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ABSTRACT 

Manufacturing processes that involve the spraying of styrene-based resins have been identified 
as a possible significant source of volatile organic compound (VOC) emissions that may affect human 
health and contribute lo the ozone non-attainment problem. Until recently, no known technology has 
been demonstrated to control such emissions of styrene. Now, several processes have been developed 
to control styrene emissions and a short-term field evaluation was planned to characterize the styrene 
removal efficiency of a pilot-scale version of a liquid chemical scrubbing process. This test was carried 
out at a facility (Eljer Plumbingware in Wilson, NC) that manufactures polyester bathtubs and shower 
stalls by spraying styrene-based resins onto molds in vented, open, spray booths. A side stream of air 
exhausted from one of the spray booths in the gel coating part of the process was used for this test. 

In this study the styrene removal efficiency of a pilot-scale version of the QUAD Chemtact™ 
scrubber was quantified by continuously measuring the total hydrocarbon (THC) content of spray booth 
exhaust air entering and exiting the device with THC analyzers and, for some tests, by collecting NIOSH 
EPA Method 18 samples (adsorption tube procedure) at the inlet and exit of the device. Twenty-five 
different combinations and strengths of scrubber chemicals (test conditions) were identified, and for 
each test condition, average styrene removal efficiency was determined. Average styrene removal 
efficiency approached but was never greater than 55% for any test condition. 

This work was performed at the request of the Control Technology Center (CTC) steering 
committee to provide information to state and local agencies for use in responding to public concerns. 
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PREFACE 

The Control Technology Center (CTC) was established by EPA's Office of Research and 

Development (ORD) and Office of Air Quality Planning and Standards (OAOPS) to provide technical 

assistance to state and local air pollution control agencies. Three levels of assistance can be accessed 

through the CTC. First, a CTC HOTLINE has been established to provide telephone assistance on 

matters relating to air pollution control technology. Second, more in-depth engineering assistance can 

be provided when appropriate. Third, the CTC can provide technical guidance through publication of 

technical guidance documents. development of personal computer software, and presentation of 

workshops on control technology matters. 

The engineering assistance projects, such as this one, focus on topics of national or regional 

interest that are identified through contact with state or local agencies. 
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Metric to Nonmetric Conversions 

Readers more familiar with nonmetric units may use the following factors to convert to that 
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SECTION 1 

INTRODUCTION 

The control of styrene is a major concern for many areas of the country. Up to the time of this 

evaluation, The Control Technology Center (CTC) had received over 30 calls on the topic. One area of 

styrene emissions is in the manufacture of shower stalls and bathtubs. There are approximately 200 of 

these plants operating in the U.S. emitting uncontrolled styrene to the atmosphere. Until recently, no 

known cost-effective technology had been demonstrated to control the emission of styrene. 

After being contacted by one supplier of a styrene removal technology, the CTC attempted to 

find other vendors of control technology for styrene removal. One other vendor was found and the CTC 

contacted this vendor, QUAD Technologies Inc., of Chicago, IL, to propose the evaluation of their 

chemical scrubber process (the QUAD Chemtact™ System) on a source of styrene emissions. This 

process utilizes liquid chemical scrubbing technology to remove styrene by spraying fine droplets (a 

mist) of a diluted chemical solution into a contaminated air stream as it is Injected tangentially into the 

top of a hollow cylindrical reaction chamber. Styrene is apparently oxidized and absorbed into the mist 

of water and scrubber liquor which is continuously collected and exhausted through the chamber drain. 

The treated air is then exhausted tangentially through the bottom of the reaction chamber. 

The ere initiated a proposed project to evaluate processes for controlling styrene emissions at 

a representative fiberglass shower stall and bath tub manufacturing plant. Eljer Incorporated of Wilson, 

North Carolina was selected as a possible site and was visited by representatives of EPA in August of 

1992 and later, in October, by representatives of EPA. SRI, and QUAD. A test was planned for 

November. 1992. However, due to scheduling constraints and equipment problems, this test was 

canceled. Later, in 1993, the test was rescheduled for June as part of a styrene emissions evaluation. 
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In May of 1993 a second site visit occurred and plans were finalized for the test in June. The week of 

June 21, 1993 was selected for the test. 

This facility was selected because at this site Eljer manufactures both fiberglass shower stalls 

and bathtubs by spraying styrene-based resins onto various mold shapes in individual spray booths that 

are vented to the atmosphere. During the May visit, a tentative agreement was reached to test the 

Chemtact process on a representative source of styrene emissions from the shower stalVbathtub 

construction process. 

Vent air from the spray booths used for mold-coating that is exhausted to the atmosphere is the 

major point source of emissions from the manufacture of fiberglass shower stalls and bathtubs. Thus, 

the number of manufacturing steps that involve the spraying of styrene-based resins and the number of 

individual spray booths in operation at a particular facility determine the level of styrene emitted to the 

atmosphere. 

Any fiberglass product that during its manufacture requires the spraying of styrene is a source of 

organic vapors that could affect human health both directly and indirectly. The results of this evaluation 

will provide information to state and local agencies for use in responding to public concerns. 

2 



SECTION2 

PROJECT DESCRIPTION 

2.1 EXPERIMENTAL APPROACH 

Styrene is an integral part of the industrial process that produces fiberglass bath tubs and 

shower stalls. In the first step of this manufacturing process, styrene is mixed with polyester resin and a 

pigment to create a •gel coat• that is sprayed onto a previously prepared mold. Molds are typically 

reusable and before each use the mold is waxed and coated with a mold-release agent that also helps 

to provide a high gloss to the finished product. In subsequent manufacturing steps, styrene and 

polyester resin are mixed with inert fillers and sprayed onto the previously coated mold along with 

chopped fiberglass. Between each application the coated mold is set aside while the resin is allowed to 

cure. Because curing is an exothermic process, the next manufacturing step is usually not carried out 

until the coated mold has cooled. Fiberglass provides structural support for the finished article, styrene 

and polyester resin act as a glue to hold the matrix together, and the inert fillers provide additional 

structural support and can also serve as a fire retardant. The final step of manufacture is to separate 

the finished fiberglass product from the mold and prepare the product for shipment. 

The purpose of this project was lo evaluate the performance of a pilot-scale liquid chemical 

scrubber designed to control styrene emissions. During this evaluation, the pilot-scale control device 

was configured to treat a portion of the air exhaust from a gelcoat booth at a fiberglass shower stall and 

bath tub manufacturing plant operated by Eljer Plumblngware located in Wilson. North Carolina. 

To measure the styrene removal efficiency of the pilot-scale liquid chemical scrubber, total 

hydrocarbon (THC) analyzers equipped with flame ionization detectors (FID) were used to determine 

total hydrocarbon levels at the inlet and outlet of the device on a continuous basis while charcoal-filled 

sampling tubes were used to collect samples of volatile organic compounds (VOC's) at the Inlet and 

outlet of the device over time periods of approximately one-half hour. Styrene levels in the inlet and 

outlet gas streams were quantified by subsequent chromatographic analysis (with FID detection) of the 

VOC's retained in the charcoal-filled sampling tubes. 

3 



2.2 ELJER PLUMBINGWAAE FACILITY 

The Eljer Plumbingware faciltty, diagrammaticany shown in Figure 1, is located in Wilson, North 

Carolina. In this figure the location of the pilot-scale scrubber is shown along with the location of the van 

used for sampling. During this evaluation, the workday started at 0700. Breaks in production occurred 

at 1000 hours (15 minute morning break) and 1200 hours (30 minute lunch break). The workday ended 

at 1400. 

Each stage of manufacture except for mold separation or "pulling• begins in a spray booth. At 

the Eljer facility the spray booths were not constructed in place but are prefabricated units manufactured 

by Binks, tnc. Each spray booth is approximately 3.05 m (10 ft) high, 4.11 m (13.5) ft wide, and 

approximately 3.66 m (12 ft) deep. The booths are approximately 1 m deeper but 3.66 m back from the 

mouth of the booth an expanded metal grate is mounted across the width and height of the booth on 

which a large sheet of air conditioning-type filter material is mounted. The filter material is usually 

changed every other day. 

Each spray booth is continuously vented with air from the interior of the plant that is pulled into 

the booth entrance, through the air conditioning filter mat, and a five-blade fan unit mounted 

approximately 2m below the roof of the building. Air pulled into the fan exits through ductwork that 

reenters the side of the building and exhausts vertically through a 0.91 m (3 ft} diameter stack mounted 

on the roof of the facility. Each exhaust fan has a nominal rated flow of 411 m3/min (14,500 acfm). 

There are three distinct manufacturing steps that are required to produce a fiberglass shower 

stall or bath tub at the Eljer facility. First, a prepared mold is mounted on a cart and wheeled into one of 

the three gelcoat spray booths located in the mold repair shop. In the spray booth, the mold and cart 

are designed to slide onto the arm of a permanently mounted pedestal assembly that can be 

hydraulically elevated above the floor of the spray booth. The mold and cart are also designed to rotate 

on the arm of the pedestal so that all parts of the mold are accessible for spraying. This mounting 

system is duplicated in every spray booth at the Eljer facility. 

Gel coat is a mixture of styrene monomer, polyester resin, and pigment (32.2% styrene by 

analysis) and is purchased as a prepared mix In 55 gallon drums and, during this test, contained no 
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additive to suppress styrene vapor emissions. At the time of this test at least four colors of pigment 

were observed: white. off white, pink, and blue. However, plant records only keep track of white and 

colored gel coat usage. 

About two to three minutes are required to coat a bath tub mold (approximately 2.5 m2) with gel 

coal and five minutes are required to coat a large shower stall mold (7-8 m2) with gelcoat. When 

spraying is complete, the mold Is oriented upright and the pedestal is lowered until the wheeled cart 

mounted to the mold contacts the floor. The mold and cart are then wheeled out of the booth to await 

the next stage of manufacture. Between each stage of manufacture the coated mold is set aside to cure 

and harden for about an hour. Curing generates heat so there is a time interval between sprayings to 

allow the coated mold to cool. 

The second slage of manufacture is called the "first lay-up· or "initial laminating" step and 

occurs in two parts. In this stage, the mold is conveyed to one of the first lay-up booths and, as with the 

first step of manufacture, mounted on a pedestal and prepared for spraying. The mix sprayed in this 

stage is composed of a powdered inert filler added to a mixture of styrene monomer and polyester resin 

to form a slurry that contains approximately 50% solids (21.4% styrene by analysis). The lay-up mix is 

prepared in the resin mix room shown in Figure 1 and is pumped to the point of delivery. 

Two coats of this slurry are sprayed onto the mold in this stage and during spraying, chopped 

fiberglass roving (3 to 4 cm long) is also blown at about a 30° angle into the stream of spray as It exits 

the spray nozzle. The spray mixes with the strands of chopped fiberglass and forms an entangled mat 

of resin-impregnated fiberglass on the surface of the mold. The inert filler and the chopped fiberglass 

help provide structural support to the finished product. Between sprayings, the mold is left in the booth 

while from two to four workers quickly compact and flatten or "rolr the matted surface of the mold with 

small, hand held rollers. After the second spraying. the mold is wheeled from the booth and rolled again. 

The total time for both sprayings usually takes two to three minutes and rolling can take another one to 

two minutes. However, because one person is used to operate the sprayer in the three lay-up booths, 

the time between sprayings averages from seven to ten minutes while other molds are being sprayed in 

the other lay-up booths. As with the first stage of manufacture, this step is brief and requires only three 
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to five minutes to complete. When this step is completed the coated mold is once again set aside to 

cure. 

The third, and final. spraying step is called the "second lay-up• or "back up• step and takes 

place in one of the two second lay-up booths shown in the upper left comer of Figure 1 (Back-Up Booth 

#1 or Back-Up Booth #2). In this step, a blend of powdered inert filler (Incorporating a fire retardant) is 

added to a mixture of styrene monomer and polyester resin to form a slurry that contains approximately 

50% solids (20.9% styrene by analysis). As with the lay-up mix, the back-up mix is prepared in the resin 

mix room shown in Figure 1 and is pumped to the point of delivery. 

This back-up mixture is also sprayed with chopped fiberglass fibers and forms the final two 

layers of the mold. As with the second stage of manufacture, the mold is first moved into the back-up 

booth where a fresh layer of the back-up slurry/chopped fiberglass mix is sprayed onto the mold. The 

mold is then moved out in front of the booth where precut chipboard and corrugated paper supports are 

pressed and molded inlo the wet slurry/fiberglass layer on the sides and bottom of the mold. The mold 

is then moved back Into the booth for a final spraying that covers all of the chipboard and heavy 

corrugated paper supports. After the mold emerges from the back-up booth for the second time it is 

manually rolled and set aside to cure for the last time. 

The final stage of manufacture is "pulling• or separation of the mold from the completed shower 

stall or bath tub. After the finished fiberglass piece is trimmed and inspected, it is prepared for 

shipment. 

2.3 THE LIQUID CHEMICAL SCRUBBING PROCESS 

The liquid chemical scrubbing process that was the subject of this evaluation was originally 

developed for odor control.' Subsequent to this development, it was determined by the manufacturer 

that a system of this type could be used to control VOC emissions. The following description of the 

liquid chemical scrubbing process is taken from general information supplied by the manufacturer on the 

operation of the liquid chemical scrubbing process. No specific information was provided that described 

how a full-scale version of this system operates or how a full-scale system differs from the pilot-scale 
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This technology takes advantage of a patented absorption technique based on the mass 

transfer equation that provides enhanced chemical reactivity with an atomized mist. The manufacturer 

asserts that mist provides a large surface area where gas-liquid phase reactions take place that result in 

the elimination of gaseous contaminants. 

Figure 2 shows a schematic diagram of a vertically-configured liquid chemical scrubbing device 

that Incorporates all of the equipment necessary to operate as a stand-alone unit. Because of design 

considerations, the components of a full-scale unit would probably be arranged In a horizontal 

configuration. The major components of such a system are an air compressor, a continuous monitor for 

pH control of the scrubber liquor, a water softening unit, scrubber chemicals with chemical metering 

pumps, the scrubber reaction chamber with its associated spray nozzle. the exhaust fan, and the outlet 

stack. This is a once-through process. Thus, spent scrubber liquids are disposed of and are not 

regenerated. Literature supplied by the manufacturer does not indicate if the liquid effluents generated 

by this process require special handling for their disposal. 

Styrene is removed by spraying fine droplets of a diluted chemical solution into a contaminated 

air stream as it passes through a hollow, cylindrical reaction chamber. Spray nozzles are situated within 

the chamber so that a fog of chemical-containing droplets mixes with the incoming contaminated air and 

flows in the same direction toward the outlet. The mixing process in the chamber is enhanced by the 

tangential inlet that forces a swirling motion within the chamber. As the mixture travels through the 

reaction chamber, the chemical-containing droplets solubilize or absorb and react with VOC's in the 

contaminated air stream. Treated air is exhausted tangentially from the bottom of the chamber. It then 

proceeds to another chamber (not shown in Figure 2) or to the exhaust stack. After solubilization or 

reaction has taken place, unevaporated droplets that are large enough to be captured on the sides of the 

reaction chamber collect at the drain opening in the floor of the chamber and are discharged. A pH 

sensor located in the drain piping is used as a control input to maintain the pH of the liquid effluent's at a 

preset value. In a large unit suction pressure is usually maintained at 0.25 kPa (1 in. H20). These units 

are constructed from PVC or fiberglass. 
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2.3.1 Pilot-Scale LiQuid Chemical Scrubbing Device 

A diagram of the pilot unit is shown in Figure 3. In this figure, styrene-laden air enters at the top 

right, and successively passes through each of the three reaction chambers. The chambers and all 

interconnecting tubing are constructed of PVC plastic. The reaction chambers are nominally 1.07 m (3.5 

ft) in diameter and 1.83 m (6 ft) high. Interconnecting PVC piping has a nominal inside diameter of 8.9 

cm (3.5 in.). In each reaction chamber, contaminated air enters tangentially at the top of the chamber 

and mixes with a mist of the scrubbing liquor that is sprayed from three titanium spray nozzles within the 

chamber. The tangential inlet forces air and mist to swirl together while II transits the chamber. The air 

and mist exit through a similar tangential outlet al the bottom of the chamber and flow through two 90" 

bends before entering at the top of the next reaction chamber. Each reaction chamber has a bottom 

drain that. for this test, was exhausted into a plastic bucket. At the exit of the last reaction chamber the 

mist and air stream pass through a 90° bend upward to an exhaust fan that is vented to the atmosphere. 

The atomizing nozzles are designed to operate at choked flow (sonic velocity) when supplied 

with compressed air at a pressure of 413.7 kPa (60 psig). As Figure 3 shows, the pilot unit was 

equipped with three identical reaction chambers (in series) that have tangential top inlets and tangential 

outlets at three vertical elevations. Only the bottom outlets were used during this test. Also shown in 

Figure 3 are the locations used to obtain inlet and outlet gas samples as well as the location of the 

pressure taps used to measure system pressure drop. 

Each reaction chamber was fed by a separate chemical metering pump so that a contaminated 

air stream could be treated with up to three different chemical solutions as it passed through the device. 

Separate five gallon plastic buckets were used to mix and hold the chemical solutions that were supplied 

to each metering pump. 

The manufacturer states that most of the fine droplets collect at the drain opening cast into the 

floor of each reaction chamber where the collected liquid is exhausted. Thus, there should be little liquid 

carryover. This was observed to be the case during testing. 

10 



---
Sampling Point for 

,-----r----,- LIQUID 3 ,-------..-UCUIO 2 ,----...---~ UQUIO 1OIAJet Emissions and 
t:P meaa,remert ,---....,.;,-----;,.-MR--,.;.----------..,.,..---...---

,, ,, II,,II..... , ....." p .. .... , ....,
t, , t,._, ._,t, t-i t, ._, -·• .::i • .:i ~.:1 

INLETNOZZLES NOZZLES NOZZLES 
FANSl'EEO 
CONTROLS 

Ct£M:CA~ 
METERl"IG 

Pl.MPS l!I l lREACTION REACTION REACTION 
CHAMBER #2 CHAMBER #1CHAMBER #3 

WATER 
Fie7:R I -OUT 

I 

DRAIN DAAIN 

(a) SIDE VIEW 

REACTION REACTION REACTION 
CHAMBER #3 CHAMBER #2 CHAMBER #1

...-------11 
UQ\.:10•1 

PU,<<> 

0 Q NOZZLES 0 Q NOZZLES 0 

F"NSPEEC 
CONTROLS 

• 
Sampling Point for 

Inlet Emiulons and -
/JP measuremertOUTLET 

(b)TOPVIEW 

INLET t 

Figure 3. Diagram of the pilot-scale liquid chemical scrubber tested at Bjer Plunbingware. 

11 



2.3.2 Specific Test Conditions 

Throughout this evaluation the pilot unit was operated at a slight negative pressure , from 0.8 to 

0.9 kPa (3.2 to 3.6 in. H20) at a nominal flow rate of 2.0 m3/min (70 acfm). Laundry bleach (NaCIO), 

hydrogen peroxide (H202), sulfuric acid (H2S04), and ethylene glycol (antifreeze) along with a variety of 

surfactants were evaluated for styrene removal. 

Table 1 presents the overall conditions encountered for the three days of testing. Tables 2 

through 4 delineate the specific test conditions, scrubber additives, and flows used In each reaction 

chamber of the liquid chemical scrubber for each day of testing, June 22 through June 24, 1993. Entries 

in Tables 2 though 4 are listed in chronological order, starting with the first mold that was sprayed while 

the liquid chemical scrubber was operational through to the end of the day of testing. As can be seen 

from an inspection of these tables, a number of test conditions were tried. This was because styrene 

removal efficiency across the liquid chemical scrubber was never very great, which led to the trial of a 

variety of scrubber additives, and because It was easy to change from one scrubber additive to another 

for a particular reaction chamber. 

It is difficult to comment on the choice of scrubber additives and surfactants used by the 

scrubber manufacturer, particularly because the manufacturer has not provided any information as to 

why the additives and surfactants that were used were chosen for testing. Given the relatively poor 

performance that was observed, the matter was not pursued. 

Table 1. Daily Test Con<frtions 

Date Time Inlet Air Temp. Rel. Humidity Bar. Pressure System ~p Air Flow Rate 
(OC) (%) (kPa) (kPa) (m3/min) 

June 22 0810 26.7 82 101.1 0.80 2.01 
June 23 0734 21.1 72 101.4 0.80 1.86 

1345 37.8 42 102.2 0.80 1.88 
June 24 0719 22.2 80 102.2 0.87 1.97 

1217 37.8 40 102.9 0.90 1.64 
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Table 2. Summary of Test Conditions for June 22, 1993 

Scrubber Addition Rate Scrubber Addition Rate Scrubbef Addition Rate 
Test Mold Start End Reaction Additive Wat.er Reaction Additive Wat.er Reaction Additive Water 

Cond. # Time Time Chamber#1 tloh\ (lr,f'I\ Chamber#2 IIM\ lloh\ Chamber#3 (IDh) (IDh) 

1 1 0834 0839 H20 0.96 11.36 No Spraying 0.00 0.00 No Spraying 0.00 0.00 

2 0844 0850 HP 0.96 11.36 No Spraying 0.00 0.00 No Spraying 0.00 0.00 

3 0853 0859 HiQ 0.96 11.36 No Spraying 0.00 0.00 No Spraying 0.00 0.00 
4 0903 0907 HiQ 0.96 11.36 No Spraying 0.00 0.00 No Spraying 0.00 0.00 

2 5 0908 0916 Antifreeze 0.96 11.36 No Spraying 0.00 0.00 No Spraying 0.00 0.00 

6 0920 C)g25 Antifreeze 0.96 11.36 No Spraying 0.00 0.00 No Spraying 0.00 0.00 

3 7 OQ31 ~2 AnllfrNz• 0.~ 11.36 NaCIO (5.25'lli) 2.56 11.36 No Spr.ying 0.00 0.00 

8 0947 0956 Antifreeze 0.96 11.36 NaCIO (5.25'lli) 2.56 11.36 No Spraying 0.00 0.00 

9 0957 1002 Antifreeze 0.96 11.36 NaCIO (5.25'll,) 2.56 11.36 No Spraying 0.00 0.00 

4 10 1032 1038 Off Line - - Off Line - - Off Line - -
11 1043 1047 Off Line - - Off Line - - Off Line - -
12 1051 1100 Off Line - - Off Line - - Off Line - -
13 1101 1108 Off Line - - Off Line - - Off Line - -

5 14 1117 1124 Antifreeze 0.96 37.85 NaCIO (5.25'11>) 2.56 37.85 H20 Only 0.00 37.85 

15 1130 1135 Antifreeze 0.96 37.85 NaCIO (5.25%) 2.56 37.85 H:20 Only 0.00 37.85 

16 1138 1146 AnlifrHZe 0.96 37.85 NaCIO (5.25%) 2.56 3785 H20 Only 0.00 37.85 

17 1147 1155 Antifreeze 0.96 37.85 NaCIO (5.25%) 2.56 37.85 H20 Only 0.00 37.85 

6 18 1239 1243 NaCIO (5.25%) 1.50 34.07 NaCIO (5.25%) 2.56 34.07 H,O Only 0.00 34.07 

7 19 1259 1305 NaCIO (5.25%). 1.50 34.07 NaCIO (5.25'11>) 2.56 34.07 H20 Only 0.00 34.07 

NaOH (2.4%) 
20 1308 1312 NaCIO (5.25%), 1.50 34.07 NaCIO (5.25%) 2.56 34.07 H20 Only 0.00 34.07 

NaOH (2.4%) 
8 21 1313 1318 NaCIO (5.25%), 1.50 34.07 NaCIO (5.25%) 2.56 34.07 H20 Only 0.00 34.07 

NaOH (2.4%), 
Surfactant "E" 

22 1322 1328 NaCIO (5.25%). 1.50 3407 NaCIO (5.25%) 2.56 34.07 H,O Only 0.00 34.07 
NaOH (2.4%). 
Surfactant "E" 

9 23 1338 1342 NaCIO (5.25%), 1.50 34.07 NaCIO (5.25%), 2.56 34.07 H20 Only 0.00 34.07 

Surfactant "E'" Surfactant "E" 
24 1351 1356 N1CIO (5.25%), 1.50 34.07 NaCIO (5.25%), 2.56 34.07 H20 Only 0.00 34.07 

Surfactant "E" Surfactant "E" 
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Table 3. Summary of Test Conditions for June 23, 1993 

Scrubber Addition Rate Scrubber Addition Rate Sc:rubber Addition Rate 
Test Mold Start End Ruction Additive Wat.er Reaction Additive Wal.er Reection Additive Water 

Cond. # Time TIIM Chamber#1 (lr,h\ IIDh) Chamber#2 llDh\ tlDhl Chamber#3 llohl llDh) 
1 1 0712 0718 H20 0.00 34.07 H2') 0.00 34.07 H20 Only 0.00 34.07 
2 2 0734 0737 H2S04 (2'11,) 1.50 34.07 H~0,(2") 2.56 34.07 H20 Only 0.00 34.07 

3 
3 .. 0742 

07SO 
0747 
0757 

Hz$04 (2'11,) 
H2S04 (2'11,) 

1.50 
1.50 

34.07 
34.07 

Hz$0, (2") 
NaCIO (5.25%) 

2.56 
2.56 

34.07 
34.07 

H200nly 
H20 Only 

0.00 
0.00 

34.07 
34.07 

.. 5 
6 

0759 
0814 

0808 
0823 

H2SO, (2'11,) 
H2SO, (2'11,) 

1.50 
0.90 

34.07 
34.07 

NaCIO (5.25%) 
NaCIO (5.25%) + 

2.56 
1.70 

34.07 
34.07 

~OOnly 
H:;iQOnly 

0.00 
0.00 

34.07 
34.07 

H~0,(2'11,) 
to Ruch pH •7 

7 0825 0829 H2SO, (2'11,) 0.90 34.07 NaCIO (5.2Sq(,) + 1.70 34.07 H:20 Only 0.00 34.07 
Hz$0, (2'11,) 

to Reach pH =7 
8 0834 0840 H2S04 (2'11,) 0.90 34.07 NaCIO (5.25'lb) + 1.70 3407 H20 Only 0.00 34.07 

Hz$0,(2%) 
to Reach pH =7 

5 g 0845 0854 NaCIO (5.25q(,) + 0.90 34.07 NaCIO (5.25%) + 1.70 34.07 H20 Only 0.00 34.07 
H2SO, (2q(,) HzS0,(2'11,) 

to Reach pH •7, to Reach pH •7, 
Surfactant ·e· Surfactant "B" 

10 0910 0917 NaCIO (5.25%) + 0.90 34.07 NaCIO (5 25%) + 1.70 34.07 H20 Only 0.00 34.07 

H2SO, (2%) Hz$04 (2%) 
to Reach pH =7, to Reach pH -7, 

Surfactant "B" Surfactant "8" 
11 0917 0923 NaCIO (5.25%) + 0.90 34.07 NaCIO (5.25%) + 1.70 34.07 H20 Only 0.00 34.07 

H2SO, (2%) HzSO, (2%) 
to Reach pH =7, to Reach pH •7. 

