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APPENDIX E

CALCULATIONS



An =

Bws =
Cp =

Cs =

%CO =
%CO,=

AH =

GCV =

La =

Md =

Pbar =
Ps =

Pstd =

Nomenclature and Dimensions

Cross-sectional area of sampling nozzle, ft*

Cross-sectional area of stack, ft?

Proportion by volume of water vapor in the gas stream, dimensionless
Pitot tube coefficient, dimensionless

Concentration of pollutant matter in stack gas-dry basis, grains per dry
standard cubic foot (gr/dscf)

Percent of carbon monoxide by volume, dry basis
Percent of carbon dioxide by volume, dry basis

Average pressure drop across the sampling meter flow orifice, inches
of water (in. H,0)

Gross calorific value, Btu/lb

Percent of isokinetic sampling

Maximum acceptable leakage rate for either a pretest leak check or for
a leak check following a component change/ equal to 0.020 cubic foot
per minute or 4% of the average sampling rate, whichever is less

Dry molecular weight, Ib/lb-mole

Total amount of pollutant matter collected, milligrams (mg)
Molecular weight of stack gas (wet basis), 1b/lb-mole

Percent of nitrogen by volume, dry basis

Percent of oxygen by volume, dry basis

Velocity head of stack gas, inches of water (in. H,0)

Barometric pressure, inches of mercury (in. Hg)

Absolute stack gas pressure, inches of mercury (in. Hg)

Gas pressure at standard conditions, inches of mercury (29.92 in. Hg)



pmr =

Qsstd =

Ts =
Tstd =
Vie =

Vsg =

Vmstd=

Pollutant matter emission rate, pounds per hour (Ib/hr)

Volumetric flow rate - wet basis at stack conditions, actual cubic feet
per minute (acfm)

Volumetric flow rate - dry basis at stack conditions, actual cubic feet
per minute (dscfm)

Average temperature of dry gas meter, ‘R

Average temperature of stack gas, °R

Temperature at standard conditions, 528°R

Total volume of liquid collected in impingers, ml
Volume of moisture collected in silica gel, grams
Volume of dry gas sampled at meter conditions, ft’
Volume of dry gas sampled at standard conditions, ft’
Average stack gas velocity at stack conditions, ft/s
Volume of wate;' vapor at standard conditions, scf
Dry gas meter calibration factor, dimensionless

Total sampling time, minutes

NOTE: Standard conditions = 68°F and 29.92 in. Hg



Example Calculations for Pollutant Emissions

Volume of dry gas sampled corrected to standard conditions, ft3.
Note: Vmm must be corrected for leakage if any leakage rates exceed La.

Pbar + AH

Vmstd = 17.647 * Vm * y ¥ ——————
Tm, °R

. Volume of water vapor at standard conditions, ft*.

Vmstd = 0.04707 * Vic + 0.04715 * Vsg

. Moisture content in stack gas, dimension less.

Vwstd
Vwstd + Vmstd

Bws =

Dry molecular weight of stack gas, 1b/lb -mole.
Md = 0.44 * %CO, + 0.32 * %0, + 0.28 * (%N, + %CO)
. Molecular weight of stack gas, lb/lb-mole.
Ms = Md (1-Bws) + 18 * BWS
. Stack velocity at stack conditions, f/s.

Ts, °R

Vs = 8549 * Cp * aveyAP * ,| ————
P Ps * Ms

. Stack gas volumetric flow rate at stack conditions, cfm.
Os=60*Vs*As

. Dry stack gas volumetric flow rate at standard conditions, cfm.

* (1-Bws)

Ps

3

Osstd = 17.647 * Qs * T



9. Concentration in gr/dscf.

10.

11.

12.

13.

14.

15.

16.

Mn
Vmstd

Cs = 0.01543 =

Concentration in Ib/dscf.

Cs, Ibldscf = S8BT
7000

Pollutant mass emission rate, Ib/hr.
Pmr, Ib/hr = Ib/dscf * Qsstd * 60

Pollutant mass emission rate, Ib/MMBtu.

pmr, Ib/MMBtu = pmr, lblhr
MMBtu/hr
F-factor, Fd.

106+(3.645%H) + (1.53+%C) + (0.57+%S) + (0.143%N) - (0.46x%0,)
GCV (Btullb)

F-factor, pollutant mass emission rate, Ilb/MMBtu.

_ Ibldscf » F = 20.9
(20.9 - %0,)

Heat imput, MMBtu/hr fuel.
_ GVC (Btullb) * Feed Rate (Ib/hr)
106

Heat input, MMBtu/hr, F-factor.

- Q;Zd « ((20.9 - %0,) + 20.9) * 60



Summary of Stack Gas Parameters and Test Results
$512.000
ABC Coke - Birmingham, Alabama
US EPA Test Method 315 - EOM/Particulate Matter/Metals
Baghouse Inlet

Page 10of 2
RUN NUMBER A-I-315-1 A-I-315-2 A--315-3
RUN DATE 9/21/98 9/22/98 9/23/98 Average
RUN TIME 1128-1911 1018-1816 1016-1800
MEASURED DATA
Pgtatic Stack Static Pressure, inches H,0 -5.90 -4.50 -5.50 -5.30
y Meter Box Correction Factor 1.004 1.004 1.004 1.004
Poar Barometric Pressure, inches Hg 29.70 29.74 29.80 29.75
Vi Sample Volume, #° 192.272 103.570 152.489 149.444
Dp'? Average Square Root Dp, (in. H,0)"? 0.6287 0.3760 0.5372 0.5140
DH Avg Meter Orifice Pressure, in. H;0 0.7221 0.3016 0.7612 0.5950
Tm Average Meter Temperature, °F 111 113 109 11
Ts Average Stack Temperature, °F 138 154 137 143
Vie Condensate Collected, ml 115.5 449 57.7 72.7
CO; Carbon Dioxide content, % by volume 0.2 0.2 0.2 0.2
O, Oxygen content, % by volume 20.2 20.3 20.3 20.3
N2 Nitrogen content, % by volume 79.6 79.5 79.5 79.5
Cp Pitot Tube Coefficient 0.84 0.84 0.84 0.84
Circular Stack? 1=Y,0=N: Y 0 0
As Diameter or Dimensions, inches: 4680 4680 4680 4680
Q Sample Run Duration, minutes 458 4214 435 438
Dn Nozzle Diameter, inches 0.192 0.192 0.192 0.192
Push Tons of Coke pushed 257.46 281.98 269.72 269.72
Total Test Time, hours . 7.72 7.97 7.73 7.81
Tons of Coke per Hour 333 35.4 34.9 34.5
CALCULATED DATA All Calculations are on Time Weighted Average Basis
An Nozzle Area, f* \ 0.000201  0.000201  0.000201  0.000201
Vmeoy  Standard Meter Volume, f 177437 95274 141706  138.139
Vmea ~ Standard Meter Volume, m® 5.024 2.698 4.013 3.912
Qm Average Sampling Rate, dscfm 0.387 0.226 0.326 0.313
Ps Stack Pressure, inches Hg 29.27 29.41 29.40 29.36
Bus Moisture, % by volume 3.0 22 19 23
Bus(sat) Moisture (at saturation), % by volume 19.0 28.3 18.5 219
Vs Standard Water Vapor Volume, ft* 5437 2113 2716 3.422
1Bwe  Dry Mole Fraction 0.970 0.978 0.981 0.977
My Molecular Weight (d.b.), Ib/tb>mole 28.84 28.84 28.84 28.84
M, Molecular Weight (w.b.), Ib/lbsmole 28.52 28.61 28.64 28.59
Vs Stack Gas Velocity, fi/s 38.2 23.1 32,5 31.3
A Stack Area, ft? 32,5 32.5 32.5 32.50
Q, Stack Gas Volumetric flow, acfm 74,526 44,982 63,350 60,952
Q, Stack Gas Volumetric flow, dscfm 62,426 37,181 53,989 51,199
Q, Stack Gas Volumetric flow, dscmm 1,768 1,063 1,529 1,450

I Isokinetic Sampling Ratio, % 100.3 98.3 97.6 98.7




Method 315 Analytical Results (g) and Blank Corrections
ABC Coke - Birmingham, Alabama
Baghouse Inlet

All Weights are listed in grams

]
Run No. Filters 0‘*?‘ Q’zg. 09 '@Q‘ QQ. Corrected Total
& 9 O g &
& & & & 3
v & v & R

PM MCEM PM MCEM MCEM MCEM MCEM PM MCEM
A-1-315-1 0.8754 0.0009 0.0794 0.0008 0.0005 0.0084 0.0008 0.9545 0.0112
A-1-315-2 0.8613 0.0003 0.1277 0.0003 0.0001 0.0059 0.0003 0.9887 0.0067

A-1-315-3 1.0267 0.0002 0.0925 0.0002 0.0007 0.0029 0.0002 1.1189 0.0040

Blank Values| 0.0001 0.0000 0.0002 0.0000 0.0000 0.0001 0.0001 0.0003 0.0002




Summary of Stack Gas Parameters and Test Results
§512.000
ABC Coke - Birmingham, Alabama
US EPA Test Method 315 - EOM/Particulate Matter
Baghouse Inlet

Page 2 of 2
RUN NUMBER A-I-315-1  A-I-315-2  A-I-315-3
RUN DATE 9/21/98 9/22/98 9/23/98 Average
RUN TIME 1128-1911 1018-1816 1016-1800
EMISSIONS DATA
EMISSIONS DATA
Particulate Matter
PM Total Catch, g 0.9545 0.9887 1.1189  1.0207
Cem @ 7% Oz Concentration, gridscf @ 7% 02 1.6484 3.7100 2.8229 2727
Cem @ 7% O2 Concentration, g/dscm @ 7% 02 377E+06 B8.49E+06 6.46E+06 6.24E+06
Cem Concentration, pg/dscm 1.90E+05 3.66E+05 2.79E+05 2.78E+05
Epm Emission Rate, pg/hr 2.01E+10 2.32E+10 2.56E+10 2.30E+10
Cem Concentration, gr/dscf 0.083 0.160 0.122 0.122
Crm Concentration, Ib/dscf 1.19E-05 2.29E-05 1.74E-05 1.74E-05
Epm Emission Rate, Ib/hr 444 51.0 56.4  50.6
Push Pounds per Ton of Coke Pushed 1.33E+00 1.44E+00 1.62E+00 1.46E+Q0
Extractable Organjc Matter
EOM Total Catch, g 0.0112 0.0067 0.0040 0.0073
Ceom @ 7% Oz Concentration, gr/dscf @ 7% 02 0.0193 0.0251 0.0101  0.0182
Ceom @ 7% O3 Concentration, g/dsem @ 7% 02 4.43E+04 5.75E+04 2.31E+04 4.16E+04
Ceom Concentration, pg/dscm 223E+03 248E+03 9.97E+02 1.90E+03
Egom Emission Rate, yg/hr 2.36E+08 1.57E+08 9.14E+07 1.62E+08
Ceom Concentration, gr/dscf 9.74E-04 1.09E-03 4.36E-04 8.32E-04
Ceom Concentration, Ib/dscf 1.39E-07 1.85E-07 6.22E-08 1.19E-07
Eeom Emission Rate, ib/hr 0.521 0.346 0.202 0356

Push Pounds per Ton of Coke Pushed 1.56E-02 9.78E-03  5.78E-03 1.04E-02




Method 315 Analytical Results (ug) and Blank Corrections
ABC Coke - Birmingham, Alabama
Baghouse Inlet

Target Catch, ug/sample

A-1-315-1 A-1-315-1 A-I-315-2 A-I-315-2 A-1-315-3 A-I-315-3
Metal Filter Blank

Corrected Corrected Corrected
Antimony 0.5 0.5 0.0 0.0 0.0 0.0 0.0
Arsenic 16.8 16.8 11.5 11.5 9.7 9.7 0.0
Barium 362 36.2 41.8 41.8 35.6 35.6 0.0
Beryllium 0.35 0.35 0.47 0.47 048 048 0.0
Cadmium 0.38 038 0.36 0.36 10.2 10.2 0.0
Chromium 12.9 129 11.8 11.8 9.8 9.8 0.0
Colbalt 25 25 2.0 2.0 1.6 1.6 0.0
Copper 16.1 16.1 11.4 114 257 25.7 0.0
Lead 20.6 20.6 17.6 17.6 17.1 17.1 0.0
Manganese 36.3 33.6 18.7 16.0 20.9 18.2 2.7
Mercury 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nickel 19.6 19.6 14.0 14.0 243 243 0.0
Phosphorus 59.0 59.0 56.0 56.0 70.0 700 0.0
Selenium 44 44 3.6 3.6 4.3 43 0.0
Silver 03 03 0.1 0.1 0.0 0.0 0.0
Thallium 1.1 1.1 1.1 1.1 1.2 1.2 0.0
Zinc 70.0 65.0 47.0 42.0 54.0 49.0 5.0




Summary of Stack Gas Parameters and Test Results
$512.000
ABC Coke - Birmingham, Alabama

US EPA Test Method 315 -Metals
Baghouse Inlet

Page 1 of 6
RUN NUMBER A--315-1  A-I-315-2 A-I-315-3 Average
RUN DATE 9/21/98 9/22/98 9/23/98
RUN TIME 1128-1911 1018-1816 1016-1800
Antimony
Sb Target Catch, pg 0.5 0.0 0.0 0.2
Csp Concentration, pg/dscm 0.10 0.00 0.00 0.03
Csb @ 7% O, Concentration, pg/dscm @ 7% 02 2.0 0.0 0.0 0.7
Vi Emission Rate, pg/hr 10,555 0 0 3518
Esp Emission Rate, ib/hr 2.32E-05 0.00E+00 0.00E+00 7.74E-06
Push Pounds per Ton of Coke Pushed 6.96E-07 0.00E+00 0.00E+00 2.32E-07
Arsenic
As Target Catch, pg 16.8 11.5 9.7 12.67
Cas Concentration, pg/dscm 3.3 4.3 24 33
Csb @ 7% O Concentration, pg/dscm @ 7% 02 66 99 56 74
Eas  Emission Rate, pg/hr 354,633 269,272 221,739 281,881
Eas Emission Rate, Ib/hr 7.80E-04 592E-04 4.88E-04 6.20E-04
Push Pounds per Ton of Coke Pushed 2.34E-05 1.67E-05 1.40E-05 1.80E-05
Barium
Ba Target Catch, pg 36.2 41.8 35.6 37.87
Ces Concentration, pg/dscm 7.20 15.49 887  10.52
Cga @ 7% O; Concentration, pg/dscm @ 7% 02 143 359 206 236
Esa Emission Rate, pg/hr 764,149 978,745 813,805 852,233
Ega Emission Rate, Ib/hr 1.68E-03 2.15E-03 1.79E-03 1.87E-03
Push Pounds per Ton of Coke Pushed 5.04E-05 6.09E-05 5.13E-05 5.42E-05




Summary of Stack Gas Parameters and Test Results
$512.000
ABC Coke - Birmingham, Alabama
US EPA Test Method 315 -Metals

Baghouse Inlet

Page 2 of 6
RUN NUMBER A-I-315-1  A-I-315-2 A-I-315-3 Average
RUN DATE 36059 36060 36061
RUN TIME 1128-1911 1018-1816 1016-1800
EMISSIONS DATA - Continued
Beryllium .
Be Target Catch, ug 0.4 0.5 0.5 043
Cee Concentration, pg/dscm 0.070 0.174 0.120 0.121
Cge @ 7% O3 Concentration, pg/dscm @ 7% 02  1.38E+00 4.04E+00 2.77E+00 2.73E+00
Ege Emission Rate, pg/hr 7,388 11,005 10,973 9,789
Ege Emission Rate, Ib/hr 1.63E-05 2.42E-05 241E-05 2.15E-05
Push Pounds per Ton of Coke Pushed 4.87E-07 6.84E-07 6.92E-07 6.21E-07
Cadmium
Cd Target Catch, ug 0.4 0.4 10.2 3.6
Cca Concentration, pg/dscm 0.076 0.133 2.542 0917
Ccs @ 7% O3 Concentration, pg/dscm @ 7% 02  1.50E+00 3.09E+00 5.89E+01 2.12E+01
Ecq Emission Rate, pg/hr 8,021 8,429 233,169 83,207
Ecq Emission Rate, Ib/hr 1.76E-05 1.85E-05 5.13E-04 1.83E-04
Push Pounds per Ton of Coke Pushed 5.29E-07 5.24E-07 1.47E-05 5.25E-06
Chromijum
Cr Target Catch, pg 12.9 11.8 9.8 11.50
Cer Concentration, pg/dscm 2.57 4,37 244  3.13
Cc: @ 7% O Concentration, ug/dscm @ 7% 02 5.10E+01 1.01E+02 5.66E+01 6.96E+01
Ecr Emission Rate, pg/hr 272,307 276,296 224,025 257,543
Ecr Emission Rate, Ib/hr 5.99E-04 6.08E-04 4.93E-04 5.67E-04
Push Pounds per Ton of Coke Pushed 1.80E-05 1.72E-05 1.41E-05 1.64E-05




Summary of Stack Gas Parameters and Test Results
$512.000
ABC Coke - Birmingham, Alabama
US EPA Test Method 315 -Metals

Baghouse Inlet

Page 3 of 6
RUN NUMBER A--315-1 A-I-315-2 A-I-315-3  Average
RUN DATE 36059 36060 36061
RUN TIME 1128-1911 1018-1816 1016-1800

EMISSIONS DATA - Continued

Colbalt
Co Target Catch, Jg 2.5 2.0 16 2.03
Cco Concentration, ug/dscm 0.498 0.741 0.399 0.546
Cco @ 7% Oy Concentration, pg/dscm @ 7% 02 9.88E+00 1.72E+01 9.24E+00 1.21E+01
Eco Emission Rate, pg/hr 52,773 46,830 36,576 45,393
Eco Emission Rate, Ib/hr 1.16E-04 1.03E-04 8.05E-05 9.99E-05

Push Pounds per Ton of Coke Pushed 3.48E-06 291E-06 2.31E-06 2.90E-06

Copper
Cu Target Catch, ug 16.1 114 25.7 17.73
Ceu Concentration, pg/dscm 3.20 4,23 6.40 4.61
Ccu @ 7% O, concentration, pg/dscm @ 7% 02 6.36E+01 9.79E+01 1.48E+02 1.03E+02
Ecy Emission Rate, pg/hr 339,856 266,930 587,494 398,094
Ecy Emission Rate, Ib/hr 7.48E-04 587E-04 1.29E-03 8.76E-04

Push Pounds per Ton of Coke Pushed 2.24E-05 166E-05 3.70E-05 2.54E-05

Lead
Pb Target Catch, Jg 20.6 176 17.1 18.4
Ceob Concentration, pg/dscm 4.1 6.5 4.3 5.0
Cpb @ 7% O3 Concentration, pg/dscm @ 7% 02  8.14E+01  1.51E+02 9.87E+01 1.10E+02
Epp Emission Rate, ug/hr 434,847 412,103 390,901 412,617
Epb Emission Rate, Ib/hr 9.57E-04 9.07E-04 8.60E-04 9.08E-04

Push Pounds per Ton of Coke Pushed 2.87E-05 2.56E-05 2.46E-05 2.63E-05




Summary of Stack Gas Parameters and Test Results

§512.000

ABC Coke - Birmingham, Alabama
US EPA Test Method 315 -Metals

Baghouse Inlet

Page 4 of 6 7
RUN NUMBER A-1-315-1  A-I-315-2 A--315-3 Average
RUN DATE 36059 36060 36061
RUN TIME 1128-1911 1018-1816 1016-1800

Mn
CMn

Cwn @ 7% O,

EMn
EMn

Push

Hg
Chg

Crg @ 7% O,

Ni
Chi

Cni @7% O,

EMISSIONS DATA - Continued

Manganese
Target Catch, ug
Concentration, pg/dscm

Concentration, pg/dscm @ 7% 02
Emission Rate, pg/hr

Emission Rate, Ib/hr

Pounds per Ton of Coke Pushed

Mercury
Target Catch, pg
Concentration, pg/dscm

Concentration, pg/dscm @ 7% 02
Emission Rate, pg/hr
Emission Rate, Ib/hr

Pounds per Ton of Coke Pushed

Nickel

Target Catch, pg

Concentration, pg/dscm
Concentration, pg/dscm @ 7% 02
Emission Rate, pg/hr

Emission Rate, Ib/hr

Pounds per Ton of Coke Pushed

33.6
6.7

1.33E+02
709,265

1.66E-03
4.68E-05

0.0
0.00

0.00E+00
0

0.00E+00
0.00E+00

19.6
3.9

7.75E+01
413,738

9.10E-04
2.73E-05

16.0
5.9

1.37E+02
374,639
8.24E-04
2.33E-05

0.0
0.00

0.00E+00
0

0.00E+00

0.00E+00

14.0
5.2

1.20E+02
327,809
7.21E-04
2.04E-05

18.2
4.5

1.05E+02
416,046
9.15E-04
2.62E-05

0.0
0.00

0.00E+00
0

0.00E+00

0.00E+00

24.3
6.1

1.40E+02
555,491
1.22E-03
3.50E-05

22.60
5.7

1.26E+02
499,984

1.10E-03
3.21E-05

0.00
0.00
0.00E+00
0
0.00E+0Q0
0.00E+00

19.30
5.0
1.13E+02
432,346
9.51E-04
2.76E-05




Summary of Stack Gas Parameters and Test Results
§512.000
ABC Coke - Birmingham, Alabama
US EPA Test Method 315 -Metals
Baghouse Inlet

Page 5 of 6
RUN NUMBER A-l-315-1  A--315-2 A-l-315-3  Average
RUN DATE 36059 36060 36061
RUN TIME 1128-1911 1018-1816 1016-1800
EMISSIONS DATA - Continued
Phosphorus
P Target Catch, ug 59.0 56.0 70.0 61.67
Ce Concentration, pg/dscm 11.7 20.8 174 166
Ce@7%O0O; Concentration, pg/dsem @ 7% 02 2.33E+02 4.81E+02 4.04E+02 3.73E+02
Ep Emission Rate, pg/br 1,245,436 1,311,237 1,600,179 1,385,617
Ep Emission Rate, Ib/hr 2.74E-03 2.88E-03 3.52E-03 3.05E-03
Push Pounds per Ton of Coke Pushed 8.22E-05 8.15E-05 1.01E-04 8.82E-05
Selenium
Se Target Catch, pg 4.4 3.6 4.3 410
Cse Concentration, pg/dscm 0.88 1.33 1.07 1.09
Cse @ 7% O; Concentration, pg/dscm @ 7% 02  1.74E+01  3.09E+01 2.48E+01 2.44E+01
Ese Emission Rate, pg/hr 92,880 84,294 98,207 91,823
Ese Emission Rate, Ib/hr 2.04E-04 1.85E-04 2.16E-04 2.02E-04
Push Pounds per Ton of Coke Pushed 6.13E-06 5.24E-06 6.20E-06 5.86E-06
Silver.
Ag Target Catch, pg 0.3 0.1 0.0 0.13
Cag Concentration, pg/dscm 0.0597 0.0371 0.0000 0.0323
Cag @ 7% O; Concentration, pg/dscm @ 7% 02 1.19E+00  8.59E-01 0.00E+00 6.81E-01
Eag Emission Rate, pg/hr 6,333 2,341 0 2,891
Eag Emission Rate, Ib/hr 1.39E-05 5.15E-06 0.00E+00 6.36E-06
Push Pounds per Ton of Coke Pushed 4,18E-07 1.46E-07 O0.00E+00 1.88E-07




Summary of Stack Gas Parameters and Test Results
$512.000

ABC Coke - Birmingham, Alabama
US EPA Test Method 315 -Metals

Baghouse Inlet

Page 6 of 6
RUN NUMBER A-I-315-1  A-I-315-2 A-I-315-3 Average
RUN DATE 36059 36060 36061
RUN TIME 1128-1911 1018-1816 1016-1800
EMISSIONS DATA - Continued
Thallium
Ti Target Catch, pg 1.1 1.1 1.2 1.13
Cn Concentration, pg/dscm 0.22 0.41 0.30 0.31
Cn@ 7% O Concentration, pg/dscm @ 7% O2 4 35E+00 9.45E+00 6.93E+00 6.91E+00
En Emission Rate, pg/hr 23,220 25,756 27432 25,469
En Emission Rate, Ib/hr 511E-05 5.67E-05 6.03E-05 5.60E-05
Push Pounds per Ton of Coke Pushed 1.53E-06 1.60E-06 1.73E-06 1.62E-06
Zinc
Zn Target Catch, pg 65.0 42.0 - 49.0 52.00
Czn Concentration, pg/dscm 12.9 15.6 12.2 13.6
Czn @ 7% O, Concentration, pg/dscm @ 7% 02  2.57E+02 3.61E+02 2.83E+02 3.00E+02
Ezn Emission Rate, pg/hr 1,372,090 983,428 1,120,125 1,158,548
Ez, Emission Rate, Ib/hr 3.02E-03 2.16E-03 2.46E-03 2.55E-03
Push Pounds per Ton of Coke Pushed 9.05E-05 6.12E-05 7.06E-05 7.41E-05




Summary of Stack Gas Parameters and Test Results
$§512.000
ABC Coke - Biringham, Alabama
US EPA Test Method 315 - EOM/Particulate Matter/Metals

Baghouse Outlet
Page 1 of 2
RUN NUMBER A-0-315-1 A-0-315-2 A-0-315-3
RUN DATE 9/21/98 9/22/98 9/23/98  Average
RUN TIME 1126-1911 1028-1819 1020-1806
MEASURED DATA
Pgtatic Stack Static Pressure, inches H,0 0.15 0.15 0.15 0.15
y Meter Box Correction Factor 1.005 1.005 1.005 1.005
Phoar Barometric Pressure, inches Hg 29.70 29.74 29.80 29.75
Vi Sample Volume, ft* 176.377  109.102  140.811 142.097
Dp'? Average Square Root Dp, (in. H,0)" 0.5154 0.3265 0.4731 0.4383
DH Avg Meter Orifice Pressure, in. H,0 0.9621 0.4801 0.8511 0.76
T Average Meter Temperature, °F 92 94 88 91
Ts Average Stack Temperature, °F 118 133 120 124
Vie Condensate Collected, ml 103.9 62.0 55.6 73.8
CO; Carbon Dioxide content, % by volum 0.20 0.2 0.1 0.2
0, Oxygen content, % by volume 20.40 20.4 20.4 20.4
N2 Nitrogen content, % by volume 79.4 79.4 79.5 79.4
C, Pitot Tube Coefficient 0.84 0.84 0.84 0.84
Circular Stack? 1=Y,0=N: 1 1 1
As Diameter or Dimensions, inches: 85.75 85.75 85.75 85.75
Q Sample Run Duration, minutes 412 404 420 412
D, Nozzle Diameter, inches 0.216 0.216 0.216 0.216
Push Tons of Coke Pushed 257.46 281.98 269.72 269.72
Total Test Time, hours 7.75 7.85 .77 7.79
Tons of Coke per Hour 33.2 35.9 347 34.6
CALCULATED DATA All Calculations are on Time Welghtsd Average Basis
Aq Nozzle Area, f 0.000254 0.000254 0.000254 0.000254
Vg Standard Meter Volume, #° 168.639  103.955  136.034 136.209
Vi Standard Meter Volume, m’ 4.775 2.944 3852  3.857
Qn Average Sampling Rate, dscfm 0.409 0.257 0.324 0.330
P, Stack Pressure, inches Hg 29.71 29.75 29.81 29.76
Buws Moisture, % by volume 2.8 2.7 1.9 25
Bus(sat) Moisture (at saturation), % by volum 11.0 16.4 11.5 13.0
Vusa  Standard Water Vapor Volume, #’ 4.891 2.918 2617 3475
1-Bys Dry Mole Fraction 0.972 0.973 0.981 0.975
Mq Molecular Weight (d.b.), Ib/lbsmole 28.85 28.85 28.83 28.84
M, Molecular Weight (w.b.), ib/lbsmole 28.54 28.55 28.63 28.57
Vs Stack Gas Velocity, fi/s 30.6 19.6 28.0 26.1
A Stack Area, ft? 40.1 40.1 40.1 40.10
Q, Stack Gas Volumetric flow, acfm 73,527 47,139 67,395 62,687
Q, Stack Gas Volumetric flow, dscfm 64,792 40,579 59,951 55,108
Q, Stack Gas Volumetric flow, dscmm 1,835 1,149 1,698 1,560
| Isokinetic Sampling Ratio, % 99.6 100.0 85.2 94.9




Method 315 Analytical Results (g) and Blank Corrections
ABC Coke - Birmingham, Alabama
Baghouse Outlet

All Weights are listed in grams

A-0-315-2

A-0-315-3

Blank Values

@
<l ,zg' L \Qg
Run No. Filters ,,;Qs g‘zg. @9 9’2‘ QQ- Corrected Total
) o\‘\' ) O\W &
¥ & ol & &
PM MCEM PM MCEM MCEM MCEM* MCEM PM MCEM
A-0-3151 0.0020 0.0000 0.0043 0.0011 0.0009 0.0146 0.0005 0.0062 0.0156

0.0044 0.0005

®

*Blank Value for the MeCl; - BHR were erroneous, so the lab blank value was used.



