - 

X 
0 
m 
I 
aJ 
aJ 
c 

I 

L rn 
e n 

X 
0 a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



c 
0 .- 

0 

0 

c 
U 

X 
0 
m 
I 
Q) 
c 
Q) 

I 

0 



0 

0 

0 
APPENDIX H 

SAMPLE EQUATIONS 

0 

0 

0 



SAMPLE CALCUUTIOWS 
________._______-_- 

COMPANY ; BORGESS MEDICAL CENTER 
PLANT SITE : UL I IUZOO.  111 INPUT PARWETERS: 
SAMPLING LOCATION : BAGMUSE OUTLET : .............. 1.1...1......-..................--~-~.=....~...-.-...........=-..=.=,==== 
DATE : 09/07/91 : A s  - 551.55 s q . i n .  PI * 2 9 - 4 8  i n .  4 W COLLECT.. 0.0102 g r m  : 

: c p  . 0.84  ZCOL - 4 . 6 9  AWG SUR1 0 E L . P  - 0.2546 IN 142.3: 
EXAnPLE 11: PM/Metals , RUN 02 : On - 0.113 i n .  Y r Z  - 80.26 MOISTURE - 211.60 grms : 

: Kp . 84.59  xO2 - 15.05 COLLECTED 
STANOARO CONOITIONS: 68 F.  29.92  i n  Hcl : P ( s t d )  - 29.92  i n .  tlg T ( r t d )  = 68.00 F S M P L  T IME rn 240 m i n ~  1 

: Pb - 29.52  I n .  4 Tm(avg) - 110.09 F Ts(avg)  - 294.42 F : 

4 

0 

: Pnq(arg1- 0 . 4 5  i n .  H2O Vm - 91.40 f t ' 3  I - I.0108 
: ....................................................................... ==-=.-.~..~=,= 

I )  V o l u m  o f  dry g d I  sdnp led  a t  s t a n d a r d  c o n d l t l o n r :  
Pm - h 1 1 3 . 6  Pb 

I * Vm * ( T ( s t d )  460) ' Rn R n .  29.5530 
Vm(std) . ___________.__._____----------- 

P ( r t d )  * (Tm(rvg)  460) 

0 

0 

Vm(std) (1.011 * 91.40 * (68 + 460) * 2 9 . 5 5 )  / (29.92 * I 110.09 4 460)) 

Vm(std) - 84.52 d s c f  

2 )  V o l m  o f  water  rapor a t  s t a n d a r d  c o n d i t i o n s :  

vw(gas1 - 0.04707 f t 3 / g  * ( n m i i t u r a  c o l l e c t e d )  

Vw(gas) = ( 0.04707 * 211.60 

V.(gaI) . 9.95 r c f  

0 

YFd - (I00 - 10~53) I 100 

YFd - 0 .895 



OEFI N I T  IONS 
- - _ _ _ _ _ _ _ _ _  

AREA OF STACK 
P I  TOT COE F F l C  I ENT 

CONCENTRATION OF PARTICUUTE , 

OIWETER OF S W P L I M  NOZZLE 
EMISSION U T E  OF P A R T l C U U l E  

P I T O T  TUBE COEFFICIENT 
MOLE FRACTION OF DRY STACK GAS 

MOLECULAR WEIGHT OF DRY STACK GAS 
MOLECULAR WEIGHT OF WET STACK US 

MOISTURE COLLECTED I N  IMPINGERS 
STAMOARO PRESSURE (29 .92  in. t!ql 

BARCMTRIC PRESSURE 
AWERAGE GAffiE METER PRESSURE 

ABSOLUTE STACK PRESSURE 
P A R T I C U U T E  CATCH 

AWERAGE STACK DRY YOLUlETRlC F L W  RATE 
PERCENT COZ IN STACK GAS 

PERCENT Wt 111 STACK WS 
PERCENT 0 2  I N  STACK GAS 

PERCENT MOISTURE I N  STACK 
PERCENT EXCESS A I R  
TOTAL S W P L I N G  TIME 

STANDARD TEMPERATURE (68 F )  a 
AVERAGE TEMPERATURE OF THE METER 
AVERAGE TWPERITURE OF THE STACK 

TOTAL METERED WOLWE 
STAIDARO METERED VOLLHE 

WELDCITT OF STACK US 
TEST METER CALIBRATION COEFFICIENT 

WOLUlE OF UATER IN STACK GAS 

r l n .  
F 
F 
F 

rt-3 
dry standard f t '3  
standard r t 3  

f t l n ln  _ _  

8 

0 

0 

a 

a 

0 

0 

0 



U S  = (100 * 15.051 I ( ( 0 . 2 6 4  * 00.26) - '.!.;SI 

us = 2 4 4 . 5 3  

0 

0 

0 

0 

I l l  Concantration o f  particulate: 

Ca - (particulata catch) I Vm(rtd1 I 453.59 ' 7000 
c* . U.0102 I04.52 I 453.59 * 7000 

ca - 0.00106 grainsldtcf 

It) Particu:dtn hissionr Rate: 

E R  . (concentration1 * (Ordl * 60 I 1000 

ER - 0.0019 * 2441.95  * 60 I 1000 

ER - 0.039 lblhr 



5 )  Average m l e c u l a r  w l g h t  o f  dry  atack g a l :  

Wd = ( 0 . 4 4  * x02) (0.32 ' (0.28 * %') 

W d  m (0.44 * 4.69) * (0.32 * 15.05) (0.28 80.26) 

Wd - 29.35 l b / l b - m l e  

6) Averago m l e c u l a r  might of wt s t a c t  gal:  

Wyr - W d  * MFd 18.0 ' ( 1 . 0  - MFd) 

Wyr = 29.35 * 0.895 t 18.0 * (1.0 - 0.895) 

11v* - 28-16 I b / l b - m l a  

7) Stack r e l o ~ l t y  (feet/nln) a t  stack condlrlonr: 

VI = Q'Cp*[SQRT(dP)] avg'(S9RT [ (TI)drg] ) ' [SQRT ( l / P 1 ' M ) ] * 6 0  

VI = 84.59 * 0.84 * 0 . 2 5  SPRT[(294.42 +460) / (29.48 ' 2E.16)I 

V I  = 17.24665 f p I  
1034.799 fpn 

8 )  Average stack dry  r o l w t r l c  f l w  rate: 

0 

0 

0 

0 

0 

e 



APPENDIX I 

PROJECT PARTICIPANTS 



0 

PROECT PARTICIPANTS 

0 
RADIAN CORPORATION 

Rod Brown 
Geoff Johnson 

0 Jack Johnson 
Vince Laura 
Julie Lopez 
Tom McDonald 
Terry Medley 

0 Charlie Parrish 
Kathryn Potter 
Larry Romesberg 
Tim Skelding 
Judy Smith 

0 

ENVIRONMENTAL PROTECTION AGENCY 

Dennis Holzschuh 

0 

0 

0 

0 

0 

0 



e 

e 

APPENDIX J 

SAMPLING AND ANALYTICAL PROTOCOLS 

J.  1 PM/Metals 
J.2 PM,,/CPM 
J.3 Aldehydes 
J.4 PAH 
J.5 CEM and GC 

e 

e 

0 

0 

e . 



0 

e 

0 

0 

APPENDIX J . l  

PM/METALS 

e 



0 

0 

.KFITODOLOCY mR IHE DMIHATION OF mills MISSIONS 
IH OOUUST US€.% FROM IHCIHERATION PROCESSES 

0 

0 

0 

e 

0 





0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

W . D  
C 

where: A 9 a n a l y t i c r l  de t ec t ion  l l m i t .  ug /a l .  
B v o l u n  of sup lo  p r i o r  to diqwt for m a l y r i r .  d. 
c = stack rupl. wlw. d a a  (613). 
0 in-stack dmt.ction 1-e. U/d. 



TABLE A-1. IN-STACK -OD D M I O N  LIMITS (u/lJ) 
mR TRAIN FRACTIONS uwa ICAP rn m 

Front Half Back H a l f ,  B u ~  Half 
Fraction 1 Froction 2 Fraction 3 Total Tra in  

! b C d  Probe M d  Filtor Inpinc.rr 1-3 1.pLnC.n 4-5 

Primuy - t a l a  

Arsonic 
Bocyllium 
C & i U  
Chmaium 
Load 
b r c u y  
Nick01 
zinc 

12.7 (0.3). 
0.07 (0.W). 
1.0 (0.02). 
1.7 (0.2). 
10.1 (0.2). 
0. 
3.6 
0.5 

6.0 (0.1). 19.1 (0.4). 
0.01, (0.03). 0.11 ( 0 . 0 8 ) .  
0.s (0.01). 1.5 (0.03). 
0.8 (0.1). 2 . 5 . ( 0 . 3 ) .  

0.03- 0.03.. 0.11.. 
1.8 S . O  
0.3 0.8 

s.0 (0.1). 15.1 (0.3). 

7 . 7  (0.7). 3.8 (0.4). 
0.5 0.3 
1 .4  0.7 
0.5 ( 0 . 2 ) .  0.2 (0.1). 

18 9 
18 (0.5). 9 (0.3). 
1.7 0.9 
9.6 (0.2). 4.8 (0.1). 

11.5 (1.1). 
0.8 
2.1 
0.7 (0.3). 
27 
27 (0.8). 

10.0 (0.3). 
2.6 

0 
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0 

0 

0 

0 
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0 

0 
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0 
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a 
d 
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0 



0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Station (CM Corporation model or  equivalent) .  
3.3.4 bakers and YatChglMSer. 250-a1 beakers fo r  smaple d i g e s t L o n  ,1:5 

w8tcbglaJscs t o  cover the tops. 
3 . 3 . 5  Ring Stands urd Clamps. For securing equipment ruch M filtraclon 

3.3.6 Filter h e l a .  For holding f i l t o r  p-r. 

3 . 3 . 7  Yhatmn 5 4 1  Filter Paper (or equivalanc).  For Filtration of 

3.3.8 
3.3.9 V o l w t r i c  Pipotr. 
3.3.10 Anrlytical Balance. Accurate to  richin 0.1 y. 

3.3.11 Micmravo or Convrnciond Oven. For hoatlng sampler at  f i x d  

3.3.12 Hot Plator. 
3.3.13 A t O . I C  Aboorption S p . c t ~ t O r  (MI. QqUipprd with a backgmund 

epparacar 

digested sampler. 
Disporable PuCeur Pipocr and Bulbr. 

m r  lovolr  or tnporacwor. 

cornecor. 
3.3.13.1 Gr.pNCa h m u a  ACC-C. UiLb A.. Cd. md Pb (urd Sb. So. 

and Tl. i f  m u d )  hollow eachod. 1-1 (HCla)  or 01~Crod.lorr dischrrgu 
lamps (EDL. ) .  Sari u @A Mochoda 7060 (&I. 7131 (CdI. 7421 (Pb). 7W1 (Sb) 
7740 (k). Md 7841 (71). 

3.3.13.2 Cold V . p o t  h~uy A t C . c h . n C .  U i t h  r nmuy H C L  or EDL. >e 

e q p u i p ~ n t  noodod for tho cold v-r n m  attachment includor an aLr 
recirculat ion puep. a quutr coll. M iorrcor r ~ ~ u r t w .  rad a b a r  lamp or  
dariccator cub..  
c . . ~ . n t u m  ac t& puuu coll by 1 O C  ruch chat m caad.Natiun f o r u  on the 

w a l l  of tho quwu all. 9w u BPA bc)rod 7970. 
3.3.14 LnQlcUwly W l d  Argm P l u m  9O.CtlPltor. U i t h  oithor a 

'Ib. bYt 1- .barld b, -10 of -#in# ch ambient 

di-t  O r  m C i d  d? rrd M drpFcu to?&. 3u U e A  WrChhod 6010. 
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0 
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a 

a 

a 

a 

and rhould be vanced both CO rSli*vS OXCSSS pmrrurr urd prwont  arplor~on <Le 

t o  p m s s u m  buildup. 
contamination o f  the shmple: a NO. 70-72 hole drilled in tho container cap and 
Tef!on !rner h a r  been used. 

venting is highly mco-d6d. but rhould not r l low 

4 i 3 Vi:r$c Acid. 0.1 H.  Add 6 . 3  81 >f conconcraced WO, (70  porcenc) :J 
a graduated cy lmdor concrinin# ~ p m r i m t o l y  900 ml of rotor. D i l u t e  co :Do0 

a1 wreh uacer. Mix well. n o  Na#ont r h r l l  contain loor Lhm 2 ng/ml of each 

carget metal. 
4 . 2 . 4  Hydrochloric Acid ( H C l ) .  8 N .  Add 690 m l  of concentrated HC1 :o a 

graduated cy l inder  containin# 250 ml of rator.  
W x  w e l l .  

Dilutm to loo0 rl r i c h  water 

n o  raa#ont shall contain I n n  ChM 2 ry/d of H#. 
4 . 3  G l u r w a m  CloMiry Royultr. 
4 . 3 . 1  Nitric Acid. Conemncratd. Pirhor A C 9  gro& or o q u i v d m t .  

4 . 3 . 2  Yator. To conforr to Aslw Sp.cificationm Dll93-77. rUp. 11. 
4 . 3 . 3  Nitric Acid. 10 Porcmt ( V / V ) .  Add 500 ml o f  cancmtratod "0, to a '. 

graduated cy l indor  cont.inin# . ~ o m . l u t a l y  4ooO rl  of uator. 
m1 w i L h  rator'. 

Dilute to So00 

4.U 
4 . 4 . 1  Hydmchloric Acid. Cmcatrrtod. 
4 . 4 . 2  Hydrofluoric Acid, Concatntod. 
4 . 4 . 3  Nitric Acid. b a c a t n t d .  Bakr krrtt.-&fld or oquivrlenc.  
4 . 4 . 4  Nitric Acid, 10 Poremt (V /V ) .  

Supla Di#mrtion urd M y s i r  Rmyatr .  

Add 100 ml of coat.ntratod WO, co 

800 m 1  of rator. Diluto to loo0 rl with m t ~ .  )(k rll. hagent r h r l l  
contain lerr c h ~  2 ry/ml o f  ucb targmt r e a l .  

M 9 ml of eoncentrrtd m0, eo 

800 ml o f  wator. Diluta to loo0 m l  4 t h  mtor. rhrll cantain less 

4 . 4 . 6  Wamr. To d o r r  to ASIW Spuifiertionr D1193-77. rVpr 11. 
4.4.7 -1- W o r i Q  d Sodim Cblorid. $olucion. Sm DA 

4 . 4 . 8  S ~ ~ I W S  Chlorib.. 
4.4.9 P o u r r i m  ?.-to. 5 P.rcat (U/V). 

4.4 .10  sulfuric Acid. CacPtmud. 

k . 4 . 5  Nitric k i d .  5 Po-t ( V / V ) .  

LhM 2 n#/d Of O U h  wt r C d .  

Hethod 7970 for pmpamtiaa. 

4.4.11 Nitric Acid. 9 Paremt (V /V ) .  

4.4.12 Poturium Parrulfru. 3 P o m t  (U/V). 
4.4.13 N i c k o l  Nitnto. N i ( N O , ) ,  &40. 



e 

4.4.14 
4.4.15 
4.4.16 
3 . d . 1 7  

4.k.18 
4.4.19 
4.4.20 
4-4.21 
4.4.22 
4.4.23 
4.4.24 
4.4.29 
4.4.26 
4.4.21. 
4.4.28 
4.4.29 
4.4.30 
4.4.31 
4.4.32 
4.4.33 

o p t i d .  
optiaul  . 
o p t i d .  
o p U d  . 
o p t i d .  
optimal . 
optimal. 
o p t i d  . 

e 

e 

0 

0 

0 



a 

a 

a 

a 

a 

a 

a 
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f o r  ICM M d y s i s  can ta combined i n t o  four d i f f e r a n t  o i x d  standard ro1uc:ons 

I L ~  shorn below. 
WIXED STANDARD S O L ~ I O N S  mn ICAP ANALYSIS 

Solution EleMnts  ( s o c o n d u y  metals in RaranthcaesI 
I h. BO. Cd. Pb. Zn (M. k) 
I1 Fa (Bo. Cu) 

I V  1Sb. P .  4. Tl) 
111 A l .  Cr. N i  
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t he  acetone rinse s h o w  no v i s i b l e  particleS. af te r  which 

:he inside surface with acetone. 
a f i n a l  r i n s e  ?; 

Bmsh Md r i n r e  tho i n r i d e  p u t s  of tho Swuolok fitting w i t h  acecone 1.7 

R i n s e  che p w b o  l i n o r  w i t h  acotono by t i l t i n #  m d  mcacin# tho probe while 

srn~:sr  way s c i l  no v i s i b l e  p u c i c l e r  m n a l n .  

s q u i r t i n g  acotono i n t o  icr uppor end r o  chat all lna ido  r u r f u o r  w i l l  h W C Z M  

with acecono. 
con ta ino r .  A funnol m y  bo Urd to r i d  in CrUtSfWrlng l iquid wuhings  t o  che 

con ta ino r .  Follow tho L c O t O M  rFnr0 w i t h  r -Calllc p r o k  b w h .  Hold :he 

probe i n  UI inclinod porition. rquirc U m C O M  into tho uppor urd u tho probe 

bmrh is kin# p u h d  w i t h  a t W i # t i n (  U C i O n  e m u d l  tho pmk:  hold a 

oampleconcainor mdomoath rh. l a r  urd of etm Prok. and car& m y  acetone 
Md puelculaco mafear rhieh l a  b N h d  throw tho p r o k  Chmo t i n s  or mom 
unci1 no v is ib lo  putieulrto u t t o r  i s  C u r l a d  OuC w i t h  tho uotono or unci1 
nono reariru in tho pmb. lirur on v i r u r l  Fnrpo~tioa. Rinro tho b N h  with 
aeocono. and q u m c i t a c i n l y  c o l l o c t  thoso ruhFag, Fa tho ramplo contunor .  
Aftor tho bw-. mAk0 a f i n d  .cotma r i I w  Of tho prob.  u d.rcrikd above 

I t  La ru-dod d u e  trro -10 c l a m  tho prob. eo -20 a m p l e  

losses. k c n m  rupl in8 wu. Loop b n v h u  clom and p r o t o c t d  from 
concamination. 

Allow tho acocono to drUn frea tho l a r  urd inco tho smple 

C h U I  tho inmido of  et10 fmnt U f  of tho f i l e o r  holdar by NbbLry . 
s u r f a c e r  with a n o n n t d l i e  nylan b r i s t l 4  b w h  urd rinrin# w i t h  u a c o c  

Rinao each rurfmem W or mrn i f  rvQd to vis ib lo  p u t i c u l a c e .  
Mako a f i n a l  rFN. of eln b w b  mnd filur holdor. Attar all umtona wuhings 

md prrticulaco uttar h.n brrr co l l . c td  Ln t& r q l o  C a n t L I M r .  tighton the 

l i d  on tha ramplo coauinr ao t ha t  u o e a m  u i l l  mt loah a ~ t  rhra i t  ir 
sluppod to tho labmtory. 
whoct~or o r  fmt l o a 4 m  o c m  duriry e m p o r t .  h b o l  tho cont~inor c l e u l y  
to i d m t i l y  i ta  ODO~QU. 

5 .2.3 wcaumr No. 3 (Pmbo W). tUuo t& pmbo 1-r. pmbo nozzle. 
and fmnt hal f  of t& liltor ho1d.r tb0-y with 100 .1 of 0.1 N n i c r i c  acid 
and p h c o  e& ruh into r a-10 rtoroga cmuirur. 
100 .1 La nmcasruy for th. blank eorrrctian p-r. Perfom 
tho rimma Y drreribd in nothod 12, *tian 5.2.2. R K O ~  tha d u m  of me 

combinad r-o. W tb. hoi&c of cho f lu id  1-1 o tb. ouuldo of the  

s tory .  cont.inor urd u o  thir m a r k  t o  doto- i f  lookam occum during 

Mark th. hi@% of tho fluid 1 ~ 1  to docamino 

w: T h  w of u u c l y  
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plrco M unwed f i l cor  fmm tho 1- l o t  u tho supling f i l t o r s  in r l a h i e d  

patri dish. 
reagent blank. 

Sal cho p.tri  dish. This will b. rud in cho fmnt h d f  f i e l d  

5 . 3  Smple Prepuacion.  Note the lwol of tho l iquid  in  arch of  the 
concai.?crs Md datamine  i f  any sample w u  lore during sbipmont. I f  a 

nociceable mount  of l a r l r w  h u  occurred. .ichor void ~ h o  s u p l e  o r  u e  

methods. subJeCt t o  the approvrl of cho Adniniscrrtor. to corroct the f i n a l  

results. A d i y r n  l l l u s t r a c i n g  s u p l o  Pmpurcion urd u r d y s i r  procedures fo r  
each of tho sample t r u n  components La shom in Pi- A-3.  

dotaminad. chon doriccrto  tho f i l tor  uld fi1to.r Catch without hart and we~gh :a 

a CON~MC niat u dorcribd in Section 4 . 3  of kthod 5.  
motals. divido  tho f i l e o r  w i t h  iu f i lUr  C a t c h  into porclonr contuning 
appmrimcr ly  0.5  g oach Md P l U O  into tlm d y a t ' r  cbolco of .ichor 
individurl  micrwavo pmrrum mliof v 0 r r d s  or P a d  Babr. 
concmcrrcod n i tr i c  w i d  and 4 ml of conconcrrcod hydrofluoric u i d  t o  each 
vorrol .  For LLcmavo horting. LLcporavm tho a-lo w r o l r  for rppmximcaiy 
12-15 . inutoo in  intorvdr of 1 to 2 &UCU at 600 WatU. 
hortiry. hoot cho P u r  Babr re lwC (2M.F) for 6 harm. 'Iha cml the 
s u p l o r  to ma t..p.rrcum .nd comb- w i t h  rh mid digwstod pmb rinse  M 

re~uirrd in k c c i o n  5 . 3 . 3 .  b r l a .  
w: 1. SuCL.rCod r i C r O r a V 0  Math# Cl- r g 9 m d u t o  ud LP. dopondenc ' 

5.3.1 Containor No. 1 (Filter). If puticulrta m i s r l o r u  am being 

For u u l y r i s  of 

A d d  6 ml of 

For conventional 

cha numbor of r r p l u  #h# dim-. -1- eo 15 unuce 

Mat- ti... haw W foMd to b. ucrgublo for rinrltanww 

dimtiarr of Im to 12 Fndividurl r o p l u .  W f i c i a t  horcin# 1s 

.vid.ae.d by sorbat rrnlu w i t h i n  tb. wd. 
If tb. -ria( c w  w ma ogtioarl cyclam. un C y C l ~  catch 
r W d  b. p- md dimrod win# tb. s u o  p r # . b u r u  d o s c r i b d  
for tha f i lum ud combhod with tb w r u d  f i l u r  r u p l o r .  

2. 

5.3.2 Q U r  No. 2 (Acotam WMO). No(. tb l d  of l iqu id  in tho 

contrinor a i m  o tb malyair stmot or mt QC- 

dur- ttUUpoet. 
cho r u p l o  or w rW. rubjoet to elm appmvrl o f  tb. U r t n t o r .  to 
c o m t  tho f M  mulu. mum tho li-d in tU# cmtUmr o i W r  
v o l u r t r i c r l l y  to '1 rl or grwimtricrlly ta 9 . 5  g. 

M u i d - c l o ~ o d  c u r d  mal krlur .ad .vrpormu to w r  at ubi.nt Fimre 

If mticooblo -t o f  l u h g u  bu occumd. richor vo id  

m i o r  tJm cmtonts eo 
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rinser fmm -0 #rrmC.nat. b ~ S l y . r r  4 m d  5 .  lhir r u p l o  ir r n a l y r s d  f o r  
wrcuy u dorcrikd i n  Section 9.4.3. Iho t o t a l  back h a l f  n r c u r y  catch ls 
detemind from rho sum of Fraction 2B and Fraction 3 .  

usmg D A  Method 200.7 (40 CFR 136. hopandin C). Calibrate tho ICAP, and g e c  -2 

an analysis pmgru M d o r c r i b d  in  Mothod 200.7 .  
duma d e r c r i b d  in k c t i o n  7 . 3 . 1  of e N B  Wthod # h a l l  bo roll&. Recommended 
uavolarqchs for W. in tho malyair of tho pr-. r e o n d u y .  and i n t e r f e r t ~ n q  

w e d s  LI1 1irt.d b o l a .  

5 . 4 . 1  ICAP Analyiir. Fraction 1A and Fraction U am analyzed by ICAP 

Tho qual i ty  control pmce- 

U-t YaWl-th (MU) 

193 * 696 
313.092 
2 2 6 . W  
267.116 
m . 3 5 3  
231.- 
213.856 

206.833 
455.403 
324.754 
257.610 
196.026 
328.068 
190.864 

t 

0 
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abovr standads. 

If the instnumt d a r  not mproduco tho C O n c O n t t ~ C i ~ ~  of tho rtandud w i t h i n  

10 percent. tho co.pleto c r l l b r r t i on  pmcodurrr should b. p o r f o d .  
6 . 3  A t o n i c  Abmorpcion S m t m w t o r  - D l r u t  AaDirstion. G r a ~ h i t o  Furnace 

and Cold Vapor k r e u r y  h r l y a o o .  Prmpam tho scandrrdr u ouclinod in k c t i o n  
Q.4. Crlrbraco tho rpocc-cnr uin# thoro pmpuad r c u l d u d r .  Crllbracron 
procedurrm a m  r l r o  outlUmd in tha =A mothhod. r r f o r d  v) in T d l o  A-2  Md Ln 

Standard Mothhod. for  Vator and V ~ t a ~ o c o r .  15th edition. bthod 303F (for 
wrcury ) .  
urd co cr lculau tho cr l ibracion 1Lru. 'Ih. L N t m w n t  ahuuld k meallbrared 
nppmxinacoly onco mwry 10 to 12 rup1.r. 

'iho inrt-nt CdiDri t&n rhould br chocked one. #r hour. 

Gach rc.adrrd CUN. rharld k m n  &I d u p l i c a c ~  ad cho nan v d u e r  
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8.4 Hotus ( k c o p t  hrcury)  in S o u r e m  S u p l o .  

8 . 4 . 1  Fraction L A .  Fmnt H a l f .  Mocalr ( u c o p t  u). Cdculato cha uouc 

o f  each metal collected in Fraction 1 of tho supling t r U  uiry tho follourng 
~ U A C l O l l :  

Mrm C, Fa "eeim.1 zq. 1. 

e9. 3. 

e 
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whom: 
0 

qnD olank cormccion vsluo-for mama of wcrl doc.ec.d in  back h a l f  
f i e l d  rangant blank.  ug. 
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0 
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Cdculrc. cha t o t d  wunt of nrcury col1.cr.d in tho b u k  h a l f  of the rampli-g 

c r s i n  uiry Quation 7 .  

w h e w :  

Wna = t o t a l  IUI of YPCW c o l l . c w d  in Frutlon 2 .  ry. 
a,, quantity or 
v,,, MlUr of P r r c t l a l  29 d r r a d .  ml (... 

in .nrlyld r..gir. u(. 
in 

Soetlon 8.5.1) .  
t o t a l  ~ l w  of Prutim 2. ml. V l O l " . ,  

whom: 

whom: 

Es. 5 

Ep. 6 



. 
0 

0 
Hg,,, bluJI corrrction value for D U I  Of Wtcury dotwted ln back 

h a l f  f l e l d  reagenc blank. ug.  

w:  I f  the  t o t a l  o f  the meuured b l u J c  values (Haf,, Hg,,,) is i n  the  r ~ . ~ ~  

of 0 co 3 ug, then t h e  t o t a l  ow ta used to t o r m e t  cho emLsslon sample v a l u e  0 

(Hg,, - Hg,,); r f  i c  exceeds 3 w. the  greater of tho followin8 cw values %ay 

bo used: 3 U# or 5 ~ r c e n e  of tho esission s u p l o  valuo (H&, Ha,,). 
8.6  Mocal Conconcrarion of Stack Cu. Calcularr tho concentrations of 

arsmnic, krylliw. cd.lum, total  Jlmrium. l o d .  ~ r c u r y .  nicko l .  and zinc 0 

(and mtimny. b u i r Y .  C0pp.r. v e # O .  Pho#phoFU, S O l O f d U .  Sllvet, md 

thdliu. if m u d )  in tho Stack 8 U  (dru b u i l .  0dJUt.d to ItMdsrd 

conditionr) M fOllOW0: 

0 
E9.9 

C, conconcracion of each wtrl in tho r e d  m, -/&a. 
K, 10'3 mg/ry. 
nt 

v., I I d  I v o l u r  of l~ suplo u r u d  by tha 
total  SUI of r u h  weal co1l.ct.d h th. r u p l h g  train. 

eo dy r r u d u d  candicionr I dag. 

ug. 0 
g u  n t o r .  cortec:cd 

0 



0 

APPENDIX J.2 

PM,,/CPM 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

8 

0 

0 

0 

8 

Sun;;iinp R a m  lor directions in Ihr Y L ~  of 
l h i i  equalion lor Q In !he setup caICuIaIInr.). 

Ca.:ade impactor. The purporr of 
cdl: l !rat~np u c a s u d e  impactor I S  l o  
orlrrmine ihr empirical conrtml ISTLI,  
whnch II npccific to the impactor rnd which 
pennilr the a c c u i l e  deierminalirin of the CUI 
117.e of the tmpaciur stapes a1 field condilionr. 
I1 IS not necTwav  10 calibrale rnch 
individual imp.cior. Onrr rn imprclm hen 
been calibrated. the calibrmlirln dala can k 
applied to olher impacmn 01 idcnucrl deripn 

5.21 of thin method 

in Seciion5.:.: of this method. 

Calibrationi. An impaction i l a p c  conmains 
un m e v o w  IO form c1rcu1.r or rcaanFalor i c i s  
which IIO directed wword I nuilablr 
d s v a t e  whcrc Ihe larger ierosol parliden 
arc  wilcclcd. For cmlibration purpairi. lhmc 
n i q e i  of the cascade irnp*clnr rhull Im 
discussed and dcripnricd culibruliun elupem 
I. 2. i n d  I. Thc f in, calibration m l o p  conrislr 
o f  the cullcction subsirale of an impaction 
B I O W  and dl upaircsm iurliacci up IO and 
including ihe nozzle. This me? include other 
lirrcedinp imoaclor slaecr. The recond and 
third cnlibmiion mlagem coni i i l  of cmch 
respective coilecimn iubrtrnlc and all 
uprlmnm a d r c e i  up lo bul ercluding Ihc 
wllection iubrlrale of the pmccding 
calihrulion mlnge. Tnis may include 
inlervcnlng impaclor riopcr which are no1 
designated as calibration mlal(cm- The cut mizc 
or L 01 !he adiaccnt cnlibrMlion singes ihoU 
differ by a lvctor of not Icsm than 1.5 nnd no1 
mom thnn :.O, For example. if Ihc f in1  
cdibralion stape has I L of 12 pm. llien tho 
0- of the downilreem itspc shall be between 
6 and 8 pm 

5.4.3.1 
that the complmc hardwarn aaiembly wil l  LK 
used in each of Iha mampling mnm of tha 
culibrnlion and performance dcterminstlonm. 
Onis the fin1 ulibru:ion maga m u 1  be tested 
under irokinelic sampling conditions. The 
second and third cd ibn i ion mlam mum1 be 
calibraled with tha colleslion~ubsusle Of Iha 
preceding calibration itage m place. no Ihal 

flow pattams axisling in field openl ion 
wdi be simulated. 

SA:.: bch of  Ihe PM,. slow# mhould be 
calibraled wilh the type 01 collaclion 
subrtralc. viscid marenal [iuch a. gnaw1 or 
glurs fiber. umed in PM,. menmunmenu. t h e  
lhal  moat n w e n a l s  wed am mubmmtn 11 
elevaled Iemperaimm a n  no1 vimcid st 
normal I rboraloq condi l iouTha mubmvate 
material vied for calibnlionr mhovld 
minimize panicla b o u r n  ye1 k vi- 

.emu& to wiihmmnd m i o n  01 bfoml lm 
by :he irnpacior jeU and no1 inlerfm with 
lne procedure for meamuring the c o l l ~ l d  

panicit snerator omrmuon and verily 
psrticle w z i  microncopidlg. If 
monodispni ly i m  to be cctified.by 
rncosurcmenim at tho bssiming and tho and 
of the nm rnlhor than hy mn inmgmtad 
sample. thcw mcamummenlm #hall be made 81 
lhim lima. MeMun in u i p l i u l a  Iha PM 
cdlrclmd by the u l i hm l ion  sla(le [ml snd tho 
PM on all surlacca downmrnom of the 

S.4 

5.4,1 

5.4.: 

: 4.3 Hardr im Configurnlion lor 

Wind TunneL same am in Seclmn 

Puruci, Generation Sri~cm S a m  ab 

I t  i s  expected but not ncccsmaq. 

mi. 
5.4.4 Caiibralion Rocedura. G u b l i a h  1011 

impuccon. 

fdl0Wing procedumr 10 analyzc dnla from 0 

6.1 Analysis of Cyclone Dula. Use the 

r i q ~ c  sin& cydona. 

caich in rhe Phb. r a w  from h e  s u m  of Ihr  
usighls obtained from Conlnmcr N i i m l r n  I 
ond 1 lesr the acetone blank. 

Determine the PM ulch for prcnlcr thon P 3 L  
lrom the wciFh( obtsined from Container 
Numiier z loam the ~CCIOIIC blank and add i l  
IO the PM,. re ighL 

PMu Fractiom D o t m i n e  rhc I%& 
Irocllon of Lhe lola1 p a n i d a l e  rc iph l  by 
di\,idin# Ih. PM.. panicuirra r c i p h l  by !he 
ioial ponieulata wcighl. 

m:nd cum vimcnsity am lollowm: 

U . 1  PM,. WcighL Ik lerminr the PM 

. 0.32 Tmal PM Weiphl loplionall. 

OJJ 

0.1.4 AnmdFamic Cut Size. Calculolr Ihe 

-Cn +CTI+CT.'+CL-GR 
The PW. flow nte.  at IClUaI  

cyclone condllionr. im d c u l D l d  a I  folio-% 
8J.4.1 
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0 

0 

e 

0 

0 

e 

0 

0 

0 

0 

0 



0 

0 

I f  w e icecd i  0.10, repeal Ihe replicaled mni.  
5 2 5 . 4  ~ e s s u r e  the overall efficiency of 

the cyclone m d  n o d e .  L at the pnniclc 
m i c a  and nominal 81s velocities in Table 2 01 
this method using the following pmccdure. 

Set the air valocily and panicle 
i i z t  from one of h e  conditlonr in Table 2 of 
thin method. L i a b l i I h  iwhinetic v m p l i n s  
cnndii ioni and the U ) ~ C I  flow rate in the 
cyclone (obtained by procedures in this 
meclion) such lhst the Ix. i i 10 pm. Simple 
lung enough to obtain =5 perscni procision 
on lola1 c o l l c c t d  maim as determined by  the 
pmcirion and the mmsiiivity of measuring 
technique. Determine separitely the n o d e  
catch Im.l.cyclone ut& In1.1. cyclone exit 
tube IMA and collection filter c o l d  (m,] lor 
each panicle mire and nominal 81s velocity in 
Tab!c 2 of !him method. Glcula:e overall 
efficiency I+! a s  follows: 

5.ZJ.l 

5.:.J.8 Do three replicates for each 
combination organ velocity and particle sir0 
in Table 2 of IhBs method. UH h a  quauon  
below IO UICUIIIC the avengs w a n U  
efficiency [E&,l lor aach combtlutmn 

folluwing the procedures descri5ed i n  this 
section for determining e l k i e n q .  

\%'here E.. L. and L a n  replicate 
meaauremenls of L 
to caIcuIaIe w lor the replicnte 
measurements. I f  P examdm ai0 or il he 
particle run and nomind 8.. w l a i l i e a  are 
not within the limils spedfid in Table 2 c f  
this method repeat Lhe replicate r u ~ .  

5.2.0 Criteria lor Acreptrnsc- For each of 
h e  t h m  gas smam ve loc i t rn  plol the e.,, 
as I function of psnicle si= on Figrre 0 of 
this method. Draw smooth c w e s  through all 
panicle sires. L..) shsU bm within the 
banded region for I U  si- and h e  E*IJ 
ahall be YI=U -I st 10 )ra , 

lJ Cyclons G l i b n r i o a  -dum. The 
purpose of this p m c d u n  u 10 develop the 
relationship berrr.en flow r s l a  gaa wiuosit!.. 
gas daruity. and (XI 

SJ.1 G l c ~ l a  Cyclona Flaw Rate. 
~ a i n m i n a  nor roio and u s  for h a  
dillmat putid. s m  belrem S )Lm and 13 
rm ana of which shU k 10 pm. All tilea 
mum1 ba determined wilbln U +m. For each 
si=. uw a d i l l m i  1ernpretu.m within M 'C 
[IDS 'Fl of ths tmpumlm 11 which rho 
cyclone il 10 k wd and mnddc l  VipliUIe 
rum A s u m s l d  p r o d u n  is 10 kerp Iba 
panicla sli .  sDnsunt and s a y  the Pow rata 

L i - l E o  +L+LI:l 

521.7 Use the formula in Section U l J  

5.1.1.1. On lo((-lnp nroph poper. plot the 
Reynolds number (Re) on thc abrclaBa. and 
thc squire loot  of the Stokes M number 
IIStL)rl on Ihe ordinate for e a c h  
temperrlure. Use the following equ&tions Io 
cumpule both values: 

4 p Q -  

L W P -  
Re - 

wherr. 
Q,-CYCIO~~ now rate. cm'lsec- 
p-Cam density. glcrn? 
4- Dirmete: of cyclono inlet. cm. 
pl. I Viuosity of gar through the cyclon=. 

Ix.-Aemd~namic d i m e l e r  of I particle 
mimpoise.  

having a YI percent probability of 
pmewalion. un. 

J . l . 1 2  UM a llneir rqrcssion analysis to 
determine the slop. (n) and the Y.intercepl 
(b). UM Ihe followU~g lomula to dctcrmine 
Q. tne cyclone flow rate required for a cut 
I,!a of 10 m. 

0 

0 

0 
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90- 

8 0 -  

m- 
a- 
= -  
40- 

3 . 

20 

10 

17 < v < 27 m/a 

9 < v < 17 m/a 

v < 9 m/a i 0 

I 0 

1 2 4 6 8 10 

0 6 2 1 1 4 0  
AERODYNAMIC DIAMETER brn) 

Figure 13. Efficiency envelope f o r  che PHI,, cyclone. 
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CC:rlr-~..,.- . ................ :.I: SI!. 
C*.i.,mc ........................ OII LM 

K".. >:a.,,;*: 
...... 21.7 hll: 

---- 11.7 htC 
ln ip in~rr  P n d w  0.0 htC 

?YC km.. .; ................... _ ......... 0" hlC 
I'IIICI I lrldr- kin*. ................... u.ll Ml: 
t , ! w  n i d  ........ ........... on htC; 
I"lp4"p.r h , r  u.n SIC 

n i l l n i  vatun: 

crom 1 . .... ! 10~15 j 35.c ! 56.0 1 0.01754 ~ 0~52470 ! 1.53701 
8.C"W fi:w 1 .................. I .. : YI.: , 0.WCd i c 01312 I I .W7 
P~WI I I .  row ...................................................... L : 872 j C.Oi?62 j 0~03b02 ! 5 4.4 

hielhod M A - h l e m i n A u o  or Pa:.. 
Emiuium 16nsiml Sarncliny Raw 
PmCdUn)  

1. A,?;/kobdify mi  Prirrcfple 
1.1 ApplicLbilily. T5is rr.clhud i;ipiies tu 

:ne in-alack meawemenr  or par:lcAaie 
mailer IP%I mils ions e q u l  tu nr iemm Umn 
an ncrodymmic diamctor o l  aonindly  10 
lPhl..l from aialionsry SOUKCI. The EPA 
rccugnizes h i t  condenaible cmis. .I"'IL not 
collected hv an in-stmck method are  ulso 
PM.- and that cmlssmns that conlfibutc ID 
embienL PM.. levels are the sum of 
condensable emissions mnd rmisslonr 
3ersu:ed h?- an in-slack PM.. method. much 
urn thia method or Method :U1. Therelore. la 
urlabl~rhmg aource sontrihulions IO ambient 
!cvcii or PM,. such as lor emission invcniory 
,"urporci. P A  mugeertr that source PM.. 
xcasuremenl inciude botn m . r u c l  PI.1,. and 
condcnrtble emissions. Cundensible 
emssioni  may be measxed by ~n i m p i n r r  
a n a l y i u  on combinatlcn w t h  t t i a  method 

u cons:anl flow rete though an in-muc!: 
siuw device. which wparctes I'M p a t o r  
than PSI,- Variationr from isokina!ic 
sampling conditions ore mamla ind  m-ilhin 
well-jehed limits. The paniculate mom i m  
dolemxned gnvimetnlaily h:!cr removal of 
uncombined wmier. 

:. .?.@parnr"r 

.. .- tYinciple. A ga? sample i s  oslrnctrC at 

Z1 SdmP:ing Tra in  A rchenrtic v f  t l : ~  
Method ZDlA aampiing i n i n  ii shown in  
Figun 1 of !him mehod Wilk th. exception or 
the Pal,. sizinn dwico and in.sia& filter. thia 
lidin is the M m e  mm an W A  Melhad 17 tnih 

Sonic. Stainlaw aleel (JIG or 
cqi,ivalcntl with sharp tap& leading 

21.1 

_ _ z .  C I t v m  nu i : r r  that iiieet the &sign 
+L-ci!isalitm in Tipure 2 of this melliod om 
Rcomncndcd. ,i larger number of nodlea 
with small n o z i e  increments incrmre the 
likelihood h a 1  I sr.pla no-Ae ~n be used for 
the enti- mar-ene. If the : : o u r u s  do n i l  meel 
Ihr design ipcciiirmlions in Fipurc :of thim 
method then the nozzle. mumi mEel the 
a m n r  in Srctiun 5.2 of this methid. 

Z1.2 PM, Sirer. Stainlnm ateel (316 or 
equir.rlrnl1. copi;ble of dmcnnining h a  ml,. 
Iruclion. The aizing device shall b eithcr a 
c?dona that mmU !he apacil iutiotu In 
Seclim 5 2  of this mahod or a u-do , 
impactor that has batn c n l i b n i d  using h e  
p r o v d u n  in Scctio2 3.4 or i h n  rnettiod 

An A n d m e n  filter. pan number S U i 4 .  ham 
becn luund to ba acceptable for h e  rn-stack 
5lter. N o m  hlention of m d e  n m c *  ur 
ap.Sific poducla dosa in01 conatitutm 
sodonemant by !he Enrimamenlal Pm:cc!ion 
Agency. 

Saction 21.3. llir pilot l i nm shall b i  made 01 
haat msistant tubing and attached tu tho 
p m h  -7th stainless unl f i t t i w .  

21.1 
Melhod I Section 21.2 

21.8 D3lmnti.l Resmn Gaup. 
b n d e n w r .  Meto5ng Syatcm. bmmctcr .  and 
Cas Dcniity Determination Quipmmt. Soma 
aa in Mcthod 1, Srslioru 2.1.1. and 21.7 
Ihmuvn 1.1.10. recpeclive!>-. 

