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1.0 | INTRODUCTiON
" Scott Envirommental Services, a division of Scott Environmental
Technology, Inc., conducted a sampling ﬁrograﬁ at CF and I Steel Corporation
in Puebio, Colorado to determine benzene emissions from two sources in the

coke by-product recovery plant. The work was performed for the United

States Envirommental Protection Agency, Emission Measurement Branch, under.

Contract Number 68-02-2813, Work Assigmment 48. CF & I was one pf seven
coke plants visited to collect data for a possible National Emission .
Standard for Hazardous Air. Pollutants for benzene.

Sampling was conducted at CF and I on October 6th and 7th, 1980.
Air and liquid samples for bemzene analysis were collected from the tar

storage tank and the cooling tower tar bottom final cooler.

C§| Scott Environmental Technology Inc.
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_ l ' 2.0 SUMMARY OF RESULTS ‘ o B
' . Bénzene Emission Rate _
I ‘ Process __ 1b/ hr . kg /hr
' Tar Storage Tank 2.2 1.00
I ' Cooling Tower-Tar Bottom 11.9 5.40
Final Cooler
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3.0 RESULTS AND DISCUSSION

3.1 COOLING TOWER-TAR BOTTOM FINAL COOLER

Water-fro@ the tar bottom final cooler is collected in a "hot
well" and then circulated over an atmospheric cooling tower. The tower
has a 20 foot diameter fan on top that draws air uﬁwa;d countercurrent to
the falling water to effect the cooling. The tower also acts as. a stripper
for benzene contained in the hot water.

Three Method 110 runms were.pgrformed.on‘the cooling tower_with
an average result of 11.9 1b/hr Benzene, Table 3-1 présents the results

of the tests. A 24-point sampling and velocity traverse at two minutes

per point was made across two diameters of the 20 foot fan shroud to obtain_:é“

_an integrated sample.

Liquid samples were dipped from the hot well and cold well, with
temperatures of 96°F and 78°F reépectively.. Benzene concentratibns were
approximately 68 ppm in the hot wéll and 7.5 ppm-inxthe cold well.

All stack flow rates were corrected to the average conditioms at
which the benzene concentfatious were measured in the Tedlar bags; assumed-
to be saturated at 68°F and 29,92 inches of Hg.(2 1/2.% moisture). Example

calculations are shown in Appendix A.

Q3§ Scott Environmental Technology Inc.
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3.2 TAR STORAGE TANK

Tar from the decanter is pumped to the heated tar storage tank,

‘which is open to the atmosphere and serves as a dehydrator’, Benzene and

other impurities contained in the tar are potentially released along with
the water. -

‘The measured benzene emissions from the tar storage tank ranged
from 1.6 1b/hr to 2.7 1lb/hr, with an average resulf of 2.2 1b/hr. The
fest results are presented in Table 3=-2.

The.tar in the tank had a surface temperature of 145°F and the

three liquid samples dipped from the tamk had‘ﬁenzene concentrations of

- 6 ppm, 17 ppm and 75 ppm. There were considerable differences in the

apparent viscosities of the three samples, which accounts for the variation

in the analysis results.

C§| Scott Environmental Technology Inc.
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4.0 " PROCESS DESCRIPTIONS

Management of CF&I Steel Corporation has requested that the

" .deseriptions prepared for their processes be regarded as proprietary.

They are filed in the confidential files maintained by the Emissions

Standards and Engineering Division of the Environmental;Protectiqn Agenéy.

C§{ Scott Environmental Technology Inc.
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5.0 FIELD SAMPLING AND ANALYSIS METHODOLOGY

5.1 DETERMINATION OF BENZENE FROM STATIONARY SOURCES:
EPA METHOD 110 AND MODIFICATIONS

EPA Method 110 consists of drawing a time-integrated stack gas
sample through a probe into a Tedlaf* sample bag, which is enclosed in a
leak-free drﬁm, by use of a pump hooked to the drum outlet which slowly
evacuates the drum, causing the bag to f£ill. A copy of the method is
included in Appendix D.

The method was modified by Scott because as it stands: the
method doesn’t account for moisture in.the sample stream, and is only -
designed to measure benzene concentration, not mass emission rate. The
following modifications were made to all tests domé using MEthqd 110:

1. To obtain mass emission rates, velocity and temperapure“
readings were takén at the top of the stack at 5 minute intetvaié during
the 30-minute sampling runs. This information was used to calculate flow- ‘
rate, which was used in conjunction with the benzene concentration to
yie;d the mass emission rate. Velocity readings were made using a vane
anemometer with direct electronic readout. |

2. A personnel sampling pump was éubstituted for the pump,
needie valve, and flowmefer of the metﬁod. The‘pérsonnel pumps have
bullt-in flowmeters and rate adjustment screws and have the furfher
advantage of being intrinsicaliy safe, as required in many areas of

the coke plant.

* Mention of trade names or specific products does not constitute endorsement
by the U.S. Environmental Protection Agency.

\J| Scott Environmental Technology Inc.
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3. Swagelok fittings were used in place of quick-connects. ;
4. Rather than discarding Teflon sample lines after each set
of samples, they were washed with propylene-carbonatg~and/or acetone and

flushed with nitrogen before reuse.

5. An orifice and magnehelic gauge were inserted in the sampling

line before the Tedlar bag to indicate that air-flow was reaching the
bag.

6. A water knockout trap was inserted between the probe and
magnehelic gauge to collect any condensate in theﬂsamyle line.

7. The following cleanup procedures were followed:

If any condensate was collected in the trap or sample line, it

(Y

1

was measured,and saved fér analysis. ‘The probe, line and trap were then
washed with propylene carbonate, which was also saved for analysis. Any
‘benzene found in these washes and water catches was added to the total found
in the sample bag to de;ermine m;és emission rates.

Bag volumes were measured whenever water was collected in the

““trap by emptying the bag through a dry gas meter after the sample was

analyzed. The volume of water collected‘in:the trap was then converted o
to_an.equivalent air volume and was added to the vqlume in the bag to-
determine the peréent moisture in the sample stream.
After the probe, line and trap washes were completed;:the lines i
|

were washed with. acetone to remove the propylene carbonate film and flushed

with nitrogen to dry.

Figure 5-1 shows the modified Method 110 setup.

y: Scott Environmental Technology inc.
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5.2. SAMPLE HANﬁLING

After being collected the gas sampleé were immediately -
transported to the gas chromatoéraph and analyzed. The elapsed time
between sample collection and analysis never exceeded one hour.
To verify that there was no sample degradation in samples of this type
some of the samples were retained for 24 hours and reanalyzed. The

loss of benzene and isobutane observed was typically less than 5Z%.