"Summary of Stack Gas Parameters and Test Results

§512.000

ABC Coke - Birmingham, Alabama

US EPA Test Method 315 - EOM/Particulate Matter

Baghouse Outlet
Page 2 of 2
RUN NUMBER A-0-315-1 A-0-315-2 A-0-315-3
RUN DATE 9/21/98 9/22/98 9/23/98 Average
RUN TIME 1126-1911 1028-1819 1020-1806
EMISSIONS DATA
EMISSIONS DATA
Particulate Matter
PM Total Catch, g 0.0062 0.0086 0.0154 0.0101
Cem @ 7% O Concentration, gridscf @ 7% 02 0.0158 0.0355 0.0486 0.0333
Cem @ 7% O Concentration, g/dscm @ 7% 02 3.61E+04 8.12E+04 1.11E+05 7.62E+04
Cem Concentration, pg/dscm 1.30E+03 2.92E+03 4.00E+03 2.74E+03
Epm Emission Rate, pg/hr 1.43E+08 2.01E+08 4.07E+08 2.51E+08
Cem Concentration, gridscf 5.67E-04 1.28E-03 1.75E-03 1.20E-03
Crm Concentration, Ib/dscf 8.11E-08 1.82E-07 2.50E-07 1.71E-07
Epm Emission Rate, Ib/hr 0.315 0.444 0.898 0.552
Push Pounds per Ton of Coke Pushed 9.48E-03 1.24E-02 2.59E-02 1.59E-02
Extractable Organic Matter
EOM Total Catch, g 0.0156 0.0034 0.0014 0.0068
eom @ 7% O Concentration, gridscf @ 7% 02 0.0397 0.0140 0.0044 0.0194
eom @ 7% O Concentration, g/dscm @ 7% 02 9.08E+04 3.21E+04 1.01E+04 4.43E+04
Ceom Concentration, pg/dscm 3.27E+03 1.16E+03 3.63E+02 1.60E+03
Eeom Emission Rate, pg/hr 3.60E+08 7.96E+07 3.70E+07 1.59E+08
Ceom Concentration, gridscf 143E-03 5.05E-04 1.59E-04 6.97E-04
Ceom Concentration, Ib/dscf 2.04E-07 7.21E-08 2.27E-08 9.96E-08
Eeom Emission Rate, Ib/hr 0.793 0.176 0.082 0.350
Push Pounds per Ton of Coke Pushed 2.39E-02 4.89E-03 2.35E-03 1.04E-02




Method 315 Analytical Results (ug) and Blank Corrections

ABC Coke - Birmingham, Alabama

Baghouse Outlet
Target Catch, ug/sample
Metal A-0-315-1 A-O-315-1 A-O0-315-2 | A-O-3152 | A-O-315-3 | A-O-315-3 Filter Blank
Corrected Corrected Corrected
Antimony 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Arsenic 03 0.3 04 04 0.5 0.5 0.0
Barium 4.9 4.9 6.9 6.9 7.8 7.8 0.0
Beryllium 0.0 0.0 0.03 0.03 0.04 0.04 0.0
Cadmium 0.09 0.09 0.12 0.12 0.07 0.07 0.0
Chromium 1.9 1.9 3.0 3.0 3.5 35 0.0
Colbalt 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Copper 28 2.8 3.6 3.6 44 44 0.0
Lead 12 1.2 25 25 1.6 1.6 0.0
Manganese 5.2 25 72 45 8.1 54 2.7
Mercury 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nickel 0.0 0.0 1.8 1.8 12 1.2 0.0
Phosphorus 16.0 16.0 15.0 15.0 20.0 20.0 0.0
Selenium 0.0 0.0 0.6 0.6 0.0 0.0 0.0
Silver 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Thallium 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Zinc 16.0 11.0 18.0 13.0 20.0 15.0 5.0




Summary of Stack Gas Parameters and Test Results
$512.000
ABC Coke - Birmingham, Alabama
US EPA Test Method 315 - Metals

Baghouse Outlet
Page 1 0of 6

RUN NUMBER A-0-315-1 A-0-315-2 A-0-315-3

RUN DATE 9/21/98 9/22/98 9/23/98 Average

RUN TIME 1126-1911 1028-1819 1020-1806

Antimony
Sb Target Catch, ug 0.0 0.0 0.0 0.0
Csp Concentration, pg/dscm @ 7% 02 0.0000 0.0000 0.0000 0.0000

Csp @ 7% O, Concentration, pg/dscm 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Esp Emission Rate, pg/hr 0.000 0.000 0.000 0.000
Esp Emission Rate, Ib/hr 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Push Pounds per Ton of Coke Pushed 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Arsenic
As Target Catch, pg 0.3 0.4 0.5 0.4
Cas Concentration, yg/dscm @ 7% 02 1.75 3.78 3.61 3.04
Csp @ 7% O, Concentration, ug/dscm 0.0628 0.1359 0.1298 0.1095
Eas Emission Rate, pg/hr 6,916 9,369 13,221 9,835
Eas Emission Rate, Ib/hr 1.62E-05 2.06E-05 291E-05 2.16E-05

Push Pounds per Ton of Coke Pushed 4 58E-07 5.74E-07 8.38E-07 6.23E-07

Barium
Ba Target Catch, pg 4.9 6.9 7.8 6.63
Cga Concentration, pg/dscm @ 7% 02 28.5 65.2 56.3 50.0
Cga @ 7% O, Concentration, pg/dscm 1.03 2.34 2.02 1.80
Ega . Emission Rate, pg/hr 112,956 161,608 206,252 160,272
Ega Emission Rate, Ib/hr 2.49E-04 3.56E-04 4.54E-04 3.53E-04

Push Pounds per Ton of Coke Pushed 7.48E-06 9.90E-06 1.31E-05 1.01E-05




Summary of Stack Gas Parameters and Test Results
$512.000
ABC Coke - Birmingham, Alabama
US EPA Test Method 315 - Metals

Baghouse Outlet
\ Page2of 6 ,
RUN NUMBER A-0-315-1 A-0-315-2 A-0-315-3 Average
RUN DATE 09/21/98  09/22/98  09/23/98
RUN TIME 1126-1911 1028-1819 1020-1806
EMISSIONS DATA - Continued
Beryllium
Be Target Catch, pg 0.0 0.0 0.0 0.02
Cge Concentration, pg/dscm @ 7% 02 0.00E+00 2.83E-01 2.89E-01 1.91E-01
Cge @ 7% O, Concentration, pg/dscm 0.00E+00 1.02E-02 1.04E-02 6.86E-03
Ege Emission Rate, pg/hr 0 703 1,058 587
Ege Emission Rate, Ib/hr 0.00E+00 1.55E-06 2.33E-06 1.29E-06
Push Pounds per Ton of Coke Pushed 0.00E+00 4.30E-08 6.70E-08 3.67E-08
Cadmium
Cd Target Catch, ug 0.1 0.1 0.1 0.1
Ccq Concentration, pg/dscm @ 7% 02 5.24E-01 1.13E+00 5.05E-01 7.21E-01
Cca @ 7% O, Concentration, pg/dscm 1.88E-02 4.08E-02 1.82E-02 2.59E-02
Ecqd Emission Rate, pg/hr 2,075 2,811 1,851 2,245
Ecq Emission Rate, ib/hr 456E-06 6.18E-06 4.07E-06 4.94E-06
Push Pounds per Ton of Coke Pushed 1.37E-07 1.72E-07 1.17E-07 1.42E-07
Chromium
Cr Target Catch, pg 1.9 3.0 3.5 2.80
Cer Concentration, pg/dscm @ 7% 02 11.1 28.3 25.3 21.6
Ccr @ 7% O, Concentration, pg/dscm 0.398 1.019 0.909 0.775
Ecr Emission Rate, pg/hr 43,799 70,264 92,549 68,871
Ecr Emission Rate, Ib/hr 9.64E-05 1.55E-04 2.04E-04 1.52E-04
Push Pounds per Ton of Coke Pushed 2.90E-06 4.30E-06 5.87E-06 4.36E-06




Summary of Stack Gas Parameters and Test Results
$512.000
ABC Coke - Birmingham, Alabama
US EPA Test Method 315 - Metals

Baghouse Outlet
Page 3 of 6
RUN NUMBER A-0-315-1 A-0-315-2 A-0-315-3 Average
RUN DATE 09/21/98  09/22/98  09/23/98
RUN TIME 1126-1911 1028-1819 1020-1806

EMISSIONS DATA - Continued

Colbalt
Co Target Catch, ug 0.0 0.0 0.0 0.00
Cco Concentration, pg/dsem @ 7% 02 0.00E+00 0.00E+00 0.00E+00 O0.00E+00
Cco @ 7% O, Concentration, pg/dscm 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Eco Emission Rate, pg/hr 0 0 0 0
Eco Emission Rate, Ib/hr 0.00E+00 0.00E+00 0.00E+00 0.00E+Q0

Push Pounds per Ton of Coke Pushed 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Copper
Cu Target Catch, ug 2.8 3.6 4.4 3.60
Cea Concentration, pyg/dscm @ 7% 02 16.300 33.998 31.754  27.351
Ccu @ 7% O, Concentration, ug/dscm 0.586 1.223 1.142 0.984
Ecy Emission Rate, pg/hr 64,546 84,317 116,347 88,404
Ecy Emission Rate, ib/hr 142E-04 1.85E-04 2.56E-04 1.94E-04

Push Pounds per Ton of Coke Pushed 4.27E-06 5.16E-06 7.37E-06 5.60E-06

Lead
Pb Target Catch, pg 1.2 25 16 18
Crp Concentration, yg/dscm @ 7% 02 6.99E+00 2.36E+01 1.15E+01 1.40E+01
Cpp @ 7% O, Concentration, pg/dscm 0.251 0.849 0.415 0.505
Epp Emission Rate, pg/hr 27,663 58,554 42,308 42,841
Epp Emission Rate, Ib/hr 6.09E-05 1.29E-04 9.31E-05 9.43E-05

Push Pounds per Ton of Coke Pushed 1.83E-06 3.59E-06 2.68E-06 2.70E-06




Summary of Stack Gas Parameters and Test Results
8§512.000

ABC Coke - Birmingham, Alabama
US EPA Test Method 315 - Metals

Baghouse Outlet
Page 4 of 6
RUN NUMBER A-0-315-1 A-0-315-2 A-0-315-3 Average
RUN DATE 09/21/98  09/22/98  09/23/98
RUN TIME 1126-1911 1028-1819 1020-1806
EMISSIONS DATA - Continued
Mn Target Catch, ug 2.5 4.5 54 413 |
Cun Concentration, yg/dscm @ 7% 02 1.46E+01 4.25E+01 3.90E+01 3.20E+01
Cmn @ 7% O, Concentration, pg/dscm 0.524 1.529 1.402 1.151
Emn Emission Rate, ug/hr 57,631 105,397 142,790 101,939
Emn Emission Rate, Ib/hr 1.27E-04 2.32E-04 3.14E-04 2.24E-04
Push Pounds per Ton of Coke Pushed 3.82E-06 6.46E-06 9.05E-06 6.44E-06
Mercury
Hg Target Catch, pg 0.0 0.0 0.0 0.00
Chg Concentration, pg/dscm @ 7% 02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cug @ 7% O, Concentration, pg/dscm 0.00E+00 O0.00E+00 0.00E+00 0.00E+00
Eng Emission Rate, pa/hr 0 0 0 0
Eng Emission Rate, Ib/hr 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Push Pounds per Ton of Coke Pushed 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nickel
Ni Target Catch, g 0.0 1.8 1.2 1.00
Cni Concentration, pg/dscm @ 7% O2 0.00 17.00 8.66 8.55
Cni @ 7% O, Concentration, pg/dscm 0.000 0.611 0.312 0.308
Epi Emission Rate, pg/hr 0 42,159 31,731 24,630
Eni Emission Rate, Ib/hr 0.00E+00 9.27E-05 6.98E-05 5.42E-05
Push Pounds per Ton of Coke Pushed 0.00E+00 2.58E-06 2.01E-06 1.53E-06




Summary of Stack Gas Parameters and Test Results
$512.000
ABC Coke - Birmingham, Alabama
US EPA Test Method 315 - Metals

Baghouse Outlet
Page 5 of 6
RUN NUMBER ~A-0-315-1 A-0-315-2 A-0-31 5-3 Average
RUN DATE 09/21/98  09/22/98  09/23/98
RUN TIME . 1126-1911 1028-1819 1020-1806
EMISSIONS DATA - Continued
Phosphorus
P Target Catch, ug 16.0 15.0 20.0 17.00
Cp Concentration, pg/dscm @ 7% 02 93.1 141.7 144.3 126.4
Cr @ 7% O, Concentration, pg/dscm 3.35 5.10 5.19 4,55
Ep Emission Rate, pg/hr 368,836 351,322 528,850 416,336
Ep Emission Rate, Ib/hr 8.11E-04 7.73E-04 1.16E-03 9.16E-04
Push Pounds per Ton of Coke Pushed 2.44E-05 2.15E-05 3.35E-05 2.65E-05
Selenium
Se Target Catch, jug 0.0 0.6 0.0 0.20
Cse Concentration, pyg/dscm @ 7% 02 0.0000 5.67 0.00 1.89
Cse @ 7% O, Concentration, pg/dscm 0.0000 0.2038 0.0000 0.0679
Ese Emission Rate, pg/hr 0 14,053 0 4,684
Ese Emission Rate, Ib/hr 0.00E+00 3.09E-05 0.00E+00 1.03E-05
Push Pounds per Ton of Coke Pushed 0.00E+00 8.61E-07 0.00E+00 2.87E-07
Silver.
Ag Target Catch, pg 0.0 0.0 0.0 0.00
Cqy Concentration, pg/dscm @ 7% 02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cag @ 7% O, Concentration, pg/dscm 0.00E+00 0.00E+00 O0.00E+00 0.00E+00
Eng Emission Rate, pg/r 0 0 0 0
Eag Emission Rate, Ib/hr 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Push Pounds per Ton of Coke Pushed 0.00E+00 0.00E+00 0.00E+00 0.00E+00




Summary of Stack Gas Parameters and Test Results
$512.000

ABC Coke - Birmingham, Alabama
US EPA Test Method 315 - Metals

Baghouse Outlet
Page 6 of 6
RUN NUMBER A-0-315-1 A-0-315-2 A-0-315-3 Average
RUN DATE 09/21/98  09/22/98  09/23/98
RUN TIME 1126-1911 1028-1819 1020-1806
EMISSIONS DATA - Continued
Thallium
Tl Target Catch, pg 0.0 0.0 0.0 0.00
Cr Concentration, ug/dscm @ 7% 02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cn@ 7% O, Concentration, pg/dscm 0.00E+00 0.00E+00 0.00E+00 O0.00E+00°
Eq Emission Rate, ug/hr 0 0 0 0
En Emission Rate, Ib/hr 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Push Pounds per Ton of Coke Pushed 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Zinc
Zn Target Catch, yg 11.0 13.0 15.0 13.00
Cz Concentration, pg/dscm @ 7% 02 64.0 122.8 108.3 98.4
Czn @ 7% O, Concentration, pg/dscm 2:30 442 3.89 3.54
Ezn Emission Rate, ug/hr 253,575 304,479 396,638 318,231
Ez, Emission Rate, Ib/hr 5.58E-04 6.70E-04 8.73E-04 7.00E-04
Push 1.68E-05 1.86E-05 2.51E-05 2.02E-05

Pounds per Ton of Coke Pushed




$512.000
ABC Coke - Birmingham, Alabama

Summary of Stack Gas Parameters and Test Results

US EPA Test Method 315 - EOM/Particulate Matter

Underfire Stack
Page 1 of 2
RUN NUMBER A-U-315-1 A-U-315-2 A-U-315-3 A-U-3154
RUN DATE 9/24/98 9/24/98 9/25/98 9/25/98 Average*
RUN TIME 1025-1344 1443-1806 0738-1029 1110-1428
MEASURED DATA
Pstatic Stack Static Pressure, inches H,0 -1.00 -1.00 -1.00 -1.00 -1.00
y Meter Box Correction Factor 0.981 0.981 0.981 0.981 0.981
Phbar Barometric Pressure, inches Hg 29.85 29.85 29.85 29.85 29.85
Vi Sample Volume, ft* 123.816 123.200 116.290 119.763 122.260
Dp'? Average Square Root Dp, (in. H,0)'? 0.0898 0.0954 0.0996 0.0951 0.0934
DH Avg Meter Orifice Pressure, in. H,0 1.42 1.44 1.46 1.36 1.41
Tm Average Meter Temperature, °F 99 102 88 101 101
Ts Average Stack Temperature, °F 449 437 480 476 454
Vie Condensate Collected, mi 3946 426.4 393.0 380.5 393.8
CO, Carbon Dioxide content, % by voiume 2.70 30 27 28 2.8
0O, Oxygen content, % by volume 14.70 15.00 13.20 13.50 144
N, Nitrogen content, % by volume 826 82.0 84.1 83.7 82.8
Cp Pitot Tube Coefficient 0.84 0.84 0.84 0.84 0.84
Circular Stack? 1=Y,0=N: 1 1 1 1 1.0000
As Diameter or Dimensions, inches: 187 187 187 187 187.00
Q Sample Run Duration, minutes 180 180 171.4 180 180
Dy, Nozzle Diameter, inches 0.740 0.740 0.740 0.740 0.740
Charge Tons of Coal Charged 168.63 183.96 0.00 122.64 158.41
Total Test Time, hours 3.32 3.38 2.85 3.30 3.33
Tons of Coal per Hour 50.8 54.4 0.0 37.2 475
CALCULATED DATA
A, Nozzle Area, ft 0.002987 0.002987 0.002987  0.002987  0.002987
Vimgay ~ Standard Meter Volume, f 114814 113638  110.010 110643  113.032
Vmeay  Standard Meter Volume, m® 3.251 3.218 3.115 3.133 3.201
Qn Average Sampling Rate, dscfm 0.638 0.631 0.642 0.615 0.628
P, Stack Pressure, inches Hg 29.78 29.78 29.78 29.78 29.78
Bus Moisture, % by volume 13.9 15.0 14.4 13.3 14.1
Bus(sat) Moisture (at saturation), % by volume 2976.1 2626.5 4044.8 3892.6 31651
Vista Standard Water Vapor Volume, ft’ 18.574 20.071 18.499 16.969 18.538
1-Bys Dry Mole Fraction 0.861 0.850 0.856 0.867 0.859
Mg Molecular Weight (d.b.), Ib/lb-mole 29.02 29.08 28.96 28.99 29.03
M, Molecular Weight (w.b.), Ib/lbsmole 27.49 27.42 27.38 27.53 27.48
V, Stack Gas Velocity, ft/s 6.8 7.2 7.7 7.3 7.1
A Stack Area, ft? 190.7 190.7 190.7 190.7 190.73
Q, Stack Gas Volumetric fiow, acfm 77,773 82,178 87,884 83,514 81,155
Q, Stack Gas Volumetric flow, dscfm 38,682 40,898 42,039 40,634 40,071
Q, Stack Gas Volumetric flow, dscmm 1,095 1,158 1,190 1,161 1,135
I " Isokinetic Sampling Ratio, % 105.3 98.6 97.5 96.6 100.2

*Run A-U-315-3 is not included in averages. This Test was conducted under non-push conditions.




Method 315 Analytical Results (g) and Blank Corrections
ABC Coke - Birmingham, Alabama
Underfire Stack

All Weights are listed in grams

A-U-315-2

A-U-315-3

A-U-315-4

Blank Values

I 3

0.0751

0.0001

0.0680

0.0028

0.0001

0.0044

0.0004

0.1694

0.1429 |

@
@ & Py <
Run No. Filters c,g‘b Qg. Q0 0‘2‘ Q-Q. Corrected Total
3 & & &
\o \ \0 \!
& £ & & °
v s v s R
PM MCEM PM MCEM MCEM MCEM MCEM PM MCEM
A-U-315-1 0.0674 0.0000 0.0481 0.0033 0.0003 0.0018 0.0003 0.1153 0.0051

0.0072

0.0018

0.0006




“Summary of Stack Gas Parameters and Test Results
$512.000
ABC Coke - Birmingham, Alabama
US EPA Test Method 315 - EOM/Particulate Matter

Underfire Stack
Page 2 of 2
RUN NUMBER A-U-315-1 A-U-315-2 A-U-315-3 A-U-315-4
RUN DATE 9/24/98 9/24/98 9/25/98 9/25/98 Average
RUN TIME 1025-1344 1443-1806 0738-1029 1110-1428
EMISSIONS DATA
EMISSIONS DATA
Particulate Matter
PM Total Catch, g 0.1153 0.1409 0.1429 0.1694 0.1419
Cem @ 7% O2 Concentration, gr/dscf @ 7% 02 0.0347 0.0451 0.0362 0.0444  0.0414
Cem @ 7% Oz Concentration, g/dscm @ 7% 02 7.95E+04 1.03E+05 8.28E+04  1.02E+05 9.47E+04
Crm Concentration, pg/dscm 3.55E+04 4.3BE+04 4.59E+04 5.41E+04 4.44E+04
Eppm Emission Rate, pg/hr 2.33E+09 3.04E+09 3.2BE+08 3.73E+09 3.04E+09
Cem Concentration, gr/dscf 1.55E-02 1.91E-02 2.00E-02 2.36E-02 1.94E-02
Crm Concentration, Ib/dscf 2.21E-06 2.73E-06 2.86E-06 3.38E-06 2.77E-06
Epm Emission Rate, Ib/hr 5.14E+00 6.71E+00 7.22E+00 8.23E+00 6.69E+00
Charge Pounds per Ton of Coal Charged 1.01E-01 1.23E-01 0.00E+00 2.21E-01  1.49E-01
Extractable Organic Matter
EOM Total Catch, g 0.0051 0.0042 0.0072 0.0018 0.0037
Ceom @ 7% Oy Concentration, gridscf @ 7% 02 0.0015 0.0013 0.0018 0.0005 0.0011
Ceom @ 7% O Concentration, g/dscm @ 7% 02 3.52E+03 3.07E+03 4.17E+03 1.08E+03 2.56E+03
Ceom Concentration, pg/dscm 1.57E+03 1.31E+03 2.31E+03 5.75E+02 1.15E+03
Eeom Emission Rate, pg/hr 1.03E+08 9.07E+07 1.65E+08 3.97E+07 7.78E+07
Ceom Concentration, gr/dscf 6.85E-04 5.70E-04 1.01E-03 2.51E-04 5.02E-04
Ceom Concentration, lb/dscf 9.79E-08 8.15E-08 1.44E-07 3.59E-08 7.18E-08
Eeom Emission Rate, Ib/hr 2.27E-01 2.00E-01 3.64E-01 8.74E-02 1.72E-01
Charge Pounds per Ton of Coal Charged 447E-03 3.67E-03 0.00E+00 2.35E-03 3.50E-03

*Run A-U-315-3 is not included in averages. This Test was conducted under non-push conditions.




Method 315 Analytical Results (ug) and Blank Corrections

ABC Coke - Birmingham, Alabama

Underfire Stack
Target Catch, ug/sample
Metal A-U-315-1 A-U-315-1 A-U-315-2 A-U-315-2 A-U-315-3 A-U-315-3 A-U-3154 A-U-315-4 Filter Blank
Corrected Corrected Corrected Corrected
Antimony 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Arsenic 28 28 5.1 5.1 4.1 4.1 4.7 47 0.0
Barium 54 5.4 12.1 12.1 7.8 7.8 83 83 0.0
Beryllium 0.02 0.02 0.07 0.07 0.03 0.03 0.03 0.03 0.0
Cadmium 0.31 031 0.35 0.35 0.45 0.45 0.47 0.5 0.0
Chromium 52 52 10.7 10.7 6.7 6.7 58 5.8 0.0
Colbalt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Copper 4.9 49 5.1 5.1 4.6 46 5.7 5.7 0.0
Lead 8.1 8.1 84 84 43 43 53 53 0.0
Manganese 5.1 24 83 5.6 5.5 28 8.9 6.2 2.7
Mercury 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nickel 1.1 1.1 29 29 1.9 1.9 1.6 1.6 0.0
Phosphorus 15.0 15.0 36.0 36.0 18.0 18.0 30.0 30.0 0.0
Selenium 2.0 2.0 43 43 45 45 5.2 5.2 0.0
Silver 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Thallium 0.9 0.9 1.0 1.0 0.6 0.6 0.8 0.8 0.0
Zinc 31.0 26.0 37.0 320 340 29.0 35.0 30.0 5.0




Summary of Stack Gas Parameters and Test Results
$512.000

ABC Coke - Birmingham, Alabama

US EPA Test Method 315 - Metals

Underfire Stack
Page 1 of 6
RUN NUMBER A-U-315-1 A-U-315-2 A-U-315-3 A-U-315-4
RUN DATE 9/24/98 9/24/98 9/25/98 9/25/98 Average
RUN TIME 1025-1344 1443-1806 0738-1029 1110-1428
Antimony
Sb Target Catch, ug 0.0 0.0 0.0 0.0 0.0
Csb Concentration, pg/dscm 0.00E+00 0.00E+00 0.00E+0Q0 0.00E+00 0.00E+0Q
Csb @ 7% Oz Concentration, pg/dscm @ 7% 02 0.0000 0.0000 0.0000 0.0000  0.0000
Esp Emission Rate, pg/hr 0.000 0.000 0.000 0.000 0.000
Esp Emission Rate, Ib/hr 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Charge  Pounds per Ton of Coal Charged ~ 0.00E+00 0.00E+00 0.00E+00 0.00E+Q0 0.00E+00
Arsenic
As Target Catch, pg 2.8 5.1 4.1 47 4.20
Cas Concentration, pg/dscm 2.56E-03 440E-03 3.44E-03 4.08E-03 3.68E-03
Csb @ 7% O; Concentration, pgldscm @ 7% 02  5.73E-03  1.04E-02 6.22E-03  7.67E-03 7.93E-03
Eas. Emission Rate, pg/hr 184,021 354,377 292,841 324476 287,625
Eas Emission Rate, Ib/hr 3.70E-07 6.73E-07 541E-07 6.20E-07 5.54E-07
Charge  Pounds per Ton of Coal Charged 7.28E-09 1.24c-08 0.00E+00 1.67E-08 1.21E-08
Barium
Ba Target Catch, pg 54 12.1 7.8 8.3 8.60
Cea Concentration, pg/dscm 4.93E-03 1.04E-02 6.55E-03 7.21E-03 7.53E-03
Cga @ 7% O; Concentration, pg/dscm @ 7% 02 1.11E-02  2.46E-02 1.18E-02  1.35E-02 1.64E-02
Ega Emission Rate, ug/hr 354,897 840,777 557,113 573,011 589,662
Ega Emission Rate, Ib/hr 7.13E-07 1.60E-06 1.03E-06 1.10E-06 1.14E-06
Charge  Pounds per Ton of Coal Charged 1.40E-08 2.93E-08 0.00E+00 2.95E-08 2.43E-08

*Run A-U-315-3 is not included in averages. This Test was conducted under non-push conditions



Summary of Stack Gas Parameters and Test Results

$512.000
ABC Coke - Birmingham, Alabama

US EPA Test Method 315 - Metals

Underfire Stack
Page 2 of 6
RUN NUMBER A-U-315-1 A-U-315-2 A-U-315-3 A-U-315-4
RUN DATE 09/24/98  09/24/98  09/25/98  09/25/98  Average
RUN TIME 1025-1344 1443-1806 0738-1029 1110-1428
EMISSIONS DATA - Continued
Beryllium
Be Target Catch, ug 0.0 0.1 0.0 0.0 0.04
Cge Concentration, yg/dscm 1.83E-05 6.04E-05 2.52E-05 2.61E-05 3.49E-05
Cge @ 7% O, Concentration, pg/dscm @ 7% 02 4.09E-05  1.42E-04 4.55E-05 4.90E-05 7.74E-05
Ege Emission Rate, pg/hr 1,314 4,864 2,143 2,071 2,750
Ege Emission Rate, Ib/hr 2.64E-09 9.24E-09 3.96E-09 3.96E-09 5.28E-09
Charge  Pounds per Ton of Coal Charged 5.20E-11  1.70E-10 0.00E+00 1.07E-10 1.09E-10
Cadmium
Cd Target Catch, ug 0.3 04 05 0.5 04
Ced Concentration, pg/dscm 2.83E-04 3.02E-04 3.78E-04 4.08E-04 3.31E-04
Ccs @ 7% O Concentration, pg/dscm @ 7% 02 6.34E-04  7.12E-04 6.82E-04 7.67E-04 7.05E-04.
Ecq Emission Rate, pg/hr 20,374 24,320 32,141 32,448 25,714
Ecq Emission Rate, Ib/hr 4.09E-08 4.62E-08 5.94E-08 6.20E-08 4.97E-08 |
Charge  Pounds per Ton of Coal Charged 8.06E-10 8.40E-10 0.00E+00 1.67E-09 1.11E-00
Chromium
Cr Target Catch, ug 5.2 10.7 6.7 5.8 1.23
Cer Concentration, pg/dscm 4.75E-03 9.24E-03 5.63E-03 5.04E-03 6.34E-03
Cor @ 7% O; Concentration, ug/dscm @ 7% 02 1.06E-02  218E-02  1.02E-02 9.47E-03 1.40E-02
Ecr Emission Rate, pg/hr 341,753 743,497 478,545 400,417 495,223
Ec Emission Rate, Ib/hr 6.86E-07 1.41E-06 8.84E-07 7.66E-07 9.55E-07
Charge  Pounds per Ton of Coal Charged 1.35E-08 2.60E-08 0.00E+00 2.06E-08 2.00E-08 |

L]

*Run A-U-315-3 is not included in averages. This Test was conducted under non-push conditions



Summary of Stack Gas Parameters and Test Results

$512.000
ABC Coke - Birmingham, Alabama

US EPA Test Method 315 - Metals

Underfire Stack
Page 3 of 6
RUN NUMBER A-U-315-1 A-U-315-2 A-U-315-3 A-U-315-4
RUN DATE 09/24/98  09/24/98  09/25/98  09/25/98  Average
RUN TIME 1025-1344 1443-1806 0738-1029 1110-1428
EMISSIONS DATA - Continued
Colbalt
Co Target Catch, ug 0.0 0.0 0.0 0.0 0.00
Ceco Concentration, ug/dscm 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+DD
Cco @ 7% O Concentration, yg/dscm @ 7% 02  0.00E+00  0.00E+00 0.00E+00 0.00E+00 0.00E+00
Eco Emission Rate, pg/hr 0 0 0 0 0
Eco Emission Rate, Ib/hr 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Charge  Pounds per Ton of Coal Charged 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.Q0E+DO
Copper _
Cu Target Catch, pg 4.9 5.1 46 5.7 5.23
Ca Concentration, ptg/dscm 447E-03 4.40E-03 3.86E-03 4.95E-03 4.61E-03
Ccu @ 7% O Concentration, pg/dscm @ 7% 02 1.00E-02  1.04E-02  6.98E-03 9.31E-03 9.90E-03
Ecy Emission Rate, pg/hr 322,036 354,377 328,554 393,514 356,642
Ecy Emission Rate, Ib/hr 6.47E-07 6.73E-07 6.07E-07 7.52E-07 6.91E-07
Charge  Pounds per Ton of Coal Charged 1.27E-08  1.24E-08 0.00E+00 2.02E-08 1.51E-08
Lead
Pb Target Catch, pg 8.1 8.4 43 5.3 7.3
Cero Concentration, ug/dscm 7.39E-03 7.25E-03 3.61E-03 4.61E-03 6.42E-03
Ceo @ 7% O; Concentration, ug/dscm @ 7% 02 1.66E-02  1.71E-02  6.52E-03  8.65E-03 1.41E-02
Epb Emission Rate, pg/hr 532,346 583,680 307,126 365,899 493,975
Epp Emission Rate, Ib/hr 1.07E-06 1.11E-06 5.68E-07 7.00E-07 9.59E-07
Charge  Pounds per Ton of Coal Charged 2.11E-08 2.04E-08 0.00E+00 1.88E-08 2.01E-0B

*Run A-U-315-3 is not included in averages. This Test was conducted under non-push conditions




Summary of Stack Gas Parameters and Test Results

$512.000
ABC Coke - Birmingham, Alabama

US EPA Test Method 315 - Metals

Underfire Stack
Page 4 of 6
RUN NUMBER A-U-315-1 A-U-315-2 A-U-315-3 A-U-315-4
RUN DATE 09/24/98  09/24/98  09/25/98  09/25/98  Average
RUN TIME 1025-1344 1443-1806 0738-1029 1110-1428
EMISSIONS DATA - Continued
Manganese
Mn Target Catch, ug 2.4 5.6 2.8 6.2 4.73
Chun Concentration, pg/dscm 2.19E-03 4.84E-03 2.35E-03 65.39E-03 4.14E-03
Cun @ 7% O Concentration, ygldscm @ 7% 02 4.91E-03  1.14E-02 4.25E-03 1.01E-02 8.81E-03
Emn Emission Rate, pg/hr 157,732 389,120 199,989 428,032 324,962
Emn Emission Rate, Ib/hr 3.17E-07 7.39E-07 3.70E-07 8.18E-07 6.25E-07
Charge  Pounds per Ton of Coal Charged 6.24E-09 1.36E-08 0.00E+00 2.20E-08 1.39E-08
Mercury
Hg Target Catch, pg 0.0 0.0 0.0 0.0 0.00
Chg Concentration, pg/dscm 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00
Chg @ 7% O2 Concentration, ug/dscm @ 7% 02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Eng Emission Rate, pg/hr 0 0 0 0 0
Eug Emission Rate, Ib/hr 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00
Charge  Pounds per Ton of Coal Charged ~ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Nickel
Ni Target Catch, pg 1.1 2.9 1.9 1.6 1.87
Cwi Concentration, pg/dscm 1.00E-03 2.50E-03 1.60E-03 1.39E-03 1.63E-03
Cni @ 7% O Concentration, pg/dscm @ 7% 02 2.25E-03  5.90E-03 2.88E-03 2.61E-03 3.59E-03
Eni Emission Rate, pg/hr 72,294 201,509 135,707 110,460 128,087
Eni Emission Rate, Ib/hr 1.45E-07 3.83E-07 251E-07 2.11E-07 2.46E-07
Charge  Pounds per Ton of Coal Charged 2.86E-09 7.03E-09 0.00E+00 5.68E-09 5.19E-09

*Run A-U-315-3 is not included in averages. This Test was conducted under non-push conditions



Summary of Stack Gas Parameters and Test Results
§512.000
ABC Coke - Birmingham, Alabama
US EPA Test Method 315 - Metals

Underfire Stack
Page § of 6
RUN NUMBER A-U-315-1 A-U-315-2 A-U-315-3 A-U-315-4
RUN DATE 09/24/98  09/24/98  09/25/98  09/25/98  Average
RUN TIME 1025-1344 1443-1806 0738-1029 1110-1428
EMISSIONS DATA - Continued
Phosphorus
P Target Catch, pg 15.0 36.0 18.0 30.0 27.00
Cp Concentration, pg/dscm 1.37E-02 3.11E-02 151E-02 2.61E-02 2.36E-02
Cr@ 7% O Concentration, pg/dsem @ 7% 02 3.07E-02  7.32E-02  2.73E-02 4.90E-02 5.10E-02
Ep Emission Rate, ug/hr 985,826 2,501,486 1,285,644 2,071,125 1,852,812
Ep Emission Rate, Ib/hr 1.98E-06 4.75E-06 2.38E-06 3.96E-06 3.56E-06
Charge  Pounds per Ton of Coal Charged 3.90E-08 8.73E-08 0.00E+00 1.07E-Q7 7.76E-08
Selenium
Se Target Catch, pg 2.0 4.3 45 5.2 3.83
Cse Concentration, pg/dscm 1.83E-03 3.71E-03 3.78E-03 4.52E-03 3.35E-03
Cse @ 7% O; Concentration, pg/dscm @ 7% 02  4.09E-03 8.75E-03 6.82E-03 8.49E-03 7.11E-03
Ese Emission Rate, ug/hr 131,443 298,789 321,411 358,995 263,076
Ese Emission Rate, Ib/hr 2.64E-07 5.68E-07 5.94E-07 6.86E-07 5.06E-07
Charge  Pounds per Ton of Coal Charged 5.20E-09 1.04E-08 0.00E+00 1.85E-08 1.14E-08
Silver
Ag Target Catch, pg 0.0 0.0 0.0 0.0 0.00
Cag Concentration, pg/dscm 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cag @ 7% O; Concentration, pg/dscm @ 7% 02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Eag Emission Rate, pg/hr 0 0 0 0 0
Eag Emission Rate, Ib/hr 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Charge  Pounds per Ton of Coal Charged ~ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

*Run A-U-315-3 is not included in averages. This Test was conducted under non-push conditions




Summary of Stack Gas Parameters and Test Results

§512.000
ABC Coke - Birmingham, Alabama

US EPA Test Method 315 - Metals

Underfire Stack
Page 6 of 6
RUN NUMBER A-U-315-1 A-U-315-2 A-U-315-3 A-U-315-4
RUN DATE 09/24/98  09/24/98  09/25/98  09/25/98  Average
RUN TIME 1025-1344 1443-1806 0738-1029 1110-1428
EMISSIONS DATA - Continued
Thallium
Tl Target Catch, g 0.9 1.0 0.6 0.8 0.90
Qn Concentration, pg/dscm 8.22E-04 8.63E-04 5.04E-04 6.95E-04 7.93E-04
Cn@ 7% Oz Concentration, ug/dscm @ 7% 02 1.84E-03  2.03E-03  9.10E-04 1.31E-03 1.73E-03
En Emission Rate, ug/hr 59,150 69,486 42,855 55,230 61,288
En Emission Rate, Ib/hr 1.19E-07 1.32E-07 7.92E-08 1.06E-07 1.19E-07
Charge  Pounds per Ton of Coal Charged 2.34E-09 2.43E-09 0.00E+00 2.84E-09 2.54E-09
Zinc
Zn Target Catch, g 26.0 32.0 29.0 30.0 2933
Czn Concentration, pg/dscm 2.37E-02 2.76E-02 2.44E-02 261E-02 2.58E-02
Czn @ 7% Oz Concentration, yg/dsem @ 7% 02 5.32E-02 6.51E-02 4.40E-02 4.90E-02 5.58E-02°
Ezq Emission Rate, ug/hr 1,708,764 2,223,543 2,071,316 2,071,125 2,001,144 |
Eza Emission Rate, Ib/hr 3.43E-06 4.22E-06 3.83E-06 3.96E-06 3.87E-06
Charge  Pounds per Ton of Coal Charged 6.76E-08 7.76E-08 0.00E+00 1.07E-07 8.39E-08

*Run A-U-315-3 is not included in averages. This Test was conducted under non-push conditions.