:2 Sampla Rccoverv. 
1.21 

Z l J  Filter Kolder. IU.rnm. a t a i n l w  rtmL 

21.4 IWOITUII.. %ma a s  in Method 1, 

h o b .  Liner. Opliond. wnie as in 

Sonic. S;zin@ Drvicc. I+ohe. ond 
Filtcr Hdder Dmshaa. Nylun bristlr brurlim 
with atbinless l i e e l  wire slw.fu and hrndlea. 
pmptr ly sized and shaped for claanmg h a  
n o d e .  airin8 dedvica. p r u h  or pmlm liner. 
and filler ho lden 

Wash Rottlni. Clam. Sample Storup 
CMlninon. Petri Disho.. C:aduatrd Cylinder 
U 

0 

0 

0 

e 

0 

0 



0 

Cn 

inches 

0 

Dimensions (to.02 cm. tO.01 i n . )  

Din 0 O r  B H b z 
1.27 4.al 1.50 1.E8 695  224 4.11 

o.5a 1.76 0.59 a74 274 0.88 1.85 

mi 
0.62 0.89 1.75. 0.4.0 

F igure  12. Cyclone design s p e c i f i c a t i o n s .  

52 
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l';,,", 
rl;llr 
Run no. 
Filtrr no. 
Amount liquid lost during 

Acelone blank vulumc. ml- 
Acetone tiash volume. ml 

AcelonP I i l an i  conc.. nlc/ms IEqualion 

Acclonr w a s h  blank. rng IEqu;il!on S5. 

I r i l n s p o r L  

121-131- 

54. Mcthod 5)- 

hlethod 51- 

i I ..................................... !................I ............... ! .............. 
3 ....................................... ~I ................ ~ ................ :~ ............. 

T D l l l  ....................... : ................................. 
L c l s  .CClOm Warn .... ! ........ ............... ! ............... 

7~ 

i 

r- -- 

-*gn, ........................................ 1~ .............. ~: .............. , .- 
i 

i_ 

Figurc 11. ECR mclhod an:ilysis shPcI. ................................................ I 
..~.: .............. B,LL,.C COOL I-YI-" 

L- . ~ . l o r ~  Man L! .............. / .  ......... ._ ........... - 0 

0 

0 

0 

. . .  0 

0 
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Abaolutu pressure upaircam 01 L T r  LIT. 
Flare 11 tampla r o r k l h - e i  2. tmai m. 
Pnmum head. 

Told LF€ praimurc head 
AP,-An-8. fJp lh -  In. H,O 
h r o m e m c  prenaure. P, in. Hg-- in. Hg-- 

KB L I ~  Y, Absolute elack pressure. P. in. &:;bration dah:  

x 1 8 0 . 1  x. Hg=- 
Averant stack termeraturn T. 

Nozzle diarneler. D.. In.=- 

Rtot coefliuenL C.=- 
A,--- - 

- . -.. ~~~ 

.R=- Recycle LIE cal ibni ion conaiunt. 

Recycle LIE calibration constant. 
Meter lernperaturc. T.. .R-- x.-- 
Molecular weight of alack gar. dry baais. 

Viscosity of LFE goo. p- poise-- 
Viacosity of dry i t a d  gar. ,,,. 

KI G 
B 1 - Z -  M,. Ib/lb mole=- - Y.3- 

, 
poiac-- 

.IG 

x. & - -  -- Reraure heod for recycle LFE: 
AP.-A.-& I A ~ l " ~ - i n .  K O  

0 
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Figure 3. Example worksheel 1 

recycle LFE prcrrure  head^ 
m,LI*c cool 11m-- 
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EX:A.WLE EMISSION GAS KECYCLE SFLl '  SHEn' 

L'ERSIOS 7 1 M A Y  lqM 

TEST I.D.: SAMI'LE S m ! l '  
RUN D A T E  11/24!@ 
LOCATION: SOURCE S I M  

SOZZLE DIAMETER 1151: .:S 
OPERATORISI: R i i  in 

5 T ~ I C K  c o ' ~ D n l o s s .  

1 3 1  
S A W E  
TOTN. 

HECYCLE 
FRCL 

.58 
l . M  
23 
5 7 ;  

.61 
1.88 
257 
54% 

.75 
1.87 
244 
li"; 

TAKCm PRESSURE DROI'S 

0 

0 

... l!M am 21 7 --U 
.I7 .4G .4S . 4 s  

1.9: 1.92 1.92 1.93 
2.W 1.m 1.02 3.nj 
rkx KIX h15 Iux 
3.'. .54 .Sl .9: 

1 m 1.81 1.91 1.9: 
:.lc 285 :.M t m  
5% 59% 63% m. 

0 

0 

0 

0 



0 

0 

ECR NOZZLE 

r TYPE - S PITOT 

Pf.4 10 CYCLONE I 

I 

. 

0 

0 

FILTER HOLDER 
(63-mm) 

I 
1 

I 1 

1- RECYCLE LINE 
-STACK THERMOCOUPLE 1 

RECYCLE THERMOCOUPiE 

Figure 3. EGR PMID cyclone sampling device. 
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h + m J  
L -  x im 

Im.*m.a.m,+ m.1 

5.7.5.7 00 itrec nyl icsics lor each 
combina im 01 pas velocliiei acd particle 
1 : m  In Table 2 o f  * i s  method. Glcuiaic & 
(ur each panicle size following tha 
PrDccdunr deicnbed in thtn mection for 
delemining efficiency. Calculate the 
a tandad deviation [VI for the replicate 
mea8urernents. I f  v cx-ds 0.m m p m  the 
npl icate m n ~  

1I1e three Rab i t r e a m  velociliei. plot the 
sverane F- om I function of partlcle i izc on 
Figure 13 o f  Ikia method. Orsw a mmooth 
curve for each velociiy thmugh al l  particle 
aizcI.  The curve i ho l l  bc within the bonded 
region for a11 iiicm. and Ihe arcray(e L for a 
h. lor 10 +m ahall lx 50 = 0.5 perccni. 

5.7.8 Crileria for Acccplrnce~ For eoch of 

5.8 Cyclone Calibrmtim Rondure.  The 
purpom* a! lh i i  mion i a  to devdap the 
relationrhip b t w e e n  flow rate. pm *mcm!p. 
p r s  drnsily. m d  L. Thlr pmwdurc  only 
needs 10 be done on ihum c y c l o n i  lhal  dn 
rmt  meet  the design rpmhotnonm in F:gure 
I? of [hi. method 

Determine the flow ratem and D,.', for three 
d i l l ven t  panicle m u e m  between 5 pm and 15 
r m .  one of which mhall bc IO pm. AI1 t i ze i  
must be within 0.5 yn. For each m m .  UY I 
different Iemprntws within W C  (mT1 of 
the tcmpcraturr at which h e  cyclone im IO b. 
w e d  and conduct u l p l i a t e  MI. A muggemid 
pmccdure IS IO keep the panicle muC constant 
and vary the flow In!=. Some of h e  values 
ob ta ind  in the F 5  teeii in Section 5.73 may 
be uacd. 

5.8.1.1 On log.log pmph paper. plot thc 
Reynolda numbsr lRel on tha mbmcisu. and 
the mquare mot of the S l o k n  Y) number ' 
Il5lLl" 9 on the ordinate for each 
temparnturr. V i e  tho following qqunlionm: 

z.8.1 Glcu lc t r  cyclone flow raw. 

wI,ere: 
Q, I Cyclone flow rate cml/ncc. 
p I Gam density. glm'. 
4 - Diamcicr of cyclone inlet. cm. 

L - Cyclone cut mizc. cm. 
r.ar2 Lhe a line., mgreiaion analysii IO 

- Viscomiy of gam through thc wcionc. 
pull.. 

determine the dop. Iml. and the yintersepl 
[b). U u  tho follornng fnrmuls 10 de lerune 
Q. Ule cyclow flow r m u  requhdfot  I N I  
ai- of 10 gm. 

4 

where: 
Q - Cyclone flow rate for I cut mi= of IO 

T. = Stock gam temperature. Y. 
d - Oiameter of nozzle. cm. 
KD - 4.m X IO-'. 
5 . 8 2  Dim:ioM for Uring Q. Refer 10 

rm. cml laec  

Scciion 5 of the EGR operacon manual lor 
directions in using Ihi, r rp rcsa im for Q in 
the iatup olculationa. 

8. co/c"/ou'o.-a 

are performed by b e  ECi7 d u c t i o n  
computer pmgrnm. which is  wilten in fBhf 
EASIC computer Ianrage and i, available 
through NllS. Acccirion number PBss 
5 w M o .  Ysj Pon Royal Road. Springfield 
Virginia 22101. Examples of p m m m  inputs 
and ouiputa a r e  mhown in Fipm 14 01 this 
method. 

h1.l 
nanusily. as ipacified in Method 5. Section. 
6.3 lhmueh 0.7. and 0.9 throusk 0.12 with b e  
addition oi [he foilowin& 

Ll.2 Nomenclature. 
E. - Moisture fraction of mired cyclone 

CB - Vi ico i i t y  conmiam. 51.12 ricmpoiu 

G - Viscosity conmnt. 0 3 2  ricmpoiwl 

0.1 The ECR data reduction u l c u l a i i o ~  

Calcul.tions can ala0 be done 

gar. by  volume. d imenr ion ln r  

for 'K I51.05 micmpOiaa fot'R). 

'K IO-207 mimpoise lT1 .  

C - Viswr i t y  conatanL 1.m X ~ r '  
m i m p o w 4 ' k '  [¶,U X 1U'mlcmpoimel 
'R'I. 

C - V u c a l r y  conatant. U.147 
miwpo iw l f rac l i on  a. 

C - Viuns i l y  c(InsIonL 74~143 
micrupoiselfmction %O. 

LL - Oi inu ter  of partidm having 
percent pmbabil i ly of p e n e m t i o n  pm. 

L - Stack gas fracuon 0,. by voluma. dry 
bsaia. 

Kn - 0.3858 'Klmm Hg 117.04 Win. Hgl. 
M. - Wet molecular weigh1 o l  mired gas 

hmugh h a  P h h  cyclone. glgmola l l b l  
IbmolaL 

M. - Dry m o l d a r  weight of stack gam. E/ 
#-mole Ilbllbmole). 

P, - Bammrter pwsaun st mmpnng mite 
mm Hg [in Hg). 

P,., - Cauga pre:aure at inlet IO total L E  
mm H - 0  (in KO]. 

PI - Abaalutr ruck p m i w  mrn Hg (La 
HE). 

Q - ToiaI cyclone now rate  .I wet 
q d o n a  Condilionh ms/rnin I f P l m i n L  
Qu - Total cyclone flow n t .  st 

i t n n d a d  wndilons. dscmlmin (&dl 
mk). 

T. - Areray temperatun of dry gas 
malm. 'K ['R). 

T. - Avengm i ta& gns trmnpentwe. 'K 
IW. 

V,,, - Volume o f  water vapor in gas 
sample ( s u n d a d  conditions). IM Id). 

Y) 

X, - Told LFE linear mlibrol ion coruImL 
o'Il1min)lmm KOU (ft'lllmmllin 
H.011). 

Y, - Toul LFE b u r  colibnlion SDIYIPDL 
daanlmin [drcllminl. 

APT - Preuw diflerrnliol acmrr Iota1 
LFE mm tb0. (In. KO). 

0 - Told  sampling tima. min. 
pD. - Vlmcosit). of n i x e d  cyclone gna. - - Vlawmity of gar laainar now 

IL. - V i u n t i l y  ofmlmdard air. IM.1 

U Phh Pnrticulatc Wei&t. 0e:rrmine 
the weight of PM,. by mummin# Ihe weights 
obtained from Container Numbcn 1 and 3. 
lesi Ule autone blank. 

8.3 Total Pnni:ulaa Weigh:. Oetrrminc 
h e  p a n i a l m o  u:;b for Phl greanr t tsn 
Phl. fmm Iha weight obleincd fmm 
Container Nwhm Z ILY rhs ~ C O I ( I M  bla& 
and mdd i t  Io Iha PM,. particulate weight. 

PM,. Fraction. Determine the PM.. 
fraction of rho total paniculate weigh1 by 
d i v i d i q  L a  I'M,. paniculata weight by  the 
total p.rUculoia weight. 

flow n t e  II standard condi l iow ia 
dc!armined from the srmw preiaure drop 
mcms he total LFE and ia cslcula:ed IS 

followr 

micmpoiu. 

e l e m u .  micropoime. 

micmpaim. 

0.4 

8 3  Told Cyclone f low Rata. The average 

0 
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e a  Acmdynamic Cut Sire. Use !he 
lollowing pmcedure IO determine the 
aerodynamic cut size (&I. 
where: 

m - Slope of the cslibrolion curve 
obiamned in Section 5.0.2 

b - y-intercept of Ihc calibrotion curve 
obtained in Section 6.11.2 

0.7 Acceplabie Remullr. Acceptobilily of 
anisdinetic variation i s  Ihe same 8s Mclhod 
5. Section E.lZ 

110. the resulim are acceplable. UR. is 
E.7.1 119.0 rm < R. <11 ~rm mnd 90 < 1 c 

acscpi the remuIIm. 110.1 in less Ihan 9-0p.m 
miect the RSUII~ and repeal the IesI.. 

7. Bibliosmphp 
I. Same ss Bibliwaphy in Mclhod 5- 
2. McCain. I.D.. I.W. RagInnd. mnd A.D. 

Williimmn. Reeommendd Methodology for 
Ihe Deleninalion of Panidem S i u  
Distribution# in Oucied S o u r n .  Find Repon. 
R e p a d  lor fhe California Ai R- 
8O.d by Soufhem Re~ea~ch IruriIula. Mny 

greater thin 11 pm b Mrninirmlor may 

J.F.rming. W.E. S.S.Drwem.A.D. 
Wiiliirnmon 1,D. Mcbin .  R.S. Marlin. and 
1.W. Ragland. Dcvriopmcnt of Sampling 
Mathdm lor Source PM-10 Emisriano. 
%ourhem Rc~carch Lnalitute lor #ha 
Ewironrnenlal Fmlection Apcny. April 1989. 

4. r l p p l i m l i m  Guide for the burce P.% 
Lhourl Cas RcR.c/u Sampling Syriem. =A/ 
Cmla-ed-xa 
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4 . L 4 . l  Ponl-fra: Lah-Chcck. A Ir;L. 
check i n  required at the concluslnn or each 
sampiing run. Remove the cyclone belore Ihr  
IhL.chcck Io prevent the vacuum creaked by 
I ~ P  cooiinp 0 1  the p r o l ~ r  from disturb;ng the 
cnllecicd sample and u?e the lo l lonmg 
procedure to conduci a post-test Irak.chccL. 

1.1~4.2.1 The sample-side Irak.check IS 

Fcr!orned a i  10:lows: Alter removing the 
CWlonr.  seal the pmbe with a leak-lqht 
~ toppr r .  Before slanmg pump. clome the 
Coarse total v d w  and both recycle valve.. 
aed open completely the sampie bac l  
pressure valve and the llnc inial  va l rc .  After 
turning the pump on. partially open the 
coarse totel valve slowly Io prevent a l u g e  
in the manometer. Adjust the vacuum to 11 
l e a s t  301 mm Hg (1S.O in. Hgl with h e  fine 
to ta l  valve. I f  the desired vacuum is  
exceeded. either leak-chcck a t  this hillher 
v a u m  or end the leak.check a i  shown 
lielow and start over. 
Caution: Do not dmeame the vacuum with 
any 01 the valves. This may c a w e  a rupture 
or the filter. 
Note: A lower vacuum may be used. provided 
thnt i: is not exceeded d u r i q  the leml. 

4.1.4.3.2 Leak rmtem in excel, o l O . r n 7  
m'lmin (o.O:o f lalmml arc unaucptnble. lr 
the leak r i l e  is loo h igh  void the sampling 
run. 

4 . 1 . 4 . X  To complete the Ieal.chedr. 
slowly remove lha i lopper from the nozzle 
un:il the vacuum i m  near zero. then 
immediately ium off the pump. Thim 
p:occdure mequence preventa a pressure 
aurge in the manometer h i d  and rupture or 
the filter. 

1.1.4.3.4 The recycle-side leokeheck is 
perfomed us followm: Close the coane and 
fine total valvem and mampla back presaura 
valve. Plug the mampleinlet at the meter bot. 
Turn on the power and the pump. c l o n  the 
recycle valves. and ope3 the total flow 
valves. A d j w l  h e  iota1 flow h e  adjust valva 
until a vacuum o f =  inches of marcuy  is 
achieved If the desired vacuum is exceeded 
either leak.ched at thim higker vacuum or 
end the leak-check and a l M  over. Minimum 
acceptable lank ratem am the same as for the 
mebple-sida. If tho leak rate i m  too high. void 
the sampling run 

hlcthod 5. Section 4.1.5. excnpt omit 
references IO nomopphm and 
rccolr.mmdationr about changing the filler 
asscabl)- d h n g  a run 

sheet such 01 the ona shown in F igun  i o  or 
this -e:.Lod. h l a e  periodic c h K L  or the 
manometer level and zero to ensure comct 
3H end Ap valucm. An accrptable procedun 
ror checking the cero im IO equalizm the 
pressure 11 both ends of the manamcter by 
pul!ing off the tubing. allowing the fluid to 
equilibrate and. if necaasary. 10 n-cero. 
hlair:ain tho probe tempcnhlre IO within 
11'C (m '0 of nta& temperature. 

example U ; R  u t u p  mheet i m  as followm: 
O b u i n  I mlack valocily n a d i q  from the pitot 
manomater IApl. and Rnd him value on tha 
ordinate u i s  or tha utup shnt.  Ftnd the 
Black tamperatun on the abmcimaa. W h a n  
Ihese two r a l u n  i n t a n m  am the dillerenlial 
presaunr n w a u y  to achieve iaokineticiy 

4.1.5 EGR Train Operation S a m  as in 

4.1.5.1 Record the data mquirsd on a dam 

4 . l . U  The procedun for using the 

4.1.5.1 The top three n u m h n  are 
dif lerrntial preraurra (in. H,O1. and the 
Lotturn numuer IS the percent rccycie II these 
flow scilinps. Adiust the total fiow mte 
valves. coarse and fine. to the mample value 
(AH1 un the metup sheet. and the recycle flow 
r a l t  valves. coane and fine. to the recycle 
flow on the setup sheet. 
4.1.5.4 For i tanup or Ihe EGR sample 

Iram.  the lollowin@ procedure im 
recommended. Reheat Ihe cyclone in the 
r l a c l  lor 30 minutem. Close both the sample 
and rccycle coarse vdvem. Open the fine 
101a1. l ine recycle. and mample back pressur. 
valves hallway. Ensure that the noule  i m  
properly aligned with the aample stream 
P.fter cn1:ng h e  Ap and mlack temperalum. 
sclecl the appropriate AH and recycle Ims 
lhe ECR aatup aheet. Stan the pump mnd 
timinm dcvicm simullrncoualy~ Immediately 
open both the w a n e  total and the coane 
recycle waives slowly 10 obtain the 
apl8rommmte desired values. Adiual both the 
fine tubal and [he fine recycle v a l v m  to 
echirre more preomalg the deaired values. In 
the ECR flow mymiem. a d i u l m m t  of either 
v a i w  wi l l  result in e chorqc in boh total and 
recycle flow rates. and a a i i g h l  iteration 
between Ihc tola1 and racycle ralvea may be 
necrirar).. Becnuae the mample back p m a u n  
F ~ I V L  controlm the total flow rate ~hm& the 
s!stem. i t  may be necessary 10 adjur l  this 
m!ve  in o d n  to obtain the correct flow ntc .  

Nola: lsokinetic samplinp and proper 
operation 01 the cyclone a n  no1 achicvad 
unlesa h a  correcl AH and recycle now nlc~ 
arc maintained 

During the lcl t  run, monitor L a  
probe and filtn lempcratuw pcr iodiul ly.  
and make adjumtmenu u necnaay to 
maintain &a damired Iempentunr U tho 
aampla load iq  i m  hipk h a  fdtu m y  bqim lo 
blind or the cyclone may dql. Tbe filter or 
the cyclone may k repiaced duing h e  
aomplc run Baron changing h a  illlsr or 
cyclone. wndun I Ieak-ch.clr ( k c t l o n  4.1.42 
of lhim method). The total pct lcu la la  mama 
shall be lha mum or a11 cyclone and the f i l m  
calch dvnng the run. Monitor i ta& 
temperalura and bp p r i o d i u l l y .  and make 
the n e m u r y  hdiuarmonu in ump l ing  mnd 
recycle n o r  ntem to maintain hakinetic 
aampling and ths p r o w  flow n l e  h u p h  the 
cyclone. At the and of the m rurn on the 
pump. close tba coane lolml valve and 
m r d  thm final dry pas melcr reading. 
Remove tha probe fmm the ala&. mnd 
conduci I pomt.test leak.chack am outlined in 
k u o n  4 . 1 . 4 ~  or ~m method 

4.1.6 Glcu la t ion  o l P e m n l  bobinel is 
Rate and Aerod!namic Cut S h .  G l c u h t e  
persEnt imokinenc r i l e  and the a a d y n a m i c  
NI size (&I (sea Glculalions. Section 0 of 
thim mathodl to deternine r.hsthar the tesl 
n-am valid or another teat run mhould be made. 
If t h e n  wmm difficult in min la in ing  isokineiic 
rates or o R. or 10 w bccnuu or mourn 
conditions. h a  Adminurn lo r  may ba 
corudld lor pommiblm rarienca. 

4.2 S.rnpla Recovery. Allow h e  p m k  to 
W O L  Whan h a  probe u n  be d a l y  b n d l d  
wipm off all external PM adherinp IO Ihm 
outsida or the n o d e .  cyclone. and n d a  
altachmenl. and p l a ~  I u p  over Iha n o d o  

4.1.S.S 

to prevenl losing or paininp PSI. 30 no1 cap 
the nozzle t ip tightly while the mampiinp train 
i s  conline. mi lhis action would creaie a 
V ' I C U Y ~  ~n the filter holder. Dtsconnrct thr 
p r d m  I n m  the umbilical Connectof. and tahc 
the probe to the cleanup sile. Sampie 
recovery should be conductea in a d y  i n i m r  
area nr. i f  oulmde. in an area protected fmm 
r i n d  and free of dual. Cap the ends or the 
impinpen and c a w  lhem to the cleanup site. 
Inspect tlw components of the train prior IO 
snd during diaaimembly to nom any ahnormal 
conditions. Disconnecl the ptlol from the 
cyclone. Remove Ihe cyclone from the probe. 
Recover the sample an lollows: 

recovery shall be the same ns thai lor  
Container Number 1 in Method 5. Section 4.:. 

L q c  PM Catch). The cyclone must be 
daiasaambled and the nozzle removed in 
order IO recover the lorge PM catch. 
Quantitatively recover the PM.rrom the ' ~ 

inlerior surfaces or the noi2ll and the 
cyclone. cicludinp the "turn around" cup und 
the interim mudacem of thc exit tube. The 
rccuvcy  mhall be the same am that lor 
Container Number : in hletlmd S, Section 4.2. 

4.2.3 Container Number 3 (I'M,.]. 
Quantitatively recowr the PM from a l l  of the 
mudoces rrom c y c h c  exit to the fmnt halr or 
the in-slack !Iter holder. including he "lum 
around" cup and the interior of h e  exit tube. 
The recovery mhall be the lame PI that lor 
Container Number 2 in Method 5. Section 4.1 

4 . 2 4  Conminer Number # (Silica Cell. 
Same as that lor Containar Number 3 in 
Mcthod 5. k l i o n  4.2 

5. 5ec:ion 4 . 2  under "Impinper Watcr ;~  
Analymim. Same a1 in hlethod 5. 

Section 4.1. except handle ECR Conminer 
Numben 1 end 2 like Conlainer Number 1 in 
Method S, EGR Container Numbcn 3.4. and 5 
like Containsr Number 3 in Method 5. and 
ECR Container Number 6 like Container 
Number 3 in Method 5. Uae Fipure 11 01 thin 
method IO record iha weiphu or Phl collected. 

Quality Control Procedures. Same as 
in Method 1. Section 4.4. 

5. Colibmrion 

ol ibnt ionm. 

Seclion 5-1. 

Section 5.2 

4.2.1 Container Number I (Filter). The 

4.2.2 Confaher .Xmbcr  2 (Cyclune or 

4.2.5 lmpingsr Wafer. Same as in hlclhod 

43 

4.4 

Maintain an accurate Inboatory log 01 611 

5.1 Proh N o d e .  Ssma am in hlcthod 5. 

1 ~ 2  Pitot Tube. Same as in Metlmd 5. 

5.3 Meter and Flow. Control Console. 
5.3~1 Dry Cas Meter. Same as on hlethod 

5.32 LFE C a p s .  Calibrate the recycle. 
5, k c t i o n  5.3. 

total. and inlet total LFE gaugci with I 
manometer. R o d  and record flow rates 11 10. 
SO. m d  W percent of full mule on thc Lutal 
and rcsycle pressure gnupes. Read mnd record 
flow rates st IO. m. and y1 perrent of lull 
scale on the inlat total LFE pressure gauge. 
Record the m a l  and recycle readings to the 
marcmi 0 3  mm (Om in.). Record tho inlet 
total VE nmdinp IO h a  n a a m l 3  mm 10.1 
in.). Make lhrn mepanlm measulcmcnts at 
each matting and calculate Iho mveragc. The 
maximum di l lenncs k t w c e n  the w e r w  
preamun reading and the average manomelcr 
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rt.rding .knU MI r i d  I nrm 1s in)- 
&ne- d k llrml Ipnficd *mt 
or repima LII~ prcmure AI- ~d 
lield u8.z check the ulibmtm ol the 
premum #mupa 

syalrm in hlethcd 5. Sct ion 53. 

ryslem nn Merbod 6. k t t ~  S I  UQVI 
complekly d o n  both rhs W-C d Lw 
rccydc V d V C L  

h b e  Healer. h r c t  &he pmiw :I. 
the meter and flow coni;ol ronmic r1.h h e  
uinbilical wmector. hien Ihunowupie 
into h e  probe 8ampk Line app&ualal)- half 
the lenprh of the prob. iample IW b l i b r a u  
t l ~ e p r o b e h e a t e r a t ~ . C I l n ~ 1 T l ' C  
(ZyI 'F]. and In 'C IUD .O T w  on h a  
power. md aet the pmlw heater ln tho 
.pec:ned tunperalum. Allow me hcator Io  
equilibrate. and record h e  thermocouple 
tempenturn and the mew: and now control 
coniole temperalure IO the neureal 03  'C 
(1 7 1 :  The two ternperaturea 8hnJd a w e  
within 5.5 'C 110 7). If rh i i  a p m n e n l  in nol 
mel. adiusl or R P h C C  rhe prnbe heoler 
controller. 

5.5 Ternpentwe Cauges. Connm dl 
thennocouplo. and 1.1 t!x meter ani  no- 
wntol cornole q u i l i b n l c  IO ambient 
tnnpanrure All LL.emwconpln ahall a g e  to 
within 1.1 'C (LO fl with a 8tandad 
n--in-glan thcrmometu. Replsca 
deleclire thcrmaoupln. 

5.0 Barommtv. G l i b n t e  apiinal I 
atandad mrpu).-In-g!ea. boronem. 

5.7 Rob. Cyclono ond N d a  
CombiMLionr The probe ydom and Dorda 
cornbmauona need not be calibrated i f  tC.8 
cydone mccu lh. des ig  mpcdlicaliuna in 
Figurn 12 of Ih ia  method and h ' n d e  mnL8 
!he desi- rperilicaliani-in a p p d i x  B of Ih. 
.4ppiicouon Guide for l h e b u r ~  P.W. 
Ghouar G u  Recycle Samptiq S p a n  Wrrl 
mO/= 'Ihu d-ml may b. 
obtained h m  Roy Hutlay  at (VIE) %I-iW. 
If the nazzije. do MI m n l  rho d s l p  
s p a f i u l l o n r  then h l  h o  cyclone mad 
n o d e  ambinal lan lor wn iomi t y  rtth h e  
periormancc rpecikal ioru [PS'nI In Tabla 1 
of thin method. The p q o n  of rb. R tau b 
10 deternrnc i f  h a  cyclone's mhorp-eu of NI 
meets minimum p r l o r m a n u  critmii. U h  
c?clor.c dorm not meet desi@ a p d z u u -  
then. in addition to the q~clono and d e  
combination conformi- IO rhe PS'r u l i b n t a  
the crclone and determme h a  rclatirrrahip 

h e  

5.3.1 Too1 U T  Sunr .a the melcnw 

5 3 . 4  Recyck LFE Same u I h r  moenng 

5.4 

- 

betwcv.  fmw raw. p.8 v iuo l i ts .  acd M# 
denwy. Use th: prncrdumi in Scc tm S 7 5 o l  
hli mcthd.to m a w  R l a t i  and I.% 
proceduna in Snuon 6 6  of thia mlhcd m 
d b n w  the cyciorrr. C o d u c ~  h e  R i u i m  In 
a wind t m e l  dcscnbed In knM 5.7.1 01 
'- I &hod and vim@ a p a d  ~ n t i o n  

:m d a m b c d  UL Section 17.2 01 rh i i  
>cd Umo five pnide 8 i m  and t h m  

.nd vclocitin aa lisled In Table 2 of him 
methob Rrlorm a mixinurn 01 t h m  replicIle 
mcsaurementi o! Collmmn rlficienv lor 
each of the I5 mndiliona htd for a 
minimum of 4 5  meisuremtnla. 

5.7.1 Wind Tunnel. hdorm d i h n t i o n  
a d  Is ICIU in a wind tuiinel lor equivalent 
tert a p p n l u ~ l  capsbk of nloblirhihg and 
maintaining Ihe m q u i d  gal  stmom 
v o l D F l t i n  within IO p e ~ n t .  

5-72 Pani:le Cenmtim S?rtem.Thc 
particle genenuon a y t m  i h d  be capable of 
pmduong aolid m o n c d i i p n d  dye panlclas 
with the m a u  mrdisn aerodynmic 
diamelen sp.cilied in l 'eble 2 of l h i i  method. 
The panicle a b  dnlribution vailiurion 
ahodd be porlonncd on an integralsd .ample 
ob la ind  dump the umpling pnnd of sack 
temt. An acapmbk ?liemalive is to v&!, the 
a i u  dihbulnon 01 wnplu obtained before 
and =fur each :el: with brth u m p l n  
required to meel the diamrter and 
monodiamniry requirementi for an 
aacptable 1-1 mm 

Establimh the mizo of the d i d  dyo 
particln d e l i d  to tho tcit omion  oftbs 
wind i d  uaing the opvllirq parmeten 
of the panicle FnmLion #yam= m d  TUJY 
the 8ize  d- the lesu  by -pic 
eramination of n m p l n  of rho puricla 
wllected M a mombme filler. The panicb 
(me. oa mtabliahod by the o w a l i r q  
parametan of the plenmiiao s y s l e x  h U  ba 
w i h n  rk. 1 o I w c e  a d h d  In Tabla 2 01 

5 . 7 Z 1  

aerosol cncrsdn 10 p e r m 1  by mass, the 
particle pmnrion ayiwm m unecmirbl. 
lor pu- d thia I n L  himllipieo am 
pm1c1-a that .re w l o m m r d  and sntclliiui 
arc p a n d c .  tho1 are i m d l a  thrn the 
a p e m f i d  m e  nsp.  

5.7.1 Schemmc h - i n p .  Shcmatic 
drawiny of the wind Tunnel and blower 
swtem and other informotion ihowiz: 
complete p r n c d u n l  details olrke test 
atmosphere pnentim. r.rif imlion and 
deliwry tcchriqvin ahd l  Lc furnished with 
dtbrutinn data to tnr rcvlewng w e n q .  

the cyclone nm rates with a dry p o  meter 
and a a t o p i a t c h  or a cnlitrated orifice 
iysiem capable 01 meaniring flow rotea in 
within 2 percent. 

5.7.5 PeHormance Spedficution 
Pmccdure. Establish the teat particle 
penciator operation and ver i ly  the pr t ic le  
size micromc~pically. If mondispapily i s  ro bc 
vcrifienl by meanummmln mt the brgnninp 
end Ihesnd of the nln rather than by rn 
ictenruted iumple. there m e a i u x n e n u  ma!' 
Ir made at lhi8 umc. 

dcfined a8 the aerodynmic diameier nl a 
psnrde having a Y)percnt prohbil i tv of 
pmeuation.  Delemma lhc required cyclone 
flow rete 11 which L i s  10 pm. A ~ug~cl!ed 
prnceduro i m  IO vary Ihe cycluna now tale 
while haping a wnmlmt padido mrc of 10 
urn. Meanun the PM col lectd i n  the cyclmc 
Irn.). enit t u b  (m). and fillor im,) b m W c  
h e  cyclono efiilnency IL) aa fullows: 

m. 
L -  x IC3 

im. + m. + md 

5.7.4 ~ J W  Rate Measurement. Determine 

5.7.5.1 The c y c l w  cut mire(D-1 i m  

0 

0 

a 

a 

0 

a 
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lhcm to be erroneously measured a a  
PM,.. 

Drying and shrinking is not thought to 
be a problem. Should i t  be considered s 
problem. the tenter could choose Method 
ZOlA in which there ir no recycle gas. 

Another commenter said that the use 
O f  recycle gas increases velocity in the 
CYclone which could muse friable 
Particlea to break up. becoming PM,.. 

R i o r  to size classification by a PM,. 
cyclone. there is no known or suspected 
mechanism b y  which friable particles. 
should they exist. may break up. When 
particles grenter than 10 p m  
aerodynamic aize reach the cyclone wall  
due to their inenia. they are collccted. 

consideralion is made in either method 
of the g a l  density. gam viscosity. or or 
Ihe density of the particulate matter 
being measured. 

Gas density and viscosity are 
compensated for in the calculations for 
both PM,. methods. Because the 
aerodynamic diameter of PMll 
emissions i a  used in both PM,. methods. 
delemination of particle densities. 
volumes. or shapes ia  not necessary and 
would be redundant. 

Another commenter said i f  the PM,. 
measurement is made downstream of an 
eleclrostatic precipitater (ESP). then the 
particlea w i l l  c e r y  an eleclric charge 
and the measurement of PMll by the= 
methods w i l l  ba sfiected. 

The effect of an E5P on part ide sizing 
when using Method 201  or ZOlA is 
considered lo be negligibla. 

There was concern b y  the commentera 
that the parllculale matter may settle 
out inside the sam l e  wain. 

The lrains have gee, calibrated with 
test aerosol. and the relative accuracies 
to each other have been established. 
These tests resulta and tha operation 
principle0 o f  both methods have shown 
that "sellling" is not a problem. The 
particiea vavel  only 1.5 to 3 in. ( n o d a  
length) prior IO sua  clasnification b y  the 
trains. 

IV.  A d m i i l n t i v e  
The docket i s  an organized and 

complete fi le of all tha idormat ion 
considered b y  EPA in the developmani 
of thia rulemaking. The dockat in a 
dynamic fi le aince malarial in added 
throughout the rulemaking devalopment. 
The docketing system is  inlanded IO 
allow memben of the publlc and 
industries involved Io  identify readily 
and locate documents YO that they o n  
eflectively parllcipale in the rulemaking 
process. Along w i t h  the statement of 
basis and purpoae o f  the proposed and 
promulgated tesl method revisions and 
EPA responses lo aignificant cornmenla 
the conlenta o f  tha d d e L  except for 
interagency review malerialr. w i l l  sews 

One commenter said that no 

as the r e a d  in case of judicial review 
(section sCnldll7J(A)). 

Under Executive Ordcr l a .  EPA is 
required to judge whether a regulation is 
a "major rule" and. therefore. subject to 
the requirements of a regulatory impact 
analysis. The Agency bar determined 
that this rep la t ion  would rerult in none 
of  the advene economic cffecta aet fonh  
in section 1 of the Order ae grounds for 
finding a rcgulalion to be a "major rule." 
The Agency has. therefore. concluded 
that this regulation is not a "major rule" 
under Executive Order 1U91. 

The Replatory  Flexibil i ty A c l  (RFA) 
of 1980 requirea the identification of 
potentially advenc impacts of Federal 
regulations upon nmall business entities. 
The Act  npecilically requires the 
completion of a RFA analysis in those 
instances where small burinesa impacts 
are possible. Decauae th ia  rulemaking 
imposes no adrene economic impacts. 
a n  analysis has not been conducted. 

Liat of Subject. in u) CFR PaH SI 
Administrative practica a n d  

procedure. A i r  pollution wnml. Carbon 
monoxide. Integovemmental relations. 
Lead. N i m a e n  dioxide. Ozone. 
Particulate maller. Reponing and 
recordkeeping requkments. SulIur 
oxides. Volatile organic compounds. 

Willlam K R d y .  
Adminismur. 

p a n  51 o f  the Code of Federal 
Regulaliona as followm: 

PART Sl--(AYENDED] 

revised to rend M Iollowm: 

7419.7SOl-7- and mg). &m 
othenrisa n o t d  

Z Subpart K I 5 1 2 2  11 amended by 
adding paragraph (e] to read as follows: 
(SI312 Tu-- mtmcsmenl 
.nd-- 

Oated: March 22 I=. 

The EPA amanda tiUe u). chapter L 

1. The authority citation lor par( 51 i m  

Aurborlw U U.SC 7M(bJ[1]. 7&0, 74- 

. . . . .  
IC] Enforceable test merhodo for each 

emisaion Ilmll apecified ia h e  plan. .b 
an onfomable method Stater may use: 

(1) A n y  ofthe appropriate rnathodr In 
appendix M lo th ia  parL Recommended 
Test Mcthoda for Siau hp lemanta t ion  
Plana: or - 

(21 An altcmallve method following 
review a n d  approval of thal method b y  
tha Adrninlsuator: or 

appendix A 10.40 QR parlW. 

read as follows: 

13) A n y  appropriate method in 

3. Appendix M la added IO part JI lo 

Appendix M - R m m m e n d o d  Tent 
Methodm lor Stale Implernenlalion Plans 

Method ZQl-Determmallon of P% 
Emrmonm (Ghmumt Cas Recycle Proccdurel. 

Mcthod m A 4 c t e r m i n a i i o n  Of PM,. 
Emisrions lConmlanl Sampling Rate 
Procedure). 

Presented herein arc recommended lest  
mcihodr lor meamuring m i l  pllulanlm 
emanating from an emission IOYKC. They are 
provided lor Slates lo use in their plan, IO 
meet the requirements 01 Subpad K-Source 
Survclllnnce. 

The Stale may also chooac 10 adopt oiher 
methods IO meet the reqummenli  01 Subpar1 
K 01 thim pan. subject to tho normal plan 
renew pmcesm. 

The Stale may also meet thc requirements 
Suhpan K 01 h i s  part by adopting. again 

subject to h a  normal plan review process. 
any o i  the retevmt mclhodm in appendix A I o  
40 cm pan M 

Melhod 20l-OetormimlQa ~ P M M  
Emiuiomm 

(Exhiluil Gas Recycle Procedure) 
1. Applicabiliry and Principle 

Ihe imntack measurement 01 parliculate 
mollar lPMl mnissioru equal IO or leis ihan 
an Jemdynamic diameter of nominally 10 r m  
(PM..) from slalionay mources. The EPA 
recognizes that wndcnsible emissions no1 
coilected by an in-mlad method are also 
PM,.. and thal emimiionm that contribule Io 
ambient PM,. Iavelm mm the sum 01 
condenribla emimsionr and emissions 
meamred by an inmack PM,. method. such 
SI hi. meshod or Mclhc4 SO\A. Thereion. 
lor establishins so- wnuibulionm 10 
ambient levelr 01 PMlr ~ u s h  I C  lor emission 
inventory purpomer EPA suggests that source 
PM,. measummenl include both in-slack PMM 
and condenmible emissions. Condcnsible 
million0 may bs measured by an impinger 
analymim in combination wi lh  this method. 

12 Principle. A gar mample i m  
iiokinellally e s h c i e d  Imm h e  source. ~n 
i n . m d  cyclonm is  w d  Io meparate PM 
@realer hmn PM... and an i n - s t d  glass tibcr 
littar tm u n d  to wll.st h m  PMlc To maintain 
irohnalic now n l e  condilionm at h e  lip of 
!ha pmba mnd constant flow n l e  lhmugh 
the cyclone. m &on. dned portion 01 !he 
sample 0.1 at ttaClr tmperalun is ruyclad 
into the n w l a .  The puticulaia marm im 
deiermined Wr imau iuUy dtor  removal of 
uncombined water. 

2 Appmlu# 

rclen IO the method in (0 (3R part W. 
appendix A 

cxhaurt of the ahauml gam r s y c l e  IEGRl 
train i s  mhmn in Fiw 1 of thim mcthod. 

Stainlems m l d  I318 or equivdanll r i l h  a 
sharp Impwmd leading edge. and NCYC~O 
.iirchm*nt welded dinctly on the side o i  the 
n o d m  (M d e m a l i c  in Flgun 2 of this 
methd]. The msle of Ihm taper mhmU be on 
tha outsid.. U u  only .might umplins 
nozzln. "Gooceneck- or other n o d e  

1.1 Appliubilily. This method applies Io 

Note Method 5 .I cited in this method 

a1 Sampling train. A achematic of !he 

21.1 N o d e  w i h  R y c h  Altnchmcnt. 

. :  



l i l l ingr 

15.4-mm 1%-in.) ID lubng with n probe 
liner. staidern iteel 9.53-ma [%.in.) ID 
stainless steel recycle lubing. two b3smm 

2.15 ECR R o b .  Slrinlas iraeL 

e 

e 
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Moisture Determination 

Volume or weight of  liquid in impingers ml or g 
9 Weight o f  moisture in silica gel 

e 

Container 
number 

4 (Inorganic) 
4 6 5 (Organic) 

Sample Preparation (Container NO. 4) 

Amount o f  liquid lost durlng transport ml 

Weight o f  Condensible Particulate, mg 

Final Ueight 1 Tare Ueight Ueight Gain 

~ ~~ Final volume ml 
pH o f  sample prior to analysis 
Addition o f  ",OH required? 
Sample extracted 2 X  with 75 ml MeCl,? 

Total 
Less Blank 

Weight o f  Condensible Particulate 

For Tltration o f  Sulfate 

I 

Normal i ty o f  ",OH N 
Volume o f  sample titrated ml 
Volume o f  titrant m i  

Sample Anal ysi s 

Figure 3. Analytical data sheet. 

. -  

I 

e 

e 

e 

e 

e 

0 

e 

e 
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8.2 Analysis o f  Chlorides by IC. 
described in Section 5.3.2.3, redissolve the inorganic fraction i n  100 ml of 
water. 
techniques similar to those described in Method S F  for sulfates. 
drying of the sample should have removed all HCl. Therefore, the remaining 
chlorides measured by IC can be assumed to be NH,Cl, and this weight can be 
subtracted from the weight determined for CPH. 

8.3 Air Purge to Remove SO from Impinger Contents. A s  an alternative to the 
post-test NZ purge describei i n  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.. 

9. BIBLIOGRAPHY 

1. DeWees, U.D. ,  S.C. Steinsberger, G.M. Plummer, L.T. Lay, G.D. McAlister, 
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Sources." Paper presented at the 1989 EPA/AUMA International Symposium on 
Measurement of Toxic and Ralated Air Pollutants. May 1-5, 1989. Raleigh, 
North Carolina. 

2. DeWees, U.D. and K.C. Steinsberger. "Method Development and Evaluation of 
Draft Protocol for Measurement of Condensible Particulate Emissions." Draft 
Report. November 1 7 .  1989. 

3. Texas Air Control Board, Laboratory Division. 'Determination of 
Particulate in Stack Gases Containing Sulfuric Acid and/or Sulfur Dioxide." 
Laborator*/ Methods for Determination of Air Pollutant$. 
1976. 