5.3 FIELD ANALYSIS

All gas samples collected were analyzed using a Shimadzu
GC Mini 1 gas chromatograph eqqipped with dual flame ionization
detectors, dual electrometers, heaﬁéd'sample loop and a backflush

system. Figure 5-2 shows a. schematic of'the‘backflﬁsh'apparatus.

The backflush system is composed qf_a téﬁ_bortfseﬁﬁéﬁée réversél_éaive

and two columns, a scrubber column for retaining high molecular weight-
compounds. and an analytical column. When the system is in the inject
mode the scrubber column and the analytical columm are conpeéted*in
series aliowing sample components to move from the precolumn to the
analytical.column. In the backflush mode the columns are diséonnected
from'éach other and become two separate systems each with its own
carrier gas source. This arrangement allows the separation-énd measure—
ment of low molecular weight compounds while the scrubber column is
being béckflushed.of heavier sample components. Backflush times for
different mixtures of sample components must bé predetermined to insure
that the compound (s) of interest are transferred to the analytical

column before backflushing is started.

C}{ Scott Environmental Technology Inc
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Saﬁples for chromatpgraphic analysis were drawn into a 20
. ec glass syringe then introduced to the sample loop inlet. The
samples once in the sample loop were allowed to come to atmospheric
pressure by-waiting 15 seconds prior to injection. The following

chromatographic conditions were maintained:

Column Temperature (isothermal) . - lOOOCI.
Injector and Detector Temperature - 20600

5 ml Sampie Loop, Temperature - SO?C
Carrier Gas Flow Rate . - 32 ce/min.
Hydrogen Flow Rate . - 40 cc/min.
Air Flow Rate _ o - 240.g§/min.
Analysis Time ' -5 miﬁ. |

Detector - Flame Ionization -

The columns used for field amalysis were:
A - Scrubber Column

10%Z FFAP on Supelcoport 80/100
1/8" x 1 m Stainless Steel

B - Analytical Columm
20%2 sp-2100, 0.1% Carbowax 1300

100/120 Supelcoport
1/8" x 10' Stainless Steel.

Scott Environmental Technology Inc.
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~ Scott's laboratory for analysis.

6.0 FIELD SAMPLING PROCEDURES
6;1 ‘COOLING'TOWER

The cooling tower at CF&I is about lé‘feet high and has a éO—foot o
diame£er fan on top su;rounded by a 6 foot high shroud. The fan is located.
aboﬁt 2 feet below the top of the shroud, as shown in Figure 6-1.

Sampling was cqnducted in accordance with EPA Method 110,
mo&ified as described in Section 5.1, and utiliziﬁg_a 24-point sampling
andvvelogity traverse to obtain an integraﬁed sample aﬁd an accurate
veloqity profile. The sampiing time at each travgrse_point.was two
minutes.

Liquid samples were.extracted'from the hot and col& wells using
an aluminum can on a rope. Amber glass bottles wé:é then filled from the

can and sealed with Teflon-lined caps, and the samples were returned_to

' - Scott Environmental Technology Inc.



3 - . —
. H
. i
. . . . . ;
L] ' - .

~.. S8ET 195708 0181 .

Page 6-2
FAN. ore\;vgr
N :
\Qf PLAN VIEW -
Ao . .
‘ 3
: | N\LADDER -
| e 20 .
| SHROUD ) 12 FAN LEVEL
HEIGHT . |
‘I H SIDE VIEW
3 ]
- 32

: Environmental
‘ Technalogy
j W Inc.

FIGURE 6-1 COOLING TOWER-TAR BOTTOM FINAL COOLER




- 8ET 1957 08 0181

Page 6-3

6.2 TAR STORAGE TANK
There are two tar storage tanks at CF&I, seﬁarated by a flushing
liquor holding tank. The tar tanks are used alternately for tar storage and -

tar dewatering. During our visit the east tank was in operation as a

. dewatering tank and the sampling was conducted. on this tank, depicted in

Figure'6-2.
The tank has an open elliptical vent on top at deck levei, and
an open:crack in the déck surface.v The Scott sampling crew plugged the
crack during sampling and constructed a sheet metal stack appfoximately
_ 4 feet ﬁigh around the elliptical vent to facilitaté éampling and
measuring velocify.
Three Method 110 teéts were run on the tar storage tank, followed
by two moisture determinatiom tests using tared silica gel tubes. hooked °
to aHdry gas meter and pump. The-éﬁerage resulf of the moisture. tests
was 13,75% which indicatgs thaf the sample stream was saturated at stack

temperature, which was 120°F.

Q3| Scott Environmental Technology Inc
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' procédure_and analysis.

" analyzed separately for benzene.
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7.0 LABORATORY SAMPLE ANALYSIS
Two types of liquid samples were collected: process liquids, and.

sample line and water trap catches and washes. All liquid samplés were -
stored in amber.glass bottles and returmned to Scott’s Plumsteadville 1éborat6fy
for analysis. |
7.1 SAMPLE PREPARATION

.'Depending upon the cémplexity1of the sample, one.of thé'following-

saniple preparation procedures was followed prior to the "purge and trap"

Samples Containing Immiscible Liquid Phases
‘Usiug a.clinical centrifuge (International quipment'Cpmpany,

Massachusetts) imﬁiscible liquid phases were separated and each phase was

Samples Containing Solid and Immiscible Liquid Phasesi"

Samples containing solids of higﬁef deﬁsity-than thé_liquid pﬁase
were separated by centrifuge or by simple decantation of ﬁhe liqﬁidx The
differgﬁt phases in the liquid fraction were then further separated by
centrifuging. Soiid and liquid phases‘ﬁere analyzed separatelya _

Samples Containing Finely Crysta;l_.liﬁe So0lid Suspension

In anélyzing these samples thé stoppéfed_sample jérs were shéken
fqr at least half an hour for homogenizing the soiﬁtion.‘ The.uniform
distribution of suspended fine crystalline solid particles was tested by
determining the percentage.bf dry solid in several aliquots of.fhe homoge- i

nized mixture. A weighed amount of the mixture was analyzed £br?benzene.
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Sampling System Washings