Summary of Stack Gas Parameters and Test Results

ABC Coke - Birmingham, Alabama

CARB Method 429 - PAH's
Baghouse Inlet

Page 1 of 1
RUN NUMBER A1-428-1 A--429-2 A--429-3
RUN DATE 9/24/98 9/22/98 §/23/98 Average
RUN TIME 1128-1912 1018-1816 1019-1810
MEASURED DATA
¥ Meter Box Correction Factor 1.002 1.002 1.002 1.002
AH Avg. Meter Orifice Pressure, in. HO 0.8588 0.4392 0.5672 0.6217
Poar Barometric Pressure, inches Hg 29.70 29.74 29.80 29.75
Vi Sample Volume, 2 176.494 99.075 155.926 143.832
Tm Average Meter Temperature, *F 99 103 107 103
Pstatic Stack Static Pressure, inches H,0 -5.90 -4.50 -5.80 -5.40
T, Average Stack Temperature, °F . 120 136 135 130
Ve Condensate Collected, mi 1213 63.0 92.3 92.200
CO, Carbon Dioxide content, % by volume 0.2 0.2 0.2 0.20
O, Oxygen content, % by volume 20.30 20.30 20.30 20.30
N, Nitrogen content, % by volume 79.50 79.50 79.50 79.50
C, Pitot Tube Coefficient 0.84 0.84 0.84 0.84
ap™? Average Square Root Dp, (in. Hz0)'? 0.6439 0.4436 0.5096 0.5324
Circular Stack? 1=Y,0=N: 0 0 0
As Diameter or Dimensions, inches: 4680 4680 4680 4680
[¢] Sample Run Duration, minutes 458 422 435 438
Dy Nozzle Diameter, inches 0.183 0.183 0.183 0.183
Tons of Coke pushed 257.46 281.98 269.72 269.72
Total Test Time, hours 7.73 7.97 7.85 7.85
Tons of Coke per Hour 333 35.4 34.4 343
CALCULATED DATA
Aq Nozzle Area, f? 0.000183 0.000183 0.000183 0.000183
Vst Standard Meter Volume, dscf 166.098 82.605 145.053 134.585
Vingstd) Standard Meter Volume, dscm 4,703 2.622 4107 3.811
Qn Average Sampling Rate, dscfm 3.63E-01 2.18E-01 3.33E-01 3.05E-01
Bus Moisture, % by volume 33 31 29 31
Busisay Moisture (at saturation), % by volume 11.8 18.0 175 15.766
Vst Standard Water Vapor Volume, f° 5.710 2.965 4345 4.340
1-Bys Dry Mole Fraction 0.967 0.969 0.971 0.969
My Molecular Weight (d.b.), Ib/lbsmole 28.84 28.84 28.84 28.84
M, Molecular Weight (w.b.), Ib/lbsmole 28.48 28.51 28.53 28.51
V. Stack Gas Velocity, ft/s 38.6 26.9 308 3241
A Stack Area, ft? 325 325 325 32.50
Q, Stack Gas Volumetric flow, acfm 75,215 62,375 60,131 62,574
Q, Stack Gas Volumetric flow, dscfm 64,724 44,174 50,842 53,246
Qy(emm) Stack Gas Volumetric flow, dscmm 1,833 1,251 1,440 1,508
i Isokinetic Sampling Ratio, % 99.7 88.4 116.7 101.6




quantdata

Baghouse Inlet

Truncd CMPD [Quanterra Compound Name Mol. Wt. Method Blank | A-I-429-1 Blank Adjusted A-1-429-2 Blank Adjusted A-1-429-3 Blank Adjusted
Naphthal cmpd1 |Naphthalene 1 128.16 340 360,000 359,660 120,000 119,660 160,000 159,660
2-Methyl cmpd2 [2-Methylnaphthalene 2 142.2 25 76,000 75,975 24,000 23,975 41,000 40,975
Acenaph cmpd3 |Acenaphthylene 3 154.21 0 88,000 88,000 36,000 36,000 33,000 33,000
Acenaph cmpd4 |Acenaphthene 4 15421 0 15,000 15,000 4,300 4,300 6,300 6,300
Fluorene cmpd5 |Fluorene 5 166.21 0 3,400 3,400 16,000 16,000 18,000 18,000
Phenant cmpd6 |Phenanthrene 6 178.22 24 160,000 159,976 53,000 52,976 66,000 65,976
Anthranc  cmpd7 |Anthrancene 7 178.22 0 16,000 16,000 4,300 4,300 9,100 9,100
Fluorant cmpd8 |Fluoranthene 8 20226 0 50,000 50,000 18,000 18,000 25,000 25,000
Pyrene  cmpd9 [Pyrene 9 20224 0 33,000 33,000 13,000 13,000 18,000 18,000
Benzo (a cmpd10 |Benzo (a) anthrancene 10 22829 0 15,000 15,000 7,000 7,000 11,000 11,000
Chrysen cmpd11 |Chrysene 1 228.28 0 26,000 26,000 12,000 12,000 18,000 18,000
Benzo (b cmpd12 |Benzo (b) fluoranthene 12 25232 0 17,000 17,000 5,200 5,200 6,100 6,100
Benzo (k cmpdi13 |Benzo (k) fluoranthene 13 252.32 0 9,200 9,200 3,700 3,700 3,600 3,600
Benzo (¢ cmpdi4 [Benzo () pyrene 14 252.3 0 6,500 6,500 2,600 2,600 3,300 3,300

Benzo (a cmpd15 [Benzo (a) pyrene 15 252.3 0 6,300 6,300 1,900 1,900 1,800 1,800
Perylene cmpd16 |Perylene 16 202.24 0 1,100 1,100 330 330 280 280

| Plndeno ( cmp17 [indeno (1,2,3-cd) pyrene 17 290.34 0 11,000 11,000 4,300 4,300 3,900 3,900

lI Dibenz{ cmpd18 |Dibenz (a,h) anthracene 18 278.33 0 2,500 2,500 1,100 1,100 980 980

;i Benzo (g cmpd19 [Benzo (g,h,i) perylene 19 276.34 0 11,000 11,000 3,800 3,800 4,000 4,000




Baghouse Inlet

A-J-429-1 A-1-429-2 Al429-3  Average

Naphthalene

Molecular Weight, g/g-mole

Target Catch, ng

ng to ug

Concentration, pg/dscm *

Emission Rate, pg/hr®

Emission Rate, Ib/hr

Pounds per Ton of Coke Pushed
2-Methylnaphthalene

Molecular Weight, g/g-mole

Target Catch, ng

ngtoug

Concentration, pg/dscm *

Emission Rate, pg/hr b

Emission Rate, Ib/hr ©

Pounds per Ton of Coke Pushed
Acenaphthylene

Molecular Weight, g/g-mole

Target Catch, ng

ng to pg

Concentration, pg/dscm *

Emission Rate, pg/hr ®

Emission Rate, lb/hr ©

Pounds per Ton of Coke Pushed
Acenaphthene

Molecular Weight, g/g-mole

Target Calch, ng

ngtopug

Concentration, pg/dscm *

Emission Rate, pg/hr b

Emission Rate, 1b/hr ¢

Pounds per Ton of Coke Pushed
Fluorene

Molecular Weight, g/g-mole

Target Catch, ng

ngto ug

Concentration, pg/dscm *

Emission Rate, pg/hr b

Emission Rate, Ib/hr

Pounds per Ton of Coke Pushed

128.16
359,660
359.66
76.5
8,408,972
1.85E-02
5.57E-04

142.20
75,975
75.98
16.15
1,776,321
3.92E-03
1.18E-04

154.21
88,000
88.00
18.71
2,057,470
4.54E-03
1.36E-04

154.21
15000.00
15.00
3.189
350,705
7.73E-04
2.32E-05

166.21
3,400
3.40
0.723
79,493
1.75E-04
5.26E-06

128.16
119,660
119.66
45.6
3,424,793
7.55E-03
2.13E-04

142.20
23,975
23.98
9.14
686,189
1.51E-03
4.28E-05

154.21
36,000
36.00
13.73
1,030,357
2.27E-03
6.42E-05

154.21
4300.00
4.30
1.640
123,070
2.71E-04
7.67E-06

166.21
16,000
16.00
6.102
457,937
1.01E-03
2.85E-05

128.16
159,660
159.66
389
3,357,695
7.40E-03
2.15E-04

142.20
40,975
40.98
9.98
861,716
1.90E-03
5.53E-05

154.21
33,000
33.00
8.03
693,999
1.53E-03
4.45E-05

154.21
6300.00
6.30
1.534
132,491
2.92E-04
8.50E-06

166.21
18,000
18.00
4.382
378,545
8.35E-04
2.43E-05

212,993
212.99
537

5,063,820
1.12E-02
3.28E-04

46,975
46.98
11.76

1,108,075
2.44E-03
7.19E-05

52,333
52.33
13.49

1,260,609
2.78E-03
8.16E-05

8533.33
8.53
2.121
202,089
4.46E-04
1.31E-05

12,467
12.47
3.736

305,325
6.73E-04
1.94E-05




1:429- AJ:429:2  AJ:429-3  Average

Phenanthrene

Molecular Weight, g/g-mole 178.22 178.22 178.22

Target Catch, ng 159,976 52,976 65,976 92,976

ngto ug 160.0 53.0 66.0 93.0

Concentration, ug/dsem * 34.01 20.20 16.06 23.43

Emission Rate, pg/hr ® 3,740,293 1,516,228 1,387,494 2,214,672

Emission Rate, Ib/hr © 8.25E-d3 3.34E-03 3.06E-03 4.88E-03

Pounds per Ton of Coke Pushed 2.48E-04 9.45E-05 8.90E-05 1.44E-04
Anthrancene

Molecular Weight, g/g-mole 178.22 178.22 178.27

Target Catch, ng 16000 4300 9100 9800

ngto pg 16.00 4.30 9.10 9.80

Concentration, pg/dscm * 3.402 1.640 2.215 2.419

Emission Rate, pg/hr® 374,085 123,070 191,376 229,510

Emission Rate, Ib/hr © 8.25E-04 2.71E-04 4.22E-04 5.06E-04

Pounds per Ton of Coke Pushed 2.48E-05 7.67E-06 1.23E-05 1.49E-05
Fluoranthene

Molecular Weight, g/g-mole 202.26 202.26 202.26

Target Catch, ng 50,000 18,000 25,000 31,000

ng to g 50.00 18.00 25.00 31.00

Concentration, pg/dscm * 10.63 6.86 6.09 7.86

Emission Rate, pg/hr ° 1,169,017 515,179 525,757 736,651

Emission Rate, Ib/hr © 2.58E-03 1.14E-03 1.16E-03 1.62E-03

Pounds per Ton of Coke Pushed 7.74E-05 3.21E-05 3.37E-05 4.77E-05
Pyrene

Molecular Weight, g/g-mole 202.24 202.24 202.24

Target Catch, ng 33,000 13,000 18,000 21,333

ngto ug 33.00 13.00 18.00 21.33

Concentration, pg/dscm * 7.016 4.958 4.382 5.452

Emission Rate, pg/hr ° 771,551 372,073 378,545 507,390 |

Emission Rate, Ib/hr © 1.70E-03 8.20E-04 8.35E-04 1.12E-03

Pounds per Ton of Coke Pushed 5.11E-05 2.32E-05 2.43E-05 3.28E-05
Benzo (a) anthrancene

Molecular Weight, g/g-mole 228.29 228.29 228.29

Target Catch, ng 15000 7000 11000 11000

ng to ug 15.00 7.00 11.00 11.00}

Concentration, pg/dscm * 3.1892 2.6694 2.6781 2.8456

Emission Rate, pg/hr ® 350,705 200,347 231,333 260,795

Emission Rate, lb/hr © 7.73E-04 4.42E-04 5.10E-04 5.75E-04

Pounds per Ton of Coke Pushed 2.32E-05 1.25E-05 1.48E-05 1.68E-05




A-]-429-1 A-]-429-2 A-]-429-3 Average

Chrysene

Molecular Weight, g/g-mole 228.28 228.28 228.28

Target Catch, ng 26,000 12,000 18,000 18,667

ngtoug 26.00 12.00 18.00 18.67

Concentration, pg/dscm * 5.53 4.58 438 483

Emission Rate, pg/hr® 607,889 343,452 378,545 443,295

Emission Rate, Ib/hr 1.34E-03 7.57E-04 8.35E-04 9.77E-04

Pounds per Ton of Coke Pushed 4.02E-05 2.14E-05 2.43E-05 2.86E-05
Benzo (b) fluoranthene

Molecular Weight, g/g-mole 252.32 252.32 252.32

Target Catch, ng 17,000 5,200 6,100 9,433

ngto pg 17.00 5.20 6.10 9.43

Concentration, pg/dscm * 3.61 1.98 1.49 2.36

Emission Rate, pg/hr° 397,466 148,829 128,285 224,860

Emission Rate, lb/hr © 8.76E-04 3.28E-04 2.83E-04 4.96E-04

Pounds per Ton of Coke Pushed 2.63E-05 9.27E-06 8.23E-06 1.46E-05
Benzo (k) fluoranthene

Molecular Weight, g/g-mole 252.32 252.32 252.32

Target Catch, ng 9,200 3,700 3,600 5,500

ngto ug 9.20 3.70 3.60 5.50

Concentration, pg/dscm * 1.96 1.41 0.876 1.414

Emission Rate, ug/hr b 215,099 105,898 75,709 132,235

Emission Rate, lb/hr © 4.74E-04 2.33E-04 1.67E-04 2.92E-04

Pounds per Ton of Coke Pushed 1.42E-05 6.60E-06 4.86E-06 8.56E-06
Benzo (e) pyrene

Molecular Weight, g/g-mole 252.30 252.30 252.30

Target Catch, ng 6,500 2,600 3,300 4,133

ngto ug 6.50 2.60 3.30 4.13

Concentration, pg/dscm * 1.382 0.992 0.803 1.059

LEmission Rate, pg/hr b 151,972 74,415 69,400 98,596

Emission Rate, Ib/hr © 3.35E-04 1.64E-04 1.53E-04 2.17E-04

Pounds per Ton of Coke Pushed 1.01E-05 4.64E-06 4.45E-06 6.38E-06
Benzo (a) pyrene

Molecular Weight, g/g-mole 252.30 252.30 252.30

Target Catch, ng 6300 1900 1800 3333

ngto ug 6.30 1.90 1.80 3.33

Concentration, pg/dscm * 1.339 0.725 0.438 0.834

Emission Rate, pg/hr b 147,296 54,380 37,855 79,844

Emission Rate, Ib/hr © 3.25E-04 1.20E-04 8.35E-05 1.76E-04

Pounds per Ton of Coke Pushed 9.75E-06 3.39E-06 2.43E-06 5.19E-06




J-429-

Perylene

Molecular Weight, g/g-mole
Target Catch, ng

ngtopug

Concentration, pg/dscm *
Emission Rate, pg/hr b
Emission Rate, lb/hr

Pounds per Ton of Coke Pushed

Indeno (1,2,3-cd) pyrene

Molecular Weight, g/g-mole
Target Catch, ng

ng to pug

Concentration, pg/dscm *
Emission Rate, pg/hr b
Emission Rate, Ib/hr ©

Pounds per Ton of Coke Pushed

Dibenz (a,h) anthracene

Molecular Weight, g/g-mole
Target Catch, ng

ngto pg .

Concentration, pg/dscm "
Emission Rate, pg/hr b
Emission Rate, Ib/hr ©

Pounds per Ton of Coke Pushed

Benzo (g,h,i) perylene

Molecular Weight, g/g-mole
Target Catch, ng

ngto ug

Concentration, pug/dscm *
Emission Rate, pg/hr b

Emission Rate, 1b/hr ©

Pounds per Ton of Coke Pushed

202.24
1100.00
1.10
0.2339
25,718
5.67E-05
1.70E-06

290.34
11,000
11.00
2.34
257,184
5.67E-04
1.70E-05

27833
2,500
2.50
0.532
58,451
1.29E-04
3.87E-06

276.34
11,000
11.00
2339
257,184
5.67E-04
1.70E-05

202.24
330.00
0.28

0.11
8013.89
1.77E-05
4.99E-07

290.34
4,300

4.30

1.64
123,070

2.71E-04

7.67E-06

27833
1,100
1.10
0.419
31,483
6.94E-05
1.96E-06

276.34
3,800
3.80
1.449
108,760
2.40E-04
6.78E-06

202.24
280.00
0.28
0.07
5888.48
1.30E-05
3.78E-07

290.34
3,900
3.90
0.949
82,018
1.81E-04
5.26E-06

27833
980
0.980
0.239
20,610
4.54E-05
1.32E-06

276.34
4,000
4.00
0.974
84,121
1.85E-04
5.40E-06

570.00
0.55
0.1363
13206.9
2.91E-05
8.60E-07

6,400
6.40
1.643

154,091
3.40E-04
9.98E-06

1527
1.527
0.397

36,848
8.12E-05
2.38E-06

6,267
6.27
1.587

150,022
3.31E-04
9.73E-06

{}

Micrograms per hour.

Pounds per hour.

Estimate - Analyte results are below the quantitation limit and above the detection limit.

8 Milligrams per dry standard cubic meter at 68° F (20° C) and 1 atm.

ND Not Detectable - Results are below target analyte detection limit. Values are counted as zero (0) in averages.




Summary of Stack Gas Parameters and Test Results
ABC Coke - Birmingham, Alabama
CARB Method 429 - PAH's
Baghouse Outlet

Page 1 of 1
RUN NUMBER A-0-429-1 A-0-429-2 A-0-429-3
RUN DATE 9/24/98 9/22/98 9/23/98 Average
RUN TIME 1126-1911 1028-1819 1020-1806
MEASURED DATA
v Meter Box Correction Factor 1.012 1.012 1.012 1.012
AH Avg. Meter Orifice Pressure, in. H,0 0.9748 0.5466 0.9421 0.8212
Poar Barometric Pressure, inches Hg 29.70 29.74 29.80 29.75
Vm Sample Volume, ft’ 161.653 100.253 151.043 137.650
Tm Average Meter Temperature, °F 87 92 92 90
Patatic Stack Static Pressure, inches H,0 0.15 0.15 0.15 0.15
Ts Average Stack Temperature, °F 117 128 125 123
Vi Condensate Collected, mi 110.2 57.2 52.9 73.433
CO, Carbon Dioxide content, % by volume 0.20 0.2 0.1 0.17
O, Oxygen content, % by volume 20.40 20.40 20.40 20.40
N, Nitrogen content, % by volume 79.40 79.40 79.50 79.43
C, Pitot Tube Coefficient 0.84 0.84 0.84 0.84
Ap'? Average Square Raot Dp, (in. H,0)'? 0.5115 0.3204 0.4724 0.4348
Circular Stack? 1=Y,0=N: 1 1 1
As Diameter or Dimensions, inches: 85.75 85.75 85.75 85.75
€] Sample Run Duration, minutes 412 400 420 411
Dy Nozzle Diameter, inches 0.213 0.213 0.215 0.214
Tons of Coke pushed 257.46 281.98 269.72 269.72
Total Test Time, hours 7.75 7.85 7.77 7.79
Tons of Coke per Hour 33.2 35.8 347 34.6
CALCULATED DATA
A, Nozzle Area, f? 0.000247 0.000247 0.000252 0.000249
Vin(stay Standard Meter Volume, dscf 157.065 96.553 145.903 133.174
Vingstd) Standard Meter Volume, dscm 4.448 2.734 4.132 3.771
Qm Average Sampling Rate, dscfm 3.81E-01 2.41E-01 3.47E-01 3.23E-01
Bus Moisture, % by volume 3.2 27 1.7 25
Bus(sat) Moisture (at saturation), % by volume 10.7 14.4 13.2 12.761
Vitd Standard Water Vapor Volume, ft® 5187 2.692 2.490 3.457
1-Bus Dry Mole Fraction 0.968 0.973 0.983 0.975
My Molecular Weight (d.b.), Ib/lbemole 28.85 28.85 28.83 28.84
M, Molecular Weight (w.b.), Ib/Ibsmole 28.50 28.55 28.65 28.57
V, Stack Gas Velocity, f/s 30.3 19.1 28.1 258
A Stack Area, f 40.1 40.1 40.1 40.10
Q, Stack Gas Volumetric flow, acfm 72,960 46,062 67,558 62,193
Q, Stack Gas Volumetric flow, dscfm 64,153 39,996 59,710 54,620
Qy(emm) Stack Gas Volumetric flow, dscmm 1,817 1,133 1,691 1,547
| Isokinetic Sampling Ratio, % 96.3 97.8 926 956




quantdata

Baghouse Outlet
Trunc'd Name CMPD |Quanterra Compound Name Mol. Wt. Method Blank | A-O-429-1 Blank Adjusted | A-O-429-2 Blank Adjusted| A-0-429-3 Blank Adjusted
Naphthalene cmpd1 {Naphthalene 1 128.16 340 290,000 289,660 95,000 94,660 110,000 109,660
2Methylnaphthalene  cmpd2 |2-Methylnaphthalene 2 1422 25 55,000 54,975 24,000 23,975 36,000 35,975
Acenaphthylene cmpd3 |Acenaphthylene 3 154.21 0 50,000 50,000 22,000 22,000 17,000 17,000
Acenaphthene cmpd4 |Acenaphthene 4 154.21 0 7,000 7,000 2,500 2,500 3,500 3,500
Fluorene cmpd5 [Fiuorene 5 166.21 0 21,000 21,000 7,500 7,500 8,800 8,800
Phenanthrene cmpd6 |Phenanthrene 6 178.22 24 66,000 65,976 45,000 44 976 27,000 26,976
Anthrancene cmpd7 |Anthrancene 7 178.22 0 20,000 20,000 3,300 3,300 5,100 5,100
Fluoranthene cmpd8 |Fluoranthene 8 202.26 0 32,000 32,000 14,000 14,000 12,000 12,000
Pyrene cmpd9 |Pyrene 9 20224 0 16,000 16,000 8,100 8,100 6,400 6,400
Benzo (a) anthrancene cmpd10 {Benzo (a) anthrancene 10 228.29 0 290 290 240 240 240 240
Chrysene cmpd11(Chrysene 11 228.28 0 740 740 640 640 690 690
Benzo (b) fluoranthene cmpd12|Benzo (b) fluoranthene 12 252.32 0 200 200 180 180 210 210
Benzo (k) fluoranthene cmpd13 [Benzo (k) fluoranthene 13 252.32 0 200 200 160 160 140 140
|Benzo (e) pyrene cmpd14{Benzo (e) pyrene 14 2523 0 130 130 0 ND 110 110

Benzo (a) pyrene cmpd15|Benzo (a) pyrene 15 252.3 0 0 ND 0 ND 0 ND

. |Perylene cmpd16 [Perylene 16 202.24 0 0 ND 0 ND 0 ND

_ {Indeno (1,2,3-cd) pyren  ¢cmp17 ]Indeno (1,2,3-cd) pyrene 17 290.34 0 0 ND 0 ND 0 ND

- w?fDibenz (a,h) anthracen cmpd18 |Dibenz (a,h) anthracene 18 278.33 0 0 ND 0 ND 0 ND

; -Benzo (g,h,i) perylene  cmpd19|Benzo (g,h,i) perylene 19 276.34 0 0 ND 0 ND 0 ND




Baghouse Outlet

A-0-429-3  Average

Naphthalene

Molecular Weight, g/g-mole

Target Catch, ng

ngtoug

Concentration, pg/dscm *

Emission Rate, pg/hr®

Emission Rate, Ib/hr ¢

Pounds per Ton of Coke Pushed
2-Methylnaphthalene

Molecular Weight, g/g-mole

Target Catch, ng

ng to ug

Concentration, pg/dscm *

Emission Rate, pg/hr b

Emission Rate, Ib/hr ¢

Pounds per Ton of Coke Pushed
Acenaphthylene

Molecular Weight, g/g-mole

Target Catch, ng

ngtoug

Concentration, pg/dscm *

Emission Rate, pg/hr®

Emission Rate, lb/hr

Pounds per Ton of Coke Pushed
Acenaphthene

Molecular Weight, g/g-mole

Target Catch, ng

ngtopg

Concentration, pg/dscm *

Emission Rate, pg/hr b

Emission Rate, Ib/hr ©

Pounds per Ton of Coke Pushed
Fluorene

Molecular Weight, g/g-mole

Target Catch, ng

ngto ug

Concentration, pg/dscm *

Emission Rate, pg/hr b

Emission Rate, Ib/hr ©

Pounds per Ton of Coke Pushed

128.16
289,660
289.7
65.1
7,098,639
1.56E-02
4.71E-04

142.20
54,975
55.0
12.36
1,347,261
2.97E-03
8.94E-05

154.21
50,000

50.0

11.24
1,225,340

2.70E-03

8.13E-05

154.21
7,000
7.00
1.574
171,548
3.78E-04
1.14E-05

166.21
21,000
21.00
4.72
514,643
1.13E-03
3.42E-05

128.16
94,660

94.7

34.6

2,352,729

5.19E-03

1.44E-04

142.20
23,975
24.0
8.77
595,887
1.31E-03
3.66E-05

154.21
22,000
220
8.05
546,799
1.21E-03
3.36E-05

154.21
2,500
2.50
0.914
62,136
1.37E-04
3.81E-06

166.21
7,500
7.50
2.74
186,409
4.11E-04
1.14E-05

128.16
109,660
109.7
26.5
2,692,659
5.94E-03
1.71E-04

142.20
35,975

36.0

8.71

883,352

1.95E-03

5.61E-05

154.21
17,000

17.0

4.11
417,429

9.20E-04

2.65E-05

154.21
3,500
3.50
0.847
85,941
1.89E-04
5.46E-06

166.21
8,800
8.80
2.13
216,081
4.76E-04
1.37E-05

164,660
164.7

42.1
4,048,009
8.92E-03
2.62E-04

38,308
383
9.95
942,167
2.08E-03
6.07E-05

29,667
29.7
7.80

729,856
1.61E-03
4.71E-05

4,333
433
1L.112
106,542
2.35E-04
6.89E-06

12,433
12.43
3.20

305,711
6.74E-04
1.98E-05




A-0-429-1  A-0-4202  A-Q429-3  Average

Phenanthrene

Molecular Weight, g/g-mole 178.22 178.22 178.22

Target Catch, ng 65,976 44,976 26,976 45,976

ngto pg 66.0 45.0 27.0 46.0

Concentration, pg/dscm * 14.8 16.5 6.5 12.6

Emission Rate, pg/hr® 1,616,861 1,117,857 662,385 1,132,368

Emission Rate, Ib/hr ° 3.56E-03 2.46E-03 1.46E-03 2.50E-03

Pounds per Ton of Coke Pushed 1.07E-04 6.86E-05 4.21E-05 7.27E-05
Anthrancene

Molecular Weight, g/g-mole 178.22 178.22 178.22

Target Catch, ng . 20,000 3,300 5,100 9,467

ng to pg 20.00 3.30 5.10 9.47

Concentration, pg/dscm * 4.50 1.21 1.23 2.31

Emission Rate, pfg/hr b 490,136 82,020 125,229 232,461

Emission Rate, Ib/hr © 1.08E-03 1.81E-04 2.76E-04 5.12E-04

Pounds per Ton of Coke Pushed 3.25E-05 5.03E-06 7.95E-06 1.52E-05
Fluoranthene

Molecular Weight, g/g-mole 178.22 178.22 178.22

Target Catch, ng 20,000 3,300 5,100 9,467

ngto ug 20.00 3.30 5.10 9.47

Concentration, pg/dscm * 4.50 1.21 1.23 2.31

Emission Rate, pg/hr " 490,136 82,020 125,229 232,461

Emission Rate, Ib/hr © 1.08E-03 1.81E-04 2.76E-04 5.12E-04

Pounds per Ton of Coke Pushed 3.25E-05 5.03E-06 7.95E-06 1.52E-05
Pyrene

Molecular Weight, g/g-mole 202.24 202.24 202.24

Target Catch, ng 16,000 8,100 6,400 10,167

ngtopg 16.00 8.10 6.40 10.17

Concentration, pg/dsem * 3.60 2.96 1.55 2.70

Emission Rate, pg/hr b 392,109 201,322 157,150 250,193

Emission Rate, lb/hr © 8.64E-04 4.44E-04 3.46E-04 5.52E-04

Pounds per Ton of Coke Pushed 2.60E-05 1.24E-05 9.98E-06 1.61E-05
Benzo (a) anthrancene

Molecular Weight, g/g-mole 228.29 228.29 228.29

Target Catch, ng 290 240 240 257

ngtoug 0.290 0.240 0.240 0.257

Concentration, pg/dscm * 0.0652 0.0878 0.0581 0.0704

Emission Rate, pg/hr® 7,107 5,965 5,893 6,322

Emission Rate, Ib/hr © 1.57E-05 1.32E-05 1.30E-05 1.39E-05

Pounds per Ton of Coke Pushed 4.72E-07 3.66E-07 3.74E-07 4.04E-07




Chrysene
Molecular Weight, g/g-mole 228.28 228.28 228.28
Target Catch, ng 740 640 690 690
ngto ug 0.740 0.640 0.690 0.690
Concentration, pg/dscm * 0.166 0.234 0.167 0.189
Emission Rate, pg/hr® 18,135 15,907 16,943 16,995
Emission Rate, 1b/hr © 4.00E-05 3.51E-05 3.74E-05 3.75E-05
Pounds per Ton of Coke Pushed 1.20E-06 9.76E-07 1.08E-06 1.09E-06
Benzo (b) fluoranthene
Molecular Weight, g/g-mole 252.32 252.32 252.32
Target Catch, ng 200 180 210 197
ngtopug 0.200 0.180 0.210 0.197
Concentration, pg/dscm * 0.0450 0.0658 0.0508 0.0539
Emission Rate, pg/hr® 4,901 4,474 5,156 4,844
Emission Rate, 1b/hr © 1.08E-05 9.86E-06 1.14E-05 1.07E-05
Pounds per Ton of Coke Pushed 3.25E-07 2.75E-07 3.27E-07 3.09E-07
Benzo (k) fluoranthene
Molecular Weight, g/g-mole 252.32 252.32 252.32
Target Catch, ng 200 160 140 167
ngto ug 0.200 0.160 0.140 0.167
Concentration, pg/dscm ® 0.0450 0.0585 0.0339 0.0458
Emission Rate, pg/hr® 4,901 3,977 3,438 4,105
Emission Rate, Ib/hr © 1.08E-05 8.77E-06 7.58E-06 9.05E-06
Pounds per Ton of Coke Pushed 3.25E-07 2.44E-07 2.18E-07 2.63E-07
Benzo (e) pyrene
Molecular Weight, g/g-mole 252.30 25230 252.30
Target Catch, ng 130.0 ND 110.0 80.0
ngtopg 0.1300 0.0000 0.1100 0.0800
Concentration, pg/dscm * 0.0292 0.0000 0.0266 0.0186
Emission Rate, pg/hr® 3,186 0 2,701 1,962
Emission Rate, Ib/hr © 7.02E-06 0.00E+00 5.95E-06 4.33E-06
Pounds per Ton of Coke Pushed 2.11E-07 0.00E+00 1.72E-07 1.28E-07
Benzo (a) pyrene
Molecular Weight, g/g-mole 252.30 25230 252.30
Target Catch, ng ND ND ND 0.00
ng to pug 0.00 0.00 0.00 0.00
Concentration, pg/dscm * 0.00000 0.00000 0.00000 0.00000
Emission Rate, pg/hr® 0 0 0 0
Emission Rate, Ib/hr © 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pounds per Ton of Coke Pushed 0.00E+00 0.00E+00 0.00E+00 0.00E+00




Perylene
Molecular Weight, g/g-mole 202.24 202.24 202.24
Target Catch, ng ND ND ND 0.00
ngto ug 0.00 0.00 0.00 0.00
Concentration, pg/dscm * 0.00000 0.00000 0.00000 0.00000
Emission Rate, pg/hr b 0 0 0.00 OJ
Emission Rate, Ib/hr © 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pounds per Ton of Coke Pushed 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Indeno (1,2,3-cd) pyrene
Molecular Weight, g/g-mole 290.34 290.34 290.34
Target Catch, ng ND ND ND 0.001
ngtoug 0.00 0.00 0.00 0.00
Concentration, pg/dscm * 0.00000 0.00000 0.00000 0.00000L
Emission Rate, pg/hr b 0 0 0 0
Emission Rate, Ib/hr © 0.00E+00 0.00E+00 0.00E+00 0.00E-+00
Pounds per Ton of Coke Pushed 0.00E+00 0.00E+00 0.00E+00 0.00E+00}
IDibenz (a,h) anthracene
Molecular Weight, g/g-mole 278.33 278.33 278.33
Target Catch, ng ND ND ND 0.001
ng to ug 0.00 0.00 0.00 0.00
Concentration, pg/dscm * 0.00000 0.00000 0.00000 0.00000
Emission Rate, pg/hr ® 0.0 0.00 0.00 0.00
Emission Rate, Ib/hr ¢ 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pounds per Ton of Coke Pushed 0.00E+00 0.00E+00 0.00E+00 0.00E+OOJ
Benzo (g,h,i) perylene
Molecular Weight, g/g-mole 276.34 276.34 276.34
Target Catch, ng ND ND ND 0.00
ngto pug 0.00 0.00 0.00 0.00
Concentration, pg/dscm *® 0.00000 0.00000 0.00000 0.00000
Emission Rate, pg/hr b 0 0 0 0
Emission Rate, Ib/hr ¢ 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pounds per Ton of Coke Pushed 0.00E+00 0.00E+00 0.00E+00 0.00E+00
: Milligrams per dry standard cubic meter at 68° F (20° C) and 1 atm.
b Micrograms per hour.
° Pounds per hour.
IND  Not Detectable - Results are below target analyte detection limit. Values are counted as zero (0) in averages.
{} Estimate - Analyte results are below the quantitation limit and above the detection limit.