4. ' Nothstein, Greg. 
Env i ronmen t a 1 Hea 1 th. 

5. 
Control Agency Board of Directors." 
Engineering Division. Seattle, Yashington. August 11, 1983. 

6. Commonwealth of Pennsylvania, Department of Environmental Resources. 
Chapter 139, Sampling and Testing (Title 25, Rules and Regulations, Part I, 
Department o f  Environmental Resources, Subpart C, Protection of Natural 
Resources, Article 111. Air Resources). January 8, 1960. 

7. ~Yisconsin Department o f  Natural Resources. 
flandbook. Revision 1 . January 11, 1988. 

At the conclusion of the final weighing as 

Analyze an aliquot of the redissolved sample for chlorides by IC using 
Previous 

Note: 

Modified December 3 .  

University  of^ Washington Department of Masters Thesis. 
Seat t 1 e, Yash i ngton . 

"Particulate Source Test Procedures Adopted by Puget Sound' Air Pollution 
Puget So,und Air Pollution Control Agency, 

Air Hanaae ment Ooerat I on2 

e 

e 

e 

e 

0 

0 
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7.3 Mass o f  Inorganic CPH. 

7.4 Concentration o f  CPR. 

8. ALTERNATIVE PROCEDURES 

EQ. 2 

Eq. 3 

8 . 1  

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 of water, titrate the solution w i t h  0.1 N ",OH to a pH of 
7.0, as indicated by a pH meter. 
7 ml of concentrated (14.8 M )  ",OH ta 1 liter of water. Standardize against 
standardized O.! N H,SO, and calculate the exact normality using a 
procedure parallel to that described i n  Section 5 . 5  of Method 6 (Appendtx A ,  
40 CF R  Part 60). 
standardized against a National Institute of Standards and Technology 
reference material. 

Determination o f  NH,- Retained in Sample by Titration. 

The 0.1 N ",OH is made as follows: Add 

Alternatively, purchase 0.1 N ",OH that has been 

8.1.2 
equation. 

Calculate the concentration o f  SO,' in the sample using the following 0 

.48.03 V, N 

100 
CSO' - 

where: 

N - N o m a 1  i ty o f  the ",OH, mg/ml. 

V, - Volume o f  ",OH titrant, ml. 

48.03 = mg/meq. 

100 - Volume o f  solution, mi. 

Eq. 4 

8.1.3 Calculate the CPM as described i n  Section 7. 0 

) I  
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5.3.4 Analysis o f  Acetone Blank (Container No. 8). Same as in Method 5 .  
Section 4.3. 

6. CALIBRATION 

Same as in Method 5, Section 5, except calibrate the IC according to the 
procedures in Method S 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 of the C2M in the stack gas, dry basis, corrected to 

standard conditions, g/dscm (g/dscf). CCpn 

Cso, - Concentration of SO,' in the sample, mg/ml 

% - Sum of the mass of the water and MeCl, blanks, mg. 
mc - Mass of the NH,- added to sample to form ammonium sulfate, mg 

m, - Mass of inorganic CPM matter, mg 
m, 9 Mass of organic CPM, mg. 

m, - Mass of dried sample from inorganic fraction, mg. 

m,, - Mass of dried sample from Inorganic fraction corrected f o r  volume 
of aliquot taken for IC analysis. mg. 

V, - Volume of aliquot taken for IC analysis, ml. 
V,, - Volume of impinger contents sample, ml. 

7.2 Corractlon 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 

K c,, VI, Eq. 1 

where: 

K - 0.020502 
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(Mote: Do not use this aliquot to determine chlorides since the HC1 will be 
evaporated during the first drying step; Section 8.2 details a procedure f o r  
this analysis.) 

0 

5.3.2.1 Extraction. 
the contents of Container No. 5 (tleCl,),to the contents of Container No. 4 in 
a 1000-ml separatory funnel. After mixing, allow the aqueous and organic 
phases to fully separate, and drain off most of the organic/MeCl, phase. 
add 75 ml of MeCl to the funnel, mix well, and drain off the lower organic 
phase. Repeat wiih another 75 m l  of MeC1,. This extraction should yield 
about 250 m l  of organic extract. Each time, leave a small amount of the 
organic/fleCl, phase in the separatory funnel ensuring that no water is 
collected i n  the organic phase. 
weighing tin. 

Separate the organic fraction o f  the sample by adding 

Then 

0 Place the organic extract i n  a tared 35O-ml- 

0 

5.3.2.2 Organic Fraction Weight Determination (Organic Phase from Container 
Nos. 4 and 5). 
i n  a laboratory hood. Following evaporation, desiccate the organic fraction 
f o r  24 hours i n  a desiccator containing anhydrous calcium sulfate. 
constant weight and report the results to the nearest 0.1 mg. 

Evaporate the organic extract at room temperature and pressure 

Weigh to a 

' 0  

5.3.2.3 Inorganic Fraction Weight Oeterminatlon. Using a hot plate, or 
equivalent, evaporate the aqueous phase to approximately 50 ml; then evaporate 
to dryness in a 105'C oven. Redissolve the residue in 100 m l  o f  water. Add 
five drops of phenolphthalein to this solution, then add concentrated 
( ! 4 . 3  M )  ",OH until the sample turns pink. Any excess ",OH will be 
evaporated during the drying step. Evaporate the sample to dryness in a 105': 
oven, desiccate the sample for 24 hours, weigh to a constant weight, and 
record the results to the nearest 0.1 mg. (Note: The addition of ",OH is 
recommended, but i s  optional when no or little SO, is present in the gas 
stream, i.e., when the pH o f  the impinger solution is greater than 4.5, t h e  
addition of ",OH i s  not necessary.) 0 

5.3.2.4 Analysis o f  Sulfate by IC to Determine Amnoniun Ion (NH,-) Retained 
i n  the Sample. (Note: If ",OH is not added, omit this step.) Determine the 
amount of sulfate in the aliquot taken from Container No. 4 earlier as 
described in Method 5F (Appendix A, 40 CFR Part 60). Based on the IC SO,' 
analysis of the aliquot, calculate the correction factor to delete the NH,- 
retained in the sample and to add the combined water removed by the acid-base 
reaction (see Section 7.2). 

0 

0 

0 

5.3.3 
these 
5 . 3 . 2 .  

Analysis o f  Water and HeCl, Blanks (Container Nos. 6 and 7). Analyze 
sample blanks as described above in Sections 5.3.2.3 and 

. 2 ,  respectively. The sum o f  the values for the water blank and the 

I f  the sun o f  the actual blank values Is 
HeCl, blank must be less than 2 mg or 5 percent o f  the mass of the CPM 
( m ,  + m 7 ) ,  whichever i s  greater. 
greater, then subtract 2 mg or 5 percent of the mass o f  the CPM, whichever is 
greater. 

- 



~ ~ 

EMTIC CTH-005 CHTIC CONOITIONAL TEST HETHO0 Page 4 

is operating at greater than ambient pressure and prevents that possibility of 
passing ambient air (rather t h a n  Nt) 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. 

5.2.2.1 Container Nos. 1. 2 .  and 3. I f  filter catch i s  to be determined, as 
detailed in Method 5, Section 4.2. 

5.2.2.2 container No. 4 (Impinger Contents). Measure the liquid in the firs: 
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 samp:e bottle (glass or 
plastic); rinse each impinger and the connecting glassware, including probe 
extension, twice with water, recover the rinse water and add it to the same. 
sample bottle. Hark the liquid level on the bottle: 

5.2.2.3 Container No. 5 (MeCl, Rinse). 
impinger ana the connecting glassware, including the probe extension with two 
rinses o f  MeCl,; save the rinse products in a clean, glass sample jar. 
the liquid level on the jar. 

5.2.2.4 C- (Water Blank). Once during each field test, plac? 
500 ml of water in a separate sample container. 

5.2.2.5 Container Ho. 7 (ReCl, 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. 

Continue the 

Record the volume or weight of liquid 

Follow the water rinses of each 

Mark 

5.2.2.6 Contatner No. 8 (Acetone Blank). AT described in Method 5 ,  
Section 4.2. 

5.3 Analysis. Record the data required on a sheet such as the one shown in 
Figure 3. 

5.3.1 Container Nos. I .  2. and 1. If filter catch is analyzed, as detailed 
in Method 5 ,  Section 4.3. 

5.3.2 c-5 4 . Note the level of liquid in the containers and 
confirm on the analytical data sheet whether leakage occurred during 
transport. 
sample or use methods, subject to the approval of the Administrator, tO 
correct the flnal results. Measure the liquid in Container No. 4 either 
volumetrically to +I  la1 or gravimetrically t o  g.5 g. 
and set aside for later ion chromatographic (IC) analysis of sulfates. 

Handle each sample container as follows: 

If a noticeable amount of leakage has occurred, either void the 

Remove a 5-ml aliquot 

0 

0 '  
~ , 
i 
I 
i 
i 

0 

0 '  

0 
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0 

0 4.2.1 H, 6as. 
20 liters/min for 1 hour through the sampling train. 

4.2.2 Methylene Chloride. 

4.2.3 Water. Same as i n  Section 4.1. 

4.3 Analysis. Same as in Method 5. Section 3.3, with the following 

N ,  gas at delivery pressures high enough to provide a flow o f  

additions: 

4.3.1 Methylene Chloride. 

4.3.2 Ammonium 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 perc 
a1 coho1 . 

. c 7 i -  

5 .  PROCEDURE 

jc: 
t inW Derc 1 

5.1 Sampllng. 
excegtions: 

5.1.1 Place 100 ml o f  water in the first three impingers. 

5.1.2 The use of silicone grease in train assecnbly is not recommended. 
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 o f  individual samples as 
described below. 

5.2.1 Post-test N, Purge for Sources Emitting SO. (Note: This step is 
recommended, but is optional. 
stream, i.e., the pH o f  the impinger solution is 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 o f  moisture during the purge. 
necessary, add mare ice during the purge to maintain the gas temperature below 
2O'C. With no f l o w  o f  gas through the clean purge line and fittings, attach 
it to the input o f  the impinqer train (see Figure 2). 
under-pressurizing the impinger array, slowly conmence the N, gas f l o w  through 
the line while simultaneously opening the meter box pump valve(s). Adjust the 
pump bypass and H, delivery rates to obtain the follouing conditions: 
(1) 20 liters/min or AHa and (2) an overflow rate through the rotameter o f  
less than 2 liters/nin. Condition ( 2 )  guarantees that the N, delivery system 

Same as i n  Method 5, Section 4.1, with the following 

Uhen no or little 50, is present in the gas 

As soon as possible after the post-test leak 
Leave the ice in 

I f  

To avoid over- or 

. .. - . ._ . - _  . . . .  i . .. - . .  - .  . -  .. . ., _ - -  - . 
~~ 
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3.1.2 A Teflon filter support shall be used. 

3.1.3 Both the first and second impingers shall be of the Greenburg-Smith 
design with the standard tip. 

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 wiji be exposed to the MeCl, during sample recovery. 

3.2 Sample Recovery. 
additions: 

3.2.1 N Purge Line. Inert tubing and fittings capable of delivering :.. 
0 to 28 jiters/min of N, gas to the irnoinger train from a standard gas 
cylinder (see Figure 2). Standard 0.95 cm (3/8-in,ch) plastic tubing and 
compression fittings in 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 Yeighing T i n s .  350-ml. 

3.3.3 Drying Equipment. Hot plate and oven with temperature contro 

.3.3.&-Bu~nre. 3 - p .  

3.3.5 Pipets. 5-ml. 

3.3.6 Ion Chromatograph. Same as in Method 5F, Section 2.1.6. 

Same as..in Method 5, Section 2.2, with the following 

The following equipment is necessary in addition to that 

4. RWGENlS 

Unless otherwise indicated. all reagents must confonn to the specifications 
established by the Cornittee on Analytical Reagents of the American Chemical 
Society. 
grade. 

4.1 Sampling. 
deionized distilled water to confonn to the American Society for Testing and 
Materials Specification D 1193-74, Type 11. 

4.2 Saaple Recovery. Sane as i n  Method 5, Section 3.2, with the following 
additions: 

Where such specifications are not available, use the best available 

Same as i n  Method 5, Section 3.1. with the addition Of 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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EMISSION MLASUREMENT TECHNICAL INFORHATION 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 of condensible 
particulate matter (CPM) emissions from stationary sources. It is intended to 
represent condensible matter as material that condenses after passing through 
an in-stack filter (Note: The filter catch can be analyzed according to 
Method 17 procedures). This method may be used in conjunction with Method 201 
or 2OlA if the probes are glass lined. This method may also be modified to 
measure material that condenses at other temperatures by specifying the Fi l t e r  
temperature. 

e 

e 

e 

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. the impinger solution is then 
extracted with methylene chloride (MeC1,). 
are then taken to dryness and the residues weighed. 
fractions represents the C?M. 

e The organic and aqueous fractions 
The total o f  both 

0 2. PRECISION AND INTERFERENCE 

2.1 Precision. 
waste burner and tw? coal-fired b o i l e r s  are 13.0 2 2.1 mg/m', 3.5 1.1 mg/m', 
and 39.5 2 9.0 mg/m-, respectively. 

2.2 Interference. Ammonia (e.g., in sources that use a m o n i a  injection as a 
control technique) interferes by reacting with the hydrogen chloride (HC1) in 
the gas stream to form amonium chloride (NH,Cl) which would be measured as 
CPM. The sample may be analyzed for chloride and the equivalent amount of 
NH,Cl can be subtracted from the CPM ueight. 

The precisions based on method development tests at a wood , 

e 

3. APPARATUS 

3.1 Sampling Train. 
exceptions noted below (see figure 1). 
specific products does not constitute endorsement by EPA. 

Same as i n  Method 17, Section 2.1, with the Following 
Note: Mention of trade names or 

e 

0 3.1.1 The probe extension shall be glass-lined. 

Prepared by Candace Sorrell, Emission Measurement Branch M T I C  CTM-005 
Technical Support Division, OAQPS, EPA March 21, 1990 

e 
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Cyclone I n t e r f o r  D imens ions  

0 Oe B - H  h 2 S Help 

4.47 1.50 1.88 6.25 224 4.71 1.57 225 

1.76 0.59 0.74- 274 0.88 1.85 0.62 0.89 

0.10  i n .  

Ocup 0; 0, 

4.45 1.02 1.24 

1.75. 0.40 0.49 

.. , 

- 
Oin 

1.27 

osa - 

F i g u r e  3. Cyclone design s p e c i f i c a t i m s .  

Cimensions (iO.02 cm. t0.01 in.) 
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0 Nozzle 
D i  m e t e [  
( i n c 5 . s )  

r . 1 3 6  
0 . 1 5 3  

0 0 . 1 6 4  
0 . 1  so 
0 . 1 S i  
0 .2 ;s  
0.213 
0 . 2 6 4  

0.142 
C . 2 3 0  

0.103 

0 

0 

i 
1 

1 
1 - 

Cor.. 
Angle ,  e 
fJc;:ets) 

4 
c 
5 
6 
6 
6 
6 
5 
4 
4 
3 

0u:s ide  
t a p e c .  o 
( t e q r e o s )  

1 5  
1 5  
1 s  
1 s  
1 5  
1 5  
1 5  
1 5  
1 5  
15 
1 5  

S::sight i n l e :  
l e n q t h ,  L 
( i r . ckes )  

( 0 . 0 5  
( 3 . 0 5  
( 0 . 0 5  
( 0 . 0 5  
( 0 . 0 5  
c0.05 
c0.05 
50.05 
c0.05 
( 0 . 0 5  
c0.05 

Figure 2. Nozzle design specifications. 
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t 0 ~ 1  Le.ig:h 
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(ir.cLe s) 

z .653: a. a s  

1.970:0.a5 
1.553:0 .05  

1 . 5 7 2 0 . 0 5  
1 . 4 9 k O ; O S  
1 .45  tO.05 

1 .45  :0.05 

1 . 4 5  5 0 . 0 5  

1 . 4 5  :a.os 

1 .48  :a.os 

1.45 :a.as 
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APPENDIX J.3 

ALDEHYDES 
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3 5 (r 1 A SchmACFC O f  Chr SAmpLlng Criln 1s rho- t n  Flgu;r 

3 5 .1 .  This s ~ p t i n g  ::aln confi3uraclon Is adapcrd from EPA Krchod (1 

procadurrs .  Tha 8ampLlng cra ln  C O n S t S t S  of tha  f o t l o u t n ~  coaponancs  P:aba 

X o r r l r .  Plcoc Tuba. D l f f r r r n c t a l  Prrsrurm Gau(r. Xrcrrln6 Syrcrm.  Baroarcar. 
and Gar Drnslcy DlCrmlnAClOn Equlparnc. 

3 . 5 . h . L . 1  Probr N o r t l r :  QurCr or  g l a r r  u ich  #harp.  CAprrrd (30' 

angtr)  h a d i n g  r d g r .  Ihr caper s h a l l  ba on cha oucalda co p r r r a w r  A cons:a?: 
innrr d l m r c r r .  norz la  s h a l l  ba bucconhook o r  r lbou  & r i p .  A rangr ? f  

n o r z l a  sirrr ru fcab t r  for l rok lnac lc  ramplln6 should be a v a l l r b l r  ln l n c r r .  
manes of  0.L5 c a ( l / t 6  i n ) .  a . 6 . .  0 . 3 2  eo 1 . 2 7  cm (L/8 eo 1/2 i n ) ,  of l a r g e r  :i 

hlghar voluma r&apLtns erairu arm uaad. 
accordlng eo chr  procrdurrs  ouc l ln rd  In Sacelon 3 .5 .8 .1  

Each notr la  shall  be ca l lb rac rd  

1 . 5 . 6 . 1 . 2  Probe Llnrr: Boroslllcaca slasr o r  q u r c z  shal l  be u r r d  

for  cha proba l l n r r .  Tha c r a c r r  should noc allar cha crmparacurr ln cha proba 

co rxcrad 120 f Lk'C ( 2 U  f 2 S . F ) .  

1 . 5 . 1 . 1 . 3  CLcoc Tuba: Tha Picoc cub. r h d l  ba Typa S, as d r r c r i b r d  
I n  Sacelon 2 . 1  of t ? ~  Hachod 2 .  or any ocher appropr lacr  &vier .  

Cuba shall be  accachad co cka proba co r l l w  CONIULC monicorln~ o f  tho scack 

gas valoc lcy .  
s h a l l  ba rvrn v lch  o r  abova eha n o r z l r  ancry p l a n  (sa* L?A Wchod 2 .  Flgurr :. 
6 b )  durlng r m p l l n g .  
c o a f f i c l r n c .  drcrrminrd A I  ouc l ln rd  i n  Srccfon h of  EPA Mathod 2 .  

Tha p t c o c  

lnpacc ( h l f i  p r r r r u r r )  opanina p l u m  o f  cha plcoc cub. 

Ihr Typa S plcoc cub. rsrrmbly s h a l l  havr A knom 0 

0 

. 



0 

1 . 5 . 2  

3 . 5 . 2 . 1  Garaour and pAr:lcula:r pollucancr arm v1:hdraun isokix. 

:ically from an amirnlon rourca and ara collaccad In aquaour acldlc 2.;. 
Ci~i~rophanyl-hydrazlna. Formaldahydr praranc ln eha aolrrlonr raaccs 'd:::. 

:%a 2.L.dlnicrophanyl-hydrazlna EO f o r a  chr formaldahyda dln1crophanylhye:a- 
:on. darivaclva. ma dinlcrophrnylhydrazona darlv~clve 11 arcrac:ad. sol.:er:  

cxchangad. concancrAead. and chrn analyrad by hlgh parformanca llquid c i : m a .  

:agraphy, 

0 

0 

0 

0 

0 



a 

a 

I . j . k : . j  t a p l n & a r r :  3 r  rampling :rain r aqu i r a r  A m i n i m u m  o f  f o c r  

i n p i n g r r r .  connicead aa r h o m . i n  FlgUCr 3 . 5 - 1 .  v l c h  &round g t A S S  ( o r  aq-:.,a- 

Lane) v a c u u - c i 3 h :  C icc lng r .  For :hr Cl r rc ,  :hlrd.  And Courch impingars i s e  

-.ha Graanburg.Smlcb d r r l g n ,  modl f i rd  by r r p l a c l n g  chr c l p  wick A 1 . 3  c@. i:.si:i 

dlamacar ( L / 2  i n )  g l a s s  Cuba axcanding co 1 .3  cm (1/2 In) from Chr boccom ~f 

:ha Cla rk .  For :ha racond i n p i n g a r ,  US. a Graanburg-Smlch Lmpln&ar v lch  :?,e 

a 

. , .  s tandard  c l p ,  P1.C. A charaomrcar CApAbla Of maASuClng ClmprrACuCr :o WL::,::. 

:'C (Z'p) ac cha o u c l r c  of  chr €ourch lmplngrr  t o r  monlcorlng purporar .  

a 

e 

e 

a 

3 . 5 . b . 1 . 6  Xrcar lng  Syrcam: Thr nrcrrrary componrncr arr  A V A C U M  

grugr .  l r a k - f r r r  p u p .  chr rmoarcr r r  c a p a b l r  of  mruurlng crmprracura u l c h l n  

3.c (5.b*f), dFj-gAl m O C r r  C.pAblr Of MalUrlng V o l a  CO v i c h l n  It. and 

r a l a e r d  rquipmrnc as rhoun In F l p r r  1.5-1.  AC a mintma. chr  puap rhou!d :e 

capab l r  of  b cfm Crrr f low,  a d  chr dry  g u  orcrr rhould havo a rrcordl?.3 

capac icy  of  0-999.9 cu  f c  wlch r rrroluclon of  0.005 cu f c .  

syr:rmr may b r  urad uhlch  arm capab l r  of mafncalnlng raaplr vo lua r r  co WL:?.:? 

? \  

Ochrr mrcrrrng 

3 r  mrcrr lng  ryrcrm may b r  u r d  I n  conjonccion wlch A p lcoc  cube co 

enable  c h r c k l  Of lroklnrclc r a a p l l n g  C A C l r .  

I 5 . b . l . 7  hrowcrr :  Thr b a r o w c r r  may b r  u r c u y .  u u r o l d .  or 
ocher  b a r o w c r r  capab le  of w a r u r l n g  ACmOiphrtlC p r r r r u r r  co v l c h l a  2 . 5  am Hg 

( 0 . 1  I n  Hg). In many CUOO. chr  baromrcr ic  r r a d l n g  may b r  o b u l n r d  from A 

naarby Hrclocul Urarkrr Srrvlcr Scaclon. i n  uhlch  c u r  chr  rcaclon v a l u r  

(which 1s cha a b r o l u c r  b a r o w c r l c  p r r r r u r r )  l r  rrquarcrd and an adfurcmrnc to: 

rlrvaclon d l f f r r r n c r r  b r n r r n  chr  u r a c h r r  rcaclon d r u p l l n g  polnc 11 

a p p l l r d  A C  A racr of  mlnur 2 . 5  m Hg (0.1 In Hg) p r  30 m (100 CC) 

incrmarar ( v t c r  va r sa  f o r  r l r v r c i o n  d r c r r a r r ) .  

rlrvaclor. 

1 . 5 . b . 1 , E  Gar Drnrlcy Orcrrminacion t q u l p w n c :  f r n p r r a c u r a  irnror 

and p r r r l u r a  gauge (A. d r r c r l b r d  In Sacclonr  2 . 3  and 2.3 of  EPA h c h o d  2 ) ,  a?.: 

1-1:6 

. 

a 



4 
0 

0 

e 

e 
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3 . 5 . b . 2 . 5  Rubbar Policaman and Funnal: A rubbar poLIcaaan and 0 
Cur..-ai a r a  raqulrad t o  a i d  in :ha : rrnr far  o f  maearial Lnco and ouc o f  

c o n z a i n a r s  In the  f i a l d .  

0 

3 . s . L  3 . 1  8 o c c ~ r r / C a p r :  Aabar 1 -  or  L - L  bocelar wick rrflon.:iced 

Addlelonal k.L bocz!as caps  arm rrqulrad for rcorlng c l a a n r d  DNPH soluclon. 
ara raquirad t o  c o l l r c c  wrrca organic ro lvancr .  0 

1 . S . L . 3 . 2  L r g a  Glass Concainar: A C  laarc  on. larga g1.11 ( 8  :o 
. _  
- a  L) ;r raquirad Cor mlxlng cha aquaour ac id ic  DNPH roluclon.  

0 

0 

0 

3.5.1r.3.3 Sc lr  Plaer/L.rga S c l r  Barr/Scir Bar Rrcrlrvar: a magnacic 

A aclr  bdr rrcrirvrr l r  n r r b d  Cor rrmovlna cha r c l r  bar from 
r c l r  place and l a r p  r c l r  bar arm rrquirrd Cor chr olrlry of aqwour a c l d l c  

DNPH roluclon. 
chr lrrgr concainrr holdlna chr DN'PH rolucion. 

1 . 5 . 1 r . 1 . 1 r  Buchnar Filcrr/Fllcrr Flark/Fllcrr Paprr: A larga :!!:or 
f l a r k  ( 2 - k  L) w i c k  a buchnar Cilcar.  approprlacr rubbrr rcoppar. t i l c r r  papar 

and connacclna cubiry are rrqulrad Cor Cilcrrlry chr aqworu r c l d l c  DNPH 

solucLon prior eo clranlry. 

1 . 5 . 1 r . 1 . 5  Srparacory Punnrl: AC hut onr laram raparacory €urinal 

( 2  L) i s  rrqulrrd Cor clraniry rhr D" prior Co VI.. 

0 

. 

0 

0 



a 

1 . 5 , & . 2  Samplr Recovrry 

a 1 , 5 . ( r , 2 . 1  Probr Llnrr: Probr nozz le  and b r w h r r :  T r t l o n  b r l r c l r  

b r u r h r r  wich r c r l n l r r r  l e a 4 1  wlrr h r n d l r r  e r r  r r q u i r r d .  The probr  brush s h a l l  

havr a x c r n r l o n s  o f  rcrlnlrrr r c r r l ,  TrClon. o r  t n r r c  aacrr ia l  r c  l r 4 S C  a s  lor,.( 

as :hr p r o b r .  Thr b n u h r r  s h a l l  b r  p r o p r r l y  r l r rd  4nd rhaprd eo brush JU: ::e 

>robe  l i n a c .  ch4 probe n o s r l r .  and chr lmpLn&rrr e 

3 . 5 . ( r . 2 . 2  Uarh Boccl r r :  Thrrr wash b o c c l r r  4rr r r q u i r r d .  T e f l o n  3: 

3:arr wash b o c c l r r  arr rrcommrndrd: p o l y r c h y l r n r  wrrh b o c c l r r  should  noc b e  

used b r c a u r r  o r & r n l c  c o n c u l n a n c r  may b r  r x c r r c c r d  by r a p o r u r r  EO organic  

S O l V r n C J  u r d  for l..plr rrcovrry. 

3 . 5 . 0 . 2 . 6  Amber Clara Seorr&r Concalnerr :  h a - l l c r r  wlda-mouch 

ambar f l i n t  g h r r  boct1.s 4 t h  I r f l o n - l l n r d  crpr rrr r r q u i r r d  Co rcorr 
i s p i n g a r  wacrr ramplrr. Tho bocclar muse b r  r r a l r d  ulch Trflon Cap.. 



3 . 5 . 5 ~ L . i  7hr 2 .L .d in i : ropnrnythydr lz ;n .  r ragrnc  must trr p r a p a r r d  i -  

:!.a i aboracory  .di:hin f i v r  days  o f  r u p t i n g  u s r  i n  cha f i r l d .  

2NTH can  a l s o  b r  dona i n  c h r  f i r l d ,  w i t h  c o n r i d r r a c l o n  of appropr i ac r  p r o c r .  

&:as r r q u i r r d  Cor safe  handl ing  o f  so tv rnc  l n  chr  f i r i d .  L h n  a conca i - r r  :! 

? repa rad  DNPH r r ag rnc  is oprnrd In :ha f l r l d . : h a  concrncs o f  c h r  o p r n a d  

;on:ainrr should b r  u r d  v i c h i n  L 8  hours .  
'darhrd vi:h d r c r r p n c  and vacrr  and r l n r r d  w i t h  W A C r C .  mrehanot.  and mrchyia-e 

c h i o r i d r  p r i o r  eo us.. 

Pr rparac ion  a: 

0 A l l  Laboratory (larrvarr oui: 5 0  

0 YOTE: DNPH cryICAt8 o r  DNPH SOluCfOn should  be h~nd1.d wlch ~ L U C L C  g l o v e s  

A C  a l l  c l w r  wich proopc and r x c r n r i v a  u a  o f  &in6 vrcrr i n  CAS. 

of  mkln rxporurq 

3 . 5 . 5 . k . 2  Prapa r rc lon  O f  Aquaoru Acldlc DNM D.r lvae la ln (  R r a p n c '  
Each brcch o f  DNPH r r a i a n c  rhould  be prrpACad and p u r l f l r d  wlchln f lvr  days :f 
r m p t l n g .  accord in6  eo cha proc rdur r r  d a r c r l b a d  balow. 

.VOTE: Rraganc b o c t l a r  f o r  reora(a o f  c l a u u d  DNM d a r l v a e l r l n (  so luc ion  
m u e  ba rlnrad v i c h  a c a c o n l c r l l a  ind d r i a d  3rforr u a .  h k a d  
&lASrVAra  18 m C  a8ranClAl for pr.pArACiC.- f DNPH raasanc. Tha 

(larowarm w e  rmc ba rinrad w i c h  A C I : ~ ' :  , ?  M u a u c a p c a b l r  concar.. 

craclon o f  aeaconm c o n c u f r u e i o n  w i l l  ba lncroducad. I f  f l a l d  

p r r p a r a e l o s  o f  Dsnr l r  p a r f o n u d .  cauc lon  must ba a x a r c l r r d  In 
A V O L U ~ ~  UOCOIY c o n e u l n a e l o n .  



3 . 5 . L .  1.10 SpACUlAS: Spacular i r a  naadad Cor wa lgh ing  ou: 3S?Y '-':,e:, 
0 

proparing cha aquaour DNPH solucion. 

1 . 5 . 5  &uunl8 
0 

e 

0 

0 

0 



0 

0 

Uoun: o f  Yoircura Ln DNPH 

i 3  walghc parcrnc 
:5 waighc parcanc 
30 w a ~ g h c  parcanc 

APPROLYIATE M O L T  OF CRYSTALLIXE DNPH USED 
TO PREPARE A SAKL’RATED S O L 7 I O N  

Vaighc Raqutrrd par 8 L a €  Sotuclon 

31 t 
3 ’  I 
‘0 I 

0 

0 

0 

Table 3 . 5 - 2  

0 

0 

0 

0 

0 

IXSTRLRCLK DETECTION LIHITS U D  B U G =  CAPACITY 
FOR P o w m e  ANALYSIS~ 

Analycr Dacrccion Llmlc. ppbv’ Raatanc CapaclCy. ?pav 

Fomaldahyda 
Acrcaldrhyda 
AC cola i n  
Aca cona/Prop Loluldahyda 

Xachyl achy1 lucoru  
Valaraldahyd.  
1 i o v a l a r d d . h y d .  
Haxaldahyb 
8anzaldahW 
o * / m - / p - t o l u 8 l d . h ~ d .  
D t a a c h y l k a t ~ l d . h y d .  

8 u c y r ~ l d a h y d .  

1 . 8  
1 . 7  1 

1 . 5  
1 . 5  
1 . 5  
1 . 5  
1 . 5  
1.0 
1.1 
1.4 
1.1 
L.2 

66 
70 
7 5  
75  
19 
19 
84 
84 
88 
84 
89 
93 

LOlysalucad compound# l n  addlclon co to rP . ld .hyd .  m a  1ncLud.d t o r  
cornparlion u l ch  forP. ldahyda;  axcanston of cha v c h o d o l o ~  eo 0Ch.r compounds 
t i  poa i lb la .  

’Dacacclon llmlcr ara  dacamlnad  l n  i o lvanc .  Thaaa valuar charatore  
raprar rnc  Cha opehum c a p a b l l l c y  of cha aachodoloLy. 

3.162 
0 



3 . 5 . 5 . L . 2 . 2  'Zi:hin f i V a  days O f  pr0poa.d us.. p l a c e  dbou: 1 6 i 

oE :?.a 2NPH raa5ar.z in a 2 . L  sapacacory funnel. Add approxlmacaty 200 a: :i 

3a:hytana c h l o c i C a  a n d  r:oppar :ha t u c n a t .  :rap :ha rcoppar o f  :ha fur.:.a: 

u i c h  papar :ovals :o absorb  any Laaka&a. tnvarc  and vanc cha funnel .  ?.en 

shaka v l g o r o u s l y  f o r  1 minucar.  I n l C i a l l y .  cha funnat  should ba  v a n c a d  

f raquancly  ( w a r y  LO - t 5  s a c l .  AfCar Cha t a y r r s  hava saparacad .  d i s c a r d  :ha 

l o v a r  ( o r g a n i c )  l a y e r .  

3 . 5 . S  L . 2 . 3  Exeracc cha DNPH a racond clma v l c h  machylana 

c h l o r i d a  and f i n a l l y  v l c h  c y c t o h a r a n r .  m a n  :ha cyclohaxanr tayar  has 

r r p a r a c a d  €rom cha DNPH r r a g a n c . c h a  c y c l o h r i a n a  l a y a r  v l t l  b r  chr cop Layer .: 

:ha saparaeory  Eunnat. Draln cha towar t a y a r  (cha c l a m a d  axeracc 3NPH 
roaganc s o t u c l o n )  inco a n  u b r r  b o c c l r  c h a t  ha. barn  r l n r a d  v lch  acaconi::::e 

dnd a l towad CO d r y .  

1 , 5 . S . L . I  Q u l l c y  Concrol :  

ma s i t e  of che allquocr 1s daprndrnc upon cha aiaCC 4aapllOg 

Taka cy0 allquocr of chr a x c r u c a d  DN?? 

raaganc. 

:??c&~??r= mrd. but 160 a1 is raarocubly  r r D r r r r n c a e l v a .  To afuura chac :!,e 

background in cha raaarnc 1s accrpcabla €or Zla ld  u r ,  aculyza  ona alLquoc ?f 

:ha cragant a c c o r d l n s  co eha procadurr  of Hrehod 8315. 
of rquaou acidic  DNPH f o r  u r a  an a archod b lank  vkrn che ANLYSII 1s p a r .  

formad 

Savr chr  oehar at iquc:  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1-161 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 . 5 . 5 . 5  F t r t d  S p i k r  Scandard P r rpa rac ion :  To prapacr  a €ormaid.. 

h y d r  f i r l d  s p i k i n g  rcandard ac L . 0 1  m u m l ,  urr a 500 ul sy r inga  co : r a n s f r r  

3 . 5  sl co 3 7 t  by v r l g h c  o €  forma: chydr  (601 mg/al)  t o  a 50 m 1  votumr!:ic 
::ask conca in lng  approximacrty 50 m l  o f  mrchanol.  Dilucr  co 50 m l  vich 

m c h a n o l .  

3 . 5 . 5 . 6  Hydrochloric Acid.  HCL: Raagrnc grad. hydrochlor ic  a c i d  
( rpproxlmacr ly  1ZH) is r r q u i r r d  f o r  a c i d i f y i n g  chr aquaow DNPH solution. 

3 . 5 . 5 . 7  Hrchyl rnr  C h l o r l d r .  CH,Cl,:  ?Irchylrnr c h l o r i d r  ( r u i c a b i r  

f o r  r r r l d u r  and p r r c l c ld .  a n a l y s i l ,  GCm(S. H P x .  G C .  Sp rcc rophocoorcy  o r  

r q u l v a l r n c )  t i  r r q u l r r d  fo r  c l r r n l n g  chr  rquroua r c l d l c  DNPH so luc ion .  r i n s i n g  

glarrvrrr, and r r c o v r y  o f  rampla ~ r . 1 ~ .  

3 . 5 . 5 . 8  Cyclohrxanr .  C&: Cyclohrxanr ( H P U  grad.) 1s rrqu;:cd 
€ o r  c l r r n l n g  chr  aquaour r c t d l c  DNPH ao luc ion .  

NOTE: Do noc u r  r p r e c r o r m l y r r d  g r a d r r  of  cyclohrxanr  l f  c h l r  s a m p l i n g  

mrchodoloLy la rxcrndrd  co a l d a h y d k  and krconrr v i c h  four  o r  morr 

carbon ~ C O U .  

3 . S . 5 . 9  !lr(.ckraol. CH,OH: Hrchanol (WLC grad. o r  r q u l v r l r n c )  is 

r r q u i r r d  for  rlrulng alumarm. 

3.5 .5 .10  krrosleri lr .  CH,CN: u r c o n i t r l f r  (HPU grad. o r  aqulva-  

h n c )  is  rrquirrd for r i r u t q  slumarr. 

3 . 5 . 5 . 1 1  lo rP . ld .hyd . .  HCHO: A r u l y c l c a l  grad. or r q u l v r l r n c  
tormaldrhyb. la r r q u i r r d  fo r  p r r p r r a c i o n  o f  acandmrdr. If ocher  a ld rhydr r  o r  

k rconrr  rrr u r d .  r m l y e l c a l  grad. o r  r q u l v r l r n c  11 r r q u l r r d .  



1 . 5 . 5 . L . L . t  I f  :ha 3HPH raagrnc is noc urad in cha t!ald wi:?.:: 

Ti . ,@ ddyS o f  axcracc!on. an aliquoc m y  ba :akin and analyzad ar  darcr!:ae i:. 

'ochod 0011~. if :ha raagant  maacs :ha QualLty Conerol raquiraaancs. :?,a 

raagane aay bb urad. 
raquirmanes. cha raaganc m s c  be discardad and nau raaganc ausc ba propared 

and caread. 

If cha raagane doar noc aaac cha Q U A ~ I C Y  Concrol 

l , 5 , 5 . L ~ 5  Calculaeion of Accapeabla Concrncracionr of 1apurL:ies :-. 

:YPH Reaganc: Tha accapcabla tapuricy concancracion (AIC. u y m l )  1s cal: . - :d: .  

ed !:on cha axpaccad analyea concaneraclon in eha ramplad gar (EAC. p p b v l .  ::s 

. ~ o t u m a  o f  alr Chac ut11 ba ramplad ac aeandard condieions iSVOL.  L), :Ca 

Tomula uaighc of eha alulyca (N. g /ao l ) .  and eha voLuma o f  DNPH raagant  -.-a: 

. i i?!  ba urad in cha Lnpingrrr (RVOL. 01):. 

AI< - 0 . 1  x [EAC x SVOL X IV/22.& x (N 180)/NI(RVOL x 1.000) 

.ahara: 

0.1 l a  cha aCCbpCAbh concaminane concanerreion. 

2 2 . 0  

180 l a  a facco rrlacing undarivrclrrd eo &rivaclrad analyea 
1.600 i r  A unlc convarsion faceor. 

A fACCOC r a h C f n 6  ppbv e0 g/L. 

3 5 . S . L . 6  Dlrporal of Excarr DNPH Raaaanc: Lcarr  DNPH raaganc ad' 

ba  racurnad eo cha laborrcoy and racyclad or craacrd u aquaour waaca f o r  

0 

0 

0 

0' 

0 

0 

0 

0 



0 

e 

0 3 . 5  6 3 . 3  S r l r c c  a s u i e a b t a  proba l i n a c  and proba Langch so  :hac a:; 

For large scacks .  eo rrducr :ha lrngch of ::.e ::avrrsr 9 o i n c s  can br  s u p l a d .  

? r o b s .  consider  srrapllng from o p p o s i t e  s t d r s  o f  :ha stack. 

e 3 5 . 6  3 Ir A minimum o f  L5 f:’ o f  s u p l a  v o l u a  ts raqurred Cor :?e 

drcarmina:lon o f  ch r  Darcrucclon and Ramoval Eff lc lancy ( D R E )  o f  f o r a a l C a k v d e  

from tnctnrraclon ryicamr ( b 5  fc’ Is aqulvalanc eo on. hour o f  s u p l l n g  a c  

0 :5 d r c € )  Addieional lampla voluraa shall bo c o l t r c c r d  a i  naCaSSlCacad b y  

:ha capaclcy of  cha DNPH rraganc and analyclcal drcacclon l lmlc  conrcratncr 
To d r e a r a l n r  ehr mlnloun rampla volunr raqul rad .  r r f a r  eo rampla ca lcu lae tons  

r n  Sacelon 10. 

0 

0 

0 

0 

e 

0 

3 . 5 . 6 . 3 . 5  Dacamlnr chr C O C A 1  langeh O f  raapllng elma naadad :o 

o b c a i n  cha i d r n c l l l r d  minima volumr b y  comparing chr mc lc lpacad  avara5r 

sampling racr ulch  chr volumr rrqulrrmanc.  Allocaer chr sans cine eo a11 

::avarss p o l n c i  d r f l n r d  by EPA Mrchod 1. 
Iengch o f  cLm sampled ac rach c rav r r sa  polnc should ba an lncrgar  o r  an 
incagar plum 0 . 5  min. 

To w o l d  C l M k r r p l n )  r r r o r r .  :ha 

3 . 5 . 6 . 3 . 6  In i o n  c l r cuorcanca i  ( a . 6 . .  bacch c y c l r r )  l c  MY ba 

nrcrriary eo s u p l a  Coot rhotear c i m i  ac cha c r a v r r i a  polnca d eo obcain 

smallar g u - w l r r w  rmplra .  In ekere caara. c a r r f u l  dacrorncacion m u c  ba 

malneahrd in order co a l l w  accuracr ca l cu lae lon  of concrncraclonr .  

3 . 5 . 6 . 4  Prrparacion of Co l l r cc lon  Train: 

1 . 3 . 6 . 6 . 1  Curing pr rparac lon  and ariambly of cha r u p l l n g  c r a l n .  
krap a11 opanlngi  uhrrr concaalruclon can occur covrrrd uleh Trf lon  film o r  

alumlnua t o l l  uncil  J U J C  p r l o r  eo a i r rmbly  o r  uncil iMpllng 1s d o u c  co 

begin.  

1 . 1 6 6  

0 



1 -  . : j  

a c c o r d i n g  co chr  p r o c r d u r r  d r s c r l b a d  in APTD-0576. unlrsr ochardtaa rpac:i :ec 

3.5.6.2.2 h i g h  rrvrral 2 0 0  eo  300 g pore lonr  o t  1 1 l l c a . g a l  i? 

a i r : i ghc  concalnrrr eo ehr n r a r r r c  0.5  g .  Rrcord on each concainrr  cha :o:d: 

. ~ a i $ h c  o t  :ha s l l l c a  g a l  p l u s  COnCainrrS. AS an alcarnAclvr eo prrvrighing 

chr r i l k a  g a l ,  l e  MY l n r c r a d  be u r l g h r d  d l r r c e l y  I n  ch r  Lmptngrr o r  ranpL!r3 
h o l d e r  j u r e  p r i o r  eo c r a l n  arrrmbly. 

3.5.6.3.1 Srlrcc ehr  rampllng r lcr  and ehr mlnlmum number o f  
sampling polnc  accord lng  co EPA Xrchod 1 o r  ocher r r l r v a n c  c r l c r r l a .  
ainr ehr stack p r r r r u r r .  crmprracurr :  and ranla o f  v r l o c l c y  h a a d  u s i n g  E?.\ 

3 . 1 .  m u c  br p r r f o r u d .  Docrmlna che s u c k  4ar wlrcurr conernc u t n &  :?A 

ApprorLmacLon h c h d  Ir or lcr  a l c r m a c i v r ' r  eo r r c a b l l r h  r r c i u c r r  of i r o k i n o .  