All washings were clear solutions havingooﬁly one liquid phase.
The total weight of the liqoid-phase was determlned using a balance oorreot
to +0.1 g. The total weight of each washing wzs more thaﬁ 25 graﬁs,'so an
error‘of 0.1 g in weighing the mass will contribute an error of ouly 0.4Z%
to the final analytical data. A weighed aliquot of the washing was analyzed
-for benzene by following the "purge and trap" and amalysis procedures out—
_llned in the following sections, and using this analysis data thenweight_
; of benzene present in the total mass of washing was;caleolated. |
.7}2';PURGE AND TRAP PROCEDURE FOR EXTRACTION OF BENZENElFROM‘LIQUID PﬂASE
| TO GASEOUS PHASE
An accurately weighed quantity of the sample to be analyzed was.
.diluted with 20-25 ml of propylene carbonate in a speclally designed glass
purging apparatus which was kept immersed in a thermostatted water bath
maintained at 78°C. Benzene free oitrogen gas wasfbubbled'through-thev
propylene carbonate solution in the purging apparatus. at the rate of
0.2 - 0.3 liters/minute, and collected in leak free Tedlar bags.. Under
these experimental conditions, 1 1/2 - 2 hours were suffiC1ent to. purge
off all the beénzene from the 1iqu1d phase to the gaseous phase. The total
volume of nitrogen gas used to purge the sample was accurately measured
by a calibrated dry gas meter. - A diagram of the purgetan& trap set-up is
shown in Figure 7+1,
Propylene carbonate was found to be an ideal diluting solvent
for the extraction of benzene from all types of liqoi&-samples containing
viscous tar, pitch, light and heavy oil and insoluble particulates. It
was chosen for its high boiling point, low density, and good solvating

capacity.

{3 scott Environmental Technology Inc.
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7.3 GAS CHROMATOGRAPH
A Perkin-Elmer 900 gas chromatograph was used for the'analysis
of the purge bags. A 10 ft. by 1/8 inch stainless steel column packed with

207 S$P-2100/0.11% Carbowax 1500.on 80/120 mesh Supelcoport was used for the-

. analysis, This column gave complete resolutiom of the benzene peak from

other components present in the purge‘begs. The .'peak height'imethod'was
otilized to caleolete the coocentration‘of benzene: in the pdrge bags
analyzed. The Perkin-Elmer 900 used for enalysie was not equipped with

a backflushing unit. Gas chromatographhoonditions were as follows:

GC column temperature: 70°C isothermal

Detector rempereturef 190°C

5 ml loop at a temperature of 120°C

Carriet gas‘flow;rate: 30 cc/min He |

Hydrogeo‘flow rate: 45 cc/min

0xygen-flow-rate: 400 ce/min

Detector: Flame Ionization Detector (FID)

In addition to benzene, the purge bags contained other volatile
hydrocarbons present in the liquid samples such-aSJtoluene and naphthalene.
Because this chromatograph was not equlpped with a backflush, it was
necessary to elute all heavy organlcs from the column by heating the column
to 150°C after ‘every two injections for one hour with the carrier gas on.
After cooling the column to 70° C the absence of any organlc in the column
which might overlap the benzene peak ip the next analy51s was checked. When
the column was found to be setisfactorily clean,'the next analysis was

continued under the conditions previously described.

{C3| scott Environmental Technology Inc
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8.0 QUALITY CONTROL AND QUALITY ASSURANCE

The following sections will address quality control and quality
assurance procedures for the field anélysis-of benzene in air samples and

the laborétory analysis of process liquids and BaP. samples.

8.1 FIELD ANALYSIS PROCEDURES

| All szmples were énalyzed in-dyplicate and as a rule peak heights
were reproduced to within:5%. For some very‘high_cohcentration samples
(pércent range) it was necessafy to make gilutiénijor analysis.: When this
was done a fresh dilutiog-was ﬁrepared for each injection and peak heigh;s
were repro&uced to within 10%. To verify th&f’the:system was'rétaining'no -
benzene, frequeﬁt injégfions of the standard and nitrogen were ma&e. In all
caseé-the result was satisfactory. |

The Tedlar bags that were.reuéed-for sampling were flushed three

times Witﬁ‘ﬁitrogeﬁuaﬁd'allowed to sit overnight after being filled to
approximately three quartefs of their capacity. They were analyzed for
benzege content the following day. The‘backgroyndhconceutrationé of the

bags were recorded and varied from 0O tb-lO-ppm benzene. Care waé-takeﬁ to

. use sample bags whose background concentration was very low compared to the

" expected concentration of the source.

The accuracy'and 1inear1ty of the gas chromatographic technlques
used in this program were tested. through the use of EPA Audit Samples. Two
staqdards, a 122.5 ppm;and 6.11 ppm benzene were used to analyze the audit

cylinders. -

3| Scott Environmental Technology Inc.
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8.2 PROCEDURES FOR ANALYSIS OF PROCESS‘LIQUIﬁS

Scott's benzene standards, checked against EPA Audit Standards,

were;used‘as reference standérds throughout this pregram. ' The accuracy and
“linearity of the-gas éhroﬁatographic'techqique for benzene analysis was
tested'ﬁhrough the use of EPA Audit Standards. which were available to‘Scott{,
Gas chfqmatographicxanalysis-of the samples and standard were performed

under identical. conditions tb assure thé accutracy of ﬁhe analytical data
generatéd.

Each batch of propylene carboﬁate whiéh was used as the diiuting.
éolvent‘in the'pﬁrgé and trap technique;was‘analyzea for benzere content by
subJectlng 25 ml of propylene carbonate to the purge and trap procedure
followed by gas chromatographic amalysis of the trapped gas under identical
conditions as described in Section 5.2. All batches of analytical grade
propylene carbonate were found to be free from benzené.

‘Every day befére the anal&sis:of samples the purging apparatus énd
trappiﬁg bags were tested for absence of benzene. Whenever the Wﬁole system
was found to be free from benzene to the lowest detectable limit of the -
instrument, the samplés weré analyZed-using the purging apparatus and the

trapping gas sampling bags.

Generally an accurately weighed mass of each sample was subjectea
to purge and trap procedure only once and the trapped gas sample was repeat-— |
edly analyzed by GC until the analytical data of consecutive GC analyses varied

by +0.5Z or less.

' §| Scott Environmentat-Teetmology Inc
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For randomly.sélected samples, the whole analytical procedure was

‘repeated with a different weighed mass of the source sample to check the

validity and acéuracy of the-analytical-methodolbgj. The analytical.déta
for diffefent rﬁns were found not to vary by more than 5Z. | |
By purging the sample with nitrogen unde;.the experiméu#al con-
ditions as utilized by Scott, the recovery of bénzene.from the sample was
qﬁantitgtive and this has beeﬁ verified.by énalyzing a standard benzepe

solution in propylene carbonate containing tar and pitch.