Summary of Stack Gas Parameters and Test Results
ABC Coke - Birmingham, Alabama
CARB Method 429 - PAH's

Underfire Stack
Page 1 of 1
RUN NUMBER A-U-429-1 A-U-429-2 A-U-429-3 A-U-429-4
RUN DATE 9/24/98 9/24/98 9/25/98 9/25/98 Average*
RUN TIME 1025-1345 1443-1812 0738-1029 1110-1427
MEASURED DATA
Y Meter Box Correction Factor 1.002 1.002 1.002 1.002 1.002
AH Avg. Meter Orifice Pressure, in. H,0 1.396 1.344 1.034 1.340 1.360
Poar Barometric Pressure, inches Hg 29.85 29.85 29.85 29.85 29.85
Ve Sample Volume, f* 109.964 117.850 97.169 118.132 115.315
Tm Average Meter Temperature, °F 99 103 87 102 101
Pataic Stack Static Pressure, inches H,0 -1.00 -1.00 -1.00 -1.00 -1.00
Ts Average Stack Temperature, °F 435 454 465 460 450
Vie Condensate Collected, mi 429.8 408.8 3258 370.2 402.9
CO, Carbon Dioxide content, % by volume 27 2.95 2.65 2.8 2.82
O Oxygen content, % by volume 14.70 15.00 13.20 13.50 14.40
Nz Nitrogen content, % by volume 82.60 82.05 84.15 83.70 82.78
[0 Pitot Tube Coefficient 0.84 0.84 0.84 0.84 0.84
Ap"2 Average Square Root Dp, (in. HzO)m 0.0994 0.0924 0.0830 0.0941 0.0953
Circular Stack? 1=Y,0=N: 1 1 1 1 1.0000
As Diameter or Dimensions, inches: 187 187 187 187 187
e Sample Run Duration, minutes 180 180 1725 180 180
Da Nozzle Diameter, inches 0.740 0.740 0.740 0.740 0.740
Charge Tons of Coal Charged 168.63 183.96 0.00 122.64 158.41
Total Test Time, hours 3.33 3.48 2.85 3.28 3.36
Tons of Coal per Hour 50.6 52.9 0.0 37.4 47.0
CALCULATED DATA
Aq Nozzle Area, ft? 0.002987 0.002987 0.002987 0.002987 0.002987
Vinstd) Standard Meter Volume, dscf 104.145 110.807 93.963 111.268 108.740
Vingstd) Standard Meter Volume, dscm 2.949 3.138 2.661 3.151 3.079
Qnm Average Sampling Rate, dscfm 5.79E-01 6.16E-01 5.45E-01 6.18E-01 6.04E-01
Bw Moisture, % by volume 16.3 148 14.0 13.5 14.9
Bunesy Moisture (at saturation), % by volume 25715 3131.8 3486.5 3326.9 30101
Vieats Standard Water Vapor Volume, f° 20.231 19.242 15.335 17.425 18.966
1-B Dry Mole Fraction 0.837 0.852 0.860 0.865 0.851
My Molecular Weight (d.b.), ibbsmole 29.02 29.07 28.95 28.99 29.03
M, Molecular Weight (w.b.), Ib/ib-mole 27.23 27.43 27.42 27.50 27.38
Ve Stack Gas Velocity, fUs 75 7.0 6.3 7.2 72
A Stack Area, f? 180.7 190.7 190.7 180.7 190.73
Q, Stack Gas Volumetric flow, acfm 85,825 80,320 72,571 81,966 82,704
Q, Stack Gas Volumnetric flow, dscfm 42,176 39,328 35,427 40,461 40,655
Qqtemm) Stack Gas Volumetric flow, dsemm 1,194 1114 1,003 1,146 1,151
| Isokinetic Sampling Ratio, % 87.6 100.0 98.2 97.6 951

*Averages do not include A-U-429-3. This was a non-pushing baseline test run.




quantdata

Underfire Stack

Trunc'd

Naphthal
2-Methyl
Acenaph
Acenaph
Fluorene
Phenant
Anthranc
Fluorant
Pyrene
Benzo (a
Chrysen
Benzo (b
Benzo (k
Benzo (e
Benzo (a
Perylene
Indeno (

Dibenz (

|Benzo (g

CMPD

cmpdi
cmpd2
cmpd3
cmpd4
cmpd5
cmpd6
cmpd?
cmpd8
cmpd9
cmpd10
cmpd11
cmpd 12
cmpdi3
cmpdi4
cmpdi15
cmpdi6
cmpi17
cmpdi8
cmpdi9

Quanterra Compound Name

Naphthalene
2-Methylnaphthatene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthrancene
Fluoranthene

Pyrene

Benzo (a) anthrancene
Chrysene

Benzo (b) fluoranthene
Benzo (k) fluoranthene
Benzo (e) pyrene
Benzo (a) pyrene
Perylene

Indeno (1.2,3-cd) pyrene

Dibenz (a,h) anthracene

|Benzo (g.h,i) perylene

1

10

12
13
14
15
16
17
18

18

Mol. Wt.

128.16

142.2
154.21
154.21
166.21
178.22
178.22
202.26
202.24
228.29
228.28
252.32
252.32

252.3

252.3
202.24
290.34
278.33
276.34

Method Blank

340
25
0

R o

0O O O O 0O O 0O O O o O o o

A-U-429-1 Blank Adjusted

100,000 99,660
2,900 2,875
16,000 16,000
280 280
930 930
11,000 10,976
310 310
5,400 5,400
2,700 2,700
160 160
380 380
270 270

0 ND
290 290
230 230

0 ND

0 ND

0 ND

0 ND

A-U-429-2

130,000
2,300
68,000
240
690
20,000
460
12,000
21,000
100
460
420
130
1,400
210

0
0
0
0

Blank Adjusted

129,660
2,275
68,000
240
690
19,976
460
12,000
21,000
100
460
420
130
1,400
210
ND
ND
ND
ND

A-U-429-3

76,000
1,600
13,000
120
360
9,900
220
4,800
3,300
0
290
210

350

0o o O O o

Blank Adjusted

75,660
1,575
13,000
120
360
9,876
220
4,800
3,300
ND
290
210
ND
350
ND
ND
ND
ND
ND

A-U-429-4  Blank Adjusted

99,000 98,660
4,400 4,375
NC NC
240 240
1,300 1,300
1,800 1,776
280 280
7,100 7,100
4,600 4,600
150 150
520 520
260 260
110 110
300 300
160 160
0 ND
0 ND
0 ND
0 ND




Underfire Stack

Naphthalene
Molecular Weight, g/g-mole 128.16 128.16 128.16 128.16
Target Catch, ng 99,660 129,660 75,660 98,660 109,327
ngto ug 99.66 129.66 75.66 98.66 109.33
Concentration, pg/dscm * 33.79 41.32 28.44 31.31 35.48
Emission Rate, pg/hr 2,421,573 2,761,196 1,711,580 2,152,550 2,445,106
Emission Rate, Ib/hr © 5.34E-03 6.09E-03 3.77E-03 4.75E-03 5.39E-03
Pounds per Ton of Coal Charged 1.05E-04 1.15E-04 0.00E+00 1.27E-04 1.16E-04
2-Methylnaphthalene
Molecular Weight, g/g-mole 142.20 142.20 142.20 142.20
Target Catch, ng 2,875 2,275 1,575 4,375 3,175
ng to ug 2.88 2.28 1.58 438 3.18
Concentration, pg/dscm * 0.97 0.725 0.59 1.39 1.03
Emission Rate, pg/hr° 69,858 48,443 35,630 95,453 71,253
Emission Rate, Ib/hr © 1.54E-04 1.07E-04 7.85E-05 2.10E-04 1.57E-04
Pounds per Ton of Coal Charged 3.04E-06 2.02E-06 0.00E+00 5.63E-06 3.56E-06
Acenaphthylene
Molecular Weight, g/g-mole 154.21 154.21 154.21 154.21
Target Catch, ng 16,000 68,000 13,000 NC 42,000
ng to pg 16.00 68.00 13.00 NC 42.00
Concentration, pg/dscm * 5.425 21.672 4.886 NC 13.549
Emission Rate, pg/hr ° 388,774 1,448,105 294,086 NC 918,439
Emission Rate, Ib/hr © 8.57E-04 3.19E-03 6.48E-04 NC 2.02E-03
Pounds per Ton of Coal Charged 1.69E-05 6.04E-05 0.00E+00 0.00E+00 2.58E-05
Acenaphthene
Molecular Weight, g/g-mole 154.21 154.21 154.21 154.21
Target Catch, ng 280.00 240.00 120.00 240.00 253.33
ngto pug 0.28 0.24 0.12 0.24 0.25
Concentration, pg/dscm * 0.0949 0.0765 0.0451 0.0762 0.0825
Emission Rate, pg/hr b 6,804 5,111 2,715 5,236 5,747
Emission Rate, 1b/hr © 1.50E-05 1.13E-05 5.98E-06 1.15E-05 1.26E-05
Pounds per Ton of Coal Charged 2.96E-07 2.13E-07 0.00E+00 3.09E-07 2T73E-07
Fluorene
Molecular Weight, g/g-mole 166.21 166.21 166.21 166.21
Target Catch, ng 930 690 360 1,300 973
ng to ug 0.93 0.69 0.36 1.30 0.97
Concentration, pg/dscm * 0.3154 0.2199 0.1353 0.4126 0.3160}
Emission Rate, pg/hr ° 22,597 14,694 8,144 28,363 21,885
Emission Rate, Ib/hr © 4.98E-05 3.24E-05 1.80E-05 6.25E-05 4.82E-05,
Pounds per Ton of Coal Charged 9.84E-07 6.13E-07 0.00E+00 1.67E-06 1.09E-06/




A-U-429-1 A-U-420-2 A-U-429-3 A-U-420-4  Average'

Phenanthrene

Molecular Weight, g/g-mole 178.22 178.22 178.22 178.22

Target Catch, ng 10,976 19,976 9,876 1,776 10,909

ngto pg 10.98 19.98 9.88 1.78 10.91

Concentration, pg/dsem * 3.722 6.366 3712 0.564 355

Emission Rate, pg/hr b 266,699 425,402 223,415 38,749 243,616

Emission Rate, Ib/hr ¢ 5.88E-04 9.38E-04 4.93E-04 8.54E-05 5.37E-04

Pounds per Ton of Coal Charged 1.16E-05 1.77E-05 0.00E+00 2.28E-06 1.05E-05}
Anthrancene

Molecular Weight, g/g-mole 178.22 178.22 178.22 178.22

Target Catch, ng 310.00 460.00 220.00 280.00 350.00

ngto pug 0.31 0.46 0.22 0.28 0.35}

Concentration, pg/dscm * 0.10512 0.14660 0.08268 0.08887 0.1 l353f‘"

Emission Rate, pg/hr ° 7,532 9,796 4,977 6,109 7.812- }

Emission Rate, lb/hr © 1.66E-05 2.16E-05 1.10E-05 1.35E-05 1.72E-05}

Pounds per Ton of Coal Charged 3.28E-07 4.09E-07 0.00E+00 3.60E-07 3.66E07]
Fluoranthene

Molecular Weight, g/g-mole 202.26 202.26 202.26 202.26

Target Catch, ng 5400.00 12000.00 4800.00 7100.00 8166.67)

ng to pg 5.40 12.00 4.80 7.10 8.7}

Concentration, pg/dscm * 1.8311 3.8245 1.8040 2.2534 2.6363?‘?

Emission Rate, pg/hr® 131,211 255,548 108,586 154,907 180,555/?%;

Emission Rate, Ib/hr © 2.89E-04 5.63E-04 2.39E-04 3.42E-04 3.98E-04

Pounds per Ton of Coal Charged 5.71E-06 1.07E-05 0.00E+00 9.13E-06 8.50E-06‘L§‘
Pyrene

Molecular Weight, g/g-mole 202.24 202.24 202.24 202.24

Target Catch, ng 2700.00 21000.00 3300.00 4600.00

ng to pug 2.70 21.00 3.30 4.60

Concentration, pg/dscm * 0.9155 6.6928 1.2403 1.4600

Emission Rate, pg/hr b 65,606 447,209 74,653 100,362

Emission Rate, Ib/hr ° 1.45E-04 9.86E-04 1.65E-04 2.21E-04

Pounds per Ton of Coal Charged 2.86E-06 1.87E-05 0.00E+00 5.92E-06
Benzo (a) anthrancene )

Molecular Weight, g/g-mole 228.29 228.29 228.29 228.29

Target Catch, ng 160.00 100.00 ND 150.00

ngto pg 0.16 0.10 0.00 0.15

Concentration, pg/dsem * 0.05425 0.03187 0.00000 0.04761

Emission Rate, pg/hr® 3,888 2,130 0 3,273

Emission Rate, Ib/hr © 8.57E-06 4.69E-06 0.00E+00 7.22E-06

Pounds per Ton of Coal Charged 1.69E-07 8.88E-08 0.00E+00 1.93E-07 *




A-U-429-1 A-U-429-2 A-U-429-3 A-U-4294

Chrysene
Molecular Weight, g/g-mole
Target Catch, ng
ngto pug
Concentration, pg/dscm *
Emission Rate, pg/hr®
Emission Rate, Ib/hr ©
Pounds per Ton of Coal Charged
Benzo (b) fluoranthene
Molecular Weight, g/g-mole
Target Catch, ng
ngto ug
Concentration, pg/dscm *
Emission Rate, pg/hr®
Emission Rate, Ib/hr ¢
Pounds per Ton of Coal Charged
Benzo (k) fluoranthene
Molecular Weight, g/g-mole
Target Catch, ng
ngtoug
Concentration, pg/dscm *
Emission Rate, pg/hr b
Emission Rate, Ib/hr
Pounds per Ton of Coal Charged
Benzo (e) pyrene
Molecular Weight, g/g-mole
Target Catch, ng
ngto ug
Concentration, pg/dscm *
Emission Rate, pg/hr b
Emission Rate, Ib/hr ¢
Pounds per Ton of Coal Charged
Benzo (a) pyrene
Molecular Weight, g/g-mole
Target Catch, ng
ngtopug
Concentration, pg/dscm *
Emission Rate, pg/hr®
Emission Rate, Ib/hr

Pounds per Ton of Coal Charged

228.28
380.00
0.38
0.1289
9,233
2.04E-05
4.02E-07

252.32
270.00
0.27
0.0916
6,561
1.45E-05
2.86E-07

252.32
ND
0.00
0.0000

0
0.00E+00
0.00E+00

25230
290.00
0.29
0.0983
7,047
1.55E-05
3.07E-07

252.30
230.00
0.23
0.0780
5,589
1.23E-05
2.43E-07

228.28
460.00
0.46
0.1466
9,796
2.16E-05
4.09E-07

252.32
420.00
0.42
0.1339
8,944
1.97E-05
3.73E-07

252.32
130.00
0.13
0.0414
2,768
6.10E-06
1.15E-07

252.30
1400.00
1.40
0.4462
29,814
6.57E-05
1.24E-06

252.30
210.00
0.21
0.0669
4,472
9.86E-06
1.87E-07

228.28
250.00
0.29
0.1090
6,560
1.45E-05
0.00E+00

252.32
210.00
0.21
0.0789
4,751
1.05E-05
0.00E+00

252.32
ND
0.00
0.0000

0
0.00E+00
0.00E+00

25230
350.00
0.35
0.1315
7,918
1.75E-05
0.00E+00

252.30
ND
0.00
0.0000

0
0.00E+00
0.00E+00

228.28
520.00
0.52
0.1650
11,345
2.50E-05
6.69E-07

252.32
260.00
0.26
0.0825
5,673
1.25E-05
3.34E-07

252.32
110.00
0.11
0.0349
2,400
5.29E-06
1.42E-07

252.30
300.00
0.30
0.0952
6,545
1.44E-05
3.86E-07

252.30
160.00
0.16
0.0508
3,491
7.70E-06
2.06E-07

453.33
0.45
0.1468
10,125
2.23E-05
4.93E-07

316.67
0.32
0.1026
7,059
1.56E-05
3.31E-07

80.00
0.08
0.0254
1,723
3.80E-06
8.57E-08

663.33
0.66
0.2132
14,469
3.19E-05
6.45E-07

200.00
0.20
0.0652
4,517
9.96E-06
2.12E-07




Perylene
Molecular Weight, g/g-mole 202.24 202.24 202.24 202.24
Target Catch, ng ND ND ND ND 0.00
ng to ug 0.00 0.00 0.00 0.00 o |
Concentration, pg/dscm ® 0.00 0.00 0.00 0.00 oaf |
Emission Rate, pg/hr ° 0 0.00 0.00 0.00 .
Emission Rate, Ib/hr © 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 [
Pounds per Ton of Coal Charged 0.00E+00 0.00E+00 0 0.00E+00 0.00E+00}
Indeno (1,2,3-cd) pyrene
Molecular Weight, g/g-mole 290.34 290.34 290.34 290.34 3
Target Catch, ng ND ND ND ND o0}
ngto pg 0.00 0.00 0.00 0.00 000}
Concentration, pg/dscm * 0 0 0 0 0"?
Emission Rate, pg/hr ” 0 0 0 0 of
Emission Rate, Ib/hr © 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pounds per Ton of Coal Charged 0.00E+00 0.00E+00 0 0.00E+00 0.00E+0‘0:I§
Dibenz (a,h) anthracene ‘
Molecular Weight, g/g-mole 278.33 278.33 278.33 278.33
Target Catch, ng ND ND ND ND
ngto ug 0.00 0.00 0.00 0.00
Concentration, pg/dscm * 0.00000 0.00000 0.00000 0.00000
Emission Rate, pg/hr b 0 0 0 0
Emission Rate, Ib/hr © 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Pounds per Ton of Coal Charged 0.00E+00 0.00E+00 0 0.00E+00
Benzo (g,h,i) perylene
Molecular Weight, g/g-mole 276.34 276.34 276.34 276.34 :
Target Catch, ng ND ND ND ND o)
ng to pg 0.00 0.00 0.00 0.00 00
Concentration, pg/dscm * 0.0000 0.0000 0.0000 0.0000 0.000@:
Emission Rate, pg/hr® 0 0 0 0 Oa
Emission Rate, Ib/hr © 0.00E+00 0.00E+00 0.00E+00 0.00E+00 o.001-:+o@
Pounds per Ton of Coal Charged 0.00E+00 0.00E+00 0 0.00E+00 0.00E+0(§

. Milligrams per dry standard cubic meter at 638° F (20° C) and 1 atm. {

Micrograms per hour.
Pounds per hour.
Averages do not include A-U-429-3. This was a non-pushing baseline test run.

ND Not Detectable - Results are below target analyte detection limit. Values are counted as zero (0) in averages.

{} Estimate - Analyte results are below the quantitation limit and above the detection limit.
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PROCEDURES AUDIT FOR METHOD 315
ERG LABORATORIES

The following is a record of a visit to ERG Labs to evaluate their procedures and
handling of Method 315 samples of emission tests from coke ovens. The work was performed by
ERG chemist Mr. Linh Nguyen under the direction of Dr. Joan T. Bursey, Laboratory Director.

The first objective was to observe the procedure for weighing the samples. After the
samples were logged in, they were transferred to the weighing room, which is temperature and
humidity controlled. The samples were then put in desiccators to desiccate for twenty-four hours
before being weighed. The samples were then weighed on a laboratory balance. The balance
was located on a weighing table, which is especially designed to add stability and provide more
accurate weight measurements.

Because the analysis of Method 315 samples for Methylene Chloride Extractable Matter
(MCEM) is done over a period of about seven to eight working days, it was not possible to
observe the analysis in its entirety. It was decided to observe two segments of the analysis on
separate visits. During the first visit the procedures handling of the filters for MCEM analysis,
were observed to verify that the analyses were done according to section 11.2.1.2 of the method.
The chemist was very meticulate in his work and explained the procedures as they were
occurring and answered questions as they were raised. The second visit was about four days later
or midway into the analysis. This segment included the MCEM analysis of the impinger
solutions. This was done following the procedures in section 11.2.4.1 of the method. This
involved the adding of a known quantity of methylene chloride to the impinger water in a
separatory funnel and extracting off the phase that had separated. This was done a total of three
times. The extracts were then heated to near dryness, transferred to an aluminum dish where the
extract was allowed to dry and reach equilibration in the balance room. The sample was then
weighed to the nearest 0.1 mg. After analysis was completed and data computed, the data was
reviewed by the laboratory director for accuracy and completeness.

This observer did not notice any sample handling or analytical procedures outside the
procedures of Method 315 that would result in the invalidation of data for the above referenced
project.



Pacific Environmen

Services, Inc.

Memo

To: PES Project File S511.000

From: Franklin Meadows, Project Manager
CC:

Date: 12/15/98

Re: First Analytical Laboratory Visit

The PM and MCEM sample residues were hand delivered by the PES Project Manager to
First Analytical Laboratory (FAL) for subsequent analysis for 17 trace metals. The samples were
received in a dedicated sample receiving area where they were unpacked and arranged by Run
Number and sample fraction. The samples were inspected for integrity, damage, and chain-of-custody
documentation. All of the samples were received in good condition and all were accounted for.

Once the samples were accounted for, Dr. William A. Wadlin, FAL Laboratory Manager,
assigned a project number to the PES project and logged the samples into FAL's sample tracking
system. Each sample and sample fraction was assigned a unigue identification number and the
samples were again compared to the sample chain-of-custody document.

During the sample preparation stage, each sample digestate was labelled with the original
sample identification code. These numbers were used to track the sample through the sample
preparation and digestion process. All raw data printouts and calibration curves are labelled with the
identification number. These numbers were used throughout the preparation and analysis to the final
report of the results, so that a paper trail could be generated for each analytical result that tracks the
result back to the original sample.

A walk-through of the laboratory indicated that the laboratory was well organized, clean, and
well maintained. The samples were prepared and analyzed by Dr. Wadlin. Standard FAL procedure is
to analyze the samples progressively first using the procedure having the least analytical sensitivity
followed by the procedure having the next best analytical sensitivity. The laboratory continuously
monitors instrument performance and makes necessary instrument repairs in advance of instrument
failure so that samples do not need to be re-analyzed due to instrument ‘performance outside the
method QC requirements.

FAL has been participating in the EPA's quarterly audit for metals analysis (lead) for the past
three years. FAL is also approved by EPA Region | for EPA Method 29 analyses.

® Page 1



PERFORMANCE AUDIT

Laboratory: Quanterra Environmental Services, Inc.
Address: 880 Riverside Parkway
West Sacramento, California

Telephone: 916-374-4333
INTRODUCTION

On December 16, 1998, Mr. Dennis Becvar of Pacific Environmental Services,
Inc. (PES), Baldwin Park, California, conducted a performance audit of laboratory work
just completed by Quanterra Laboratories (Project No. 301802) for PES. The audit was
conducted at the request of the PES office in Research Triangle Park, North Carolina, for
samples collected by PES under contract to US EPA at ABC Coke, Birmingham,
Alabama (PES Project No. S512.000). The source testing and sample analysis for
polyaromatic hydrocarbons was conducted following the procedures of California Air
Resources Board Method 429 as published on August 9, 1996.

The audit included a review of quality assurance and quality control procedures,
sample handling, sample analysis, and data reporting. During this audit the laboratory
was represented by Mr. Eric Redman, Manager of Advanced Technology. All of the
analytical data and other documentation for this project were available for review by the
auditor at the time of this audit. Also, Quanterra Project Manager, Mr. Robert

Weidenfeld, was available during this audit.

OVERVIEW OF LABORATORY MANAGEMENT AND QUALITY
ASSURANCE PROGRAM

Sample receiving and log-in

The samples for this project were delivered at 1530 hours on September 29, 1998,
directly from the field to the laboratory by PES. A review of the sample log-in sheet

indicated sample temperatures had exceeded the temperature range specified by the



method. Sample temperatures ranged from 8°C to 23°C. The method specifies that the
temperatures of the samples upon receipt are to be 4°C £ 2°C. No other anomolies were
recorded by the laboratory upon sample receipt. The sample log-in or “project receipt
checklist” (copy attached) used by Quanterra allows for the early “flagging” of problems
with samples when received by the laboratory. After the samples were logged into the
laboratory information management system (LIMs) they were immediately transferred
and stored in a refrigerator until sample recovery. The temperature of the refrigerator

housing the samples was maintained within the allowable range.

It should be noted that the PES project manager was not notified by the laboratory
that the sample temperatures of the samples received were outside the allowable range.
The laboratory indicated that they did inform the PES technician of the sample

temperatures.

Sample extraction and concentration

The samples were extracted on October 3, 1998, within the 21 day period after
sample collection as specified by CARB Method 429. The various fractions from the
Modified Method 5 sampling train were combined into one composite sample per test
run. In order to determine matrix effects each sample was spiked with a PAH surrogate
13c-fluorene. After extraction each sample was concentrated on a rotary evaporator to a
volume of 10 mls. Each sample was then equally split: a total of 5 mls were set aside as
a sample retain, and the remaining 5 mls were further concentrated in preparation for
analysis. The final concentration step was conducted with a turbo extractor using
nitrogen. The extraction laboratory technician did not encounter any special problems
nor did he note any anomolies with the samples. The standard laboratory practice is to

maintain a sample split of each sample received for a period of thirty days.



Analysis
The analysis for this project work was conducted on GC/MS identified as “VA-4”

equipped with column “DB-5”. The Method Detection Level (MDL) for this analytical
procedure was established approximately one year ago. According to Mr. Redman the
MDL was established by following the procedures of CARB Method 429. The practical
quantification level (PQL) is based on 5X the MDL as stated by the method. Prior to
analysis the instrument was standardized with known standards of 10, 50, 100, 200 and
500 ug to establish a five point calibration for each of the polyaromatic hydrocarbons
included in Method 429. Each standard was injected at least five times, and from this
data the average response factor, relative response factor, standard deviation and relative
standard deviation were calculated for each PAH. For each analyte, a deutorated
surrogate in the same concentration was used. Also, each sample contained an internal
standard to which each analysis was normalized. During instrument standardization a
response factor was established for each analyte based on the five point calibration just
described. A relative response factor was also determined based on the internal standard

of d;4-Terphenyl.

The standards for calibrating the instrument were prepared by diluting a stock
standard prepared and certified by the National Institute of Standards and Technology
(NIST). When a new standard is prepared, it is standard laboratory practice to compare it
to the previous standard to assure the correct dilution was achieved. Since the laboratory
has a sufficiently high volume of analytical work, the standards are generally expended

within a month.

The concentration of PAH’s in the inlet samples were sufficiently high that
several dilutions with iso-octane were required to dilute the sample concentrations within
the standardized range of the instrument. The internal standard was used to determine the

accuracy of any dilutions.



Data Reporting

All of the calibration and sample information are retained by the LIMs. Also,
printouts are made of the instrument standardizations and the various sample
chromatograms. Each PAH analyte has an accompanying deutorated surrogate. All of
the final results are normalized to the internal standard land the deutorated surrogates.
The reported data of several samples were evaluated during the audit. The following

equation is used to calculate the final concentration of a detected analyte:

Cra= (At/Ass) x Mjs ng/(Response Factor x AF))]
Where: Cta = concentration of analyte to be reported
At = area of analyte peak
Ajs = area of internal standard
Mjs = mass of the internal standard in ng
= response factor of analyte compared to the internal standard

RF
AF = aliquot factor (the analysis is based on a 50:50 split of the sample)

If two compounds co-elute, both compounds are reported and the analyst makes
an assessment regarding the identity and concentration of each compound and flags the

data for the final reviewer.

The quality control range for back-to-back injections of samples is £+ 30%, and the

internal standards is + 40%
STAFF EXPERIENCE

The analyst for this project was Saleh Argunrhtin who has more than twenty years
of experience in gc/ms work, and more than five years of experience with PAH’s.
The analytical assist was Adriana Mesman who has eight years of analytical *

experience with more than five years in PAH work.



The data reviewer for this project was Teri Stone who has eight years of
experience working in an analytical laboratory with five years of experience directly with
PAHs.

The report was assembled by Clark Pickell and approved by Eric Redman. Both

scientists have more than twenty years of experience in analytical laboratory work.
OBSERVATIONS

The samples from this project had a significant amount of naphthalene, however,
according to the laboratory the naphthalene concentrations did not interfere with the
analysis for the other PAH’s. The inlet samples did require a significant amount of
dilution, however, it appears the laboratory made every effort to minimize any additional
error introduced through dilutions. The samples upon receipt at the laboratory were
outside the acceptable temperature range, however, since the samples were not exposed
to elevated temperatures the samples should be representative for this source. The
highest temperature recorded by the laboratory was 23°C with most of the samples
averaging 11°C.

The laboratory did follow the quality control requirements specified by the
method as well as the quality control criteria developed by the laboratory.

The laboratory does employ qualified staff to conduct PAH analysis. The results
reported by Quanterra should be considered representative of the samples collected in the

field.

FINDINGS

The PES project manager was not notified regarding the deviation in sample
temperatures upon arrival of the samples at Quanterra. It is recommended the laboratory
incorporate into its LIMs the name and telephone of the PES project manager in order to
quickly notify PES of any concerns regarding the quality of the samples or problems with

the analysis.



PACIFIC ENVIRONMENTAL SERVICES,INC.

TEMPERATURE SENSOR CALIBRATION DATA

FOR STACK THERMOCOUPLES

4700 Duke Drive,
Suite 150

Mason, Ohio

Phone: (513) 398-2556
Fax: (513) 3983342
www.pes.com

THERMOCOUPLE NUMBER: T4A DATE: 12/22/97
BAROMETRIC PRES.(In.Hg): 29.52 REFERENCE:
Mercury-in-glass: ASTM-3F
Other:
AMBIENT TEMP. °F: 72
CALIBRATOR: J.C.
Reference Source® Reference Thermocouple Temperature
point (Specify) Thermometer Potentiometer Difference,”
number Temperature,°F Temperature,°F %
1 Ambient Air 72 72 0.00
2 Cold Bath 52 51 0.20
3 Hot Bath 195 194 0.15
4 Hot Qil 284 283 0.13
*Type of calibration used.
"(cef. temp,*F+460)-(fest thermometer temp.*F+460) X100 100<1.5%

Comments:

ref temp,°F+460

STACK THERMOCOUPLE CALIBRATION FORM

1998 Yearly Calibration



PACIFIC ENVIRONMENTAL SERVICES,INC.

4700 Duke Drive,
Suite 150

Mason, Ohio

Phone: (513) 398-2556
Fax: (513) 3983342

WWww.pes.com
TEMPERATURE SENSOR CALIBRATION DATA
FOR STACK THERMOCOUPLES
THERMOCOUPLE NUMBER: 48 DATE: 12/23/97
BAROMETRIC PRES.(In.Hg): 29.52 REFERENCE:
Mercury-in-glass: ASTM-3F
' Other:
AMBIENT TEMP. °F: 74
CALIBRATOR: J.C.
Reference Source® Reference Thermocouple Temperature
point (Specify) Thermometer Potentiometer Difference,®
number Temperature,’F Temperature,°F %
1 Ambient Air 74 74 0.00
2 Cold Bath 36 42 1.21
3 Hot Bath 208 204 0.60
4 Hot Oil 307 309 0.26
*Type of calibration used.
"(tef. temp °F+460)-(fest thermometer temp °F+460) X100 100<1.5%

Comments:

ref temp,°F+460

STACK THERMOCOUPLE CALIBRATION FORM

1998 Yearly Calibration



PACIFIC ENVIRONMENTAL SERVICES,INC.