Surfactant ·e· Surfactant ·e· 
12 0939 0948 NaCIO (5 25%) + 090 34.07 NaCIO (5 25'11,) + 1.70 3407 ~OOnly 0.00 34.07 

H2SO.,i (2%) Hz$0, (2%) 
to Reach pH =7, to Reach pH =7, 
Surfactant "B" Surfactant ·a· 

6 13 0948 0955 H2SO, (2%), 0.90 34.07 H2SO, (2%), 1.70 34.07 H20 Only 0.00 34.07 
Surfactant ·A·• Surfactant •A· 

7 14 1031 1036 Hz$0, (2'!1.), 0.90 34.07 Hz$0, (2%), 1.70 34.07 H20 Only 1.89 34.07 
Surfactant "E" Surfactant "E" 

8 15 1039 1048 HzSO, (2%), 0.90 34.07 H2SO, (2'!1.), 1.70 34.07 Surfactant "F" 1.89 34.07 
Surfactant "E" Surfactant ·e· 

9 

16 

17 

1049 

1101 

1057 

1105 

H2SO, (2'11,), 
Surfactant ·e· 
Hz$0, (2'!1.), 

0.90 

0.90 

34.07 

34.07 

Hz$0, (2"4), 
Surfactant •e· 
Hz$0,(2'!1.), 

1.70 

1.70 

34.07 

34.07 

Surfactant "F" 

Surfactant •o• 

1.89 

1.89 

34.07 

34.07 
Surfactant "E" Surfactant "E" 

18 1112 1120 H2SO, (2'11,), 0.90 34.07 Hz$0, (:2%), 1.70 34.07 Swfactant ·o· 1.89 34.07 
Surfactant "E" Surfactant "E" 

10 19 1124 1137 HzSO.,i (2q(,) 0.90 34.07 H:zSO, (2%) 1.70 34.07 H2SO, (2'11,) 1.89 34.07 

20 1144 1154 Hz$0,(2%) 0.90 34.07 Hz$0, (2%) 1.70 34.07 H2SO, (2'11,) 1.89 34.07 

21 1157 12:03 H2SO, (2'11,) 0.90 34.07 Hi$0.,i(2'11.) 1.70 34.07 H:z$04 (2'11,) 1.89 34.07 

11 22 1242 1254 NaCIO (5.25%), 0.90 34.07 NaCIO (5.25%), 1,70 34.07 H:zO Only 0.00 34.07 
Surfactant "E" Sur1actant "E" 

12 23 1259 1306 NaCIO (5.25%), 0.90 34.07 NaCIO (5.25q(,), 1.70 34.07 ~OOnly 0.00 34.07 
Cold Oil. Water Cold Oil Waler 

24 1308 1313 NaCIO (S.2S'!E.), 0.90 34.07 NaCIO (5.25%), 1.70 34.07 t½OOnly 0.00 34.07 
Cold Oil. Water Cold Oil. Water 

25 1317 1322 NaCIO (5.25%), 0.90 34.07 NaCIO (5.25%), 1.70 34.07 t½O Only 0.00 34.07 
Cold DH. Water Cold Oil. Water 

13 26 1324 1327 Hz$0, (2'11,), 0.60 34.07 NaCIO (5.25%) 2.56 34.07 HzOOnly 0.00 34.07 
Surfactant "E" 

27 1332 1337 Hz$0, (2'11,), 0.60 34.07 NaCIO (5.25'11.) 2.56 34.07 ~OOnly 0.00 34.07 
Surfactant "E" 

28 1340 1344 H2SO, (2'11,), 0.60 34.07 NaCIO (5.25CW.) 2.56 34.07 t½OOnly 0.00 34.07 
Surfactant "E" 

29 1352 1356 Hz$0, (2'11,), 0.60 34.07 NaCIO (5.25%) 2.56 34.07 H20 Only 000 34.07 

Surfactant "E" 
30 1357 1403 H2SO, (:z,i.), 0.60 34.07 NaCIO (S.25C!I.) 2.56 34.07 ~OOnly 0.00 34.07 

Surfactant ·e· 
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Table 4. Summary of Test Conditions for June 24, 1993 

Scrubber Addition Rate Scrubber Addition Rate Scrubber Addition Rate 

Test 
Con<!. 

Mold

• 
Start 
Time 

End 
Time 

Ruetion 
Chambef #1 

Additive 
/k,h\ 

Water 
/IDh) 

Reaction 
Chambef#2 

Additive Water 
Ooh\ nnhl 

Reection 
Chamber#3 

AddliYe 
llDh) 

Water 
CIDh) 

1 1 0742 0748 H:A(3%) 1.06 34.07 ~(3%) 1.28 34.07 H:z02(3'll,) 1.14 34.07 

2 0754 oeo, H:A(3'll,) 1.06 34.07 ~02(3%) 1.28 34.07 H:z02(3'll,) 1.14 34.07 

2 3 0805 0809 Dilute MEKP 1.06 34.07 Water 0.00 34.07 Water 0.00 34.07 

4 0813 08108 OQutaMEKP 1.06 34.07 Wa 0.00 34.07 Water 0.00 34.07 

0822 08208 DiluteMEKP 1.06 34.07 Wat.er 0.00 34.07 Water 0.00 34.07 

3 6 0837 0842 H;zSO• (2%), 1.05 34.07 ~(3%) 1.70 34.07 H:A(3'll,) 1.32 34.07 
Surfactant ·E• 

7 0847 0853 ~S04 (2'llo), 1.05 34.07 ~0i(3%) 1.70 34.07 H:A (3'11,) 1.32 34.07 
Surfactant "E" 

e 0857 0903 H;zS04 (2%), 1.05 34.07 ~02(3%) 1.70 34.07 H:A(3%) 1.32 34.07 
Surfactant "E" 

9 0905 0911 H2S04 (2%), 
Surfactant -e• 

1.05 34.07 ~0i(3'll,) 1.70 34.07 H:A (3%) 1.32 34.07 

0912 0920 H2SO, (2%), 1.05 34.07 ~0,(3%) 1.70 34.07 HA(3%) 1.32 34.07 
Surfactant •E" 

, 1 0932 0937 H2S04 (2'11,), 1.05 34.07 H202 (3'll,) 1.70 34.07 HA(3'llo) 1.32 34.07 
&Jrfactant ·E· 

12 0940 094S H2S04 (2%), 1.05 34.07 H202(3%) 1.70 34.07 HA(3'11.) 1.32 34.07 
Surfactant "E" 

13 0953 1000 H2SO• (2'll.), 1.05 34.07 H202 (3%) 1.70 34.07 Hz02(3'llo) 1.32 34.07 
&Jrfactant "E" 

14 1034 1039 H2SO• (2'11o), 
Surfactant •e• 

1.05 34.07 ~0i(3'll,) 1.70 34.07 H202 (3'11.) 1.32 34.07 

1044 1053 H2SO, (2'!1>). 1.05 34.07 H202 (3%) 1.70 34.07 H:A (3'11o) 1.32 34.07 
Surfactant ·e· 

16 1054 1101 H2SO, (2'!1>), 1.05 34.07 H202(3%) 1.70 34.07 H20i (3'11,) 1.32 34.07 
Surfactant ·e· 

17 1106 1112 H2SO, (2'11.), 1.05 34.07 H202 (3%) 1.70 34.07 HA(3'll,) 1.32 34.07 
Surfactant ·e· 

18 1118 1124 H2SO, (2%), 1.05 34.07 H202 (3%) 1.70 34.07 H202 (3<11,) 1.32 34.07 
Surfactant "E" 

19 1128 1134 H2SO, (2'1b), 
Surfactant ·e• 

1.05 34.07 H202 (3%) 1.70 34.07 HA (3'11.) 1.32 34.07 

1138 1141 H;zSO, (2'11,), 1.05 34.07 H202(3'11.) 1.70 34.07 H2~(3'llo) 1.32 34.07 
Surfactant ·e· 

21· 1146 1153 H2SO, (2'11,), 1.05 34.07 ~0i(3'll,) 1.70 34.07 H202(3'11.) 1.32 34.07 
Surfactant •E" 

22 1156 1206 H;zSO, (2'llo). 1.05 34.07 H202 (3'11.) 1.70 34.07 Hz();z (3'11.) 1.32 34.07 
Surfactant ·e· 

23 1244 1247 H;zSO, (2%), 1.05 34.07 ~02(3'11.) 1.70 34.07 H:A(3'll,) 1.32 34.07 
Surfactant ·e. 

24 1252 1257 H;zSO, (2%), 1.05 34.07 H202 (3'11,) 1.70 34.07 HA(3%) 1.32 34.07 
Surfactant ·e· 

1333 1338 H;zSO, (2%), 
Surfactant •e· 

1.05 34.07 H:A(3'11.) 1.70 34.07 HA(3%) 1.32 34.07 

26 1339 1344 H;zSO, (2%), 1.05 34.07 H:z02(3'll,) 1.70 34.07 HA(3%) 1.32 34.07 
Surfactant "E" 

27 1346 1350 H;z504 (2'!1.), 1.05 34.07 ~0i(3'!1.) 1.70 34.07 H~(3~) 1.32 34.07 
$urfaciant "E" 

2B 1352 1353 H;zSO, (2'll,), 1.05 34.07 ~0i(3%) 1.70 34.07 H20i (3'11>) 1.32 34.07 
Surfactant "E" 
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2.4 EXPERIMENTAL APPARATUS 

2.4.1 Connection to the Pilot-Scale Liquid Chemical Scrubber 

The pilot-scale device was situated as close as possible to the outlet of Gel Coat booth #2 

located on the roof of the facility. A 15.24 cm (6 in.) diameter flexible aluminum sampling line was used 

to convey a sample of air exiting the spray booth. This line was approximately 17.1 m (56 ft) long. This 

sampling line was not heaHraced because local ambient temperatures averaged near 38°C (100°F} 

during most of the testing. At the exit of the last reaction chamber but before the exhaust fan a tee was 

connected to the nominal 10.2 cm (4 in.) diameter PVC exhaust line to obtain outlet air samples. 

Because saturated air and some mist exited the last reaction chamber. the outlel sample line contained 

a liquid drop out section that was drained as needed. Figure 4 shows how the pilot unit and the van 

containing the sampling equipment were situated. 

At the pilot unit inlet and outlet single 9.53mm (0.375 in.) diameter heated Teflon~ sample lines 

were used to carry gas samples to the sample van for analysis. The inlet sample line was about 2.13 m 

(7 ft) long. The outlet sample line was approximately 3.66 m (12 ft) long with the condensate trap placed 

midway in the line at its lowest point. 

The EPA Quality Assurance Handbook applicable to Method 18 sampling Indicates that It is 

proper to maintain sampling lines above the local ambient temperature if the compound being sampled 

could condense within the sample lines.1 Thus, to avoid the possibility of styrene loss and to minimize 

condensation of waler from the saturated air in the outlet sampling line, the sample lines were heated to 

at least 11°C (20°F) above the local ambient temperature. Because the local afternoon temperature 

averaged near 38"C (100°F} during the test, all sample fines were kept at 49°C (120"F}. 

2.4.2 sampling Yan 

Figures 5 and 6 show how the gas sampling equipment was connected within the van used to 

house the sampling equipment. Two equivalent systems were constructed so that concurrent samples 

could be obtained at the inlet and the outlet of the liquid chemical scrubber. Thus, the description that 

follows applies to either system. 
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Shortly after each 9.53mm diameter sample line entered the sampling van it was divided into 

two 6.35 mm (0.25 in.) diameter sample lines less than 1 O cm in length. The smaller sampling lines 

were not heat traced. One line was connected to a J.U.M. Instruments VE-7 THC analyzer and the 

other line was connected to a SwagelockTM "Tee• connector with a shut off-valve from which samples of 

gas could be withdrawn into charcoal-filled adsorption tubes (EPA Method 18, Section 7.4 or NIOSH 

Method 1501 ). Outlet charcoal tube samples were preceded by an anhydrous sodium sulfate-fiUed 

drying tube to remove water vapor. Sample flow was maintained at 31/m by the THC analyzer. When 

EPA Method 18 samples were taken this flow was Increased by 0.2 1/m at the inlet and 0.5 1/m at the 

outlet. With the short sample lines this flow rate was more than sufficient to assure that residence times 

in the sample lines were low (between 2 and 3 seconds for the longest sample line). 

Figure 5 shows the calibration gas system used for the THC analyzers. Three mixtures of 

styrene in nitrogen were used for calibration (171 ppm, 39 ppm, and 2.2 ppm). in addition to zero air 

(less than 0.1 ppm THC). The boltles of calibration gas were interconnected with positive shut-off valves 

to a common manifold that was itself connected to the span gas port on both THC analyzers. This 

system allowed both THC analyzers to be calibrated from the same calibration gases. 

It should be noted that after all testing had been completed, concentrations of the styrene gases 

used for calibration standards during testing (from the vendor that supplied the gases, Matheson Gas 

Products. Inc.) were found to be in substantial error. The values quoted above were determined 

separately as part of a process that established that the vendor-supplied calibrations were in error. 

Appendix B, the Qual~y Control Evaluation Report for this work, details this process and the method 

used to correct the field THC data. 

The O - 1 O V output signal from each THC analyzer was fed to one channel of a two-channel 

chart recorder. The output signal from each THC analyzer was also recorded on 1.44 Mb floppy disks 

with a dedicated PC-based datalogger. Output from each THC analyzer was logged once every second. 

The software used to log the data (Ouicklog PC™) was configured to display the last 50 minutes of data 
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(last 3000 data values) from both channels on the PC monitor. Output from the inlet THC analyzer was 

displayed on a Oto 1000 ppm scale and output from the outlet THC analyzer was displayed on a oto 

100 ppm scale. 

Previously it had been determined that virtually all (99%) of the organic materlal exhausted from 

the gelcoat spray booths was styrene monomer.s In this case, as for previous testing at this facility, the 

primary intent of these measurements was to establish time-averaged levels of styrene at the inlet and 

outlet of the pilot-scale styrene control device to detennine the styrene removal efficiency. As with 

previous measurements, EPA Method 18 (adsorption tube procedure, equivalent to NIOSH Method 

1501) was followed in obtaining these samples (see Appendix A).' 

Figure 6 shows the equipment arrangement used for the EPA Method 18 sampling. The same 

basic arrangement was used to obtain inlet and outlet samples except that at the outlet each adsorption 

tube was preceded by a drying tube that contained anhydrous sodium sulfate. It was necessary to 

provide dry, or relatively dry. air to the charcoal adsorption tubes used in this test because the 

adsorption efficiency of styrene (on charcoaQ drops oft sharply as absolute humidity increases (see 

Appendix A). Anhydrous sodium sulfate is widely used for this type of sampling and does not collect 

styrene. The samples were obtained with a single volatile organic sampling train (Vosn sampling 

pump connected to a manifold that, in tum, was connected to a standard small charcoal-filled tube. 

Flow was set before each measurement to approximately 0.2I/m for inlet samples and 0.51/m for outlet 

samples. 

2.5 EXPERIMENTAL METHODS AND PROCEDURES 

2.5.1 Total Hydrocarbon Analyzers 

J.U.M. Instruments Model VE-7 total hydrocarbon (THC) analyzers equ.,ped with flame 

ionization detectors (FID) were used to obtain a continuous measurement of the total hydrocarbon 

content in air that entered (air exhaust from gelcoat booth #2) and exited the pilot-scale liquid chemical 

scrubber. This analyzer extracts approximately 3 1/m of sample with an internal sample pump 
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and sends from 17 to 20 cm3/m of that sample to an onboard FID. The FID's in these instruments were 

set up to use a 60% helium- 40% hydrogen (helifuel) mixture as a fuel. Two of these THC analyzers 

were used for the duration of testing. These instruments were inspected and were zeroed and 

calibrated with THC-free air and the styrene span gases respectively before testing. 

The JUM VE-7 provides five decade output ranges that can be manually selected from 0-10 

ppm to 0-100,000 ppm. A 0-10V signal is output at the rear of the instrument that corresponds to the 

decade range selected. The instrument used to sample air from the inlet of the liquid chemical scrubber 

was set to measure in the 0-1000 ppm range and the instrument used to monitor air exhausted from the 

device was set to measure in the 0-100 ppm range. As indicated above, the output from each of these 

instruments was recorded on a two-channel chart recorder and also logged on a dedicated PC-based 

data acquisition system. 

These instruments are normally calibrated with propane. However, for this test they were 

calibrated with three mixtures of styrene in nitrogen (171 ppm. 39 ppm, and 2.2 ppm) in addition to zero 

air (less than 0.1 ppm hydrocarbons). When the instruments were zeroed on zero air, Instrument 

response was linear with the three calibration gases. 

The instruments were calibrated and operated according to the manufacturer's instruction 

manual. Calibration and zero g?s connections on the back panel of the instrument were not used, rather 

calibration and zero gas were routed to the sample gas input (common field practice), and calibration 

and zero gas pressures were maintained at sample gas input pressure levels. Fuel gas (helifueQ 

pressure was maintained at 1.5 bar (21 psig). Internal instrument sample pressure was maintained at 

200 mbar (3 psig). Full calibrations (all span gases, zero gas) were perfonned on both THC analyzers 

at the beginning and middle of each day and instrument calibration was checked at the end of each day 

of testing. 

2.5.2 Collection of EPA Method 18 Samples 

The Adsorption Tube Procedure defined in Section 7.4 of EPA Method 18 (equivalent to NIOSH 

Method 1501) was followed to obtain samples of VOCs from air that entered the liquid chemical 

scrubber (air exhaust from gelcoat booth #2). air that exited the device, and from the low and midrange 
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styrene calibration standards. EPA Method 18 (Adsorption Tube Procedure) specifies that an applicable 

NIOSH Method be followed for the analysis of such samples. A copy of the proper NIOSH procedure 

(NIOSH Method 1501) is included in Appendix A. 

As shown in Figure 6, the heated inlet and outlet sampling lines were divided after reaching the 

van housing the sampling equipment. One side was directed to a THC analyzer and the other side to a 

VOST sample pump through a stainless steel fitting where VOC samples were taken. Flow through the 

VOST pump was set at 0.2 I /m for Inlet samples and at 0.5 Vm for outlet samples. Thus, total sample 

flow was 3.2 I /m at the inlet and 3.5 I /m at the outlet. A higher sample flow was used at the outlet to be 

sure that sufficient styrene would be captured in the adsorption tube for proper analysis. Sample times 

ranged from 19 to 32 minutes and were governed by process stability. Originally It was planned to take 

many more samples than were obtained. However, this was prevented due to difficulties encountered in 

the operation of the pilot-scale liquid chemical scrubber and the large number of short-duration test 

conditions. 

Because air at the outlet of the pilot-scale device was saturated with water. provision had to be 

made to remove water from air samples before the air reached the charcoal-filled adsorption tubes (SKC 

Model 226-01 coconut charcoal-filled tube, NIOSH approved, Lot 120). This is because the styrene 

colleclion efficiency of the coconut charcoal in the adsorption tubes is severely degraded by the 

presence of water vapor under conditions of high humidity (see Appendix A). Therefore, the charcoal

filled adsorption tubes were preceded by standard drying tubes filled with 9 grams of anhydrous sodium 

sulfale (SKC Catalog No. 226-44-02). Anhydrous sodium sulfate does not adsorb or react with styrene 

vapor. Large-capacity tubes were used to insure that all of the water in the incoming air stream would 

be removed and because the other size available (250 mg) did not provide a sufficient margin of safety 

for water vapor removal. One of the large-capacity tubes can remove all of the water from 

approximately 200 I of 35°C (95°F) saturated air. In this sampling effort these drying tubes were used 

once and then discarded. Sample volume never exceeded 16 I. 

Samples of the styrene calibration gases were taken directly from the gas cylinders. For these 

samples, flow was measured with a Buck Model M-5 primary gas flow standard bubble flow meter. 
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Sample volumes and total styrene loadings were kept within the ranges established by EPA Method 18 

and NIOSH Method 1501 (see Appendix A). 

To prevent contamination, all sample tubes are made of glass and are designed so that a small 

glass seal on either end of the tube must be broken off before a gas sample can be puDed through the 

tube. Samples were taken over time periods ranging from 19 to 32 minutes. When sampling ended 

each tube was sealed with a plastic cap provided by the manufacturer. Previous experience at SRI has 

shown that when styrene is sampled, these tubes do not require refrigeration to preserve the sample 

prior to analysis. Thus, the tubes were kept at room temperature until their contents were extracted for 

analysis. Previous experience at SRI has also shown that these tubes can await extraction for up to 

three weeks with no noticeable degradation in sample recovery and that such samples do not require 

refrigeration while analysis is pending. However, all of the charcoal sample tubes taken for this study 

were analyzed well within three weeks after they were obtained. 

The charcoal-filled sample tubes from this evaluation were returned to SAi's laboratories in 

Birmingham, Alabama for analysis. Analysis consisted of desorption of VOC's adsorbed on the charcoal 

with carbon disulfide (according to the EPA Method 18 mandated NIOSH procedure that is proper for 

styrene detection. NIOSH Method 1501, reproduced in Appendix A) followed by injection into a gas 

chromatograph (GC) coupled to an FID. In addition, styrene standards were used to spike randomly 

selected charcoal-filled tubes and these samples were analyzed to determine a desorption efficiency 

specific to this lot of charcoal-filled tubes (in this case, 90.25%). From this analysis, styrene present in 

the samples was quantified. Knowledge of the amount of styrene present. the sample time, and the 

sample gas flow rate allowed the determination of a time averaged value for the styrene present at the 

inlet and outlet of the control device that could be compared with data from the THC analyzers. 