V#{ Scott Environmental Technology Inc.
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APPENDIX A

SAMPLE, CALCULATIONS

1. Calculation of Percent Moisture from Silica Gel\Moisture_Determinatidn
Example: Tar storage tank, silica gel, Rumn 2
Metered gas volume: 0.353 £t3 = 10.0 liters
Mass of water in silica gel: 1l.4 g
Gaseous volume of collected water:
' 1 mole  24.15 1 _
Percent Moisture:
1.88 _
1.88 + 10.0 * 100 = 11.7%
2. Flow Rate at Standard Conditions (saturated at 68°F, 29,92 inches Hg)
A. Correction for Temperature and Pressure: .
: 528°R - Ppar (in. Hg)
Flow Rgte(STP) Flow Rate (source) x TC°F) + 460 * 59.92
Examﬁle:‘_Tar Storage, Run 1
C o 528 25.39 _
Flow Ra.tev.:. (STP) = 400 cfm x 151 + 460 * 29.92 ~ 310 cfm
B. Correction for Moisture: ..
_ Percent Moisture =:12%
Percent Moisture (saturated at 68°F) = 2,57
- Flow Rate (dry) = Flow Rate (STP) x (100 - Z Moisture)/100
= 310 cfm x (100 - 12)/100
= 270 cfm
Flow Rate. (saturated at 68°F) = Flow Rate (dry) x-1.025
= 270 cfm x 1.025
= 280 cfm
}| Scott Environmental Technology Inc.
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\_ l 3. _Calcuiatidn of Mass Emission Rate:
_ _ Example: Tar Storage, Run 1
I 'Flow Rate (staﬁdard_'conditions) = 280 cfm
' ’ _Benzene Concentration: 622.54 ppm
ft 1 min _ 622.54 78 g 1 mole 11b _
280—min X 28.32ft3 x 60;— x o6 X pole X92.15 1 * 454 z 2.1 1b/hr
I | Scott Environmental Technology Inc.
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'PROJECT 1906 BENZENE/BaP PRESURVEY
. S A M‘P LE DATA.
o = — f:7 — ) . !: ! } -"‘—"-.v j —
Plant. TN gt o ' Process O R T "'"“' 24 Date D e ,_’j
: \ e ! - = ’ S
Sample No. CO[ d W li hz, > . Time Sampled [l =
Sample Type: If:.qu:.d /| Air
. | S
Sample Temperature Q QD e C.
1 : ' =
: Agbient Temperature 7 Ee

‘ ‘ . L ‘ - ,"; ) I‘ ) . . ’." - ' g 1 A
Description of Sampling Location: ;‘!,,\_,.TQ,AG_;)_'G({) QJ/ .é’ U Q/CJ/%‘ ‘ //:,d"“m ) &ch/_ B Z'z._

B ’ v, ) . ) : .
. o ( . ;‘"1 ¢ — !J‘_‘ [ - . ‘__v\“.&’
.‘/S,a__mp'l'e No. in N AJ¢ Jf [, < Time Sampled /272 ;! O _ -

. . B - ‘
Sample Type: i Liqui, Air

Sample Teinperature | 9 C/g; o C

Ambient Temperature

Description of Sampling Location:

? ) g g 7 . "

l ’ " Sample Témperafure \ L/g DF

Yt

' & b\"’imb:.ent Temperature _

' J Description of Sampllng Location d, F.Fﬁ-g - . | .
- - [E)4] Scott Environmental Technology inc.
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- {f) All fontinuous monitoring systems
used in accordance with this section are
to complute a minimum of one cycle of
-operativn {sampling, andlyzing. and data
terordina) for each successive 15-minute
period, :

{z} Owners or operators of all -
continuous monitoring sysiems installed
in accordunce with this subpart shall
check the zero and-spuwedrill at least
once daily in accordance with the
method prescribed by the manufacturer
of such systems unless the manufacturer
of such systems recommends
adjustments at shorter intervals, in
which cuse such recommendations shall
be followed. The daily spun check is to-

. be conducted with reference gas
containing a concentration of benzene
determined to be equivalent to the
emission limit for that source based on
the emission tests required by § 61.94.

" [h) The calibration is to be done with
either— ' '

(1) A calibration mixture prepared
from the liquids and gases specified in
Section 5.2.1 and 5.2.2 of Test Method
110.and in accordance with Section 7.1
of Test Method 110: or -

~ {2) A calibration gas cylinder
standard containing the appropriate .
concentration of benzene. The gas
composition of the calibration gas
cylinder standard is to have been.
certified by the manuiacturer. The ™ -

manufacturer must have recommended a.

‘maximum shelf life for each cylinder so
gas:standards will not be used if their

. concentration has changed greater than
=35 percent from the certified value. The
data of g4s cylinder preparation, :
certified benzene concentration, and
recommended maximum sheif life must
have been affixed to the cylinder before
shipment from the manufacturer to the
buyer. If a gas chromatograph is used as
the continuous monitoring system, these
gas mixtures may be used directly to
prepare a chromatograph calibration

Method 110 for certification of cylinder
standards and for establishment and
verification of calibration standards.

{i) After receipt and consideration of
written application, the Administrator
‘may approve use of an alternative or
equivalent continuous Thitoring
system. alternative monitoring
procedures, or alternative monitoring - -
requirements.
{Sec. 114, Clean Air Act as amended [42
U.S.C. 7i14}}

§61.96. Recordkeeping requirements.

{a} The owner or operator of each
source to which this subpart applies "
shall maintain daily recerds of the
monitoring information specified in
§61.95(a). -

1

{b) Records are-to be setained at the
source and made availalle for
inspection by ti:e Admimstrater fora”

. minirmum of 2 years. -

God 114 Clean Alr Acet aq amended {42

T US.Coras)) -

Appendix B—Test Methods.

aethod 110, Determination of Benzene From :

Stationary Sources”

- Performunce of this method should nt be

atteripted by persons unfamiliar with the
cperation of a gus chromatorraph, nor by
thase who are unfamiiar with source

sampling, because knowledue beyond the

scope cf this presentation is required. Care, .
must be exertised to prevent exposure of

sampling personnel to benzene, a-
carcinngen,,

1. Applicability and Prinicgie .
11 Applicabiiity. This method applies to

" the measurement-of benzene in stack gases- -

{from processes as specified in the
regulations. The method dees not remove
benzene contained in particuiate matter.

12 Principle. Anintegrated hig sample of .

stack gas containing benzene und.otner

organics is subjested to gas chromatographic

(GC) anuly 18, using a Dame ionization

detector (FID).

2 Rangeand Sensitivity

The range of this method is-0.1 to-70 ppim.
The upper limit may be extended by .
extending the calibration fange or by diluting
the sample. :

3. Interferences

The chromatograph columns ard the
corresponding operating parameters hetein
described normally provide an adzquate
resolution of benzena: however, resolution
interferences may be encountersd on some
sources. Therefore, tha chromatograph
operatur shail select the coluren and
operating purameters best suited to.his
particular analysis prablem. subject to the
approval of the Administrator. Approval is
autematic provided that the tester produces
confirming data through an adaquate

. supplemental analytical technique, such as .
: analysis with a different column or GC/mass-

. ‘ - ~ spectroscopy, and has the data available for
curve as described in Szction 7.2 of Test 1y Py : o

review by the Administratar.. .