TEMPERATURE SENSOR CALIBRATION DATA

FOR STACK THERMOCOUPLES

4700 Duke Drive,
Suite 150

Mason, Ohio

Phone: (513) 398-2556
Fax: (513) 3983342
www.pes.com

THERMOCOUPLE NUMBER: 4E DATE: 12/23/97
BAROMETRIC PRES.(In.Hg): 29.52 REFERENCE:
Mercury-in-glass: ASTM-3F
Other:
AMBIENT TEMP. °F: 74
CALIBRATOR: G.Gay
Reference Source® Reference Thermocouple Temperature
point (Specify) Thermometer Potentiometer Difference,”
number Temperature,°F Temperature,’F %
1 Ambient Air 74 74 0.00
2 Cold Bath 38 38 0.00
3 Hot Bath 203 202 0.156
4 Hot Oil 339 340 0.13
*Type of calibration used.
*(ref. temp °F+460)-(test thermometer temp°F+460) X100 100<1.5%

ref temp,°F+460

Comments:

STACK THERMOCOUPLE CALIBRATION FORM

1998 Yearly Calibration



PACIFIC ENVIRONMENTAL SERVICES,INC.

TEMPERATURE SENSOR CALIBRATION DATA
FOR STACK THERMOCOUPLES

4700 Duke Drive,
Suite 150

Mason, Ohio

Phone: (513) 398-2556
Fax: (513) 3983342
www.pes.com

THERMOCOUPLE NUMBER: 5E DATE: 12/23/97
BAROMETRIC PRES.(In.Hg): 29.52 REFERENCE:
Mercury-in-glass: ASTM-3F
Other:
AMBIENT TEMP. °F: 74
CALIBRATOR: J.C.
Reference Source® Reference Thermocouple Temperature
point (Specify) Thermometer Potentiometer Difference,”
number Temperature,°F Temperature,°F %
1 Ambient Air 74 74 0.00
2 Cold Bath 46 46 0.00
3 Hot Bath 200 200 0.00
4 Hot Qil 318 318 0.00
*Type of calibration used.
"(ref. temp,*F+460)-(test thermometer temp,F+460) X100 100<1.5%
ref temp,°F+460
Comments: ‘

STACK THERMOCOUPLE CALIBRATION FORM

1998 Yearly Calibration



PACIFIC ENVIRONMENTAL SERVICES,INC.

TEMPERATURE SENSOR CALIBRATION DATA
FOR STACK THERMOCOUPLES

4700 Duke Drive,
Suite 150

Mason, Ohio

Phone: (513) 398-2556
Fax: (513) 3983342
www.pes.com

THERMOCOUPLE NUMBER: 12A DATE: 12/24/97
BAROMETRIC PRES.(In.Hg): 29.44 REFERENCE:
Mercury-in-glass: ASTM-3F
Other:
AMBIENT TEMP. °F: 72
CALIBRATOR: S.Simon
Reference Source® Reference Thermocouple Temperature
point (Specify) Thermometer Potentiometer Difference,”
number Temperature,°F Temperature,°F %
1 Ambient Air 72 72 0.00
2 Cold Bath 31 32 0.20
3 Hot Bath 205 206 0.15
4 Hot Oil 352 352 0.00
*Type of calibration used.
"(ref. temp,°F+460)-(test thermometer temp *F+460). X100 100=1.5%

Comments:

ref temp,°F+460

STACK THERMOCOUPLE CALIBRATION FORM

1998 Yearly Calibration



TEMPERATURE SENSOR CALIBRATION FORM

Temperature Sensor No. RE-25(¢ ﬂ&’é\ Sensor Type Xx,- T< _ - Length

Ambient Temp. °F 1z : Barometric Pressure, "Hg > c .21
Reference Temp. Sensor: _Fryed
Date | Ref. | Temp. Temp. °F Temp. | Within | Calibrated
Point | Source Diff. % | Limits By
No. Ref. Test Y/N
Sensor Sensor :
lce
{-zz-9% 1 TeR= 32 3z o h \( (o
mbs,
' 2 [BK 12 &S —=.GS \ &{’u)%
. RolCe \J
3 Aee | T1o 3% -.29Y I \ LD
1 :
2
.
e ————
1
2
3 |
p—— e e e —
1
2
- 3
# — .
1
2
3
1
2
3

(Ref. Temp + 460) - ( Test Temp. + 460)

(Ref. Temp. + 460) x 100 =1.5%

% Temp. Diff =




PACIFIC ENVIRONMENTAL SERVICES, INC.

TEMPERATURE SENSOR CALIBRATION DATA FORM

FOR METER BOX

DATE: 10-16-97 THERMOCOUPLE NUMBER: MB-1
AMBIENT TEMPERATURE: °F BAROMETRIC PRES.(In.Hg): 29.59
CALIBRATOR: G. Gay REFERENCE:
Mercury-in-giass: ASTM 3F
Other:
Reference Source® Reference Thermocouple Temperature
point (Specify) Thermometer Potentiometer Difference,”
number Temperature,°F Temperature,°F °F
INLET
1 Ambient Air 75 75 0
2 Cold Bath 38 38 0
3 Hot Bath 190 190 0
OUTLET
1 Ambient Air 75 74 -1
2 Cold Bath 37 37 0
3 Hot Bath 190 180 0

*Type of calibration used.

®Allowable tolerance +5°F

Comments:

METER BOX




PACIFIC ENVIRONMENTAL SERVICES, INC.

TEMPERATURE SENSOR CALIBRATION DATA FORM

FOR METER BOX
DATE: 10-17-97 THERMOCOUPLE NUMBER: MB-02
AMBIENT TEMPERATURE: °F BAROMETRIC PRES.(In.Hg): 29.5
CALIBRATOR: R.Kolde REFERENCE:
Mercury-in-glass: ASTM 3F
Other:
Reference Source® Reference Thermocouple Temperature
point (Specify) Thermomeéter Potentiometer Difference,’
number Temperature,°F Temperature,°F °F
INLET
1 Ambient Air 70 69 -1
2 ~ Cold Bath 34 34 0
3 Hot Bath 160 159 -1
OUTLET )
1 Ambient Air 70 70 0
2 Cold Bath 34 33 -1
3 Hot Bath 180 160 0

*Type of calibration used.

®Allowable tolerance +5°F

Comments:

METER BOX




PACIFIC ENVIRONMENTAL SERVICES, INC.

TEMPERATURE SENSOR CALIBRATION DATA FORM
FOR METER BOX

DATE: 10-16-97 THERMOCOUPLE NUMBER: MB-13 in/out
AMBIENT TEMPERATURE: °F BAROMETRIC PRES.(In.Hg): 29.59
CALIBRATOR: G. Gay REFERENCE:
Mercury-in-glass: ASTM 3F
Other:
Reference Source® Reference Thermocouple Temperature
point (Specify) Thermometer Potentiometer Difference,”
number Temperature,°F Temperature,°F °F
INLET
1 Ambient Air 74 74 0]
2 Cold Bath 30 31 1
3 Hot Bath 190 190 0
OUTLET
1 Ambient Air 73 72 -1
2 Cold Bath 32 31 -1
3 Hot Bath 190 190 0

*Type of calibration used.

®Allowable tolerance +5°F

Comments:

METER BOX




PACIFIC ENVIRONMENTAL SERVICES, INC.

TEMPERATURE SENSOR CALIBRATION DATA FORM

FOR METER BOX
DATE: 10-16-97 THERMOCOUPLE NUMBER: MB-14 in/out
AMBIENT TEMPERATURE: °F BAROMETRIC PRES.(In.Hg): 29.59
CALIBRATOR: G. Gay REFERENCE:
Mercury-in-glass: ASTM 3F
Other:
Reference Source® Reference Thermocouple Temperature
point (Specify) Thermometer Potentiometer Difference,”
number Temperature,°F Temperature,°F °F
INLET
1 Ambient Air 74 74 0
2 Cold Bath 30 30 0
3 Hot Bath 190 191 1
OUTLET
1 Ambient Air 73 72 -1
2 Cold Bath 32 30 -2
3 Hot Bath 190 191 1

*Type of calibration used.

®Allowable tolerance +5°F

Comments:

METER BOX




PACIFIC ENVIRONMENTAL SERVICES, INC.

TEMPERATURE SENSOR CALIBRATION DATA FORM
FOR METER BOX

DATE: 12-29-97 THERMOCOUPLE NUMBER: MB-15
AMBIENT TEMPERATURE: °F BAROMETRIC PRES.(In.Hg): 29.5
CALIBRATOR: R.Kolde REFERENCE:
Mercury-in-glass: ASTM 3F
Other:
Reference Source® Reference Thermocouple Temperature
point (Specify) Thermometer Potentiometer Difference,”
number Temperature,°F Temperature,°F °F
INLET
1 Ambient Air 70 69 -1
2 Cold Bath 34 34 0
3 Hot Bath 160 159 -1
OUTLET
1 Ambient Air 70 71 1
2 Cold Bath 34 33 -1
3 Hot Bath 160 161 1

*Type of calibration used.

PAllowable tolerance +5°F

Comments:

METER BOX




PACIFIC ENVIRONMENTAL SERVICES, INC.

TEMPERATURE SENSOR CALIBRATION DATA FORM

FOR METER BOX
DATE: 17-Oct-97 THERMOCOUPLE NUMBER: RMB-13
AMBIENT TEMPERATURE: °F BAROMETRIC PRES.(In.Hg): 29.5
CALIBRATOR: R. Kolde REFERENCE:
Mercury-in-glass: ASTM-3F
Other:
Reference Source® Reference Thermocouple Temperature
point (Specify) Thermometer Potentiometer Difference,®
number Temperature,°F Temperature,°F °F
INLET
1 Ambient Air 68 67 -1
2 Cold Bath 33 34 1
3 Hot Bath 155 155 0
OUTLET
1 Ambient Air 68 68 0
2 Cold Bath 33 34 1
3 Hot Bath 155 156 1

*Type of calibration used.

PAllowable tolerance +5°F

Comments:

METER BOX




PACIFIC ENVIRONMENTAL SERVICES, INC.

THERMOCOUPLE DIGITAL INDICATOR
CALIBRATION DATA SHEET

DATE:  10-16-97 INDICATOR NO.: MB-1
OPERATOR: R. Kolde SERIAL NO.: 207
CALIBRATION DEVICE Digital simulator MANUFACTURER: Omega

TEST POINT | MILLIVOLT | EQUIVALENT | DIGITAL INDICATOR
DIFFERENCE %
NO. SIGINAL TEMP °F TEMP READING °F ’
l -0.692 0 -1 0.217391304
2 1.520 100 99 0.18
3 3.819 200 200 0.00
4 6.092 300 300 0.00
5 8.314 400 398 0.23
6 10.560 500 500 0.00
7 22.251 1000 1001 -0.07
8 29.315 1300 1300 0.00
9 36.166 1600 1601 -0.05
10 42.732 1900 1900 0.00
Percent difference must be less than or equal to 0.5 %
Percent difference: (Equivalent temp,.R - Digital indicator tem, °R) * ( 100%)

( Equivalent temp, °R)

Where °R = °F + 460

DIGITAL INDICATOR




PACIFIC ENVIRONMENTAL SERVICES, INC.

THERMOCOUPLE DIGITAL INDICATOR

CALIBRATION DATA SHEET
DATE: 10-17-97 INDICATOR NO.: MB-02
OPERATOR: R. Kolde SERIAL NO.: 207
CALIBRATION DEVICE Digital simulator MANUFACTURER: Omega

TEST POINT | MILLIVOLT | EQUIVALENT | DIGITAL INDICATOR DIFFERENCE %
NO. SIGINAL TEMP °F TEMP READING °F
1 -0.692 0 1 -0.217391304
2 1.520 100 102 -0.36
3 3.819 200 203 -0.45
4 6.092 300 302 -0.26
5 8.314 400 400 0.00
6 10.560 500 503 -0.31
7 22.251 1000 1004 -0.27
8 29.315 1300 1304 -0.23
9 36.166 1600 1604 -0.19
10 42,732 1900 1905 -0.21
Percent difference must be less than or equal to 0.5 %
Percent difference: (Equivalent temp,."R - Digital indicator tem, ‘R) * ( 100%)

( Equivalent temp, °R)

Where °R = °F + 460

DIGITAL INDICATOR




PACIFIC ENVIRONMENTAL SERVICES, INC.

THERMOCOUPLE DIGITAL INDICATOR
CALIBRATION DATA SHEET

DATE: 10-16-97 INDICATOR NO.: MB-13
OPERATOR: R. Kolde SERIAL NO.: 207
CALIBRATION DEVICE Digital simulator MANUFACTURER: Omega

TEST POINT | MILLIVOLT | EQUIVALENT | DIGITAL INDICATOR | oo oo
NO. SIGINAL TEMP °F TEMP READING °F

1 -0.692 0 0 0

2 1.520 100 99 0.18
3 3.819 200 201 -0.15
4 6.092 300 301 -0.13
5 8.314 400 398 0.23
6 10.560 500 499 0.10
7 22.251 1000 999 0.07
8 29.315 1300 1298 0.11
9 36.166 1600 1598 0.10
10 42.132 1900 1900 0.00

Percent difference must be less than or equal to 0.5 %

Percent difference: (Equivalent temp,.°R - Digital indicator tem, °R) * ( 100%)

( Equivalent temp, °R)

Where R = °F + 460

DIGITAL INDICATOR



PACIFIC ENVIRONMENTAL SERVICES, INC.

THERMOCOUPLE DIGITAL INDICATOR
CALIBRATION DATA SHEET

DATE: 10-17-97

OPERATOR:

R. Kolde

CALIBRATION DEVICE Digital simulator

INDICATOR NO.: MB-14
SERJAL NO.: 207
MANUFACTURER: Omega

TEST POINT | MILLIVOLT | EQUIVALENT | DIGITAL INDICATOR DIFEERENCE %
NO. SIGINAL TEMP °F TEMP READING °F

1 -0.692 0 0 0

2 1.520 100 99 0.18
3 3.819 200 199 0.15
4 6.092 300 301 -0.13
5 8.314 400 399 0.12
6 10.560 500 499 0.10
7 22.251 1000 999 0.07
8 29.315 1300 1298 0.11
9 36.166 1600 1599 0.05
10 42.732 1900 1901 -0.04

Percent difference must be less than or equal t0 0.5 %

Percent difference:

Where ‘R = °F + 460

(Equivalent temp,.’R - Digital indicator tem, “R) * ( 100%)

( Equivalent temp, “R)

DIGITAL INDICATOR




PACIFIC ENVIRONMENTAL SERVICES, INC.

THERMOCOUPLE DIGITAL INDICATOR
CALIBRATION DATA SHEET

DATE: 12-29-97 INDICATOR NO.: MB-15
OPERATOR: R. Kolde SERIAL NO.: 207
CALIBRATION DEVICE Digital simulator MANUFACTURER: Omega

TEST POINT | MILLIVOLT | EQUIVALENT | DIGITAL INDICATOR | o o
NO. SIGINAL TEMP °F TEMP READING °F
1 -0.692 0 1 0.22
2 1.520 100 101 0.18
3 3.819 200 203 0.45
4 6.092 300 300 0.00
5 8.314 400 400 0.00
6 10.560 500 502 0.21
7 22.251 1000 1004 0.27
8 29.315 1300 | 1303 0.17
9 36.166 1600 1604 -0.19
10 42.732 1900 1903 0.13

Percent difference must be less than or equal to 0.5 %

Percent difference: (Equivalent temp,.’R - Digital indicator tem, °R) * ( 100%)

( Equivalent temp, °R)

Where °R = °F + 460

DIGITAL INDICATOR



4A

PACIFIC ENVIRONMENTAL SERVICES, INC.

4700 Duke Drive,
Suite 150

Mason, Ohio 45040
Phone: (513) 398-2556
Fax (513) 398-3342
WWW,pes.com

Pitot Tube Number: 4A Date: 12/23/97
Effective Length: 49" Calibrated By: S. Simon
Pitot Tube Openings Damaged? YES
Pitot Tube Assembly Level? YES NOC
a, = 1.1 °(< 109 o, = 0.8 °(< 107
BI = 0.5 Y(< 59 Bz = 0.3 o(<50)
Y= 0.8 0= 0.7 A= 0.967
z=Asiny = 0.014 cm(in.) 0.32cm( < 1/8in.)
w=Asind = 0.012 cm (in.) 0.08cm ( < 1/32in.)
Py = 0.484 cm (in.)
Pg = 0.483 cm (in.)
D, = 0.375 cm (in.)
.'ﬂ*,:
[/
t g i
Ny |
| i | | By’
i () ! : ®) ©
i Y- a— Fow! iE m——h TP
A :" \ Y A _ _ \ Gl(’ or-)
Noyey
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e e
S G )U Y= e "\_/E' w.d
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(@)

ypes of face-opsning misalignment shown above wil nat affect the baseiine value of Cp(s) so

equal to 0.32 ecm (1/8 in.), andw is less than or equal t0 0.08 cm (132 in.) (reference11.0 in

le t
long as ¥, and % is less thanorequaito 10°,8,and B, is less than or equalto 5°, z is less than or

ction 16.0)

Pitot Tube Calibration Form

1998 Yearly Calibration



4B PACIFIC ENVIRONMENTAL SERVICES, INC. 4700 Duke _Dri"ef
Suite 150

Mason, Ohio 45040
Phone: (513) 398-2556
Fax (513) 398-3342
WWW.pes.com

Pitot Tube Number: 4B Date: 12/23/97
Effective Length: 48" Calibrated By: S. Simon
Pitot Tube Openings Damaged? YES
Pitot Tube Assembly Level? YES NO
a, = 3 °(< 10%) a, = 2 °(< 109
Bu = 0 (<5) B, = 1 “(< 59
Y= 1 8= 1 A= 0.949
z=Asiny = 0.017 cm (in.) 0.32cm ( < 1/8in.)
w=AsinB = 0.017 cm (in.) 0.08cm ( < 1/32in.)
P, = 0.475 cm (in.)
Py = 0.474 cm (in.)
D, = 0.375 cm (in.)

.
v
" >
\

B
()] (@

long as &% and %is less thanorequalto 10°,B,and B, is less than or equalto 5°, z is less than or
equal to 0.32 cm (1/8 in.), andw k lass than orequal t0 0.08 cm (132 in.) (reference11.0 in

’ The types of face-opening misalignment shown above will nat affect the basefine value of Cp(s) so
ction 16 03 *

Pitot Tube Calibration Form 1998 Yearly Calibration



4E

Pitot Tube Number:

Effective Length:

Pitot Tube Openings Damaged?

Pitot Tube Assembly Level?

(e}

B|=

N
il

£
1

Asiny

A sin 8

PACIFIC ENVIRONMENTAL SERVICES, INC.

4700 Duke Drive,
Suite 150

Mason, Ohio 45040
Phone: (513) 398-2556
Fax (513) 398-3342
WWW.pes.com

4E Date: 12/23/97
49" Calibrated By: S. Simon
YES
YES NO
0 °(< 109 a, = 1 (< 109
(<59 B, = 3 °(<59)
0 8= 1 A= 0.973
0 cm(in) 032cm( < 1/8in.)
0.017 cm (in.) 0.08cm ( < 1/32in.)
P, = 0.487 cm (in.)
Pp = 0.486 cm (in.)
D, = 0.375 cm (in.)

EE Flowl ;

The types of face-opening misalignment shown above will not affect the baseline value of Cp(s) so
tong as o, and o, is iess than or squalito 10°, B, and B, is less then or squalto §°, z is iess than or
equsito 0.32 cm (1/8 in.), and w is less than or equalto 0.08 cm(1/32 in.) (reference11.0 in
Section 16.0).

Pitot Tube Calibration Form

1998 Yearly Calibration



PACIFIC ENVIRONMENTAL SERVICES, INC. 4700 D“lge It’"l"seo
ulte

Mason, Ohio 45040
Phone: (513) 398-2556
Fax (513) 398-3342
WWW.pes.com

Pitot Tube Number: 5C Date: 12/23/97
Effective Length: 61" Calibrated By: S. Simon
Pitot Tube Openings Damaged? YES
Pitot Tube Assembly Level? NO
a, = 0 °(< 10% o, = i °(< 109
B, = 1 (<59 B, = 1 °(< 59
Y= 1 0= 1 A= 0.948
z=Asiny = 0.017 cm (in) 0.32cm( < 1/8in.)
w=AsinB = 0.017 em (in.) 0.08cm ( < 1/32in.)
P, = 0.474 cm (in.)
Py = 0.474 cm (in.)
D = 0.375 cm (in.)

i8 Fiow! ; &B e - \ B2¢ or-)

x A Vo > ’ A 7' \.\ Ry orey

———

(d) (e)

L)) @)

he types of face-opening misalignment shown above will not affect the basalne vakie of Cp(s) so

T
long as &, and %is less thanorequalto 10°,B,and f; is less than or equalto 5*, z Is loss than or
equal to 0.32 cm (1/8 in.), andw is less than or equal to 0.08 em(1/22 in.) (reference11.0 in
ction 16 0)

Pitot Tube Calibration Form 1998 Yearly Calibration



SE PACIFIC ENVIRONMENTAL SERVICES, INC.

Pitot Tube Number:

4700 Duke Drive,
Suite 150

Mason, Ohio 45040
Phone: (513) 398-2556
Fax (513) 398-3342
www.pes.com

SE Date: 12/22/97
Effective Length: 64" Calibrated By: S. Simon
Pitot Tube Openings Damaged? YES
Pitot Tube Assembly Level? YES NO
a, = 1 ’(< 10% o, = 1 °(< 10%
B, = 1 °(< 59 B, = 3 (< 59
Y= 0 6 = 1 A= 1.122
z= Asiny = 0 cm(in.) 0.32cm( < 1/8in.)
w=Asinf = 0.02 cm(in.) 0.08cm ( < 1/32in.)
P, = 0.561 cm (in.)
P = 0.561 cm (in.)
D, = 0.375 cm (in.)
A !
i B Y Fiow ! /
| A 8 Ja Do
! 1 8 .r”
i {a) i )
B Flowf aB
X————/j—Ar =
\n‘(’)
(d} 2 (e}
T
iT/ 1 e SR st
ax o )\ y= e D ¥
tn 8 (o)

The types of face-opening misalignment shown above willnot affect the baseline value of Cp(s) so
long as @ and o, i3 less than or equaito 10°, 8, and 8, is less than or equalto 5°,zis less than or
equalto 0.32cm (1/8in.), and w is less than or equalto 0.08 cm(1/32 in.) (reference11.0 in
Section 16.0).

Pitot Tube Calibration Form

1998 Yearly Calibration



12A PACIFIC ENVIRONMENTAL SERVICES, INC. 4700 Duke Drive,

Suite 150
Mason, Ohio 45040
Phone: (513) 398-2556
Fax (513) 398-3342
wwWw.pes.com
Pitot Tube Number: 12A Date: 12/23/97
Effective Length: 145" Calibrated By: 'S. Simon
Pitot Tube Openings Damaged? YES
Pitot Tube Assembly Level? NO
B, = 3 "(< 59 B, = 0 (< 5)
Y= 2 8= 1 A= 0.936
z=Asiny = 0.033 cm(in.) 0.32cm( < 1/8in.)
w=Asinb = 0.016 cm (in.) 0.08 cm ( < 1/32in.)
P, = 0.468 cm (in.)
P = 0.468 cm (in.)
D, = 0.375 cm (in.)
T T AV N r-s— et / -
{\AJ \_° i VN
§ (a) © E"(-T‘
B ....................................... F bw ............................. XB——————————/—/ ..... \ " B2¢ or-)
a ' ,—) ia \\ ................. Kgﬂ’or-)
ha P
(d) ':P/Z (e)
] J
- < JL'\ SE
5 8 @)
E types of face-opening misalignment shown above will nat affact the baseline vaiue of Cp(s) so
long as %, and %isless thanorequalto 10°,B,and B; is less than or equal to 5°, z Is less than or
equalto 0.32 em (1/8 in.),andw is less than orequal to 0.08 em (132 in.) (reference11.0 in 3
ction 16.0) »

Pitot Tube Calibration Form 1998 Yearly Calibration



9/30/94: CD2-1

CALIBRATION DATA SHEET 2
Type S Pitot Tube inspection

Level and Perpendicular? e
Obstruction? A
Damaged? NI
gy (-10° =< gy, < +10%) o

| o H0°sa = +10°) |
8, 5°x8, s +8° i

| 8; (5°s58; s +5° _O
4 |
e )
2= Atany (= 0.125%) LSS
weAtan® (5 0.03125°) | o)
D, 316" s D, s 3/3°) 3%,
A . 202
A2D, 1055 P,MD; 515 | /. 3¢

j
O
e
= _
T Degree indinnting level position for
detemining Y then calculste 2.
wm?\o: —_— Legility _____ - Accurscy Specifications Reasonableness
m:.nmsnnotmmm;g? —20 meets or exceeds all specificatiens,

Mr-wwomnmmhwmammmwc,mom.

Cortified by: O DWW

1\ -3-4%

(Signature/Dats)

Team Laader (Signature/Date)



PACIFIC ENVIRONMENTAL SERVICES, INC.

Box No.: 1 Bar. Press.(Ps): 29.80 in. Hg
Date: 9-29-98 Pretest Gamnma: 1.012
Calibrated By : am Pretest dH@: 1.954
Plant: EPA Coke
] RUN 1 RUN 2 RUN3 *
DH Delta H 2.30 2.30 2.30
inHg Vacuum 10.00 10.00 10.00
Vw, Initial RTM 543.645 555.028 567.630
Vi, Final RTM 555.028 567.630 579.845
vd, Initial DGM 318.370 329.663 342.205
vd, Final DGM 329.663 342.205 354.466
Tw Ave. Temp RTM °F 71.0 70.0 70.0
Td Ave. Temp DGM “F 72.0 72.0 76.0
Time (min.) 14.0 15.0 15.0
Vwy - VWi Net Volume RTM 11.383 12.602 12.215
V4, - Vd, Net Volume DGM 11.293 12.542 12.261
Y 1.004 1.003 1.002
dH@ 1.962 1.830 1.934
AVERAGE Y = 1.003
% Difference from Yearly Y = -0.893 ACCEPT
AVERAGE dH@ = 1.908
Calculations

Y = (Vw * Pb * (Td + 460)) / (Vd * (Pb + (dHd / 13.6)) * (Tw +460))

dH@ = 0.0317 * dHd / (Pb (Td + 460)) * (((Tw +460) * time) / Vw)"2

Posttest Dry Gas Meter Calibration Form (English Units)

4700 Duke Drive,
Suite 150

Mason, Ohio 45040
Phone:(513)398-2556
Fax: (513)398-3342
WWW.Pes.com

12/2/98



PACIFIC ENVIRONMENTAL SERVICES. INC. 4700 D“';: i?eﬁlv;(;

Mason. Ohio 45040
Phone:(513)398-2556
Fax: (513)398-3342

wWwWw.pes.com
Box No.: MB-1 Bar, Press.(Pb): 29.13 in. Hg
Date: 10-27-97 Calibrated By : TAA
RUNI RUN 2 RUN 3 R'UN 4 RUN S RUN 6
DH Delta H .50 0.75 1.00 1.50 2.00 4.00
in Hg Vaccum 10 l().' 10 10 10 10
Vw, Initial RTM 934.200 952,122 963.339 975.415 987.492 499.025
Vw, Final RTM 951.896 162.945 975.195 9R7.207 98,114 1009.583
Vd, Ininal DGM 448.724 466.737 178.016 490.201 502.365 513.990
Vd, Final DGM 4066.501 477.617 489.970 502.081 $13.078 524.620
Tw Ave. Temp RTM "F 70 7 71 72 70 A
Td Ave. Temp DGM “F 79 42 83 84 85 87
t Time (min.) 46.000 23.000 22,0 18.0 14.0 10.0
Vwa - Vw, Net Volume RTM 17.696 10.823 11.856 11.792 10.622 10.558
Vi, - Vs Net Volume DGM 17.777 10.880 11.954 11.880 10.713 10.630
Y 1.011 1.012 1.012 1.011 1.014 1.013
JH@ 1.916 1.925 1.946 1.979 1.949 2.013
AVERAGE Y = 1.012
Average Y Range = 0.992 TO 1.032 ACCEPT
AVERAGE ¢H 1.954
Avenige dH@ Range = 1.754 TO 2.154 ACCEPT
Calculations
Y = (Vw * Pb *(Td + 460)) / (Vd * (Pb + (dHd / 13.6)) * (Tw +460)) »
dH@ = 0.0317 * dHd / (Pb (Td + 460)) * ((Tw +460) * 1) / Vw)*2




PACIFIC ENVIRONMENTAL SERVICES, INC.

Box No.: MB 02

Date: 9-29-98
Calibrated By : am

Plant: EPA Coke
|
DH Delta H

in Hg Vacuum

Vwy Initial RTM

Vw, Final RTM

vd, Initial DGM

vd, Final DGM

Tw Ave. Temp RTM °F
Td Ave. Temp DGM “F

t Time (min.)

Bar. Press.(Pb):
Pretest Gamma:

Pretest dH@:

RUN 1

2.00

12.00

581.580

592.959

313.545

325.154

70.0

70.0

15.0

29.80

1.002

1.797

RUN 2

2.00

12.00

592.959

604.663

325.154

337.005

71.0

76.0

15.0

in. Hg

RUN3

2.00

12.00

604.663

618.175

337.005

350.664

72.0

75.0

17.0

Vwy- VWi Net Volume RTM 11.379 11.704 13.512
Vd, - Vd, Net Volume DGM 11.609 11.851 13.659
Y 0.975 0.992 0.990

dH@ 1.959 1.838 1.782

AVERAGE Y = 0.986

% Difference from Yearly Y = -1.620 ACCEPT

AVERAGE dH@ = 1.860

Calculations

Y = (Vw * Pb * (Td + 460)) / (Vd * (Pb + (dHd / 13.6)) * (Tw +460))

dH@ = 0.0317 * dHd / (Pb (Td + 460)) * (((Tw +460) * time) / Vw)*2

Posttest Dry Gas Meter Calibration Form (English Units)

4700 Duke Drive,
Suite 150

Mason, Ohio 45040
Phone:(513)398-2556
Fax: (513)398-3342

WWW,pes.com



PACIFIC ENVIRONMENTAL SERVICES, INC.

Box No.: 2 ar. Press.(Pb): 29.50 . Hg

Date: 10-17-97 Calibrated By : RIK

4700 Duke Drive,
Suite 150

Mason. Ohio 45040
Phone:(513)398-2556
Fax: (513)398-3342
Www.pes.com

A :uN! RUN 2 RUN 3 RUN 4 RUN S RUN 6
DH Delta H 0.50 0.75 1.00 1.50 2.00 4.00
in Hg Vacuum 10 10 10 10 10 10
Vw, Initial RTM 558.612 574.0;5 £86.200 598.965 612.242 630.900
Vw, Final RTM 569.029 $85.906 598.741 612,032 630.414 (46.492
vd, Initial DGM 108.182 123.684 135.800 148.548 161.792 180.404
Vd, Final DGM 118.634 135.517 148,334 161.596 179.920 195.932
Tw Ave. Temp RTM "F 75 76 78 78 79 80
Td Ave. Temp DGM 'F 75 78 80 82 83 8s
t Time (min.) 25.5 24.0 22.0 19.0 23.0 14.0
Vw, - Vw,  Net Volume RTM 10.417 11.811 12.541 13.067 18.172 15.592
Vi, -Vd, Net Volume DGM 10.452 11.833 12.534 13.048 18.128 15.528
Y 0.996 0.999 1.003 1.004 1.006 1.003
JH®@ 1.719 1.779 1,769 1.822 1.839 1.852
AVERAGE Y = 1.002
Average Y Range = 0.982 TO 1.022 ACCEPT
AVERAGE JH@ 1.797
Average dH@ Range = 1.597 TO 1.997 ACCEPT
' Calculations ,
Y = (Vw * Pb * (Td + 460)) / (Vd * (Pb + (dHd / 13.6)) * (Tw +460)) .
dH@ = 0.0317 * dHd / (Pb (Td + 460)) * (((Tw +460) * 1) / Vw)"2




PACIFIC ENVIRONMENTAL SERVICES, INC. 4700 Duke Drive,

Mason, Ohio 45040
Phone:(513)398-2556
Fax: (513)398-3342

WWW.pes.com
Box No.: 3(13) Bar. Press.(Ps): 29.80 in. Hg
Date: 9-29-98 Pretest Gamma: 1.004
Calibrated By : am Pretest dH@: 1.784
Plant: EPA Coke
— RUN 1 RUN 2 RUN3
DH Delta H 1.90 1.90 1.90
in Hg Vacuum 6.00 6.00 6.00
Vw, Initial RTM 506.810 518.900 530.308
Vw, Final RTM 518.900 530.308 543.644
Vvd, [nitial DGM 954.527 966.713 978.289
Vvd, Final DGM 966.713 978.289 991.885
Tw Ave. Temp RTM °F 91.0 90.0 90.0
Td Ave. Temp DGM °F 97.0 100.0 100.0
t _ Time (min.) 15.0 15.0 15.0

Vw, - Vw, Net Volume RTM 12.090 11.408 13.336
vd, - vd, Net Volume DGM 12.186 11.576 13.596
Y 0.998 0.999 0.994

dH@ 1.696 1.888 1.381

AVERAGE Y = 0.997

% Difference from Yearly Y = -0.697 ACCEPT

AVERAGE dH@ = 1.655

Calculations

Y = (Vw * Pb * (Td + 460)) / (Vd * (Pb + (dHd / 13.6)) * (Tw +460))

dH@ = 0.0317 * dHd / (Pb (Td + 460)) * (((Tw +460) * time) / Vw)"2

Posttest Dry Gas Meter Calibration Form (English Units)



PACIFIC ENVIRONMENTAL SERVICES, INC. 4700 Duke Drive,

Suite 150
Mason, Ohio 45040
Phone:(513)398-2556
Fax: (513)398-3342
WWW.pes.com
Box No.: 13 Bar. Press.(Pb): 29.59 in. Hg
Date: 10-16-97 Calibrated By : R. Kolde
RUN I RUN 2 RUN 3 RUN 4 RUN § RUN 6
DH Delta H 0.50 0.75 l.QO 1.50 2.00 4.00
in Hg Vacuum 10 10 10 10 10 10
Vw, [nitial RTM 474.707 484.865 493.733 506.082 517.525 528.376
Vw, Final RTM 484 514 493.318 505.845 517.191 527.985 © §39.639
Vvd, [nitial DGM 70.442 80.600 89.500 101.900 113.405 124.306
Vd, Final DGM 80.267 %9.087 101.668 113.061 123.902 135.615
Tw Ave, Temp RTM “F 90 89 89 89 90 91
Td Ave. Temp DGM 'F Y5 95 94 95 98 99
1 Time (min.) 24.0 17.0 21.0 16.0 13.0 10.0
|
Vws - Vw, Net Volume RTM 9.807 8.458 | lZ.lli 11.109 10.460 11.263
Vi, - Vd, Net Volume DGM ) 825 ¥.487 12.168 11.161 10.497 11.309
Y 1.006 1.006 1.002 1.002 1.006 1.000
dH@ 1.749 1.763 1.752 1.810 1.794 1.835
AVERAGE Y = 1.004
Average Y Range = 0.984 TO 1.024 ACCEPT
AVERAGE dH@ 1.784
Average dH@ Range = 1.584 TO 1.984 ACCEPT
Calculations
Y = (Vw * Pb * (Td + 460)) / (Vd * (Pb + (dHd / 13.6)) * (Tw +460))
dH@ = 0.0317 * dHd / (Pb (Td + 460)) * ((Tw +460) * 1) / Yw)"2




PACIFIC ENVIRONMENTAL SERVICES, INC.