3 a c a c .  

Xachod 2 .  A 1a .k-chrck  Of ekr p l c o c  l lnrr  accord lng  CO BPA Racked 2 .  Secct:: 

: i c  s .opLlq-ra~.  r acc i ap .  irsrmin. c i i i  i ~ c k  6;; i~; ==1::-?=~ ?e!$?, a s  

drscribrd in U A  US(.ckod 2 .  S r c c l o n  3.6. 
is usad fo r  mlrsulrr wri&hc drcrrml!ucion.  chr l n e r g r a c r d  b.4 r q l r  shall ':e 

:akm r l m r l c m r o u a l y  with. and f o r  chr  1.0. coca1 l r n i c h  Of C l M  a* .  :ha 

I f  l n c q r a c r d  EPA tlrchod 3 s a p l i ? . 5  

s m p l r  nm. 

3 . 5 . 6 . 3 . 2  S r l r c c  a n o r r l r  r l z r  barad on chr rang. of vrloclCy haads  

so chac l a  noc n r c r r r a r y  eo chan(r chr  norrlr s i r .  I n  ordmr eo UlnCAln 
i a o k t n r c l c  r m p l l n g  Sacra brlow 2 8  L/min  ( 1 . 0  cfm).  During chr nm. do 7.0: 

3 - 1 6 5  

e 

0 

0 

e 

0 

0 

0 

0 

e 

e 

0 

- 



0 

0 3 ~ 5 . 6 . 5  Laak-Chack Piocadurar :  

3 . 5 . 6 . 5 . 1  P e a - c a r e  Leak Chack 

0 3 5 6 5 1 1 AfCar :ha sampling craLn har bran arramblad. :urn o n  

hl:av ar.d s a c  :.La probe haacing ryrcam ac cha d a r i r a d  opar rc in8  campa-acura 
::=a Cor :ha crmparrcura Co r e a b i l l z a .  I f  a V l C O n - A  O - r l n &  o r  ocher :eak.f:cc 

connacclon t r  urad Ln ~ r a m b l l n g  cha proba nozrla co cha proba l l n a r ,  Leak 
c?,ack :ha c r a i n  ac tha r m p l l n g  slCa by plu&glng cha nosz la  and pul1tr.g a > a :  
?a Hg ( L 5  I n  H6) VaCuUD 

0 

0 

0 

0 

0 

0 

0 

0 

YOTE : A towar vacuum may ba u r r d .  provtdad chac cha lowar V ~ C U W  i s  noc 

axcaadad dur ing  Chb C a r e .  

3 . 5 . 6 . 5 . 1 . 2  I f  an arbrrCo# IC t lng  18 urd. do noc COMOCC cha 
probe co cha c ra ln  durlng cha l a r k  chack. InaCaad. laak-chack cha c ra ln  by 

Elrrc aceaching a c a r b o n - f l l l r d  laak  chack lap ingar  co cha lnlac and chan 

? tugg ins  cha inlac and p u l l i n g  a 381 m H@ (15  In Hg) vacuum. ( A  louar  v a c u " ~  
any ba urad I f  c h l r  lowar vacuua l a  noc areaadad during cha c a r e . )  Saxe 

connacc cha proba co cha c r a l n  and la&-chack ac abouc 25 m Hg (1 In  Hg) 
' iacuua. AlCarruClValy. la&-chack cha proba wlch cho r a r e  of  cha r ~ p l l n g  
::rin i n  on. reap ac 381 E ng (15 ln Ha) vacuum. L h g a  racer In axcars  of 

(a) La o f  cha avara@a i u p l l n g  raea or (b) >0.00057 .'/sin (0 .02  cfa) .  a r a  

unACCapCAbla. 

. 

1 . 5 . 6 . 5 . 1 . 3  T b  fOllWlng IO& chaek i M C r u C C l O M  f o r  cha 
rampllng craln &actlad la U f T - 0 5 7 6  and APTD-0581 MY b. h a l p f u l .  Scarc chr  

> U p  With th. f l M - d j W C  valva f u l l y  opan and coar ra-va lva  CO.PlaCaly c lo# rd  
Par:lally own th. couaa.adJurc valva and r l w l y  clora cba f i r u - a d j u r c  

unci1 ehr darirad V~CIIV l r  raachad. Do ppt ravarra d l racc ion  o f  cha f i n e -  
ad jure  alva.  a# liquid rill b u k  up lnco cha crain.  If cha daa l r ad  vacuum L S  

axcaad- 

chack. aa r h o m  balov, and aca rc  ovar .  

valva 

a i c h a r  parform eke l a a k  chaek ac chi# htfiar w c u m  or and cha Lark 

3 . 1 6 8  



0 

1 . 5 . 6 . ( . . 1  :i:h a glass o r  quar:r l i n a c .  i n r c a l l  c h r  Sal8c:ed ?.az::? 

u s i n g  a V 1 c o n . A  O-rL3g w i c h  scack camparrcurar are C26O'C (SOO'F) and a ~,o.:er 

g l a i r . € i b a r  grrkac uhan :amprracurar ara h l g h a r .  Sea APTD.0376 (Ram. .?::! 0 
f o r  daCAil1.  Ocher c0nnrc:ion s y r c r a r  uCLtlzlng a l c h a r  316 r c a i n l e r r  s:eel a: 

Taf lon  frrrular may bo u r a d .  !lark cha proba wick h o a c ~ r a r l s c a n c  :ape o r  j y  

soma ochar  machod co danocr cho propar  d l r c a n c a  Into cha 1Cack or ducc f a r  

each saapllng poinc .  0 

3 . 5 . 6 . b . L  ~ a r a m b l a  cha c r a l n  a0 shorn i n  F l p r r  3 . 5 - 1 .  During 
assrmbly.  do noc US. any l l l l c o n r  graara on ground.glarr  J o l n c r  uprcraam > <  

:ha i a p i n g a r r .  Ura Taf lon cap.. Lf r a q u t r r d .  A vary l l6hC coaclng o f  

s i l i c o n a  graara may ba u r d  on a r o u n d - g r a r a  folnrr dowucrraa o f  cha 

implngar r .  b u t  cha r i l l c o n a  g r a ~ a o  should bo llmlcad eo cha oucor por:ion 52s 

~PTD.0576) o f  cha ground-(lrrr Jolncr  eo minlmlza r i l l c o n a  armare concamir.a. 

:ion. I f  n a c a r r a r y .  Teflon Cap. M Y  bo u r r d  EO rr.1 L r A k 4 .  COClnaCC a t !  

z e e e r i r - ~ l r e  errmar? en an a p p r o p r l a c a  D O C l n ~ l o ~ C ~ r / d l l p ~ A y  unlC. 

:emparaeura s o n s o r s  ar  h h n c  camparrCurra.  

e 

0 
Chacit a l l  

1 . 5 . 6 . b . 5  Plasm c r u r h a d  l c a  a l l  oround cha lmpin(ar1. 
0 

3.S.6 h . 6  Turn on and roc cha probe hoacina ryacam re cha dar1:aC 
o p r r a e l n g  camparacura.  A l l o w  clna Cor cha camparacura eo s c a b l l l z r .  



0 

0 

2 . 3 . 5 . 5  Sampling t r a i n  Oparacion: 
0 

3 . 3 . 5 ~ 5 ~ ;  l u r i n g  cha rampllng run. aa inca ln  an i rok lnac ic  sdmpiir.4 
ra:e :o wi:hln L 9 t  o f  e r - u  i sokinac ic .  batow 20 L/mln ( 1 . 0  c f s ) .  Uai-.:ai: 

:emparrcura around :ha proba o f  120’C ( 2 U *  25.F). 
0 

0 

0 

0 

0 

0 

3 5 6 6 2 For a a c h  run. racord cha data on a & C A  ahaac  such a s  :-e 

on. shown :n Figura 3 5 . 2  8a sura  C O  record chr  lnlclal dry -ga r  aacar  

:eading Racord Cha dry-g.1 O I C l C  rradin81 aC Chr b.6iIWllng and and o f  adC?, 
samplins  clma incrrmanc, vhrn changra  i n  f lov racar arr M&, b r f o r r  and af:ar 

rack laak c h a c k .  and when sampling 1s h a l c r d .  Taka ochrr  rradlngr raqul rad  5 t  

F l y r r  2 ac l rarc  oncr ac rack 1 M p h  polnc dutlw arch  clma lncramrnc and 

add lc lon r l  raadlngr  vhrn 1ignlflCrnC adjucmncr  20r v r r i r c l o n  ln  v a l o c l c y  

head rmadlngr) nacarrlcacr rddlCioN1 adjurmmncr i n  flow rata. h v a l  and 
zero cha manomacar 8rcaur  chr MnoMcrr l a w 1  and zero u y  drlfc dum :o 

vibrac lonr  and camprracurr changar. mah par lod lc  chrc lu  d u r l n ~  cha cravarse 

3 . 5 . 6 . 6 . 1  C l a m  chr rcack accrar porcr p r l o r  co chr  care run :o 

e l i n i n a c e  :he chang. o f  r m p l l n #  drpoalcrd  macrrlal. 
ramova chr  nozzle cap.  v r r l f y  chat  chr f l l c r r  and probr h rac lns  ryacamr ara a: 

:ha r p r c l f i a d  c rmprranuo.  and v r r l f y  c h ~ c  cha plcoc Nb. and probr are 
propar ly  porlclonrd. Porlclon chr noI I10 re cho f h # C  c r r ~ r r r  polnc. u l c h  

ch r  c l p  polnclna dlrrecly lnco chr &rr rcrrm. I m d l r c r l y  i l l r e  ebr p u p  ar.C 

a d j u r e  chr flow eo 1rokiMueic CondLClOM. Nomolraphr. uhich a l d  i n  cha  rap^: 

adJusearnc o f  chr 1roklMCic r u p l l n a  ;rea ulchouc r x c r r r l ~  compucaclonr. a:c 

r v a l l a b h .  

c o a f f l c l a n e  1s 0.80 

walghc) 1s a q w l  EO 29 5 I .  M T D - O ¶ 7 6  d r c r l l r  ck. procrdurr  for u i n i  chr  

are oucr idr  ehr above r a n i r r .  do noc u#r chr  n o w l r r p k r  unlrrr approprlaca 

To begin r m p l l n g .  

Ihrrr noooprphr  arr daaiinrd f o r  ur uhrn chr Ty’pr 5 plcoc cube 

0.02 and thr rCAck p# r q u i v r l r n c  d a N L C y  (dry aOlaCu:a: 

nooographr. If Chr ICack Wlrcular vrlfiC d chr piCOC Cube CO*fflCLlC: 

0 
SCapl arm cakrn Co ComprMaCr f o r  cha davlaCioM. 

1.170 

0 



0 

1 . 5 . 6 . 5 . 2  'ask Checks Ourlng Sampling Run: 

1 . 5 . 6 . 5 . 2 . 1  I f ,  d u r i n g  chr  sampling run. a componanc change 

( L  a , ,  h p i n g a r )  brcomas n a c a s s a r y .  a lark chack s h a l l  ba conduecod !ma<:a :? .  

i y  . f ear  cha l n c r r r u p c l o n  o f  samplln6 and b r f o r a  chr changr 11 m d a .  >.a : e a 6  

chack s h a l l  ba dona accord ing  eo cha procadura d a r c r t b a d  l n  Sacelon 3 . 5 . 6  5 . e 
excapc chat  tr s h a l l  br dona aC a VaCUUD g r a a c a r  Chan OC aqua1 EO c h r  max:om 

value  r r c o r d r d  up co Chac polnc t n  cha Cart. I f  chr l r a k ~ g r  raca 1s found :a 

b r  no grracar than 0.00057 a'/min ( 0 . 0 2  cfm o r  I* b f  eha avaraga sampLln5 :a:c 

(uhlchrvrr 1s l r r r ) .  chr  r a s u l c s  a r r  a e c a p c a b l r .  If a h l g h r r  l a a h g a  :a:e .s 

obcainad .  chr carerr muse void  cha s . s p l l n &  run. 

! i O X :  Any c o r r a c c l o n  of  cha samplr v o l u r  by c a l c u l a c l o n  raducas :ha 

l n c a g r l e y  o t  eha p o l l u t a n t  concrncrac lon  daca gm*rACad and nus: ':e a 
avoidad. 

3 . 5 . 6 . 5 . 2 . 2  Imadlaerly afcrr a componrnc c h n p  and b r f o r a  

sampllng Lr rrlnlclacrd.  a leak chrck stnl lar  co a prr-crrc lark chack must 0 
a i s 0  b r  eeii&keG~G. 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

1 . 5 . 6 . 6 . L  ;%an :ha s:ack is under  r i g n i f i c a n c  n a g a c l v i  p r a r s u c a  

.:a<.;I-:a:ar.c :o cha h a i g h c  of  c h i  impingar scam). :aka cara co c!ora cha 

:aarse.adj.ds:  .valva b a f o r a  insarcing :ha proba 1n:o :ha rcack i n  ordar  :o 

?:avant Il ;u;d !:om backlng  up :hrough Cha c r a t n .  I f  n a c a r r a r y ,  :!.a pump nay 

5 0  :,denad o n  ui:h :ha coArla-adfuSC VAlVa c l o r r d .  

3 . S . 6 . 6 . 5  m a n  cha proba 1s i n  p o a l c l o n .  b lock  oEf ;ha o p a n ~ n g s  

around :ha proba and rcack  a c c a r r  PorC Co p r a v a n t  u n r a p r a r a n c a c l v a  dl?u:!o?. a t  

:La gar s c r a m  

3 . 5 . 6 . 6 . 6  TCAvirla chr r a c k  c r o s s  r r c c l o n .  .a r a q u l r a d  by EPA 
Yachod 1. b a l n 6  c a r a f u l  noc co bump cha proba n 0 2 Z h  lnco cha scack walls vhe?. 

sampllng n'aar the walls or  vhan ramovlng o r  l n r a r c l n g  cha proba chrou@ :ha 

a c c a r a  p o r t .  In  ordor eo m l n l n l r a  cha chanca of r x e r ~ c c l n g  d a p o r l c a d  macarla1 

3.5.6.6.8 A r lngla  craln ahall b a a u s a d  Cor cha anc l ra  rampllng :.J?. 

excapc I n  c ~ r o r  uhara a l m u l t . n a o u  s m p l l n g  Is r r q u l r r d  In  NO o r  mora 
SIpArACa duets 01 aC 

i n  c u a r  u h a r r  aqulpasc  fallura n a c a r r l c a c r r  a changa of cralnr. M AddLCLon- 

a 1  erain or  a d d l c l o a  crrlar u y  alro bo u a d  for  r u p l l n g  uhan cha capaci:y 
o t  A rlngla crala lr u c a d a d .  

0; Wrr d l f f a r a n c  l O C A C i 0 t U  wichln cha r a u  due. o r  

l.S.6.6.9 Yb.8 nro or EO;. Crrlnr aro u a d ,  r a p r r r c a  n u l y a a r  of  

coaponancr from each errla a h 1 1  bo parformad.  I t  rrlelpla CralN haw baan 

u r a d  bacausa cha capaclv  of ring11 craln would k axcardad .  f lrrc lmplngrrs  
from aACh c r a l n  m y  bo c o l b l M d .  And racond lmplngarr fro. OAch Craln M Y  ba 
comb l n r d .  

0 

1-17?. 

0 
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0 3 5 . 7  1 5 Sava a por-.:on o f  a l l  washing s o l u c l o n  (machylana c.-.:o. 

r : d a .  v a c a r )  usad € o r  cleanup aa a b!ank. - c a n a f a r  200 a1 o €  aach so1uc:on 

I ' r r a c : : y  f r o m  cha warh boc:lr b a i n g  u r a d  and placa rack l n  a r apa rac r .  

;i:aldbelad sampla c o n c a i n a r  

0 
3 ~ 5 . 7 . 2  Sampla C o n c a i n a r r :  

0 

0 

0 

0 

0 

0 

,o 

3.3.7.2.1 Concalnar 1: Proba and Implngrr Cacchar. L r i n g  a 

3raCuacrd c y l i n d e r .  maaaura co chm naarrrc m l ,  and racord cha v o L u m  a,€ :?.a' 

solu:;on In :ha € i r a c  chrar  i a p l n g a r r .  Alcarnaclvaly.  cha ro luc lon  may b a  

veighad :o chm naarasc 0.5 g. I n c i u d r  any condrnsaca I n  cha proba l n  c h i s  

dacarmlnacton.  Transfar  :ha iopingar  r o l u c l o n  from cha graduacrd  cylinda: 
Ln:o cha ambar f l l n c  glarr b o c c l a .  Takin6 cara Chac d u c  o n  cha oucr ida  O E  

:ha proba o r  ochar ixcrrlor aurfacmr d o a r  noc 6aC lnco cha r&mpla, .cLaan a l i  

ru r f aca r  eo uhlch cha rampla l r  axporad ( inc lud ing  eha proba norr la .  proba 

f l c c l n g .  proba llrur. Clrrc l ap inga r ,  and Lopingar connaccor) vtch machylana 

c h l o r l d a .  Ura larr  d u n  900 a1 for  cha rnclrr varh (250 a1 w u l d  ba bac:rr ,  
i f  p o r r l b l r ) .  A d d  eha varh lng  co cha rropla concainar. 

3 . 5 . 7 . 2 . 1 . 1  Carafu l ly  rraova cha proba n o t z l r  And rlnra cha 
i n s i d r  r u r f a c r  u l ch  MChylana ch lo r lda  from a varh boecla .  Bnuh  wick a 

TaClon b r l r c l a  b n u h .  a d  rlnra unci1 eha r tnra  rhour no v l r l b l a  parclclaa o r  

yallou c o l o r ,  .fear which Mb a f l r d  rlMa O f  tha  lrulb. rUrf.Ca. Brush and 

rtnrr cha l ~ i b .  pare r  OF cho Swagrlok fleeing uich orchylrru c h l o r l b .  l n  a 

similar uay.  

3 . 5 . 7 . 2 . 1 . 2  P i M O  Chkr probe l l lur v i &  m C h y h M  ch lo r lb . .  mi:# 
squlrcing ctu r c h y l r ~  chlor lb .  lnco cha uppar and OC tho prob.. cilc and 

roCaCm che prok 10 c h C  a l l  Inr ib .  r u r f a c a r  u l l l  be uaccrd vtrb wchy l rna  
ch lo r ldo .  h C  rh. wChyhM c h l o r l b .  drain from C b  1-r a r d  into -0 IMpla  
concalnar .  Tha c a r e r r  u y  u a  a f-1 (glarr or polyorhylano) co aid i n  
:ranrCarrln6 cha l l q u i d  varhar  co cha conca lnar .  Pollov cha rlwr utch a 

Trf lon  bnr rh .  Hold cha proba In  an l nc l fnad  por ic lon .  and r q u l r c  mochylrna 

ch lor lda  lnco cha uppar and aa cha proba brurh  l a  boing p u b 4  uich a c u l a c ~ ~ $  

acclon through cha proba. Hold cha rampla concaLnrr undarruach cha lowar and 

3 .1 -L  

0 



0 

3 . 5 . 6 . 5 . 1 1  Crlcuidca parcanc Lrokinacici-y ( s e a  YaCkod : :  ~3 

i e c e c a i n a  vha:hor :ha run was v a l i d  o r  a n o c h a r  :asC should ba mada, 

1 . 5 . 7 . 1  Praparac ion:  

1 . 5 . 7 . 1 . 1  Propar ChAnUp procrdura b e g l n l  as soon as :ha proba IS 

A l l o w  cha proba :3 
0 

rimovad from cha scack  aC cha and o f  cha s m p l l n g  p a r l o d .  

c o o l .  khan eha proba can  ba handlad sa fa ly .  wlpa o f f  a11 a ~ c a m a l  par:lc-!a:c 

m a c t a r  naar  cha c l p  of cha proba norzla and p l r c a  a cap ova; cha c l p  eo 

;rravanc LOSlng or  g ~ l n l n (  p a r c l c u l a c a  maC:ar. Do not cap cha proba t i p  

: i g h c l y  whlla  cha rampllng errin is Cooling bacaura a vacuua will ba cred:e :  

drawing l i q u i d  from cha l n p l n g a r r  back chrough cha r m p l l n g  c r a l n .  

0 

3 . 5 . 7 . 1 . 2  Bafora movln6 eha r . np l ln (  c r a h  co cha c l ranup s i c a ,  

camova cha  proba from che a.Pplln6 crrln..nd cap cha opan o u c l r c .  ba ing  

c a r a t u l  noc EO lore any condaruaca c b c  ml@c ba p r a r a n c .  Rawva cha u b i : : -  

c a t  cord  from cha l u r  Fopln(ar and cap cha Lapln(ar. If a f l a x l b l a  l l n a  : I  

usad.  l a c  m y  C O n d . M d  w e a r  or l lquid drain lnco cha Lapln(arr. Cap o f f  ar'; 

open impln(ar inlacs ouclacr. Ground ( l u r  #coppara.  Taflon caps o r  c a ? s  0 

o f  ochar  Inarc ucar la l r  u y  ba urad eo real  a l l  opanln(r. 

3 . S . 7 . 1 . 1  Truufrr che proba and Lapln(ar u r m b l y  eo m area cha: 

1s 

l o l i n g  :ha r m l a  are mlnimlsad. 
c l a m  and proerecad from wlnd so c b c  cha chancar of c o n c M l r u c l n ~  or  e 

3 . S . 7 . 1 . 0  1 ~ p . c ~  cha eraln b a t o r r  and dur ln(  d l r a r s a m b l y ,  and r.o:e 

any abnormal C O n d i C i O M .  e 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 . 5 . 7 . 2 . 2  ConCAlnrC 2 :  h s p t r  Blank. Prrparr  a blank b y  usLr.4 a n  
amber E?inc g l a i r  conca lnr r  and addtr.5 1 voluma of  DNPH rragrnc and mrciyta-a 
:k.LorLdr 0qu.l CO ch* C O C A 1  VOLlmr Ln C 0 n C A l n . C  1 .  Procrrr :ha blank !? :+,a 

samr manner a i  Concalnr r  1.  

3 . 5 . 7 . 2 . 1  Concalnrr I :  S l l l c a  G a l .  XoCr c h r  co lo r  o €  c h r  indica:.  
:r.g sllica g a l  co d r c r m l n a  v h r c h r r  I C  h A i  barn complrcrly rprnc and maka a 

?.o:acLon o f  i:s condlclon. 7-m iapir .grr  concainlng cha r l l l c a  g a l  may ba  I ; s ~ ?  

a s  a r m p l r  : r ~ m p o r ~  concatnrr wlch  boch rndr s r a l r d  w i t h  c l g h c l y  fl:ctng 
capr o r  p l u g s . ,  Ground-#lair  icopparr  or  Tef lon  Capr Myba u r d .  
g a l  Imppingar should chrn b r  l abe lad .  covarad with rhDlnru (011. and prckagrd 
on l ea  fo r  c r u u p o r c  Co cha 1AbOrACOry. I f  ChO i l l l c a  6.1 1s trmovrd from cha  

implngar. chr  carerr MY u a  a funnal  CO pour Chr I t l k A  1.1 And a cubbar 
?ollcrman co rrmova cha i l l l c a  go1 from chr  Lappingar. IC l r  noc nacrsrary :a 

removr cha ~ ~ 1 1  aaounc of d u e  p a r c l c l r n  chat M y  adharr  co eha Laplngrr ,wall 
and a r r  d l f f i c u l c  co ramova. Slnca cha galn In w a l a c  l a  co ba usad f o r  

n r  r i l l c a  

3oLSCurr C A ~ C U ~ A C ~ O M .  do noc UI. VACmC 0 1  o t h a r  l lqUldl  CO CCANfIC C h  

si!Lcr 8.1. I f  a bAlUICa l a  r v a l l r b l a  Ln cha f l a l d .  chr ipane a l l l e a  g a l  ( o r  

si:Lcr g a l  p l u  lmpln(rr) Myba wrl@ad co cha naa ra i c  0 .5  g. 

3.S.7.2.0 S-lr conealrurr rhould bo p k a d  In A coolar. coolrd by 

(although noc i n  c o n u e c  v i a )  lcr .  Suplo  conca l ru r r  NC b r  p h c r d  v r r c l .  
c a l l y  and. rlwr choy arm glum. procaccrd from bra.l(r  durlry a h l p w n c .  
Saapl r r  rhould k coolrd durlry rhlpaanc i o  chay w i l l  b r  raca lvad  co ld  ac :ha 

l a b o r a c o y .  

3 . i 7 5  

0 



~ 

0 

!:an : :wo proplr  should c l a m  :ha probr i n  order co  m i n i m i z e  r+,npie e 
l o s r r r .  Brewran saapl lng  runs ,  b rurhe i  m u c  br  k r p c  :!*an arc !:!e 

from concamlnac!on. 

e 

o f  mechylrna ch lor ida  f o r  each r l n s a ,  and b r u s h  rach r u r f r c r  co which c h r  . I  

3 . 5 . 7 . 2 . 1 . 3  Rlnrr che ins ide  ru r f ac r  o f  rack o f  :hr CLrs: :?,rea 

inp ingers  , ( and  connacclng cubing) chrra r rparacr  c h a r :  Ure a Small p o r - i o r .  

s u p l a  Is rxporrd w t c h  A Teflon b r l r e l e  brurh Co r m u r a  racovary O C  €lna 
p a r c i c u h c e  maccrr. V ~ c r r  w i l l  ba rrquirmd fo r  cha racovary o f  chr  Lapi:.3ers 
i n  addleion co cha r p a c i f l r d  q u n c i e y  of machylrna ch lo r id . .  Thara v i : :  :e 3 :  

: E U C  N O  pharer In cha lmptngrrs. This No-phasa mlxcura doer noc pour .;e:: 

and a r l g n i f l c a n c  m o u n c  o f  cha iaptngar  cacch w i l l  ba l r f c  on chr  wells. :-.e 

' u r n  o f  wacar a i  A r i n r a  ~ k . 8  cha racovary quanclcaciva.  U k r  a f l n a l  r ir .re  

of each aurfaca And of cha b w h .  u s l n g ~ o c h  machylrna chlor ida And w a c r r ~  

l 

0 

3 5 7 2 . 1 . 6  Afcar A l l  mrchylana c h l o r l d .  And W A C r C  werhlng dnd 

pa rc l cu lac r  maCCar h4Vm baan co l laccad  In cha a m p l a  concainar .  cl&hcan :he 

l i d  so eha rolvanc. uacar, and DNPH r a ~ g r n c  will noc la& OUC &an cha 
concalnar  11 rhlppad eo rha hborACory. U r k  cha ha l lkc  of  Cha f l u l d  l r v r l  :: 

drcmmlna whaehar lr.i.ga occurr durlng c rampore .  
Teflon cap.. L b a l  cha concalnar c l r a r l y  co ldanclfy lc r  concancr. 

0 

Sea1 cha concalnrr W L : ~  

0 

3 5 . 7  2 . 1 . 5  I f  cha f l r r c  cvo lapln(arr  ara eo ba Alulyrrd 
SrpaCrCaly Co chack for  braak~hrough.  
:YO i ap lngr ra  lnco lnd lv td ru l  concalnara 
?hyricAl carryovar  from cha f l r r c  lapingar  eo cha aacond. 

raparaca chr concancr And C l M r l  O f  :-e 

Car# w e  ba cakrn Co w o l d  
0 The fomldehyde  

I - l i 5  



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

. 

3 . 5 . 8 . 3 . 3  h a k  check o f  macarlng syrcrm: ma porclon o €  :he 

sampling c r r i n  from cha p u p  Co cha o r l f i c r  maerr (sa. F l y r a  1) shouid 3. 

:oak chackad p r i o r  :O InlCiAl ura and A t t a r  each ihlpmanc. LaAkAga ~ f : o r  ::.e 
?Lnp vi11 r a su lc  I n  l a s r  v o l u a  baing racordad ehan li A c c w l l y  sampled. ::se 

:k.a following procadura: Closa cha maln valva on cha macar box.  Insor:  a 
ane.hoLa rubbar rcoppar u tch  rubbar Eublng ACCachad Lnco cha o r l f l c a  axhaus: 
?:?a.  Dlsconnacc And vane cha tow ride of cha o r l f l c a  manomacar. C:ora 05:  

:ha low r i b  or t f l ca  cap. P ra r ru r l za  cha ryacam eo 13 - 18 em ( 5  . 7 i n )  

uacar column b y  blowlna Lnco cha rubbar CubIng. Pinch o f f  cha Cubing And 
o b r a w a  cha manomacar f o r  1 mln. A l o r r  o f  prarrura on cha manomacar l n d l .  

cacar r Iaak in  Cha macar box. h a k r  OVIC ba corrrccrd. 

SOTE: I f  cha d y - s u - M C a r  coafflclane valuar  obcrlnad bafora and af:ar d 

c a r c  aarlaa d l f f a r  by M e ,  rlchar cha care aarlar muse ba voidad 0: 
c a l c u l r c l o n r  f o r  caac rartar w c  ba p a r f o m d  ualng vhIchavar moce: 

c o a f f i c l a n c  vrlru ( 1 . a . .  bafora or  AfCar) givar  cha lowar valua o f  

C O C A 1  r-1. M1VW. 

3.5.8.0 h o k  HarCrr: Tho prob. h a r e i n s  ryrcam .UIC be cal1bra:cd 

P r o k r  c o a r c w c a d  rccordlng eo m - 0 5 1 1  mad 1101: ba ca l lbracad  
brtora l e a  l n l c l a l  w e  la rh. f l a l d  accordiq co cha procadurr oucllnad In 
APTD-0576. 
i f  :ha C A l l b t . C l m I  c u m w  in AFTD-0576 arm u a d .  

1.5.1.5 t..p.rrcura (rusrr: k c h  CJIamoupla muc ba paraanrnc1.t 

and uniqualy u r k d  on ek. crrclna. 
:ars o w e  conforo eo UJR( 1.1 63C or 631 rpaclfLcrclonr. 
ba CAllbraCad I n  cha l a b o r a c o ~  wick and wichouc Cha 

I f  axcanr lon . l aad r  arm u r d  In  chr f l r l d .  eha charnocoupla rUdlngS aC eha 

All mrcury- la -~ lur  r r f a ranca  charnorno- 
T h a ~ c o u p l a a  shout' 

of  aXCaWlOn hAdS 

amblanc A t ;  casparacurar. with And vichouc cha rxcanrlon laad, O W C  be nocad 

3 . 1 7 8  



I 5 . 3  

L 5 . 8 . 1  ?rob. ! b Z Z ! a :  Proba n O Z Z h S  s h a l l  be c a i l b r a c e d  b a f o r e  
. .  . .  - _  -..e:: :?.::;a1 use I n  :ha f i e l d .  Caing a micromacar. maaiura :ha i n r i d r  

A :  -.ame:e: > €  :?.a ?.ozzla co  :ha n e a r a r c  0.025 am ( 0 . 0 0 1  i n ) .  !aka mairurearp,:s 

a: :?,:rr se;ara:a p i a c a s  a c r o l l  :ha d lamrcar  and  obcaln :ha a v r r r g a  o f  -.?.e 

:,easLcrman:r. >a d l f f a r a n c a  t a c v a a n  cha h igh  and low nunbars s n r : :  ?,a: 

axcard 0 . 1  ma (0.006 l n ) .  when cha n o z r l a r  bacoma nickad o r  cor:?drd. :+cy 

shall 3a r a p l a c a d  and c a l l b r a c a d  bafora  US.. Each n o r z l a  BUS: ba prrnrr,e-.::y 

a n d  uniqualy  i d a n c l f l a d .  
... 0 

0 

3 . 5 . 8 . 2  P l c o c  Tuba: Tha Typa 5 picoc c.&a arrambly shall ba 

c a l i b r a c a d  accord ing  C o  tha  procadura o u c l i n a d  In Sacclon 6 of EPA !behod 2 .  

o r  a s s i g n a d  a nominal c o a f f i c i a n c  of 0 . W  l f  le 1s noc V l r I b l y  nlckad o r  

cor rodad  and l €  i c  m a c r  daalgn and lncrrcomponanc rpac lng  r p r c i f i c a c I o n r .  0 

3 . 5 . 8 . 3  Hacrrlng Syrcaa 

1 . 5 . 8 . 3 . 1  Bafora L E I  L n i c I a l  US. In cha f i a l d .  cha macrrlng s : ; s : e z  0 
s h a l l  b r  c a l l b r a c a d  accord ing  EO cha procadurr  ouc l lnad  l n  UTD-0576. :?.s:sa: 

o f  p h y r l c a l l y  a d j u c t n g  cha d r y - g a r  macar d i a l  raadfngr co corrarpond e o  :.?e 

~uec.care macar r a a d i r y r .  c a l l b r a e l o n  Caccorr may ba u a d  co corrac’. :ha 3as 

m c a r  d l a l  raadln(r m c h a m a c l c a l l y  co cha propar  vrlrur.  8rforr c a l i b r i c l ? . g  e 
:Ca rnrcrr tng ryrcrm. l e  La ruggarcad chac a lark chack b r  conducead. 

macarin6 ryrcrrr bvlry dirphrap  pumpr. cha normal leak chock procadura v i ! :  

For 

noc dacace laaLu6mr v i a  Cha purp. For Char. caram. Cha f a l l o v l n g  1a.k chack 

procadura will apply: ulu a can-minuca callbrrclon run rC 0.00057 m’/mIn e 
( o . U Z  cgmj. AC c i a  .Id o j  G% z-iii, ~ 6 -  ~k %:E;:;?&: :I ~ 5 :  =$z?E?~& !-I. 

:as: and d q . 6 ~  M C O ~  w l w r  and d l v i d .  chr  dlffrranca by 10 co gac cha 

r a t a .  The lo& rata rhould noc arcaad 0.00057 m’/min (0 .02  cfm).  

e 

e 



0 

0 

0 

0 

0 

0 

0’ 

0 

0 

0 

0 

:&/molr aldahydr I 

[g/moLr 5NDH drrivacLvr] 
T o t a l  m 5  C~maldahydr - C, x V x DF x X 10’ D g / r g  

vhrrr . 
C, - ararurrd concrncraclon o f  DHPH - fomaldrhydr d e r i v a t i v e ,  ~ 3 / a i  
V - organic axerace velum 01 
DF - d l l u t l o n  faccor 

3 . X 9 . 2  Formaldahydr concrncraclon Ln rcack #as: 

Drcrrolnr chr fomaldrhydr concrncraclon l n  ehr stack gar u s i n g  :?,e 

tollovtng rquaclon: 

3 . 5 . 9 . 3  AV.r.#r D y  Gar h e r e  TrRparaCura md ~vrra6r O r i f l c r  

Prrrrurr Drop arm obcainrd from cha d8u rhooc. 

3 . 5 . 9 . 5  Volumm of wacrr Vapor a d  Ilolrnua Concrnc: Calculacr e?.. 

v o l m  o f  warn; vapor .nC mlrcurr concrnc from r q w t l o n r  5 - 2  and 5 - 3  o f  EPA 

Hrchod 5 .  

1 .5 .10  

To d r c r m l n r  chr minimum r.pplr volwar co br collrccrd. ulo chr fOllOWlng 

raqurncr o f  rqurclonr .  

3.180 



a 

3 . 5 . 8 . S . t  impingar  and d::r.&aa m c a c  : h r r n o c o u p l r r :  Tor :ha 

-L - . . e r - c c ~ , ~ ; : e a  ';sed :o maaaura :ha :ampara:ura o f  :!.a gar :eavi?.5 :?.a :.:,::.Je: 

a ::ai?., :k.:ee.poi-: cali5ra:ian a: i:a va:mr. room a i r ,  and boi!lr.s .id:aC 

:cm?erac';ror is n a c e a s a r y .  .AccapC :ha :hrrmocou?lar  o n l y  i f  :?.a read;:.3~ 3 :  

a i :  :!,:eo :ompora:~sras agroa  :g :2C ( 1 . 6 . F )  wich :bora o f  cha abroi , ; re  ' : d l - ?  

o f  :?.a r a f e r e n c a  :barnomacar .  

1 . 5 . 8 . 3 . 2  Probe and s:ack c h a r a o c o u p l a :  f o r  cha cbar rocoupLer  - 5 2 :  

:a i n d l c i c a  cha proba  and r c a c k  : ampr racu r ra .  a c h r r r - p o i n c  c a l i b r r c l o n  a: .:+ 

v a c r r .  b o l t i n g  wacrr. and h o c  o i l  bath :ampaC&CUr@l musc bo p a r f o r s r d .  :se :i 

a pint a c  room a i r  :amprracura is rrcommandad. Thr charmomcar i n d  c h a r m .  

c o u p l r  muse agrar co u i c h i n  L 5 t  aC e a c h  o f  cha c r l l b r r c . l o n  p o i n c r .  

c a l i b r a c l o n  c u m a  ( r q u a c i o n )  may ba c o n r c r u c c r d  ( c r l c u l a c a d )  and cha d i c a  

o x c r a p o l a c a d  co c o v a r  cha r n c l r a  c a a p r r a c u r a  r r n a a  r u g p r c r d  by :ha a a n u f a c -  

: u r a r .  

a 
A 

a 
1 . 3 . 8 . 6  hromecar:  Adfurc cha barornocar L n l c i r l l y  and b a f o r c  s i : :  

:arc  s a r i a s  co agrra co v l c h i n  22.5 ma HI ( 0 . 1  i n  Ha)  o f  ch r  a a r c u r y  barone:?: 

o r  cha c o r r a c c  b a r o o r c r i c  p r r r r u r r  v r l u a  r a p o r c r d  by  naa rby  Nrelonal :ed::s: 

S r r v i c r  Scrclon (rma alClEud. rbovr rrr~lavrl). a 

1.3.9 hkuLu&M 
e 

Carry ouc c a l c u l a c l o n r .  racalnlnl re l r r r c  OM axera dac-1 f l p r a  bayond 

ChaE o f  cha a c q u i r r d  b c a .  Round o f f  tlgurrr AfEar f i n a l  C A k u h C i O n r .  

e 
3 . ! 7 9  



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 5 . : :  

3 . 5 . 1 1 . 2  Analysis: ; k a  qullcy arruranca pro&rro raquicad t o r  ::,:s 

nachod includar chm analyrlr of :ha flald and machod blank., procadurr 
validaclons. and arulyrls of €irld rplkar. ma arrarrmanc of combustion C ~ T I  

and poricivm ldancl€lcaclon and quAnClCACiOn of foruldahydr arm dapandanc an 

:ha lncagrlcy of cha rroplar racalvad and tha prachlon and accuracy o t  cha 

anatyclcAl orchodolou. Qualley arruranca procadurrr for chlr M e h o d  a r a  

darlgnrd Co monleor chr prrforMncr O f  chr a M l y C k a l  m c h o d o l o ~  and eo 
provld. chr rmqulrad l n f o r u c l o n  CO C a b  COrracCiVr aCClon I f  problaor arm 

o b i a m a d  I n  laboracor). O p r r A C i O N  01 In f h l d  SMpllng aCClvlCla0. 

3.S.tl.2.1 F l a l d  8tankr: Clald b l a n k  o w e  br rubolccad wA:h 

:ha supla. collaccrd ac aach ramptlng i l e a .  Thr f l r l d  bianlrr Lnetuda :Ca 

sample boeclar concalnln( allquocr of  rampla-racovary rolvrncr. oachytana 
chlorlda and waerr, and umurd DNPH rrapnc. AC a alnlmm. on. cooplace 
sampling craln will br rrraablad l n  chr f l a l d  rca#lng araa. cakan EO cha 

sampllng arm, md la&-chocbd oe chr brslrmln~ and and of chr crrcln# (or :or 

:ha s u a  eoea1 n&r o f  elma u chr A C w l  r..~llry crrln). The proba of 
rha blank crlln w c  b. hrrcrd durlna chr r . lp lr  care. 
recovarad u 
?asred chroqb rh. blank a u p l l n &  craln. 

m a  Erala ut11 be 

lf l e  worm an u e u l  caoe r u p l r .  No 6urour rampla v t l t  ba 

1 . 9 . 1 1 . 2 . 2  Hoehod 8 l h :  A -ehod blank muse bo prrparad tor 
arch sac O f  aru lyc lca l  oporaclonr. FO a v r l u t r  C O n C M i M C i O n  And ArClfaCCS 
:hac can br drrlvrd from (larrwara. raqaner, and mapla handllng In cha 
taboraeory. 

. 



0 

0 

3 . 5 , l O .  2 Zhr avrragr dl rchargr  concrncraclon oC chr  FORq i n  :ha 

s f € l u r n c  gas 11 drcrmlnrd by cornparin( chr MAX POW wlch :ha v o l u r c r l c  !!ow 

:ace b r l n g  rxhaurcrd €roo :ha sou rc r .  
a i  a r r r u l c  of p r r l imi lu ry  EPA Mrchod 1 - b dACrmlnaCiOnr: 

Voluarcrlc flow racr  & C A  are avails::? 
0 

HAX POW conc - ;HAX POW *sa ]  / DV.rrf,U) 

WhArr: - volumrcric €low C A E ~  oC axhause 8.8, drca ( d r c f )  

FORM cone - anclclpacrg concrncraclon o f  chr  POW In :hr 0 

rxhauac (AS rcrram. #/dscm ( lb /d rc f )  

3.5.10.1 Ia -ln( chlr ca lcu l r c lon .  l e  l r  r r c o k n d r d  Chac a 

ra f rcy  marsin o f  .c l r u r  ern br 1nclud.d. 

[ L D h  x 10 / FOBH conc] - 0, 

Whrr.: 

L D h  - d.crcubLr mounc of FORH In  r n c l r r  r u p l l n g  crarn 

VY. - mlnlmum dry  rcandard v o l w  EO br c o l l r c c r d  A C  dry.  

(A. mrcrr 

0 

e 

e 



0 

0 

0 

0 

T a b l e  3 . j - 3  

EXPECTED METHOD P E R F O R W C E  FOR FORMLOEHYOE 

Par m a  err Prrcirion' ACCuraC9 Dacaccion Lioi:' 

!lacrix: DUAL crainr 2151 RPD 220I 1 .5  I LO" Ib/C:' 

( 1 . 8  ppbv)  

0 

0 

0 

0 

'Ralaclva parcanc diffaranca L L O L C  for d U l W A l n r .  
zLLmlc for  f l a l d  r p h  rrcovrrlrr.  
'?ha lowrr raportin8 1 L i c  havlna larr chm 1I probablllcy of frlra p o ~ i c i -  

dacacclon. 

0 

0 

0 



1 . 5 . 1 2 . 1  Yrchod p r r f o r m a n c r  rvaluaC!on: Thr r rprc:ad =.:hod 

par formanca  paramrcarr f a r  2 r a c i r i o n .  acc i l r acy .  and  drcac:;on LinLzr  a.re 

7rovid.d i n  Tabir 3 . 5 . 3 .  

0 

0 

0 

0 
Addi:ion o f  A FLl:ar co chr Fomaldahydr  Sampling T:ain 

I 
\ 
\ 

A S  A c h r c k  on Chr rumival o f  prrCiculACa macerial through ch r  impi?tgrr  

syrcam.  A f i l c r r , c r n  be addrd  co chr  impingar c r a l n  richmr a f c r r  :ha r r c o r d  

i m p i n g r r  o r  A€:.C :ha c h i r d  i m p i n g r r .  SLncr chr  i m p i n g r r r  A C ~  in an i c a  5a::. 

:harm is no rearon co hrac chr  f t l c r r  A C  c h l r  poLnC. 0 

0 

1 - 1 8 3  

0 

0 



0 

0 

s 

0 

e 

0 

;ompour.d S a m  CAS  NO^. 