2.5.3 Collection of Scrubber LiQuid Sa,n,les 

Samples of spent scrubber liquid were obtained from the first two reaction chambers on June 23 

(at 1340) and from all three reaction chambers on June 24 (at 1040). On June 23, only water was 

injected in the third reaction chamber so no liquid sample was taken. In addition, a sample of the tap 

(process) water used to dilute the chemicals used for scrubbing was obtained on June 24 (at 1015). All 
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liquid samples were preserved in 250 ml glass sample bottles with Teflon-sealed caps. The samples 

were kept at room temperature, away from light. 

The liquid samples were brought back to SAi's Binningham, Alabama laboratories where, 

according to the standard operating procedure for water samples, they were refrigerated until they could 

be analyzed (refrigeration was not required in the field). Each liquid sample was diluted and subjected to 

chromatographic analysis for the presence of volatile and semivolatile organic compounds. The results 

of these analyses are shown in Appendix D. Some of these analyses were complicated by surfactants 

~ntended to improve droplet dispersion) that were present in the scrubber liquid samples. During 

analysis these surfactants tended to produce copious amounts of foam. 

2.5.4 Total Flow Rate Measurements 

It was planned to make daily measurements of the total flow rate into the pilot-scale liquid 

chemical scrubber with a standard pitot tube according to EPA Method 1A. However, the flow rate into 

this device was determined to be much lower than was expected, too low to measure accurately with a 

standard pitot. Thus, on June 22, after it was determined that the standard pitot would not be useable, 

arrangements were made to obtain a thermal anemometer that had been calibrated in a wind tunnel at 

SAi's laboratories in Birmingham, Alabama. On the morning of June 24 measurements were made near 

the inlet of the liquid chemical scn.t>ber at the end of a long section of straight ducting (2.5 to 3 m in 

length). The inside diameter of the flexible aluminum ducting was measured and found to be 14.6 cm 

(5.75 in.) which corresponds to an area of 167.5 cm2 (0.180 ft2). 

To measure air velocity, two four-point, equal-area traverses were made at points spaced 90° 

apart across the duct diameter. The air velocity measurement was then converted to a volumetric flow 

measurement. The result of this measurement (a flow rate of 1.97 m3/min) Is shown in Table 1. From 

this measurement. and knowledge of the exact transit time of styrene-laden air through the liquid 

chemical scrubber {from inspection of the THC analyzer output recorded at the Inlet and outlet of the 

pilot-scale scrubber), it was possible to accurately detennine the total air flow rate into the pilot-scale 

scrubber during each period of testing. More information on these measurements is presented in 

Section 3.4 of this report. 
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SECTION 3 

DATA, RESULTS. AND DISCUSSION 

3.1 TOTAL HYDROCARBON ANALYZER DATA 

The THC's were operated continuously through the three days of testing. No operational 

problems were encountered with the THC monitors other than an Infrequent flame-out of one of the 

FlD's and occasional losses of power due to circuit breaker overload or accidental disconnection of 

power by plant personnel. Because these periods were short and because the instruments were 

monitored closely, no significant data were lost. 

3.1.1 Inlet Data 

voe emissions from the spraying process can be characterized as being quite variable. At the 

inlet of the pilot-scale liquid chemical scrubber instantaneous hydrocarbon emissions (essentially 100% 

styrene) ranged from as low as 50 ppm to as high as 250 ppm during spraying in the gelcoat booth. 

While molds were being removed from the spray booth or installed in the spray booth hydrocarbon 

emission levels ranged from 12 to 25 ppm. During midday lunch breaks in the production process, 

hydrocarbon levels decreased to approximately 5 ppm. 

Figures 7 through 15 show output from the inlet THC analyzer that was recorded on the 

datalogger for the three days of testing, June 22 through 24, 1993. THC data taken during periods of 

calibration are not shown. For comparison purposes, data from the outlet THC analyzer are also shown 

on these figures. Outlet data will be discussed in Section 3.1.2, below. 

These figures show that there are three distinct •periods• of spraying per day. The first period 

lasts from the start of spraying in the morning (from as early as 0700) and ends when the plant 

employees have a 15 minute break at approximately 1000 hours. The second period starts at 

approximately 1015 and lasts until the lunch break at noon. The final period starts around 1230 and 

lasts until approximately 1400. Spraying can end earlier than 1400 if daily production quotas are met. 

These figures show the variability and the periodic nature of the emissions from this process. 

Because of the variety of molds (with different surface areas) that are sprayed and because of the 
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Figure 14. Inlet and outlet hydrocarbon emissions, 1030 to 1215, June 24, 1993 
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nature of the spraying process, it is difficult to determine if differences from one spraying period to 

another are due to differences in the type of mold (bath tub versus shower stall} or to the approach used 

by the operator. Because the periodic nature of these emissions have been observed in the past,3 

spraying activity in gel coat booth #2 was recorded on a video camera and the surface area of each 

mold was determined so that it would be possible to determine the level of styrene emissions as a 

function of the surface area sprayed. 

3.1.2 Outlet Data 

Figures 7 through 15 also show output from the outlet THC analyzer that was recorded on the 

datalogger for the three days of testing, June 22 through 24, 1993. These data have been shifted to 

align with the inlet data. The amount of time that the data were shifted so that inlet and outlet peaks in 

styrene concentration align is equal to the transit time through the device. Transit times ranged from 

1.70 minutes to 2.08 minutes. As with THC data from the Inlet, periods of calibration are not shown. 

Also not shown are data from most periods when water was emptied from the outlet sampling line or 

when an FID flame-out occurred. 

These data show that outlet emissions from the pilot scale liquid scrubber are closely coupled to 

inlet emissions. This behavior should be expected because of the relatively constant transit time for 

emissions to pass through the device. Thus, outlet emissions rose and fell with inlet emissions. 

Generally, peak outlet emissions ranged between 50 and 100 ppm (depending on the test condition) and 

between sprayings usually fell to levels equal to those measured at the inlet to the device at such times 

(5 to 30 ppm). 

3.1.3 Efficiency Pata 

During each period of spraying, styrene removal efficiency was determined by comparing average 

inlet and outlet THC measurements recorded by the dedicated PC-based data logger. In order to isolate 

periods of spraying activity In gel coat booth #2 from periods when no spraying was taking place in that 

booth. data were segregated into periods of time when inlet hydrocarbon emissions were greater than 

30 ppm (which coincided with spraying) and periods when hydrocarbon emissions were equal to or lower 

than 30 ppm (which coincided with periods between spraying). 30 ppm was selected as a break point 
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from inspection of the data. After this segregation was made, outlet data (shifted to remove the effect of 

transit time through the pilot-scale scrubber, as shown in Figures 7 through 15) were averaged over the 

same time periods used for the inlet data and these averages were used to determine hydrocarbon (as 

styrene) removal efficiency for each mold that was sprayed. The results of these calculations are 

presented in Tables 5 through 7. These tables present average inlet and outlet THC emissions data and 

hydrocarbon removal efficiency averaged over each period of mold spraying and each test condition. 

Figures 16 through 18 present the efficiency averages from Tables 5 through 7 in the form of bar graphs 

showing hydrocarbon removal efficiency for each period of mold spraying (as individual bars) and for 

test condition (as thick horizontal lines over the time period of the test condition). 

Raw averages of inlet and outlet THC data for periods during which inlet emissions were greater 

than 30 ppm and for periods when inlet emissions were less than or equal to 30 ppm are shown in 

Appendix C. These data were used to generate the results shown in Tables 5 through 7. In this 

appendix, population standard deviations and 95% confidence intervals are also included for each 

average. Because the inlet THC data were analyzed to determine periods during which hydrocarbon 

emissions were greater or less than 30 ppm, no attempt was made in Appendix C to segregate the 

results into groups corresponding to the test conditions shown in Tables 2 through 4. Therefore, the 

tables presented in Appendix Care organized by spraying periods (three per day). 

These figures also show that the liquid chemical scrubber was not able to exceed an average 

hydrocarbon removal efficiency of greater than 55% for any of the 25 test conditions. When water was 

sprayed {only in reaction chamber 1), in the absence of any other chemical, the hydrocarbon removal 

efficiency averaged 33% (Test Condition 1 on 6/22). Indeed, when the liquid chemical scrubber was off 

line because of a water line rupture (with flow still maintained through the device), a hydrocarbon 

removal efficiency of 30% was measured! Thus, the greatest effect of any chemical additive was to 

increase average hydrocarbon removal efficiency by 26% over that obtained with water or 29% over that 

obtained by using the liquid chemical scrubber as a settling chamber. 
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Table 5. Inlet and Outlet Styrene Level and Efficiency of Styrene Removal 
for each Mold Sprayed and for each Test Condition, June 22, 1993. 

Test 
Cond. 

# 
Mold 

# 
Mold 
Area 

Mold 
Spray 
nme 

--- Inlet Styrene Level -- --Outlet Styrana Lavel -- - Average Efficiency -
For Each Mold Test Condition For Each Mold Tesl Condition Per Test Condition 

Average Std. Dev. Average Std. Dev: Average Std. Dev Average Sid. Dev. Mold Average Sid. Dev. 
(m') (sec) (ppm) IDDm) (ppm) lDllml (coml (DOm) (DPffl) (DDml (CM,\ 1'11,J ('!I,) 

1 1 7.80 260 103.0 37.0 66.8 12.5 35.1 

2 6.13 344 93.8 ◄ 1.8 63.3 16.0 32.5 

3 7.80 409 85.8 43.7 59.6 19.5 30.5 

4 5.30 262 89.7 ◄4.9 92.3 42.2 58.6 13.3 61.9 16.1 34.6 32.8 2..1 

2 5 5.85 482 68.7 43.5 47.9 15.5 30.3 

6 7.99 313 103.7 38.0 82.5 41.5 64.9 12.7 54.6 14.4 37.4 33.1 5.0 

3 7 7.99 680 69.8 28.6 47.7 11.4 31.6 

a 7.80 543 85.1 29.8 54.0 11.9 366 

9 585 285 99.7 51 4 80.9 34.5 60.4 13.3 52.3 12.0 39.4 34.9 4.0 

4 10 613 354 113.3 48.0 85.9 20.0 24.1 

11 5.30 272 106 8 54.4 67.6 18.7 367 

12 7.80 520 102.7 46.3 71.2 18.8 30.6 

13 1 39 385 775 49.3 99.5 49.0 54.4 14.5 69.7 18.1 29.8 30.0 5.2 

5 14 7.99 434 106.7 49.5 71.3 17.5 33.2 

15 7.80 303 123.9 53.1 78.4 17.3 36.8 

16 7.99 511 103.7 54.6 65.7 21.9 36.7 

17 7.80 464 101.1 52.4 107.4 52.5 63.3 21.0 68.7 19.8 37.4 360 1.9 

6 18 5.30 197 100.9 396 100.9 NIA 49.4 7.6 49.4 NIA 51.1 51 .1 N/A 

7 19 7.99 357 126.4 43.B 71.7 14.7 43.3 

20 5.30 261 107.1 42.4 118.2 43.2 60.8 11.3 67.1 13.4 43.2 43.3 0.1 

8 21 5.30 302 100 7 51.2 59.7 13.2 40.8 

22 7.80 345 113.9 46.4 107.8 48.7 62.8 14.2 61.4 13.7 44.8 42.9 2.9 

9 23 585 212 112.7 49.3 49.5 10.8 56.1 

24 7 99 314 112.2 34.4 112.4 41.0 78.5 13.5 66.8 12.5 300 40.5 18.4 
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Table 6. Inlet and Outlet Styrene Level and Efficiency of Styrene Removal 
for each Mold Sprayed and for each Test Condition, June 23, 1993. 

Test 
Cond.

• 
Mold 

# 
Mold 
Area 
(m2) 

Mold 
Spray 
Time 
(sec) 

--- Inlet Styrene Level -- --Outlet Styrene Level -- - Average Efficiency -
For Eac:h Mold Test Condition For Each Mold Test Condition Per Test Ccndition 

Average Std. Dev. Average Std. Dev. Average Std. Dev. Avwage Std. Dev. Mold Average Sid. Dev. 
(ppm) (rx,m\ (ppm) (ppm) (Dem) (DDm\ IDl'lm) (ppm} ('II,} (411,) ('II,) 

1 1 7.60 393 74.8 33.3 74.8 NIA 41.4 10.9 41.4 NIA 44.7 44.7 NIA 
2 2 5.30 207 81.6 30.1 33.6 5.8 588 

3 6.69 315 82.8 31.5 82.3 31.0 40.3 8.4 37.7 7.5 51.3 54.3 5.3 
3 4 7.80 386 80.8 31.7 399 9.4 50.6 

5 7.80 562 72.0 32.1 75.6 31.9 38.4 11.0 39.0 10.4 46.7 48.3 2.8 

4 6 7.25 540 72.2 35.9 37.8 12.3 47.6 
7 5.30 238 86.1 32.7 41.6 6.1 51.7 

8 780 404 83.3 38.1 78.8 35.3 44.4 9.8 40.8 10.4 46.7 48.1 2.7 

5 g 7.80 548 n.5 34.3 40.2 126 48.1 

10 5.85 426 720 38.5 37.9 8.9 47.3 

11 5.30 317 87.4 41.5 45.3 10.4 48.2 

12 7 80 431 86.4 336 80.2 38. 1 42.9 10.9 41.2 10.9 50.3 48.5 1.3 

6 13 7 80 402 109.9 391 109.9 NIA 55.0 11.2 55.0 NIA 50.0 50.0 NIA 

7 14 530 322 86.9 41.4 86.9 NIA 41.0 9.3 41.0 NIA 528 52.8 NIA 

8 15 7 80 550 91 1 51.2 53.0 17.5 41.8 

16 7.80 469 99.9 42.9 95.1 47.5 59.3 14.7 55.9 16.3 40.6 41.2 0.8 

9 17 5 30 269 106.7 458 55.7 10.0 47.8 
18 799 438 1104 462 109.0 46.0 63.0 15.3 60.2 13.6 42.9 44.8 3.5 

10 19 7.99 760 801 42.5 46.8 18.0 41.6 

20 7 99 592 96 9 46.5 56.6 19.5 41.6 

21 5 85 316 110.6 43.3 91.8 44.1 60.6 13.2 52.9 17.7 45.2 42.3 2.1 

11 22 7.99 719 854 50.B 85.4 N/A 49.9 20.0 49.9 NIA 41.5 41.5 NIA 

12 23 7.99 374 1004 36.2 52.9 13.5 47.4 

24 530 289 86.5 38.1 47.0 9.3 45.7 

25 6.69 277 104.3 32.6 97.3 35.8 529 9.5 51.1 11.2 49.3 47.4 1.8 

13 26 1.11 185 58.5 261 25.5 3.1 56.4 

27 7.80 318 105.2 33.6 47.1 95 55.3 

28 6.69 260 153.6 50.6 71.0 10.4 53.8 

29 7 80 262 109.0 41.7 48.7 11.0 55.3 

30 5.67 331 93.0 41.3 105.9 40.0 441 7.9 48.3 9.0 52.6 54.5 1.5 
I 
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Table 7. Inlet and Outlet Styrene Level and Efficiency of Styrene Removal 
for each Mold Sprayed and for each Test Condition, June 24, 1993. 

Test 
Cond.

• 
Mold 

# 
Mold 
Area 
(m2) 

Mold 
Spray 
Time 
(sec) 

--- Inlet Styrene Level -- --Outlet Styrene Level - - Average Efficiency -
For Each Mold Test Condition For Each Mold Test Condition Per Test Condition 

Averag• Std. Dev. Average std. D•v. Average Std. Dev. Average Std. Dev. Mold Average Std. Dev. 
('!I,)(ppm) loom) loom) (p0m) lmxn) IDDm) ('!I,) ("")'""m) (00ml 

1 1 799 371 85.7 27.8 47.8 9.8 44.3 

2 7.99 437 87.8 32.9 88.8 30.7 49.4 12.4 48.6 11.3 43.7 44.0 0.4 

2 3 5.85 244 91.2 34.9 43.5 8.5 523 
4 6.13 334 91.7 39.9 56.8 24.1 38.0 
5 6.13 341 95.0 43.2 92.8 39.9 n.1 9.2 61.1 16.2 18.1 34.4 17.1 

3 6 5.85 263 92.2 40.9 68.4 7.1 258 
7 7.99 387 103.2 44.8 67.8 14.4 34.3 
8 7.80 374 915 39.6 56.7 11.0 380 
9 7.25 331 114.2 47.2 64.0 10.6 44.0 
10 7.99 492 97.1 442 59.3 15.4 389 
11 7.99 295 104.1 42.8 63.0 13.3 39.5 

12 7.99 500 83.8 32.5 51.6 6.4 38.4 
13 6.69 435 87.6 41.6 55.0 14.1 37.2 
14 5.85 312 104.3 46.9 55.2 13.5 47.1 

15 7.99 519 97.6 590 58.7 22.4 39.9 
16 7.80 439 125.0 61.7 71.3 200 43.0 

17 7.99 359 131.9 58.1 71.6 18.4 45.7 

18 530 364 104.3 58.4 54.4 15.0 478 

19 3.25 350 96.0 63.2 496 10 7 48.4 

20 2.23 165 88.8 48 0 391 4.9 56.0 
21 7.80 444 123.6 61.6 62.2 17.5 49.6 

22 7.99 578 81 8 37 5 406 23.6 504 

23 5 30 211 117.0 55.9 56.2 125 52.0 
24 7.80 304 132.4 60.2 68.4 14.4 48.3 

25 7.80 299 129.4 528 64.9 12 7 49.8 

26 5.85 274 1091 51.S 55.1 6.8 494 

27 6.69 298 114.8 496 60.5 10 7 47.3 

28 5.30 113 122.8 38.9 104.9 50.2 51.2 32 58.5 15.1 58.3 43.8 7.4 
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Figure 16. Hydrocarbon removal efficiency, June 22, 1993. 
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As indicated above, a wide variety of chemical additives and surfactants were tested. While the 

reasons for the choice of these exact chemicals has not been addressed in any literature supplied by the 

scrubber manufacturer, before the test. the manufacturer Indicated that solutions of both sodium 

hypochlorite and sodium hydroxide (along with a surfactant to aid in dispersion) would be evaluated for 

styrene removal. It is reasonable to expect that a bleach would react with styrene to break it down into 

benzoic acid. Why the other chemicals were evaluated has not been addressed by the manufacturer. 

3.1.4 Estimated styrene Emissions from Gel coat Booth 12 

It is possible to estimate styrene emissions to the atmosphere from the shower stall and bath tub 

gel coating process from THC data taken at the Inlet of the liquid chemical scrubber device. Using the 

methodology described above, THC data from each day of testing were inspected to determine times 

during which bath tubs or shower stall molds were sprayed. VOC emissions (assumed to be 100% 

styrene) were averaged over the time required to spray each bath tub or shower stall mold and 

multiplied by the time required to spray the mold to determine the emissions rate in milligrams of styrene 

per cubic meter per second of air flow. This value was multiplied by the flow rate of the gelcoat booth 

exhaust fan to obtain a mass emissions rate of styrene to the atmosphere for each bath tub or shower 

stall The air flow through the outlet stack on gel coat booth #2 was measured to be 6.23 m3/s (dry, or 

13,193 dscfm) on 6/17/93 as part of Phase 1 of this Work Assignment. Tables 8 and 9 shows the results 

of these calculations. 

Table 8 summarizes hydrocarbon emissions during periods of mold spraying. Over the three days 

of testing sufficient data were acquired to estimate styrene mass emissions for a total of 82 separate 

mold sprayings. On the average, 6.2 ± 2.1 minutes were required to spray a mold and during that time 

approximately 0.144 ± 0.043 kg of styrene per square meter of mold surface was vented to the 

atmosphere, assuming that the average flow rate of the exhaust fan in gel coat booth #2 equaled the 

flow rate measured on 6/17/93. In terms of emissions per mold, the 82 molds sprayed represented 

552.2 m2 (5944 ft2) of mold area or an average of 6.73 m2 (72.5 tt2) per mold. Thus, during spraying. 

approximately 0.97 ± 0.29 kg of styrene were emitted to the atmosphere for every mold that was 

sprayed. The fairly high standard deviations for these numbers are most likely due to the fact that many 
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Table 8. Hydrocarbon Emissions from Direct Spraying in Gel Coat Booth #2, THC Data 

Date Start End Molds Mold -Spray Time - Styrene Emissions 
Time Time Sprayed Area 

(m2, 
Average Std. Dev. 

1sec} (secl 
Average Std.~ Avera~e 

(kQ/moldl (ka/moldl (kc/m ') 
Std. Dev. 
fka/m2l 

6/22/93 0834:55 
1032:46 

1002:01 
1155: 11 

9 
8 

62.5 
52.2 

397.6 
405.4 

145.0 
92.5 

0.914 
1.133 

0.220 
0.256 

0.132 
0.174 

0.032 
0.039 

1239:47 1356:15 7 45.5 284.0 62.7 0.854 0.238 0.131 0.037 

Daily Summary 24 160.3 396.7 118.0 0.970 0.257 0.145 0.038 

6/23/93 0712:14 0955:17 13 90.3 397.6 110.7 0.870 0.224 0.125 0.032 
1031:03 1203:07 a 56.0 464.5 165.7 1.197 0.338 0.171 0.048 
1242:07 1403:20 9 57.0 335.0 153.4 0.888 0.366 0.140 0.058 

Daily Summary 30 203.4 351.2 143.7 0.962 0.326 0.142 0.048 

6/24/93 0742:40 1000:30 13 93.6 369.5 80.3 0.933 0.190 0.130 0.026 
1034:35 1206 00 9 56.2 392.2 121.0 1.120 0.355 0.179 0.057 
1244:16 135356 6 38.7 249.8 75.5 0.816 0.266 0.126 0.041 

Daily Summary 28 188.6 351.2 106.2 0.968 0.282 0.144 0.042 

I 
June 22-24 Test Summary 82 552.2 372.5 124.4 0.966 0.289 0.144 0.0'3 

I 

Table 9. Total Hydrocarbon Emissions from Gel Coat Booth #2, THC Data 

Date Start End Molds Mold Time Styrene Emissions 
Time Time Sprayed Area Period Average Std. Dev. Avera~e Std. Dev. 

tm2\ (hours) (kg/mold) (kg/mold) (ka/m ') (kg/m2
) 

6/22/93 0834:55 1002:01 9 62.5 1.45 1.029 0.703 0.148 0.101 
1032:46 1155:11 8 52.2 1.37 1.250 0.970 0.192 0149 
1239:47 1356:15 7 45.5 1.27 1.043 0.970 0.160 0.149 

Daily Summary 24 160.3 4.10 1.107 0.101 0.166 0.018 

6/23/93 0712:14 0955:17 13 90.3 2.72 1.091 0.855 0.157 0.123 
1031:03 1203:07 8 56.0 1.53 1.328 0.975 0.190 0.139 
1242:07 1403:20 9 57.0 1.35 1.018 0.766 0.161 0.121 

Daily Summary 30 203.4 5.61 1.132 0.132 0.167 0.015 

6/24/93 0742:40 1000:30 13 93.6 2.30 1.054 0.843 0.146 0.117 
1034:35 1206:00 9 56.2 1.52 1.255 1.005 0.201 0.161 
1244:16 1353:56 6 38.7 1.16 1.024 1.121 0.159 0.174 

4.98 1.112 0.102 0.165 0.023Daily Summary 28 1886 

I 
82 552.2 1,.69 1.118 0.114 0.166 0.019June 22-24 Test Summary

I 
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different types molds were sprayed and that bath tub enclosures require a longer time to spray (with 

higher emissions) than smaller shower stalls. 