Box No.: 15(5) Bar. Press.(Ps):
Date: 9-29-98 Pretest Gamma:
Calibrated By : gg Pretest dH@:
Plant: EPA Coke

RUN1
DH Delta H 1.80
in Hg Vacuum 5.00
Vw, Initial RTM 214.453
Vw, Final RTM 230.230
Vd, Initial DGM 608.315
Vd, Final DGM 624.400
Tw Ave, Temp RTM “F 72.0
Td Ave. Temp DGM "F 81.0

20.6

t Time (min.)

30.00 in. Hg
0.981
1.710
RUN 2 RUN 3
1.80 1.80
5.00 5.00
230.230 245.365
245.365 260.368
624.400 639.854
639.854 655.294
72.0 73.0
84.0 86.0
20.0 20.0

Vwy- VW, Net Volume RTM 15.777 15.135 15.003
Vd, - Vd, Net Volume DGM 16.085 15.454 15.440
Y 0.993 0.997 0.991
dH@ 1.696 1.728 1.759
AVERAGE Y = 0.994
% Difference from Yearly Y = 1.296 ACCEPT
AVERAGE dH@ = 1.728
- Calculations

Y = (Vw * Pb * (Td + 460)) / (Vd * (Pb + (dHd / 13.6)) * (Tw +460))

dH@ = 0.0317 * dHd / (Pb (Td + 460)) * (((Tw +460) * time) / Vw) "2

Posttest Dry Gas Meter Calibration Form (English Units)

4700 Duke Drive,
Suite 150

Mason, Ohio 45040
Phone:(513)398-2556
Fax: (513)398-3342
WWW.pes.com

12/2/98



PACIFIC ENVIRONMENTAL SERVICES, INC. 4700 Duke Drive,

Suite 150

Mason. Ohio 45040
Phone:(513)398-2556
Fax: (513)398-3342
www.pes.com

Box No.: MB 15 ar. Press.(Pb): 29.15 in. Hg
Date: 12-29-97 alibrated By : G GAY
I  RUN! RUN 2 RUN 3 RUN 4 RUNS RUNG6
DH Delta H 0.50 0.75 1.00 1.50 2.00 4.00
in Hg Vaccum 10 10 . 10 10 10 10
Vw, Inidal RTM 150.884 157.349 165.074 173.960 184,521 197.212
Vi, Final RTM 157.026 164.869 173.741 184.259 [96.465  214.019
vd, Iniual DGM 564.125 570.758 578.795 SH7.860  S9B.779  611.999
Vd, Final DGM 570.432 578.496 $87.643 S98.511 611,127 629.263
Tw Ave. Temp RTM “F 73 75 75 76 76 78
Td Ave. Temp DGM “F 76 0 82 x4 K6 88
( Time (nun.) 15.000 15.000 15.0 15.0 15.0 15.0
Vw; - Vw,  Net Volume RTM 6.142 7.520 8.667 10.299 11.944 16.807
Vi, - Vi, Net Volume DGM 6.307 7738 ¥ . H4K 10,651 12.348 17.264
Y 0.978 0.979 0.9%0 0.978 0.980 0.982
JH@ 1.719 1.720 1.720 1.827 1.805 1.830
AVERAGE Y = 0.981
Average Y Range = 0.96} TO 1.001 ACCEPT
AVERAGE dH 1.770
Average dH@ Range = 1.570 TO 1.970 ACCEPT
Calculations »
Y = (Vw * Pb * (Td + 460)) / (Vd * (Pb + (dHd / 13.6)) * (Tw +460))
dH@ = 0.0317 * dHd / (Pb (Td + 460)) * ((Tw +460) * 1) / Vw)*2




PACIFIC ENVIRONMENTAL SERVICES, INC. 4700 Duke Drive,

Suite 150

Mason, Ohio 45040
Phone:(513)398-2556
Fax: (513)398-3342
WWW. pes.com

Box No.: 6(Rmb 13) Bar. Press.(Ps): 29.80 in. Hg
Date: 9-29-98 Pretest Garnma: 1.005
Calibrated By : am Pretest dH@: 1.778
Plant: EPA Coke
RUN 1 RUN 2 RUN 3
DH Delta H 2.30 2.30 2.30
inHg Vacuum 4.00 4.00 4.00
Vw, Initial RTM 455.655 473.310 490.345
Vw, Final RTM 473.310 490.345 506.805
vd, Initial DGM 223.936 241.899 259.085
Vd, Final DGM 241.899 259.085 275.869
Tw Ave. Temp RTM "F 70.0 74.0 74.0
Td Ave. Temp DGM °F 71.0 82.0 85.0
t Time (min.) 20.0 20.0 20.0
T
Vw: - VW, Net Volume RTM 17.655 17.035 16.460
Vd, - Vd, Net Volume DGM 17.963 17.186 16.784
Y 0.979 1.000 0.995
dH@ 1.661 1.774 1.890
AVERAGE Y = 0.992
% Difference from Yearly Y = -1.334 ACCEPT
AVERAGE dH@ = 1.775

Calcnlations
Y = (Vw * Pb * (Td + 460)) / (Vd * (Pb + (dHd / 13.6)) * (Tw +460))

dH@ = 0.0317 * dHd / (Pb (Td + 460)) * (((Tw +460) * time) / Vw)"2

Posttest Dry Gas Meter Calibration Form (English Units)



PACIFIC ENVIRONMENTAL SERVICES, INC. 4700 Duke Drive,

Suite 150

Mason, Ohio 45040
Phone:(513)398-2556
Fax: (513)398-3342
WWW_pes.com

Box No.: RMB-13 (M?z"') Bar. Press.(Pb): 29.50 in. Hg

Date: 10-17-97 Calibrated By : R.Kolde

INUNNSSNNSSNSNNNNNE GO\ RUN2  RUNS RUNG  RUNS  RUNG

DH Delta H 0.50 0.75 1.00 1.50 2.00 4.00
in Hg Vacuum 10 10 10 10 10 10
Vw, Initial RTM 669.271  680.835  6€91.078  701.618  713.486  724.113
Vw, Final RTM 680.326  690.745  701.245  713.109  723.578  735.099
Vd, Initial DGM 23.196 34,797 45.097 $5.700 67.635 78.300
Vd, Final DGM 34.289 44.775 55.330 67.254 77.774 89.309
Tw Ave. Temp RTM °F 68.500 67.500 67.000 67.000 67.500 68.500
Td Ave. Temp DGM 'F 73.000 73.500 75.000 75.500 76.500 78.000
t Time (min.) 27.000 20.000 18.0 17.0 13.0 10.0
I
Vwy - Vw, Net Volume RTM 11.055 9.910 10.167 11.491 10.092 10.986
Vd;-Vd;  Net Volume DGM 11.093 9,978 10.233 11.554 10.139 11.009
Y 1.004 1.003 1.006 1.007 1.007 1.006
dH@ 1.680 1.712 1748 1.830 1.850 1.849
AVERAGE Y = 1.005
Average Y Range = 0.985 TO 1.025 ACCEPT
AVERAGE dH@ = 1.778
Average dH@ Range = 1.578 TO 1.978 ACCEPT
Calculations
Y = (Vw * Pb * (Id + 460)) / (Vd * (Pb + (GHd/ 13.6)) * (1w +460))
.
dH@ = 0.0317 * dHd / (Pb (Td + 460)) * (((Tw +460) * 1) / Vw)"2-

Initial Dry Gas Meter Calibration Form (English Units) 1998 Yearly Calibration



Pacific Environmental Services VOST Box Calibration

Date; 7/19-98 Flow Rate:

Vost Box Number: V-2 Rotameter Setting: 0.95
Bubble Meter Temp. : 91

Run |

Bubble Meter Meter Box

1005 1007 [nitial Volume 8883.5
1007 1009 Final Volume 8903.5
1007 1012 Initial Temp. 105
1008 Final Temp. 104
Average Temp. 104.5
Average: 1007.86 Time: 18.49
QDGM= 1055.798
Y= 0.9546

Run 2

Bubble Meter Meter Box

1007 1008 Initial Volume 8903.5
1006 1009 Final Voiume 8923.5
1006 1010 Initial Temp. 105
1012 Final Temp. 105
Average Temp. 105
Average: 1008.29 Time: 18.5
QDGM= 1054.293
Y= 0.9564

Run 3
1005 1003 Initial Volume 8924
1004 1002 Final Volume 8944
1003 1004 Initial Temp. 105
1005 Final Temp. 105
Average Temp. 105
Average: 1003.71 Time: 18.6
QDGM= 1048.624988
Y= 0.9572

Average Y= 0.9560



Pacific Environmental Services VOST Box Calibration

Date: 7-19-98 Flow Rate: 0.5 Vmin
Vost Box Number: V-2 Rotameter Setting: 04"
Bubble Meter Temp. : 91
Run | )
Bubble Meter Meter Box
499.9 498.7 Initial Volume 8837
500.9 501.3 Final Volume 8852
498.9 499.8 Initial Temp. 104
500.2 Final Temp. 104
Average Temp. 104
Average: 499.96 Time: 27.6
QDGM= 530.951
Y= 0.9416
Run 2
Bubble Meter Meter Box
500.2 500.0 Initial Volume 8852.25
501.0 499.8 Final Volume 8867.25
500.8 499.6 [nitial Temp. 104
499.8 Final Temp. 104
Average Temp. 104
Average: 500.17 Time: 27.5
QDGM= 532.882
Y= 0.9386
, Run 3
500.0 500.9 Initial Volume 8867.5
500.6 500.7 Final Volume 8882.75
501.0 500.1 Initial Temp. 105
499.5 Final Temp. 104
Average Temp. 104.5
Average: 500.40 Time: 27.6
QDGM= 539.322345
Y= 0.9278
Average Y= 0.9360



Pacific Environmental Services VOST Box Calibration

Date: 7-19-98 Flow Rate: 0.25 Vmin

Vost Box Number: V-2 Rotameter Setting: 0.2
Bubble Meter Temp. : 91

Run |

Bubble Meter Meter Box

238.5 240.9 Initial Volume ) 8815.5
2394 241.0 Final Volume 8822
240.1 240.5 Initial Temp. 103
240.8 Final Temp. 102
Average Temp. 102.5
Average: 240.17 Time: 273
QDGM= 233.228
Y= 1.0298

Run 2

Bubble Meter Meter Box

238.0 240.1 Initial Volume 8822.5
239.5 240.4 Final Volume 8829
239.6 2404 Initial Temp. 103
240.0 Final Temp. 103
Average Temp. 103
Average: 239.71 Time: 27.35
QDGM= 232.594
Y= 1.0306

Run 3
240.6 240.8 Initial Volume 8829.5
240.8 240.0 Final Volume 8836
240.2 239.6 Initial Temp. 104
239.0 Final Temp. 104
Average Temp. 104
Average: 240.14 Time: 273
QDGM= 232.6072273
Y= 1.0324

Average Y= 1.0309



Pacific Environmental Services VOST Box Calibration

Date: 7/19-98 Flow Rate:
Vost Box Number: V-1 Rotameter Setting: 1.08
Bubble Meter Temp. : 9
Run |
Bubble Meter Meter Box
i012 1007 Initial Volume 9829.
1010 1007 Final Volume 9855
1010 1008 Initial Temp. 104
1009 Final Temp. 104
Average Temp. 101
Average: 1009.00 Time: 26.25
QDGM= 972.821
Y= 1.0372
Run 2
Bubble Meter i Meter Box
1008 1010 Initial Volume 9855.5
1010 1009 Final Volume 9881.5
1011 1007 Initial Temp. 104
1003 Final Temp. 103
Average Temnp. 103.5
Average: 1008.29 Time: 26.25
QDGM= 968.505
Y= 1.0411
Run 3
1009 1005 Initial Volume 9882
1008 1003 Final Volume 9908
1006 1005 Initial Temp. 104
1008 Final Temp. 103
Average Temp. 103.5
Average: 1006.29 Time: 26.26
QDGM= 968.1358553
Y= 1.0394
Average Y= 1.0392



Pacific Environmental Services VOST Box Calibration

Date: 7-19-98 Flow Rate: 0.5 Vmin

Vost Box Number: V-1 Rotameter Setting: 0.6
Bubble Meter Temp. : 91

Run 1

Bubble Meter Meter Box

500.5 501.9 Initial Volume 9783
501.9 502.0 Final Volume 9797.5
500.9 501.7 Initial Temp. 101
501.3 Final Temp. 100
Average Temp. 100.5
Average: 501.46 Time: 283
QDGM= 503.683
Y= 0.9956

Run 2

Bubble Meter Meter Box

501.5 500.2 Initial Volume 9798
501.6 500.2 Final Volume 9812.5
501.9 500.3 Initial Temp. 102
500.5 Final Temp. 100
Average Temp. 101
Average: 500.89 Time: 28.4
QDGM= 501.462
Y= 0.9988

Run 3
501.8 501.9 Initial Volume 9813
502.0 501.5 Final Volume 9827.5
502.2 501.3 Initial Temp. 103
500.8 Final Temp. 103
Average Temp. 103
Average: 501.64 Time: 284
QDGM= 499.6810347
Y= 1.0039

Average Y= 0.9995



Pacific Environmental Services VOST Box Calibration

Date: 7-19-98 Flow Rate: 0.25 Vmin

Vost Box Number: V-1 Rotameter Setting: 0.32
Bubble Meter Temp. : 90

Run |

Bubble Meter Meter Box

232.9 232.8 Initial Volume 9761.5
233.0 232.9 Final Volume 9768
233.1 2329 [nitial Temp. 99
2329 Final Temp. 99
Average Temp. 99
Average: 232.93 Time: 28.2
QDGM= 226.785
Y= 1.0271

Run 2

Bubble Meter Meter Box

233.0 232.8 Initial Volume - 9768.25
233.0 232.8 Final Volume 9774.75
233.2 2324 Initial Temp. 100
2322 Final Temp. 100
Average Temp. 100
Average: 232.77 Time: 28.18
QDGM= 226.541
Y= 1.0275

Run 3
232.8 233.0 Initial Volume 9775
232.7 2332 Final Volume 9781.5
232.5 233.6 Initial Temp. 100
234.0 Final Temp. 100
Average Temp. 100
Average: 233.11 Time: 28.2
QDGM= 226.3804458
Y= 1.0297

Average Y= 1.0281



M3, OPeN:\or - Gan-\, Ga\/

ABC COKE
COKE OVEN EMISSION TEST

BIRMINGHAM, ALABAMA
Iwilet Lecatiow
Tramws, Methed 4-29

Method 317
mB 6 perster. Tl'a\/ A‘MmMPage

Mend
pnhians
PMetd MEH pate Sy 3T, 1998

0
l cf 2

Guaiity Controi Check

Prior to Start of Tests

. Observation

Keep ail cleaned gisssware sealed until train assembly

Assembie trains in dust fres environment

Visuaily inspect each train for proper assembiy

Levei and zero manometer

Calcuiate proper sampiing nozzie size

Visuily inspect Tyre S Pitot tube

Leak check each leg of Type S Pitot tube

During Testizig

Read temperamures and differential pressures at each
traverse point

Sampis dats and caicuistions recorded on preformsatted
data sheess

Unusual occurrences noted in test log

FUEC L PPEETERFT

Property maintxin the roil and pitch of axis of Type S
Pitors and sampiing nozzie

z
r

Leak check train before and after any component
changes during test

Maintain the probe and filter temperstre

Maintain ice in ice water bath and maintain impinger
exit temperatare

Calibration forms reviewed for compieteness and
accuracy

Data sheers reviewed by PM daily during testing

[

Methed <129 - MBH 2
\f = /J.00L

/797

4H:
/. 2

K Fauty =

31y - MBF 3
y - ).06Y

g 1787

[C Fadn 236

Me HnoJ



Date $2/-7
2 of 2
Anse Coke

Quality Controi Cheek Observadon

After Testing
Visuaily inspect sampiing nozzie
Visuaily inspect Type S Pitot mbe | /?;;
Leak check each leg of the Type S Pitot mbe ~ten
Lezk check the emtire sampiing train ,‘%
Record observations if any ’(‘/M

Field Log
————— - ABC CORE [3irming haay e,
Sampiing persomel (zamesposition) @WQ,\ ) ﬂ%m
Geological observations inciuding map PIR t ﬂ%.@u}ﬁ R“‘,Lm«u- %%
Sampie run times and dates 20:988m— Jii1Pm 2-2)-38 |
Staupie descripions 931 310 Qhyety
Description of QC sampies M /A J
Devistions from QAPP N O »
Difficuities in sampiing or wusuai conditions L 1\ &MM-i&Z E::Lw
Sampie Labeis A s ‘
pa—— -
Date and time of coilection 9.2-9& /l:g,gAM- 1 ¢YmMm 6
Lab technician initials Rk 7R
Asalytica parsmesr Codeo Ok, Opooetze  PAN'S
Preservative required A-(—Et,. %- § el e L fe kﬁi‘




ABCU Lunn

~ QLPf 07/ y t7¥u

COKE OVEN EMISSION TEST A
BIRMINGHAM, ALABAMA ‘83 LVof §
e} Aecationw
I. Test Run Observations Dace | 7.0/78| 9-9298
R = Recomeended Test Test Tese Tesc
M = Mgndatory
l. Train sec-up: ~ filter ID

filter weigne

filter checiked for holeal

filter centered . -

- nozzie cleam: ---

nozzie  undams

nozzie diamecer (in; )

probe liner ciesn

__greased
ail- omznga um

2. Train leak check
at nozzle: initiai- (R)-- v—a'c' ......
(f_qu cfm @ 15 ’t | .
in. Hg initial. termediace (R)-VAC - |
Intermediace and ic :
final at highest incermediate (R) VAC |
Vacuum during LC i
tesc rum.) intermediace (R) VAC |
final (M) Lc . |
. .VAc . ”n /) '
3. Pitoc lines leak initial sicive" Line (R) | 3 _“""4,234' 2 ) R i
check: negacive: iine (R)° ' ° -4 S 2% p " 0
(hoid 3 in. Hy0) _ - "
finai- - pomitive line (M) --{ 23704123 " 0f] ... ... ’
on manomster for ) , -,
(15 “‘o’ """ negscive- iine- (R)- E’ok 23 %ef . --- - - I
M nzmrm. mm .:iii‘. ........... . . 1
M=3 bag iniciai 1uk check (M) ;
Tedlar bag: Should heid 2 ¢g 4 im. B i
pressure’ for- 10- wminnees: zo ..... /ljl/) . /‘jﬂA .
zaro flow mater reading on ;
‘“‘im evacuacion’ or- A(;I'M "gM
Compiacaiy fil] bag amd lec
scand °'!!'ﬂxzht-:: deflzcion. L. 70 l

»* /Uaz z/e 'Z&W

¥+ ?:Hc»wﬁ wil] andd wrag w\&?u

CG/»/«/ o(,/a[ /m//ﬂ/c[
Z ' 4 f‘7¢ o/cf3

“‘74
b ERC. atl e L o



- Page 2 of 5

Date | 22198 | 9-2/-78

R = Recommended Test Test Test Test
M = Mandatory

4. M=3 sampling train check:
iniciai- (M)--

(should hoid

lo 1n. vacuum fmi- (M)- @+ eneserears oo .
fnr' 1/2 mm..) ...................

Purge sampie train° with- stack-

Constant rate’ smi:.n ----- -1 pn'

5. Time- test" starced’
- Time cest ended’

6. 45” 8.'. (' * ) port lu:za.l ..........
ﬂe:er ------- fla.'L .
volume: (--- ) Pore initiai

...... " fioal -
C ) poTt inigigi- - - -
“finai
( ) port iniriai
. - . P . s eae - B fiui

7.  Train operation Nozzle changed
during run during run -

c e . s se s sereswe NOT. m ............

icch and° yaw of- probe oLk, - -
nozzie' noL seraped- on° ni ie ---------------
el ec::.va sui around- robe ..............

calcuiacor conscants or nomograph
changed vhen TS and/or TM
changes- szgg:.fican:lv

average time tO set

isokenetics after probe

moved: CO'MEXC* POIAL * - v ceee caee Les /oé‘« YR R R
Average vaiues: ‘
impinger temperature {

should: be'< 700? ............ e rereee 7....'.’?@&.. ' --'#60~

Post tilter gas a:runnr or

Filter box temperar
<3zo'r

*y- Cltﬂi! one: e e ce %4 . . L. ..
stack’ :meramn ...... -/ L% IR
baromeeric: P taken: and- vaiue o 7t £‘27 F oy

was probe ever disconnecced
from filcer holder while in
stack? A0 Ul
vas filter changed during runm? e | o |

p. m,,\j‘fa7e

WCMMM- N
“ﬁéﬁmﬂ MLV:/ﬁﬂ/MJf M&q




..... - /W/ef- 3 of 5
Dace | o _p.50 9-2/-54
R = Recommended Test Test
M = Mandatory Run Run
3 4
Check on filter holder loosening of
clamping device holder -
T was silica gel changed
during run? . . .
vas y particulace lost? ' -}
Accurace 8P Svenes ((Jreg Weclbd ) : -
reading of: e, (o D2 LLD) 1 @i wggl
meter temp ature: - e BRI L YT P
stack tempexrature - --- - - - - -{-Ade*k ,3OLN - .-
DECLY VECUDM® © - - >+ - +or e oscn-s- P R —— -
time’ per: pgin: .................... .o .V(. .o 'l'// .......
&*iming@r temperature ‘- <70 R 'ﬂ_g’ﬂ; st .
fiiter- box temera:urg"""'-""'g'&iax- ZoN°L k-

‘
Minimum sample time of - 2(eh° wmin mac
Q* Minimum sample voilume of - ----: dgef collected

......... . “ e s e DI A S A S, e e o w t e e e e eeceaee

8. Posc tesc: <~ All openings-semied- - ----'-- - " A3 i
- _recovery area‘ ciesn- sheitered: - - ‘- - . l

--filter handled-with' gioves-  torceps: "
~ petri- dish seaied., labeiea = '
- any sampie losc- P

grad cyi.
weighed
vater- measured- ml, -

- silica gei’ weighed:  neg’ .

- probe’ cooied- snf?i‘cien:iy- --------

- nozzie removed-: and' brughed: - " -
m

- wash botties cieam: - - - sisese--.s

‘ ﬁ .= acecone clemn:  -- ... ceee -
$ c /= M=8 15 minute' purge - - - -

- _vacerssoiuction ciesm - - - - - - IR

= biank taken: - acetone;: wacer, other: |-
Probe brusn  and extension cisanm. - .
Sampie container:' Clean

Capped:

Lapeied

Seznieq- - —

Liguid- jevei- marxed

-t Seupl bt acd Vb &
i o el Do one o Ko s £
b ety et of e T P S evn 7Y



- I'KMA? ’ rage
..... /M-Ll— R .
Date | 078 9-3/-78 .
R = Recommended Tesc Test Test Test
M = Mandatory Run - Runm Run Run
1 // 3 4 |
''''' ﬂqﬁ . ’.3/.) fe & & & - .. .
9. Post test Orsat Analysis of Tniciai- (M) | erpbres - F
integrated bag sample Orsac ——_"'#ﬂ;"/'?g' —
analyzer - Analyzer leak check ;
(levels should not fall below Finai (M) - A s {%& .
cap. tubing and not more than q —
0.2 mi in' burrette for- 2' min.) s —_ . ’
Orsac- sampies:: Each bag anaivzed: 3- times: : ol es | o
z.. co‘, a!ne=' vithin. 0;2:. - %—. ) ‘Ugl . - . r :‘;*‘
'O a “e!'vi:hin 0-.2: ...... n%—-;.‘j Y R '. "*i
zcoagreeamghln 0.2% - 'N/fkk_)/:l’f R ﬁ
Analysis at end of tesc. Oruz ansliyzer y
checked against sir- (20:9-+- 0.3) - - ------- . kg - - S
Orsat Analysis: Ly&__ﬁ 7 ——
co z ......... . e, 2 | % S N S
2 x .z:o.'i SR S
N ﬁ-’. P '.
!co, C e e e s s e ms s ..ﬂ- ....K) LN . a .
Fuel © e s e se emeoan .&l. B 7. .A].ﬁ... . '.
g::::sg f:r-m]_ o7 /U/ 74 B R b
ana 13" vaii .. o fe . . r .
Orsac solutions changed 9 . 3
when calculated F,
10. ALl samples locked uoooo—uel Eype range: L/ p/A
. All samples locked up :
All sampiing' components' ciean- and' !uied #_:#‘ WEEEERE t
¥—All daca- sheecs submitted to- observer x> ‘A_%-r :
- QPSBL " ° " Tttt v e ee s . . . PP e
= Rum- 1'.sokenec:.c- s Tm_()bnemr ....... Yy (Sreere—— '
- = PATCiCUiZCE’ TRCOVREY: - g Fodiggs f o F
){- ~ Process-daca - - - .o c. - coeoeciofe 77 F P F e




Je.

D

Page 5a0f 5
NOTES: Care should be taken, when sampling for organic compounds, to
follow stringent quality comtrol guidelines to avoid can:a?ina:ion of the
sample and sampling train. Take note of any occurences which could bias
the sample in any manner.

Inciude: (1) General comments; (2) Changes to pretest agreement with
justification; (3) Identify (manufacturer) and describe conditionm of

sampling equipment; (4) any abnormal occurrences during test program.
(Additional page(s) attached: Yes ~-- , No ‘v .)

s P)QL-—%M PrSl.. 2.9 oF
Signature of Observ Affiliacion of Observer Date



ABC COKE
COKE OVEN EMISSION TEST

BIRMINGHAM, AMA

/ule§ LscoaTton
Me‘tpwb 31"

Traims M-¢29

\70\1;
A oS 45186 Date S'ep}‘. 32,1974

MB- operser S teveBlate ma-oMW«yAuW:%

Page

1 of 2

Quality Controi Cheek

. Observation

Prior to Start of Tests

Keq:_nﬂdmdghsmsubdmﬁlﬂhwy

Ambhnimindmﬂegmi:m

Visuaily inspect each train for proper assembly

Levei and zero manameter

Calcnists proper sampiing nozzie size

RN

Mmmmum

Visuaily inspect Type S Pitot tube

Leak check each leg of Type £ Piict mbe

During Testing

Read temperamres and differential pressures at each
traverss point

Sampis data and caicuistions recarded on preformarted
data sheets

Unusuai ocemrences noted in test log

Mymmﬂdpﬁdlﬁsoﬁm.q
Pitots and sampiing nozzis

changes during test

Maintzin the probe and filter temperznme

exit temperature .

Calibrarion forms reviewed for compieteness and
accuracy

DmsheeuwﬁewedbyPMdaﬁydmingmg

SRR PP F PR

MeDed YaG ~ MBFH 2 Metdod

Dn=

- .00
OAH=/.797
K Coeln = 7 1

31y — mB #3

6oy
/.78¢Y




Date St 22, 1998

Page 2 of 2
[wled Loed o

Quaity Controi Cheek Observation

After Testing
Visually inspect Type S Pitot tube
Leak check each leg of the Type S Pitot tube Zf
Leak check the entire sampiing train i
Record observations if any

Field Log
Project name/ID and location
Sampiing personnel (names/position) . o Alerued/ P B ,
Sampie run times and dates Y, z& 67l P ~odR-5 '
p——— el ¢ EETT i loo
Description of QC ssmpies /A f
Devistions from QAPP po
Difficuities in sampling or wnnsusi condiitions Bat) ﬁw@/w%o/ﬂz |
Ssmpis Labeis == 4 d
Sampie ID 47/&
Date and time of coilection 3-9288  soiEAME G lrg P
Lab techmician initials RO ¢ KK
Anaiytical parameser PMM.L Ongantes, PA H-r

Tud ¥ Al -



ABC CLuUnL

COKE OVEN EMISSION TEST "‘::" of"s
BIRMINGHAM, ALABAMA DL e %
I. Test Run Observations Date | 92394 |F-2099
\BRogs Wiairl |
1. Train sec'up " filter ID W/ easod

filter weight

filter checked for hoies

filter centcered - oy A
- nozzie ciean: A4 o n %"A",
nozzie- undamaged ArRAN
nozzie diamecer (in:J /9.2
probe liner ciean 42

mbe nu-kzn!: correct
probe heaced along

entu'a' 1

.......

..........

mater box ieveied - -
PLLOL RMANCHeCEY” Zuroed’
- orifice’ mancmacay zeroed’
fiiter- box or- hoider- ac remp.
all bul Jom:s uzh:.l

.....
......

------

------ - adl- ouumgs czm

2. Train leak check LG
at nozzla: inieiai- (R)-- vw
(<0Q2 cfm @ 15 LC
in. Hg initial. incermediaca (R) - VAC
Incermediace and LC
final at lu.gheal: intermediace (R) VAC
Vacuum during LC
test rum.) intermediace (R) VAC

finali (M) LC

- VAC

3. Pitoc lines lesik iniciai niuv--lin-Tn.i"

check: nergeive iine (BRI -

(bold 3 in. Hy0)

on manomster for

(15 sec. )

fiﬂ.l' .. Eg!iti“. 11“’ (u,. .. 7.3"°K lellok ...........
. mevative- Line- (R)- 1>3" ok 5370k} --- -
....... ﬂlm:‘ tube’ undsaawed’ - .,gﬂ R :asg.. v e e e s _‘_l

M=3 b:g inicial leak cheeck (M)
Tedlar bag: Should hoid 2 eg 4 im. nzo

pressure- for- 10 wimnaces-or-- - -} %ﬁ ‘- H 2.
zaxro flow omcer reading on

continuous evacugrion: or Yen

Compiaceiy fill bag and lec py .
stand overnighg——no deflacion. %‘Q’-' /'9"4

¥ Fdk,

wJDMuM
De T

.
B MM

%Mg.a ERG, aff we




Dace | 9-0199(9.02.90
R = Recommended Test Tesc Test Test
M = Mandatory Run Run Run Bun
p ] 2 3 4
....................... M."qi? MJ/I.-.... PR S

4, M=3 sampling train check:
inieial On)- e /A | wih
(should hoild =
10 in. vacsum  finai- (M) Lo/ Al - -
th‘ 172 mm..) ............................... /U'/L AJ/ .
Purge sampie CTain with- stack gas - Gep | uas o
-~ Constant' race- smim ---- “l'pmr - - Yo | pen |
5. Time- test startred- e WY T EA
':'gime test ended- - 751/ v
6. Dry gas (‘- ) port imiciai .- YV /0.250 14
metcey - - finxi. ........... b e prosmmsm——" T
volume: (.- ) port inieiai - - - - [- IR Basanll SEEE EE
------- ﬁwl..... .._;..-}. T e ® .......'
( . ) pore: iﬂi:ilﬂ.' ...... e o s v [y P A I
c e . ﬁuﬁ ....... — f - e <4
( ) pore lu:ui ............... s ofe s e fe s 4. .
e e finai - -7 s | 2 7R
7. Train operation Nozzle changed

during run during rmm -

Porerctceses NOT ALLOWED:- - - - -~ -=---+ L0 Ra .

iceh- and- of" probe: 0.k, ‘- - ccccce-- PP - - .
nozzie not seraved on nippie - - cccrccc-- %‘ ¥ ,4?,? ........ .
e:;gcgivg seai- around- probe - - - - tcceecces > Y Y TP T
probe moved: a: prgngr- eime . e-ees "%'-'m P P I

robe .heacted’ -
calculacor constancs or nomograph
changed when TS and/or T™™
changes: significancly:

average time Lo sat
isokenetics after probe
moved: to* nexc: point - - - -

.......