. Apparatus

4.1. Sampling {see Figu.fe 110-1). The

.- sampling train consists of the following

components:
111 Probe. Stainless steel. Pyrex " glass,
or Teflon tubinig {us stack temperature

permits), equipped with a glass wool plug to -

remove particulate matter.

412 Sample Lines. Teflon, 6.4 mm cutside

diameter, of sufficient lenath to cuunect

. probe to bag. Use a new vnused piece for

each series of bag samples that constitutes an

- émission test and discard upon completion of

the test,
- 413 Quick Connects. Stainless steel,
male {2) and {emaie (2), with ball checks {one

Y ———

* Mention of trade names or specific products
does not cuastitute endorsement by the U.5.
Environmental Protection Agency..

g _ piaar without) located ad shownin figure 110~

1. -
4.1.4 Tedlar ot aluminized Mylar bags. 100
L capucity, to contain siemple, L
413 Bag Contamers, Rigid leakproof
containers for samnin hans witn covering to
grotect contents from sunlicht, © e
416 Needle Valve. To adjust sumple flow-

. rate,

417 Pump. Leak-free with minimum of 2
L/min capacity. i .

4.1.8 Charcoal Tube. To prevent
admission of benzene and other organics to
the atmosphere i ihe vicinity of samplers.

419 Flow Meter. For observing sample
flow rate; capable of measuring 2 flow range
from 0.10 to L/min. ’

4.1.10 Connecting Tubing. Teflon. 6.4 mm
outside dinmeter, to assemble sampling frain

_ [Fizure 110-1.)

4.2 Sample Recovery. Teflon tubing, 6.4
mm outside diumeter. is required to.connect
chromatograph sample loop for sampie -
recovery. Use a.new unused piece for each.
series of bag samples that constitutes an :
emission test and discard upon conclusion of -
analysis of those bags. o
- ‘43 - Analysis. The following equipment is
needod: : :

4,3.1 Gas Chromatograph. With FID,
potentiometric strip chart recorder and 1.0 to-
2.0 mL sampling loop.in astomatic sample -
valve. The chromatographic system shall be.’
capable of producing a response to 0.1ppm
benzene that is at least as-great as the -
average noise level. (Response is measured-
from the average vilue of the basz line to the
maximurn of the wavelorm, while stendard - .
aperating conditions are inuse.l '

SILLING CORE §560-01-M °
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 STACKWALL . S o ‘ ' T
FILTER C : : ‘ : o
(GLASS WOOL) 3

TEFLON

PROBE SAMPLE LINE

VACUUM LINE

NEEDLE
VALVE

NO

BALL _
. CHECKS CHECKS
. | bl o : e
Quick / -\ FLOW METER:
CONNECTS
FEMALE : .
CHARCOAL TUBE
TEDLAR OR : A O T T _ 1
ALUMINIZED ] L\ e - i
. MYLAR BAG \ u, S RS

RIGID LEAK-PROOF
CONTAINER.

Figure 110-1. Integrated-bag sampling train. (Mention of trade names or 'épecific products
C does not constitute endorsement by the Environmental Protection Agency.)
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4.3.2° Chromatographic Columns. Columns
as listed below. Thivanulyst muy use other
columns grovicid siat the precision and-
arcuracy of the ana’yais of benzrae

_stundards are not impaired and he has .
availuble for review information confirming
that there is adequate resolution of the
benzene peuk. (Adeguate résolution is
defined as an area oveclap of not more than-
10 percent of the benzene peuk by an
interfereat peak. Calculation of area ovearlap
is explained in Appendix E, Supplement A:
“Determination of Adequate
Chromalographic Peak Resolution.”

43.21 Cuolumn A: Benzene in the Presence
of Aliphatics. Stainless steel, 2.44 m by 3.2
mm, containing 10 percent 1,2.3-tris (2-

" cyanpethoxy] propane (TCEP) on a0/ 100
Chromosorh P ARV,

4.3.2.2 Column B: Benzene With
Separation of the Isomers of Xylene. -
Stainless steel, 1.83 m by 3.2 mm. containing 5
percent SP 1,200/1.75 percent Bentone 34 on .
100/120 Suplecoport.

43.3 Flow Meters (2). Rotameter ty'pe. 100
mL/mir capacity.

434 Gas Regulators. For required gas
cylinders.

4.3.5 Thermometer. Accurate to1* C, to
measure temperature of heated sample loop
at time of sample injection.’

4.3.6 Barometer. Accurate to 5 mmHg, to
measure atmospheric pressure around gas.
chromatograph during sample analysis.

4.3.7 Pump. Leak-free, with minimum of
100 mL/min capacity.

4.3.8 Recorder. Strip chart type, optionally
equipped with either disc or electronic
integrator,

4.3.9 .- Planimeter. Cptional, in place of dise

or electronic integrator, on recorder, to
.measure"chmma!ogmph peak areas.

44 Calibration. Sections 4.2.2 through
4.4.5.are for the optional pmcedu.re in Section
7.1

4.4 ‘Tubing. Teflon. 6.4 mm outside
diameter, separate pieces marhed for each
cal:bration consentration.

4.4.2
L capacity, with valve: separate bag marked
for each'calibralicn concentration.

4.4.3 Byringes. 1.0 uL and 10 pf, gas hgnt.
individually ealibrated to dispense liquid
benzene.

444 Dry Gas Meter, With Temperature . -
and Pressure Gauges. Accurate to =2 .
percent, to meter nitrogen in preparation of -

- standard gas mixtures, calibrated at the dow

rale used to prepare standards.
44.5 Midget Impinger/tiot Plate
Assembly. To vaporize beazene.
5 Reagents '
Use only reagents that are of

- chromatographic grade.

51 Analysis. The followxng are needed
[or analysis:

511 Helium or Nitrogen. Zero grade, for

chromatograph carrier gas.

51.2 Hydrogen. Zero grade,

51.3 Oxygen or Air. Zera grade, as
required by the detector, '

3.2 Culibration, Use one of the fo'lou ing
options: either 1.2.1 and 5.2.2, or 5.2.3.

3.2.1 Benzene. 89 Mol Percent Pure.

C Cortified by the manufacturer te containa

-Tedlar or Aluminized Mylar Bags, 50 _

minimumt of 99 Mol percent benzene; for ude
in the preparation of standard gus mixtures

‘as-descrihed in Section 7.1,

$.2.2 Nitrogen. Zero grude, for preparaticn

"of standard gias mixtures as descnbed in

Section 7.1,

523 Cylnder S'a"!durds {3). Gas mixture -

standards {30, 10. and 5 ppm benzene in

- nitrogen cylinders). The-tester may use

cylinder standards to directly prepare a
chromatograph calibration curve as
described in Section 722, if the fulluwmg
conditions are met: {a) The manufacturer
certifies the gus composition withan
accuracy of =3 percent or better {sue Section
5.2.3.1). {b) The manufacturer recommends a .
maximum sheif life over which the gas
concentration does not change by greater
than £5 percent from the certified value, {©)
The maunufacturer aifixes the dute of gas
cylinder praparation, certified benzene
concentration, and recommendued maximum
shelf life to the cylinder before shipment to

.the buyer.