Formaidrhydr 

Acrcaldrhydr 

50 - 0 0 - 0  

75-07.0 

3.6.1.2 Xrehod O O l U  18 A high  p a r f o m n c r  l i q u i d  chromacoqta?k;: 

(3PLC) mrchod opcimlrrd for ch r  d r e r m i l u c l o n  o f  formaldrhydr and rceca:ect:;:e 

in aqurous environarncal  macrlcma and l r achac r r  of r o l l d  r a a p l r r  and r:ack 

sampler col1rc:ed by  Xrchod 0011. bhrn c h l r  machod 1s ur rd  co analyrr 
cnfdmiliar samplr m ~ c r l c r s .  compound ld rnc i f l cac lon  should bo supported by a: 

Leal: on. add1:ional q I A A l ~ C A C l V a  c rchnlqur .  A &a1 chromcograph/marr Spec. 

::omacre ( G C / X S )  may br urad f o r  chr q r u l l c a c l v r  c o n f i r m e l o n  of  r r r u l c r  ::a: 

:he cargrc analycer. u l n g  cha rxcracc producrd by c h l r  machod. 

3.6.1.3 Tha mehod d rc rcc lon  l lnlcr (ML) arr l l r c a d  l n  Trblrs  

3 6 . 1  and 3 . 6 - 1 .  I(pL f a t  r p a c l f l c  S.llplr M y  d l f f r r  from ChaC LllEed 

deprndln i  upon chr  umrr  of  l n c r r f r r r n c r r  l n  cha r u p l r  ~ c r l x  and chr a o c :  

of  s a a p l r  u r d  l n  chr procrdurr. 

1.6.l.h Thr rxcracclon procrdurr  f o r  r o l l d  r.npir# l a  rlmllar :a 

chat  r p r c i f i e d  ln 3rchod 1311 (1). Thus. a ~ l n g l r  r-1. MY br excrac:ed :: 

measurr cha analycrr i nc ludad , in  chr rcopr  o f  och r r  approprlacr  methods. ?* 
analyse 1s allowad c h r  f l rxlb1l l :y  co s r t e c c  chroaACographlc condlclons 

3 .  :95 

0 



0 

0 

0 

0 

0 

e 

e 
3-18> 



0 

? 5 1 5 l l t r  mrchod k s  r a r c r i c : r d  c o  US. b y ,  o r  undrr  :ha s u p a r . . .  

s;on o t  ar.alyi:s a x p r r l m c r d  l n  chr  ulr o f  chromrcogrrphy and I n  :ha :?ca:;rea 

:a:ron o f  chromacogrmr  Each a r u l y r e  m u c  d r a o n r c r a c r  chr  abL!L:v :o 

~ e n a r a c r  a c c r p c a b l r  r r r u l c r  vl:h c h l r  mrchod 

1 . 6 . 1 . 6  Ihr c o x l c l c y  o r  c a r c l n o g r n l c l c y  of rack  r r a g e n c  u s r d  i ?  

:k . l s  m c h o d  h a r  noc b r a n  p r r c i r r l y  d a f l n r d ;  hovrvrr. rach chrmlcal comp0ur.d 

should  b r  crraead as s p o c r n c l a l  h r a l c h  h a z a r d .  From c h i s  v l r v p o t n c .  expos;:. 

: o  :k,arr c h r m i c a l r  must b r  r r d u c r d  co chr  lovrrC p o r r i b l r  l rvr l  by vhrcavar  

. ~ a a n r  avai !ab l r .  Thr 1aboraCory is r r r p o n r i b l r  for maincalnlng s c u r z r n c  

a v a r r n r r r  f l l r ,  o f  OSlu rr&drclons r q a r d l n g  chr  aatr h a n d l l n &  of chr c h r o i .  

c a t s  r p r c l f h d  I n  c h i s  mrchod. A r r f r r r n c a  f l l a  of M C W ~ A ~  r a f r e y  

s h r r c ,  Should a l l 0  bo Md. AVAllrblA CO A 1 1  pWaOnn.1 l f ~ ~ l ~ d  Ln Cha chrmlca! 

analysis. A d d l C l o N 1  COfOrOf~cr# CO 1 A b O r A C O C y  # A f @ q  A C r  rVAllAblr. 

3.6.1.7 Porp.ld.hyd. ha# b r a n  crneaclvrly claarltlrd a# a know. :: 

s u r p r c c r d .  h w n  o r  m l h n  carcino&rn. 

1 . 6 . 2  - .  

3.188 

0 



0 

d?LC cond::ions: Ravarra phase Cl8 c o l u n .  L . 6  x 250 m: :~ocracLc..a:~-:~~:: 
- r i n g  maChAnOl/V.C.r ( 7 5 : 2 5 ,  v / v ) :  t l o u  CACI 1.0 mL/min.: dacaccor 160-  :-: 

Af:ar corrac::on Cor LrborACory blank. 

iable 3.6-2 

HICH P C R F O W C C  LIQUID C H R O I U T O C U P W  COHDITIONS 
AND M62nOD DCTECTION LLXTS USING "YLL 'UC 

CnlDRIDC W f l I O N  

'0 

0 

0 

0 

0 

3 - 1 8 ?  



0 

0 

0 

0 

0 

0 

0 

0 

0 

3 6 3 1 1 CLasswara mu: ba SCr+ulOuSly cleanad C l a m  all 

3:assvara as soon as posrtbla af:@r usa  by r l n r i n g  u l e h  cha lase so lvan:  -sad  

:his should ba foilowad by daerrganc Washlng wlch hoc w r c i r ,  and : a x a s  'aa:h 

:ap uacar and d l s C t l l a d  wacar. I C  should chan ba dra tnad .  d r l a d .  and hmarad 

:n a laboracory ovan ac 13O'C Cor sava ra l  hours b r f o r a  ura Solvane r;?.sas 

u ~ c h  aachanol may ba subselcueid f o r  cha w a n  haaclng.  Afcar drytng and 

cooling. &larsvrra should ba scorad I n  a c l a m  anvlronmanc co pravanc  an'/ 

accumulaclon of durc o r  ochar concmlnancr .  

3 . 6 . 1 . 1 . 2  Tha US. of hlgh purlcy rar(ancr and solvancr  halps :o 

rnlnlnirr  l nc r r f a ranca  problamr. Pu r l f l cac ion  of  solvancr by d l r c t l l a e l o n  in 
all-glar# 1ySCrM M y  be r a q u l r r d .  

3.6.3.2 M u l y r i r  Cor fomaldahyd.  11 arprclally compllcrcrd by 1:s 

ublqu lcour  occurrrnca t n  cha anvlronmrnc. 

3 . 6 . 3 . 3  U c r i x  l n c r r f r r a n c a s  MY ba causrd by concrnlnancs :hac 

arm corxCracCrd from cha r u p l r .  Tha axcanc of  mcrlx tncar farancar  vi:: v a r y  

conr ldarably  from rourca co soure r .  drpandlnB upon chr  natura and d1varsi:y sf 

:ha maerlx b r l n a  s u p l a d .  No Inear farancar  h v r  barn obsrwod l n  ehr macrlcas 
s:udlad a i  a r a r u l c  of u i n s  r o l l d  rorbanc rxcraccion u opposed eo l l q u i d  
oxcracclon.  If l n e r r f r r r n c a r  occur ln  rubraqrunc s u p l r r ,  s o w  addiclonrl 

claanup 0.y ba M C U r U J .  

3.6.3.6 Tha r x t r n c  o f  lncarfrrrncar t k . c  u y  be ancountarrd urtng 

i i q u l d  c h r w r o g r a p h l c  crchniqrur har  not bran  fully u r a r r a d .  
HPLC c o n d l e l m  darcrlbrd illou f o r  a raroluclon o f  rhr rpaclfic compoundr 
covrrad by chlr mchod. orkrr mcrir componrner may Lncrrfrra. 

Alehough cha 

0 
1 . 6 . 6 . 1  Raaceion v a r n l  . 250 ol Ploranca Clark. 

3 - i90 

0 



e 

L 6 . 2 . i . 3  A maasurad v o t u a  of  aquaoua s a p l a  or an a p p r o p r i a : ~  
a,:ounc o f  s o l i d s  LaAChACr i s  b u f f e r a d  eo pH 3 and d a r i v r c l r a d  wi:h Z,.. 

i ;~ . i : rophany thydrAz lna  (DNPH) , u s i n g  r i c h a r  cha s o l l d  s o r b e n t  o r  :ha aa:?.:,:?:,? 

'sriVAC!zrclon/~xcrrcclon o p c t o n .  I f  eha i o l l d  s o r b a n c  o p e l o n  ts u s a d .  :?.e 

i a r i v a c i v a  is a x c r a c c r d  u s i n g  s o l i d  ro rbanc  CArCridgaa,  t o l l o w a d  by atu:;~?, 

.:;:!, acha,noL. :: :ha machytana c 5 l o r l d a  OpClOn Is usad .  cha d a r l v r c i v a  : r  

ex:raccad vi:h machylana c h l o r i d e .  ;ha machylana c h l o r l d a  axcrac:r a r e  

concanc racad  u s i n g  c h r  KUdamA-DAnlSh (K-D) procadura  And s o l v a n c  sachangad  

ir.co mOChAnOl p r i o r  co HPLC A n a l y s i s .  L i q u i d  c h r o ~ c o g r ~ p h l c  cond1:lons a r a  

C e s c r i b a d  whlch 7amlC cha 8aparAClOn And maaiuramrnc o f  fomAtdahyda  i n  :Ca 

excrace by Abiorbanca d a e a c c l o n  A C  I60 M. 

0 

0 

0 

3 . 6 . 2 . 2  S u c k  CAI Samples  C o l l a c c a d  by k c h o d  0011 0 

3 . 6 . 2 . 2 . 1  Thr a n c l r a  rampla r a c u r n a d  CO eha h b o r a c o r y  Is axcrac:c: 
,ii:h machylanr  c h l o r l d r  And eha m r c h y l r n r  c h l o r l d a  axerrcc l a  broughc up E O  a 

known v o l u a r .  

exch~n6.d And ConcrnCrACrd Or dlluCrd a1 M C a a l A V .  

M aliquot of c h r  mrChy1rM e h l o r l d .  a x e r a ~ c  li r o l v a n c  0 

3 . 6 . 2 . 2 . 2  Liquid chromacograph lc  C O n d i C i O M  A;r d.rcr1b.d Chat 

 para^: cha a r p a r a e l o a  uid n a a u r a m e n c  o f  Cormldahyda  l n  c h r  axcraec by 

a b s o r b a n c r  dacaceion AC j60 M. 



0 

0 

0 

3 ~ 6 . L . 1 0  S o l l d  sorbrnc car:ridgar . Packad vtch  500 m g  C L 8  i 3 a i a r  

o r  aquivalanc)' .  

0 

0 

0 

0 

0 

0 

0 

3 . 6 . L . 1 1  V a c u u  manifold . Capable o f  rimulcanaour a x c r a c : i b ~ .  a <  -; 

:a 12 r a p t a r  (Supalco o c  e q u i . J r l r n c ) .  

3 . 6 . b . ; 2  Sampla cararroL:r . 60 m l  caprci:y (Suprlco oc  squi.,a. 

Lent). 

1 . 6 . b . 1 1  Plprc  . Capabla o f  accuraCaly dalIverln6 0 . 1 0  a1 s o l u c i o n  

(P1pa-n or aqulvalrnc). 

1.6.b.lh h e a r  bach . Haacrd. wlch concrncrlc rlns covac. capab:c 

o f  :aoparacura conerol ((2) 2 ' C ) .  The bath  should br usad undar r hood. 

1 . 6 . k L 5  Volumcrlc Flasks 

3 . 6 . 5  - 250 or 500 01. 

3.6.5.2 Or&anlc-fraa wacar . ~ 1 1  rafrrrncrs co waerr l n  chis 
nachod rafac eo  organic-fro. raagrnc wacrr. as daflrud ln  O u p c r r  I S'J-Bk6 

3.192 

0 



L 6 . L . 2  s a p a r a c o r y  f . x r r 1  . iCS sl. 3i:h TrClon s:opcocit 

1 . 6 . b . 3 . L  Concrncracor  :.abr . 10 a1 g r a d u a t e d  (Koncas K.S;005C.::2: 

3 . 6 . L . 3  Kudrrna.Danish : K - 3 )  a p p a r a t u s .  0 

3: e : u i v r i a n t ) .  A ground glass 5:opp.r is used  :o p r r v r n c  evrpoca:ion I€ 

s x : - a C : s ~  

3 . 5  - 3 . 2  Evapora t ion  f’.ask . 500 s t  !Xoncrs K . 5 7 C O O L . X -  3r 0 

L 5 . L . 3 . 3  Snyder. c o i , a n  . 3 r r r  b a l l  m c r o  (Koncrs K.501000.3::1 _ _  ~. 

3 . 6 . L . 3 . 1 .  Snyder  c o t u n  - Two b a l l  macro (Koncrs  K.56900:.:32:!’ :: 0 

e q u i v a l a n c ) .  Aczach t o  concrn:racor  :ubr w i t h  s p r i n g s ,  c l amps .  o r  eq-i . :ale?.:  

dquiva lan : )  

equ iva lan : ) .  
3 . 6 . 1 ~ 3 . 5  S p r i n g s  . l/2 i n c h  (Koncrs  K.6627S0 o r  rquivr lrnc)  

0 1 . 6 . 4 . L  VLALS . 10. 15 m L .  glass wt:h T r f l o n  l t n r d  sc:ru c a p s  o r  

c r imp  c o p s .  

3 . S . b . 5  B o i l i n g  c h l p r  - Solvane  axeracead v l c h  mrchyl rna  c h l o r i t e  

e approx lmaca ly  10/1.0 mash (slllcon c a r b i d a  o r  r q u l v r t r n c ) .  

3 . 6 . b . 8  Hl@ p a r f o r m n c a  lLquld c h r o M e o ~ r a p h  (modular) 

3 . 6 . 6 . 8 . 2  Hi@ p r r r s u r a  I n j r c c l o n  v a l v a  r ich  20 rL l o o p .  

0 

0 



e 

e 

e 

e 

e 

0 

e 

e 

e 

3oncan:racion (sg/a?)  - 10.03 x (!4 HCL) x (sl HC1) 25.0 
x h a r a .  

N HCl - Soma1fCy o f  HC1 soluclon u r d  

rnl HCl - 01 O f  scandardlzrd HC1 roluClOn urad 

30.03 - !fV o f  formaldahyda 

-si>& 0.1 N HC1. >e Eormaldohvdo concancrrcion i s  c a l c u l r c a d  us;ng -50 

d i  3 . 5 . 5 . 1 b . 2  Scock tormaldahyda and acaealdahyda . Prapara by a 3 
; 6 5  O L  formalin and 0 . 1  g acaealdahyda eo 90 a1 o f  vacar and dlluca c o  LOO n: 

:ha concancraclon of acaealdahyda in chLr roluclon 1s 1.00 ag/ml. Calcularc 
:ha concancraclon o f  €oroaldahyda in c h l r  ioluclon u l n a  cha rarulcs of :ha 

asray parformad In Sacelon 3.6.5.1b.l.1. 

3 . 6 . 5 . 1 b . 3  Scock rcandard 101UCiON ba rrplrcrd d e a r  alx 
monthr. or roonar. l f  cowparlron wlch chack rcanhrda lndlcatrm a problaa  

1 . 6 . 5 . 1 5  Raacclon Soluclonr 

3 . 6 . 5 . 1 5 . 1  DNPH (1.00 ryL) - Dlrrolva U2.9 mg o f  70t  (v/v) raagan: 

in LOO a1 abaolucm rchanol. Sl l&c  hraclns or ronlcaclon m y  be nacarrary :a 

o f f a c c  dlrroluclon. 

3.6.5.15.2 Acrurr buffar ( 5  N) Prrparr by nauerallsiry &lacla1 
r c a c l c  ac ld  eo pkl S w l r h  S W W.On molurlon. Dllucr eo rcan&rd volw vlch 

'JaCIr .  

3 6 . 6  

e 
3.6.6.1 Sra chr lncroduccoy maerrla1 eo chlr Chaperr. OrgrnLC 

~ n a l y c r r ,  Sacelon b . 1  of SV-806. 

l . i 9 &  

e 



3 . 6 . 5 . 1  

3 . 6 . 5 . L  

1 . 5 . 5 . 5  

3 . 6 , 5 ~ 6  

0 

0 

22s)  2C,3, : ~ W , .  in o r g a n i c .  €:or raaganc wacrr .  

0 
3 . 6 . 5 . 7  iormaiin ( 3 7 . 6  prrcsnc. ( w / v ) ) ,  Cormaldrhydr i n  oc3ap::. 

Err* raagrnc w a c r r .  

3 . 6 . 5 . 8  A c r c l c  acid ( g l a c i a l ) .  CH,CO,H. 

1 . 6 . 5 . 9  Sodlua hydroxldr roluctonr NaOH, 1.0 N and 5 N .  

3 . 6 . 5 . 1 0  Sodlua chlor ldr .  NaCl. 

3.6.S.11 Sodlua rulflcr roluclon,  Na,SO,, 0.1 M. 

1 . 6 . 5 . 1 2  Hydrochlorlc Acid.  HC1. 0.1 N. 

0 1 . 6 . 5 . 1 3  Excracclon f l u i d  - Qllucr 6 0 . 3  a1 of 1.0 N NaOH and 5 . :  -.1 

g l a c l a l  a c r c l c  a c l 4  eo 900 a1 wlch or&anlc.frrr rrapnc  wacar. 
l i : r r  vlch o r p ~ l c - f r r a  rrqanc  wacrr. Thr pH should br 1 . 9 3  2 0.02. 

Dllucr co 1 

3.6.5.11 Scock rundard aoluclonr 

1.6.5.1k.l Stock f o m l d r h y d r  (appromiMC@ly 1.00 al/m1) - Prlpars  

b y  dlluclry 265 rl f o l v l l n  co 100 a1 wick or&anlc-frrr rrapnc  wacrr. 

1 . 6 . 5 . 1 1 . 1 . 1  Scandar4lraclon o f  f o l v l d . h y d .  scock roluclon . 
Trmsfrr a 25  a1 r l lqwc of a 0.1 n Na,sO, roluclon co a baakar an4 rrcord :!.e 

PH. A d d  a 25.0 a1 rliquoc of chr f o m l d r h y d .  rcock roluclon (SrCCLOn 

3 . 6 . 5 . 1 1 . 1 )  md rrcord chr pH. Tlcracr chlr alxnur back co chr Original 7 %  

1 . 1 9 1  

0 

0 

0 

0 



e 

e 

e 

e 

e 

e 

e 

e 

e 

3 ~ 5 .  i . 2 . 1  CLaanup 2 r a c a d u r a r  may r.oc ha r .acassary  f a r  a ra!a:i.;e : ; J  

c!ean Sample matrix. C!aAnUp p r o c a d u r a r  cacomar.dad I n  :his maCb.od 5.d':e 

bean used  f o r  :ha a n a l y s i s  o t '  v a r i o u s  sample :?pas. 

s:ancas damand :ha usa o f  an a1:rrnaClua C:eanup ? r o c a d u r a ,  cha analys: -:is: 

d a c a r n i n a  :ha a l u c i o n  p r o f i l a  and damonrcraca :hac :ha r acova ry  of far?i.al:e. 

hyda is no Lass  :han 8 5 r  o f  r s c o v a r i e s  s p a c i f i a d  Ln Tabla 3.6-3. Recover:/ - 5 :  

5a !over f o r  samplas  which fora a m u l s i o n s .  

i f  i u r c i c u l a r  c;::.;:. 

... 

3.6.7.2.2 If cha r a p l a  11 noc c l a a n .  o r  cha complaxlcy  i s  u n k n o w .  

:ha a n c t r a  rampla r h o u l d  ba c a n c r l f u g a d  r e  2500 r p m  t o r  10 mlnucas .  Oacanc 

:ha s u p a r m c a n e  l l q u l d  from ch* CanCrlfuga boCClr, and C l l c a r  chrough glass 

f l b a r  f l l c r r  p ~ p a r  Inco a conerlnrr whlch can br e l @ c l y  raalad.  

3.6.7.3.1 For aquaour r a m p t a r .  maaaura a 50 EO LOO m l  a l l q u o c  o f  ::? 

rdmpla.  QuAnClCAClValy C r a n a f a r  cha rampla ,aLiquoc t o  cha r a a c c l o n  v a r s s ?  

( S e c t i o n  3.6.k.L). 

1-196 
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0 

1 . 6 . 1  D-oc,Qull 

3.6.7.1 Excract ion of  S o l i d  S a p l e a  

0 

0 

3 . 6 . 1 . L . 1  A l l  s o l i d  samplas should  ba hooo&anaour. ;Ian :ha 

i s  n o t  d r y ,  daearmlna eha dry waL&hC O f  cha s q h .  u r i q  a taprasan:aci.,a 
0 al!Quoe 

3.6.7.1.1.1 Dacarminaclon o f  dry wai&hc . In cercaln c a l m s .  rampla 

toruler ara darirad b a r d  on a d y  ualghc b a r l r .  Vhan such drra is dasi:c?- .  

o t  taqulrad. a porclon of  rampla for dry  waL&C dmtarmlnaclon should  ba' 0 

. ia ighad ouc de the  same eina a 1  cha porclon usad for ~ I I A L ~ C L C A ~  dacatmiF.a::::. 

'.'hRPIIHG: ma dryin( o w n  should ba COnCALnad in  a hood or vancad. S i g n i f l -  

cane laborrcoy concMlMelon u y  rarulc from d y l n (  a h r a v i l y  0 

C O n C M l M C d  k u r r d o u  V U C .  S . P p l a .  

0 

3.6.7.1.2 Haarura 19 6 of l o l i d  Lnco a $00 m l  boccla vlrh a TaE:on 

k c r a c e  cha s o l l d  by rocacln( cha boccla ae apprOXlMCaly 30 t ? m  

Llnad. rcrrv cap or crlnp cop, and add $00 01 of axcrrcclon f lu ld  (Sacelon 

3 6 . 5 . 1 3 ) .  
e 

1-195 
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e 

0 

e 

e 

e 

0 

e 

e 

e 

e 

3 . 5 . ;  3 . 3  DarivAcizatLon and r i c r a c t i o n  o f  chr d r r i v a c i v r  can br 

a c e o m p i i s t a d  u s i n g  :ha r o l l d  rorbrnc (Srcc lon  1 . 6 . 7 . 3 . b )  o r  m t h y l r n r  c h l o r . . d e  

:?:Lon (Src:ion 3 . 6 . 7 . 3 . S ) ~  

3 . 6 . 7 . 3 . b  Sol ld  Sorbent O p c l o n  

3 . 6 . 7 . 3 . 6 . 2  Arrrobl r  cha Vacuum MnlfOld  And C O I V I ~ C E  t o  a Wac.: 

a i p i r r c o r  o r  V A C U ~ ~  p w p .  Araroblr  r o l l d  rorbrnc  CACCrldgal containing A 

rninlmum of  1.) g of  Cl8 rorbanc.  u i n s  connaceora rupp l l rd  by ch r  manuface.dr. 
o r ,  and accrch  chr aorbanc c r a i n  eo eha V A C U ! ~  u n l f o i d .  Condieton rack 
carer ldga  by p a r l i n g  10 01 diluCr A C r C A C r  b u f f r r  (10 01 3 N A C I C A C .  buf fe r  
d i r r o l v r d  In 2 S O  m l  uacrr) chrough cha rorbanc CArCridgr c r a l n .  

3.6.7.1.C.C A M  tho r racc ion  ro luc lon  co cha rorbrnc e ra ln  and 

d p p l y  A V A C U U  SO ChAC rh. r O h C l O l l  I1 drawn ChrOUgh Cha CArCridgar A C  a Ca:O 

of 3 eo 5 ol/min. R a l a u a  cha vaeuua .€car cha ro luc lon  h u  par l ad  through 
:ha r a rb rnc .  

. 

3 -  138 

e 



0 

l a j i e  3.6-3 

PLMl 90 ... 0 -6 8 . L i 3 0  .. 
Effluanc 

.. 

Phano I 
Coruldahyb. 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

3 . 6  ' 3 5 . 2  3omancari:y ramova cha Snydrr c o l m n ,  add 5 m i  a f  r e  

-a:hanol. a -: . s a d ,  o r  boi?lng c h l p .  and a c a c h  cha micro Snydar 

c a l m ,  Concrnerrca cha O X C r A C C  us ing  1 a1 o f  mChAnol eo pravac :?.e Sr.yea: 

c o l u n .  P l i c a  eha K . D  appArrCu1 on t h e  WACrr-baCh IO C h A C  chr conc~nC:ac~r  

x b a  1s p ~ r ~ l ~ l l y  lamarsad l n  cha hoc W A C r r .  Adjure eha v r r c l c a l  port 'tLon a t  

:ha apparacur  and eha vacar camprracura.  A I  Crqul r rd .  Co coap l r ca  concac::a- 
:ion. A C  cha p r o p r r  - I  ~ o f  d l r c l l l a c l o n  cha b a l l s  o f  cha column will 
acCivaly C h A C u r .  : chambers wlll noc € h o d .  L h n  cha Apparanc  vo1,aMc 

o f  l l q u l d  C ~ A C :  _ _ ,  rrmovo :ha K - D  appArACU1 And A l ? O W  I C  C O  d r a l n  and 

cool  f o r  A C  laarc .3 a i n u c r a .  

3 . 6 . 7 . 3 . 3 . 3 . 3  Rraovr chr Snyd.C C O ~ u a n  and r iNr  chr f l a s k  And l e i  

Lowar jo inc  v i c h  1-2 a1 of  machanol and ~ d d  EO concrncracor  cub.. 
sy r inga  l a  r r c o m r n d a d  fo r  ch i#  op r rac lon .  Adjurc cha aacracc voluna i o  1: 

ml. Scopprr  chr concancracor  cub. and i c o r a  r r f r i ( r rACrd  ac 6.C if f u r t h e r  
? r o c a i r i n g  w i l l  noc b r  parformad l a a a d i a e r l y .  

A 5 . m l  

I t  chr aacracc will b r  sCorad 
Longor chan N O  dayr .  1 C  Should ba C r A N f a r r r d  CO A vl.1 WlCh Taflon-l t? .ed 
s c r a u  CAP o r  c r l n p  cop. P roc r rd  wlch l i q u i d  chromacogrrphlc a n a l y r l r  i f  

€urchar  c laanup i r  MC r r q u i r r d .  

3 . 6 . 7 . 0  L.cturlon of Scack Gar S u p l r r  Col laccrd  by b e h o d  0011 

3.6.7.b.l k w r  chr aquaour v o l u ~  of chm rampla prior co axcrac- 
:ton ( f o r  mirnur docrrr inrc ion In caia chr  v o l w r  v u  noc MaiUrad  i n  e h r  

f l a l d ) .  P o u r  chr ramplo lnco a r r p a r a c o y  (-1 and draln chr  m c h y l a n r  

c h l o r l d a  lnco  a volumcrlc fluk. 

0 

3 . 6 . 7 . L . 2  LCracc chr  rqurour l o l u c i o n  v i &  C W  o r  c h r r a  Allquocl of  

mrchylana c h l o r l d . .  ~ d d  chr  mrchylana c h l o r l d .  racraccr Co chr  vo lun rc r i c  
€?ark .  



I 5 . : . l , j ~ l  Add 5 3 O f  dcaCaCa b u f f e r  And d d j u r c  :he 7H :a j 3 I 

: . J  ~ii::. 3:dc:a: a c a c i c  a c i d  Or 5 !i YaOH. 
:,r.:ai?.ar, dr.d ? l a c e  on a vr i rc .ac : ion  r h a k r r  f o r  t h o u r ,  

Add 10 m l  o f  DHPH reagrn:. s e a l  ::,* 

3 ~ 6 . 7 . 3 . 5 . 2  E x c r a c c  :ha rolueion w1:h chraa 20 m 1  2or:lar.r sf 

.x:hy!ena c h l o r l d a .  u s i n g  a 250 o1 raparacory  Cunnal. and coobina cha ne:?.:;. 

:en. ch?oCldb L r y a r r .  
emulrlon and c a n c r i f u g r  ac.2000 rpm f o r  t o  mlnucrr .  

a racaad  v l c h  :ha naxc a x c r r c c i o n .  

i f  an amulr lon f o r m  upon axcracc lon .  raoova:.:h? er,:::+ 

Srparaca  cha Layers rr,: 

3 . 6 . 7 . 3 . S . 3  A J r m b l a  a Kudarna-Danlrh (K-0) concancracor by 

a c r a c h i n g  a 10 o1 concancracor  cub. t o  a 500 a1 avaporacor f l a r k .  

3 a p p r r a c u r  wick 2 5  .a1 of r i c r a c e l o n  ro lvanc  co complaca eha q u n c i c a c l v a  

r r a n s f a r .  

gash cha i<. 

3 . 6 . 7 . 3 . S . k  A d d  on. co NO c l r an  b o i l i n g  c h l p r  eo cho avapora:'. ' ?  

flask and aecach a c h r r a  b a l l  Snydrr  colrun. 
dddlng abouc 1 nl mrchylrna c h l o r l d .  EO cha cop. Placr chr K.0 apparrcur  on a 

?.oc vaear back (OO-PO'C) so c h a t  chr  concrncracor  cub. 1s p a r c l a l l y  lamarsad 

i n  cha ho: u a c r r  and cho mcl r r  lower roimdad r u r f a c r  of cha €lark.  1s bachmd 

wick hoc vapor .  Adjwe cha vrrcicol  p o r l c l o n  of t h o  a p p a r a n u  md cha vace: 

:emprracurr .  a1 r r q u l r a d .  Co complrcr t h o  c o n c m c r a c i o o  l n  10.15 mln. A C  :?.e 

p r o p r r  racr of d l r c l l 1 o r i o n  chr  b d l r  o f  cha colum will acclvmly c h a c c r r .  ju: 

Prrrac chr  Snydrr c o l a  by  

-L-  -L--b- - -  - 4 1 1  m d  - 4 - h  - - - A - - . m A  m r 1 u r - r  ?he nnn.r.n~ va!-*c 
- r r - - - - - -  -..- -..--.- -___  .-_ __--- ---.. -- ..-- 

of l l q u i d  r a u b a r  10 01. rrmovr cha K - D  a p p a r a n u  and allow l e  co drAln and 

c o o l  Cor a l a u c  10 M i a .  

0 

\ 
0 

0 

0 

0 
3 . 6 . 7 . 3 . 9 . 5  P r i o r  eo l i q u i d  chromcographlc  a m l y r l r .  cha solver. :  

aurC ba axchanged co mmchrnol. Tha a r u l y r c  o w e  rnaurr qwnClCaClVa CrAnlfe: 

of cha a x c r a c e  concancraca.  Tho archangr  11 p a r f o r w d  as followr: 

e 
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0 

0 

3.5.: 5,l.!.2 Process oach callbraelon scandard roluclon :hrough -. e 6eri~a:izaclon o7:ion used for samplr processing (Srcclon 1.6.7.1.(. o r  

3 . 5 . 7 . 3 . 5 )  

3 6.: 5.L.2 Excarnal  r:andard callbraelon procrdurr 

3.6.: 6 . 1 . 2 . 1  AnAlyZl aach drrivaelzrd calibraclon scdndard .uri?.3 

rho chroma:ographic condieionr ;Iscad In Tablrr 3.6-1 and 3.6.2. and cabu!a:e 
?oak area agai-a: conconcracion injrctrd. rrruler m y  br urrd co  2copa-e 

calibraeion c u r J o S  for formdldrhydr And acrcaldrhydr. 

3 . 6 . 7 . 6 . 1 . 2 . 2  Thr working callbraelon cum. mure br vrrlflod on 

oach working day by c h r  mrarurrmrnc of  one o r  m o m  calibraclon rcandardr. : f  

chr rrsponrr f o r  any analycr varirr from chr prrviouly rrcabllrhrd rrrponrrs 
by mora ehr 101. chr care muse br rrpraerd urlns a frrah callbraelon scandard 

afcrr l e  1s vrriflrd chac chr analyeleal ryrcrm 1s ln concrol. Alcrrnatlvrly. 

a now calibraclon curvr may br prrparrd for ChaC compound. 
is available. Lc 1s convrnlrnc eo prrprrr a CallbraClOn c u r m  dally by 

analyrlng rcandardr along uleh care rmplrr. 

I f  an aucorrmplrr 

1.6 7 . 7  AMlyriS 

3 . 6 . 7 . 7 . 1  Arulyzr ~ ~ p l r r  by H P U .  urtng condicionr rrcabllrhrd in 
Srction 1.6.7.6.1. Tablrr 3 . 6 - 1  and 3 . 6 - 2  l l r c  chr rrcrncion clmrr and flDb 

chat wrrr obcalnrd undar char. COndiClON. Ochrr H P U  co lwru.  chroMcograph. 
ic condlclonr. or dacrccorr u y  br u r d  i f  cha rrqulrraantr for Srcclon 
3 . 6 . 8 . 1  arr mc. or lf cha data arm ulehtn cha limier dareribad ln Tablrr 
1 . 6 - 1  m d  3 . 6 - 7 .  

3 . 6 . 7 . 7 . 2  Sha wldrh of cha rrcrncion c L w  wlndov u r d  eo Mkr 

idrnclflcaclonr rhould br bared upon aaa#urrwnc# of  r s w l  rrcanclon cine 

varlaclonr of rcandardr ovrr chr courrr of r day. Ihrrr chmr cha SCandard 
drvlaclon of a rrerneion elma for r compound can ba usad eo calculacr a 

sugg*rcrd window a i r * :  hovrvrr. chr rrprrlrncr of cha u u l y r c  rhould ~ r l &  

hoavily ln chr incrrprrcacion of ehr chromaeogramr. 

3-292 
0 



e 

0 

3 . 6 . 7 , L . L  11 high ;ovals of formaldahyda arm prrsanc. :ha ax::ac: 

can be dii-:ed .ai:!! moblla phasa. ochawisa thr a x c r a c c  muse ba s o l v e n t  

exchangrd as described I n  Sacclon 3 . 6 . 7 . 5 . 1 . 3 .  If l o w  lavats o f  forma!Cek:;Cc 

are  prasanc. :ha sample should ba concancracad durlng cha solvanc exciar.3a 
0 

procaduro. 

3.6.7.5 

Colunn: 
Xobila Phase: 
Flow R A C ~ :  

UV Dacaccor: 
Injaccion volumr: 

3 . 6 . 7 . 6  

Chroaacographlc Condlclonr 

C18. 250 nm x L . 6  mm ID. 5 M a  partlcla s i r a  

m*ChAnOl/VACrr. 7 5 : 2 5  (V/V). LSOCrAClC 

1.0 ml/mln 
360 M 

20 Ab1 

0 

0 

0 

1.6.7.6.1 Establish llquld chromacographie oparacin# paraacnrr TJ 

producr A rrCanClon elma @quiVAl@nC CO ChAC lndlcacad In Tabla 1 . 6 - 1  f o r  r i e  

solld rorbrnc opclonr. or in Tabla 1 . 6 - 2  for mrchylrnr chloride opclon. 
Suggrrcad chromaco6raphle condlcionr are provldrd In Srcclon 3.6.7.5. P r e p a r c  0 

darlvaclzrd c d l b r a c l o n  rCm&rdr Accordin6 co chr procrdurr Ln Srcclon 

3.6.7.6.1.1. Callbraca ekr c h r o u c o ~ r a p h i c  ryrcrm ully chr axcrnul  ¶EAndd:i 
cachnlqur (Srcclon 3 . 6 . 7 . 6 . 1 . 2 ) .  

3 . 6 . 7 . 6 . 1 . 1  Prrparacion or caiibracion rsaniaraa 

3 . 6 . 7 . 6 . 1 . 1 . 1  Prrparr callbraclon acandard roluclolu of  formalda. 

hydr and ACrCdd.hyd. in wacar from cha rcock rcandard (Srcclon 3 . 6 . 3 . 1 '  2 )  0 
Prapara chair roluclonr AC cha follow in^ concrncraclonr ( in  r@l) by a a r r a i  

diluclon of  chr rcock rcandard roluclon: 50, 20. 10. Prrparr AddiCiOnAl 
Callbr.Cion rCAndard rolueionr ac cha followlry concrncraclonr. by dlluclon O f  

chr approprlacr 30, 20, or 10 #&/EL rcandrrd: 3 ,  0 . 5 ,  2 .  0 . 2 .  1. 0.1. 0 
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0 

:3:al v g / m l  - (RF) ( a r e a  o f  signit) (concancrac ton  fac:or)  
' 0  

0 
~ 

0 

0 

e 

0 

0 

0 

, ahare :  

Final Voluaa  of Excrac: 
cancen::a:!on faccor  - 

1cA:Lat Ex-race V o l ~ ~ a  

3 . 6 . 8 . 1  Refer :a Chapcar One of SY-8L6 t o r  guidance on qua:;:? 

concrol p r o c a d u r e s .  

3 6 9 1 The .'(DL concmncracionr l i s c r d  i n  Tabla 3 6 - 1  uarr ob:air.ad 

u s i n g  organic-trra u a c a r  and s o l l d  r o r b a n c  aXCraCClOn. 

achiavad  u s i n g  A f i n a l  a f f l u a n c  And s ludga  LaAchaCa 

Llrcrd i n  Tabla  3 . 6 . 2  warm obcalnad  u r i n g  o r & a n l c - f r a a  v a c a r  And aachylana 

c h l o r i d a  a x c r r c c i o n .  Similar r a r u l c r  war@ r c h l a v a d  u r l n g  r a p r a r a n c a c l v a  

macricar  . 

Slmi lar  rasul:s w a r e  

Tha HDL concancracronr  

3 . 6 . 9 . 2  Thlr machod h a s  baan carcad Cor l l n a a r l c y  of racovary f r m  

splkmd o r g a n i c - I r a .  uaC.C And ha* baan daoonrcracad CO be AppllCAbla over  :Cr 

rang. from 2 x .UL eo 200 x MDL. 

3.6.9.3 
m a c r l c r r .  :ha avara6a  rmcovariar p r a r a n c r d  In  Tabla# 3 . 6 - 3  and 3.6-0 vara 
obcalnad u r i n g  r o l l d  r o r b a n e  and w c h y l a n a  c h l o r i d o  a x c r a c c l o n .  r a r p a c c l v a l y  

T h m  r c a n b r d  d a v i a c l o n r  of cha parcanc  racovar). arm a h 0  lncludrd l n  Tablas  

I n  a r ing la  hbOrACOy a v d u C l O n  w i n g  S W a C A l  sp ikad  

3 . 6 - 3  And 3 . 6 - 4 .  

3.6.9.0 A r a p r r r a n c ~ c l v a  ChrOMCOgrM i r  prarancmd In 

FlguCm 3.6-1. 

0 

0 



: . j . : . T . L  i f  :ha paak area  maasuramanc i s  pravrntad by :ha ?rasar , ca  

. of o b s a v a d  i n c e r f a r a n c a s .  fur:har ,c leanup i s  required .  Howavar, nona of :?.e 0 
!500 mathod s a r i a s  hava Sean avaluacad f o r  :his procadura. 

3 . 6 . 7 . 8  C a l c u l a t i o n s  

3 . 6 . 7 . 8 . 1  Calculaca  aach rasponsa Paccor AI  follow^ ( m a n  valua 
i d s a d  o n  5 2 o i n C s ) :  - 

RF - araa o l  cha s i g n a l  

c 

1 . 6 . 7 . 8 . 2  C A ~ C U ~ A C ~  chr concancracton of  f o w l d a h y d r  and a c r c a l d a .  

hyda a 1  followr: 

run1 - (GI (rrra o f  r t F . 1 )  (concmcrrcton faccoe) 

whrra: 

F l ~ l  v o h w  of  racracc 
concracrrcion fucor - 

Inictal ruplr  (or Irackrcr) v o ~ u m  

NOTE: for rol ld  r u p l r r .  a dllucton Caccor OUIC ba tnc1ud.d in eha aqua- 

clan eo aecounc for chr wrtihc o f  cha 1.np1r u r d .  

3.6.7.8.3 Calculacr chr coca1 wat@c of Comaldahydm In chr scack 
gar I q l a  A I  fOllOW1: 

0 

0 

0 

0 
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Lpuldr 6 9 . 6  L6.1 2 50 12 

k r ~ ~ l d r k y d .  Raqrae 60.1 3 . 2  ¶O-  LOO0 
h e a r  

Ground- 6l.b 10.9  ¶O 

Llquldr U . 0  20.2 2 90 
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MODIFIED METHOD 5 SAMPLING TRAIN 
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1.0 SCOPE AND APPLICATION 

1.1 This method i s  dpp\ lCdble t o  the  determinat ion o f  Des t ruc t ion  and 
Removal E f f l c t e n c y  (ORE) o f  s e m i v o l a t i l e  P r i n c i p a l  Organic HdZardOUS Compounds 
(POHCs)  f r o m  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  emlsston r a t e s  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  withdrawn from an e m i s s i o n  
source a t  an i s o k i n e t i c  sampling r a t e  and are  c o l l e c t e d  i n  a multicomponent 
sampl ing t r a i n .  P r i n c i p a l  c o m n e n t s  o f  t h e  t r a i n  i nc lude  a h igh -e f f i c i ency  
glass- or q u a r t z - f i b e r  f i l t e r  and a packed bed o f  porous polymer ic  adsorbent 
res in .  The f i l t e r  I s  used t o  c o l l e c t  a;pahIr.-laden p a r t i c u l a t e  ma te r ia l s  and 
the porous polymer ic  resin t o  adsorb sea ivo1a t l l e  organic  species. 
Semivo la t i l e  species are  de f i ned  as conpounds w i t h  b o i l i n g  p o i n t s  >lOO'C. 

2.2 Comprehensive chemical analyses o f  the  c o l l e c t e d  sanple 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  
ma t c r  i a 1 s . 
3.0 INTERFERENCES 

3.1 Oxides o f  n i t r o g e n  (NOx) a r e  poss ib le  i n t e r f e r e n t s  i n  t h e  
de terminat ion  o f  c e r t a i n  water-so lub le compounds such as dioxane, phenol, and 
urethane: reac t i on  o f  these coqounds with NO i n  the  presence o f  moisture 
w i l l  reduce t h e i r  concentrat ion.  Other p o r s l h l t t t e s  t h a t  cou ld  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 r e  (1) s t a b i l i t y  o f  the  coapounds i n  methylene 
ch lo r i de ,  (2) t h e  f o r u t i o n  o f  r a t e r - s o l u b l a  organic  s a l t s  on t h e  r e s i n  i n  the 
presence o f  moisture,  and (3)  the so l ven t  e r t r a c t l o n  e f f i c i e n c y  o f  water- 
so lub le  conpounds f m m  aqueous media. Use o f  two o r  m r e  ions p e r  conpound 
f o r  gua l i t a t ! ve  and q u a n t i t a t i v e  ana\ys ls  can overcam ln te r fe rence  a t  one 
mass. These concerns should be addressed on a coqound-by-conpound bas is  
be fore  using t h i s  wthod. 