Average vaiuas:
impinger temparature
should- be'< 70°F

Post tiiter gas S streamar or

Filter box temperatiny
320'1-'.
. .cireie one - - - -

e -

sStack' temperacure: -

s —

baromeczic- P taken- and: vaiue t 29 75’ b -
was probe ever disconnecced

from filter holder vhile in l

scack? I (e

vas filter changed during run? ) aaun | |

%CMMQB

SM.M;MMCB

WM_M

wd:D\ M- N9 o) 310

M.,

E



R = Recommended
M = Mandatory

Check on filter holder loosenmg of
clamping de device holder

was silica gel ctunged -

durzn& run?
y particulate lLosc?

Accurace
reading of:

He

7%

‘f.o/ weter: vacumm

Minimmm sample Cime of
Minimum smple volm of

itack tennera:ure

--------------------

* time* per- point

lmpinger temperatura -
fiiter box temeramu- Se e smestes

m'.n met
dlef collected

i. Posc tesc: = Ald- on;nznz'- semipd" - - - R YR ﬁ R R f
- pEepve area: cig“ shei:md.....-,-.. - -, - B IO I
- filter handled- with' gioves;’ fmgas' i B2 R
etri’ dish seaied lab-i.ed' * " Sy 4
- any sampie losc: . 4 no" - |
grad cyl. ¢
veighed A7 /R b l
vater- measured: cpmE 630 %‘* - ‘EZ& _
- silica  gei weighed. nec'pms- """ - |7 &D‘ A eloy ¥
‘G“dl:lﬂﬂ‘ﬂﬂiﬂr .......... lore iy, V° ﬁ"_A.' ..... o o+
L A A I ) !P!ﬂt ................... ./-‘f‘lg . ZOZ. « b ceee sfe e
robe’ cooied: sgfﬁgzmgiy. .............. BER U 7
- uozzig removed:- “d bmh‘d' .............. s od ose eoaferca :.
- OTUDE DIURENan”" O "Y"meae + +* 2+ e e @ s s ace . . * % o s 8 s 0 s 0w r .....
= nozzie brushes - ciegm: - - - - - - e - v o afn s s “ e seeoafrsas
- w.gh bottles ciemm -+ e cfcerrs-ce en ** YN W oy
H’EAW C\\ acggnna Ciuﬂ ..................... . RS M - .......’.'.
- M=g 15'"““:5“ ® ‘v reecemeroes . .Vaazg.ﬁ ....... - -
- wa:arisolut:.nn Ci!ln‘ R "‘JM . ma& e feaseesne XK
- bianic taken: - acem‘.’-. water:, - other: " |° . YA N . 7
Probe brusfn and extension ciean. - EE § g N EEEEEE [
Sampie container:: Clean ] ‘A " o T
= % B e
Lapeieg :ai:; : : R Sy
SG‘ied.'.. e a e . e O O 4_-
Liguid- jevei  marked ;‘%sa aaam | —



PngeMac:‘.gs
R = Recommended Tesc Test Testc
M = Mandatory Run Run

......

9. Post test Orsat Analysis of Initiai- (M)
integraced bag sample Orsac —__"?&A
analyzer - Analyzer leak check
(levels should not fall below Finai (M)
cap. tubing and not more than
0.2 mi- in’ burrette for- 2' min. )
Orsat- sampies:' Each bag anaivzed 3- times
% CO» aprees-within 0.2% - -
07 _aerees-within 0.2% -~
%2 CO- agrees- withim: 0.2% - p
Analysis at end of tesc. Orsat anaiyzer
checked against air- (20.9-+-033) - - -------
Orsat Analysis: o
COANZ " + evv vmeeannnas
o"z .....................
CRY: - - - e e
Fo = 20.9 --z~oz
4 CO, e e e e
Fuel- T
Fnrangg' for- fuel- : :
Orsat- anaiysis: vaiid e, "t A%L }
Orsac solutions changed v
when calculated F,
exceeds fuei: type' range- /U/A—
10. All samples locked up :
All sampiing' componentcs' ciean: and  semied '
! 5% All daca sheecs submitted  to- observer- - ]

2 %’

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

orsac

Run’ 1sokenecic: - - -

Particulace recovery- ---- - -
Process  daca- - ——

L5 eat ks L

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

VAR

¢ ¥
2 ¥

NY- WU b
Procian Aok, Sndtd oy
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J. NOTES: Care should be taken, when sampling for organic compounds, to
follow stringent quality control guidelines to avoid contamination of the
sample and sampling train. Take note of any occurences which could bias
the sample in any manner.

Inciude: (1) General comments; (2) Changes to pretest agreement with
justification; (3) Identify (manufacturer) and describe condition of
sampling equipment; (4) any abnormal occurrences during test program.
(Additional page(s) attached: Yes -~ , No - ~)
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Graiity Coatrol Check o

l

Prior to Start of Tests

mmwmmmmm

Assembie trains in dust free enviroament

Visuaily inspect each train for proper assembly

Level and zevo manometer

Calcniats proper ssmpiing nozzie size

Visueily inspect Type S Pitot tube

Leak check each leg of Type S Pitot tube

Lexk check enrire ssmpiing train

During Testing

Read temperamres and differential pressures at each
traverss point

Sampie data and caicuistions recorded on preformased
data sheets

Unnsuai oceuxrences noted in test log

Properiy maintsin the roil and pitch of axis of Type §
Pitors and ssmpiing noxzie

Lesk check train before and after any component
changes during test

Maintzin the probs snd filter tempersmre

lll - bhb II “d [] » I3 I
exit temperamre

Calibestion forms reviewed for compieteness and
accuracy

e R | VIR

Data sheess reviewed by PM daily during testing
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Quality Control Cheek Observation

After Testing
Visuzily inspect sampiing nozzie Uen
Visuaily inspect Type S Pitot tube tj&l&
Leak check each leg of the Type S Pitor tabe ¥
Record observations if any Wea

Fieid Log o
Project name/ID aud location
Sempling personmel (names/position)
Geologicai observations incinding map
Sampie rum times and dates
Sampie descriptions
Description of QC sampies
Deviations from QAPP
Difficuities in ssmpling or wnnsuai conditions DN Lo ¢
Sampie Labeis
= " |
Date and time of collection QM T AM}A:I?P‘A ':
Lab techmician initials P - ¢ R D
Anaiytcal paramess P AN On.oc, PARS

Al |

1
!
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nozzie diamscer (in: )

o Ty Ly
COKE OVEN EMISSION TEST a‘:‘ S
BIRMINGHAM, ALABAMA 1of §
I. Test Run Observations Dace 9.23.94 | 9-23:9,
= ommend Test Test Test Tesc
: = :::da:oryed B::x Elam Rlam Run
4
: ﬁ%ﬁg? M- -
1.  Train secup- * filter ID /A 13089810
filter weight /A :
filter checked for hoi ‘ 4
filter c;:ared nr === —/'ﬁ I# :
- nozzie clean- Aoy ﬁ
nozzie undama e ——
j&? /

probe liner ciean

Egbe llll!'kl-l!l correct

probe heaced ll.nng

entira- IEE!' cee

............ ‘- - fiitexr- box or- hoider- ac temp.
—_— ail bu.l Jo:.n:s l.:.gh:ly

E‘ *® 88 e 0 se e . . . » LR RN S
..... ‘11 oDen 8" ox N
3.  Train leak check EL?S———E_ %% ...........
at nozzie: inieiai- (R)-- VAG A A
(<QQ2 cﬁ@ 15 c - I, '. 1.'.00 ef-neee
in, Hg initial. incermediaca (R)-VAC ' Jo"ZLl &" K :
Incermediate and I 7 O ——_ =T :
final at highest intermediare (R) VAC P — | : |
Vacuum during LC_ f — <:: :
test rum.) incermediace (R) VAC —
Haal (W~ IE YA g
VAC__ |- . "% - .
3. Pitoc lines leak iniciai posicive Lins (i‘p 125 ekloe of)- TEEEE n
check: gegacive iine (R 13 a4 15 g4 R '
(hold 3 in. H50) ! v
* tina L powicive line- (M) - |03 ok 123" 0 - ... ...
on msucmecer for __ p > ¢
(15 "“) """ negative- 1ine- (R): |D7 ok ')3 O'f - 3
T

‘- “DLEDE" T tRoe" undmmaged”

M=3 bag inicial leak check (M)
Tedlar bag: Should hoid 2 e 4 in. Hy0
pressure’ for- 10 winnces: or-

zaro flow omcepy reading on
continuous evacnacion: or-

Compiaceiy fill bag and lec
stand overnighte—no deflazcion.




- Page
Date | 9.0390] 9037
R = Recommended Test Test Test
M = Mandatory Run ?n R;m
..................... .(/2.?../]4_._‘3,) )
4, M=3 sampiing train check:
amp ini:iai. (u.). eoes s eceaass A)/ . A)/#'--
(should hoid
10 in. vacuum finai- (M)-- - <--o--c--. - /& : ﬁ/A e
for1/2ﬂm-') .............................. ’- /U'/ --N/#-"'- ..
Purge sampie train’ with' stack: a8 " ol Mdea I Mea s
. consm: race SMiln ..... 1. pmr - AL oA ) -
5. Tlm CBSC !t&!‘:!d N . . - ., ...... o / I’ -I
T:.ne test ended: TR Y Ay ) TR
6. Dry gas C- ) port imieiai - - 17/2 796 o) - -
meter - finai-- - R e .
volume: (' - ')' poOTL" lutqmi ..... P ] AT PR
....... ﬁujl..... "~""r'¢*‘"——" PSP U
( ")'nor!:' T izi- - - Y TRy NN DY PR
( ) . - f:luﬂ ....... p— P P,
° poare ’.u’:uL ............ e I SO P—
_ _ e . Y I O R ‘—1. 1) 7 - T,
7. Train operation Nozzie changgd
during run during run -
.. s temecsseenm NOT m ............ e A /OO o e ..
picech: and  yaw of- probe- o ki - .- ceeefe et . ofe
308213 not scraved: on- n:.ppie ................. e ¢ » Y O

e:fa:::.ve sui around- probe - - - - --c--- e oy

calcuiacor conscants or nowograpn
changed vhen TS and/or T
changes' significantly- : IU//}. | W / A

average time tO set

isokenetics after probe
moved: to'mexe-poine - -c c--- ... ... ..0S$/0& ol ...,

Average values:
impinger temperature
shoulid: be: < 70°F - ..., i i eeceseees =

Posc fiiter gu StTeamar or

Filter box :um
» <320°F,

" .?czrgig one: . PP P . . o ng- L..
\
stack: temperacure: © ﬁf“ 7 ~

baromecric: P taken: and: vaiue | 228 RZA -

was probe ever disconnecred
from filter holder while in

scack? ) 0 0

was filter chanped during run? Ao ) AO L
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Dace 19.2398 | 9-23-98
R = Recommended Test Test Test Test
M = Mandatory xzn

Check on filter holder loosening of
clamping device holder =

was silica gei changed
during rumn? . .
wvas any particulace losc?

Accurace

stack temperacure- - -

}Jﬁ7tkL} meLery” vacuum: -

#tm- per’ poin: .................... R ofe o [

impinger temperature - -
iiter box temveracure
Minimum sample time of ------ min metr
/%l inimm sampie volume of " --:- - d{gef cpllected

......... T ey RS o;(‘ af e b

8- Poal: CGSC: - Ali- Obeninzl' sui!d ............ B opr wfe » —a @ . faes - .,. ..... 1
= recovery area- ciean- sheitered- - - - %4’? 1 |
m " 1o " — I . — - X
- filter handled-wich:- gioves, - forceps- - ﬁ b :
- . - . h se.ied lab.iad. . . .. . . o afe . .« . . .= oF -

pecri- dis 2 e
0 - any sampie lose- - - - - % 20 |
\)‘v‘\ zrat.ig:y;..
“~ vaigne
éﬂ vater- measured: -mf, -- Ce ‘i : 'S").'j
AN \,/‘{a}’ﬁ = silica gei weighed. nec- gms- ' /Atﬁ) Vil e} 3’;6'
V‘A ------- SPBRL: v cecriere - % S n-t o F
- robe. couied- Sufficitiv' ......... N e oo M L Y
- nozZig' rm“d. and. bmhgd‘ ......... - 4 a0 . - e o f o s 0 awew e o« » o
W /gy .J%. . : PR S —— P
~ nozzie' brushes- ciean R Ao ges- 4 R
D T T E—— I, S TS — - — ——
. - wash botties ciemn- - - ]
%;n‘&%bw GI(é’kclﬂ acerone clean- - -- cceccrre- o as . NPTRY P e+ - -

- M=8 15 minute' purpe - E . -
- waterysoliucion ciemmy - - - - - * s s P RN PR R T
- biank taken: - acsrone;. wacer. other- |-

Probe brusn- and extension ciean. - .
Sampie container:' Clesan
Capved:
Laoeieqg
Seaied: - -

Liouid' ievei  marked - ——— ',fﬂl'!' ,
g

X Mé‘&.\ Proesas Smew ad O 0 beed
e st badhy

5



R = Recommended
M = Mandatory

......

%

Post test Orsat Analysis of
integraced bag sample Orsac
analyzer = Analyzer leak check
(levels should not fall below Finai (M)

Initiai- (M)

cap. tubing and not more than
0.2 mi in- burrette for: 2- min.)

10.

Orsat- sampies: - Each bag anaivzed: 3- times:
2 CO» agrees-within: 0.2% - -

0> _agrees-within 0=2% -

2-C0-a

ees  within- 0.2% - - *

Analysis at end of tesc. Orsac analyzer
checked against air-(20:9-+ 0.3 )

Orsat Analysis:

Fo =

CO»Z

%2 CO,

*
20.9 -2 09

Fuel-

FaTange for- fuel-
Orsat analysis- vaiid:
Orsac solutiomns changed
when calculated Fo
exceeds fuel: :ype range

All samples locked up
All sampii compounencs: ciean' apd’ seaied

{ -—}{—an data’ sheets submitted to- observer . -

E

- Orsact

-----------

- Run- isokenetic: - T
= _Parcicuiace’ recovery-

.........

= Process’ data: -
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NOTES: Care should be taken, when sampiing for organic compounds, to
follow stringent quality control guidelines to avoid contamination of the
sample and sampling train. Take note of amy occurences which could bias
the sample in any manner.

Include: (1) General comments; (2) Changes to pretest agreement with
justification; (3) Identify (manufacturer) and describe condition of
sampling equipment; (4) any abnormal occurrences during test program.
(Additional page(s) attached: Yes - - , No _i/°.)
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Traiw M +
e

Methad =007

9-2/-78
lof 2

7053
Methed a0, Date

Page

Quality Controf Check

Q

Prior to Start of Tests

Keep_allcmdgmualedmﬁlminmbly

Assembls trains in dust free environment

Visuaily inspect each train for proper assembly

Level and zero manometer

Calcuiate proper sampiing nozzie size

Visuaily inspect sampling nozzie for chips

Visuaily inspect Type S Pitot tube

Leak check each leg of Type S Pitot tube

During Testing

Read temperamres and differential pressures at each
traverse point

Sample dats and caicuistions recorded on preformated
data sheets

Unusual occurrences noted in test log

Pmpedymmdnmllndpndlofmsof'ryp,s
Pitots and sampiing nozzie

Leak check train before and after any component
changes during test

Maintain the probe and filter temperature

Mlmnmncemmembdndmm
exit temperature

Calibration forms reviewed for compieteness and
accuracy

B R ISR B PR

Methd Y29 - m B # )
y = /. 0rze
44 - /D)y
K Al = 2.05°

mBE (¢

&

Me”\ua’ B33
T /.60
dH= 1.778

/(.pwcin: 2. 76
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Quality Controi Cheek Observation

After Testing
Visually inspect sampiing nozzie e
Visuaily inspect Type S Pitot tube =
Leak check each leg of the Type S Pitot tube e
Leak check the entire sampling train Agen
Record observations if any .

Field Log il X
Project name/ID and location ABC COke Blr‘mu'qjcm , '41“-\
Sampling personnel (names/position) D uo'ZScLu)'l VOMQJ’?J dhu&. &Lfk&
Geological observations inciuding map Y pclov - Sauyfus o
Sampie run times and dates [af A= 7,'6{1; M X E—D/vfé oy
Sampie descriptions ya9g B/J’FZ’@W S raadua
Description of QC sampies N /A
Devintions from QAPP - s — e A
Difficuities in sampiing or unusuai conditions /Lkﬁ&mm% Glee Puobis
Sampie Labeis U s
Sampie ID /1:;(
Date and time of collection 0.32)-9%
Lab technician initials Rk ¢ FL
Aoslytical parsmeter P AW, - OM Pt DN )
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. LI2G
COKE OVEN EMISSION TEST r oa /Vuva‘/
BIRMINGHAM, ALABAMA 8% Loty
da}‘/e/ AM —
I. Test Run Observacions Date 90.79| 50158
R = Recommended Test Test Test Tese;
M = Mandatory Run h‘m Rxam nzn |
1 A
”7': ;ZZ . ﬂ—.z/‘) . . . |
1. Train set'up fii.ter ID %%
~ filter weight
filter checked for hoies ' _# ' * |
filter centered - jﬁ _%x_aL — R
- nozzie clean 0 ]
nozzie’ undamsa % ik o
nozzie diameter (in.J 33 (& .
probe liner ciean St .
probe markings correct i | |
probe heated uong ‘
entire: Im cee Noerea - %
............ g e T
ail bail ji Jouu:s lighel v i | |
ed: -«'I-Sh . /U/Al/-)/ll- N S
...... ‘11 auenm 8° ex .. o - !
2. Train lesk check . EEEEE
at nozzle: initiai- (R)---- 2 .
(<002 cfm @ 15 ' fe_ /4
in. Hg initial. intermediace (R)-VAC_ - ' — | - ]
Incermediace and e — |
final at highesc intermediats (R) VAC r _
Vacuum during LG | — | — i
tesc rum.) incermediace (R) VAC —— — i
final (W) ic 00) | 607
- ’ - VAC 1/ 7. N
3« Pictoc lines leak inictiai positive Line (RJ) - M_% Y & BREEEEE P
check: negsacive Liine (RY "o f‘/' g% dA" . °f
(hold 3 in. Hy0) Y p |
finxi- - EE!iﬁW' 1ine- (M) - - % 3 .0(‘ A ./.&é ............. :
on manomster for , v 4w j
(15 “") . _negagive- 1ine- (R): -} 2-3 ¢A] ) 3-of]---. _H
..mm,.. T TTTYEE R J'
Tedlar bag: Shouid hoid 2 ep 4 im. azo ‘ f
pressore’ for: 10 - minnees-or-- - - - -} e . |. ,gﬁf B
zero flow mecer resding on |
continuous evacpzrion: or Mes | ajes. B
Compiecely (il bag and lec :
scand overnighe=ema deﬂa:zon. 4:1‘0 Yoo 4{
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Jotlt Lo - 2 O°F 2

Dace | 9250|925
R = Recommended Test Test Test Test
M = Mandatory Bun Zn Run Run
3 4
R Agaplbarl 2 ]S
4. M=3 sampling train check: *
initigi - (M)--- ---- - eennn . M/A . /U/A— .
(should hoid
10 in. vacuum finai- (M)-- - -.-e.o.o.. . /U/A—- /U/A al S
fnr.i{zm.) ----------------------------- .»..Ult..wﬁn---- ..
Purge sampie train with- stack- R [
-+~ Comstant race sampiing-- - - "1 pur """" iE s L
5. Time tesc sctarted - - o ——— " " v Y FR———
- Time test ended: N X5 AT _Ll%w —
6. Dry gas C- ) poTt inigiai - - S 1949 @203] 799348
neter . coe e fxuio...... c e e o ;_-j-. ———— s v e .
volm: ("' -)- nore’ lutui ..... et eyt e e e} -
....... ﬁwl..... R N e R
( ")ﬂor: ln—xl-:;:b ...... Cefe s e o e e ey
. e . 'f:Lnii-. ........... JERIFIRIEY SRR D '. .
(- -)-porr ini:ﬁi ............ Rl Bl REEEEE
- J. l. c . ewe - fim ............ r/a%ﬁ?@
7 Train operation Nozzie changed
during run during run -
v aeeseieane NOT ALLOWED: - - - -~ -=---- %M
icch’ and' yav of- probe-ouke- - -- - - -- - . - }
nozzie-not scraped- on- nippie- - ccccese-- $J i % i b
effercrive seai- around- prode - - - - e eecee. f'"’ PAPRre ey P Fra—— K
prooe moved: ac- Pnﬂﬂr’tm c e e s s+ sesaes o4 F 3 %?.%r ....... IR
pronehutad “ e e @ soaeo. e . . . 'f"/i—{M' . . P '
calculator constants or nomograph v v
changed when TS and/or T™
changes- significantly- ~ . /UAJ '”/4 .
average time tO seC
isokenetics after be
moved: O REXE: PoAfE s e e e N /05 <o
Average vaiues:
impinger temperature
!hmld be<70‘? ....... " e s s s saxeesemoecs r% ,."#A..
Posc filter gu sStreamer or - i
Filter box tempepafiu
<320°F,
: *gireie ane- - - -
Stack ctemperatpre - 0 ‘t - | | SRR I
baromecric' P taken- and: vaiue 9.9 3? )t ] |
vas probe ever disconnecced ’
from filter holder while in '
scack? he | %O
vas filter changed during run! "% YN L YL | |

%
/

M.A.M:...Jg mﬁ\&;f 427 ol
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Page

#'J‘ "
M ondh

- / [ s 3 5.
....... .. 0_ ; / Ca //aA) OfJ
i
Dace | 9 vyl o098 |
R = Recommended Test | Test Test | Tes:
M = Mandatory Run Run m;n Run
4
................ /}}_5/}7 j—f/d' I |
Check on filter holder lno:en:.ng of ' :
clamping device holder d/u ﬁiwg
was silica gel changed o
during run? ‘2co | 2w . |
vas any parcticulace losc? ‘g 1 : Py
Accurace &p K : 0503 17:0 ‘ IO~
reading of: AH 722 o) 1%, R47/9F
meter temperature - — 5 AED . X R X
stack temperacure- -17 1\ 44R -4
/ % MECEYr° VACUTM® ° " cc--o+o=~oso- . Id}.i... ....... f*
gm pey poln: .................... .e ;Ii: O ™ ~ 3 EEEEEER TETTE

impinger: temperature - - °

-------

Posc cestc: <~ All- openings- seaied: ° °

- recovery area’ ciean- sheitared

---------

- leter handled- with- gipves;* f
ecri’ digh semied labnied
- any sample losc- -

grad cyl.
wughed
wvater measured: l/ .

- silica’ gei: we:.zhed. ne:'

- cond:.::.on - eoior - e

---------

- probe- cooied  sufficienciy

- nozzies removed- and bmhed‘

= nozzie' brushes-

ciun'
- wash botties ciean
- gcecone ciean- ‘- --c-ce----e

= #~8 15 minute purpe
- wvacerssoluction ciesn - - - - -

- biank taken: - acetone’,” va:gr.
Probe brusn' and extensipn ciun
Sampie container:" (Clean

other'

Capped:

Lapeied

Sexzieda -

Liguid- ievei: marked- 7

] ¥ 7
2 %

-
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M' ' ‘/74 &
paee| ZAT| Zo/-28
R = Recommended Test Test Test Testc
M = Mandatory Run " Rum Run Run
1 i | 3 4
...... /7.%2}’/%3’7‘/)-- . )
9. Post test Orsat Analysis of Tnitial (M) e, % A
integrated bag sample Orsac v
analyzer - Analyzer leak check
(leveis should not fall below Finai (M) T2 Lageq -
cap. tubing and not more than (7 J
0.2 mi, in° burrette for: 2‘ min.) 4 — - .
Orsat- sampies:- Each bag anaivzed 3 times = |41 oo P !
% CO» agrees-within 0.2% - - | ~de) % - L :
‘09 a rees- yithin 0,2% - --- - ﬁ() " F
zcoiﬁ"“ﬂhznﬁﬂ ..... _—Ty A"@A" ....... Fe
Anaiysis at end of tesc. Orsac analyzer [_
checked against air- (20.9-+-0.3)-- - ------- S 2 R 2 SR T
Orsat Anaiysis: /i 7} [
COAZ - - v fhiiia. !2.2 - 0.2 I
Dol o ———— e G v o
e EoT AT A
Fo = 20.9 - % 04
"% COq . .../}/.14...2,)/4.. ...... L ..
Fuel- e s a0 A b A e T
Forange: for- fnei- : #ﬁ_r ----- ¥
Orsat: anaiysis- vaiid - '#‘ PN Y™ 3
Orsac solutions changed v
when calculated F,
exceeds fuei type: range. /JM ye
10. All samples locked up o) -
All sampiing  components' ciean and’ semied = | - x 1
] 3k All daca sheecs sunn:.::ed to' pbaerver %‘L ¥
e 0S8 "t e e e —— .. b YRS R ’
~= Run- isokenetic: 'rwgb“m,. ........ 3 Y R x

J %

- Partz:uiate recoverv-

‘- Cai.:.hrac:.on SOB@ES: - - - .- et e .

{

*«,\n‘ﬂ be el
G A,

Drnans ity cna g

W‘a

oitln codn T Cerl)
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Signacure of QOb

Plge 50f 5
NOTES: Care should be taken, when sampling for orgamic compounds, to
follow stringent quality control guidelines to aveid contamination of the

sample and sampling train. Take note of any occurences which could bias
the sample in any manner.

Inciude: (1) General comments; (2) Changes to pretest agreement with
justification; (3) Identify (manufacturer) and describe conditiom of
sampling equipment; (4) any abuormal occurrences during test program.
(Additional page(s) attached: Yes *- , No i .)
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ABC COKE
COKE OVEN EMISSION TEST

HAM, ALABAMA ot
BIRMINGHAM, A’ /%M-M/U/{) s:ij Eﬁ?mg

Aoy M 429 Ww‘%r 04 DBt
8 oty méﬁ;ﬁ& fard 'Sj%l’ase L of 2

Ruw PR

e

Guality Controi Check

Prior to Start of Tests

xq,nwmmummwy

Assemble trains in dust free environment

Visuaily inspect each train for proper assembly

Level and zero manometer

Czicuiate proper sampiing nozzis size

Visuaily inspect sampiing nozzie for chips

Vismaily inspect Type S Pitot tube

Leak check each leg of Type S Pitot tube

Leak check entire ssmpling train

During Testing

Read temperatures snd differential pressures at each
traverss point

Sampie data and caicuiations recordied on preformanted
dats sheets

Unusuai occurrences noted in test log

Property maintsin the roil sod pitch of axis of Type S
Pitors and sampiing nozzie

Lesk check trxin before and afier any componemn:
changes during test

exit temperatare

Calibrasion forms reviewed for compieteness and
accuracy

Data sheers reviewed by PM daily during tesring

R REE ISR B | PERERRTET f

>

Nl
)
Q
~
Co

Metd ) 429 — mMaF!

N J.olw

AH = ).95Y
K Foda =

:/.QOS-

ey =

oy
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P
|
)
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Dae SUp 23,1978
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Page 2 of 2
04 Lt
Quaiity Control Cheek Observation
After Testing
Visuaily inspect ssmpiing nozzie ey
Visuaily inspect Type S Pitot tube % 20
Leak check each leg of the Type S Pitot tube
Lezk check the entire sampiing train jf
Record observations if any ,LM
, vy -
Project namerID and location ,4 [3@ ' Ockg Bll‘mwé ('\am:'malﬂq
Sampling personnel (names/position) Dewas ) ;| } Lﬁ }% ““:&m:s&a El ]
Geologicai observetions incinding map Q[}}-[;: N N NEH’/PQ
Sampie run times and dates 2&‘&, Lo.'/f/fﬁ 'iM'_TX_—DD—y 8
Sample descript :Me'l- :P ’gﬁ =5'P4“ ‘
Description of QC sampies NIy |
Deviations from QAPP A O ‘ ,
Difficuities in sampiing or unusuai conditions [) :“t . );\ L d :H)“,,L, - ﬁdzk
Sampie Labeis
Sampie ID :Ja@
Dmandtfn.mw.ffoﬂedm 9 1@..73 LO0:DFAM & 6! 14 P M
Lab technicizn initials R Q {l R kK
Anaiytical parameser LO:; Pk DX ¢ PANGS |
Preservative required T ey Qw‘? w X QM-&-&M .
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COKE OVEN EMISSION TEST P‘iu‘,fhg 5‘
& O
BIRMINGHAM, ALABAMA .
@Y 11!
I. Test Run Observactions Dace {95098 F-2294 4
R = Recomrended Test Test Test Test]
M = Mandatory R:n
1. Train. set-up-  filter ID
filter weight
filter checked for noies
filter centered -
- nozzie cleam: - - -
nozzie- undamas
nozzie diameter (in.)
probe liner ciegn
probe markings correct
probe heaced along |
co. entire- lﬂﬂ"" . 1. 'y . , . .
————W%;@g T
ail ball Jom:s ugh:.ly
e . grmmgedrcC cereeee see.. . ,U/ﬂ.wW/A- N D
. . s . ‘11 °°u“j£' u!!!! . e e w . . . . .. .. . . .
2. rrnnlukcheck LG - - - {4 ‘_,gt:ir -----
at nozzie: initiai - (R)---- VAC -~ 1"/ (" 1r"}€%' : :
(<002 cfm @ 15 c N ey ¢ .
in. Hg initial. incermediare (R)-VAC - ‘ i - — i
Intermediace and e - - v — i
final at highesc incermediace (R) VAC L — — {
Vacuum during '——'—_x,_c_ ] —) - :
. incermediace (R) VAC —_— ————
cesc run.) Tinal | <—_—m‘ > LC__ - ,00C | . 003 )
.v‘c - ./j"’k Y'u i
3. P:.:ot lipes leak initiai En::wr line (R) - , ey - R 1
check. Tarive” li“ (n.‘i’... [E /) - DI
(hold 3 imn. H»0) B y /)y
2 tina1- powicive Line (M- 150" ok{- 4554 ...
on mancmater for 3 PRE "
(15 uc.) T e nentzve-iinr(m '7,“/ °r<’1 s.é °/( M
M=3 bag inicial leak check (M)
Tedlar bag: Should heid 2 eg 4 in. Hy0
pressure- for- 10 minntes-or-- - - - - :g—,q
W ,
concinuous evacnacion  or gdo |- Mey
Compiaceiy fill bag and lec v
scand overnighe—=mo deflacion. /324 ’

*q%ﬂrﬁdﬁﬁw weghd by EEC 200 e hue
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Date 9.929g | 7-0258 —
R = Recommended Test Test Test Testy
M = Mandatory Run mzm R;m Rzm
............................. /13-;)7 M._j)/._]..-...... .
4, M=3 sampling train check:
initiai- (M)--- ---- - .-} WAL p A
(should hold .
10 in. vacuum  finmzi- (M)-- - - o-o-o---- - /(7'//}- Uld :
for1{2 ﬂlﬂ-') ................................ A}/én/A:
Pua sampie train with- stack a8 - \5& yoo\es
Consctant’ rate smi:.n """ 1 pmr N Aden
5. Time- tesc started: - .-
T:.me test ended- IR v /FF
6. Dry gas (- ) port in:L:ia - I 7
u:er ....... 1.1uL... .7-~- l- [N ——
volume: ) port initigi - - - PR IR N PR P
....... ﬁwL.'-" DY PP [FPTNIPUE PN
( . -’- ‘DO‘!‘:’ imL:i'ﬂ. ................ [P UFENY I ' B
) - .- .ﬁin.:...... .--'-.....--....—-——-p ....... '.
(- . 'Eﬂf: initn.L ............ ’.-.-. DIEY DR e ) T
K _ T inmi - - ; Mm
7. Train operation Nozzie changed
during run during run - A0 ‘
— ﬁl .......
- . -r. D e o  offm v e & a .
s » ® @ s o » ‘ L )
|
calculacor constancs or nomograph
changed vhen TS and/or ™
changes- significanclvy: A / A
aversage Cime to secC
isokenetics after probe
moved- to* next’ point - - - - oS Y CLodug b -one |-oen
Average values:
impinger temperature
should beg 70°F - - ---- --... . ...l ey | My |- g
Posc filter gn ureng: or A ol
Filter box tempe u _
<3207, -
T circim ome --- - - ' /}M | e
stack temperacure-- - t- < 1"
baromecric- P taken: and- vaiue | D79y t Q9 2F - Ty
wvas probe ever disconnecred '
from filter holder while in
stack? , N0 Uy ‘
vas filter changed during run? e | Ay s ]




W F LITQ
- Page - ‘3 “J'"“aof y
""" oWl Lot 3
Dace 192298 | 9-2298
R = Recommended Test | Test | Test | Test
M = Mandatory Run Run Run Run
2 2 3 4
.............. PL-5u9 ”3/_5' .. .
Check on filter holder looaen:.ng of
clamping device holder 4&9}& Q .
wvas silica gel changed
durmwu? ‘geo | oy
vas any part:cula:e 103:4 N PP T
Accurace : . ” L7 A
reading -% A, Y7 - F
meteyr :meratnre e Q_I_ I k2 B
stack temperature- - - 1-3 [_- S
(*mter' vacuum® YA _.LZﬁ AR R —
&* ciu°9er-poing .................... . ....,/, ............
impinger- temperature - - - " mﬁ- ------- :
(T e See——— ‘
Minimum sample time of -
o * <Hinunm uuple volume of
---------------------------------------- 0"( 971( U
8. Posc tesct: = All ovenings sesied ' ---""°"""-° oy A s YL ;
= recovery area“ ciean- sheitered - ----- - - ~en S F
- filter handled-with- gioves, - forceps- - - SO R .
- pecri- dish senied, labejed ‘- - ' % Aien: - ot
- any samplie loae- - - .- - - .- Ao ™
grad cyl.
wugbcd
water measured: v/
- silica’ gei  weighed, nec- gms: -
- cond:.::.on - C0i0p e N Clas e Dot oo
= nozzie' brushes: ciman: - - - - - - e g T T T ———— R—
- wash botties ciemm - - @ s aeeeee] by
o %Ni\kjlw Q\\L"‘b\*- gce:oue Y R R B P I O - -
- Meg 15mng3m @ - - ree--: PR SEAE Ay iy ¥ Py -/ SUS E—— "
~ VACBr780iution Clemm ity Ty T
= biank taken: - acetone., wacter. other: ‘|'ii, I ey - - .-
Probe brusn’ and extension cieam. | e Toaza 1 -
Sampie container:: Claan -
Cavped:
La'oeied
Seaied: -

Liguid- ieyei: marked:

e
gy W%@M Wt e ma/ﬁ/



Dace | 7055 |9.00-28 .
R = Recommended Test Test Test Test
M = Mandatory Run | Run Run Run
‘%( 2 4.3 4 I
........ ,_1.7. /11.3/ 1... . ﬁ
9. Post tesc Orsac Analysis of TInitiail (M) |4yt A4 - J
integrated bag sample Orsac 7 7
analyzer - Analyzer leak check : ’
(lavels should not fall beilow Finai (M) - bfen Adeg
cap. tubing and not more than “ [/ —
0.2 mi in' burrette for- 2‘ min.) } e— —_— ’
Orsat: sampies:: Each bag anaiyzed 3 times' - . o
% CO» agrees- hin- 0% 2% - %—'% . . —
‘ 0y agrees-within 0.2% - |' w% Y —— P
2-CO"a es- within- 032%° - °  ° W AT o
Analysis at end of test. Orsac anaiyzer ! 4 L o
checked against air- (20:9-+-0:3)-- - ------- - 4 o) A U !
Or=at Analysis: -';M-'—";ﬂ :
co,z .......... 6.0 F o.‘.’z_,'... 4.
Oqz .................. . 3y ‘.4[ . o F
coz .......... -t /ﬁ N r, "
Fo = 2—0.9"-_2 05 - '
Ficol’ e e e .”/,4 .NéAAA,: _________
el - . e o) 37 —
J_'Orsngsg f:r' fuel — : ; A,;{g, ..... ,r. :
analysis- vaii 1 e ) ,
Orsac solutions changed
vhen calculated F,
exceeds fuel type range /U/A /U/A.
10. All samples locked up e

/ * Ali daca' sheecs snbln:l:ed tD* observer- -

2 S,

All sampiing' components: ciesn’ zng- suied

- QPSBL " T T T e e ——— i s

=~ Run- isokenetic- Tean7Obsezver: X ST SRR ;
N

- Particulate’ recovery --- .o T T G

- Process - data - - - " e o——— > - ;@‘ Y ra—

- ChartS“'.---- ....................... ..ﬁzgé_.ﬂ/’g_. ....... b

-w Caiibracion S IIB LG © ¢ v v e e e e e R T —— TEEX

/% S

Cortrelas,
be sl ) o8 Wk d



. Page 50f 5

J. NOTES: Care should be taken, when sampiing for organic compounds, to
follow stringent quality coutrol guidelines to avoid contamination of the

sample and sampling train. Take note of any occurences which could bias
the sample in any manner.