-5.23.1 Cylinder Standards Cemﬁcation.
The manufacturer shail cemfy the
concentration of benzene in nitrogen in eanh
cylinder by (a) directly analyzing each  ~
cylinder and (b) calibrating his.analytical
procedure on the day of cylinder analysis. To
calibrate his analytical procedure, the
manufacturer shall use, as a minimum. a
three-point calibration curve. It is
recommended that the manufacturer maintain

-~ [1) a high-concentration calibration standard

(between 50 and 100 ppzm) to prepare his
calibration eurve by an appropriate dilution
technique: and (2) a low-concentration

- calibration standard (between's and 10 ppm)

to verify the dilution technique uzed. If the.
difference between the apparent
concentration read from the calibration curve
and the true concentration assigned to the
low-concentration standard exceeds 5 -
percent of the true concentration. the :
manufacturer shall determine the source of

‘errar-and correct.it, then repeat the threes

point calibration,

5.2.3.2 Verification of \/Ianufacturer $
Calibration Standards. Before using, the
manufacturer shall verify each caubmtmn
standard by {2} comparing it to gas mixtures

prepared (with 99 Mol percent benzene) in
. accordance with the procedure described in

Section 7.1 or by (b} having it analyzed by the
National Buri:au of Standards. The agreement
between the initially determined
concentration value and the-verification
concentration value must be within =5
percent. The manufacturer must reverify all
calibration standards on a time interval

_consistent with the shelf hfe of the cylinder

standards sold.
24 Audit Cylinder Standards (2). Gas

: mixture standards with concentrations

known'only to the person supervising the
analysis of samgles. The sudit cylinder
standards shall be identically prepared as
those in Section 5.2.3 {benzene in nitrogen
cylinders). The concentrations of the audit .
cylinder should be: one low-concentrztion
cylinder in the range of 5 Lo 20 pprrbenzene
and one hizh-concentration cylinderin the
range of 100 to 310 ppm Lienzene. When
avaiinble. the tester may obtain avdit
cyiindus by contacting: U.S. By nunmental

‘ Pmiecliun Agency. Environmental Monitoring:

and Support Laburatory, Quality Assurance.
Branch [MD -77), rescarch Triangle Park,
Maorth Carolina 27711, If audit cylinders are

. nat available at the Environmental Protection
-Agency, the tester musx secuse an-alternative.’

source.

6. Procedure
6.1 Sampling. Asse'nble the sample train -

- as shown in Fizure 110-1, Perform a bag leak
 check accordmg to Secticn 7.3.2. Join the

quick connects as illustrated, and determine -

. that all connections between the-bag and the

prube are tight. Place the end of the probe at

* the centroid of the stack, and start the pump

with the needle valve adjusted to yield a flow
that will more than haif fill the bag in the

_specified sample period. Alter alluwmﬂ

sifficient time to purge the line several times,
connect the vacuum line to the bag and
evacuate the bag until the rotameter indicates
no flow, At-all times, direct the gas exiting
the rotameter away from sampling personnel.

- At the end of the sample period, shut off the

pump, disconnect the sample line from the.

- bag, and disconnect the vacuum line from the . .

bag container. Protect the bag container from -
sunlight.

6.2 Sample Storage. Keep the sample bags
out of direct su.ullght. Perform the analysis.
within 4 days of sample collection.

8.3 Sample Recovery. With a new piece of -
Teflon tubing identified for that bag, connect
a bag inlet valve to the'gas chromatograph
sample valve, Switch the valve to receive gas

- from the baz through the sample loop.

Arrange the equipment so the sampie gas

. passes from the sample valve to a 100-mL/
' min rotameter with flow control valve *

followed by a charcoal tube and a 1-in.

- pressure gauge: The tester may maintain the -

sample flow either by a vacuum pump or-

. container pressurization if the collection bag

remaina in the rigid container, Aftér sampie

: loop purging is ceased, always allow the

pressure gauge to return. to zero before
activating the gas sampling valve.
§4 Analysis. Set the column temperature

. to 80° C (176" F) for column A 6r75° C (167°
. F] for eolumn B, and tha detector temperature

te 225° C (137" F). When optimum hydrogen
and oxygen flow rates have been determmed.
verify and maintain these flow rates duting’
all chromatograph operations. Using zero
helium or nitrogen as the carrier gas,

. establish a flow rate in the range consistent
. with the manufacturer’s requirements for

satisfactory detector operation. A flow rate of
approximately 20 mL/min should.produce’
adequate separations.-Observe the base line
periodically and determine that the noise

.level has stabilized and that base-line drift

has ceased. Purge the sample loop for 30 sec

.at the rate of 100 mL/min, then activate the

saumple valve, Record the injection time (the
position of the pen on the chart at the time of

-sample injection), the sample number, the

sample-loop temperature, the column

temperature. carrier gas {low rate, chart
-speed, and the attenuator setting. From the

chart, note the peak having the retention time
correspondmﬂ ta benzene. as determined in

-Bection 7.2.1. Measure the benzene peak area.

A by use of a disc integrator, electronic
integrator, or a planimeter. Record A, and
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the retention time. Repeat the injection at

least two times or until two consecutive

values for the total area of the benzene peak

do not vary more than 5 percent. Use the

avurage value of these two total areas to

compute the bag concentration. . ST .
6.5 Determination of Bag Waler Vapar ;

Content. Measure the ambient temperature

and barometric pressure near the bag. From a

water saturation vapor pressure table,

determine and record the wuter vapor

content of the bag as a decimal figure

{Assume the relative humidity to be 100

percent unless a lesser value is known.)