4.0 APPARATUS AND MATERIALS 

4.1 S a m l i n g  t r a i n :  

4.1.1 A schematic o f  the sdmling t r a i n  u s d  i n  t h i s  w t h o d  i s  
shown i n  F igure  1. This saap l ing  t ra in  c o n f i g u r a t i o n  I s  adapted fmm €PA 
Method 5 procedures, and, as such, t h e  m a j o r i t y  o f  the  nqulrcd q u i p a c n t  
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0 i s  i d e n t i c a l  t o  t h a t  used EPA Method 5 determinat ions.  ihe  new 
components requ i red  a r e  a condenser c o i l  and a sorbent module, which a r e  
used t o  c o l l e c t  s e m i v o l a t i l e  organic  m a t e r i a l s  t h a t  pass through t h e  
g lass-  o r  q u a r t z - f i b e r  f i l t e r  i n  the gas phase. 
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1.1.2 Construct ion d e t a i l s  f o r  the  bas i c  t r a i n  components a r e  g iven 
i n  APTD-OS81 (see Mar t in ,  1971, i n  Sect ion 13.0, References): comnercial 
models o f  t h i s  equipment are a l s o  ava i l ab le .  Spec i f i ca t i ons  f o r  the 
sorbent module a r e  prov ided i n  the  f o l l o w i n g  subsections. Add i t i ona l l y ,  
the fo l l ow ing  subsections l i s t  changes t o  APTD-0581 and i d e n t i f y  
a l lowable t r a i n  con f igu ra t i on  mod i f i ca t ions .  

4.1.3 Basic opera t ing  and maintenance procedures f o r  the sampling 
t r a i n  a r e  descr ibed i n  APTD-0576 (see Rom, 1972, i n  Sect ion 13.0, 
References). As co r rec t  usage i s  impor tant  i n  ob ta in ing  v a l i d  r e s u l t s ,  
a l l  users should r e f e r  t o  APTD-0576 and adopt the  operat ing and 
maintenance procedures out1 ined t h e r e i n  un less o t h e r d s e  spec i f ied .  The 
sampling t r a i n  cons is ts  o f  t h e  components d e t a i l e d  below. 

4.1.3.1 Probe nozzle: S ta in less  s t e e l  (316) o r  g lass w i t h  
sharp, tapered (30' ang le)  lead ing  edge. The taper  s h a l l  be on the 
ou ts ide  t o  preserve a constant  1.0. The nozz le s h a l l  be buttonhook 
o r  elbow design and const ructed f r o m  seamless tub ing  ( i f  made o f  
s t a i n l e s s  s t e e l ) .  Other cons t ruc t i on  ma te r ia l s  may be considered 
f o r  p a r t i c u l a r  app l i ca t ions .  A range of nozzle s izes  s u i t a b l e  f o r  
i s o k i n e t i c  sanpl ing should be a v a i l a b l e  i n  increments o f  0.16 cm 
(1/16 in . ) ,  e.g., 0.32-1.27 cm (1/8-1/2 in.), o r  l a q e r  I f  h igher  
volume sampling t r a i n s  a re  used. Each nozz le s h a l l  be c a l i b r a t e d  
according t o  the  procedures o u t l i n e d  i n  Paragraph 9.1. 

4.1.3.2 Probe l i n e r :  B o r o s i l i c a t e  o r  quartz-glass tub ing  n i t h  
a heat ing  system capable o f  ma in ta in ing  a gas t -erature o f  120 + 
14'C (248 + 25'F) a t  the  e x i t  end d u r i n g  sampling. (The t e s t e r  may 
o p t  t o  opzrate the  equipment a t  a temperature lower than tha t  
spec i f ied. )  Because the actual tcapcra ture  a t  the  o u t l e t  o f  the 
probe i s  no t  u s u a l l y  monitored d u r i n g  saapling, probes constructed 
according t o  APTD-0581 and u t i l i z i n g  the ca l ib ra t ion  curves o f  APTD- 
0576 ( o r  c a l i b r a t e d  according t o  th9 pmcedure o u t l i n e d  i n  APTD- 
0576) a re  considend acceptable. Either b o m r i l l c a t c  o r  quar tz-  
g lass  probe l i n e n  may be used f o r  stack teaperatures up t o  about 
480'C (900.F). Quartz l i n e n  shal l  bo used for  t m e r a t u r e s  between 
480 and 9OO'C (900 and 1650'F). (The so f ten ing  t e q e r a t u r e  f o r  
b o r o s i l i c a t e  i s  82O.C (1508*F), and for quar tz  1500'C (2732*F).) 
Water-cool ing o f  the s ta in less  steel  sheath w i l l  be necessary a t  
temperatures approaching and exceeding 500.C. 

4.1.3.3 P i t o t  tube: Typo 5, as descr ibed i n  Sect ion 2.1 o f  
EPA Method 2, o r  o the r  appropr ia te  dev ices (Vol lam, 1976). The 
p i t o t  tube s h a l l  be at tached to  tho pmbo to a l l ow  constant 
m n i  t o r i n g  o f  t h e  stack-gar v e l o c i t y .  The i q a c t  (high-pressure) 
opening p lane o f  the p i t o t  tube sha l l  be even w i t h  o r  above the 
nozzle e n t r y  p lane (see €PA Method 2, F igure  2-6b) du r ing  sanpling. 
The Type S p i t o t  tube assembly shal l  have a known coe f f i c i en t ,  
determined as o u t l i n e d  i n  Sect ion 4 o f  EPA Method 2. 
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4.1.3.4 Di f fe ren t i a l  Pressure gauge: Inc l ined manometer o r  
equivalent device as described i n  Section 2.2 o f  €PA Method 2. One 
manometer sha l l  be used f o r  velocity-head (AP) readings and the 
other f o 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 l l t e r  holder: 8oros i l i ca te  glass, wi th  a glass frit 
f i l t e r  support and a s e a l i n g  gasket. The seal ing gasket should be 
made o f  mater ia ls tha t  w i l l  not introduce organic material i n to  the 
gas s t r e a m  a t  the temperature a t  which the f i l t e r  holder w i l l  be 
maintained. The gasket shal l  be constructed of Teflon o r  materials 
o f  equal o r  be t te r  ckarac ter ls t i cs .  The holder design shal l  provide 
a pos i t i ve  s e a l  against leakage a t  any point  along the f i l t e r  
clrcumference. The holder shal l  be attached imnediately t o  t h e  
o u t l e t  o f  the cyclone o r  cyclone bypass. 

4.1.3.6 F i l t e r  heatinq system: Any heating sys tem capable o f  
maintaining a temgerature o f  120 + 14'C (2M t 25.F) around t h e  - 
f i l t e r  hojder dur ing s a ~ g l i n g .  Other te6eratures.  may be 
appropriate f o r  p a r t i c u l a r  appl icat ions. A l ternat ive ly ,  the t e s t e r  
may opt t o  operate the equipment a t  tenperatures other than t h a t  
specif ied. A t e  erature gauge capable of measuring temperature t o  
w i t h i n  3.C (5.4.F 7 sha l l  be i n s t a l l e d  SO tha t  the temperature around 
the f i l t e r  holder can be regulated and monitored during sawl ing.  
Heating systems other than the one shown i n  AP10-0581 may be used. 

4.1.3.1 Organic Saapllng d u l e :  This u n i t  consists o f  three 
sections. including a gas-condl t ion ina  section. a sorbent traD. and 
a condensate knockout trap. The g b c o n d i t i o n i n g  system s h i l l  be 
capable o f  condi t ioning the gas leaving the back h a l f  o f  the f t l t e r  
holder t o  a tenperature not exceeding 2O'C (68.F). The sorbent trap 
sha l l  be sired t o  contain approx iwte ly  20 g o f  porous polymeric 
res in  (Rohm and Haas XAD-2 or q u i v a l e n t )  and shal l  be jacketed t o  
maintain the i n te rna l  gas tcclperatura a t  17 + 3.C (62.5 5 . 4 . F ) .  
The most c m n l y  used coolant i s  i c e  water  f k m  the inpinger l c e -  
uater  bath, constant ly circulated through the outer Jacket, using 
rubber or p l a s t i c  tubing and a p e r i s t a l t i c  puw. The sorbent t r a p  
should be o u t f i t t e d  with a glass wel l  or depression, appropriately 
sirad t o  aCcOIDdate a s v l l  t hemcoup le  i n  the t rap  f o r  monitoring 
the  gas ontv  t l q e r a t u n .  Tho condensate knockout t rap shal l  be o f  
s u f f i c l m t  s l r e  t o  c o l l e c t  tho condensate fo l lowing gas 
condit ioning. Tho organic m d u l o  coqonents sha l l  be oriented t o  
d i r e c t  tho flow o f  condensate f o d  v e r t i c a l l y  domuard f r o m  the 
:&;t!Gii;iii i i i i i u n ,  l h m q n  inr adsorbant m a l a ,  and ln to  the 
condensate knockout trap. Tho knockout trap i s  usual ly s i m l l a r  i n  
appearance t o  an empty i q i n g e r  d i r e c t l y  underneath the sorbent 
d u l e :  It MY be oversfzed but should have a shortened center s t e m  
(a t  a mlnlmm, one-half the  length o f  the n o m 1  inpinger stems) t o  
c o l l e c t  4 l a v e  v o l w  of condensate u l thou t  bubbling and 
overf lowing i n t o  the i m i n g e r  t ra in .  A l l  surfaces of the o q a n i c  
nodule wetted by the gas s r q l e  shal l  be fabr lcated o f  boros i l icate 
glass, Teflon, or other Inert  u t e r i a l s .  Coumercia1 versions of the 
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complete organic  module are not  c u r r e n t l y  ava i l ab le ,  but  may be 
assembled from COntMrC~dl ly  d v d i l a b l e  labora tory  glasSWdre and a 
custom-fabr icated sorbent t rap .  h t d !  I S  O f  tW dCCeptdble designs 
are shown i n  Figures 2 and 3 ( t he  thennocouple w e 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-gdS moisture 
content,  f o u r  P=l- 00-mL Imp ngers, connected i n  ser ies  w i t h  leak- f ree  
ground-glass j o i n t s ,  f o l l o w  the  knockout t rap.  The f i r s t ,  t h i r d ,  
and fou r th  impingers sha l l  be o f  the GreenburpSmith design, 

tube extending about 1.3 cm (1/2 i n . )  from the bottom o f  the ou ter  
c y l i n d e 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 imptngers sha l l  
con ta in  known quant i  t i e s  o f  water o r  appropr ia te t rapp ing  so lu t i on .  
The t h i r d  s h a l l  be empty o r  charged w i t h  a caus t ic  so lu t i on ,  should 
the Stack gas conta in  hydroch lo r ic  ac id  (HC1). The f o u r t h  sha l l  
con ta in  a known weight of s i l i c a  ge l  o r  Zqu ivd len t  desiccant.  

mod i f ied  by rep lac ing  the t i p  w i t h  d 1.3-cm (1/2-in.) I . D .  glass  

4.1.3.9 Cleterlng system: The necessary conponents are b 
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-gdS meter capable o f  
measuring volume t o  w i t h i n  lX, dnd r e l a t e d  equipment, as shorn i n  
F igure  1. A t  a minimum, the  punp should be Capable o f  4 cfm f r e e  

0-999.9 cu f t  wi th a eso lu t i on  o f  0.005 cu  ft. Other meter ing 

i s o k i n e t i c i t y  and o f  determin ing sanple volumes t o  w i t h i n  2X m y  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  SdIIpl!ng rates.  Sanpl ing t r a i n s  
using meter ing systems designed f o r  f low ra tes  h igher  than those 
descr ibed i n  APTD-0581 and APTD-0576 m y  be used, prov ided 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 arc mat. 

4.1.3.10 Barometer: Mercury, aneroid, o r  o the r  barometer 
Capable o f  measuring a t m s p h e r i c  pressure t o  w i t h i n  2.5 m Hg (0.1 
in .  Hg). I n  mny cases the  barometr ic  reading m y  be obtained f r o m  
a nearby Nat iona l  Weather Serv ice s t a t i o n ,  i n  which case the  s t a t i o n  
value (which i s  the absolute b a r o n a t r i c  pressure) i s  requested and 
an adjustment f o r  e l e v a t i o n  d i f f e rences  between the weather s t a t i o n  
and sampling p o i n t  i s  applied a t  a r a t e  o f  minus 2.5 nu Hg (0.1 In .  
Hg) p e r  30-ln (100 ft) e l e v a t i o n  increase ( v i c e  versa f o r  e leva t i on  
decrease). 

f low,  and t h e  dry-gas meter should have 1 record ing CdpdClty o f  

systems Capable o f  m i  i n t a i n i n g  sanpl ing r a t e s  w i t h i n  10s o f  

4.1.3.11 Gas dens i t y  de terminat ion  equipment: TemperdtUre 
sensor and Dressure gauge (as descr ibed i n  Sect ions 2.3 and 2.4 o f  
€PA Method i), and gas - a n i l y r e r ,  i f  necessary (as descr ibed i n  EPA 
Hethod 3 ) .  The teaperature sensor I d e a l l y  should be p e m n e n t l y  
a t tached t o  t h e  p i t o t  tube o r  S m l l n g  probe d 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  t h e  sensor ertends beyond the 
leading edge o f  the probe sheath dnd 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  to  use i n  t h e  
f i e l d .  Note, however, t h a t  If t h e  temperature sensor is attached i n  
t h e  f i e l d ,  the sensor must be placed i n  an i n te r fe rence - f ree  
arrangement w i t h  respec t  t O  t h e  Type S p i t o t  tube openings (see €PA 
Method 2.  Figure  2 - 7 ) .  
no m r e  than 1% i n  t h e  average Ve loc 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. 

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  0 

- 
4.1.3.12 C a l i  b r a t  f o n / f i e l d - p r e p a r a t l o n  record:  A permanently 

bound labo ra to ry  notebook, in which d u p l i c a t e  CODIeS o f  data may be m - 
made dS they arc be ing  recorded, I s  requ i red  f o r  documenting-and 
reco rd ing  c a l l b r a t i o n s  and p repara t i on  procedures ( i  . e . ,  f i  1 t e r  and 
5 1  1 i c a  gel t a r e  weights,  c lean XAD-2, qual 1 t y  assurance/quali t y  
c o n t r o l  check r e s u l t s ,  dry-gas meter, and thennocouple C d l  i b r a t i o n s ,  
e tc . ) .  The d u p l i c a t e  copies should be detachable and should be 
s t o r e d  separa te ly  i n  the  t e s t  program arch ives.  0 

4.2 Sample Recovery: 

4.2.1 Probe l i n e r :  Probe nozz le  and organ ic  module cond i t ion ing  
s e c t i o n  brushes: ny lon b r i s t l e  brushes r i t h  s t a i n l e s s  s t e e l  w i r e  handles 
a r e  requi red.  The probe brush s h a l l  have extensions o f  s t a i n l e s s  s t e e l ,  
Te f lon ,  or I n e r t  m a t e r i a l  a t  l e a s t  as long as the  probe. The brushes 
Sha l l  be p r o p e r l y  slzed and shaped t o  brush o u t  the  probe l i n e r ,  the 
probe nozzle, and the organ lc  module c o n d l t l o n i n g  sect ion.  

4.2.2 Ursh b o t t l e s :  Three. Tef lon or glass wash b o t t l e s  are 
rccomcnded: po lye thy lene r a s h  b o t t l e s  should n o t  be used because organlc 
contaminants may be ex t rac ted  by exposure t o  o rgan ic  so lvents  used f o r  
sample recovery.  

4.2.3 Glass s-10 ;torago con ta lne r r :  Chemically r e s i s t a n t ,  
b o r o s l 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 les  
should be t l n t e d  t o  prevent  a c t i o n  o f  l t 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 l on  o r  cons t ruc ted  so as t o  be l eak - f ree  and r e s i s t a n t  
t o  chemical a t t a c k  by o rgan lc  k c o v e r y  so\vents.  Narrow-mouth glass 
b o t t l e s  have been found t o  e x h l b l t  l e s s  tendency toward leakage. 

4.2.4 ktrl dlshes: Glass, sealed around t h e  circumference w i t h  
wide (1-in.) Teflon tapo, for storage and t ranspor t  o f  f i l t e r  samples. 

4.2.5 6rMurt.A $!*p &!=<e:: ?e u:::rr' :::i:?::i 
water  t o  t h o  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  not >2 EL. Laboratory  t r ip le -beam balances capable o f  
relghing t o  3 . 5  g o r  b e t t e r  am rquired. 

4.2.6 P l r s t l c  storage contrlmn: Scrw-cap polypropylene or 
po lye thy lene  c o n t a i n e n  t o  s t o w  sillca 901. 

4.2.7 Funnol and rubber poltceun: To a i d  i n  t r a n s f e r  o f  s i l i c a  
gel t o  c o n t a i n e r  (not necessary i f  s i l l c a  ge l  i s  re ighed  i n  f i e l d ) .  

e 
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4 .2 .8  Funnels: Glass ,  t o  did in s a q l e  recovery. 
0 

0 

0 

0 

0 

0 

0 

0 

4.3 F i l t e r s :  G l d S S -  o r  quartz- f iber f i l t e r s ,  without organic binder, 
e x h i b i t i n g ~ s t  99.95~ e f f i c iency  (<0.05X penetration) on 0.3-urn dfocty: 
phthalate smoke par t i c les .  The f i l t e r  e f f ic iency t e s t  shal l  be conducted in 
accordance w i th  ASTM standard method 02986-71. Test  data f r o m  the suppl ier 's 
qua l i t y  control  program are su f f i c i en t  f o r  t h i s  purpose. I n  sources 
containing SO2 o r  503, the f i l t e r  material must be o f  a type that i s  
unreactive t o  SO o r  SO3. Reeve Angel 934 AH o r  Schleicher and Schwell 13 

4 . 4  Crushed i c e :  Quanti t ies ranging from 10-50 l b  nay be necessary 
during a sampling run, depending on ambient air temerature. 

4.5  Stopcock grease: Solvent-insoluble, heat-stable s i 1  icone grease. 
Use o f  s i l l cone grease upstream o f  the module i s  not pennitted, and amounts 
used on components located downstream o f  the organic module s h a l l  be 
minimized. S i l icone grease usage i s  not necessary i f  screw-on connectors and 
Teflon sleeves o r  ground-glass j o i n t s  are used. 

4.6  Glas$ wool: Used t o  plug the u n f r i t t e d  end o f  the sorbent module. 
The glass-wool f i b  e r  should be solvent-extracted wi th  methylene chloride i n  a 
Soxhlet ext ractor  f o r  12 h r  and a i r -d r ied  p r i o r  t o  use. 

f i l t e r s  work we1 f under these conditions. 

5.0 REAGENTS 

5.1 Adsorbent resin:  Porous polymeric res in  (XAD-2 o r  q u i v a l e n t )  i s  
recomnded. These resins shal l  be cleaned p r i o r  t o  t h e i r  use f o r  sample 
co l lect ion.  Appendix A o f  t h i s  method should be consulted to  detennine 
appropriate precleanlng procedure. For best resul ts,  res in  used should not 
exh ib i t  a blank o f  higher than 4 g / k g  o f  t o t a l  chmrratographdble organics 
(KO) (see Appendix 8) p r i o r  t o  use. Once cleaned, res in  should be stored i n  
an a i r t i g h t ,  wide-mouth d&cr glass container w i th  a Teflon-l ined cap o r  
placed in one o f  the glass sorbent d u l e s  t i g h t l y  sealed w i th  Teflon f i l m  and 
e las t i c  bands. 

5.2 S i l i c a  el: Ind icat ing type, 6-18 msh. I f  previously used, dry a t  
175'C (350 ' d h r  before using. New s i l i c a  gel m y  be used as received. 
A1 ternat ive ly ,  other types o f  desiccants ( q u i v a l e n t  o r  bet ter )  MY be used, 
subject t o  the approval o f  the Administrator. 

5.3 I m i n g e r  solut ions: D i s t i l l e d  organic-free water (Type 11) shal l  be 
used, unless s m l i n g  i s  intended t o  quant i fy  a pa r t i cu la r  inorganic gaseous 
species. If sarg l lng i s  intended t o  quant i fy  the concentrdtlon o f  addit ional 
species, the i q i n g e r  so lut ion o f  choice shal l  be subject t o  Administrator 
approval. This water should be prescrecned fo r  any coqounds of interest .  
One hundred mL w i l l  be added t o  the speci f ied im inger :  the t h i r d  i-inger i n  
the t r a i n  may be charged w i th  a basic so lut ion (1 N sodium hydroxide o r  sodium 

should be used when large s m l e  vo1uoas are an t l c lp r t sd  because sodium 
hydroxide w i l l  react  w i th  carbon dioxide i n  aqueous media t o  f o l r  sodium 
Carbonate, which M y  possibly plug the i i lpinger. 

The res in  should be used w i th in  4 r k  o f  the preparation. 

acetate) t O  prOteCt the Saapllng pUrp from acidic gaSeS. sodium acetate 
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5.4 Sample recovery reagents: 

5.4.1 kcthylane chloride: Distilled-in-glass rade Is required f o r  
sample recovery and cleanup (see Note to 5.4.2 below . 

5.4.2 Methyl alcohol: Oistilled-in-glass grade i s  required for 
sample recovery and cleanup. 
MOTE: Organic solvents from metal containers may have a high 

-residue blank and should not be used. Sometimes suppliers 
transfer solvents from metal to glass bottles: thus blanks shall 
be run prior to field use and only solvents with low blank value 
(<0.0011) shall be used. 

e ! 

5.4.3 Yater: Yater (Type 11) shall be used for rinsing the organic 
module and condenser conponent. 

e 
6.0 SAMPLE COLLECTION, PRESERVATION, AN0 HANOLIIIG 

6.1 Because of colnplexity of this mathod, field personnel should be 
trained in and experienced with the tost p m c e d u n s  i n  order to obta ln  
reliable results. 

e 

6.2.1 All the comonents shall be maintained and calibrated ' 

6.2 Laboratory preparation: 

according to the p m c e d u n  described i n  APTD-0576, unless otherrise 
spec1 f i ed. 

6.2.2 Yeigh several 200- to 300-9 port ions of silica gel i n  
airtight containers to the nearest 0.5 g. Record on each container the 
total welght of the sillca gel plus contalnen. As an alternative to 
preweighing the silica el, it u y  instead be weighed directly in the 

6.2.3 Check filters visually- against light for irrqularitfes and 
flaws or pinhole leaks. Label the shlpping containers (glass Petri 
dishes) and k e q  the fllters i n  these contalners at a11 times except 
during s a q l i n g  ad wighing. 

pressure for at least 24 hr, and w i g h  at Tntrnals of at least 6 hr to a 
constant weight (i ,e.,  <0.5-q chrn e fmm pmvlous weighing), recording 
results to the nearest 0.1 ag. Our ng each rat htng the filter must not 
be exposed for mre than a 2-.in prrlod to the aboratoty atmsphere and 
relative humldity above 501. Alternrtivrly (unless otherrise specified 
by the Administrator), the fllten may br own-dried at 105'C (2ZO.F) for 
2-3 hr, deslccated for 2 hr, and weighad. 

e 

e 
inpinger or s w l i n g  ho 0 der just prior to train assenbly. 

6.2.4 Oesiccate the ftlten at 20 + 5.6.C (68 2 10'F) and abient 0 

f 1 
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6.3 Prel iminary f i e l d  determinations: 

6.3.1 Select the sampling s i t e  and the minlmum number o f  sampling 
points  according t o  EPA Method 1 o r  as specif ied by the Administrator. 
Deternine the stack pressure, temperature. and range o f  ve loc i ty  heads 
using EPA Method 2. I t  i s  recomnended that  a leak-check o f  the p i t o t  
l i n e s  (see EPA Method 2,  Section 3.1) be perfoned. Detcnninc the stack- 
gas m o i s t u r e  content using EPA Approximation Method 4 o r  i t s  a l ternat ives 
t o  establ ish astimates o f  i sok ine t ic  sampling-rate sett ings. Deternine 
t h e  stack-gas dry molecular weight, as described i n  EPA Method 2, Section 
3.6. If 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 sanple run. 

6.3.2 Select a nozzle size based on the range o f  ve loc i ty  heads so 
tha t  i t  i s  not necessary t o  change the nozzle s ize 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 sui tab le probe l i n e r  and probe length so that a l l  
t raverse points  can be saapled. For large stacks, t o  reduce the length 
o f  the probe, consider sarapling f rom opposite sides o f  the stack. 

6.3.4 A ninimua o f  3 dscm (105.9 dscf) o f  s w l e  volume i s  required 
f o r  the d e t t m i n a t l o n  o f  the Destruction and Recmval Ef f ic iency (ORE) o f  
WHCs f r o m  inc inerat ion systems. Addit ional s w l e  v o l l l r  shal l  be 
co l lected as necessitated by analy t ica l  detection l i m l t  constraints. To 
deternine the minimum s a q l e  vo lum r q u i r e d ,  r e f e r  t o  s m l e  
calculat ions i n  Section 10.0. 

6.3.5 Deternine the t o t a l  length o f  s m l i n g  time needed to  obtain 
the i d e n t i f i e d  minimua vo lum by c o q a r i n  the ant ic ipated average 

traverse points defined by EPA Method 1. To avoid timekeeping errors, 
the length o f  t i m e  sampled a t  each traverse po in t  should be an i n t q e r  o r  
an integer p lus one-half Din. 

6.3.6 I n  s o n  circumstances (e.g., batch cycles) i t  may be 
necessary t o  s-10 for shor te r  tiwr a t  t h r  traverse points and t o  
obtain smaller g a s - s q l e  vo l tms.  I n  these cases, the Addn is t ra to r ' s  
approval must first br o b t r i n d .  

6.4 Preparation o f  co l l ec t i on  t ra in :  

6.4.1 During preparation and assclably o f  the s a q l i n g  t ra in ,  keep 
a11 openings where contamination can occur covered r l t h  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  asscably o r  u n t i l  sarpl ing i s  about to  
b q i  n. 

sampling ra te  r l t h  the volume r q u l r m e n t .  A1 ! ocate the s a w  t iw t o  a11 
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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 t h  
approximstely 20 g of clean adsorbent resin. whi le  f i l l i n g ,  ensure t h a t  
the t rap  packs uni fomlY, t o  el iminate the p o s s i b i l i t y  o f  channeling. 
Yhen f resh ly  cleaned, many adsorbent resins carry a s t a t i c  charge, which 
w i l l  causcc l i ng ing  t o  t rap wal ls.  This may be minimized by f i l l i n g  t h e  
t rap i n  the presence o f  an a n t i s t a t i c  device. Comncrcial an t i s ta t i c  
devices include nodel-204 and Rodel-210 manufactured by the 3M Company, 
S t .  Paul, Minnesota. 

6.4.3 I f  an l m i n g c r  t r a i n  i s  used t o  co l l ec t  moisture, P l d C C  100 
mL o f  w a t e r  i n  each of the f i r s t  two impingers, leave the t h i r d  impinger 
enpty (o r  chaqe  wi th  Caustic SOlUtiOn, as necessary), and t rans fe r  
approximately 200-300 g of preweighed s i l i c a  gel f rom i t s  container c z  
the four th  inpinper. 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 f r o m  the 
iapinger dur ing sangling. Place the container i n  a clean place fo r  l a t e r  
use i n  tho s a p l e  recovery. A l t e r n i t i v e l y ,  the weight o f  the s i l i c a  gel 
p lus  i m i n g e r  may be detemined t o  the nearest 0.5 g and recorded. 

6.4.4 Using a tweezer o r  clean disposable surgical gloves, place 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 
t ha t  the f i l t e r  i s  proper ly centered and the gasket properly placed to 
prevent the s a q l e  gas stream frcn circumventing the f i l t e r .  Check the 
f i l t e r  f o r  tears a f t e r  asscllbly i s  comlcted. 

6.4.5 men glass l ine?¶ am used, i n s t a l l  tho s e l c c t d  nozzle using 
a Viton-A O-ring when stack tamera turer  a m  <260*C (5OO.F) and a woven 
g lass- f ibor  gasket rhon t a p e r a t u m s  am higher. Soe APTD-0576 (Ram, 
1972) f o r  do ta i l s .  Other connecting systems u t i l i z i n g  e i ther  316 
s ta in less steol  o r  Teflon fer ru les MY be used. men  metal l i ne rs  a r e  
used, i n s t a l l  tho nozzle as above, o r  by a leak-free d i r e c t  mechanical 
connection. Hark the p r o k  w i t h  h e a t - w r i s t m e  tape o r  by some other 
method t o  denote the proper distance i n t o  the stack o r  duct f o r  each 
s a q l i n g  point. 

6.4.6 Set up tho t r a i n  as i n  f i gu re  1. During assembly. do not use 
any s i l i cono  grease on ground-glass j o i n t s  that  are located upstream o f  
the organic mdulo.  A very l ight  coating o f  s i l i cone  grease may be used 
on a l l  ground-glars Jo ints  t h a t  am l o c a t d  d o m s t r e m  o f  the organic 
module, bu t  i t  should bo l i m i t e d  t o  tho outer portion (see APTD-0576) o f  
the ground-glass j o i n t s  t o  minimizo s i  1 icono-grease contami ndtion. 
Subject t o  tho r p ~ r o v a l  o f  the Admlnistrator, a glass cyclone MY be used 
between tha &nd .the ?!!ter he!&? !!!e!! !!!e !e!*! p*rt!cn!!?e c:!ch 
i s  expectod to  excad  100 ag or rhon wator droplets a m  present i n  the 
stack. The owrnic  c d u l e  condensor mst bo u i n t a i n e d  a t  a tcaperature 
o f  17 2 3'C. Connect a l l  t r g o r a t u m  sonson t o  an appropriate 
po tOn t f~UtOr /d (Sphy  unit. Check a l l  t m r a t u m  senson a t  anblent 
t -ora turn. 

6.4.7 Place crushed i c e  around the i q i n g e n  and the o q d n i c  module 
condensate knockout, 

- 

0 

0 

0 

e 

e 

0 

0 

0 

0 

0010 - 12 
Revi sion 0 
Dato Septcnber 1986 



0 6.4 .8  Turn on the sorbent module and condenser coil C O O 1 d n t  
r ec i r cu la t i ng  pun0 and begin monitoring the sorbent module gas entry 
tengerature. Ensure proper sorbent module gas entry tewerature before 
proceeding and again before any salrpllng i s  i n i t i a ted .  I t  i s  extremely 
important tha t  the XAD-2 res in  teqe ra tu re  never exceed 5O'C (122'F), 
because thermal 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  in terest .  

0 

0 

0 

0 

0 

0 

0 

0 

6.4.9 Turn on and s e t  the f i l t e r  and probe heating systems a t  the 
desired operating temperatures. Allow time f o r  the t e n p e r a t u r e s  t o  
s tab i l i ze .  

6.5 Leak-check procedures 

6.5.1 Pm-test  leak-check: 

6.5.1.1 Because the nulaber o f  addi t ional  interconponent 
connections i n  the Semi-VOST t r a i n  (over the M5 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 t e r  the sangling t r a i n  has been assembled, turn on 
and s e t  the f i l t e r  and probe heating systems a t  the desired 
operating tcnperatures. Allow ti- f o r  the t m e r a t u r e s  t o  
s tab i l i ze .  I f  a Viton A O-ring or other leak-free connection i s  
used i n  asse&ling 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-m Hg (15-in. Hg 7 vacuum. 
(NOTE: A lower vacuum MY be used, provided that  I t i s  not exceeded 

during the tes t . )  

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  dur ing tho 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 iapinger (shown 
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-an Hg (15-in. 
Hg) vacuum. (Agrln, a lower vacuum MY be used, provided tha t  i t  i s  
not exceeded dur ing the test.) Then, connect the pmbe t o  the t r a i n  
and leak-check a t  about 25- Hg (1-in. Hg) vacuum: a l ternat ive ly ,  
leak-check the probr with tho res t  of the s a g l i n g  t r a i n  i n  one step 
a t  381-IIE Hg (15-in. Hg) vrcuu.  Leaka e ratos i n  excess o f  4X of  

i s  less, am unrcceptablo. 

6.5.1.4 The f o l l o r l n g  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.  S t a r t  
the pulpp w i th  f ine-adjust  valve f u l l y  open and coarse-adjust valve 
corrpletely closed. P a r t i a l l y  open the coarse-adjust valve and 
slowly close the f ino-adjust valve u n t i l  the desired vacuum i s  
reached. Do not reverse dimctlon of the f inc-adjust  valve: t h i s  
w i l l  cause water t o  back up i n t o  the organic mdule.  I f  the darirtd 
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 w l i n g  r r t o  or )0.00057 9 /.in (0.02 c h ) ,  whichever 
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Figure 4. Leak-check i q i n g e r .  
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6.5.1.5 Uhen the leak-check 1 s  conpleted, f i r s t  slowly r e m v e  
the plug f r o m  the i n l e t  t o  the probe, f i l t e r  holder, o r  cyclone ( i f  
appl icable).  Uhen the Vacuum drops t o  127 m (5 in.) Hg o r  less ,  
i m d i a t e l y  close the coarse-adjust valve. Switch o f f  the pumping 
system and reopen t h e  f ine-adjust valve. 00 not reopen the fine- 
adjust valve u n t i l  the coarse-adjust valve has been closed. This  
p r e v e n t s  the w a t e r  i n  the impingers from being forced baclnard i n to  
the organic module and s i l i c a  gel f r o m  being entrained baclnard i n to  
t h e  third- impinger. 

6.5.2 Leak-checks dur ing s a q l i n g  run: 

6.5.2.1 If, 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 ou t l ined  i n  Paragraph 6.5.1. except 
that  i t  shal l  be done a t  a vacuum greater than o r  q u a l  to  the 
maximum value recorded up t o  that  po int  i n  the test .  If the leakage 
ra te  i s  found t o  be no greater than 0.00057 d h l n  (0.02 cfm) or  4X 
o f  the average sampling ra te  (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 to ta l  
volume o f  dry  gas metered. If a higher leakage ra te  i s  obtained, 
the tes te r  shal l  void the Saaplin run. (It should be noted that  

reduces the f n t e g r i t  o f  the po l lu tan t  concentrations data generated 

6.5.2.2 Immediately a f t e r  a couponant change, and before 
sanpling is re in i t i a ted ,  a leak-check s i m i l a r  t o  a pro-test l eak -  
check must also be conducted. 

any 'correction' o f  the sap10 vo 'I ume by ca lcu lat ion by calculat ton 

and must be avoided. J 

6.5.3 Post-test 1erk-ChMk: 

6.5.3.1 A leak-check i s  mndatory a t  the conclusion o f  each 
sampling run. The leak-check shal l  be done wi th  the same procedures 
as those w i th  the pro-test leak-check, except tha t  i t  shal l  be 
conducted a t  a vacuum reater  than OT equal t o  the mximm value 

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 t s  less), the  resu l ts  are acceptable, and 
no correct ion need be applied t o  the t o t a l  vo lum o f  dry gas 
metered. I f ,  however, a higher leakage ra te  I s  obtained, the tester  
sha l l  e i t he r  record the leakage rate,  correct  the saeple volume (as 
shown i n  the ca lcu la t ion  section o f  th is  method), and consider the 
data obtained o f  questionable reliability, o r  void the s w l i n g  run. 

reached during the sm 3 lng  run. I f  the leakage r a t e  1 s  found t o  be 

6.6 Sampling-train operation: 

During the s m l l n g  run, maintain an l i o k l n r t l c  s a g l i n g  ra te  
t o  w i th in  1OX o f  t rue lsok lnet ic ,  unless otherr ise spad f led  by the 
Administrator. Maintain a t m e r a t u n  around the f i l t e r  O f  120 + 14.C 
(246 + 25'F) and a gas t e q e r a t u r e  enter ing the sorbent t rap a t  a d X f M  
of 20'C (66.F). 

6 .6.1 
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6.6.2 For  each run, record the data required on a data sheet sucn 

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 i n  flow r a t e s  a r e  made 
before and a f t e r  each leak-check, and when sampling is halted. Take 

dur ing each t i m e  increment and addi t ional  readings when s ign i f i can t  
changes (2011, va r ia t i on  i n  velocity-head readings) necessitate addit ional 
adjustments in f low rate.  L e v e l  and Zero the manometer. Because t h e  
manometer leve l  and zero  may d r i f t  due to  v ibrat ions and temperature 
changes, make per iodic checks dur ing the traverse. 

6.6.3 Clean the stack access por ts  p r i o r  t o  the t e s t  run t o  
e l iminate the chance of  s a w l i n g  deposited material.  To begin sampling, 
remove the nozzle cap, v e r i f y  t ha t  the f i l t e r  and probe heating sys tems  
are a t  the speci f ied tenperature, and v e r 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 in t ,  w i t h  the t i p  po in t i ng  d i r e c t l y  i n t o  the gas st ream. Imnediately 
s t a r t  the pum and adjust the flow t o  fsok ine t ic  conditions. Nomographs, 
which a id  i n  the rap id adjustment o f  the i sok ine t i c  s a w l i n g  r a t e  w i t h o u t  
excessive computations, are dvai lable.  These nowgraphs a r e  designed f o r  
use when the Type S p i to t - tube coef f ic ient  i s  0.84 + 0.02 and the s t a c k -  
gas equivalent density (dry molecular weight) i s  q i a l  t o  29 : 4. APTD- 
0576 d e t a i l s  the procedure for  using the nomgraphs. I f  the stack-gas 0 
m l e c u l a r  weight and the p i to t - tube coef f lc ient  are outside the above 
ranges, do not  use the nomgraphr UnleSl appropriate steps (Shigehara, ., 
1974) are taken t o  colpensate for the deviations. 

6.6.4 m e n  the stack is undor s ign i f i can t  negative p ressu re  
(equivalent t o  the height of the i g i n g e r  st-), take care t o  c l o s e  t h e  
coarse-adjust valve before Inser t ing  the pmbe i n t o  the stack, to  prevent 
w a t e r  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 When the probe is I n  pos i 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  0 

6.6.6 Travorso tho stack cmss section, as required by EPA Method 1 
o r  as s p o d f l a d  by tho Administrator, being caroful  not  t o  bum the probe 
nozzle i n t o  tho stack w a l l s  rhon sagling n o w  tho w a l l s  o r  when removing 
o r  i nse r t i ng  tho pmbe through tho accoss port, i n  order t o  minimize the 0 

other readings required by Figure 5 a t  l e a s t  once a t  each sample p o i n t  0 

0 

the gas S t M M .  

c!!'": $! ::t?::t!G ?ev$!t.*! Y _ k C ! I ! -  

6.6.7 During tho t e s t  run, mako per iod ic  ad justmnts t o  keep the 
t q e r a t u m  around tho f i l t e r  holder and tha o q a n i c  d u l e  a t  the proper 
levels;  add mm i c e  and, i f  necessary, s a l t  t o  maintain a tenperature o f  
<20Y (68.F) a t  tho condenser/s i l ica go1 out lo t .  Also, per iod ica l ly  0 
check tho lovo l  and zero  of the m n w t e r .  
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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 fne t i c  sangling d i f f i c u l t  t o  maintain, the  
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 sarnple run. using 
another complete f l 1  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. After 
a new f i l t e r / s o r b e n t  t rap assembly 1 s  ins ta l led,  conduct a leak-check. 
The t o t a l  pa r t i cu la te  weight shal l  include the s m a t i o n  of a l l  f i l t e r  
assembly catches. 

0 

6.6.9 A s ing le t r a i n  sha l l  be used f o r  the en t i re  sample run, 
except i n  cases where simultaneous sampling i s  required i n  two or more 
separate ducts o r  a t  two o r  mre d i f fe ren t  locations w i th in  t h e  same 
duct, o r  i n  cases where equipment fa i l u re  necessitates a change o f  
t ra ins .  I n  a11 other s i tuat ions,  the use o f  tw o r  more t ra ins  w i l l  be 
subject t o  the approval of the Administrator. 

analysis o f  the f ront -ha l f  ( i f  applicable) organic-module and impinger 
( i f  appl icable) catches f r o m  each t r a i n  shal l  be perfonncd, unless 
i den t i ca l  nozzle s i z e s  were used on a l l  t ra ins.  I n  tha t  case, the f ront-  
h a l f  catches f r o m  the ind iv idua l  t r a i n s  may be colpbined (as may t h e  
impinger catches), and one analysis of f ront-hal f  catch and one analysis 
o f  impingcr catch may be perfomed. 

6.6.11 A t  the end of  the s m l e  run, tu rn  o f f  the coarse-adjust 
valve. remve the probe and nozzle f r o m  the stack, turn o f f  the pump, ', 

record the f i n a l  dry-gas m t e r  reading, and conduct a post - test  l eak -  
check. Also, leak-check the  p i t o t  l i nes  as described i n  EPA Method 2. 
The l i n e s  must pass t h i s  leak-check i n  order t o  va l idate the ve loc i ty-  
head data. 

6.6.12 Calculate percent i s o k i n e t i c i t y  (see Section 10.8) t o  
deternine whether the run was v a l i d  o r  another t e s t  run should be made. 

6.6.10 Note that  when two or more t r a lns  are used, separa te  

0 

7.0 SAMPLE RECOVERY 

7.1 Preparation: 

0 

7.1.1 Proper cleanup procedure begins as soon as the probe i s  
removed f rom the stack a t  t he  end o f  the s a q l i n g  period. A l l o w  the 
probe t o  cool. When the pmbo can bo safely handled, wipe o f f  a11 
cxrcrnai  p a r i i c u i a i e  u i i c r  near ine i i p  o i  ti18 p r u k  f i u s ~ ; i  i cd  b ; i c e  i 
cap over the t i p  t o  prevent losing o r  gaining pa r t l cu la te  m t t e r .  Do not 
cap the probe t l p  t i g h t l y  r h i l o  tho s a q l i n g  t r a i n  i s  cool ing down 
becauso t h i s  rill creato  a vacuum i n  the f i l t e r  holder, drawing w a t e r  
f r o m  the iapingen i n t o  tho sorbent d u l o .  

7.1.2 Before m v i n g  the  s a q l o  t r a i n  t o  the cleanup s i te ,  remove 
the probe fmm the s m l e  t r a i n  and cap the open out le t ,  being careful 
not t o  lose any condensate t h a t  might be present. Cap the f i l t e r  i n le t .  

e 

e 
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Remove the umbi l ical  cord f r o m  the l a s t  implnger and cap the lw inge r .  
I f  a f l e a i b l e  l i n e  i s  used between the o q a n i c  module and the f i l t e r  
holder, disconnect the l i n e  a t  the f i l t e r  holder and l e t  any Condensed 
water o r  l i q u i d  dra in  i n t o  the organic module. 

0 

0 

7.1 .3  Cap the f i l t e r - h o l d e r  o u t l e t  and t h e  l n l e t  t o  the orqanic 
module. Separate the sorbent trap section o f  the organic module f r o m  the 
condensate knackout t rap and the gas-conditioning section. Cap a l l  
organic rodule openings. Oisconnect the organic-module knockout trap 
from the impinger t r a l n  i n l e t  and cap both o f  these openings. Gmund- 
glass stoppers, Teflon caps, o r  caps of other i ne r t  materials may be used 
t o  s e a l  a l l  openings. 

0 

7.1.4 Transfer the probe, the f f l t e r ,  the organic-module 
components, and the inpingerlcondenser assembly t o  the cleanup area.  
This a r e a  should be clean and protected f r o m  the ueather t o  minimize 
sample contamination o r  loss. 

7.1.5 Save a por t ion  o f  a l l  washing solut ions (methdnol/nwthylene 
chloride, Type I1 ua te r )  used fo r  cleanup as a blank. Transfer 200 OIL o f  
each solut ion d i r e c t l y  f r o m  the wash b o t t l e  being used and place each i n  
a separate, preldbeled glass sample container. 