It should be emphasized that the above numbers are strictly for periods of spraying (hydrocarbon 

emissions greater than 30 ppm). Overall emissions are somewhat higher than shown in Table 8 

because during any given period, total emissions to the atmosphere, through gel coat booth #2, are a 

sum of the emissions that occur during the spraying of a mold and the emissions swept into the booth 

between sprayings. Emissions not directly associated with spraying can come from molds that have 

been sprayed and not yet removed from the booth, coated molds that are left outside the mouth of the 

booth while an adjacent booth is being cleared, or from recently sprayed molds passing in front of the 

booth. Total hydrocarbon emissions are shown in Table 9. Thus, for the three days of testing, total 

emissions averaged approximately 0.17 ± 0.02 kg of styrene for every square meter of mold that was 

sprayed. Likewise, for every mold that was sprayed, the total emissions of styrene to the atmosphere 

averaged 1.i 2 ± 0.11 kg of styrene. Comparing the emissions directly associated with spraying to total 

emissions, it appears that, on the average, approximately 13% of all the emissions are not directly 

associated with spraying. 

3.2 EPA METHOD 18 DATA 

EPA Method 18, Adsorption Tube Procedure, was followed to obtain charcoal tube samples at the 

Inlet and outlet of the liquid chemical scrubber situated at gel coat booth #2. Due to the nature of the 

adsorption tube sampling procedure, the desire to sample process emissions over an extended period, 

and expected inlet and outlet hydrocarbon emissions levels, sample times of from one to one and one

haH hours were planned. Unfortunately, because test conditions frequently lasted for short times as one 

or another scrubber additive was evaluated to Improve scrubber performance it was only possible to 

complete two concurrent sampling runs at the inlet and outlet of the liquid chemical scrubber. 

On June 22, a sample of the 39 ppm styrene calibration standard was taken with an adsorption 

tube and on June 23, a sample of the 2.2 ppm styrene calibration standard was taken with an adsorption 

tube. At the liquid chemical scrubber, concurrent inlet and outlet adsorption tube samples were obtained 
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on the last day of sampling, June 24, during test condition #3. One run was made in the morning (from 

1052 to 1125) and the other run was made in the afternoon, from 1332 to 1351. During both of these 

runs three molds were sprayed. No sampling problems were encountered during any of these runs. 

Table 1 O shows the sample times and sampling parameters that were used to take these 

samples and Table 11 presents the results of these measurements. Also shown in this table are results 

of measurements recorded with the inlet and outlet THC monitors that were averaged over the time 

period during which the adsorption tube samples were obtained. Standard deviations are not shown for 

these THC measurements because, in this case, they would quantify the effect of concentration 

variations due to normal process changes (spray guns being cycled from off to on to off) over the time 

that the adsorption tube sample was obtained rather than provide an overall uncertainty in the average 

emissions level. 

Table 10. Sampling Conditions for Adsorption Tube Measurements made at 
Eljer Plumbingware, June 22-24, 1993. EPA Method 18 Sampling 

Date Sample Sample Start End Sample Sample Sample 
ID No. Time Time Time Flow Rate Volume 

(min) (liters/min) (liters) 

6i22/93 Midrange Calibration Standard 1 0900 1000 60 0.210 12.62 
6i23/93 Low Range Calibration Standard 2 1035 1140 65 0.306 19.90 
6/24/93 Inlet. liquid Chemical Scrubber 3 1052 1125 33 0.198 6.35 

Outlet, Liquid Chemical Scrubber 4 1052 1125 33 0.481 15.54 
Inlet, liquid Chemical Scrubber 5 1332 1351 19 0.174 3.30 

Outlet, Liquid Chemical Scrubber 6 1332 1351 19 0.507 9.64 

With the exception of the low range calibration standard, the results shown in Table 11 indicate 

that the Method 18 measurements are lower than concurrent measurements made with the THC 

analyzers. Percentage differences (difference divided by average expressed as a percent) for the four 

concentration determinations that could be compared to THC measurements ranged from approximately 

13% to 15% below the THC averages with the afternoon scrubber inlet measurement approximately 

22% below the averaged THC value. Only styrene was detected in the analyses of these samples. 
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Table 11. Results of Adsorption Tube and THC Measurements made at 
Eljer Plumbingware, June 22-24. 1993. EPA Method 18 Sampling. 

Sample Sample Start End Styrene Concentration Difference Efficiency 
ID No. Time Time Method 18 From THC THC-Method 18 Meth. 18/THC 

loom) toom} {%} lo/o) 

Midrange Calibration Standard 1 0900 1000 35.8 39_1• 8.8 
Low Range Calibration Standard 2 1035 1140 2.28 2.2· -3.6 
Inlet, Liquid Chemical Scrubber 3 1052 1125 70.5 80.0 12.6 

Ou1Iet, Liquid Chemical Scrubber 4 1052 1125 41.3 48.1 15.2 41.4 / 39.9 
Inlet, Liquid Chemical Scrubber 5 1332 1351 76.2 94.7 21.7 

Outlet, Liquid Chemical Scrubber 6 1332 1351 42.5 49.3 14.8 44.4 / 47.9 

• Concentration determined for styrene calibration standard. 

With respect to styrene removal efficiency, both methods yielded efficiencies between 40 and 

50%. There is no clear reason for the differences observed between the THC and Method 

measurements, and agreement to within± 10% was expected (see Appendix B). The fact that the THC 

measurements were consistently greater than the EPA Method 18 measurements points to the need for 

a larger set of Method 18 samples so that a better comparison could be made. 

3.3 ANALYSIS OF RECOVERED SCRUBBER LIQUID SAMPLES 

All samples were taken at reaction chamber drains. Samples of spent scrubber liquid were 

obtained from the first two reaction chambers on June 23 (at 1340) and from all three reaction chambers 

on June 24 (at 1040). On June 23. only water was injected in the third reaction chamber so no liquid 

sample was taken. In addition, a sample of the process water used to dilute the chemicals used for 

scrubbing was obtained on June 24 (at 1015). All liquid samples were preserved in 250 ml glass sample 

bottles with Teflon-sealed caps. It was originally intended to obtain more scrubber liquid samples. 

Unfortunately, because so many test conditions were tried, it was difficutt to isolate a set of operating 

conditions (where reasonable styrene removal was obtained) that persisted for a long enough period to 

obtain a set of scrubber samples that were not contaminated by additives from a previous test condition. 
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The samples were kept at room temperature, away from light until they could be brought back to 

SAi's Birmingham. Alabama laboratories for analysis. The samples were returned to SRI on June 27 

and. according to standard operating procedure, were placed in refrigerated storage until they could be 

analyzed. The samples were analyzed on August 25 and 26 according to EPA SW-846 Method 8240 

using a Hewlett-Packard Model 5890 Series II Gas Chromatograph with a Hewlett-Packard Model 

5971 A Mass Selective Detector. This analysis employs a purge and trap procedure, and scrubber liquid 

samples from June 23 {Reaction Chamber's #1 and #2) and June 24 (Reaction Chamber #1) contained 

enough of the surfactant that was added to improve droplet dispersion that the samples generated a 

vigorous foam when they were purged. This required that the samples be diluted to the point where the 

level of foaming did not affect the analysis. The effect of this dilution was to reduce the sample size 

from 5 ml to 0.01 ml to 0.05 ml, depending on the sample, which significantly increased the detection 

limit for semivolatile and volatile organic compounds present in these samples {see Appendix D). 

Table 12 summarizes the test conditions under which the samples were obtained and Table 13 

presents the results of the analyses carried out on these samples. As Table 12 shows, the same 

additive was used in Reaction Chamber #1 during both of the test conditions for which liquid samples 

were obtained. However, on June 24, the rate of addition of the scrubber additive (2% H2SO, and 

surfactant "E") was approximately 1.75 times that used on June 23. The same additives were not used 

in the other reaction chambers. On June 23, a 5.25% solution of NaCIO was added to Reaction 

Chamber #2 and water alone was added to Reaction Chamber #3. On June 24, 3% Hp2 was added to 

both Reaction Chamber #2 and #3. 

As Table 13 shows, styrene was detected in only the sample from Reaction Chamber #1 on 

June 24. This is not surprising, because styrene present in the liquid sample would continue to react 

with scrubber additives (such as sodium hypochlorite) within the reaction chamber. in the chamber drain 

system. and possibly after the sample was acquired before It was analyzed. Also, Table 13 shows that 

in all but one of the scrubber liquid samples, acetone and chloroform were detected. The presence of 

chloroform in liquid collected from Reaction Chambers #1 and #2 at 13:40 on June 23 could be 

explained by the use of sodium hypochlorite in both of these chambers earlier in the day. Acetone was 
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probably not detected in the one sample (Reaction Chamber #1, 6/23) because this sample had to be 

heavily diluted (0.01 ml In water as opposed to a 5 ml sample with no water dilution) to reduce foaming 

caused by the surfactant present in the sample. The sample from Reaction Chamber #1 taken on June 

24 also had to be diluted to reduce foaming from the surfactant, but by much less (0.05 ml in water to 

make a 5 ml sample). Less dilution along with the fact that the additive flow rate to Reaction Chamber 

#1 on June 24 was 1.75 times that used on June 23, makes it probable that more compounds would be 

detected in that sample (e.g. acetone, carbon disulfide, and unreacted styrene) than in the sample 

obtained on June 23. 

Table 12. Summary of Test Conditions During Which Scrubber Liquid Samples were Taken 

Scrubber Addition Rate Scrubber Addition Rate Scrubber ~on Rate 
Date Test Start End Sample Reaction Additive Water Reaction Additive Wat.er Reaction Additive Wal.er 

Cond Time Time Time Chamber#1 llohl (lph) Chamber#2 Oehl (lph) Cnamber#3 IIDhl tlnh\ 

6123 13 1324 1-403 1340 H.SO, (2'!1.), 0.60 34.07 NaCIO (S.25'!1,) 2.56 34.07 H.O Only 0.00 34.07 
Surfactanl "E" 

6124 3 837 1353 1040 H2SO, (2'!1.), 1.05 34.07 H202(3%) 1.70 34.07 HA(3%) 1.32 34.07 
Surfaelant "E" 

Table 13. Results of Analyses Carried out on Scrubber Liquid Samples 
and a Process Water Sample 

Date Time Origin Compound Concentration Detection Limit 
(µg/1) (µg/1) 

6/23 1340 Reaction Chamber #1 Chloroform 23300 410 
Reaction Chamber #2 Acetone 709 364 

Chloroform 39400 41 

6/24 1040 Reaction Chamber #1 Acetone 1910 728 
Carbon OisuHide 104 2so· 
2-Butanone 53400 1460 
Chloroform 230 82 
Styrene 1022 141 

Reaction Chamber #2 Acetone 2440 7.28 
2-Butanone 367 14.6 
Chloroform 1.65 0.82 

Reaction Chamber #3 Acetone 7.41 7.28 
Chloroform 7.31 0.82 

6/24 1015 Process Water Chloroform 55 0.82 
Bromodichloromethane 12.2 2.37 

• Conservative estimate of detection llmrt based on previous measurements of similar water samples. 
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The presence of 2-butanone in the sample from Reaction Chamber #1 on 6/24 is explained 

because MEKP, the peroxide of 2-butanone, was used in this chamber earlier In the day. It is possible 

that residual MEKP remained in Reaction Chamber #1 and that it was present in the sample collected on 

that day. It could have hydrolized before or after collection. 

3.4 Total flow Rate Pata 

Following the methodology described in Section 2.5.4, air flow into the liquid chemical scrubber 

was measured on the morning of June 24 with a thermal anemometer that had been calibrated in a wind 

tunnel at SRl's Birmingham, Alabama facility. As was indicated earlier, because the flow rate was lower 

than initially expected flow could not be measured according to EPA Method 1A with a standard pitot 

probe. Method 1 A indicates that the minimum number of traverse points for round ducts between 0.1 

and 0.3 m diameter is 8, providing that there are no flow disturbances within 10 duct diameters upstream 

and 8 duct diameters downstream. These criteria were satisfied and 8 traverse points were used, four 

each on two diameters. 90° apart. Table 14 presents the results of these measurements. The flow 

measurements made on June 24 (at 0845) were the actual flows used for testing. 

Table 14. Flow Rate Measurements at the Inlet of the liquid Chemical Scrubber 

Date and Time Traverse Point Port A Port B Average 
Traverse Traverse Flow Rate* 

m/min m/min m3/min 

6/24/93, 0845 1 109.7 108.2 
2 121.9 128.0 
3 123.4 125.0 
4 106.7 115.8 

Average 1.966 

The duct diameter was 14.6 cm 

As indicated above, because it was found that flow into the iquid chemical scrubber was too low 

to allow the use a standard pilot to measure flow rate, it was not possible to measure flow into the 
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device unt~ a thermal anemometer could be received late on June 23. To determine the flow rate 

through the liquid chemical scrubber for the two earlier days of testing, the value for flow rate determined 

on June 24 was scaled according to the ratio of the transit time measured through the scrubber on June 

22 and 23 compared to that measured for June 24. This Is because the coordinated THC measurements 

made at the inlet and outlet of the liquid chemical scrubber allowed the transit time of styrene-laden air 

through the device to be determined. Once the transit time was known, flow could be scaled relative to 

the transit time and flow rate measurement made on the morning of June 24. 
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SECTION4 

SUMMARY AND CONCLUSIONS 

The purpose of this study was to evaluate the Dquid chemical scrubbing process for controlling 

styrene emissions at a representative fiberglass shower stall and bath tub manufacturing plant. This 

process was evaluated with the aid of a small, transportable pilot-scale liquid chemical scrubber unit 

supplied by the manufacturer of full-scale devices that utilize this technology. The evaluation was 

carried out from June 22-24, 1993 at the Eljer Plumbingware facility located in Wilson, NC. 

The liquid chemical scrubbing process takes advantage of a patented absorption technique based 

on the mass transfer equation that provides enhanced chemical reactivity with an atomized mist. The 

manufacturer asserts thal the mist provides a large surface area where gas-liquid phase reactions take 

place that result in the removal of gaseous contaminants. 

The major components of the pilot-scale system tested in this study included the three-chamber 

scrubber equipped with three spray nozzles and separate chemical metering pumps for each chamber, 

internal ducting to allow the chambers to be connected in a variety of configurations, and a variable 

speed exhaust fan. The pilot-scale unit is mounled on a large tra~er for ease of transport. 

This is a once-through process. Thus, spent scrubber liquids were disposed of and were not 

regenerated. While no attempt was made to address issues associated with the disposal of spent 

scrubber liquids, the chemical analyses reported in Appendix C suggest that such disposal is 

straightforward. 

The pilot-scale liquid chemical scrubber was not able to achieve styrene removal efficiencies 

greater than 55% over a period of mold spraying although a number of additives were tried (including 

sodium hypochlorite, ethylene glycol, sulfuric acid, methyl ethyl ketone peroxide, hydrogen peroxide, and 

water). In the three days of testing 25 separate test conditions were completed. 

In addition to the evaluation of the liquid chemical scrubbing process, it was possible to quantify 

styrene emissions in the spray booth exhausl to which the pilot-scale device was connected. These 

measurements showed that styrene was the only volatile organic compound present in the spray booth 
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exhausts at this facility and that time-averaged concentrations of slyrene ranged from 0.14 kg of styrene 

per square meter of mold sprayed (during periods of active mold spraying) to 0.17 kg of styrene per 

square meter of mold sprayed when all of the emissions entering the spray boolh (over a day of 

spraying) were accounted for. 

4.1 ECONOMICS 

The liquid chemical scrubber manufacturer was asked to provide a quotation for a full-scale 

system suitable for the Eljer facility. That system is described in Table 15. For such a full-scale device 

the installed cost was quoted to be $475,000 with an hourly operating cost of $10.01. Assuming an 

average styrene inlet concentration of 110 ppm. as was used in the previous economic analysis of the 

Polyacr FB system,3 a system flow rate of 145,000 scfm, and a 50% styrene removal efficiency, the total 

cos! depreciated over a nine year lifetime is $9.04/scfm or $563/ton of styrene removed. 
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Table 15. Design and Cost Specification for a Full-Scale Liquid Chemical Scrubber 

DESIGN ASSUMPTIONS AND COSTS 

Air Capacity 145,000 scfm 
Inlet Temperature 75 °F 
Inlet Styrene Concentration 110 ppm (250 ppm maximum) 
Total System Efficiency 50 % 

Hours of Operation per Year 2000 hours 
Period of Depreciation 9 years 
Cost of Operation 10.01 $/hr 
Cost of Electrical Power 0.07 $/kWh 
Sodium Hypochlorite 0.37 $/lb (dry) 
Sur1ace Active Agent 10 $/gallon 

Installed Cost 475,000.00 $ 
Total Cost 563.36 $/ton of styrene removed (over 9 year life) 

9.04 $/scfm (over 9 year life) 

LIQUID CHEMICAL SCRUBBER DESIGN 

Layout Horizontal 
lnlel Duct Openings into Plenum from Spraybooths 
Exhaust 14 x 7 ft (into Horizontal Construction) 
Slack Height 28 ft 

Reaction Chamber 
Number 1 Chamber 
Reaction Time 10 Seconds 
Effective Chamber Volume 24,167 ft3 

Dimensions 14 x 14 x 135 ft (with Plenum) 
14 x 7 x 129 ft (Chamber without Plenum) 

EXHAUST FAN Existing 

CHEMICAL SUPPLY SYSTEM Single Stage / 2 Chemicals 

LIQUID DISTRIBUTION SYSTEM 
Number of Nozzles 15 {Model No. Q-1) 
Flow Rate 0.75 gaVmin (per Nozzle) 

11.25 gaVmin (Total) 
Compressed Air 

Flow Rate 60 scfm (per Nozzle) 
900 scfm (Total) 

Pressure 80 psig 

ELECTRICAL CONTROLS Standard, per Local Code 

ACCESSORY EQUIPMENT Air Compressor, 180 hp 
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SECTION 5 

REFERENCES 

1. Mist Scrubbing Technology developed by QUAD Technologies, Inc. for odor control at rendering 
plants, flavor houses, landfill gas. composting, and other munic~al applications. Mist Scrubbing 
Technology is protected by several United States and foreign patents, and patent applications. 
Among these are patent numbers 4,125,589, 4,225,566, B1-4,238.461, 4,302,226, 4,308,040, 
4,416,861, and 4,844,874. Other patent applications are pending. The chemistry of compost 
scrubbing is covered by U.S patent 4,994,245 for which QUAD has an exclusive license. 

2. Quality Assurance Handbook for Air Pollution Measurement Systems: Volume Ill. Stationary 
Sources Specific Methods, Section 3.16. U.S. Environmental Protection Agency, Research 
Triangle Park, NC, EPA Report EPA/600/4-77/027b (NTIS PB 80-112303), May, 1989. 

3. Felix. L.. Merritt, R.. Williamson, A., Evaluation of the Polyacr FB Air Purification and Solvent 
Recovery Process for Styrene Removal, U.S. Environmental Protection Agency, Office of 
Research and Development, Air and Engineering Research Laboratory, Research Triangle Park, 
NC, EPA Report EPA-600/R-93-212 (NTIS P894-130317), November, 1993. 
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FORl'l.lt.A : la: 1 e 

l'!.W.: T.il:lle 1 

HYDROCARBONS, AROMATIC 

l'IE'll-ClO: 1501 
ISSUEO: 2/15/84 

OSHA, NIOSI-!, ACG:1-i: Table 2 PRO~TlES: Tabl<! ; 

<:Of1POJHOS: benzene ~ G...,.th~ IStj'T"9M styr-tne vinyl toluene 
(Synon)fflS ~-te!"":-outyltoluene et.'lylbenzene ~ht.'\alene toluene xylene 
in Table 1) 

SN!PIE: SOLID SCRSE.'n ruBE 
( coc:onu~ she 11 cian::::ia 1 , 
100 mg/50 mg) 

Fl.CW AA7E, YOLl.r.E; Table 3 

SHIPf'!E.'IT: no spec: a 1 precautions 

!DESORPTION: 1 mL CSz; stand 30 min 
! 
!lHJEC":'ION VOLI.P.E: S 1,1L 

SNIPU S":'ABIL:TY: not determined 

B~KS: 2 to 10 field Dlanks per se~ 

!~T\JRE-IH.:EC':'!ON: 225 •c 
~-:-:-~: 22S °C 

..c:llllf'lt: ~ st.eP 11 

BUU< W.PL£: des i ra.o le, 1 to 10 ml; ship 

saparate c:ontainel"'i frtm ~
in 

!es 
!CAAR.18 GAS: Hz or He, 25 ml/min 

!C:::LUl'W: glass, 3.0 m x 2 11111, 10':. OV-275 
100/120 :ms.'1 Clr-ancsar1> W-.>W 
or equivalent 

on 

RANGE S7'..:0iEJ, !C:,,.LIBRAT:OH: analytM in CSz 

BI.AS and OVERAL:.. PRECISICH (Sr): Table 3 

!ESi!MTE!) LOO: 0.001 to 0.01 mg per ~le 
wit.'! ~illary cclum (1l 

mUCASILlT't: This met.".lod is For pea.le', cailing and NA determinations of artJMtic hydrocarbons 
It 11ay be used for- si111Jltaneous rnaasunmtnts. t.hcugh then is the possibility that inuractians 
betllfffn ana 1 'lte5 mav reduce the brHkthr""0U9h Y011111ts and chan9! dMor:,t ion effidencies. 
IHTERFE.~~S : Use of the nte:mnanded cc 1 tJm wi 11 p"vent inurierenca by a1lanes c,c10) • 

. Under ccnditions of high h1.JnidHy. the bnta.ktl\r"Q.tgh vollftS may be i,duc:2d by u llllch u Sm.. 
Other volatile or-ganic solvents. e.g .• alCX)llOls, ketones, ethers Ind halogenated hydroc:ari:)Qns. 
are possible inurlantnas. If interferenc.e h suspected. use a less polu c:ah1m or- change 
cclum te'l'Derature. 
OTHER 11Eil-OCS: n, is mtthod is based on and supel"tedes llethods P~ 127, benaM, stynne. 
toluene and xylene [2); 5311, benzene (4]; 522, ~!!!!,-butyltoluene (l]; S23, Cll'&ne [3J; S29, 
ethyl benzene (3): S25, c ...-rethy1 styrene (3]; 5292. naphthalene (4]; S30, styrene (3]; 5343, 
toluene r4J: S25, v~nvltoluene (31: S318, xvlene (41. 

2115/84 1501-1 
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l'IETI-ICO : 1SO I 

~GENTS: 
1. Eluent: <:art>on disulfide.. , 

c.~n::matographic quality containing 
(optional) suiUble internal 
sundarc. 

2. Analytes, r••gent grace., 
3. Nit:-ogen or heli1.111, purified 
4. Hydrogen, pl'"WQuri fi r.1. 

S. Air, filterr.1. 
6. Naphthalene calibration stock 

salut:on, 0.40 g/ml in CS2. 

~ee SoKia: P~utions. 

EQJ!PMENT: 
1. S~ler: glass wt>e, 7 en long, 5 m OD, 4 am ID, 

f1<lft-sealed l!ndS, containing twa wc:ions of 
ac:: I vated (600 -C) c:oconut stlell charcoa 1 (fl"Ont 
• 100 mg, bade • 50 mg) ~rated by a 2-411 urwttw,e 
foam plug. A silylated glass -.ocl plug precedes the 
front section and a 3-am uret.'\aM fo.1111 plug foll~ 
the bade wc:ion. PrHsunt dTap across the tube at 
1 Vmin airl101i1 Dist be less tMn 3.4 kPa. Tubes 
•" c:amwr:ially available. 

2. Personal ~ling ~s. 0.01 to l L/lain 
(T.ible 3), with flexible ccnnec:ting 
wt,ing. 

3. Gils dlr-anltogriph, F!D, Integrator', ~ c:ol1.1m 
(p.age 1501-1). 

4. V\als, glass, 1~. with PTF£-1 ined ~-
5. Pi~t., l..._, and pipet bulb. 
6. Syringes, 5-, 10-, ?5- and I00-11L. 
1. Voll.metric flaslcs, 10-•. 

~C:AL ?RE~!OHS: carbon disulf:c» is toxic: and ertM!lll!ly '1.mable (f'l.sb point• -30 •c); 
benzene is a sus;,ect carcinogen. Pi-e?are ~les and sundar=s in a .-11...,entilated hood. 