7. Preparation of Standard Gas Mixtures,
Calibration. and Quality Assurance -

7.1 Preparation of Benzene Standard Gas
Mixtures. (Optional procedure—delete if-
cylinder standards are used.) Assemble the
apparatus shown in Figure 110-2. Evacuate a . - - i . )
50-L Tedlar or aluminized Mylar bag that has o ’
passed a leak check (described in Section - :
7.3.2) and meter in about 50 L of nitrogen.
Measure the barometric pressure, the relative
pressure al the dry gas meter, and the
temperature at the dry gas meter. While the
bag is filling. use the 10xL syringe to inject’
10uL of 99+ percent benzene through the
septum on top of Lhe impinger. This gives a
concentration of approximaiely 50 ppm of
benzene. In a.like manner. use the other ) -
syringe 1o prepare dilutions having ’ -
" approximately 10 ppm and 5'ppm benzene
concentrations. To calculaie the specific
concentralions, refer to Section 8.1. These gas
niixture standards way be used for 7 days
from the date cf preparation, after which time
" preparalion of new gas mixtures is required. C ‘ :
{Caution: If the new gas mixture standard isa ' S : : -
. lower congentration than the previous gas ’ ‘
mixture standard, contaminationmay-be a
- - problem when a bag is reused.)". ) .

7.2 Calibration. .

7.21 Determinalion of Benzene Retention : : :
Time. (This section can be performed -
simultaneously with-Section 7.2.2.) Establish
chromatograph conditions identical with.
thuse in Section G.4. above, UDetermine proper
attenuator position. Flush the sampling loop
with. zero helium or nitrozen and activate the S
sample valve. Record Lhe injection time, the : . . _
sample loop temperature, the column . -
temperature, the carrier gas flow rate, the
chart speed, and the attenuator setting,. - - : ;

Record peaks and detector responses that
decur in the abrence of benzene. Maintain
conditions, with the equipment plumbing
arranged identically to Section 8.3. and flush
_-the sample loop fur 30 sec at the rate of 100 - ) ' .
mL/min with one of the benzéne calibration. - .
mixtures. Then activate the sample valve. . T ’ -
Record the injection time. Select the peak :
that corresponds to benzene. Measure the
dislance on the chart from the injection time-
fo the time at which the peak maximum
occurs. This distance divided by the chart
speed is defined as the benzene peak.
retention time. Since it is quite Likely that - N . . .
there will be other orgunics present in the - ) L : . T e e
sample, it is.very important that positive
identilication of the benzene peak be made.
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Figure: 110-2. - Preparation of benzene standards (optional).
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Question, .

~ 7.2.2" Preparation of Chromatograph
Calibration Curve. Make a gas
chromatographic measurement of cach
standard gis mixture {described in Section

5.2.3 or 7.1.1) using conditions identical with - '
‘those listed in Sections 6.3 and 8.4. Flush the

sampiing loop for 30 scc at the rate of mL/
min with ene of the standard.gas mixtures
and activate the sampe valve. Record C,, the
concentration of benzene injected, the
attenuator setting. chart speed. peak area,
saimple loop temperature; column
temperature, carrier gas flow rate, and
retention time. Record the laboratory
pressure, Calculate A,, the peak area
multiplied by the attenuator setting. Repeat
until two consecutive injection areas are
within 5 percent, then plot the average of
those two values versus C,.. When the other
standard gas mixtures have been similarly

- analyzed anc plotted. draw a straight line
- through the points derived by the least

‘squares method. Perfoun calibration daily, or

‘before and after each set of bag samples.

whicheveris more frequent.
7.3 Quality Assurance. '
7.3.1 . Analysis Audit. Immediately after
‘the preparation of the calibration curve and

.before the sample analyses, perform the

analysis avdit described in Appendix E,
Supplement B: “Procedure for Field Auditing
GC Anal sis”

-73.2 Bag Leak Checks. While
performance of this section is required after
tag use. it is alsa advised that it be

. performed before bag vse. After each use,

make sure a bag did not dovelop leaks by
connecling a8 water manameter and
pressurizine the bag to 5 to 160-cm H.0 (2 to'4
in. H.0). Allow o stand for 10 min. Any
displacement in the water manometer:
indicates a leak. Also, check the rigid
container for icaks in this manmer, {Note: an
alternative leak check method is {o pressurize -
the bag to 5 to 18 cm H,Q or 2 to 4 in. H:0
and ailow to stand overnizht: A deflated bag
indicates a leak.) For ewch sample bag in its

‘ripid container, place a rotumeter in line

between the bag und the pump inlet.
Evacuate the bag. Failure of the rotameter to

‘tegister.zero flow when the bag appears to be

empty indicates a leak.
8. Calculations:

81 Optional Benzene Standards
Concentratinns. Calculate each benzene
standard concentration (C, in ppm) prepared
in accordance with Section 7.1 as follows:

a(0. 2206)(10%)

c. =

¢ v y 23 _n
n T, 760
. BT
c - m (110-1)
c = 701.9 S
‘W 'm
. where: - .
8 = - Volume of benzene injected, microliters.
Vo = Gas valume measuréd by dry gas meter, liters. -
. | = Dry gas meter calibration factor, dimensionless.
'Pm‘ = ' Absolute pressure’of the dry gas meter, cmHg.
T, = FAbsolyte temperature of the dry gas meter, °K.
0.2706 = 1deal gas volume of benzene at 293° K and 760 mmHg L/ml.
103 = Conversion.factor [(ppm){mL}/uL].

8.2 Benzene Sample Copcentrations. From the calibration curve de-
scribed in Section 7.2.2 above, select the value of Cc that correspends to
Ac'- Calculate the concentration of benzene in the sample (Cs_ in ppm) as

follows:
€ = ‘ CCP‘{F » (116-2)
. - ’1'r_t 5\»:!::j .
where: ‘ ' : v
Cs =  Concentration of benzene in the sample, ppa.
C. - = Concentration of benzene indicated by the gas chromatograph,
PR -
_ Pr = Reference pressure, the barometric pressure recorded during
' calibration, mmHg.
Ti =  Sample loop temperature at the time of analysis, oK,
- Py = Barometric pressure at time of amalysis, mmig, .
Tr = Reference temperature, the sample logp terperature recorded
during calitration, K. ' :
Syp 3. Water vapor content of the bag sample, volume fraction.
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Appeﬁdix' c

' Supplement A—Determination of Adequate
Chromatographic Peak Resolution
In this method of dealing with resoultion,
the extent to which one chromatographic
peak gverlaps another is determined.
' For convenience, consider the range of the
* elution curve of each compound as ruming

- from: —20- to +24- This range is used in other

. resolution criteria, and it contains 8545 -
percent of the-area of a normal curve. If two

', peaks are separated by a known distance, b,

one can determine the fraction of the area of
one curve that lies within-the range of the

- giher, The extent to which the elution curve
of a contaminant compound overlaps-the

. curve of a compound that is under analysis is
found by integrating the contaminant curve
over limits b—20, to b+ 20, where &, is
the standard deviation of the sample curve.

There are several ways this calculation cin

be simplified. Overlap can be determined for
curves of unit area: then actual areas can he
introduced. The desired integration can be-
resolved into two intearals of the normal
distribution function for which there are
convenient calcualtion programs and tables.