0 

0 

0 

0 

0 

0 

7.1.6 Inspect the t r a i n  p r i o r  t o  and during disasserbly and note 
any a b n o m l  condltians. 

7.2 Saaple containers: 

7.2.1 Contr lncr no. 1: Careful ly remove the f i l t e r  fnm the f i l t e r  
holder and place i t  i n  i t s  I d e n t i f i e d  Pe t r i  d ish container. Use a pa i r  
o r  pa i rs  o f  tweezers t o  handle the f i l t e r .  If i t  i s  necessary t o  fo ld  
the f i l t e r ,  ensure tha t  the par t i cu la te  cake i s  inside the fold. 
Careful ly t ransfer t o  the Pe t r i  d ish any pa r t i cu la te  u t t e r  or f i l t e r  
f ibers  that  adhere t o  the f i l t e r -ho lde r  gasket, using a dry nylon b r i s t l e  
brush o r  sharp-edged blade, or both. Label the container and seal wi th 
l - in.-uide Teflon tape around the circumference o f  the l i d .  

7.2.2 Container no. 2: Taking c a m  tha t  dust on the outside o f  the 
probe o r  other ex te r io r  surfacer doer not  get  i n t o  the saqle, 
quant i ta t i ve ly  recover par t i cu la te  m t t e r  o r  any condensate fm the 
probe nozzle, probe f i t t i n g ,  probe l l n e r ,  and f ron t  h a l f  o f  the f i l t e r  
holder b washing thes8 coqonents f i r s t  r i t h  mthanol /wthy lene chloride 
(1:l v / v  J i n t o  a glass container. D i s t i l l e d  water MY also be used. 
Retain a uater and solvent blank and analyze i n  the r a m  mnner as w i th  
the samples. 

7.2.2.1 Careful ly remve the probe nozzle and clean the inside 
surface by r i ns ing  r i t h  the solvent mixture ( 1 : l  v/v r t h r n o l / -  
methylene chlor ide) from a rash b o t t l e  and brushing r l t h  a nylon 
b r i s t l e  brush. Brush u n t i l  the r i nse  shows no v i s i b l e  part ic les:  
then make a f i n a l  r inse  o f  the ins ide surface w i th  the solvent 111. 
Brush and r inse  the ins ide par ts  o f  the Sragelok f i t t i n g  with the 
solvent nix  i n  a s im i la r  ray u n t i l  no v i s i b l e  pa r t i c l es  remain. 

Per fom rinses as follows: 
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7 . 2 . 2 . 2  Have two people r inse the probe l i n e r  wi th  the s o l v e n t  

m i x  by t i l t i n g  and r o t a t i n g  the probe whi le squ i r t ing  solvent I n t o  
i t s  upper end So tha t  a l l  inside surfaces w i l l  be wetted w i t h  
solvent. Let the solvent dra in  f r o m  the lower end i n t o  the sample 
container. A glass funnel may be used to  a id  i n  t ransferr ing liquid 
washes t o  the contalner. 

7 .2 .2 .3  F o l l o w  the solvent r i n s e  wi th  a probe brush. Hold the 
frobe i n  an inc l ined  pos i t i on  and squ i r t  solvent i n t o  the upper end 
w h i l e  pushing the probe brush through the probe with a twis t ing 
action: place a sample container underneath the lower end o f  t h e  
probe and catch any solvent and par t i cu la te  m a t t e r  that  is brushed 
from the probe. Run the brush through the probe three times or more 
u n t i l  no v i s i b l e  pa r t i cu la te  matter i s  carr ied out n i t h  the solvent 
o r  u n t i l  none remains i n  the probe l i n e r  on visual  inspection. Y i t h  
s ta in less steel  o r  other metal probes, run the brush through i n  the 
above-prescribed manner a t  l e a s t  s i x  times (metal probes have s m a l l  
crevices i n  which pa r t i cu la te  matter can be entrapped). Rinse the 
brush w i th  solvent and quan t i t a t i ve l y  c o l l e c t  these washings I n  the 
sanple container. A f t e r  the brushing, make a f i n a l  solvent r i n s e  o f  
the probe as described above. 

7.2.2.4 I t  i s  reconmended tha t  two people work together t o  
clean the probe t o  minimize sample losses. Between sampling runs, 
keep brushes clean and pmtec ted  from contamination. 

0 

0 

0 

7.2.2.5 Clean the ins ide o f  the f r o n t  h a l f  o f  the f i l t e r  
holder and cyclone/cyclone f lask,  if used, by rubbing the surfaces 
w i t h  a nylon b r i s t l e  brush and r i n s i n g  w i th  methanol/methylene 
ch lo r ide  ( 1 : l  v/v) mixture. Rinse each surface three times or more 
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. Careful ly r inse out  the glass cyclone and 
cyclone f l ask  ( 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 coaponents In to the 
f ron t -ha l f  r i nse  s a q 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 lec ted  tn  the sanple container, t ighten the l i d  
on the s m l e  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  l e v e l  t o  
deternine whether leakage o c c u n  during transport. Label the 
containar t o  i d e n t t f y  i t s  contents. 

0 
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mdule m y  be used as a $-la transport contatner, o r  the spent res jn  
m y  be t ransferred to a separate glass b o t t l e  f o r  sh ipwnt .  If the 
sorbent t rap  i t s e l f  1s used as the transport container, both ends should 
be sealed r t t h  t i g h t l y  f l t t t n g  caps o r  plugs. Ground-glass stoppers o r  
Tef lon caps MY be used. The sorbent t rap  should then be labeled, 0 
covered n i t h  alrutnum f o i l ,  and packaged on i ce  f o r  transport to  the 
laboratory. If a separate b o t t l e  i s  used, the spent r e s i n  should be 
quan t i t a t i ve l y  t ransferred from the trap i n t o  the clean bo t t le .  Resin 
tha t  adheres t o  the walls o f  the t rap  should be recovered using a rubber 
policeman o r  spatula and added t o  th is bo t t le .  

0 
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0 7.2.4 Container no. 4: Measure the vo1ume O f  condensate col lected 
in the condensate knockout section of the organic module t o  w i th in  + I  rnL 
by using a graduated cyl inder o r  by weighing t o  w i th in  +0.5 g usTng a 
triple-beam balance. Record the V O l U m c  o r  weight of l l q u l d  present and 
note any d isco lorat ion or  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 prelabeled glass sample container. Inspect the back ha l f  of the 
f i l t e r  housing and the gas-conditioning section o f  the organic module. 
I f  condensate-ls observed, t ransfer i t  t o  a graduated o r  weighing bo t t l e  
and measure t h e  volume, a s  described above. Add t h i s  material t o  the 
condensate knockout-trap catch. 

0 

0 

0 

7 . 2 . 5  Container no. 5: A l l  sampling t r a i n  conponents located 
between the high-eff iciency glass- o r  quartz- f iber f i l t e r  and the f i r s t  
wet impinger o r  the f i na l  condenser sys tem ( including the heated Teflon 
l i n e  connecting the f i l t e r  ou t l e t  t o  the condenser) should be thoroughly 
rinsed wi th  methanol/methylene ch lor ide (I:1 v/v)  and the r lnsings 
combined. T h i s  r inse shal l  be separated f r o m  the condensate. I f  the 
spent res in  i s  transferred f r o m  the sorbent t rap t o  a separate sample 
container f o r  transport,  the sorbent t rap shal l  be thoroughly rinsed 
u n t i l  a l l  sanple-wetted surfaces appear clean. V is ib le  f i lms  should be 
removed by brusklng. Whenever t r a i n  comonents are brushed, the brush 
should be subsequently r insed w i th  solvent mixture and the r lns ings added 
t o  t h i s  container. 

0 

0 

0 

e 

0 

0 

0 

7 . 2 . 6  Contalncr no. 6: Note the co lo r  o f  the Ind lcat lng s i l i c a  gel 
t o  determine i f  i t  has been coapletely spent and make a notat lon o f  i t s  
condition. Transfer the s i l l c a  gel from the four th  l g l n g e r  t o  i t s  
o r i g ina l  container and seal. A funnel m y  make it easier t o  pour the 
s i l i c a  gel without sp i l l i ng .  A rubber policeman m y  be used as an a id  i n  
removing the s i l i c a  gel fmo the I g i n g e r .  I t  Is not necessary t o  remve 
the sma l l  amunt o f  dust pa r t i c l es  t h a t  l a y  adhere strongly t o  the 
impinger w a l l .  Because the gain i n  weight i s  t o  be used f o r  n u i s t u r e  
calculat ions, do not use any water or other l i qu ids  t o  t ransfer the 
s i l i c a  gel. I f  a balance i s  avai lab le I n  the f le ld ,  weigh the container 
and i t s  contents t o  0.5 g o r  better.  

7.3 Impinaer water: 

7.3.1 Make a notat lon o f  any co lo r  o r  f i l a  i n  the l l q u i d  catch. 
Measure the l l q u i d  I n  the f l r s t  three i w i n g e r s  t o  w l th ln  21 mL by uslng 
a graduated cy l inder  o r  b weighing it t o  w i th in  N.5 g by using a 

present. This i n fomat ion  I s  rqu l red to  calculate the m i s t u r e  content 
o f  the e f f l uen t  gas. 

7 . 3 . 2  Olscard the l i q u i d  a f t e r  masur lng and recordlng the volum! 
o r  weight, unless analysis o f  the i-inger catch i s  rqu i red (see 
Paragraph 4.1.3.7) .  M e r  glass con ta inen  should be used f o r  storage of 
impinger catch, i f  required. 

7.3.3 If a d i f f e r e n t  type o f  condenser 1s used, measure the amunt 
o f  moisture condensed e i the r  volumetr lcal ly o r  gravimetrlcal1y. 

balance ( i f  one i s  avai lab .I e). Record the vo lum 0; welght of l i q u i d  
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7.4 Samle preparation f o r  shipment: Pr io r  t o  shipment, recheck all 

sanple containers t o  ensure that  the caps are we l l  secured. Seal the l i d s  o f  
a l l  containers around the circumference wi th  Teflon tape. Ship a11 l i q u i d  
samples upr igh t  on i c e  and a l l  pa r t i cu la te  f l l t e r s  w i th  the par t i cu la te  catch 
facing upward. 0 The particulate f i l t e r s  should be shipped unrefr igerated. 

8.0 ANALYSIS 

8.1 Samle preparation: 

8.1.1 General: The preparation steps f o r  a11 samples w i l l  r e s u l t  
i n  a f l n l t e  volume o f  concentrated solvent. The f i n a l  sanple volume 
(usual ly i n  the 1- t o  10-aL range) i s  then subjected t o  analysls by 
GC/MS. A l l  samples should be inspected and the appearance documented. 
A l l  saaples are t o  be spiked w i th .  surrogate standards a i  received from 
the f i e l d  p r i o r  t o  any saaple manipulations. The spike should be a t  a '. 
level  q u i v a l e n t  t o  10 t ines  the M)L uhen the solvent. is-reduced i n  
volume t o  the desired leve l  (!.e., 10 aL). The spik ing conpounds should 
be the s tab le Isotopically labeled analog of the colnpounds o f  in terest  o r  
a conpound t h a t  would exhibit proper t ies s im i la r  t o  the covounds o f  
in te res t ,  be eas i l y  chromatographed, and not i n te r fe re  wi th  the analysis 
of the coapounds of in terest .  Suggested surrogate spiking compounds are: 
deuterated naphthalene, chrysene, phenol, n i  tmbenrene, chlorobenzene, 
toluene, and carbon-13-labeled pentachlorophenol. 

8.1.2 Condensate: The 'condensate' i s  the m i s t u n  coltected i n  
the f i r s t  iapinger f o l l o r i n g  the XAD-2 module. Spike the condensate wi th  
the surrogate standards. The v o l u w  i s  aasured and recorded and then 
t ransferred t o  a separatory funnel. The pH i s  t o  be adjusted t o  pH 2 
wi th  6 N su l fu r i c  acid, i f  necessary. The ¶-le container and graduated 
cy l inder  a r e  s q u e n t i a l l y  r insed ui th three successive 10-mL al iquots o f  
the ex t rac t ion  solvent and added to  the separatory funnel. The r a t i o  o f  
solvent t o  aqueous saaple should be maintained a t  1:3. Extract the 
sample by vigorously shaking the separatory funnel f o r  5 m i n .  A f t e r  
complete separation o f  the phases, remove the solvent and t ransfer  to  a 
Kuderna-Danish concentrator (K-0), 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 i t h  6 N-sodium hydroxide and reextract  conbining the 
ac id  and basr extracts. Rinse the sodium su l fa te  i n t o  the K-D wi th  fresh 
solvent and discard the desiccant. Add Teflon b o i l i n g  chips and 
concentrate t o  10 d by reducing the volume t o  s l i g h t l y  less than 10 mL 

necessary detect ion l i m i t ,  the sample v o l u w  can be fu r ther  reduced t o  1 
aL by using a micro c o l a  K-0 o r  ni t rogen blou-dom. Should the sample 
s t a r t  to e x h l b i t  praclpitatlon, t h r  concmt r r t i on  step should be stopped 
and the s a q l e  r a d i s s o l v d  with f resh solvent taking the volume t o  some 
f l n l t e  amunt. ' A f t e r  adding a standard ( fo r  the purpose o f  quant i ta t ion 
by GC/MS), the s a q l e  i s  ready for analysis, as discussed i n  Pardgraph 
8.2. 

0 

0 

inG briwiq io " i t k  ;ria: i o ~ i i n ~ ~  in 0Gar 2 0  ich;cvc t;lC 
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8.1.3 I q i n g e r :  Spike the Sample with the surrogate Standards; 
measure and record the volume and t r a n s f e r  t o  a separdtory funnel. 
Proceed as  descr ibed I n  Paragraph 8.1.2. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8.1.4 UD-2: spike the  r e s i n  d i r e c t l y  with 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  wlth anything o the r  than tweezers o r  o the r  so lvent- r insed 
rnechanlcal hord ing dev ices) .  Suspend the XAD-2 module d i r e c t l y  over the 
th imble.  The g lass f r i t  o f  the module (see F igure  2) should be i n  the up 
p o s l t i o n .  The th imble 1 s  contained i n  a c l e a n  beaker, which will serve 
t o  ca tch  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.  Thoroughly 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 g l a s s - m o l  p lug  t o  
the th imble.  Cover t h e  XAD-2 i n  the  t h i n b l e  with a precleaned glass-wool 
p lug  s u f f i c i e n t  t o  prevent  the  res in  f r o m  f l o a t i n g  i n t o  t h e  so lvent  
r e s e r v o i r  o f  the  ex t rac tor .  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 
quest ion a r i s e s  concernlng the conglcteness o f  the ex t rac t i on ,  a second 
ex t rac t i on ,  w i thout  a spike,  i s  advised. The t h i a b l e  i s  p laced i n  the 
e x t r a c t o r  and the  r l n s e  so lvent  contained I n  the  beaker i s  added t o  the 
so lvent  rese rvo i r .  Add i t i ona 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 boiling chips and asselb le  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 
t imes p e r  hr. E x t r a c t  the  r e s i n  for  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 descr ibed 
i n  Paragraph 8.1.2. 

8.1.5 P a r t l c u l r t e  f t l t a r  (and c y c l o n r  catch): I f  p a r t i c u l a t e  
load ing  i s  t o  be detemined.  weigh t h e  f i l t e r  (and cyclone catch, i f  
appl I cab le ) .  The p a r t i c u l a t e  f i l t e r  (and cyc lone catch, if app l icab le )  
i s  t rans fer red  t o  the  g lass  t h i n b l e  and ex t rac ted  simultaneously w i t h  the 
XAD-2 res in .  

8.1.6 T r a l n  so lvent  r inses:  A l l  t r a i n  r i nses  ( ( . e . ,  probe, 
impinger, f i l t e r  housing) uslng t h e  e x t r a c t i o n  so lvent  and methanol a re  
re turned t o  the l abo ra to ry  as a single -le. If the  r i nses  are 
conta ined i n  more than on. conta iner ,  t h e  intended sp ike i s  d iv ided 
equa l ly  among the  conta iners  p ropor t ioned froa a s i n g l e  syr inge vo luw.  
Transfer  the  r i n s e  t o  a repara tory  funnel and add a s u f f l c i e n t  m u n t  o f  
o rgan ic - f ree  water  so that t h e  n r thy lene  c h l o r i d e  bccoms immiscible and 
i t s  volume no longer  increases wlth t h e  a d d l t i o n  of -re r a t e r .  The 
e x t r a c t i o n  and concent ra t ion  steps a r e  then per forncd as descr ibed i n  
Paragraph 8.1.2. 

8.2 Sample dnalYSfS:  

8.2.1 The pr imary a n a l y t i c a l  t o o l  f o r  t h e  measurement o f  ernlssions 
from hazardous waste i n c i n e r a t o r s  I s  W M S  us ing  fused-s i l l 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  na ture  o f  CC/WS i ns t rumenta t ion  and the  cos t  associated 
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wi th  sample analysis, Prescreening O f  the sample extracts by gas  
chromato raphy/flame lon fza t fon  detect ion (GC/FID) o r  wi th  e l e c t r o n  
capture 4 GC/ECD) i s  encouraged. Information regarding the complexity and 
concentrat ion l e v e l  o f  a Sample p r i o r  t o  GC/MS analysis can be o f  
enormous help. This information can be obtained by using e i t h e r  
c a p l l l a r y  columns o r  less expensive packed columns. However, t h e  F I D  
screen should be performed wi th  a Column s i m i l a r  t o  tha t  used wi th  the 
GC/MS. Keep i n  mind tha t  GC/F ID  has a s l i g h t l y  lower detection l i m i t  
than GCiMS and, therefore, tha t  the Concentration o f  the sanple can be 
adjusted e i t h e 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 f o r  whlch data a r e  
acquired i n  a G C / M  run w l l l  be su f f i c i en t l y  broad t o  encompass t h e  m a j o r  
ions, as l i s t e d  in Chapter Four, Method 8270, f o r  each o f  the designated 
WHCs i n  an inc inerator  e f f l u e n t  analysis. 

8.2.3 For n u t  purposes, electron ion iza t ion  (EI) spectra w i l l  be 
co l lec ted  because a m j o r l t y  of the WHCS give reasonable E 1  s o e c t r a .  
Also, E1 spect-a are conpat ib le w l th  the NBS L ibrary  o f  Mass Spec--a and 
other mass spectral references, whlch a id  i n  the i d e n t i f i c a t i o n  y c e s s  
f o r  other conponents i n  the  inc lnera tor  process streams. 

0 
8.2.4 To c l a r l f y  sow ident i f l ca t lons ,  chamlcal ion izat ion (CI) 

spectra using e i t h e r  p o s i t i v e  ions o r  negative ions w i l l  be used t o  . 
e luc idate mlecular -welght  i n f o r u t i o n  and s i g l i f y  the fragmentation ' 

pat terns o f  soma conpounds. I n  no case, however, should C I  spectra alone 
be used f o r  conpound Iden t l f l ca t l on .  Refer to  Chapter Four, Method 8270, 
f o r  conplete descr ip t ions o f  GC condl t ionr,  HS condit ions, dnd 
quanti t a t  i ve and quantl t a t i  ve 1 dent i f I c a t i  on. 

0 

0 

9.0 CALIBRATION 

9.1 Probe nozzle: Probe nozzlfs shal l  be ca l ibrated before their. 
i n i t i a l  use i n  the fierd. Using a micr !cer, measure the ins ide diameter o f  
the nozzle t o  the nearest 0.025 m ( O . - . &  in.). Hake measurements a t  three 
separate places across the d l a m t e r  and obtain the average of t h e  
measurements. The dlfference be twen  tha hlgh and l o r  nrmbers shal l  not 
exceed O.rm (0.004 in.). When nozzles kor nlcked. dented, o r  corroded, 
they sha l l  be mshapd,  sharpened, and recal ibrated before use. Each nozzle. 
skr!! k r  persee!!:!: 2 4  !!!!:;e!: !Icr?!t!f!ed. 

9.2 P I t o t  tube: The Type S p i t o t  tube assenbly shal l  be ca l ibrated 
accordln t o  the procedure ou t l i ned  i n  Sectlon 4 o f  EPA Method 2, o r  assigned 

and if i t  meets design and intercow@onent spaclng specif icat lons. 0 
a noalna ! c o e f f l c i e n t  o f  0.84 i f  It i s  not v i s i b l y  nlcked, dented, o r  corroded 
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9.3 Metering system: 

9.3.1 Before its initial use i n  the field, the metering system 
shall be calibrated according to the procedure outlined in A P T D - o ~ ~ ~ .  
Instead of physically adjustlng the dry-gas meter dial readings to 
correspond to the wet-test meter readings, calibration factors may be 
used to correct the gas meter dial readings mathematically to the proper 
values. Before Cdlfbrdt!ng the metering system, it  i s  suggested that d 
leak-check be conducted. For metering systems having diaphragm pumps, 
the norma1 ?eak-check procedure w i l l  not detect leakages within the pump. 
F o r  these c a s e s  the following leak-check procedure I s  suggested: Make a 
10-min CdlibtdtlOn run at 0.00057 m3/min (0.02 cfm): at the end of the 
run, take the difference o f  the measured wet-test and dry-gas meter 
volumes and divide the dlfferenc by 10 to get the leak rate. The leak 

the calibration of the metering system 
shall be checked by perfonning three calibration runs dt a single 
intermediate ortfice settlnq (based on the previous field test). The 
vacuum shall be set at the maximum value reached during the test series. 
To adjust the vacuum, insert a valve between the wet-test meter and the 
Inlet of the metering system. calculate the average Value o f  the 
calibration factor. I f  the calibration has changed by more than 5X,  
recalibrate the meter over the full range o f  orifice settings, as 
outlined i n  APTD-0576. 

9.3.3 Leak-check o f  atertng system: That portion o f  the sanpling 
train from the pump to the orifice meter (see Figure 1) should be leak- 
checked prior to inltial use and after each shlpmant. leakage after the 
pump Hi11 result In less voltm being recoded than i s  actually sawled. 
The following procedure i s  suggested (see Figure 6): Close the main 
valve on the meter box. Insert a one-hole rubber stopper With rubber 
tubing attached Into the orifice exhaust pipe. Disconnect and vent the 
low side of the ortfice manometer. Close off the lor side orifice tap. 
Pressurize the system to 13-18 cm (5-7 in.) water column by blowing into 
the rubber tubing. Pinch o f f  the tubing and observe the manometer for 1 
min. A loss of pressure on the manometer indicates a leak in the meter 
box. Leaks, i f  present, u s t  be corrected. 
NOTE: If the dry-gas-meter coefficient values obtained before and after 

a test series d l f fer  by >SX, either the test series shall be 
voided or calculations for test series shall be performad using 
whichever mater coefficient value (1 .e . ,  before or after) gives 
the lower value o f  total s-le volume. 

9.4 Probe heater: The probe-heating system shall be calibrated before 
its initial use In the field according to the procedure outlined in APTO-0576. 
Probes constructed according to APTD-0581 need not be calibrated i f  the 
Callbration curves in APTD-0576 are used. 

rate should not exceed 0.00057 rn f /min (0.02 cfm). 
9.3.2 After each field use, 
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9.5 TemperdtUrc gauges: Each themcoup le  must be penaanently dnd 
uniquely marked on the cdstlng; d11 mercury-in-glass reference themmeters 
must confonn t o  A S l H  E - 1  63C o r  63F spcci f icdt ions.  Thermocouples should be 
Cdlibrdted the 1dbOrdtOry w i th  and without the use o f  extension 1eddS. If 
extension ledds are used i n  the f ie ld ,  the thennocouple reddings d t  dmbient 
a l r  temperatures, w i th  and without the extension ledd, must be noted dnd 
recorded. Correction i s  necessary i f  the use o f  dn extension ledd produces d 
change >l.SX. 

0 

- 
0 

,0 

0 

0 

0 

0 

0 

9.5 .1  Inpinger, orpanic d u l e ,  and dly-gds r t e r  themcouples:  
For t h e  thermocouples used t o  mcdsure the temerdture of  the gas leaving 
t h e  impinger t r d i n  and the XAD-2 res in  bed, three-point cd l ib ra t ion  d t  
ice-water. room-air, and b o i l  ing-water temperdturas i s  necessary. Accept 
t h e  thermocouples only if the reddings d t  d l l  three telnperdtures agree t o  
+Z'C (3.6.F) with those of the dbsolute value of  the reference 
the nnome t e r . 

9.5.2 h-ak and stack themcouple:  Fo r  the thennocouples used t o  
indicate the probe dnd stack tenperatures, a three-point cd l ib ra t ion  a t  
ice-water, boi l ing-water, dnd hot-oi l -bath temperatures must be 
perfonmd: i t  i s  recomnded thdt  room-dir teaperdture be added, dnd thdt 
the thennometer dnd the themcoup le  dgree t o  w i th in  1.51 a t  each o f  the 

(CdlCUldted) dnd the ddtd ex t rapo la ted  to  cover the en t i re  temgerdture 
range suggested by the manufacturer. 

9.6 Barometer: Adjust the barometer i n i t i d l l y  dnd before each t e s t  
serles t o  agree t o  w i th in  225 rm Hg (0.1 in. Hg) of the mercury barometer o r  
the corrected barometric pressure VdlUe reported by a nearby National Yedther 
Service Stat ion (same d l t l t u d e  above sea leve l ) .  

t e s t  s e r i e s ,  using Cldss-S stdndard weights: the weights nurt be wi th in  +0.5X 
o f  the standards, or the balance must be dausted t o  m e t  these l i m i t s .  

Cdl lbrdt lOn points. A CdlfbrdtfOn CUrVC (qua t ion )  may be constructed 

9.7 Trlple-bedMI balance: Ca l lb r r te  the triple-bedm bdldnce before edch 
- 

10.0 CALCULATIONS 

ca lcu lat ion t o  the correct  nlt lbcr o f  s ign i f t can t  f igures. 
10.1 Carry out calculdt lons. Round o f f  f igurer  a f t e r  the f ina l  

10.2 Nomencldture: 

An - CmSS-SeCtlOnal d r e l  O f  nOZZle, 3 ( f tz ) .  

Water vapor i n  tho gar stream, proport ion by volume. 

cd - Type S p i t o t  tube coe f f i c l en t  (nominally 0.84 2 0.02), 
d iwns ion la rs .  

I - Percent o f  i sok lne t ic  s w l i n g .  
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La = Maximum acceptable leakage r a t e  f o r  a leak-check, e i t h  r p r e - t e s t  
o r  fo l lowing a component change: equal t o  0.00057 rn 5 /min (0.02 
cfm) or 4X of  the average sampling rate,  whichever i s  l e s s .  

p r i o r  t o  the 
(cfm). 

L i  = Ind iv idual  leaka e r z t e  observed during the leak-check onducted 0 
component change (1 * 1, 2 ,  3 . . . n )  m 5 /min 

tp Leakage r a t e  observed during the post - test  leak-check, d / rn in  
(cfm). 

bfd = Stack-gas dry m o ~ e c u ~ a r  weight, g/g-mole ( l b / l b -m le ) .  

H,, = Molecular weight o f  water, 18.0 g/g-mole (18.0 l b / l b - m l e ) .  

Pbar 9 Barometric pressure a t  the sampling s i t e ,  ma Hg ( in.  Hg). 

Ps Absolute stack-gas pressure, am Hg ( in .  Hg). 

PStd Standard absolute pressure, 760 m 4 (29.92 in. Hg). 

e 

e 

R = Ideal  gas constant, 0.06236 m klg-d/K-g-mle (21.85 i n .  
Hg-ft3/*R-lb-m1e). 0 

( 'R).  
1, Absolute average dry-gas meter teaperature (see Figure 6) ,  K 

Ts Absolute average stack-gas tcmperatuw (see Flgure 6 ) ,  K ( ' R ) .  I 

0 
Tstd * Standard absolute tcrgerature, 293U (528.R). 

V i c  = To ta l  vo lum o f  l i q u i d  co l lected i n  the organic nodule condensate 

V, = Volume o f  gas sanple as wasured by dry-gas meter, dscm (dscf).  

knockout trap, the i w i n g e r s ,  and s i l i c a  gel,  mL. 

0 

vm(std) = Volume o f  gas sample marured by the dry-gas meter, corrected 

Vw(std) Volume o f  water vapor i n  the gas S m l e ,  corrected t o  standard 

t o  standard condit ions, d s u  (dscf). 

condit ions, sa (scf). 0 

VI Stack-gas ve loc i ty ,  ca lcu lated by Method 2, Equation 2-9, using 

Ua Ueight o f  residue i n  acetone wash, m. 
data obtained from Method 5, alsec ( W s e c ) .  

7 Dry-gas-mter ca l  i b r a t i o n  factor, d imnsionless.  

AH Average wssuw d i f f e r e n t i a l  across the o r i f i c e  meter (see 
Figure 2 7 , o Hfl  (in. H$). 

e 
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pw a Densi ty  o f  water ,  0.9982 g/mC (0.002201 lb/mL). 

E 1 Tota l  sampling t ime, min. 

81 = Sampling t ime i n t e r v a l  from the beginning o f  a run u n t i l  the 

81 a S a w l i n g  t ime i n t e r v a l  between two successive component 

f i r s t  component change, min. 

changes, beginn ing w i t h  the i n t e r v a l  between the  f i r s t  and 
second changes, m i n .  

u n t i l  t h e  end o f  the salnpling run, mln. 
BP = Sampling 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 = sec/min. 

100 * Conversion t o  percent.  

10.3 Average dry-gas-meter tempera J r O  and average o r i f i c e  Dressure 
drop: See data sheet (F igure 5, above). 

as volume: Correct  t h e  s u p l a  measured by t h e  d r  -gas meter 
, 760 1111 no [68'F, 29.92 in.  Hg 1 ) by us ing 

Equation 1: 

'std Pbar + AW13.6 Pbar + AW13.6 

where: 

K1 = 0.3858 K / n  kQ f o r  a t r l c  units, or '  
K1 = 17.64*R/ln. Hg for English units. 

It should be noted t h a t  Equation 1 can be used as wr i t ten,  unless t h e  leakage 
r a t e  observed d u r i n g  any of  thr mandatory leak-checks ( i . e . ,  the pos t - tes t  
leak-check or leak-checks conducted pr ior  t o  co-nent changes) exceeds La. 
I f  Lp or L! exceeds La, Equation 1 must be mdified as fo l lows:  

a. Case I (no coapanent changes Mde d u r i n g  s a m l i n g  run): Replace Vm 
m a t i o n  1 u l th  the exptesslon: 
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b. Case I 1  (one O r  m r e  cowonent changes made during the sampling 
+ ~ - R e p l a c e  V, I n  Equation 1 by the expression: 

a 

and subs t i tu te  only f o r  those leakage r a t e s  (L1 o r  Lp) that  exceed 
L,. 

a 
10.5 Volume o f  uater vapor: 

RTstd 

'std 
= K2 VlC - pw - 

"w(std) ' lc  

uhere: 

~2 9 0.001333 d / m ~  f o r  metr ic  un i ts ,  o r  
K2 9 0.04707 ft3/mL f o r  Engl ish uni ts .  

10.6 Moisture content: 
a 

'r ( std) 
Bus 9 ( 3 )  

'm(std) + "w(std) e 
NOTE: I n  saturated o r  rater-droplet- laden gas s t ream, two c a l c u l a t i o n s  

o f  the m i s t u r e  content o f  the stack gas sha l l  be made, one f rom 
the iopinger analysis (Equation 3 )  and a second from t h e  
assuaption o f  saturated conditions. The lower o f  the two va lues  
o f  B,, sha l l  be considered correct. The procedure f o r  determining 
the nois ture content based upon rssunption o f  saturated conditions 
i s  given i n  the Note t o  Section 1.2 o f  Method 4. -For the purposes 
o f  th is  method, the average stack-gas tenperature from Figure 6 
my be usad t o  make t h i s  determination, provided tha t  the accuracy 
o f  the in-stack tcapcrature sensor i s  2l.C (2'F). 

10.7 Convenlon facton: 

e 
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0 10.8 I s o k i n e t i c  v a r i a t i o n :  

0 

0 

0 

0 

0 

0 

0 

0 

10.8.1 Calculat ion fma raw data: 

100 TS[K3Flc + (vm/Tm) (Pbar + A W l 3 . 6 ) I  
I =  

60EVSPsAn 
. 

where: 

K 3  = 0.003454 mn Hg-m3/mL-K fo r  me t r i c  u n i t s ,  o r  
K 3  = 0.002669 in .  Hg-ft)/mL-'R f o r  Eng l ish  u n i t s .  

10.8.2 Calculat ion f o r  i n t e r o c d i a t e  values: 

TsVm(std)PstdlOO 
I "std V s 8A nPs 60(1-8,s) 

( 4 )  

uhere: 

Kq 9 4.320 f o r  m e t r i c  u n i t s ,  o r  
K4 = 0.09450 f o r  Engl ish un i t s .  

10.8.3 Acceptable resul ts:  If 901 ( I ( 1101, the r e s u l t s  are 
acceptable. 
I i s  beyond the  acceptable range, o r  i f  I 1s l ess  than 9OX, t h e  
Admin i s t ra to r  may o p t  t o  accept the  r e s u l t s .  

10.9 To detennine the  minimum sample volume t h a t  s h a l l  be co l l ec ted ,  t h e  
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  coaus t ion  .system can be calculated. The 
degree o f  d e s t r u c t i o n  and r e m v a l  e f f i c i e n c y  t h a t  i s  r q u i r e d  i s  used to  
determine t h e  maximum w u n t  o f  POHC al lowed t o  be present i n  the 
e f f l u e n t .  

I f  t h e  r e s u l t s  are low  i n  conparison with the  standard and 

This  my be expressed as: 

(YF) (Wi conc) (100-XDRE) 

= Max WWCi k s s  (6) 
100 100 

where: 

UF = mass f low ra te  o f  uaste f e d  pa r  hr, g/hr ( 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  Z) 
in t roduced i n t o  the  conbust ion process. 

0 

0 
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0 
DRE * percent Destruction and Removal Ef f ic iency required. 

Max POHC mass flow ra te  (g /h r  [ I b / h r l )  of W H C  e m i t t e d  f r o m  the 
combustion source. 

10.9.2 The average d i schaqe  concentration o f  the POHC i n  the 0 
e f f l u e n t  gas i s  determined by comparing the Max POHC wi th  the volumetric 
f low r a t e  being exhausted from the source. Volumetric f l o w  r a t e  data a r e  
a v a i l a b l e  as a r e s u l t  of prel iminary Method 1-4 determinations: 

Max POHC, Mass - Max POHCi conc 

where: 

DVeff(std) V O l U M t r l C  f l o w  ra te  O f  exhaust gas, dscm (dscf). 

POHCI conc = ant ic ipated concentration o f  the W H C  i n  the 
exhaust gas stream, g/dsca ( lb /dscf ) .  

0 
( 7 )  

0 

10.9.3 I n  making t h i s  CalCUlatiOn, I t  i s  reconmended tha t  a safety 
margin o f  a t  l eas t  ten be included: 

LDlwHC x 10 

VTac 
wnci conc 

where: 

LDLWHC detectable m u n t  o f  WHC i n  e n t i r e  s m l i n g  t ra in .  
NOTE: The h o l e  ex t rac t  fnm an XAD-2 car t r idge  i s  seldom i f  ever ,  

in jec ted  a t  once. Therefore, i f  a l lquo t ing  factors arc 
involvod, the LDL c I s  not the s a w  as the analy t ica l  (or 
colum) detect ion p9H i m l t .  

V T ~  mlnimm dry standard vo l rpr  t o  bo co l lected a t  dry-gas 
r t o r .  

10.10 Concentration o f  any g iven KMC i n  ine gaseous emissions o f  d 
conbustion Dmcess: 

1) M u l t i p l y  the concentrat ion o f  tho POlK as detemined i n  Method 8270 

CMHC ( u g k )  x saqlo v o l u m  (a) = w u n t  (ug) of WnC i n  ramie (9) 
0 by tho f i n a l  concentrat ion v o l w ,  t y p i c a l l y  10 .L. 
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0 

0 

where: 

CPOHC = Concentration of POHC as analyzed by Method 8270. 

2) Sum the amount of POHC found in all samples associated with a single 
t r a i n .  

Total (ug) = XAD-2 (ug) condensate (ug) + rinses (up) + impinger (ug) (10) - 

3 )  Dfvide the total ug found by the volume of stack gas sampled ( m 3 ) .  

(Total ug)/(train sample volume) = concentration of POHC (Ugh3) ( 1 1 )  

11.0 QUALITY CONTROL 

control. 
11.1 Sampling: See EPA Manual 600/4-77-027b for Method 5 quali'ty 

0 

0 

0 

0 

0 

0 

11.2 Anal s i s :  The quality assurance program required for this study 

incorporation o f  stable labeled surro ate conpound,, quantitation versus 

external performance tests. The surrogate spiking c o w u n d s  selected for a 
particular analysis are used as primary indicator9 o f  the quality o f  the 
analytical data for a wide range o f  conpounds and a variety o f  sample 
matrices. The assessment of co&ustion data, positive identification, and 
quantitation o f  the selected conpounds are dependent on the integrity of the 
samples received and the precision and accuracy of the analytical methods 
employed. The quality assurance procedures for thls method are designed to 
moni tor  the p e r f o m n c e  of the analytical mathod and to provide the required 
information to take corrective action if problems are observed in laboratory 
operations or In f i e l d  sanpling activities. 

11.2.1 Fteld Blanks: Field blanks m s t  be submitted with the 
samples collected at each s q l i n g  site. The field blanks include the 
sanple bottles containing alipuots of srqlo recovery solvents, unused 
filters, and mstn cartridgos. At a mfnlmm, one cogleto saapling train 
rill be assenbled in tho f ie ld  staging area, taken to the sanpling area, 
and leak-checked at tho begtnning and end o f  the testtng (or for the same 
total nunber o f  t l r s  as tho actual test train). lho ftlter housing and 
probe o f  the blank tratn will be heated during the saaple test. The 
train will be m o v e r e d  as i f  it were an actual test sagle. No gaseous 
sanple rill be passed through tho s w l i n g  tratn. 

11.2.2 h t h d  blanks: A method blank m s t  be prepared for each set 
o f  analyttcal oporatlonr, to evaluate contuinatlon and artifacts that 
can be derived fmm glassware, reagents, and s r q l e  handltng in the 
1 aboratory. 

11.2.3 Refer to Method 8270 for  additional quality control 
considerations. 

includes the __yi ana ysis of f i e l d  and method blanks, procedure validatfons, 

stable labeled internal standards, capi 9 lary c o l u m  p e r f o m n c e  checks, and 

0 

0 

0010 - 33 
Rev1 s i  on 0 
Date September 1986 



12.0 METHOD PERFORMANCE 

12.1 Hethod performance evaluatfon: E . luat ion o f  analy t ica l  procedures 
f a r  a selected ser ies o f  comounds mUS. include the S d m 1 C - D r e D a r a t l n n  

~ r- - -  - ,  
p;ocedures and each associated analy t ica l  determination. -The analyt ical 0 
procedures should be cha l  I ?nged by the t e s t  compounds spiked a t  appropriate 
l e v e l s  and car r ied  through the procedures. 

12.2 +(ethod detection l i m i t :  The overa l l  method detect ion l i m i t s  (lower 
and upper) must be determined on a compound-by-compound basis because 

ext ract ion e f f i c i enc ies  as  well as instrumental minimum detect ion l i m i t  (HOL).  
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 l a s  0 
must be determined on a compound-by-coapound basis a t  a given concentration 
level .  The method prec is ion value would include a cwbined v a r i a b i l i t y  due t o  
sampling, sample preparation, and I n S t r u m t a l  dnalYSiS. The method b i a s  
would be dependent upon the co l lec t ion ,  retent ion,  and ext ract ion e f f i c i e n c y  
o f  the t r a i n  components. From evaluation studies t o  date using a dynamic 
spik ing system, method biases o f  -13X and - 1 1  have been determined fo r  0 
toluene and l,l,Z,Z-tetrachloroethane, respeCt1vely. A prec is ion o f  19.9X was 
ca lcu lated f r o m  a f i e l d  t e s t  data se t  representing seven degrees o f  freedom . 
which resu l ted  f r o m  a ser ies of paired, u n s p i k d  S r i v o 1 a t i l e  Organic Sampling 
t r a i n s  (Semi-VOST) sampling m i s s i o n s  from a hazardous waste incinerator.  

d i f f e r e n t  compounds may e x h i b i t  d i f fe ren t  co l lec t ion ,  retent ion,  and 0 
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METHOD 0010, APPENOIX A 

PREPARATION OF XAD-2 SORBENT R E S I N  

1 .0 SCOPE AND A P P L I C A T I O N  

1.1 XAO-2 res in  as supp led by the manufacturer i s  impregnated with d 
bicarbonate s d u t i o n  t o  inh ib t microbial  growth during storage. Both the 
s a l t  so lu t ion and any residua extractable monomer and polymer species must be 
remved b e f o r e  use .  The res in  i s  prepared by a s e r i e s  o f  water and organic 
extract ions,  followed by careful  drying. 

2.0 EXTRACTION 

2.1 Method 1: The procedure may be carr ied out i n  a g iant  Soxhlet 
extractor.=-glass thimble containing an extra-coarse frit i s  used f o r  
ext ract ion o f  XAO-2. The fr it i s  recessed 10-15 m above a crenel lated r ing 
a t  the bottom o f  the thimble t o  f a c i l i t a t e  drainage. The res in  must be 
care fu l l y  retained i n  the ext ractor  cup w i th  a g lass-wol  p lug and stainless 
steel screen because i t  f l oa ts  on methylene chloride. This process involves 
sequential ext ract ion i n  the fo l lowing order. 

Solvent Procedure 

Water I n i t i a l  r inse: Place res in  i n  a beaker, 
r i nse  once wi th  Type I1 water, and 
discard. F i l l  wi th water a second time, 
l e t  stand overnight, and discard. 

Water Extract  wi th  H20 f o r  8 hr. 

Methyl alcohol Ex t rac t  f o r  22 hr. 

Extract  f o r  22 hr. 

Ext ract  fbr 22 hr. 

Methylene ch lor ide 

Methylene ch lor ide (fresh) 

2.2 Method 2: 

2.2.1 As an a l te rna t ive  t o  Soxhlet extract ion, a continuous 
ext ractor  has been fabr icated f o r  the ext ract ion squence. This extractor has 
been found t o  be acceptable. The p a r t i c u l a r  canister used f o r  the apparatus 
shown i n  Figura A-1 contains about 500 g o f  f inished XnD-2. Any s i r e  may be 
constructed: the choice 1s dependent on the needs o f  the sarpl ing programs. 
The XAD-2 i s  held under l i g h t  spring tension between a p a i r  o f  coarse and f ine  
screens. Spacers under the bottom screen al low f o r  even d i s t r i bu t i on  o f  clean 
solvent. The three-necked f lask  should be o f  su f f i c i en t  sire ( 3 - l i t e r  i n  t h i s  
case) t o  ho ld solvent 

0 

e 

0010 - A - 1 
Revi s i  on 0 
Date Septembar 1986 



. M an Unhn 4! 
,II 

1 

e 

e 

e 

a 

c u 
W 

Figure A-1. XAD-2 cleanup extract ion apparatus. 
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e 
equal t o  t w i c e  the dead volume of the XAD-2 canister. Solvent i s  r e f l u x e d  
through the Snyder column, and the d i s t i l l a t e  i s  continuously cycled UP 
through the XAD-2 f o r  ext ract ion and returned t o  the f lask. The f l o w  i s  
maintained upward through the XAD-2 t o  a l l o r  milmum solvent c o n t a c t  and 
prevent channeling. A valve a t  the bottom o f  the canister a l l o u s  remval o f  
solvent f r o m  the canister between changes. e 

e 

e 

e 

e 

e 

e 

e 

2.2.2 Experience has shorn tha t  i t  i s  very d i f f i c u l t  to  cycle 
su f f i c i en t  water i n  t h i s  mde. Therefore the aqueous r inse i s  accomplished by 
simply f lush ing t h e  c a n i s t e r  u i t h  about 20 l i t e r s  o f  d i s t i l l e d  water .  A s m a l l  
pump may be useful for  punping the uater through the canister. The w a t e r  
ext ract ion should be carr ied out a t  the ra te  o f  about 20-40 mL/min. 