SMP~!ltG: 
l. Calibrate eac:!'I per-sona1 ~1 ing puq, with a representative ~le!" in line. 
2. Bntalc tt,e !nds of t.'\e ~lei" illllltdiatsly befor• ~ling. Att.l.C'I ~ler- to l)el"S0n.il 

sam:i: ing ;:i~ wit.'! f'1e.x'ible tubing. 
J. ~le at an ac:..irauly lmoin flo., !"ate betwen 0.01 and 0.2 L/min (to 1 L/min for 

~nthalene or s~y~) far a t.oul saiq,le size as shown in Tat>ie 3. 
4. Cac t."le S41T'Ole~ wit."I plastic (not Mlbbe!") c:aps and padc WOJl"'ely for Sl'lipnent. 

SAMP'..E ~?ARAi!ON: 
S. P:aa the front and bade soM)ent sections of the ~ler tube in Soel)cl!"ate v1als. Dis~ 

t.~• glass 1«:101 and~ plugs. 
6. 1'c.tJ. 1.0 mL elutfflt to Ndl via1. Attac:!'I cr11'1'4' c:ap to eac.'I 'lial imrediately. 
7. Al low to s:and at lNSt 30 111in with occasional a9it.1tion. 

CAL.I!AATION ~o ~m alNTROL: 
8. calibrate dai1y with at least five wcl"lcing sundards over the ac>Pl"0Priata range (ca. 0.01 

to 10 mg a.nal:,te per ~le; SN T.tlle 4). 
a. Add known amounts of aMlyta (calibration sttx:k solution for napl'lt."lalene) to eluent In 

10-4\l. vohrnetric fluxs and dllut.e to the marlc. 
b. Analyze together with sarc,les ind blanks (sups 11, 12 and 13). 
c. Prepare calibration grl4)h (peaJc ar-ea of analyts vs. mg aMlyta). 

2/15/84 1501-2 
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P'!ETHOO: 1501 MYt)ROCAABONS AAOAAT!c 

9. Deternine deso~tion efficiency (DE) at least once for eac:.'I batch of ch.trcoai used for 
~1 ing in the calibration range (step 8). Pr-~art thrae t~s at uch of five levels 
plus thrH ll'IR<iia b1"1ics. 
a. Rarrove and discard bade so~nt seetion of a intdia b!.uik SclffOler. 
b. Injec~ a known ~nt of .inalyte (c.alibration stock solution for ~phthalene) dir-tctly 

onto fl"'Ont sorl)ent section with a 111ic:r"Oliter syringe. 
c. Cap the tube. Allow ti:, stand ov11r-night. 
d. Oesol"'!) (st~s 5 through 7) and analyze together "'; th working standards (sups 11, 12 

and 13). 
e. P~are a graph of DE vs. mg analyte l'l'CQvered. 

10. Analyze tl'lr-M quality c:ontrol blind spikes and three analyst spikes to insui, that the 
calibration graph .ind OE graph are in ccntrol. 

IEAS'uRE.119T ; 
11. Set g.ts c.'lranatograph according to 111111ufac:-..urer·s 1"9Calftndations and to c:onditians given 

on page 1501-1. S.1ect ,IC)p~riat.e ccliim ~ratur-e: 

h)oroximate Retention Time rmin}, at Indic.attd Coltm1 Ttneeratur& 
50 •c ~ 150 •c Progr~ 

benzene 2.S 2.5 
toluene 4.3 1., 4.2 
xylene (par-a) 7.0 1.4 5.2 
ethyl benzene 7.0 l.4 5.5 
xylene (~) 7.2 1.5 5.6 

8.3 1.6 6.0 
xylene(~) 10 1.9 6.5 
st:trene 16 2.6 7.6 
a.-nethylstyrene 3.2 1.0 B.1 
vinyltoluene (~) 3.8 1.2 8.5 
naphthalene 2S 4.3 12 

ioata not avai1aole for ~~-butyltoluene and ~"inyltoluene. 
b-r~rat.1.1re ;>rogram: 50 •c for 3 min, tne1, 15 •c.1min ti:, 200 •c. 

12. Injec~ sani,1e aliquot manually using solvent f1us.'I techni~e or wit:, au~ler. 
NOTE: If pea1e arH. is ~• the Hn.ar range of th• l«)ricing sunc:t.ar-:ts, dilute with eluent, 

reanalyze and ~ly tl'le .J!)l)~riata dilution t'aetor in c:alc:Jlations. 
13. ~asur, pea.x arN. 

CALCJLATICNS: 
14. Oet.ermine t:te mass, mg (ccrrec+..ed t'or DE) of analyte found in the ~le front (\,If) &nd 

bade (~) scr-t>ent sactions, and in the average media blank front C!f) and bade CBt>) 
scl"bent ~c~ions. 
NOTE: If~> Wf/10, r"91)0rt brtalcthm.agh and possible ~le less. 

VlS/8-1 1501-3 
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P£THOO: 1501 

15. Ca1cu late concentration, C. of ana lyte \ n the a: r •1011.11!! sant> 1ed. 1/ (L): 

EVAL:.;AilON CF ME.Tl-«:O: 
Predsicns and. biases 1isteo in T.i.ole 3 ;,,er-e detenniM<i by anal:tzing generated atm:>sphen!!s 
e0nt.ainin9 cne~lf, one, and two times th1t OSHA sundard. Gi!neratad ccncent:-ations wr-e 
independently veriFiec. Br&c1kthrt>Ugh ::J,pacities wre detel'fflined in dry air. Storage stability 
was not a.ssessed. ~uuremant ;,rvcisicns given in Ta.bit 4 were detennined by s;,iking ~ling 
~ia witn amounts cor,.esponding to one-h..lF, one, and t111c tinws the OSNA sundard for nanfoal 
air vol~s. Oesorpt:on effici~cies For sPilced ~lers containing only one ~d uc:aeded 
JS~. Reference (121 ;:,r-ovides rror-e ~e<:~fic infol'fflation. 

RE.:E..C<E."l~S: 
(ll User c~eck, USTL, NlOSH S~ence 14121-S (unl)ublished, Oeceroer 7, 1983}. 
(21 N!OSH 11anua1 of Analytical ~t.'lods, 2nd. ed., V. 1, P&C»I 127, U.S. ~r-tment of Mealth, 

Ecuc.a.ticn, and welfar-e, Puo1. (NlOSH) 77-157--A [1977). 
(31 il)id, V. 2. S22, S23, $25, 526, s~. 530, U.S. Oe?ar-.:nent of Health, Education. and 

Welfare. Pl.Cl. (NlOSH) 77-157-S (1977). 
(41 !bid, V. 3, S292, S311, S318, 5343, U.S. De:>a~~t of Heal~'\, Education, and Welfan!!, 

P...l.b 1. (N";.CSi-i) 71- 15 7..C (19 77) . 
[Sl R. O. Ore\s:;ach. •P!"lysic.a1 Pr::iperties ~f Chemio· ~nds•; Advances in Olanistry 

Ser:es, ijc. IS; ~ric.an C~emii:.al Scc~•ty, was~ingwn (1955). 
(6) eoce of F~eral Reg~laticns; Title 29 (Laoor;, Par"'t.s 1900 tc 1910; U.S. Covermient 

Printing Office, wasningt~n (1980); 29 Cl'R 1910. 1000. 
(71 \J!)Cate Criteria and ~ec::mnencations for a ReYise,j Benzene Standard, U.S. Oe?aM:ment of 

Health, Eouc.a.tion, and .el fare, (August 1976i. 
C81 Criteria for a Rec::mnende<I Standard....Oc~J;>ational E.ic;)osure to Toluene. U.S. Deparwnt 

of Health, Educ.at:on, and ~ 1 fare, Puo1. (NIOSH) 73-11023 (1973). 
(9] :::-iteria for a Re-=:mrendl!':1 Standard....Oco.ipational E;:posur-e to Xylene, U.S. o.par't:lnl!nt of 

Healtn, E~c.ation, and 1,ieifare, Publ. (NICS") 7S-16S (1975). 
(10] I.!:.'i1 - Thres:-.o1d Limit ~ ~ Che!llical SUDs:ances !!!£ Phvsic:a.1 Age11ts l!l !!!! ~ 

s,nvi lcJl"ffll!nt ~ !ntended Clan::es !!a!: ~. ACi:::H, Cincinnati, ~ (1983). 
(11] C!"it.er\a for a Rec:mnen~ Standal"d...Oe::upational uposu:-e to Styrene, U.S. Dlpar-=ent of 

Health anc Hunan Se!"'Vices, P.Jbl. CNlOSHl a:3-119 (1983). 
(12) Ooc:.JT1entat:cn of the MICSH Vaiidation Tests, S22. $23, S2S, S26, S29, S-~. 5292, S311, 

5318, S343, U.S. Dep.r~!lt of Health, Education, and We1fare; Pl.bl. (N!OSH) 77-185 (1977). 

P!Ei};CO RE'IISE:: BY: R. Alan Lunsfor-d, Pn.0., and Julie R. Olcenf!Jss; ba~ on results of NIOSH 
C.:ntract C:X:-99-74-45. 

VlS/9~ lSOl-4 
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!!,7HOO: 1501 MYDROCAA80NS AROMT!C' 

Tacle 1. Syncnyms, fOl'ffiJla, ff'Ol&cular' -ight. properties (SJ. 

!tile<:- Soiling V~r Pnssur-e Density 
El!girical ular Point ! 25 -c • 20 •c 

Nam./'l11ncr~ it~ Fol"!IIJla Weight t•c1 tmn !i9l (kPa} ,!slml_L 

benzene 78.11 80.1 95.2 12. 7 0.879 
CAS 171-43-2 

~© 
11-!!0,-butyltoluen• 148.25 0.7 0.09 0.961-©-+ C11H16 192.8 

CAS #98-51-1 
1-~-buty1--4-4ethylbenzene 

~e CgH12 120.20 152.4 4.7 0.62 0.962 
~ #98.-.82-8 o-< 
iscprcpylbenzene 

•thylbenzene 106. 17 136.2 9.6 1.28 0.867CoeH10 
CAS •100-41-4 

Q-l!'e':..'lylsty~e 118. 18 165.4 2.5 0.33 0.911 °' ©K CgH10 
CAS #98-83-9 
isop~nylbenzene 
(i~-net~ylet..,enyl)~enzene 

naphthai!?!'.e C1oHs 128.18 80.~ 0.2 0.03 1.02S 
CAS #9 l-20-3 rOO 

Styttne CgHg 104. 15 145.Z 6. 1 0.81 0.906 
CAS 11~2-5 
vinyl benzene °' toluene cr4s 92.14 110.6 28.4 3.19 0.867 
CAS 1108-88-3 ©-
met.'iy 1 benzene 

vinyl toluene' 118.18 167. 7 1.6 0.22 0.898~ CgH10 
CAS 125013-15-4 (meta) 171.6 1. g 0.26 0.911 
mt.'iy 1styrene ~-1'inyi to1ueM) (e:!J:!) 172.8 1.8 0.24 0.911 
mt.'iylviny1benzene (~) 169.8 1.8 0.24 0.904 

icylenec 106.17CeH10 
CAS 11330-20-7 (~) 144.4 6.7 0.89 0.880-©-
dirrethy 1 benzene (2-x-ylene) (,neta} 139. 1 8.4 1.12 0.964 

(Rm) 138.4 8.8 1.18 0.861 

~lting point. 
bc.:mrercial mix~un of~ and~ isall!rs. 
CMixt~re of isarers. 

2/15/84 1SO1-S 
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HYOROCARSCNS, ARCAAT!C !ETH:)(): 1so 1 

Table 2. Permissible e:,.posure limits, ppm (6-11]. 

Sut:isuncl! ~ 
OSHA 

£ ~ !.!:Y 
ACG!H 

lli1 

benzene 
2-!!.!:l--butylt.cluene 
cuntne 
ethylbenzene 
~..-thy1styrene 
n.ipht.halene 
styre-ne 
toluene 
vinyltoluene 
X)"lene 

10 ZS 
10 
50 (skin) 

100 
100 

10 
100 200 
200 300 
10C 
100 

SQ'l 

6aob 
50C)oA 

50 
100 

100 

100 
Z00--

~ 

10,,,. zs-
10 zo 
50 75 (sic in) 

100 125 
50 100 
10 15 
50 100 

100 150 (skin) 
50 100 

100 150 

l.filuinun duration 10 min in 8 !Ir. 
b~;nun duration 5 min in any 3 hr. 

TllrlliCGIJi: suspec~ carcinogen [ 10]. 
• l0..111in ~le. 

rng/ml 
R.!'" ppm 

3. 19 
6.06 
4.91 
4.34 
4.SJ 
5.24 
4.26 
3. 77 
4.SJ 
4.34 

Tatlie 3. Salll)1i ng f1 Qlfratea, vo1ilTle, capa<: ~ t'J, range , overail bias and pr-ec:ision [3,4,12!. 

8n!alrth~5h Range 
S~lina 'lo ltmt @ at Overa11 

Flowrate volune ~q Conc:l!ntrat;on VOL~ Sias J>r-Kision ,.,SuOstance (Umin) 'ICL...IICf'! VOl.JW:b (L) (mglm3) (mg/m3) ., (s,..) 

benzl!ne ,0.20 zc 30 >45 149 42- 16: 0.8 0.059 
2-~--out'jlt.cluene ,0.20 10 29 44 112 29- 119 -10.4 0.07ld 
<:aTene ,0.20 10 30 >45 480 120- 480 4.6 0.059 
ethylbenzene ,0.20 10 24 35 917 222- 884 ..a. 1 0.089d 
~-lta!t."'ly I st';(~e '°·20 3f 30 >45 940 236- 943 -10.8 0.061d 
n.i;,ht."'la I enee ,1.0 200 200 >240 81 19- 83 -0.S 0.055 
St'J"f'le ,1.0 59 14 21 mo 426-17i0 -10. 7 o.osad 
toluttne ,0.20 zc 8 12 2294 548-2190 3.8 0.052 
v1nyltoluene ,0.20 10 24 36 952 256- 970 -9.S 0.061d 
xylene ,0.20 12 23 35 870 218- SiO -2.1 0.060 

~ininun 1"11C::1m!nde<I flow is 0.01 Umin. 
b.a.;,proximately bo-tl'lirds the breakthrough V01""9, e,tc:ept for naphthal.oe. 
C:10-'Ain sarple. 
dc.ol"NCUd value. c:.alc::.1lo1ted frcm d.lU in Rafennca 12. 
~htnalene shows poor desor;>tian •ffieiency at la, loading; 100-l mininun vollfflt h 

recarmende-d. 
f'15-411in sarple. 
95-fflin ~le. 

VlS/84 1501-& 
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~'1-()0: 1501 HYtlROCAABONS, AAOMAT:C 

T.a.ole 4. "9asur-enent l"ange, pr-1teisi0n ind conditions• [3,4, 121. 

Oesorpt ion MHSU l"l!l'lelt Carrier- Coltsm Pal"amete!"'ib 
Vol~ IWlge Prec:isicn Flow t. Lengt.h 

Subst.lnc:.e Cml) (mg) (5rl (IIIL/min) c•c1 (Jn) PadcingC:-
benzene 1.0 0.09- 0.35 0.036 50 115 0.9 A 
;;-S:!!:l,-butyltol~• 0.5 0.27- 1.09 0.021d 50 115 3.0 a 
cunene 0.5 0.86- 3.46 0.010 so 99 3.0 8 
ethylbenzene 0.5 2. 17- 8.67 0.010 so 85 3.0 8 
ca~thyl styrene o.s 0.69- 3.57 0.011 so 115 3.0 8 
naphthalene 1.0 4.96-19.7 0.019 30 125 3.0 C 
s~~ 0.5 2. 17- 8.49 O.Olld 50 109 l.O B 
toluene 1.0 1. 13- 4.51 0.011 50 155 0.9 D 
vinyl toluene o.s 2.41- 9.64 a.om so 120 3.0 B 
xylentt 1.0 2.50-10.4 0.010 50 180 0.9 D 

a1nj.cti0n vol\112, S.O \IL; nit~ carrier- gas. 
bAIJ c:>ll.1ms s:.inln: stHl, 3.2 am outside dianeu.-. 
~. SO/SO mesh Por-~ P; B, l«n. FFAP on 80/100 msh Chran::isort> W AW-IR:S; 
C, l«n. OV-101 on 100/120 ~s.', Supelc:opor-t; D. 50/80 mesh Pol"apak Q. 

~l"l"Kted value, calcula~ fran data. in (12]. 
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SUMMARY 

A Quality Assurance Project Plan (QAPP) was written and approved for this project. No field 

audits were planned or performed. However, as stated in the OAPP, certified calibration gases {nominal 

values of 5, 50, and 200 ppmv of styrene in nitrogen and zero air with less than 0.1 ppm THC content) 

served as field performance audit samples for EPA Method 18 (NIOSH Method 1501) and THC 

sampling. Unfortunately, as documented below, the concentrations of the styrene calibration gases 

were incorrectly determined by the vendor, Matheson Gas Products, Inc. Actual concentrations were 

determined to be 2.2, 39.1, and 170.8 ppmv of styrene, respectively. 

EPA personnel were on site to oversee diagnostic measurements. In the field, QC was 

addressed by strict adherence to standard sampling protocols either as specified for EPA Method 18 

(NIOSH Method 1501) or by following a standard operating procedure (modified as needed for this 

particular sampling task) with the THC analyzers as specified in the THC instruction manual. 

In SRl's Analytical Chemistry facilities, QC is addressed by strict adherence to standard 

operating procedures (SOP) previously defined and implemented. Pertinent SOP's for the analyses 

required on this project were included in the QAPP. While random audits can occur while the field 

samples from any project are being analyzed, and audits are regularly performed by the QA officer at 

this facility, no audit was planned or performed as part of this project. 

For the most part, the data quality indicator (DOI) goals for this project were achieved. 

However, significant problems were encountered with the calibration gases purchased for this test and 

these problems could have compromised virtually all of the data. These difficulties are discussed below. 

SIGNIFICANT QA/QC PROBLEMS 

One significant QA/QC problem was encountered. After sampling for both phases of the Work 

Assignment had been completed, samples of the nominal 3 and 52 ppmv styrene cylinder gas standards 

taken in the field on June 24 with Method 18 (Section 7.4, Absorption Tube Procedure, equivalent to 

NIOSH Method 1501) were analyzed to verify sample recovery for the second phase of this Work 

Assignment. These samples were analyzed on July 7. 1993. Styrene concentrations of 2.3 and 35.8 
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ppmv were determined corresponding to vendor-certified values of 3 and 52 ppmv. Such large 

discrepancies between the styrene concentrations certified by Matheson Gas Products and the styrene 

concentrations measured with the adsorption tubes suggested that the vendor-certified concentrations of 

these calibration gases were in error or that some part of the laboratory analysis performed by SRI was 

Incorrect. Therefore, a two-pronged investigation followed that focused on the possibility that the 

styrene calibration gases were in error, that SRI made incorrect determinations of the styrene content in 

the calibration gases, or a combination of the two possibilities occurred. 

With respect to the calibration gases, two bottles each of the low styrene concentration (nominal 

5 ppmv styrene in nitrogen) and intermediate styrene concentration (nominal 50 ppmv styrene in 

nitrogen) calibration gases were ordered from Matheson Gas Products for this test on May 13, 1993 and 

were received in early June. As indicated above, Matheson Gas Products certified that the styrene 

content in the two bottles of low concentration gas were actually 3 ppmv while the styrene concentration 

in one of the intermediate calibration standards was 52 ppmv (used in Phase 2 of this Work Assignment 

as the calibration standard) and the other intermediate concentration standard was 54 ppmv. Two 

cylinders of the high calibration standard (nominal 200 ppmv styrene in nitrogen) were ordered on 

September 30, 1992 for an earlier EPA-sponsored test at the Eljer facility. These gases were received 

in mid-October, 1992. One cylinder of this gas was not used during that test and was taken on this test 

for use as a high styrene concentration calibration gas. Matheson certified that the styrene content was 

195 ppmv for this cylinder. Matheson Gas Products was contacted and a representative indicated that 

as far as their records indicated, the cylinders were properly prepared and passivated and that stable 

styrene concentrations were determined in their laboratory (and were recorded on the calibration tags 

supplied with each cylinder) when the gases were shipped to SRI. 

With respect to SRl's laboratory procedures, while conversations were being held with Matheson 

Gas Products, two other samples of the 3 and 52 ppmv styrene calibration gases were taken on July 13 

and analyzed to check the procedures followed during the earlier analyses. In addition, different high

purity liquid laboratory standards for styrene (from two different suppliers, Aldrich and Chem Service) 

were used to prepare independent calibration standards that were checked against one another on the 
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same GC-FID used for both sets of analyses. Approximately six calibration standards (of different 

concentrations below, centered about, and above those measured from the earlier analyses of the 

adsorption tubes) were prepared by adding a known quantity of each high-purity liquid styrene standard 

to a known quantity of high-purity carbon disuHide. Known microliter volumes of these liquid mixtures 

were then injected into the GC-FIO used for the adsorption tube analyses and the peak areas were 

recorded and averaged. No statistically different result was determined for the two liquid styrene 

standards and the analyses of these two adsorption tube samples were consistent with the earlier 

results. To make a definitive assessment of the actual styrene content of the Matheson-certified 3 and 

52 ppmv styrene calibration gases, on July 29 and 30, four adsorption tube samples each were taken 

from each calibration gas cylinder (using EPA Method 18, Adsorption Tube Procedure). Two adsorption 

tube samples of each styrene calibration standard were taken inside (at an average laboratory 

temperature of 22°C) and two adsorption tube samples were taken outside with the calibration gas 

bottles in the direct sun (an average temperature of 38°C). The reason samples were taken at 

laboratory conditions and at conditions that mimicked ambient field temperatures experienced at the 

Eljer facility was to determine if styrene gas was condensed within the sampting apparatus at room 

temperature • a possible explanation for the apparent low recovery based on Matheson's certified 

values. The adsorption tubes (from the same lot used at Eljer: SKC, Inc. catalog# 226-01, coconut 

charcoal, Lot 120) were analyzed by removing the charcoal from the tubes and desorblng the styrene 

into high-purity carbon disulfide. As part of the analytical procedure, the desorption efficiency of styrene 

from this lot of coconut charcoal is separately determined each time a sample or set of samples is 

analyzed. The desorption efficiency was determined to be 90.25%, equal to the value that has been 

determined In the past. The resuns of these analyses, carried out during the first week of August, was 

that no difference could be detected between samples obtained inside or outside the laboratory and that 

the Matheson-certified 3 ppmv styrene· gas was 2.69 ppmv with an RSO of 3.55% while the Matheson

certified 52 ppmv styrene gas was 39.1 ppmv with an RSD of 0.55%. No error was found in the 

analytical procedures followed in these analyses, in the preparation of the two sets of calibration 

standards, or in the behavior or operation of the GC-FID used for these analyses. 

68 



Next, a performance evaluation audit standard was requested from EPA to detennine with 

certainty if the error was due to our analytical procedures. The cylinder was sent to SRI on September 

17 and the results of SAi's triplicate analysis (using the Method 18, Adsorption Tube Procedure) of the 

styrene content in the cylinder was reported to the EPA on September 21. After it was determined that 

SRl's analysis was within 96.6% of the actual styrene concentration of 58.6 ppmv (with an accuracy of ± 

2.2%), it was concluded that the concentrations reported on Matheson's analysis of all the gas samples 

provided for this test were in error. The results of the tests of the EPA performance evaluation audit 

sample are shown in Table 8-1. Table 8-2 shows the results of tests performed to determine the actual 

styrene content of these gases. No other corrective actions were required or taken during the collection 

of samples and data or during subsequent analysis of samples collected during testing. 