" An-example would be Program 15 in Texas
. Instruments Program Manual 8T1, 1975,

Texas Instruments, Inc.. Dallas, Texas 75222
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. B2y KA Y S In judging the suitability of alternate gas.
N ' st x chromatographic columns. or the effects of -
i . Ty 0 N 2| : altering chromatographic conditions, one can |
o . J_:--* e o dt= g ¢ L -employ the area overlno as the resolution

; VEm o, v-Za R ... be2o : parameter with a specrfic maximam. - - -

* - S p— permissible value, ' _

' ' 9 The use of Gaussian functions to describe

‘ - S ) chromatographic elitivn curves is
. n}&.foll_auing calculaticn steps are required: * s . +- widespread. However, soma elution curves
: : : ‘ - S : ’ are highly asymmetric. In those cases where

: 1. Zos_ = ts/.‘z n2 - the sample peak is followed by a
AL - —r—— : " L contaiminant that has a leading edge that
+ 2. O, - t/%421Tn2 rises sharply but the curve lhen tails off, it
E ' . . may be possible to define an effective width.
:; ) 3 % = (be20.)/a, for t, as “twice the distance from the leading

e (-bf-zas) ,ac . ' . . ' B .+ edge to a perpendicular line through the

t s %3 " maxim of the contaminant curve, measured-
‘ ) along a perpendicular-bisection of that line.”
re ﬁ . Supplement B—Procedure for Field Auditing
: 5. Qe o 1 el & : GCAmalysis = ! :
DA A -\(:.Z; _ . - Responsibilities of audit supervisor and °
: J ‘ : ) o R Co analyst at the source sampling site include :
! ) : ’ i .. the [ollowing: C .
o ‘ " A, Check that.audit cylinders are stored in.
R L . : a safe location both before and after the audit
, -3 : - ' - to prevent vandalism of same.
6. -Qxy) o 1 fe dx . : B. Al the beginning and conclusion.of the
- -V i : ‘ audit, fecord each cylinder number and
o . v . o g . . cylinder pressure. Never analyze an audit
K o . 2 B ‘ cylinder when the pressure drops below 200
7. 1 = x,) = Q) : ' . psi. -
. e Uxy) - A, - . C. During the audit, the analyst is to-
8. A = IA/A s - perform a minimum of two consecuiive _
.9 : oc ’ - . : analyses of each audit cylinder gas. The audit -
9. ' Percentage. overliap = Aa x. 100 - ' o . must be conducted to coincide with the
. - analysis of source test sumples. Normally, it
whare ) ] - . will be conducted immediately after the GC
. = . ; inter ined. lec- calibration and prior to the sample analyses.
‘As- The ?re? of theﬁsample peak of interest determined by e . D At the end.l::f audit analyscs. the audit
: . ‘tronic integration, or by the formula As = h-sts. o " supervisor requests the calculated .
- - A, = The area of the contaminant peak, determined in.the samer  ° _  concentrations from the analyst and then. |
c - 3 compares the results with the actual audit -
_ manner- as A. . concentrations. If each measured a
b = The distance on the chrgmatageaphic. chart that separates the concentration agrees with the respective
i : s : -+ actoal concentration within 10 percent, he -
maxima of the two peaks. L : then directs the analyst to begin the analysis -
. ‘ B . =  The peak height of the sample compound of interest, measured . of source samples. Audit supervisor judgment
- . from the average value of the baselire to the maximum- of the and/or supervisary policy determine course
. ‘ - of action with agreement is not within =10
curve. . percent. Whare a consistent bias in excess of,
t, = . The width of the sample peak of interest at 1/2 of peak " 10 percent is found, it may be pessible to
.5 . : ; . proceed with the sample analyses, with a
_ height. . ‘ . corrective factor to e applied to the results |
. = , The width of the coataminant peak at 1/2 of peak height, at a later time, However, every attempt
) ds = The standard deviation of the sample compound of interest S?;ﬁi:gcrsag: ittunl,:;?{,?:\?sf::;fngf%i
. . elution curve, . :-Judi"tJ superlvisor is to record each cyvlinder
: - : sogx ; . - number, cylinder pressure (at the end of the
o, The standard deviation of the cor-itamfnarlt elut-:wn curve. . " audit). and all caleulated concentrations. The
i Q(xl)_ = The integral of the rormal distribution function from X to individual being audited must not under any
! . © finfinity. : circumstance be told the actual audit
! _ L concentrations until the calculated
! ~ Q=) = The integral of the normal distribution function from x, to concentrations have been submitted to the
i infinity. - audit supervisor. A
" )
I, = The overlap integral. . GILLING CODE £550-01-4
: Ry =  The area qverlap fraction.

i e ———

*in mOst instances, Q(x,) is very small and may be neglected.
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APPENDIX E

PROJECT PARTICIPANTS

The following people participated in some phase -of the sampling

program at CF&L Steel, Pueblo, Colorado:'

From Scott Environmental Technology, Inc.:

Tom Bernstiel, Chemist

J#ck‘Carney, Chemist

P. K. Chattopadhyay, Chemist

Dan FitzGerald, Manager, Eastern Operations
Kevin Gordoﬁ, Technician

Carolyn Graham, Chemical Engineer

Joe Marino, Technician

Lou Reckngr, Vice President & General Manager

From Research Triangle Institute:

Peter Mehta

From U. S. Envirommental Protection Agency:

Lee Beck

Dan Bivins
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5 e;N‘Source'Test Report &;“__

9 ML E McCarIey, Ch1ef‘ Field Testing Section
-;Em1ssion Measurement Branch ESED.-{MD~33]

1'TfSee Below-

The encIosed f1na1 source test . report is subm1tted for your A
. 1nformat1on. Any questions regarding the test shouldibe. directed -
. to the Project Officer (telephone: 8/629-5543). Additional =
- copies of this report are:available from the ERC L1brary, Research
Tr1angIe Park North Carolina 27711.. : | |

- Industry: Benzene
Wmﬁﬁ'%@ﬂ%n@$h@d

Company: (CF&I Steel Corporation '

Location: Pueblo, Colorado

- Project Report Number: 80-CKO-3I

 Project Officer: Dan Bivins

'”_EncIosure

- Addressees:.

Ken Knapp, ESRL (MD-46)

- Arch ‘MacQueen, MDAD- (MD-14)

Rodney Midgett, EMSL (MD-77) :

Mark- S.. Siegler, DSSE (MD-EN-341)

.D1rector, Air & Hazardous Materials D1v1s1on, Reg1on VIII
.. (copy:-enclosed for State agenhcy)
{ Bob K1Igore,‘EPA L1brary Serv1ces (MD-35)
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