2.2.3 A f te r  draining the uater, subsequent methyl a l c o h o l  and 
methylene ch lor ide extract ions are carr ied out using the re f lux ing  apparatus. 
An overnight o r  10- t o  20-hr period i s  nomal ly  s u f f i c i e n t  f o r  each 
ext r a c t i  on. 

2.2.4 A l l  materials o f  construction are glass, Teflon, o r  stainless 
steel .  Punps, i f  used, should not contain extractable materials. Pumps a r e  
not used u i t h  methanol and methylene chloride. 

3.0  DRYING 

3.1 A f t e r  evaluation o f  several mthods o f  m m v i n g  residual solvent, a 
f luidized-bed technique has proved t o  be the fastest  and mst re l i ab le  drying 
method. 

3.2 A simple calm u i t h  su i tab le retainers,  as shorn 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 rill hold a l l  o f  the XAD-2 from the extractor shorn in Figure A - 1  or  
the Soxhlet extractor,  u i t h  s u f f i c i e n t  spacr f o r  f l u i d i z i n g  the bed while 
generating a mlnimum res in  load a t  the e x i t  o f  the colum. 

3.3 Method 1: The gas used to  m v e  the solvent i s  the key t o  
preservin t k c a n l l n e s s  o f  the XU)-2. Liquid ni t rogen f r o m  a standard 

source o f  large volums o f  gas fraa from organic contaalnants. The l i q u i d  
nitrogen cy l inder  i s  connectad t o  the c o l u m  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 f r o m  the cyl inder,  It i s  vapor ized in 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 i ne .  The f i n a l  n i t rogen tcaperature should only be warm t o  the touch and not 
over 40'C. Experience has shorn tha t  about 500 g o f  XAD-2 my be dried 
overnight by consuming a f u l l  1 6 0 - l l t r r  c y l l n d r r  o f  l i q u i d  nitrogen. 

3.4 Method 2: As a second choice, h igh-pur i ty  tank nitrogen m y  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 

cotmnercia ! l i q u i d  ni t rogen cy l inder  has rout ine ly  proved t o  be a rel!dble 
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o f  act ivated charcoal approximately 150 mL i n  volume. Y i t h  e i ther  type of 
dry ing method, the r a t e  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 pa r t i c l es  t o  break up. 

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 f o r  the batch. The batch must be reextracted i f  the reJTdua1 
extractable organics a r e  >20 ug/mL by TCO analysis or the gravimetric residue 
i s  M.5 4 / 2 0  g XAD-2 e x t r a c t e d .  

4.2 Four contra1 procedures are used wi 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 ic  
conpounds o f  i n te res t  as determined by GC/MS, as described i n  Section 4.5 
below, and (4) residue (GRAV). 

(See also section 5.1, Method 0010.) 

4.3 Pmcedure f o r  residual methylene chloride: 

4.3.1 k c r i p t i o n :  A 120.1-g sanple o f  d r ied  res in  I s  weighed i n t o  
a s m a l l  v i a l ,  3 mL o f  toluene are 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 tho resu l t ing  integrated area i s  
conpared w i th  a reference standard. The reference so lut ion consists o f  2.5 UL 
o f  methylene ch lor ide i n  100 ol o f  toluene, s i m l r t l n g  100 ug o f  residual 
methylene ch lor ide on the resin. The acceptable u x i r a  content i s  1.000 ug/g 
resin. 

4.3.2 Experlmtrl: The gas chromatograph condltions are as  
follows: 

6 - f t  x 1/8-in. stainless steel  co lum containing 101 OV-101 on 
100/120 Supelcoport: 

H e l i r a  c a r r i e r  a t  30 mL/min: 

FID operated on 4 x 10-11 A/W: 

I n jec t i on  port t eqe ra tu rc :  250'C: 

Detector t m e r a t u r e :  305.C: 

Pmgram: 30'C(4 .in) 4O*C/nin 25OY (hold): and 

P m g r a m  teminated a t  1,000 sac. 

4.4 Pmceduro f o r  residual extractable omanics: 

4.4.1 kscript lon: A 209.1-0 s r q l e  o f  cloanod, d r ied  res in  i s  
weighed i n t o  a preclemod rlundum or ce l lu lose  th i .b le  which I s  plugged with 
cleaned glass rool. (Mote tha t  20 g o f  msin w i l l  f i l l  a t h i d l e ,  and the 
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e 
res in  will f l o a t  out  unless wel l  plugged.) The t h i d l e  containlng the resin 
i s  extracted f o r  24 h r  wi th  ZOO-% O f  Pesticide- grade methylene chloride 
(Burdick and Jackson Desticlde-grade o r  equfvalent pu r i t y ) .  The 200-rn~ 
ext rac t  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 of tha t  so lu t ion a r e  analyzed 

so lu t lon  should not contain >ZO ug/mL O f  K O  extracted from the XAD-2. This 
is equivalent t o  10 ug/g of TCO i n  the XAD-2 and would correspond t o  1.3 rrq o f  
TCO in t h e e x t r a c t  of the 130- XAD-2 module. Care should be taken t o  correct 

s im i l a r  manner. 

4.4 .2  E x p e r i m t a l :  Use the TCO analysis condit ions described i n  
the revised Level 1 manual (€PA 600/7-78-201). 

4.5 G C / K  Screen: The extract ,  as prepared i n  paragraph 4 . 4 . 1 ,  i s  
sub j ec t ed t o  analysis f o r  each o f  the ind iv idual  conpounds o f  interest .  
The GClMS p r o % z e  i s  described i n  Chapter Four, Method 8270. The extract i s  
screened a t  the MOL o f  each coRpound. The presence o f  any conpound a t  a 
concentrat ion >25 ug/mL i n  the concentrated ex t rac t  w i l l  r q u i r e  the XAD-2 t o  
be recleaned by repeating the methylene ch lor ide step. 

by gas chromatography using the IC0 analysis procedure. The concentrated 0 

the TCO data f o r  a solvent b P ank prepared (200 mL reduced t o  10 mL) i n  a 

0 

4 .6  Methodology f o r  residual  a rav iac t r i c  determination: A f te r  the K O  
value and &C/M d a ta  are obtained for tho res ln  batch by the above procedures. 
dry  the  rcnvlnder o f  the ex t rac t  i n  a tared vessel.- Them m u s t  be <O.S q 
residue reg is tered o r  the batch o f  res in  w111 have t o  be extracted w i th  f r e s h  . 
methylene c h l o r l d r  dgain u n t i l  i t  m e t s  t h i s  c r i t e r l on .  This l e v e l  ' 
corresponds t o  25 ug/g in the XAO-2, or about 3.25 ag i n  a resin charge of 
130 9. 

0 

0 

0 

0 
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TOTAL CHROMATOGRAPHA6LE ORGANIC MATERIAL ANALYSIS 

1.0 SCOPE AND APPLICATION 

1 . 1  In t h i s  procedure, gas chromatography i s  used to  determine the 
quant i ty o f  l a k e r  b o i l i n g  hydrocarbons ( b o i l i n g  points between 90' and 3OO'C) 
i n  t h e  concentrates o f  a l l  organic solvent r inses, XAD-2 res in  and LC 
f ract ions - when Hethod 1 i s  used (see References, Hethod 0010) - encountered 
i n  L e v e l  1 environmental sample analyses. Data obtained using 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 lower bo i l i ng  
hydrocarbons i n  the sample is determined. Then whenever the hydrocarbon 
concentrations i n  the o r ig ina l  Concentrates exceed 75 ug/m3, t h e  
chromatography resul t s  are reexamined t o  determine the amounts o f  Ind i v idua l  
spec1 es. 

The extent o f  conpcund i d e n t i f i c a t i o n  I s  l im i ted  t o  representing a l l  
materials as normal alkanes based upon coagarison of b o i l i n g  points. Thus t h e  
method i s  not qua l i ta t i ve .  In a s imi la r  manner, the analysis i s  
scmiquantl ta t l ve :  cal  i b ra t i on r  are prepared using only one hydrocarbon. They 
are rep l icated but saaples rou t ine ly  are not. 

1.2 A I i ca t ion :  This procedum appl ies solely to. the Leve l  1 C7-Cl6 

l i qu ids ,  and o f  LC fract ions.  Throughout tho procedure, i t  i s  assumed the 
analyst has been given a proper ly prepared saaple. 

1 . 3  S e n s i t i v i t  Tho s e n s i t i v i t y  o f  t h i s  procedure, defined as t h e  
slope o f  d: response versus concentration, i s  dependent on t h e  
instrument and must be v e r i f i c d  regularly. TRY experience indicates t h e  
nominal range i s  o f  tho order o f  77 uV.V.sec-uL/ng o f  n-heptane and 79 
uV.sec.ul/ng o f  n-hexadacme. Tho instrument i s  capable ; i  perhaps one 
hundredfold greater sens i t i v i t y .  The leve l  speci f ied here i s  su f f i c i en t  for  
Level 1 analysis. 

1.4 Detection l i m i t :  The detect ion i i m i t  o f  t h i s  procedure as wr l t ten 
i s  1 . 3  ng/uL f o r  a 1 uL injection o f  n-decano. Thls l l a i t  i s  a r b i t r a r i l y  
based on de f in ing  the m i n i r a  detectablo responsr as 100 uv-sec. This i s  an 
easier operational d o f f n i t i o n  than do f in ing  the m i n i m  detection l i m i t  t o  be 
that  amount o f  mater ia l  which y ie lds  a signal  twice tho noise leve l .  

1 . 5  m: The range o f  tho procedum w i l l  be concentrations o f  1.3 
ng/uL and greater. 

gas chromatograp + c analysis o f  concentrates o f  organic extracts, neat 

1.6 ' L imi ta t ions 

1 . 6 . 1  Rmrting l im i ta t ions :  I t  should be noted that a typ ica l  
environmental s m l e  will contain c w u n d s  which: (a) w i l l  not e l u t e  i n  
the speci f ied b o i l i n g  ranges and thus w i l l  not be reported, and/or (b) 
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rill not e lu te  f r o m  the c o l W  a t  a l l  and thus rill not be reported. 
Consequently, the organic content o f  the sample as reported i s  a l ouer  
bound and should be regarded as such. 

1.6.2 Ca1 i b r a t  ion 11.1 ta t ions:  Ouant i tat ion 1s based on 
c a l i b r a  ion w i th  n-decane. Data should therefore be reported as, e . g . ,  

(over a r i d e  ran e the a s s q t i o n  may lnvolve a 201 error) ,  i t  i s  c l e a r  
t h a t  k p t a n e  (C7 ! detected i n  a samle and quanti tated as decane will be 
overestimated. Likewise, hexadecane (C16) quanti tated as decane rl l l  be 
underestimated. From previous data, i t  i s  estimated the er ro r  Involved 
i s  on the order o f  6-7X. 

1.6.3 Oatcctlon l im i ta t i ons :  The s e n s i t i v i t y  o f  the flame 
i on i za t i on  detector var ies f r o m  colpaund t o  conpound. However, n-alkanes 
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 low reported values. 

a 

mg C8/m 5 as n-decane. Since response Var ies l i n e a r l y  w i th  carbon number 

2.0 SUWRY OF WEMOO 

2.1 A aL a l iquot  o f  a11 1 0 4  concentrates i s  disbursed f o r  CC-TCO 
analysis. With b o i l l n g  po in t - re ten t ion  tim and response-amount ca l ib ra t ion  
curves, the data (peak re ten t ion  tlms and peak areas) am interpreted by 
f i r s t  sunning peak areas in the ranges obtalnad fma the b o i l i n g  point-  ., 
r e ten t i on  t iw cal ibrat ion.  Then, with the response-amunt ca l i b ra t i on  curve, 
the area sums are converted t o  amunts o f  mater ia l  in the reported bo i l lng  
po in t  ranges. 

2.2 Af te r  the instrument 1s set  up, the b o i l i n g  point - re tent ion t i m e  
c a l i b r a t i o n  i s  e f fected by in jsct ing a mixture o f  n-CI through n-C16 
hydrocarbons and operatlng the standard taqe ra tu ra  program. Response- 
quant i t y  ca l i b ra t i ons  are a c c o q l i s h d  by In jec t i ng  n-decane i n  n-pentane 
standards and per foming the standard t m e r a t u r e  program. 

a 

0 
2.3 Def in i t i ons  . .  6C: Gas c h m t o g r a p h y  o r  gas chrwrtograph. 

2.3.2 e7416 n-rllumr: Heptane through hexadecane. 

2.3.3 a trqrrrtum pmgru: 4 .in i s o t h e w l  a t  60'C, 10'C/mln 

2.3.4 rw t-ratum pmgru: 5 mln i s o t h e m l  a t  room 

f m m  fin* =e*?'- 

t m e r a t u r e ,  then p r o g r u  from 30'C t o  250'C a t  15'C/nin. 

0 
3.0 INTERFERENCES 

kt dpplfCab1e. 
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4.0 APPARATUS AND MATERIALS 

0 

0 

0 

0 

0 

0 

0 

0 

4.1  Gas chromatograph: This procedure i s  intended f o r  use on a Varian 
1860 gas chromatograph, equipped w i th  dual flam ionizat ion detectors and a 
l i nea r  temperature programer. Any equivalent instrument can be used provided 
that  electrometer set t ings,  etc., be changed approprldtely. 

4.2 G s :  

a . 2 . 1  Helium: Minimum qua l i t y  i s  reactor grade. A 4A o r  13X 
A f i l t e r  must be placed between 

The t rap should be recharged a f t e r  every 
molecular s i e v e  drying tube i s  required. 
the t rap and the instrument. 
t h l r d  tank o f  helium. 

4.2.2 Air: Zero grade 1 s  sat isfactory.  

4.2.3 Hydrogen: Zem grade. 

4.3 Syrlnae: Syringes are Hamilton 70111, 10 uL, or equivalent. 

4.4 -: Septa d l 1  be of such qua l i t y  as t o  produce very l o w  bleed 
dur ing the tenperatwe prograa. An appmpriate septum i s  Supelco Micmsep 
138, which i s  Teflon-backed. I f  septum bleed cannot be reduced t o  a 
neg l lg ib le  leve l ,  i t  will be necessary t o  i n s t a l l  septum swingers on the 
i ns t r u w n  t . 

4.5 Recorder: The recorder o f  th is procadurn m s t  be capable o f  not 
less than 1 1 - s c a l e  display, a 1-sac t i r  constant and 0.5 in .  per n in  
chart rate. 

4.6 I n t  ra to r :  An i n tegra tor  i s  required. Peak a n a  measurement by 
hand i s  sat + s actory but  to0 t i r - c o n s w i n g .  I f  manual in tcgrat lon 1 s  
required, the w t h u d  o f  'height t i l s  width a t  h a l f  height' i s  usad. 

4.7 Colum,: 

4.7.1 Prrfermd aim: 6 f t  x .1/8 in. 0.0. stainless steel column 
o f  101 OV-101 on 100/120 r s h  Suprlcoport. 

4.7.2 A l t e m r t r  colm: 6 f t  x 1/8 in. 0.0. stainless steel  column 
o f  10s OV-1 (or other s i l i c o n  phase) on 100/120 r s h  Supelcoport. 

4.8 Syrinqa cleaner: Hamilton syringe clerner o r  equivalent connected 
t o  a su i tab le vrculm source. 

5.0 REAGENTS 

t r a d c m r k ) f o r a n d a r d s  and fo r  syringe cleaning. 
5.1  Pentane: mDi~ t i l l ad - in -61assm (reg. tradaurk) or 'Manograde' (reg. 
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5.2 Methylene chlor ide:  “ D i s t i  1 led-in-Glass‘ (reg. trademark) o r  
“Nanograde” (reg. trademark) f o r  syringe cleantng. 

6.0 SAMPLING HANDLING AND PRESERVATION 0 

6.1  The e x t r a c t s  are concentrated i n  d Kudernd-Danish evaporator t o  a 
volume l e s s  than 10 mL. The concentrate 1s then quant i ta t i ve ly  transferred to  
a 10-mL volumetric f lask and d i l u t e d  t o  VOlUmC. A 1-mL dl!qUOt is taken f o r  
bo th  t h i s  analysis and possible subsequent GC/HS analysis and s e t  aside i n  the 

advance to  dllOU i t  t o  yam t o  room temperdtUre. f o r  example, a f t e r  one 
analysis i s  started, re turn that  sampie t o  the sample bank and t a k e  the n e x t  
sample. 

sample bank. For each GC-TCO analysis, obtain the sample s u f f i c i e n t l y  i n  0 

7.0 PROCEDURES 0 

7 .1  Setup and checkout: Each day, the operator w l l l  ve r i f y  the  
fo l lowing: 

7.1.1 That SUpplfO of Carr ier  gas, d f r  and hydrogen a r e  

7.1.2 That, a f t e r  replacement o f  any gas cy l inder ,  a l l  connectlons . 

7.1.3 That the c a r r i e r  gas flow ra te  i s  30 + 2 mL/min, the hydrogen 

7.1.4 That the electrometer i s  funct loning properly. 

7.1.5 That the recorder and in tegra tor  are funct ioning properly. 

7.1.6 That the septa have been leak-checked (leak-checking i s  0 

s u f f i c i e n t ,  i . e . ,  tha t  each tank contains > 100 psig. 0 

1 eading t o  the chromatograph have been leak-checked. 

f low ra te  i s  30 + 2 m l h i n ,  and the a i r  f low rate-is 300 + 20 mL/min.  0 - - 

effected by p lac ing the soap babble flow meter i n l e t  tube o v e r  t h e  
i n j e c t i o n  port adaptors), and that no septum rill be used fo r  mre than 
20 in ject ions.  

7.1.7 That the l l s t  o f  sarples t o  be run i s  ready. 
0 

7.2 Retention tim ca l ib ra t ion :  

7.2.1 To obta in  the tcnperature ranges f o r  repor t 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 
t lm ca l ib ra t ion .  The n-alkanes, t h o l r  boi l ing points. and data 
repor t ing ranges are given i n  tho tab le below: 0 
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0 
nBp,'c Reporting Ranae,'C Report As 

0 

0 

0 

0 

0 

0 

0 

0 

n-heptane 
n-octane 
n-nonane 
n-decane 
n-undecane 
n-dodecane 
n-trldecanc 
n-tctradecane 
n-pcntadecane 
n-hexadecane 

98 
126 
151 
174 
194 
214 
234 
252 
270 
288 

90-110 
110-140 
140-160 
160-180 
180-200 
200-220 
220-240 
240-260 
260-280 
280-300 

c7 
C8 
c9 
c10 
c11 
c12 
C13 
C14 
c15 
Cl6 

7.2.2 Prcprrat ion o f  Standards: Preparing a mixture o f  the C7-Cl6 
alkanes i s  required. There am two approaches: (1) use o f  a standards 
k i t  (e.g., Polyscicnce K i t )  containing bo t t l es  of d x t u r e s  o f  selected n- 
alkanes which may be cod ined  to  produce a C7-Cl6 standard: o r  (2) use o f  
bo t t l es  o f  tho ind iv idual  C7-Cl6 alkanes frm which accurately known 
volumes m y  be taken and colrbined t o  g ive a C 7 4 6  mixture. 

7.2.3 procrdum for mtmtlon tl.) c r l t b ra t l on r  This ca l ibrat ion 
i s  p e r f o t w d  a t  the s t a r t  Of  an ana ly t i ca l  Drogru: the mixture i s  
chromatographed a t  tho s t a r t  of each day. To a t t a i n  the r q u i r e d  
retent ion tiu precision, both tho c a r r i o r  gas flow ra te  and the 
temperature program speci f icat ions mst be observed. Deta i ls  o f  the 
procedure depend on the i n s t r r w n t  being used. Tho general procedure i s  
as follows: 

7.2.3.1 Set tho p m g r a r a r  upper l i o l t  a t  250.C. I f  t h i s  
se t t l ng  does not pmduco a colrpn tameraturn o f  ZSO'C,  f i nd  the 
correct  set t ing.  

7.2.3.2 Set th8 p r q r a w r  l o w r  l i m i t  a t  30.C. 

7.2.3.3 Ver i fy  t ha t  the i n s t r u m n t  and s w l e s  are a t  mom 
tenperaturn. 

7.2.3.4 I n j r c t  1 uL of tho n-alkane mtxtum. 

7.2.3,s S t a r t  the int8grator and ncordor.  

7.2.3.6 A l l o w  the i n s t n n r n t  t o  run isothermally a t  mom 

7.2.3.7 Shut th8 oven door. 

7.2.3.8 Chango the d e  t o  Automatic a d  s t a r t  the teqera ture  
program. 

7.2.3.9 Repeat Strps 1-9 a s u f f i c l o n t  n l rder  o f  t i u s  so that  
the r e l a t i v e  standard dov iat ion o f  the  mton t ion  tims fo r  each peak 

temperaturn for  f t v o  mtn. 

i s  <sr. 
0010 - B - 5 0 

0 



0 

7 . 3  Response ca l ib ra t ion :  

7.3.1 F o r  the purposes of a Level 1 analysis, response-quantity 
c a l l b r a t l o n  w i th  n-decane 1 s  adequate. A 10-uL volume o f  n-decane i s  
i n jec ted  i n t o  a tared 10 mL volumetric f lask. The weight in jected i s  
obtained and the f lask 1 s  d i l u ted  t o  the mark wi th  n-pentane. T h i s  
standard contains about 730 ng n-decane per UL n-pentane. The exact 
concentrat ion depends on temperature, so that  a weight i s  required. Two 
s e r i a l  ten fo ld  d i l u t i o n s  are made f r o m  t h i s  standard, g iv ing  standdrds d t  
about 730, 73, and 7.3 ng n-decane per UL n-pentane, respect ively.  

7.3.2 Pmcadure f o r  response c a l l b r a t  m: This ca l ib ra t ion  i s  
p c r f o m d  a t  the s t a r t  of an ana ly t i ca l  p w r m  and nmnthly thereafter. 
The most concentrated standard i s  in jected once each day. Any change i n  
c a l i b r a t i o n  necessitates a f u l l  ca l i b ra t i on  w i th  new standards. 
Standards are stored i n  the re f r i ge ra to r  locker and are made up monthly. 

0 

0 
7.3.2.1 Ver i fy  t h a t  tho instrumant i s  set up properly. 

7.3.2.2 Set r l e c t r o a t e r  a t  1 I 10-10 A/aV. 

7.3.2.3 I n j e c t  1 UL o f  the highest concentration standard. 

7.3.2.4 Run standard t a q e r a t u m  program as speci f ied above. 

7.3.2.5 Clean syringe. 

7.3.2.6 Hake repeated in jec t ions  o f  a l l  three standards u n t i l  

0 

the r e l a t i v e  standard dcvtat ions o f  the areas o f  each standard a r e  0 
s5s. 

7.4 $-le analysis omcdura: 

7.4.1 The fol lor lng apparatus i s  requited: 
- r.4.i.i Gas cn-tograph s e t  up ana worrrng. 

7.4.1.2 Recorder, Intagrator working. 

0 

7.4.1.3 Syringe and syvlnga cleaning apparatus. e 
7.4.1.4 P i r a m t e n :  E l e c t m w t e r  se t t ing  i s  1 x 10-1O A l m V ;  

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 pmcedum am: 
0 

7.4.2.1 Label chromatogram wi th  the data, sanple nuder ,  e t c .  
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0 
7.4.2.2 I n jec t  sanple. 

0 

0 

0 

0 

0 

0 

0 

0 

7.4.2.3 Star t  in tegrator  and recorder. 

7.4 .2 .4  A f t e r  isothermal operation f o r  5 min, begin 

7 .4 .2 .5  Clean syringe. 

7 . 4 . 2 . 6  

7.4.2.7 Yhen analysis i s  f inished, allow instrument t o  cool .  
Turn chromatogram and in tegrator  output and data sheet over t o  data 
analyst. 

temperature program. 

- 
Return sample: obtain new sample. 

7.5 Syringe cleaning procedure: 

7 . 5 . 1  Remve plunger f r o m  syringe. 

7.5 .2  Inser t  syringe i n t o  cleaner: tu rn  on aspirator.  

7.5.3 F i l l  p ipe t  w i th  pentane: run pentane through syringe. 

7.5.4 Repeat w i th  methylena ch lo r ide  from a separate pipet. 

7.5.5 Flush plunger w i th  pentane followed by methylene chloride. 

7.5.6 Repeat w i  t h  mthy lene chloride. 

7.6 Samle analysis decision c r i t e r i on :  The data from the TCO analyses 
o f  organic ext ract  and r inse  concentrates a m  fint used t o  calculate the 
total-concentrat ion o f  C7-Cl6 hydrocarbon-equivalents (Paragraph 7.7.3) i n  t h e  
sanple w i th  respect t o  the v o l u w  of air actual ly  s w l e d ,  ! .e . ,  ug/m3. On 
t h i s  basis, a decis ion i s  u d e  both on whether t o  calculate the quanti ty o f  
each n-a1 kane equivalent present and on which analy t ica l  procedural pathway 
w i l l  be followed. I f  the t o t a l  o an ic  content i s  rea t  enough t o  war ran t  

require only LC f rac t ionat ion  and gravimetr ic deteminat ions and I R  spectra t o  
be obtained on each fraction. I f  thr TCO i s  gmater  than 75 u g h 3 ,  then the 
f l r s t  seven LC f rac t ions  o f  each s w l e  w l l l  be reanalyzed using t h i s  same gas 
chromatographic technique. 

continuing the analysis -- ys00 U Q , ~  -- TCO of ! ass than 75 u g / d  w i l l  

7.7 Calculations: 

7.7.1 B o l l l n g  Polnt  - Retrnt lon T l r  Callbration: The required 
data f o r  t h i s  ca l i b ra t i on  a n  on the chromatogram and on the data sheet. 
The data d u c t i o n  i s  p e r f o r a d  as follows: 

7.7.1.1 Average the m t e n t l o n  tims and calculate r e l a t i v e  
standard deviat ions f o r  each n-hydrocarbon. 

0 

0 
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7.7.1.2 P l o t  average retent ion t imes as abscissae versus  

7.7.1.3 Draw in ca l i b ra t i on  curve. 

7.7.1.4 Loca te  and record retent ion times corresonding t o  
boi 1 ing ranges 90-100, 110-140, 140-160, 160-180, 180-200, 200-220, 

noma1 b o i l i n g  points as ordinates. 

0 

220-240, 240-260, 260-280, 280-3OO'C. 

7.7.2 Response-amunt ca l ib ra t lon :  The required data f o r  t h i s  
ca l i b ra t i on  are on t h e  chromatogram and on the data sheer.  The d a t a  
reduct ion is perfonned as fol lows: 

7.7.2.1 Average the a rea  responses o f  each standard and 
ca lcu late r e l a t i v e  standard deviations. 

7.7.2.2 P l o t  response (uv-sec) as ordinate versus ng/uL as 
absc i ssa. 

7.7.2.3 Draw i n  the curve. Perfom leas t  squares regresslon 
and obta in  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  a l l  peaks w i th in  the retent ion time 
range o f  in terest .  

7.7.3.2 Convert t h i s  area (uV-src) t o  ng/uL by d i v id ing  by t h e  
weight response f o r  n-decane (uV.sec.uL/ng). 

7.7.3.3 H u l 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-Cl6 hydrocarbons i n  the sample. 

7.7.3.4 Using the vo\& o f  gas sappled or  the t o t a l  welght o f  
saaple acquired, convert the resu l t  o f  S t e p  7.7.3.3 above t o  u g / d .  

7.7.3.5 If the va lu r  o f  otal C7-C16 hydrocarbons f r o m  Step 

concentrat ions i n  accordancr w i th  thr ins t ruc t ions  i n  Paragraph 

7.7.4 Indlrldual C7416 n-Alkmnr Equlva lmt  Analysis: The required 
data f m  the analyses am on the C h m t o g r M  and on the data sheet. 
The data reduction i s  p e r f o d  as follows: 

7.7.4.1 Sm the areas o f  peaks i n  the proper retent ion time 

t h i s  ca lcu la t ion  are on the chmaatograa and on the data sheet. 
reduct ion !s p e r f o m d  as fol lows: 

7.7.3.4 above exceeds 75 ug/ J , calculate ind iv idual  hydrocarbon 

T T c I .-l-- 
I . I  .d .d  YWIYI. 

ranges. 
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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 i p l y  each weight by to ta l  concentrate volume (10 

proper weight response (uV-sec.uL/ng). 

mL) t o  get weight o f  species i n  each range o f  the sample. 

7.7.4.4 Using the volume o f  gas samled on the t o t a l  weight o f  
sampje acquired, convert the resu l t  o f  Step 7.7.4.3 above t o  ug /d .  

8.0 QUALITY CONTROL 
0 

0 

0 

0 

0 

0 

0 

0 

0 

8.1 Appropriate QC i s  found i n  the pert inent procedures throughout the 
method. 

9.0 METHOD PERFOMNCE 

9.1 Even r e l a t i v e l y  conprehensive 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 of the order of 11 RSD. The r e l a t i v e  standard 
deviat ion of the sum o f  a11 peaks i n  a f a i r l y  coqlex 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. Y i t h  good analyt ical  
technique, accuracy and prec is ion should be of the order of 10-201. 

10.0 REFERENCES 

1. Emissions Assessment o f  Conventional Stat ionary Conbustion Systems: 
Methods and Procedure Manual for  Sanpling and Analysis, Interagency 
EnergylEnvi ronnrntal R U  Program, Indus t r ia l  Enviranmental Research 
Laboratory, Research Triangle Park, NC 27711, EPA-S00/7-79-029a, January 1979. 
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Method 3 - Gas Analysis f o r  the Determination o f  
D r y  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  (C02) 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 r o m  a gas stream o f  
a f o s s i l - f u e l  combust ion  p rocess .  The me thod~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 te rm ined  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 O t h e r  methods, a s  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 re  a l s o  a p p l i c a b l e  f o r  some or 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  grab 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 or 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  d r y  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, but are s u b j e c t  t o  t h e  approva l  o f  
t h e  Admin is t ra to r ,  U.S. Env i ronmen ta l  P r o t e c t i o n  Agency (EPA). 

1.1.3 Note.  M e n t i o n  o f  t r a d e  names or 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 r o m  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 ,  grab 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  p e r c e n 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  d r y  mo lecu la r  we igh t  
deeerm ina t ion ,  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 

A s  an a l t e r n a t i v e  t o  the 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 s p l a c e m e n 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 are ,  o t h e r w i s e ,  c a p a b l e  o f  y ie ld ing  a c c e p t a b l e  r e s u l t s .  Use 
o f  such systems i s  subject 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 (Figure ~3 -1 ) .  

Prepared by  h i s s i o n  Measurement Branch 
Techn ica l  Support  D l v i s f o n ,  OAQPS, EPA 
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2.1.1 probe. S t a i n l e s s  s t e e l  Or b o r o s i l i c a t e  g lass  tub ing  equipped w i t h  an 
i n - s t a c k  or o u t - s t a c k  f i l t e r  t o  remove p a r t i c u l a t e  m a t t e r  ( a  p lug  o f  g lass  wool 
i s  s a t i s f a c t o r y  f o r  t h i s  purpose) .  Any o the r  m a t e r i a l s ,  i n e r t  t o  O $ ,  Cog, CO,  
and N and r e s i s t a n t  t o  temperature a t  Sampling cond i t i ons ,  may be u ed f r t h e  
probe? Examples o f  such m a t e r i a l s  a r e  aluminum, copper, quar tz  g l a s s ,  and 
Te f lon .  

2.1.2 Pump. A one-way squeeze bulb,  or equ iva len t ,  t o  t r a n s p o r t  the  gas  s a m p l e  
t o  the  ana lyzer .  

2.2 I n t e g r a t e d  Sampling (F igure  3-2). 

2.2.1 Probe. Same a s  i n  Sect ion 2 .1 .1 .  

2 . 2 . 2  Condenser. An a i r - c o o l e d  or water -coo led  condenser, or o the r  condenser 
 no g r e a t e r  than 250 m l  t h a t  w i l l  not  remove 0 CO , CO. and N t ,  t o  remove excess 

2 . 2 . 3  Valve. A needle v a l v e ,  t o  a d j u s t  sample gas f low r a t e .  

2.2.4 Pump. A l e a k - f r e e ,  diaphragm-type pump, or equ iva len t ,  t o  t ranspor t  
sample gas t o  t h e  f l e x i b l e  bag. I n s t a l l  a small surge tank between the pump 
and r a t e  meter t o  e l i m i n a t e  the  p u l s a t i o n  e f f e c t  o f  the diaphragm pump on the 
r o t a m e t e r .  

2 . 2 . 5  Rate Meter. A r o t a m e t e r ,  o r  equ iva len t  r a t e  meter ,  capable o f  measuring 
f l o w  r a t e  t o  w i t h i n  2 percent  o f  the  se lec ted  f l o w  r a t e .  A f l o w  r a t e  range o f  
500 t o  1000 cc/min i s  suggested. 

2.2.6 F l e x i b l e  Bag. Any l e a k - f r e e  p l a s t i c  (e .g . ,  Tedlar ,  My lar ,  Te f lon)  or 
p l a s t i c - c o a t e d  aluminum (e .g . ,  a lumin ized My lar )  bag, o r  equ iva len t ,  having a 
c a p a c i t y  c o n s i s t e n t  w i t h  the  se lected f l o w  r a t e  and t i m e  l e n g t h  o f  the t e s t  r u n .  
A capac i t y  i n  t h e  range o f  55 t o  90 l i t e r s  i s  suggested. To l eak  check the bag, 
connect i t  t o  a water  manometer, and p ressu r i ze  the bag t o  5 t o  10 cm H20 ( 2  t o  

A l low t o  stand f o r  10 minutes.  Any displacement i n  the w a t e r  
i n d i c a t e s  a l eak .  An a l t e r n a t i v e  leak-check method i s  t o  p ressur ize  

the bag t o  5 t o  10 cm ( 2  t o  4 i n . )  H20 and a l l ow  t o  stand overn igh t .  A d e f l a t e d  
bag i n d i c a t e s  a l eak .  

2.2 .7  Drnssure S a u p .  A w a t e r - f i l l e d  U- tube manometer.~or equ iva len t ,  o f  about 
30 cm (12 i n . ) ,  f o r  the  f l e x i b l e  bag l e a k  check. 

2.2.8 Vacum 6augr. A mercury manometer, o r  equ iva len t ,  o f  a t  l e a s t  760 mm 
(30  i n . )  Hg, f o r  the  sampling t r a i n  l e a k  check. 

2 .3  Analysis. An O r s a t  or F y r i t e  type  combustion gas analyzer .  F o r  O r s a t  and 
F y r i t e  analyzer  maintenance and opera t i on  procedures, f o l l o w  the  i n s t r u c t i o n s  
recomnended by t h e  manufacturer,  un less otherwise s p e c i f i e d  he re in .  

mo is tu re  which would i n t e r f e r e  w i t h  the  ope a t i o  ' I 4  of  the pump and f lowmeter.  

manomete in. 
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3 .  SINGLE-POINT, GRAB SIVIPLING AND ANALYTICAL PROCEDURE 

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 c r o s s  
sec t i on  or a t  a p o i n t  no c l o s e r  t o  t he  w a l l s  than. 1.00 m ( 3 . 3  f t ) ,  unless 
o therw ise  speci f i e d  by the  Admin i s t ra to r .  

3 . 2  Set up the equipment a s  shown i n  F igure  3-1. making sure a l l  connect ions 
ahead o f  the analyzer  a r e  t i g h t .  I f  an O r s a t  analyzer  i s  used, i t  i s  recommended 
t h a t  the analyzer  be l e a k  checked by f o l l o w i n g  the  procedure i n  Sect ion 6: 
however, t he  l eak  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 p o s i t i o n e d  a t  the 
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 i m e d i a t e l y  analyze i t  for 
percent C O  and percent  0 Determine the  percentage o f  the gas t h a t  i s  N and 
C O  by s u b d a c t i n g  the  sud 'o f  t he  percent  CO from 100 pergent .  
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 i s ,  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  from t h e i r  mean by no more 
than 0.3 g/g-mole ( 0 . 3  l b / l b - m o l e ) .  Average these th ree  molecular  weights ,  and 
r e p o r t  t he  r e s u l t s  t o  t h e  nearest  0 . 1  g/g-mole ( 0 . 1  Ib / l b -mo le ) .  

and percent  0 

4 .  SINGLE-POINT, INTEGRATED SMPLINS 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, l eak  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 mn Hg (10 i n .  Hg), p lugg ing  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  t he  pump. The vacuum should remain s tab le  f o r  a t  l e a s t  
0.5 minute.  Connect t he  probe, and p lace  i t  i n  the 
s tack,  w i t h  t h e  t i p  o f  t he  probe p o s i t i o n e d  a t  t h e  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  connect ions 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 t h ,  
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  
de terminat 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 le r  volumes may be co l l ec ted ,  i f  des i red .  

4 . 4  Obtain one i n t e g r a t e d  f lue  gas sample du r ing  each p o l l u t a n t  emission r a t e  
determinat ion.  W 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  O2 us ing  e i t h e r  an Orsat  analyzer o r  a F y r i t e  type combustion 
ga f analyzer .  I f  an Orsat  a n a l y z e r - i s  used, i t  i s  recomnended t h a t  O r s a t  leak  
check descr ibed i n  Sec t ion  6, be performed before  th is  de terminat ion ;  however, 
the check i s  o p t i o n a l .  Determine the  percentage o f  t he  gas t h a t  i s  N and C O  
by s u b t r a c t i n g  the sum o f  t he  percent CO and percent O 2  f r o m  100 aercent .  

Evacuate the  f l e x i b l e  bag. 

Ca lcu la te  the d r y  molecular  weight as  i n d i  t ated in  Sect ion 7 . 2 .  

e 
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4.5 Repeat the  a n a l y s i s  and c a l c u l a t i o n  procedures u n t i l  t he  i n d i v i d u a l  d r y  
mo lecu la r  weights  f o r  any th ree  analyses d i f f e r  from t h e i r  mean by no more than 
0 . 3  g/g-mole (0 .3  l b / l b - m o l e ) .  Average these th ree  molecular  weights ,  and r e p o r t  
t he  r e s u l t s  t o  t h e  neares t  0.1 g/g-mole (0.1 l b / l b - m o l e ) .  

5 .  MULTI-POINT,  INTEGRATED SAMPLING AND ANALYTICAL PROCEDURE 

5.1  Unless o therw ise  s p e c i f i e d  by t h e  Admin i s t ra to r ,  a minimum o f  e i g h t  t r a v e r s e  
p o i n t s  s h a l l  be used f o r  c i r c u l a r  s tacks hav ing diameters l e s s  t han  0 . 6 1  m 
( 2 4  i n . ) ,  a minimum o f  n ine  s h a l l  be used f o r  rec tangu la r  stacks having 
e q u i v a l e n t  d iameters l e s s  than 0.61 m ( 2 4  i n . ) ,  and a minimum o f  12 t r a v e r s e  
p o i n t s  s h a l l  be used f o r  a l l  o the r  cases. The t rave rse  p o i n t s  s h a l l  be located 
accord ing  t o  Method 1 .  The use o f  fewer p o i n t s  i s  sub jec t  t o  approval o f  t h e  
A d m i n i s t r a t o r .  

5 . 2  Fol low t h e  procedures o u t l i n e d  i n  Sect ions 4..Z through 4 . 5 .  except for t h e  
f o l l o w i n g :  Traverse a l l  sampling p o i n t s ,  and sample a t  each p o i n t  f o r  an e q u a l  
l e n g t h  o f  t ime.  Record sampling data as  shown i n  F igu re  3 - 3 .  

6 .  LEAK-CHECK PROCEDURE FOR ORSAT ANALYZER 

Moving an O r s a t  ana lyzer  f r e q u e n t l y  causes i t  t o  leak .  Therefore,  an O r s a t  
ana lyzer  should be thorough ly  leak  checked on s i t e  be fore  the  f l u e  gas sample 
i s  i n t roduced  i n t o  i t .  The procedure f o r  l eak  checking an O r s a t  analyzer  i s  a s  
f o l l o w s :  

6.1 B r i n g  t h e  l i q u i d  l e v e l  i n  each p i p e t t e  up t o  the  re fe rence mark on t h e  
c a p i l l a r y  tub ing ,  and then c l o s e  t h e  p i p e t t e  stopcock. 

6 . 2  Raise the  l e v e l i n g  b u l b  s u f f i c i e n t l y  t o  b r i n g  the  c o n f i n i n g  l i q u i d  meniscus 
onto the  graduated p o r t i o n  o f  t he  b u r e t t e ,  and then c lose  the man i fo ld  stopcock. 

6.3 Record t h e  meniscus p o s i t j o n .  

6.4 Observe the  meniscus i n  the b u r e t t e  and t h e  l i q u i d  l e v e l  i n  the p i p e t t e  
f o r  movement over  t h e  n e x t  4 minutes.  

6.5 For t h e  O r s a t  ana lyzer  t o  pass the  l e a k  check, two c o n d i t i o n s  must be met: 

6 . 5 . 1  The l i q u i d  l e v e l  i n  each p i p e t t e  must no t  f a l l  below the  bottom o f  t he  
c??!ll?ry t.11hin; & p i n ?  t h l s  4-minute i n t e r v a l ,  

6 . 5 . 2  The meniscus i n  t h e  b u r e t t e  must no t  change by more than 0.2 m l  du r ing  
t h i s  4-minute i n t e r v a l .  

6 . 6  I f  t h e  ana lyzer  f a i l s  the, leak-check procedure, check a l l  rubber  connect ions 
and stopcocks t o  determine'  whether they might  be the  cause o f  t he  leak.  
Disassemble, c lean,  and regrease l e a k i n g  stopcocks. Replace l e a k i n g  rubber 
connect ions.  A f t e r  t h e  ana lyzer  i s  reassembled, repeat  the leak-check procedure. 
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7. CALCULATIONS 

7.1 Nomenclature. 

Md - Dry molecular  weight ,  g/g-mole ( l b / l b -mo le ) .  

%COz = Percent C02 by volume, d ry  bas i s .  

7A2 = Percent O2 by volume, d ry  bas i s .  

%CO Percent CO by volume, d r y  bas i s .  

7d2 = Percent N2 by volume, d r y  bas i s .  

0.280 Ho lecu la r  weight o f  N2 o r  CO,  d i v i d e d  by 100 

0.320 - Molecular  weight o f  O2 d i v i d e d  by 100. 

0.440 = Molecular  weight o f  C02 d i v i d e d  by 100. 

7.2 Dry Molecular  M i g h t .  Use Equation 3 - 1  t o  c a l c u l a t e  
weight o f  the s tack g a s .  

'd 0.44O(YXOz) + 0..320(Y.02) t O . Z S O ( Y H 2  + X O )  

the d ry  molecula 

Eq. 3 -  

Note: The above equat ion does no t  cons ider  argon i n  a i r  (about 0 . 9  percent 
molecular  weight o f  39 .9) .  A negat ive  e r r o r  o f  about 0.4 percent i s  in t roduced.  
The t e s t e r  may choose t o  i nc lude  argon i n  the  ana lys is  us ing  procedures subject  
t o  approval o f  the  Admin i s t ra to r .  

8. 

1. 

2.  

3 .  

4. 

5 .  
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