The values reported In Table B-2 were obtained by two separate methods. First, as part of the 

investigation discussed above, EPA Method 18, Adsorption Tube Procedure (equivalent to NIOSH 

Method 1501). was used to make triplicate determinations of the styrene content of each of the nominal 

3, 52, 54, and 195 ppm styrene calibration gases. All of these determinations were completed by 

September 14. Second. on September 29. a JUM VE-7 THC analyzer (one of the THC analyzers used 

in the sampling van) was allowed to stabilize for 24 hours on filtered ambient laboratory air and was then 

spanned with 10. 7 ppm ± 1% propane (unfortunately, other propane standards were not available when 

these measurements were performed) and zeroed with a THC-free zero air standard (:S 0.1 ppm of 

hydrocarbon compounds). The THC analyzer was then used to sample the 58.6 ppm EPA audit 

standard, as well as the nominal 3, 54, and 195 ppm styrene calibration gases (at this time the cylinder 

containing the 52 ppm calibration gas had been exhausted). Styrene content was determined based on 

the response of each of the calibration gases to the value measured for the EPA audit standard. Zero 

and span checks performed at the beginning, middle and at the end of the THC measurements 

confirmed instrumental stability. 

These results required that, at best, all of the data be scaled to reflect the true concentrations of 

styrene present in the gas cylinders obtained from Matheson Gas Products that were used for field 

calibrations. At worst. the data could be completely compromised because the styrene within the 
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Table 8-1. Resuhs of SRI Analyses of EPA Performance Evaluation Audit Sample* 

Sample.. Measured (ppm) Aciual (ppm) Rel o/o Difference 

1. 55.6 58.6 -5.1 
2. 57.0 58.6 -2.7 
3. 57.1 58.6 ·2.6 

Average :t RSD 56.6 :t 1.5% 58.6 :t2.2% -3.4 

• Cylinder CLM 008308. Specified as containing styrene at a concentration 
under 100 ppm with the balance gas being nitrogen. Content later quoted by 
EPA to be 58.6 ppm :t 2.2o/• RSD. 

•• Analysis by EPA Method 18, Absorption Tube Procedure, with GC/FID. 
Aside from the diluent (CS2), styrene was the only material detected. 

Table 8-2. Results of SRI Analyses of Matheson Calibration Gas 

Matheson Analysis* SRI Method 18 Analysis** SRI THC Analysis' Comparability 

(ppm) (ppm) RSD {o/o) (ppm) RSD (%) (% Ditf.) 

3 2.69 3.55 2.16 0.25 21.9 
52 39.1 0.55 NIA" -· --
54 37.8 2.07 39.45 0.12 -4.3 

195 176.8 4.06 170.8 0.18 3.5 

As indicated on gas cylinder, ppm styrene in nitrogen. 
Absorption Tube Procedure using charcoal tubes. 

t THC calibrated with 10.7 ppm propane in nitrogen. Response referred to styrene by 
analysis of EPA performance evaluation audit sample (58.6 ppm styrene measured 
151 06 :t 0.24 ppm with propane-based calibration). 

tt Cylinder exhausted before THC measurements could be made. 

cylinders supplied by Matheson could have been slowly polymerizing since the cylinders were prepared 

and the styrene concentrations measured after the test would not represent styrene concentrations 

present in the cylinders at the time of the test. The latter eventuality was explored with Matheson In the 

initial conversations that were directed toward determining the source of the disagreement. As indicated 

above, Matheson Gas Products asserted that the cylinders were properly prepared and passivated. 

While Matheson was unable to explain why the concentrations were so far from those determined by 
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their original in-house analysis, they did maintain that If the temperature indicating strips on the sides of 

the cylinders had not changed color ~ndicating exposure to temperatures that could degrade the 

sample), styrene concentrations within the cylinders should have remained stable through the time 

period of the test and our subsequent determination of the actual styrene concentrations within the 

cylinders. Because none of the temperature indicating strips on the sides of the cylinders had changed 

color (indicating the temperature of the cylinder had reached or exceeded 125°F), we proceeded to 

correct the data assuming that styrene concentrations in the calibration cylinders measured after the test 

were representative of styrene concentrations present during testing. 

Correction of the THC data was straightforward. During the lest, only the nominal 52 ppm 

styrene calibration gas (actually 39.1 ppm by later analysis) was used to calibrate the THC analyzers. 

Because the cylinder of this gas was emptied before the THC measurements reported in Table B-2 

could be made, results obtained with these analyzers were scaled by a ratio of 0.7519 (or 39.1/52). 

DATA QUALITY 

The following procedures were used to determine how well data quality indicator (DQI) goals 

were met: 

• precjsjon is expressed as percent coefficient of variation: 

% CV = 100 x (Sx!Xavg) 

where Sx is the standard deviation of x number of data values from the data set and 

Xavg is the mean or average of the x number of data values from the data set. 

• ~ is expresses as a difference or percent difference between measured and known 

values: 

Bias= (X-T) 
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%RPO= 100 x [(x-nm 

where T is the true value (reference standard) and X is the mean sample 

concentration. %RPO is the relative percent difference. 

• Completeness is expressed as a percent between successful analyses and total 

attempts: 

Completeness= 100 x SIA 

where S is the number of successful analyses and A is the total number of attempts. 

• Comparability is expressed as a percent difference (%Diff} between the results for two 

methods: 

%Diff = 100 x (R1-R2)/[(R1+R2}/2] 

where R1 is the result for one method and R2 is the result for the second method. 

Table B-3 shows the DOI goals that were estimated for critical measurements in the QAPP. 

Table B-4 shows DOI values for measurements carried out with charcoal tubes (EPA Method 18, 

Adsorption Tube Procedure, equivalent to NIOSH Method 1501) and Table 8-5 shows DOI values for 

THC analyzer measurements. Below, the precision, accuracy, and completeness of the data that were 

obtained in this project are reviewed. 
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Precision 

Precision could not be established for the EPA Method 18 (NIOSH Method 1501) field 

measurements because a sufficient number of measurements could not be made to define a standard 

deviation (due to the short duration of all but three of the test conditions and the time lost waiting for 

acceptable performance). With respect to measurements obtained with the THC analyzers, precision 

was determined by the repetitive sampling of calibration gases. Table 8-5 shows that the precision 

obtained with these devices was generally well below the initial estimate of± 10% listed in Table B-3. 

Table 8-3. Data Quality Indicator Goals for Critical Measurements Estimated in OAPP 

Method and Measurement Experimental Expected Expected Completeness 
Reference Parameter Condition Precision Accuracy 

(Rel. Std. Dev.. %) (% Bias) (%) 

NIOSH 1501 Styrene 1. Inlet and Outlet s.a· -10.7* 90 
Content of control 

device, 
2. Calibration gas 

samples. 

Total Hydrocarbon 1. Inlet and Outlet ± 1ot ± 5t 90 
Hydrocarbon compounds in of control 
Analyzer with air. device. 
FID.•• 2.Calibration gas 

samples. 

• Precision and bias for sampling with charcoal-filled adsorption tube. 
•• J.U.M. Model VE-7 THC Analyzer. 
t Estimated values. Precision and bias will be determined for each instrument 

Table B-4. Data Quality Indicator Values for EPA Method 18 (NIOSH 
Method 1501) Measurements Made at Eljer Plumbingware· 

Method and Measurement Experimental Measured Value Accuracy Completeness 
Reference Parameter Condition loom) (% Bias) (%) 

EPA 18 Styrene 39.1 ppm cal gas 35.8 · 8.4 33 
or Content 

NIOSH 1501 2.16 ppm cal gas 2.28 5.6 33 

• Precision undetermined. Single samples 
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Table B-5. Data Quality Indicator Values for THC Analyzer 
Measurements Made at Eljer Plumbingware• 

INLET THC ANALYZER 

Cal Gas/% Bias 2.16ppm 
Styrene Cal Gas 

(THC Value) 

Bias 

(o/o) 

39.1 ppm 
Styrene Cal Gas 

(THC Value) 

Bias 

(%) 

170.8 ppm 
Styrene Cal Gas 

(THC Value) 

Bias 

(o/o) 

6/22/93 

6/23/93 

6/24/93 

Average 

2.13 

2.11 

2.12 

·1.3 

·2.2 

-1.7 

37.46 . 
37.46 
38.96 
37.95 
37.69 
38.63 
39.24 
37.28 
38.08 

-4.2 
·4.2 
·0.4 
-3.0 
-3.6 
·1.2 
0.4 

-4.7 
·2.6 

150.33 

148.80 

149.56 

-12.0 

-12.9 

-12.4 

Precision (%CV) 0.7 2.0 0.7 

OUTLET THC ANALYZER 

Cal Gas/% Bias 2.16 ppm 
Styrene Cal Gas 

(THC Value) 

Bias 

(%) 

39.1 ppm 
Styrene Cal Gas 

(THC Value) 

Bias 

(%) 

170.8 ppm 
Styrene Cal Gas 

(THC Value) 

Bias 

(%) 

6/22/93 

6/23/93 

6/24/93 

Average 

2.21 

2.05 

2.13 

2.2 

22 

36.42 
36.42 
39.18 
39.05 
36.01 
37.89 
37.08 
37.26 
37.41 

·6.9 
·6.9 
0.2 
-0.1 

·3.4 

151. 76 

149.96 

150.86 

• 11.1 

• 11.1 

Precision (%CV) 5.2 3.2 0.8 

• Completeness was 99.6o/o for both THC analyzers. 

For Method 18 each measurement of bias was less than the -10.7% DOI goal cited in Table 8-3. 

Thus, this DOI goal was met, although only two samples were taken. For the THC analyzers, bias was 

determined for each measurement of the 2.16 and 170.8 ppm calibration gases and for the 39.1 ppm 
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primary calibration gas before each calibration (before instrument span was set to 39.1 ppm). The DOI 

goal of± 5% were easily met for the 2.16 and 39.1 ppm calibration gases but were not met for the 170.8 

ppm calibration gas. In this case, Une losses could be par11y at fault because some condensation of 

styrene within a Teflon sample Une had been observed in the past with this particular calibration gas. 

completeness 

For the NIOSH Method 1501 samples taken at the inlet and outlet of the Polyad FB device, 

completeness was 100% because every sample that was attempted was successfully analyzed. 

For THC analyzer measurements, completeness was near 100%. Minuscule amounts of data 

were lost during FID flame-outs and some data was lost during a short power failure. Out of 

approximately 14.7 hours of data (at one data point per second) less than 3 minutes worth of data were 

lost due to FID flame-outs or power failures (completeness of 99.6%). 

Representativeness 

The design of the pilot-scale liquid chemical scrubber dictated much of the sampling strategy 

and sampling methodology practiced during this evaluation to obtain representative samples. The use 

of a large, flexible aluminum sampling line avoided contamination from plasticizers in a flexible plastic 

line. Location of the sampling line inlet (within the vent exhaust duct) and flow velocity into the Polyad 

FB unit (nominally 2 m/sec) assured that the sample extracted from the gel coat booth #2 exhaust was 

representative. Following the sample methodology recommended in Section 7.4 of EPA Method 18 

(equivalent to NIOSH Method 1501) also assured that representative samples were obtained. 

Comparability 

The sampling plan for this project made provision for simultaneous sampling using the two 

measurement methods of this study which would allow comparison of the results when suitably 

averaged over the same sampling period. Whfle fewer EPA Method 18 samples were obtained than 

were planned, two concurrent inlet outlet Method 18 runs were made that can be compared to THC 

measurements averaged over the time that the Method 18 samples were taken. Table B-6 shows this 

comparison. 
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Considering that the expected bias for the Method 18 measurements is • 10.7% and that the 

expected bias for the THC measurements was ± 5%, three of the four measurements lie within 15.7% of 

each other. The other measurement lies considerably outside of the acceptable range. These Is no 

explanation for this difference, other than it would have been desirable to have had many more Method 

18 samples to compare with concurrent THC measurements. 

Table B-6. Comparability of Method 18 and THC Analyzer Measurements 

Sample Start End Styrene Concentration Comparability 
Time Time Method 18 From THC THC-Method 18 

(ppm) (ppm) (%} 

Inlet. Liquid Chemical Scrubber 1052 1125 70.5 80.0 12.6 
Outlet, Liquid Chemical Scrubber 1052 1125 41.3 48.1 15.2 
Inlet. Liquid Chemical Scrubber 1332 1351 76.2 94.7 21.7 

Outlet, Liquid Chemical Scrubber 1332 1351 42.5 49.3 14.8 
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APPENDIX C 

TOTAL HYDROCARBON ANALYZER DAILY RESULTS 
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Table C-1. THC Analyzer Results from June 22, 1993, First Period of Spraying 

June:n 1993 
Start End 

Elapsed 
Time 

-- INLET THC (PJl !11) --
Average Population 95% Conf. 

--OUTLET THC (ppm) --
Average Population 95°4 Cont. 

Time Time /seconds I Std. Dev. Interval Std. Dev Interval 

083000 0834:12 253 16.76 4.97 0.61 20.59 6.29 0.78 
083413 0834:52 .-0 67.67 23.76 7.36 39.20 5.74 1.78 
0834:55 0839:14 260 103.01 36.96 4.G 66.81 12.50 1.52 
0839:15 0844:36 322 17.31 8.30 0.69 21.67 7.25 0.79 
084437 0850:20 344 93.81 41.84 4.42 63.33 16.04 1.70 
0850:21 0853:07 167 21.16 3.01 0.46 24.36 3.95 o.eo 
0853:08 0859:56 4'09 85.78 ,43.67 4.23 59.59 11U9 1.89 
0859:57 0859:59 3 28.92 0.33 0.37 2656 0.12 0.14 
0900:00 0900:07 8 32.07 1.10 o.n 25.83 0.30 0.21 
090008 0903:25 198 18.89 3.65 0.51 21.66 7.37 1.03 
090326 0907:47 262 89.67 44.93 5.44 5864 13.35 1.62 
0907:48 0908:03 18 28.56 0.63 0.31 31.51 0.68 0.33 
0908:04 0908:10 7 31.71 0.96 0.71 29.90 0.26 0.19 
0908:11 0908:14 4 29.48 0.22 0.21 29.22 0.11 0.11 
0908:15 0908:23 9 32.26 0.87 0.57 2B.46 0.25 0.16 
0908:24 0908:27 4 29 71 0.28 0.28 2786 0.14 0.14 
0908:29 0908:39 11 29.21 057 0.34 2717 0.25 0.15 
0908 40 0916:41 482 68.66 -43.55 3.89 47.87 15.49 1.38 
0916 42 0916:46 5 29.38 0.31 0.27 34.50 0.04 0.04 
0916:47 0918.20 94 49.23 21.63 4.37 33.02 1.59 0.32 
0918 21 0918:23 3 29.92 0.09 0.10 29.49 0.09 011 
0918:24 0918:29 6 30.96 0.49 0.39 29.12 0.13 0.10 
0918:34 0918:36 3 2953 0.44 0.50 2B31 0.06 0.06 
0918 38 0918:42 5 28.49 0.73 0.64 2787 0.14 0.13 
0918:43 0918 48 6 31.78 1.19 0.95 2739 0.14 0.12 
0918:49 0920:18 90 22.93 2.68 0.55 2886 3.29 0.68 
0920.19 0925:31 313 10370 38.04 421 64.91 12.67 1.40 
0925:33 0925 37 5 30.60 0.29 0.25 40.73 0.44 0.39 
092538 0526.08 31 24.01 2.25 0.79 3597 2.13 0.75 
0926:09 0926:11 3 30.82 0.46 0.52 32.00 0.18 0.20 
0926:12 0926:14 3 2959 0.35 0.39 31.33 0.13 0.14 
0926:17 0926:20 4 2940 0.41 0.41 30.45 0.19 0.19 
0926:21 0926:38 18 32.73 2.01 0.93 2841 0.81 0.38 
0926:39 0531 ·02 264 20.27 3.97 0.48 2494 3.57 0.,43 
0931:03 0942.22 680 6977 28.59 2.15 47.70 11.38 0.86 

0942:25 0942:27 3 30.74 0.41 0.46 2890 0.05 0.05 
0942:28 0942.30 3 2929 0.42 0.48 28.76 0.02 0.02 
0942:35 0942:41 7 28.11 0.64 0.62 28.42 0.11 0.08 
0942:44 094310 27 2333 2.83 1.07 28.02 0.14 0.05 
0943:11 0944 23 73 41.57 5.07 1.16 2570 1.49 0.34 
0944:24 0947 39 196 17.31 2.75 0.39 1922 2.83 0.40 
0947:40 0956 42 543 85.07 29.84 2.51 53.95 11.91 1.00 
0956:43 095649 7 29.30 0.45 0.33 38.85 0.47 0.35 
0956:50 095654 5 31.42 0.33 0.29 40.52 0.34 0.30 
0956:55 095656 4 2915 0.45 0.44 41.84 0.28 0.27 
0956:59 0957:06 8 32.39 1.38 0.95 43.88 0.62 0.-43 
0957:07 0957.16 10 27.22 1.38 0.86 47.47 1.25 o.n 
0957:17 1002 01 285 9966 51.41 5.97 60.35 13.31 1.55 
1002:02 1002:06 s 29.75 0.25 0.22 33.42 0.24 0.21 
1002:07 100217 11 31.03 0.50 0.29 31.99 0.53 0.31 
1002:20 1002 23 4 3065 0.24 0.24 30.sg 0.19 0.1g 

1002:24 1002 33 10 2935 055 0.34 2957 0.37 0.23 
1002:34 1002:42 9 31.01 0.65 0.43 2834 0.38 0.25 
1002:43 1003:12 30 27.66 1.14 0.41 2590 0.98 0.35 
1003:15 1019 59 1005 9.57 5.72 0.35 12.37 3.54 0.22 

Emissions >30 PPM 3887 8202 5427 
Emissions <30 PPM 1432 2019 24.03 

All Emissions 5319 6538 46.13 

73.1% of time spent spraying. 0834 • 1003 
• Outlier. 1rom periods at the beginning and end of spraying 
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Table C-2. THC Analyzer Results from June 22, 1993, Second Period of Spraying 

June ~ 2. 1993 Elapsed -- INLET THC (ppm) -- - OUTLET THC ( ~pm) --
Start End Tame Average Population 95¾ Conf. Average Population 95•.4eonr. 
Time Time !seconds\ Std. Dev. lnllitrval Std. Dev. Interval 

1020:00 1032:45 766 8.46 5.77 0.41 15.37 1065 0.75 
1032:46 1038:39 354 113.27 48.05 5.00 85.93 20.01 2.08 
1038:40 1038.44 5 29.38 0.32 0.28 39.58 0.36 0.31 
1038:48 1043:09 264 18.96 4.54 0.55 27.22 9.83 1.19 
1043:10 1043:17 8 4207 7.11 4.93 58.88 0.92 0.64 
1043:18 1043:23 8 24.86 1.99 1.59 62.20 0.73 0.58 
1043:24 1047:55 272 106.83 54.41 8.47 67.58 18.72 2.23 
1047:56 1047:58 3 29.43 0.30 0.34 33.00 0.22 0.25 
1047:59 104809 11 33.68 2.03 1.20 31.69 0.46 0.27 
1048:10 1049:10 61 26.03 1.49 0.37 26.98 2.17 0.54 
1049:11 1049:15 5 30.66 0.33 0.29 23.36 0.13 0.11 
1049:16 1051:27 132 23.34 3.99 0.68 26.77 7.40 1.26 
1051:28 1051 :le 9 31.92 1.03 0.67 46.35 0.71 0.46 
1051:37 1051:39 3 2968 0.26 0.29 47.79 0.12 0.13 
1051:40 1051:44 5 3160 073 0.64 48.31 0.21 0.19 
1051:45 1051 48 4 28.54 0.22 0.22 49.00 029 0.29 
1051:49 1100:28 520 102.67 46.25 3.98 71.21 18.79 1.61 
1100:29 1100:33 5 2899 0.57 0.50 32.99 0.06 0.05 
1100:34 1100:38 5 31.60 0.75 0.66 33.56 0.29 0.25 
1100:39 1100:48 10 25.71 1.91 1.19 35.03 0.62 0.39 
1100:49 1100:51 3 31.21 0.46 0.52 36.65 0.19 0.21 
1100:52 1101:56 65 2058 3.26 0.79 42.12 2.17 0.53 
1101:57 1103:43 107 6962 38.05 7.21 49.21 7.85 1.49 
1103:44 1103:51 8 29.20 0.57 0.40 67.32 1.01 0.70 
1103 52 110821 270 82.01 49.27 5.88 56.06 14.48 1.73 
1108:23 1109 07 45 34.29 2.26 0.66 31.49 098 0.29 
1109.08 1109·10 3 29.29 0.17 0.19 29.96 0.05 0.06 
1109:11 1109.20 10 32.85 1.55 O,gG 29.71 009 006 
1109:21 1110:08 48 2797 1.28 0.36 28.41 0.67 0.19 
1110:11 1110:26 16 27.55 1.61 0.79 26.68 0.24 0.12 
1110:27 1110:47 21 39.67 6.56 2.80 25.71 0.33 0.14 
1110:48 1110 53 6 29.08 0.57 0.46 24.97 0.10 0.08 
1110:54 1110.56 3 30.79 0.34 0.39 24.72 003 0.04 
1110:57 1117 28 392 16.80 4.81 0.48 19.55 6.63 0.86 
1117:29 1119:39 131 n.11 37.85 8.48 44.54 5.47 0.94 
1119:41 1119:44 4 30 71 0.3lil 0.38 59.90 0.43 0.42 
1119:49 1119:52 4 29.37 0.28 0.28 63.04 0.59 0.58 
111lil:55 1119:58 4 29.73 0.08 0.08 65.71 0.49 0.48 
1119:59 1124 49 291 122.96 49.46 S.68 83.75 17.54 2.01 
1124:50 1130:11 322 10.97 13.63 1.49 21.47 20.58 2.25 
1130:12 1135:19 303 123.95 53.08 S.98 78.39 17.27 1.94 
1135:20 1135 49 30 2611 1.67 0.60 37.13 2.10 0.7S 
1135:50 1136:12 23 3609 S.99 2.45 31.38 1.22 0.50 
1136:13 113617 5 2728 1.32 1.15 28.97 0.21 0.18 
1136:18 1136 24 7 36.47 3.87 2.87 28.06 0.28 0.21 
1136:25 113657 33 27.42 1.33 0.45 25.79 0.82 0.28 
1136:58 1137.03 6 32.17 1.15 0.92 25.24 0.14 0.11 
1137:04 1138 13 70 25.10 2.10 0.49 34.62 6.42 1.50 
1138:14 1146:44 511 103.73 54.63 4.74 65.69 21.85 1.89 
1146:45 1147:27 43 18.12 6.34 1.~ 42.34 4.79 1.43 
1147:28 115511 464 101.12 52.44 4.77 63.31 21.04 1.91 
1155:12 1100:12 301 16.56 3.24 0.37 11.32 8.75 0.99 
1200:16 1200:19 4 43.19 8.05 7.89 0.57 0.00 0.00 

1200:20 1216:03 791 0.72 1.37 0.10 5.87 12.99 0.91 

Emissions > 30 PPM 3-404 100.43 67.40 
Emissions <30PPM 1831 1837 2362 

All Emissions 6235 71.73 52.09 

65.0 •;. of bme spent spraying. 1032 • 1200 
• Outlier. from periods at the beginning and end of spraying. 
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Table C-3. THC Analyzer Results from June 22, 1993, Third Period of Spraying 

June ~ 2, 19!l3 
Start End 
Time TIITle 

Elaps~ 
TIIM 

,seconds\ 

--11 LET THC (ppm) --
Average Population 95,-. Cont. 

Std. nev. Interval 

--OUTLET THC ( ?Pm) --
Average Population 95% Cont. 

Std. Dev. Interval 

1222:40 1239:46 1027 5.29 1.51 0.09 4.59 '4.28 0.26 
1239:47 1243:03 197 100.87 39.63 5.53 49.35 7.62 1.06 
1243:04 1252:34 571 16.37 5.24 0.43 13.93 6.97 0.57 
1252:35 1252:38 4 31.25 0.46 0.45 13.68 0.08 0.08 
1252:39 1252:48 10 25.30 2.68 1.68 14.05 0.14 o.og 
1252:49 1253:01 13 32.48 1.65 0.89 14.74 025 0.14 
1253:02 1253 07 8 27.92 1.00 0.80 15.35 0.10 0.08 
1253:08 1253:28 21 31.98 1.63 0.70 16.13 0.35 0.15 
1253:29 1253:57 29 24.64 2.85 1.04 17.43 0.35 0.13 
1254:00 1254:04 5 17.73 9.19 8.05 18.27 0.08 0.07 
1254:05 1254:15 11 32.42 1.22 0.72 18.54 0.12 0.07 
1254:16 1254:18 3 29.15 0.17 0.19 1e.n 0.04 0.04 
1254:19 125513 55 35.65 2.49 0.66 1894 0.08 0.02 
1255:14 1255·30 17 27.01 1.22 0.58 18.54 0.15 0.07 
1255:31 1255 49 19 33.28 1.52 0.88 17.90 0.23 0.10 
1255:50 1256:30 41 21.80 3.18 0.97 16.78 0.46 0.14 
1256:31 1256:33 3 31.48 0.49 0.55 15.91 0.02 0.02 
1256:34 1259:47 194 19.18 1.88 0.26 19.58 7.31 1.03 
1259:48 1305:44 357 12635 43.84 4.55 71.65 14.65 1.52 
1305:45 1308:30 166 22 21 3.23 0.49 35.00 6.95 1.06 
1308:31 1312:51 ~1 107.15 4239 5.14 60.85 11.34 1.38 
1312:52 1313:22 31 27.28 1.72 0.61 34.37 1.46 0.51 
1313:25 1313:51 27 2897 0.88 0.26 3242 0.72 0.27 
1313 52 1318:53 302 100.74 51.19 5.77 59.68 13.23 1.49 
1318:54 1320:54 121 22.94 2.01 0.36 26.39 5.21 0.93 
1320:55 1321:03 9 3402 1.89 1.23 18.95 0.21 0.14 
1321:04 1322:44 101 22.08 234 0.46 22.28 '4.32 0.84 
1322:45 1328:29 345 113.89 46.42 4.90 62.84 14.19 1.50 
132830 1330·58 149 17.49 4.72 0.76 2357 7.07 1.13 
1331.01 1337.31 391 16.10 3.47 0.34 10.58 0.86 0.09 
1337:32 1337:36 5 31.32 0.61 0.53 11.36 0.08 0.07 
1337:37 1338.14 38 24.33 2.83 0.90 14.16 1.87 0.59 
1338 ,s 
1338.23 

1338:22 
1338.55 

8 
33 

33.74 
21.44 

1.99 
2.49 

1.38 
0.85 

18.02 
22.63 

0.45 
2.34 

0.31 
0.80 

133856 1342:27 212 112.73 49.26 8.63 49.49 10.83 1.46 
1342:28 1351:01 S14 14.38 4.79 0.41 21.75 5.97 0.52 
1351 :02 1356:15 314 112.20 3437 3.80 78.50 13.51 1.49 
1356.16 1357:27 72 2334 2.26 052 5583 7.19 1.66 
1357:28 1357:30 3 31.41 0.14 0.16 44.77 0.20 0.23 
1357:31 1405:00 450 3.14 4.62 0.43 21.95 7.16 0.66 

Emissions >30 PPM 2139 106.07 60.19 
Emissions <30 PPM 2519 18.13 2023 

All Emissions 4658 58.51 38.58 

46.9"I. of time spent spraying, 1239 - 1357 
• Outlier, from periods at the beginning and end of spraying. 
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Table C-4. THC Analyzer Results from June 23. 1993, First Period of Spraying 

June 23. 1993 
Start End 
Time Time 

Elapsed 
Tlll'l8 

!seconds\ 

-- INLET THC (ppm)-
Average Population 95% Conf. 

Std. Dev. lnlefval 

--OUTLET THC ( ;,pm) --
Aveu~ Population 95o/eConl. 

Std. Dev. Interval 

0703:30 0712:13 524 4.59 1.54 0.13 3.68 2.99 0.26 
0712:14 0712:42 29 59.33 13.87 !5.05 23.85 2.72 0.99 
0712:43 0712:54 12 24.30 3.89 2.20 30.48 1.03 0.58 
0712:SS 0718:46 352 77.75 33.26 3.47 43.17 10.90 1.14 
0718:49 0719:02 14 37.94 4.41 2.31 19.42 0.63 0.33 
0719:03 0734:32 930 7.41 2.87 0.18 5.41 3.74 0.24 
0734:33 0737:59 '2JJ7 81.58 30.09 4.10 33.62 5.79 0.79 
0738:00 0742:12 253 14.29 3.91 0.48 14.02 4.89 0.60 
0742:13 0747:27 315 82.84 31.52 3.48 40.33 8.44 0.93 
0747:28 0749:03 96 2086 4.48 0.90 19.36 2.14 0.43 
0749:04 0749:41 38 37.34 2.90 0.92 14.66 0.e3 0.20 
0749:42 0750:52 71 14.42 4.17 0.97 17.40 2.71 0.e3 
075053 0757 1e 386 80.80 31.69 3.16 39.92 9.37 0.93 
0757:19 0757:31 13 27.98 1.09 0.59 23.20 0.33 0.18 
0757:32 0757:43 12 34.79 3.29 1.86 22.13 0.34 0.19 
0757:44 0757:51 8 26.41 1.79 1.24 21.32 0.21 0.15 
0757:52 0758:03 12 33.51 1.73 0.98 20.70 0.14 0.08 
0758:06 0758:13 8 3219 098 0.68 20.51 0.03 0.02 
0758:14 0758:27 14 2694 162 0.85 20.61 0.09 0.05 
0758:28 0758:34 7 3256 099 0.74 20.92 0.13 0.10 
0758:35 0758:38 4 2910 0.55 0.54 21.24 0.09 0.09 
0758.39 075847 9 30.34 0.20 0.13 21.51 0.18 0.12 
0758:48 075921 34 22.03 3.93 1.32 24.19 1.65 0.56 
075922 0808:43 562 71.97 32.12 2.66 38.37 10.98 0.91 
0808:44 0811:05 142 18 65 3.25 0.53 15.26 1.78 0.29 
0811:06 0811:12 7 3470 1.87 1.39 12.69 0.10 0.07 
0811:13 0814 52 220 17.79 3.36 0.44 12.39 3.94 0.52 
0814:53 0823.52 540 7220 35.88 303 37.83 12.34 1.04 
0823:53 0823.56 4 28.16 1.02 1.00 1892 0.04 0.04 
0823:58 0824 14 17 27.92 .1.43 0.68 18.49 0.13 0.06 
0824:15 0824:21 7 31.04 0.36 0.27 18.48 0.05 0.04 
0824:22 0825:05 44 25.76 3.06 0.90 21.58 2.25 0.67 
0825:07 0825:33 27 25.54 3.38 1.28 29.73 1.95 0.74 

0825·34 0829:31 238 86.08 32.73 4.16 41.58 611 0.78 
0829:34 0829:59 26 3610 2.71 1.04 26.40 1.10 0.42 
0830:01 0830:43 43 32.15 1.40 0.42 21.88 1.30 0.39 

0830:44 0830.47 4 29.09 0.44 0.43 19.91 0.10 0.10 

0830:48 083053 6 30.88 0.34 0.27 19.54 016 0.13 

0830:54 0830:58 5 29.63 0.17 0.15 18.89 0.17 0.15 
0830:59 0831:02 4 30.49 0.23 0.23 18.48 0.08 0.08 

0831:03 0831:11 9 2847 0.72 0.47 17.89 0.24 0.16 

0831:12 0831.17 6 3115 0.58 0.46 17.23 0.14 0.11 

0831:18 0834:11 174 17.76 2.49 0.37 15.02 2.92 0.43 

0834:12 0840:55 ~ 83.27 36.06 3.52 '44.40 9.60 0.94 

0840:56 0845:03 248 15.93 3.55 0.44 17.94 4.52 0.56 

0845:04 0854:11 548 77.49 34.33 2.87 40.18 12.57 1.05 

0854:14 0854:21 8 31.34 0.68 0.47 19.71 0.11 0.08 

0854:22 0854 45 24 27.75 0.90 0.36 19.07 0.38 0.15 

0854:46 0854:49 4 31.31 062 0.61 18.51 0.15 0.14 

0854:50 0855:12 23 27.30 1.96 080 18.05 0.30 0.12 

0855:13 0855:16 4 30.87 0.45 0.44 17.59 0.06 0.06 

0855:19 0855:25 7 30.96 0.67 0.50 17.20 0.07 0.05 

0855:30 085538 9 28.27 0.68 0.44 16.82 0.09 0.06 

0855:39 0855.41 3 31.16 0.17 0.19 16.62 0.02 0.02 

0855:42 085616 35 26.05 2.24 0.74 16.33 0.35 0.12 

0856:17 0856:19 3 30.77 0.26 0.30 15.77 0.02 0.02 

0856:20 0910:43 864 17.29 4.07 0.27 11 16 3.35 0.22 

0910:44 0917:49 426 72.01 36.52 3.47 37.93 8.89 0.84 

0917:51 0923:07 317 87.40 41.52 4.57 45.27 10.42 1.15 

0923:09 0923 17 9 33.14 2.03 1.33 24.61 0.30 0.19 

(Continued) 
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Table C-4 Continued 

June 2 3, 1993 
Start End 

Elapsed 
Time 

- INLET THC (ppm)--
Average PopulaUon 95%Conf. 

-OUTLET THC(~)--
Avera,.,. Population 95%Conl. 

Time Time /seconds\ Std. Dev Interval Std. Dev. lnt.rval 

0923:18 0923:28 11 25.22 2.10 1.24 23.59 0.47 0.28 
0923:29 0924:17 49 36.10 4.57 1.28 20.41 1.39 0.39 
0924:18 0926:28 131 18.82 2.39 0.41 17.22 2.22 0.38 
0935:06 0935:37 32 38.65 3.65 1.33 20.~ 0.42 0.14 
0935:38 0935:44 7 28.84 0.64 0.47 20.06 0.-40 0.30 
0935:45 0936:24 -40 32.28 1.58 0.49 18.84 0.78 0.24 
093625 0936:31 7 28.60 0.64 0.47 17.24 0.15 0.11 
0936:32 0936:40 9 30.89 0.26 0.17 16.68 0.17 0.11 
0936:43 0936:54 12 32.75 1.61 0.91 15.88 0.21 0.12 
0936:55 0939;15 141 19.72 3.75 0.62 17.00 4.06 0.67 
OQ39:16 0946:26 431 86.39 33.59 3.17 42.91 10.91 1.03 
0946:27 0946:35 129 20.91 2.5e 0.44 21.87 4.48 0.77 
0948:36 0955:17 402 1()g,87 39.12 3.82 54.97 11.16 1.09 
0955:18 0957:16 119 20.40 3.33 0.60 11.19 11.17 2.01 

Emissions > 30 PPM 5536 78.04 39.99 
Emissions c 30 PPM 3829 15.83 13.22 

All Emissions 9365 52.60 2905 

591% of time spent spraying, 0712 · 0957 
• Outller, from a period at !he beginning of spraying. 
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Table C-5. THC Analyzer Results from June 23, 1993, Second Period of Spraying 

June 23, 1993 Elapsed -- INLET THC (ppn) -- --Ol TLET THC ( >pm} --
Start End Tine Average Population 95%Conl. Average Population 95°A. Conf. 
Time Tim• (seconds\ Std. Dev. Interval Sid. Dev. Interval 

1030:00 1031:02 63 9.01 2.28 0.56 1399 5.22 1.29 
1031:03 1036:24 322 86.88 41.41 4.52 41.03 9.25 1.01 
1036:25 1039:32 163 18.05 3.49 0.54 20.30 S.65 0.87 
1039:40 1048:57 sso 91.13 51.17 4.28 53.05 17.47 1.,46 

1048:58 1049:47 so 19.82 4.73 1.31 35.54 3.43 0.95 
1049:48 1057:36 469 SIQ.86 42.SIO 3.88 59.33 14.72 1.33 
1057:37 1057:46 10 27.82 1.25 0.77 28.30 0.41 0.25 
1057:47 1057:49 3 30.79 0.08 0.09 27.41 0.12 0.14 
1057:50 1101:19 210 19.10 3.69 0.50 21.71 4.-4e o.eo 
1101:20 1105:48 269 106.69 45.78 5.47 5571 10.03 1.20 
1105:49 1111:22 334 19.01 '1.13 0.44 19.77 7.18 0.77 
1111:23 1112:27 65 ~.77 29.17 7.09 26.64 3.61 0.88 
1112:28 1112:50 23 27.99 1.00 0.41 36.80 1.80 0.74 
1112:51 1120:08 438 110.37 46.20 4.33 83.02 15.33 1.44 
1120:09 1124:37 269 18.13 2.42 0.29 18.36 4.75 0.57 
1124:38 1137:17 760 80.14 42.52 3.02 ,46,78 17.98 1.28 
1137:18 1137:30 13 26.49 1.56 0.85 19.95 0.33 0.18 
1137:32 1144:44 433 16.83 3.88 0.37 13.26 4.99 0.47 
1144:45 1154:36 592 96.86 46.51 3.75 56.61 19.45 1.57 
1154:37 1154 57 21 25.04 3.07 1.31 21.90 0.61 0.26 
115458 1155:03 6 31.96 0.78 0.62 2060 0.18 0.14 
1155.04 1157:51 168 18.74 3.22 0.49 1906 4.95 0.75 
1157:52 1203:07 316 110.56 43.34 4.78 6062 13.21 1.46 
1203:08 1203:12 5 28.79 0.70 0.61 37.11 0.34 0.30 

Emissions >30 PPM 3790 94.93 53.55 
Emissions <30 PPM 1762 18.22 18.75 

All Emissions 5552 70.58 42.51 

68 3 % of time spent spraying, 1030 • 1203 
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Table C-6. THC Analyzer Results from June 23, 1993, Third Period of Spraying 

June 23. , 993 Elapsed -- INLET THC (p~ m)-- --Ol TLET THC (,pm)--· 
Start End Time Average Population 95¾Conl. Avetar;,a Population 95%Conf. 
Time Time fsec:onds\ Std. Dev. Interval Std Dev. fntANal 

1220:37 1242:06 1290 ◄.54 2.57 0.14 10.33 11.15 0.61 
1242:07 1243:15 69 73.26 30.12 7.11 24.78 2.13 0.50 
1243:18 1243:25 8 31.32 0.54 0.38 30.95 0.69 0..C8 
1243:26 1243:57 32 2577 1.91 0.66 36.83 2.94 1.02 
1243:58 1254:07 810 9064 50.85 4.03 53.72 19.99 1.59 
1254:09 1254:28 20 32.95 1.41 0.62 22.44 0.57 0.25 
1254:29 1254:44 18 27.68 097 0.48 20.85 0.37 0.18 
1254:45 1254:53 9 30.95 0.53 0.35 19.79 0.21 0.14 
1254:54 1259:18 265 17.37 3.90 0.47 14.98 3.-46 0. ◄2 

1259:19 1306:18 374 100.41 36.24 3.67 52.86 13.53 1.37 
1306:19 1306:22 .. 29.76 0.17 0.16 31.41 0.10 0.10 
1306:23 1306:58 36 36.29 3.84 1.25 28.31 1.54 0.50 
1306:59 1307·02 4 29.32 0.28 0.28 25.56 0.26 0.26 
1307:05 130716 12 29.19 0.45 0.28 24.07 0.45 0.25 
1307:17 1307:23 7 31.54 0.76 0.56 22.91 0.23 0.17 
1307:25 1307:41 17 3527 3.16 1.50 21.99 0.25 0.12s.,,1307:42 1308:51 70 18.53 4.09 0.96 28.57 1.20 
130852 1313:40 289 86.49 3812 4.39 "16.99 11.29 1.07 
1313:41 1317:31 231 19.07 3.66 0.47 19.-46 5.12 0.66 
1317:32 1322 08 277 104.34 32.59 3.84 52.88 9.51 1.12 
1322:09 1322:11 3 29.27 0.27 0.31 33.93 0.21 0.24 
1322:12 1322:19 8 32.19 1.24 0.86 32.62 0.58 0.40 
1322:20 1324:09 110 20.62 4.37 0.82 24.37 2.68 0.50 
1324:12 132433 22 2339 2.58 1.08 25.15 0.65 0.27 
1324:34 1327:38 185 5851 2609 3.76 25.52 3.06 0.44 
1327:39 1332:29 291 19.56 4.87 0.56 13.72 3.49 0.40 
1332:30 1337:47 318 105.16 3360 369 47.05 11.54 1.05 
1337:49 1340:05 137 5569 1028 1.72 3903 5.40 0.90 

1340:07 1344 26 260 153.61 50.59 6.15 71.00 10.36 1.26 
1344:27 1344 38 12 26.30 1.68 0.95 44.06 1 09 0.62 
1344:39 1344 42 4 32.26 0.93 0.91 41.19 0.50 0.49 
1344:43 1344 45 3 28.97 0.48 0.55 39.91 0.32 0.37 
1344.46 1344 48 3 30.83 0.55 0.63 38.95 030 0.33 
1344:49 135212 444 15.65 3.64 0.34 14.32 7.23 0.67 
1352:13 1356.34 262 108.98 41.70 5.05 48.68 10.97 1.33 
1356:35 1357:13 39 2548 2.30 0.72 35.10 0.96 0.30 
1357:16 1357 49 34 19.46 4.02 1.35 3419 0.75 0.25 
135750 1403:20 331 93.00 41.34 4.45 44.13 7.93 0.85 
1403:21 141500 700 4.60 6.65 0.49 5.80 7.30 0.54 

Emissions > 30 PPM 3224 9515 48.48 

Emissions <30 PPM 1592 18.67 18.44 
All Emissions 4816 69.87 38.55 

66 9 o/o of time spent spraying, 12.C2 • 1415 
• Outlier. from periods at 1he beginning and end of spraying. 
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Table C-7. THC Analyzer Results from June 24, 1993, First Period of Spraying 

June 24, 1993 
Start End 

Elapsed 
Time 

--INLET THC (Pli rn)-
Average Population 95¾ Con! 

- OUTLET THC (~m}--
Average Population 95•.4 Conf. 

lime lime ("econtl<t l !':td. "'-v. Interval Std. Dev. JfttenlaJ 

0712:00 0742:39 1802 5.45 2.17 010 3.77 4.06 0.19 
0742:<40 0743:18 39 82.84 18.42 5.78 26.19 3.43 1.08 
074319 0743:28 10 28.13 1.44 0.89 3307 0.67 0.41 
0743:29 0748:50 322 90.27 27.84 3.04 50.85 9.79 1.07 
074851 0754:11 321 12.12 2.68 0.29 14.14 6.06 0.66 
0754.12 0754:48 37 84.97 19.12 6.16 28.61 3.35 1.08 
0754:49 0754:54 6 28.14 0.94 0.75 35.03 0.41 0.33 
0754:S5 0801:28 394 90.81 32.88 3.25 51.54 12.45 1.23 
0801:29 0805:30 242 12.18 2.69 0.34 15.00 5.00 0.63 
0805:31 0809:34 244 91.16 34.86 4.37 43.53 8.49 1.07 

0809:35 0813:20 226 14.19 2.83 0.37 21.08 7.78 1.01 
0813:21 0818:54 334 91.73 39.89 4.28 56.84 24.08 2.58 
0818:55 0822:44 230 15.40 2.96 0.38 21.39 19.84 2.56 
082245 0828:25 341 94.96 43.20 4.58 n.74 9.20 0.98 
0828:26 0828:31 6 26.94 1.03 0.82 65.82 0.24 0.19 
082832 0829:32 61 37.52 4.20 1.05 62.43 1.65 0.41 
0829:33 0829:35 3 29.38 0.34 0.39 5944 0.07 0.08 
0829:36 0829:48 13 31.92 0.91 0.49 59.17 0.33 0.18 

082949 0829:52 4 29.60 0.30 030 58.30 0.14 0.14 
0829:53 0830:05 13 34.26 2.23 1.21 57.62 0.26 0.14 
0830:06 0830:09 4 2869 0.66 0.65 57.05 0.04 0.04 
083010 0830:19 10 33.36 1.47 0.91 56.70 0.19 0.11 
083020 0830:23 4 28.68 0.82 080 56.33 0.04 0.04 
0830:24 0830:44 21 33.62 1.96 0.84 55.61 0.37 0.16 

083045 0830:50 6 2737 1.19 0.95 54.87 0.11 0.09 

0830:51 0830:54 4 30.49 024 0.24 55.19 0.50 0.49 
0830.55 0831:34 <40 2833 0.87 0.27 54.09 0.70 0.22 
0831:35 0831:37 3 31.20 0.60 0.68 53.07 0.04 0.05 
0831:38 0831:59 22 26.49 1.60 0.67 52.73 0.21 0.09 
083200 0832:11 12 3325 1.98 1.12 5251 0.42 0.24 
0832.12 0833:14 63 2599 1.64 0.40 50.47 0.79 0.19 
0833:17 083320 4 29.19 0.40 039 4904 0.05 0.05 
083321 083323 3 30.65 0.22 0.25 48.87 0.05 0.06 
083324 0837 49 266 1293 2.87 0.35 46 80 3.09 0.37 

0837:50 0842:12 263 92.19 40.92 4.95 68.43 7.14 0.86 

0842:13 0847:00 288 16 64 3.29 0.38 36.B2 7.09 0.82 
0847:01 085327 387 103.22 44.81 4.46 67.83 14.42 1.44 

0853:28 0857:14 227 17.86 1.74 023 3235 5.16 0.67 

0857:15 090328 374 91.49 39.56 4.01 56.72 10.98 1.11 

0903:29 090542 134 16.25 2.94 050 3049 5.19 0.88 
0905:43 0911:13 331 114.19 47.18 5.08 63.96 10.65 1.15 
0911:14 0911 :32 19 2787 1.63 0.73 41.40 0.89 0.40 
0911:33 0911:36 4 30.72 0.35 0.35 40.07 0.46 0.45 
0911:37 0911:48 12 2824 0.76 0.43 40.33 0.40 0.23 
0911:49 0912:09 21 3802 3.25 139 4066 0.62 0.27 
0912:10 091235 26 21.99 3.79 1.46 41.54 0.80 0.31 

0912:36 
0920:48 

0920:47 
0924:39 

492 
232 

97.09 
14.99 

44.23 
2.n 

3.91 
0.36 

59.30 
8.11 

15.40 
8.35 

1.36 
1.07 

0924:40 0924:59 20 33.52 1.48 0.85 1.08 0.04 0.02 

0925:00 0925:03 4 29.51 0.21 0.21 1.01 0.02 0.02 

0925:04 092528 25 34.40 176 0.69 2.29 1.46 0.57 

0925:29 093207 399 13.21 2.25 0.22 13.38 7.04 0.69 

0932:08 0937:02 295 104.13 42.75 4.88 62.99 13.29 1.52 
0937:03 0940:39 217 17.31 3.12 0.41 26.11 5.72 0.76 
0940:40 0948:59 500 83.77 32.49 2.85 51.59 6.44 0.56 
0949:00 0953-15 256 16.74 3 71 0.45 25.03 7.12 0.87 

0953 16 1000 30 435 8761 41.58 3.91 54.99 14.05 1.32 

(Continued) 
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Table c.7 Continued 

June 24, 1993 
Start End 
lime Tm,e 

Elapsed 
Time 

/seconds\ 

--INLET THC (ppn) -
Average Populallon 95% Cont. 

Std. Dev. Interval 

--OUTLET THC ( ppm) --
Average Population 95% Conl. 

Sid. ""v. Interval 

1000:31 1000:43 13 28.53 0.61 0.33 28.81 0.49 0.27 
1000:44 1001:00 17 32.9e 1.74 0.83 26.89 0.64 0.31 
1001:01 1031:02 1802 7.-48 '6.36 0.20 7.78 3.80 0.18 

Emisslonl >30PPM 5015 91.24 57.58 
Emissionl <30PPM 3284 15.67 25.33 

All Emissions 8299 61.33 "4.82 

80.4 °1. of time spent spraying, 0742 • 1001 
• Outlier, from periods at the beginning and end of spraying. 
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Table C-8. THC Analyzer Results from June 24, 1993, Second Period of Spraying 

June 24, 1993 
Start End 
Time Time 

Elapsed 
Tune 

/seconds I 

-- INLET THC (ppr,,) --
Average Population 95•1. Cont. 

Std. Dev. lntarval 

·--OUTLET THC (,pm)--· 
Average Population 95%Conf. 

Std. nev. Interval 

1033 47 1034:34 '8 8.98 2.74 0.77 0.95 0.05 0.01 
103435 1039:46 312 104.28 -46.95 521 55.19 13.52 1.50 
1039:47 1039:50 4 29.21 0.48 0.47 42.67 0.26 0.25 
1039 51 1041:26 96 38.61 3.54 0.71 34.08 4.40 0.88 
1041:27 1044:39 193 23.06 2.01 0.28 23.18 5.03 0.71 
1044:41 1053:18 519 97.59 58.98 5.07 58.69 22.41 1.93 
1053:19 1053:22 4 29.84 0.08 0.08 29.39 0.28 0.28 
1053:23 1053:27 5 3024 0.07 0.06 30.94 0.39 0.34 
1053:28 1054:03 36 26.97 1.65 0.54 39.01 4.52 1.48 
1054:04 1101:22 "39 125.03 61.70 5.77 71.30 19.~ 1.87 
1101 :23 1101:35 13 28.53 1.33 0.72 30.64 0.62 0.34 
1101 :36 1101:47 12 31.95 1.28 0.72 28.59 0.56 0.32 

1101 :51 1101 :55 6 31.09 0.34 027 27.03 0.23 0.19 

1101:56 1102:01 6 29.63 0.35 0.28 26.30 0.26 0.21 
1102:02 1102:06 5 30.32 0.15 0.13 25.57 0.17 0.15 
1102:07 1106:14 248 16.64 5.55 0.69 17.84 5.02 0.62 
1106:15 1112:13 359 131.94 58.08 6.01 71.59 18.37 1.90 
1112:15 1112:21 8 28.77 0.55 0.38 39.06 0.65 0.45 
1112:22 1112:25 4 30.76 0.45 0.44 37.34 0.19 0.18 

1112:26 1112:30 5 28.92 0.51 0.45 3625 0.31 0.27 
1112:31 1112:38 6 31.87 1.15 0.92 34.86 0.52 0.42 

1112:37 1118:11 335 19.49 5.20 0.56 17.91 6.67 071 
1118:12 1124:15 364 104.31 58.37 6.00 54.45 15.05 1.55 
1124:16 1124:19 4 2975 0.25 0.25 27.79 0.15 0.15 
1124:20 1124:42 23 33.76 1 69 0.69 25.98 0.90 0.37 
1124:43 1125:11 29 2781 1.30 0.47 23.23 0.65 0.24 
1125·12 1125:15 4 30.30 0.07 0.06 22.29 0.06 0.06 
1125.17 112528 12 31.52 0.70 0.39 21.67 0.24 0.14 
1125:32 112545 15 31.68 0.64 0.32 21.06 0.17 0.09 
1125:46 1126:00 15 27.38 1.17 0.59 20.34 0.25 0.12 
112601 1126:23 23 3438 ·2_09 0.85 19.39 0.30 0.12 
1126:24 1128:50 147 19.64 3.92 0.63 18.77 3.74 0.60 
112851 1130:21 91 8165 45.55 9.36 31.48 2.58 0.53 
1130:23 113046 25 2581 2.57 1.01 42.34 2.34 0.92 
1130.47 1134:40 234 109.15 63.24 8.10 57.42 10.67 1.37 
1134:41 1134 47 7 27.72 1.30 0.96 33.93 0.54 0.40 

1134:49 1135:31 43 27.11 1.11 0.33 28.91 2.13 0.64 
1135:33 1135:41 9 29.30 0.36 0.23 25.05 0.32 0.21 
1135:42 1136:22 41 3463 2.07 0.63 22.61 1.13 0.35 
1136 24 1136:45 23 28.66 0.64 0.26 2012 0.42 0.17 
1136:46 113653 8 31.22 0.64 0.45 19.27 0.31 0.21 
1136.54 1138.29 96 2004 3.79 0.76 18.22 2.70 0.54 
1138:30 1141:14 165 68.80 48.02 7.33 39.09 4.93 0.75 
1141:15 1141:36 22 28.03 1.10 0.46 31.21 1.23 0.52 
1141:40 1141:47 8 30.43 0.16 0.11 28.01 0.37 0.25 
1141:48 1142:01 14 2926 0.56 029 26.63 0.47 0.25 
1142:02 1142:23 22 31.36 0.57 0.24 24.24 1.03 0.43 
1142:24 1146 31 248 19.63 4.28 0.53 16.60 4.62 0.57 
1146:32 1153:55 444 123.56 61.56 5.73 62.24 17.48 1.~ 
1153:56 1156:22 147 21.92 2.73 0.44 16.94 8.91 1.44 
1156:23 1206:00 578 81.84 37.49 3.06 40.56 23.57 1.92 
1206:01 1206:18 18 29.14 0.90 0.42 24.78 0.52 0.24 
120619 1206:26 8 30.86 0.51 0.35 23.51 0.18 0.12 
1206:27 1207:15 49 2507 2.44 0.68 21.18 1.08 0.30 
1207:16 1207:18 3 3051 0.19 022 19.27 0.09 0.10 
1207:19 1209:45 147 19.55 3.98 0.64 8.94 8.37 1.35 

Emissions >30 PPM 3806 100.78 54.27 
Emissions <30 ?PM 1796 20.94 19.86 

All Emissions 5602 75.18 43.23 

67.9 % of time spent spraying. 1034 · 1207 
• Outlier. lrom periods at the beginning and end of spraying. 
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Table C-9. THC Analyzer Results from June 24, 1993, Third Period of Spraying 

Juna24, 1~ Elapsed --INLET THC (pp 11) -- - 01 TlET THC (;,pm) --
Start End Time Average Population 95o/. Conf Av«aqa Population 95%Conl. 

Wa,vaJTime T1me 1...,..ondsl Std. O .. v. lnlMllal Std. Dev. 

0.21 
1244:16 1247:46 211 116.98 55.88 7.54 56.16 12.45 1.68 
1247:47 1251:57 251 21.52 4.05 0.50 24.12 9.35 1.18 
1251:58 1252:01 30.95 0.48 0.47 21.41 0.38 0.37 
1252:02 1252:36 35' 22.89 2.23 0.74 30.28 4.92 US3 

1252:37 1257:40 304 132.39 60.1Q 6.77 68.41 14.37 1.62 

1257:41 1304:26 406 20.10 5.03 0.49 17.88 

1230:15 1244:15 841 5.45 2.63 0.18 6.16 3.09 

7.43 o.n 
1304:28 1305:25 59 36.62 3.40 0.87 15.53 0.87 0.22 
1305:26 1305:42 17 29.15 0.83 0.39 17.65 0.33 0.18 

1305:45 1305:52 8 29.36 0.29 0.20 18.73 0.19 0.13 
1305:53 1305:57 5 30.90 0.46 0.41 19.22 0.18 0.16 
1305:59 1306:10 13 26.14 1.47 0.80 19.79 0.22 0.12 
1306:11 1307:25 75 43.30 7.09 1.60 19.98 1.06 0.24 
1307:26 1333:06 1541 12.52 4.09 0.20 8.90 3.77 0.19 
1333:07 1338:05 299 129.40 52.80 5.98 64.94 1275 1.45 

1338:06 1339:43 98 21.52 3.45 0.68 34.37 3.32 0.66 
1339:44 1344:17 274 109.07 51.49 6.10 55.14 6.78 0.80 
1344:18 1346:00 103 21.39 2.85 0.55 33.22 3.55 0.69 
1346:01 1350:58 298 114.81 49.64 5.64 60.55 10.73 1.22 
1350:S9 1352:03 65 2203 3.40 0.83 39.46 2.17 0.53 
1352:04 1353:56 113 122.79 3892 7.18 51.17 3.17 0.58 
1353:57 1354:04 8 26.55 1.22 0.85 43.61 O.~ 0.43 
1354:05 1354:11 7 41.97 5.32 3.94 41.30 0.62 0.46 
1354:12 1400:00 349 4.03 5.99 0.63 985 12.43 1.30 

Emissions > 30PPM 1849 113.75 56.93 
Emissions <30 PPM 2545 16.05 15.13 

All Emissions 4194 54.46 31.56 

39.3 % of time spent spraying. 1244 • 1354 
• Outlklr. from periods at th& beginning and end of spraying. 

88 



APPENDIX D 

RESULTS OF CHEMICAL ANALYSES OF WATER ANO SCRUBBER LIQUID SAMPLES 
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Table D-1 . Analysis of Sample from Scrubber Chamber #1. 6/23/93 at 1340 hours 

Date Sampled: Jun 23, 1993 Sample ID: Scrubber Tank 1, Sample #S, H438-27-7 
Date Analyzed: Aug 25, 1993 SRI Run No.: P030S0 
Sample Size: 0.01 ml Related Blank: P02642 Surrogate 

Number Compound 
17 1,2-dichloroethane-d4 SURR1 
26 toluene-d8 SURR2 
40 4-bromofluorobenzene SURR3 
1 chloromethane 
2 vinyl chloride 
3 bromomethane 
4 chloroethane 
5 1, 1-dichloroethene 
6 acetone 
7 methyl iodide 
8 carbon disulfide 
9 methylene chloride 
10 trans-1,2-dichloroethene 
11 1, 1-dichloroethane 
12 2-butanone 
13 bromochloromethane 1S1 
14 chloroform 
15 1,1,1-trichloroethane 
16 carbon tetrachloride 
18 benzene 
19 1,2-dichloroethane 
20 1, 4-difluorobenzene IS2 
21 trichloroethene 
22 1,2-dichloropropane 
23 bromodichloromethane 
24 cis-1,3-dichloropropene 
25 2-hexanone 
27 toluene 
28 trans-1,3-dichloropropene 
29 1, 1,2-trichloroethane 
30 tetrachloroethene 
31 -4-methyl-2-pentanone 
32 dibromochloromethane 
33 chlorobenzene-dS /S3 
34 chlorobenzene 
35 ethylbenzene 
36 m- & p-xylene 
37 a-xylene 
38 styrene 
39 bromoform 
41 1, 1,2,2-tetrachloroethane 

Amount 
(NG) 
187 
258 
256 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

250 
233 
u 
u 
u 
u 

250 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

250 
u 
u 
u 
u 
u 
u 
u 

{% Recovery) 
Concentration or Oet. Limt 

(µGIL) (µGil) 
37.3 74.7 
51.5 103 
51.3 103 
u 1255 
u 885 
u 3475 
u 2510 
u 2170 
u 3640 
u 1600 
u 1400 
u 2610 
u 865 
u 2170 
u 7300 
50 

23300 410 
u 7200 
u 5300 
u 795 
u 780 
50 
u 1425 
u 790 
u 118S 
u 1225 
u 1545 
u 1010 
u 1320 
u 1660 
u 1440 
u 2065 
u 4425 
so 
u 1380 
u 1085 
u 1020 
u 945 
u 705 
u 2545 
u 3135 

U - Compound not detected or below detection limit 
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Table D-2. Analysis of Sample from Scrubber Chamber #2, 6/23/93 at 1340 hours 

Date Sampled: Jun 23. 1993 Sample ID: Scrubber Tank 2. Sample #6, H438-28-1 
Date Analyzed: Aug 25. 1993 SRI Run No.: P03051 
Sample Size: 0.100 ml Related Blank: P02034 Surrogate 

Number Compound 
17 1,2--dichloroethane-d4 SURR1 
26 toluene-d8 SURR2 
40 4-bromofluorobenzene SURR3 
1 chloromethane 
2 vinyl chloride 
3 bromomethane 
4 chloroethane 
5 1,1-dichloroethene 
6 acetone 
7 methyl iodide 
8 carbon disulfide 
9 methylene chloride 
10 trans-1,2-dichloroethene 
11 1,1-dichloroethane 
12 2-butanone 
13 bromochtoromethane IS 1 
14 chloroform 
15 1,1,1-trichloroethane 
16 carbon tetrachloride 
18 benzene 
19 1,2-dichloroethane 
20 1,4-dinuorobenzene IS2 
21 trichloroethene 
22 1,2-dichloropropane 
23 bromodichloromethane 
24 cis-1,3-dichloropropene 
25 2-hexanone 
27 toluene 
28 trans-1,3-dichloropropene 
29 1, 1,2-trichloroethane 
30 tetrachloroethene 
31 4-methyl-2-pentanone 
32 dibromochloromethane 
33 chlorobenzene-d5/S3 
34 chlorobenzene 
35 ethyl benzene 
36 m- & p-xylene 
37 o-xylene 
38 styrene 
39 bromofonn 
41 1, 1,2,2-tetrachloroethane 

Amount 
(NG) 
180 
254 
239 
u 
u 
u 
u 
u 

70.9 
u 
u 
u 
u 
u 
u 

250 
3940 
u 
u 
u 
u 

250 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

250 
u 
u 
u 
u 
u 
u 
u 

(% Recovery) 
Concentration or Del. Limt 

(µGIL) (µGIL) 
$5.9 71.8 
50.8 102 
47.9 95.8 
u 125.5 
u 88.5 
u 347.5 
u 251.0 
u 217.0 

709 364.0 
u 160.0 
u 140.0 
u 261.0 
u 86.5 
u 217.0 
u 730.0 
50 

39400 41.0 
u 720.0 
u 530.0 
u 79.5 
u 78.0 
50 
u 142.5 
u 79.0 
u 118.5 
u 122.5 
u 154.5 
u 101.0 
u 132.0 
u 186.0 
u 144.0 
u 206.5 
u 442.5 
50 
u 138.0 
u 108.5 
u 102.0 
u 94.5 
u 70.5 
u 254.5 
u 313.5 

U - Compound not detected or below detection limit 
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Table 0-3. Analysis of Sample from Scrubber Chamber #1, 6/24/93 at 1040 hours 

Date Sampled: Jun 24, 1993 Sample ID: Scrubber Tank 1, Sample #7, H438-28-2 
Date Analyzed: Aug 25, 1993 SRI Run No.: P03052 
Sample Size: 0.05 ml Related Blank: P02642 Surrogate 

(% Recovery) 
Amount Concentration or Oet. Limt 

Number Compound 
17 1,2-dichloroethane-d4 SURR1 
26 toluene-dB SURR2 
40 4-bromofluorobenzene SURR3 
1 chloromethane 
2 vinyl chloride 
3 bromomethane 
4 chloroethane 
5 1.1-dichloroethene 
6 acetone 
7 methyl iodide 
8 carbon disulfide 
9 methylene chloride 
10 trans-1,2-dichloroethene 
11 1.1-dichloroethane 
12 2-butanone 
13 bromochloromethane 1S1 
14 chloroform 
15 1,1, 1-trichloroethane 
16 carbon tetrachloride 
18 benzene 
19 1,2-dichloroethane 
20 1,4-dinuorobenzene IS2 
21 trichloroethene 
22 1,2-dichloropropane 
23 bromodichloromethane 
24 cis-1,3-dichloropropene 
25 2-hexanone 
27 toluene 
28 trans-1,3-dichloropropene 
29 1, 1,2-trichloroethane 
30 tetrachloroethene 
31 4-methyl-2-pentanone 
32 dibromochloromethane 
33 chlorobenzene-d5/S3 
34 chlorobenzene 
35 ethylbenzene 
36 m- & p-xylene 
37 a-xylene 
38 styrene 
39 bromoform 
41 1, 1,2,2-tetrachloroethane 

(NG) 
190 
260 
248 
u 
u 
u 
u 
u 

95.5 
u 

5.2 
u 
u 
u 

2670 
250 
11.5 
u 
u 
u 
u 

250 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

250 
u 
u 
u 
u 

51.1 
u 
u 

(µGIL) {µGIL) 
31 76 

52.1 104 
49.5 99.1 
u 251 
u 1n 
u 695 
u 502 
u 434 

1910 728 
u 320 

104 280 
u 522 
u 173 
u 434 

53400 1460 
50 

230 82 
u 1440 
u 1060 
u 159 
u 156 
50 
u 285 
u 158 
u 237 
u 245 
u 3090 
u 202 
u 264 
u 332 
u 288 
u 4130 
u 885 
50 
u 276 
u 217 
u 204 
u 189 

1022 141 
u 509 
u 627 

U - Compound not detected or below detection limit 
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Table D-4. Analysis of Sample from Scrubber Chamber #2, 6/24/93 at 1040 hours 

Date Sampled: Jun 24, 1993 Sample ID: Scrubber Tank 2, Sample #8, H438-29-3 
Date Analyzed: Aug 26, 1993 SRI Run No.: P03060 
Sample Size: 5ml Related Blank: P02034 Surrogate 

Number Compound 
17 1,2-dichloroethane-d4 SURR1 
26 toluene-d8 SURR2 
-40 4-bromofluorobenzene SURR3 
1 chloromethane 
2 vinyl chloride 
3 bromomethane 
4 chloroethane 
5 1,1--dlchloroethene 
6 acetone 
7 methyl iodide 
8 carbon disulfide 
9 methylene chloride 
10 trans-1,2-dichloroethene 
11 1,1-dichloroethane 
12 2-butanone 
13 bromochloromethane IS1 
14 chloroform 
15 1,1.1-trichtoroethane 
16 carbon tetrachloride 
18 benzene 
19 1,2--dichloroethane 
20 1,4--cfinuorobenzene 1S2 
21 trichloroethene 
22 1,2-dichloropropane 
23 bromodichloromethane 
24 cls-1,3-dlchloropropene 
25 2-hexanone 
27 toluene 
28 trans-1,3-dichloropropene 
29 1,1,2-trichloroethane 
30 tetrachloroethene 
31 4-methyl-2-pentanone 
32 dibromochloromethane 
33 ch/orobenzene-d5 /S3 
34 chlorobenzene 
35 ethylbenzene 
36 m- & p-xylene 
37 o-xylene 
38 styrene 
39 bromofonn 
41 1, 1,2,2-tetrachloroethane 

Amount 
(NG) 
184 
257 
242 
u 
u 
u 
u 
u 

12200 
u 
u 
u 
u 
u 

1830 
250 
8.25 
u 
u 
u 
u 

250 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

250 
u 
u 
u 
u 
u 
u 
u 

(% Recovery) 
Concentration or Det. Llmt 

fµG/L) (µGIL) 
36.9 73.7 
51.3 103 
48.4 96.7 
u 2.51 
u 1.n 
u 6.95 
u 5.02 
u 4.34 

2440 7.28 
u 3.2 
u 2.8 
u 5.22 
u 1.73 
u 4.34 

367 14.6 
50 

1.65 0.82 
u 14.4 
u 10.6 
u 1.59 
u 1.56 
50 
u 2.85 
u 1.58 
u 2.37 
u 2.45 
u 30.9 
u 2.02 
u 2.64 
u 3.32 
u 2.88 
u 41.3 
u 8.85 
50 
u 2.76 
u 2.17 
u 2.04 
u 1.89 
u 1.41 
u 5.09 
u 6.27 

U - Compound not detected or below detection limit 
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Table D-5. Analysis of Sample from Scrubber Chamber #3, 6/24/93 at 1040 hours 

Date Sampled: Jun 24, 1993 Sample ID: Scrubber Tank 3, Sample #9, H438-29-2 
Oate Analyzed: Aug 26, 1993 SRI Run No.: P03059 
Sample Size: 5ml Related Blank: P02034 Surrogate 

Number Compound 
17 1,2-dichloroethane-d4 SURR1 
26 toluene-d8 SURR2 
40 4-bromofluorobenzene SURR3 
1 chloromethane 
2 vinyl chloride 
3 bromomethane 
4 chloroethane 
5 1, 1-dichloroethene 
6 acetone 
7 methyl iodide 
8 carbon disulfide 
9 methylene chloride 
10 trans-1,2-dichloroethene 
11 1,1-dichloroethane 
12 2-butanone 
13 bromoch/oromethane IS 1 
14 chloroform 
15 1,1, 1-trichloroethane 
16 carbon tetrachloride 
18 benzene 
19 1,2-dichloroethane 
20 1,4-dinuorobenzene IS2 
21 trichloroethene 
22 1,2-dichloropropane 
23 bromodichloromethane 
24 cis-1,3-dichloropropene 
25 2-hexanone 
27 toluene 
28 trans-1,3-dichloropropene 
29 1,1,2-trichloroethane 
30 tetrachloroethene 
31 4-methyl-2-pentanone 
32 dibromochloromethane 
33 chlorobenzene-d5 /S3 
34 chlorobenzene 
35 ethylbenzene 
36 m• & p-xylene 
37 o-xylene 
38 styrene 
39 bromoform 
41 1, 1,2,2-tetrachloroethane 

Amount 
(NG) 
179 
256 
240 
u 
u 
u 
u 
u 

37.1 
u 
u 
u 
u 
u 
u 

250 
36.5 
u 
u 
u 
u 

250 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

250 
u 
u 
u 
u 
u 
u 
u 

('la Recovery) 
Concentration or Det. Limt 

(µGIL) (µGIL) 
35.7 71.5 
51.1 102 
48 95.9 
u 2.51 
u 1.77 
u 6.95 
u 5.02 
u 4.34 

7.41 7.28 
u 3.2 
u 2.8 
u 5.22 
u 1.73 
u 4.34 
u 14.6 
50 

7.31 0.82 
u 14.4 
u 10.6 
u 1.59 
u 1.56 
50 
u 2.85 
u 1.58 
u 2.37 
u 2.45 
u 30.9 
u 2.02 
u 2.64 
u 3.32 
u 2.88 
u 41.3 
u 8.85 
50 
u 2.76 
u 2.17 
u 2.04 
u 1.89 
u 1.41 
u 5.09 
u 6.27 

U - Compound not detected or below detection limit 
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Table D-6. Analysis of Sample of Tap Water, 6/24/93 at 1015 hours 

Date Sampled: Jun 24, 1993 Sample ID: Scrubber Process H20, Sample #10, H438-27-6 
Date Analyzed: Aug 25, 1993 SRI Run No.: P03049 
Sample Size: 5ml Related Blank: P02034 Surrogate 

Number Compound 
17 1,2-dichloroethane-d4 SURR1 
26 toluene-dB SURR2 
40 4-bromofluorobenzene SURR3 
1 chloromethane 
2 vinyl chloride 
3 bro mo methane 
4 chloroethane 
5 1,1-dichloroethene 
6 acetone 
7 methyl iodide 
8 carbon disulfide 
9 methylene chloride 
10 trans-1,2-dichloroethene 
11 1,1-dichloroethane 
12 2-butanone 
13 bromochloromethane /S1 
14 chloroform 
15 1,1, 1-trichloroethane 
16 carbon tetrachloride 
18 benzene 
19 1,2-dichloroethane 
20 1, 4-dinuorobenzene 1S2 
21 trichloroethene 
22 1,2-dichloropropane 
23 bromodichloromethane 
24 cis-1,3-dichloropropene 
25 2-hexanone 
27 toluene 
28 trans-1,3-dichloropropene 
29 1,1,2-trichloroethane 
30 tetrachloroethene 
31 4-methyl-2-pentanone 
32 dibromochloromethane 
33 chlorobenzene-d51S3 
34 chlorobenzene 
35 ethylbenzene 
36 m- & p-xylene 
37 o-xylene 
38 styrene 
39 bromoform 
41 1,1,2,2-tetrachloroethane 

(% Recovery) 
Amount Concentration or Det. Llmt 

(NGJ {J:!Glll {f:!GIL2 
186 37.2 74.5 
265 52.9 106 
277 55.4 111 
u u 2.51 
u u 1.TT 
u u 6.95 
u u 5.02 
u u 4.34 
u u 7.28 
u u 3.2 
u u 2.8 
u u 5.22 
u u 1.73 
u u 4.34 
u u 14.6 

250 50 
275 55 0.82 
u u 14.4 
u u 10.6 
u u 1.59 
u u 1.56 

250 50 
u u 2.85 
u u 1.58 

60.8 12.2 2.37 
u u 2.45 
u u 30.9 
u u 2.02 
u u 2.64 
u u 3.32 
u u 2.88 
u u 41.3 
u u 8.85 

250 50 
u u 2.76 
u u 2.17 
u u 2.04 
u u 1.69 
u u 1.41 
u u 5.09 
u u 6.27 

U - Compound not detected or below detection limit 

95 
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