Include: (];) General comments; (2) Changes to pretest agreement with
justification; (3) Identify (manufacturer) and describe conditionm of

sampling equipment; (4) any abnormal occurrences during test program.
(Additional page(s) attached: vYes , No v.)

Signacure of Observey Affiliacion of Observer Date
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ABC COKE
COKE OVEN EMISSION TEST

BMG%AP AMA Lo Q%ﬁ%ﬁ

a (N - n) R |
“Trems M-qag Bk BJW Poud g ) Page &ﬁjof

Row 3

~

r

Guality Coatrol Check . | Observation
Prior to Start of Tests .
Keep ail cieaned gisssware seaied until train assembly
Assembie trains in dost fres envircament
Visuaily inspect each train for proper assembly
Level and zero manometer
Caicuiste proper sampiing nozzie size
Vismily inspect sampling nozzis for chips
Vismaily inspect Type S Pitot tube
Leak check each leg of Type S Pitot mbe
During Testing
Read temperamres and differentiai pressures at each
fraverse point

Sampie data and caicuistions recorded on preformaned
date sheets

Unusuai ocomrrences noted in test fog

Properiy maintsin the roil and pitch of axis of Type S
Pitots and ssmpiing nozzie

Lesk check train before and afier any component
changes during test
Maintain the probe and filter temperamre

Mlmmmnmmhﬁldmw
exit temperature

Calibration forms reviewed for compieteness ang
accuracy

Data sheers reviewed by PM daily during testing
M) 929 WMo T OMBHR
N = yoiw - /.00)".
AH — 1.95Y
ARz /,.778
K% = x5 QN K. ?.c.,._'kcn Z-/Lp

Q.13

gﬁéﬁ%ﬁf W,fif’ffgef%

A

£
)




Date Sue}03,/978

aea,

AN

s3I

page 2 of 2

Quaiity Controi Check Observation
After Testing
Visuaily inspect ssmpiing nozzie Uens
Visuaily inspect Type S Pitot tbe tg;
Leak check each leg of the Type S Pitot tabe \en
Leak check the entire sampfing train %’ga
Record observations if anry
Fieid Log

Project name/ID and location AB_ C’ L’e . B\rmw \kaw\ ALJM
Sampiing persomnei (nzmes/position) pe;wu_; \] \'\Q\_é‘c\\ \1 e‘“»&f‘-‘p Ma
Geological observarions inciuding map R ;\.&n%mt pu, W, t‘mfst Pl
Sampie run times and dates prdedm b Glootm  $-23-92 3
Stmspie descriptions MIM Corb- 2, Matled 307, NiggH)
Description of QC sampies N / A
Deviations from QAPP
Difficuities in sampiing or unusuai conditions \ M;.&..:,,A.a’\% ﬁ&»\ )Fﬁ&g
Sampie Labeis \SL |
Sampie ID ﬁ :
Date and time of coilection 8-23-9 & }]8!a0 Am‘l. k. 0¢ f’h o
Lab technician initias R(} { R XK |
Anatytical parameter P PA Nry
Preservative required

"‘“‘Q'zr«



ABU Lunn
COKE OVEN EMISSION TEST
BIRMINGHAM, ALABAMA

I. Test Run Observations Date
R = Recommended

M = Mandatory

Quil)

1. © filter ID

Train.set up"
- filter might

Te

st

filter checked for hoies

filter centered - -

- nozzie clean

nozzie: undama

nozzie dizmeter (inm.:)

probe liner ciean

probe mrkmg: correct

ptobe heacead ai.ong
h- > e

ent:.re' 1

.t e

ooooo

- £iiter- box or- hoider- ac temp:.
ail ball Jo:l.n:s l:.gh:.ly

alil’ om ings- capped-

2. Train leak check _ﬁ TR
at nozzie: dnitiai- (R)--- - - -
(<092 cfm @ 15 T TR X R ]
in. Hg initial. intermediaca (R)-VAC - ' — | — >} - )‘
Incermediace and LG T— I e— 1 )
final at highest intermediace (R) VAC I — | — ]
Vacuum during LC P — F — ,
test rum.) intermediace (R) VAC — J— |
final (M) LC ,00° 1,006 3
—_— .o VAc e 7 Z e - /e
3e Pitoc lines leai initizl sicave line (n" - 2 2 7 ) ( ...... o s e,
check: nezacive iine (R)° | Yy 041 NV 4R +
(hoid 3 in. Hy0) v v
foal - positive line (1) {57 0k 17,070k -} -
on mancmater for , _ TS
(15 sec.) —— negative- iine- (R)- Z.ﬂ‘# 579 0K |- - - - :
......... Dzurm-mm o .%.. v 4_|

M-3 bag inicial leak cheek (M)
Shouid hoid 2 eo 4 in. HyO
breasure- for- 10 minnces- or-

Tedlar bag:

-------

zaro flow mecer Teading on
continuous evacnacion® or
Compiscaiy f£i11] bag and lec
stand overnighpemo deflacion.

——

K FUR A e %.,LJLG
i&‘ﬁa | D /U'—wm&»,\

EREG

Le ety B




- . Page o 5
Pace 1 1939 | 9.22.92
R = Recommended Test Test Test Test
M = Mandatory Run Run Run Run
E ] 3 4
..................... #j;ﬁ. ,3/)“.... --}
4. M=3 sampling train check:
initiai- (M)-- - ---- - e.--- /A wh
(should hoid
10 in. vacuum finzi- (M)-- - o---e-ie.. - ~41’/4 /U//; il
far-l/!um.') .............................. ’O/AI’/A .
Puge sampie train with- stack" gas —— SsE———
-+ Constantg rate’ smizn ----- l.m. ...... « .w_.. AT
5. Time- tesc started R R /0!
T:.mn test’ ended: R TR X 1o 0l "
6. Dry gas T’ ')‘Port'ini:iai""""" . . 0.2_
meteyr P e fiui ........... T ——— ~— et
volume: (- ) pore inicimi - - TR P = SO
‘: ..... %m ....... R T e R
( ")‘pOt:-iniizia.L. ...... g - et o) cece- R
. .. -f:[n‘:.....-.- ..-.’..‘__-...’...;' ......... '- -
(- .).pon initi"L ............ r.w.-.-w—’.- ....... . e
_ e, finmi - o - nmm T
7. Train operation Nozzie changed i
during run during rum -~
- s ter e enea Nolr.m ............ Na....ﬂ.a... .-
1:=h and aw of- mba- °-.k.. ............ Y IS - s e e .
nozzie-not scraped on nippie- - -cc-----c F'% rﬁ H Rk
exfac::_" ’ui am mbe ................. If—'!" . o ge ./-424 e e s oe e R
Srsbe moved at proner eime e L
rope heaced- - R e . Y. PR P 7
calculacor conscants or nowograph _"g&H__:Va&A
changed when TS and/or T™™
changes' significanclv: : /'U//7L ”/ 4.
average time Co se&cC
isokenetics after probe &l
moved' to'mext' point - - - ee.. ocop GO Kpa SRy Ll
Average vailuas:
impinger temperature
should be<70°F - -:++ -e... . i ieceeeans :%ﬁ . A (%M N I
Post fiiter gas SCresmer or M
Filter box tempera
Cﬁ;fi%ﬁjquo'r
gzrgig one- .. e - /gﬂﬂ . /W ..
stack: tegperacure- - .00 - - - S i ey
baromecric' P taken- and: value __&79,9 ] ._72 Lt -

was probe ever disconnecced
from filter holder while in

stack? L O Ao
wvas filter chanped during run? N O




Date

R = Recommended
M = Mandatory

Tests;

Check on filter holder loosen:.ng of
clamping de device holder

vas silica gel changgd
during run? .

wvas any particulace losc?

Accuratce
reading of:

stack temperature- -
meLey” vacuom:®

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

*’ time' per- point

ippinger- temperacure -
iiter- bnx :emeragm- EEERCETEEEE
Minimum sample time of - in met

Minimum sauple volume of - - dsef collected

------------------------

/ ¥

8. Postc test:

= All- openinps- semied: - - - .

- rFECOVery area" ciean- sheirered - ----- -
- filter handled-with- gipves;" fme“.- .

- petri- dish seaied, labuied
- any sampie losc: :

grad cyl.

veighed
a;.,\ vater measured ml . gms -
'U/ : = silica gei- weighed:,' nec’ gms-
{5;\:\\ ‘“""‘(":ﬁ?:: - condz::.on -coipgr - .-
Ry:-2

- nozzie' brushes-
- wash botrties ciean -

- acecone ciean---- trecieccesoriaae oo

- M=8 15 minute- purpe - -
- wacerssolucion ciesm - - - - -

~ biank taken: - acetone;- va:nr'. other'
Probe brusn and extension ciean.
Sampie concainer:” Clesn

Cavoped-

Lapeieg

Sezieq: - -

Liouid- ievei: marked ' -

/ %




PA Ty I77l

%Swﬁ‘utr&“m

o2 F

Precan. Sz L,._Auba RT

1;‘@11&.1

- Plge % of 3
Date 19.03% 192378
R = Recommended Tesc Tesc Testc Test
M = Mandatory ‘Run : Rém Run Run
3 4
""" a9y I MY-3y3 pe- - -
9. Post test Orsat Analysis of Tnitial- (M) .
integrated bag sample Orsac 8Q
analyzer - Analyzer leak check
(levels should not fall below Finai (M) - e \‘3‘ L
cap. tubing and not more than g
0.2 mi in burrette for- 2' min.) | I S _
Orsac- sampies:' Each bag anaivzed 3 cimes- WA wad Fe '
% COr_aprees-within 0.2% - : B IEEEEEE ,
*On a reermghin 0.21 ...... PR -
X CO 8P Trams - Uithe 00T T b R b
Analysis at end of test. Orsac mlyzer i
checked against air- (20:9-+-0.3)- - - ------- A tYed- b - feee
Orsat Anaiysis: {
COAZ = +vv ceeraann. 1-4:2 Qll R
OaZ- - s vz _M" (Il F -
coz ........... ....M.A.. M/A-.r r .
Fo = 20.9 =% 0, l l
"% COn .. . QLA)U//" ...... .
Fuel- P o4 Iz:.g . /A. -
Foran fgr-fuel T At A T - b
Orsat anaiysis- vaiid' - | : R
Orsac solutions changed -%&-_%ék
vhen calculated Fq '
exceeds fuei type: range. JJ/A_ ,0/14.
10. All samples locked up : :
All sampiing components: ciean' and seaied - :% Agg b i
[ 5% ALL data  sheecs submitted to . Qerl Qe EEEEN
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J. NOTES: Care should be taken, when sampling for orgsnic compounds, to
follow s:r:.ngent:-quah.:? control guidelines to avoid contamination of the
sample and sampling train. Take note of amy occurences which could bias

the sample in any manner.

Include: (1) Genmeral comments; (2) Changes to pretest agreement with
justification; (3) Identify (manufacturer) and describe condition of
sampling equipment; (4) any abnormal occurrences during test program.
(Additional page(s) attached: Yes -+ , No %)
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ESD Alfred E. Vervaert Group Leader
Lula H. Melton Process Monitor and Observer
PES John T. Chehaske Program Manager
Franklin Meadows Project Manager
Daniel F. Scheffel Field Team Leader
Dennis P. Holzschuh | QA Coordinator
Ron Kolde Sample Recovery
Dennis P. Becvar Laboratory Audit
Dennis D. Holzschuh | Field Team Member
Troy A. Abernathy Field Team Member
Gary M. Gay Field Team Member
Amanda Richcreek Field Team Member
Steven B. Blaine Field Team Member
Paul T. Siegel Field Team Member
ATS Steve Terrell CARB Method 429 Sample Transport
DEECO Richard Durham Sample Recovery
Marc Hamilton QAPP
ERG Joan T. Bursey PM/MCEM Analysis
FAL William H. Wadlin Metals Analysis
Quanterra Robert Weidenfeld PAH Analysis
LabCorp NIOSH PAH Analysis
RTI Marvin Branscome EPA/ESD Contractor
Sandy George EPA/ESD Contractor (Observer)
Stacy Molinich EPA/ESD Contractor (Observer)
ABC Coke John Pearson President
Mark Poling Manager, Engineering Environmental Compliance
Bruce Wise Facility Testing Coordinator
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Method 1 - Sample and Velocity Traverses for Statiomary Sources

1. PRINCIPLE AND APPLICABILITY

1.1 Principle. To aid in the representative measurement of
pollutant emissions and/or total volumetric flow rate from a
stationary source, a measurement site where the effluent stream is
flowing in a known direction is selected, and the cross-section of
the stack is divided into a number of equal areas. A traverse
point is then located within each of these equal areas.

1.2 Applicability. This method is applicable to flowing gas

streams in ducts, stacks, and flues. The method cannot be used
when: (1) flow is cyclonic or swirling (see Section 2.4), (2) a
stack is smaller than about 0.30 meter (12 in.) in diameter, or

0.071 m® (113 in.?) in cross-sectional area, or (3) the measurement
site is less than two stack or duct diameters downstream or less
than a half diameter upstream from a flow disturbance.

The requirements of this method must be considered before
construction of a new facility from which emissions will be
measured; failure to do so may require subsequent alterations to
the stack or deviation from the standard procedure. Cases
involving variants are subject to approval by the Administrator,
U.S. Environmental Protection Agency.

2. PROCEDURE

2.1 Selection of Measurement Site. Sampling or velocity
measurement is performed at a site located at least eight stack or
duct diameters downstream and two diameters upstream from any flow
‘disturbance such as a bend, expansion, or contraction in the stack,
or from a visible flame. If necessary, an alternative location may
be selected, at a position at least two stack or duct diameters

Prepared by Emission Measurement Branch EMTIC TM-001
Technical Support Division, OAQPS, EPA
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downstream and a half diameter upstream from any flow disturbance.
For a rectangular cross section, an equivalent diameter (D) shall
be calculated from the following equation, to determine the
upstream and downstream distances: .

2LW

D = ————
¢ (L +W)
Eg. 1-1
Where
L = Length and W = width.

An alternative procedure is available for determining the
acceptability of a measurement location not meeting the criteria
above. This procedure, _

determination of gas flow angles at the sampling points and
comparing the results with acceptability criteria, is described in
Section 2.5.

2.2 Determining the Number of Traverse Points.

2.2.1 Particulate Traverses. When the eight- and two-diameter
criterion can be met, the minimum number of traverse points shall
be: (1) twelve, for circular or rectangular stacks with diameters
(or equivalent diameters) greater than 0.61 meter (24 in.); (2)
eight, for circular stacks with diameters between 0.30 and 0.61
meter (12 and 24 in.); and (3) nine, for rectangular stacks with
equivalent diameters between 0.30 and 0.61 meter (12 and 24 in.).

When the eight- and two-diameter criterion cannot be met, the
minimum number of traverse points is determined from Figure 1-1.
Before referring to the figure, however, determine the distances
from the chosen measurement site to the nearest upstream and
downstream disturbances, and divide each distance by the stack

Prepared by Emission Measurement Bramch EMTIC TM-001
Technical Support Division, OAQPS, EPA
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diameter or equivalent diameter, to determine the distance in terms
of the number of duct diameters. Then, determine from Figure 1-1
the minimum number of traverse points that corresponds: (1) to the
number of duct diameters upstream; and (2) to the number of
diameters downstream. Select the higher of the two minimum numbers
of traverse points, or a greater value, so that for circular stacks
the number is a multiple of 4, and for rectangular stacks, the
number is one of those shown in Table 1-1.

2.2.2 Velocity (Non-Particulate) Traverses. When velocity or
volumetric flow rate is to be determined (but not particulate
matter), the same procedure as that used for particulate traverses
(Section 2.2.1) is followed, except that Figure 1-2 may be used
instead of Figure 1-1.

2.3 Cross-Sectional Layout and Location of Traverse Points.

2.3.1 Circular Stacks. Locate the traverse points on two
perpendicular diameters according to Table 1-2 and the example
shown in Figure 1-3. Any equation (for examples, see Citations 2
and 3 in the Bibliography) that gives the same values as those in
Table 1-2 may be used in lieu of Table 1-2.

For particulate traverses, one of the diameters must be in a plane
containing the greatest expected concentration variation, e.g.,
after bends, one diameter shall be in the plane of the bend. This
requirement becomes less critical as the distance from the
disturbance increases; therefore, other diameter locations may be
used, subject to the approval of the Administrator.

In addition, for stacks having diameters greater than 0.61 m (24
in.), no traverse points shall be within 2.5 centimeters (1.00 in.)
of the stack walls; and for stack diameters equal to or less than
0.61 m (24 in.), no traverse points shall be located within 1.3 cm
(0.50 in.) of the stack walls. To meet these criteria, observe the
procedures given below.

2.3.1.1 Stacks With Diameters Greater Than 0.61 m (24 in.). When
any of the traverse points as located in Section 2.3.1 fall within
2.5 cm (1.00 in.) of the

stack walls, relocate them away from the stack walls to: (1) a
distance of

2.5 cm (1.00 in.); or (2) a distance equal to the nozzle inside
diameter, whichever is larger. These relocated traverse points (on
each end of a diameter) shall be the "adjusted” traverse points.
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Whenever two successive traverse points are combined to form a
single adjusted traverse point, treat the adjusted point as two
separate traverse points, both in the sampling (or velocity
measurement) procedure, and in recording the data.

2.3.1.2 Stacks With Diameters Equal To or Less Than 0.61 m (24
in.). Follow the procedure in Section 2.3.1.1, noting only that
any "adjusted" points should be relocated away from the stack walls
to: (1) a distance of 1.3 cm (0.50 in.); or (2) a distance equal to
the nozzle inside diameter, whichever is larger.

2.3.2 Rectangular Stacks. Determine the number of traverse points
as explained in Sections 2.1 and 2.2 of this method. From Table 1-
1, determine the grid configuration. Divide the stack cross-
section into as many equal rectangular elemental areas as traverse
points, and then locate a traverse point at the centroid of each
equal area according to the example in Figure 1-4.

If the tester desires to use more than the minimum number of
traverse points, expand the "minimum number of traverse points"”
matrix (see Table 1-1) by adding the extra traverse points along
one or the other or both legs of the matrix; the final matrix need
not be balanced. For example, if a 4 x 3 "minimum number of
points" matrix were expanded to 36 points, the final matrix could
be 9 x 4 or 12 x 3, and would not necessarily have to be 6 x 6.
After constructing the final matrix, divide the stack cross-section
into as many equal rectangular, elemental areas as traverse points,
and locate a traverse point at the centroid of each equal area. The
situation of traverse points being too close to the stack walls is
not expected to arise with rectangular stacks. If this problem
should ever arise, the Administrator must be contacted for
resolution of the matter.

2.4 Verification of Absence of Cyclonic Flow. In most stationary
sources, the direction of stack gas flow is essentially parallel to
the stack walls. However, cyclonic flow may exist (1) after such
devices as cyclones and inertial demisters following venturi
scrubbers, or (2) in stacks having tangential inlets or other duct
configurations which tend to induce swirling; in these instances,
the presence or absence of cyclonic flow at the sampling location
must be determined. The following techniques are acceptable for
this determination. Level and zero the manometer. Connect a T pe
S pitot tube to the manometer. Position the Type S pitot tube at
each traverse point, in succession, so that the planes of the face
openings of the pitot tube are perpendicular to the stack cross-
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sectional plane; when the Type S pitot tube is in this position, it
is at "0° reference." Note the differential pressure (Ap) reading
at each traverse point. If a null (zero) pitot reading is obtained
at 0° reference at a given traverse point, an acceptable flow
condition exists at that point. 1If the pitot reading is not zero
at 0° reference, rotate the pitot tube (up to +90° yaw angle),
until a null reading is obtained. Carefully determine and record
the value of the rotation angle (a) to the nearest degree. After
the null technique

has been applied at each traverse point, calculate the average of
the absolute values of o; assign o values of 0° to those points for
which no rotation was required, and include these in the overall
average. If the average value of o is greater than 20°, the
overall flow condition in the stack is unacceptable, and
alternative methodology, subject to the approval of the
Administrator, must be used to perform accurate sample and velocity
traverses. The alternative procedure described in Section 2.5 may
be used to determine the rotation angles in lieu of the procedure
described above.

2.5 Alternative Measurement Site Selection Procedure. This
alternative applies to sources where measurement locations are less
than 2 equivalent or duct diameters downstream or less than one-

half duct diameter upstream from a £flow disturbance. The
alternative should be limited to ducts larger than 24 in. in
diameter where blockage and wall effects are minimal. A

directional flow-sensing probe is used to measure pitch and yaw
angles of the gas flow at 40 or more traverse points; the resultant
angle is calculated and compared with acceptable criteria for mean
and standard deviation.

NOTE: Both the pitch and yaw angles are measured from a line
passing through the traverse point and parallel to the stack axis.
The pitch angle is the angle of the gas flow component in the plane
that INCLUDES the traverse line and is parallel to the stack axis.
The yaw angle is the angle of the gas flow component in the plane
PERPENDICULAR to the traverse line at the traverse point and is
measured from the line passing through the traverse point and
parallel to the stack axis.

2.5.1 Apparatus.
2.5.1.1 Directional Probe. 2Any directional probe, such as United

Sensor Type DA Three-Dimensional Directional Probe, capable of
measuring both the pitch and yaw angles of gas flows is acceptable.
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(NOTE: Mention of trade name or specific products does not
constitute endorsement by the U.S. Environmental Protection
Agency.) Assign an identification number to the directional probe,
and permanently mark or engrave the number on the body of the
probe. The pressure holes of directional probes are susceptible to
plugging when used in particulate-laden gas streams. Therefore, a
system for cleaning the pressure holes by "back-purging" with
pressurized air is required.

2.5.1.2 Differential Pressure Gauges. Inclined manometers, U-tube
manometers, or other differential pressure gauges (e.g., magnehelic
gauges) that meet the specifications described in Method 2, Section
2.2.

NOTE: 1If the differential pressure gauge produces both negative
and positive readings, then both negative and positive pressure
readings shall be calibrated at a minimum of three points as
specified in Method 2, Section 2.2.

2.5.2 Traverse Points. Use a minimum of 40 traverse points for
circular ducts and 42 points for rectangular ducts for the gas flow
angle determinations. Follow Section 2.3 and Table 1-1 or 1-2 for
the location and layout of the traverse points. If the measurement
location is determined to be acceptable

according to the criteria in this alternative procedure, use the
same traverse point number and locations for sampling and velocity
measurements.

2.5.3 Measurement Procedure.

2.5.3.1 Prepare the directional probe and differential pressure
gauges as recommended by the manufacturer. Capillary tubing or
surge tanks may be used to dampen pressure fluctuations. It is
recommended, but not required, that a pretest leak check be
conducted. To perform a leak check, pressurize or use suction on
the impact opening until a reading of at least 7.6 cm (3 in.} H,0
registers on the differential pressure gauge, then plug the impact
opening. The pressure of a leak-free system will remain stable for
at least 15 seconds.

2.5.3.2 Level and zero the manometers. Since the manometer level
and:zeFo may drift because of vibrations and temperature changes,
periodically check the level and zero during the traverse.
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2.5.3.3 Position the probe at the appropriate locations in the gas
stream, and rotate until zero deflection is indicated for the yaw
angle pressure gauge. Determine and record the yaw angle. Record
‘the pressure gauge readings for the pitch angle, and determine the
pitch angle from the calibration curve. Repeat this procedure for
each traverse point. Complete a "back-purge" of the pressure lines
and the impact openings prior to measurements of each traverse
point.

A post-test check as described in Section 2.5.3.1 is required. If
the criteria for a leak-free system are not met, repair the
equipment, and repeat the flow angle measurements.

2.5.4 Calculate the resultant angle at each traverse point, the
average resultant angle, and the standard deviation using the
following equations. Complete the calculations retaining at least
one extra significant figure beyond that of the acquired data.
Round the values after the final calculations.

2.5.4.1 Calculate the resultant angle at each traverse point:

R, = arc cosine[(cosineYi)(cosinePQ]

Eqg. 1-2

Where:

resultant angle at traverse point i, degree.
yaw angle at traverse point i, degree.

= pitch angle at traverse point i, degree.

i

R
Y.
p

1

i

2.5.4.2 cCalculate the average resultant for the measurements:

= LR,
" Tn
. 13
Where:
Ry = average resultant angle, degree.
n = total number of traverse points.

2.5.4.3 Calculate the standard deviations:
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n

Y, (R;-R)?
g = i=1
d (n-1)

By 14

Sq = standard deviation, degree.

2.5.5 The measurement location is acceptable if R,,, < 20° and S,

2.5.6 Calibration. Use a flow system as described in Sections
4,1.2.1 and 4.1.2.2 of Method 2. In addition, the flow system
shall have the capacity to generate two test-section velocities:
one between 365 and 730 m/min (1200 and 2400 ft/min) and one
between 730 and 1100 m/min (2400 and 3600 ft/min).

2.5.6.1 Cut two entry ports in the test section. The axes through
the entry ports shall be perpendicular to each other and intersect
in the centroid of the test section. The ports should be elongated
slots parallel to the axis of the test section and of sufficient
length to allow measurement of pitch angles while maintaining the
pitot head position at the test-section centroid. To facilitate
alignment of the directional probe during calibration, the test
section should be constructed of plexiglass or some other
transparent material. All calibration measurements should be made
at the same point in the test section, preferably at the centroid
of the test section.

2.5.6.2 To ensure that the gas flow is parallel to the central
axis of the test section, follow the procedure in Section 2.4 for
cyclonic flow determination to measure the gas flow angles at the
centroid of the test section from two test ports located 90° apart.
The gas flow angle measured in each port must be *2° of 0°.

Straightening vanes should be installed, if necessary, to meet this
criterion. '

2.5.6.3 Pitch Angle Calibration. Perform a calibration traverse
according to the manufacturer's recommended protocol in §5°
increments for angles from -60° to +60° at one velocity in each of
the two ranges specified above. Average the pressure ratio values
obtained for each angle in the two flow ranges, and plot a
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calibration curve with the average values of the pressure ratio (or
other suitable measurement factor as recommended by the
manufacturer) versus the pitch angle. Draw a smooth line through
the data points. Plot also the data values for each traverse
point. Determine the differences between the measured datavalues
and the angle from the calibration curve at the same pressure
ratio. The difference at each comparison must be within 2° for
angles between 0° and 40° and within 3° for angles between 40° and
60°.

2.5.6.4 Yaw Angle Calibration. Mark the three-dimensional probe
to allow the determination of the yaw position of the probe. This
is usually a line extending the length of the probe and aligned
with the impact opening. To determine the accuracy of measurements
of the yaw angle, only the zero or null position need be calibrated
as follows: Place the directional probe in the test section, and
rotate the probe until the zero position 1is found. With a
protractor or other angle measuring device, measure the angle
indicated by the yaw angle indicator on the three-dimensional
probe. This should be within 2° of 0°. Repeat this measurement
for any other points along the length of the pitot where yaw angle
measurements could be read in order to account for variations in
the pitot markings used to indicate pitot head positions.
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Table 1-1.

RECTANGULAR STACKS

CROSS~SECTION LAYOUT FOR

Number of traverse points

Matrix layout

O i i ittt it e i 3x3
12 e e e ie e 4x3
1 4x4
20 ittt 5x4
25 i 5x5
1 6x5
36 ittt it 6x6
42 e it 7x6
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TABLE 1-2
LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS
(Percent of stack diameter from inside
wall to traverse point)

Traverse Number of traverse points on a diameter
Point
NumPer on ajt 2 4 6 8 10 12 14 16 18 20 22 24
Diameter
1 14 | 6. |4 3 2.612.1]1.8 1.6}1. 1. 1.1 1.1
617 4 2 4 3
2 85 |25 |14 |10 | 8.2 6.7 5.7 4.914. 3. 3.5} 3.2
4 0 6 5 4 9
3 75 129 119 | 14 11 9.9\ 8.5]|7. 6. 6.01 5.5
0 6| .41 6 8 5 7
4 93 |70 } 32 |22. |17 14 12 10 9. 8.71 7.9
3 4 316 7 6 5 917
5 85 | 67 | 34 25 20 16 14 11 11. }10.
4 71 2 0 1 9 6]2. 6 5
9
6 95 |80 | 65 35 26 22. 18 16 14. }13.
6 6| 8 6 9 0 8 516 2
7T . . . .. 89 |77. | 64. | 36. | 28. 23 20 18. | 16.
51 4 4 6 3 6 410 1
8 . . . .. 96 | 85. | 75. | 63. | 37. 29 25 21. | 19.
81 4 0 4 5 6 018 4
9 91 82 73 62. 38 30 26 23
8 3 1 5 .2 6|2 0
10 . . . . 97. 188. |79. | 71. 61 38 31. | 27.
4 2 9 7 .8 815 2
S 93. | 85. | 78. 70 61 39. } 32.
3 4 0 .4 .2 13 3
12 . . .. 97. |1 90. | 83. 76 69 60. | 39.
) 1 1 .4 417 8
13 . . .. . 94. | 87. 81 75 68. | 60.
3 5 .2 015 2




EMTIC TM-001 EMTIC NSPS TEST METHOD Page 14

14 98. |91. |85 |79 |73.]67.
2 5 8 7

15 95. |89 |83 |78.|72.
1 512 8

16 98. |92 |87 }|82.]77.
4 ) 0 0

17 95 |90 | 85.]80.
4 6

18 98 |93 |s8s8. |83.
. 4 9

19 96 | 91. | 86.
3 8

20 98 | 94. | 89.
0 5

21 96. | 92.
5 1

22 98. | 94.
9 5

23 96.
8

24 98.
9
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Duct Diameters Upstream from Flow Disturbance* (Distance A)

05 10 15 20 2.5
50
I } | ] | l l !
a
Higher Number is for "
Rectangular Stacks or Ducts —_ turbance
40 - 1 Measurement —
‘ Site
30 |~ 8 -
]
240r25 1
RN Disturbance
20
20 | -~
16 Stack Diameter > 0.61 m (24 in.)
12
10 - * From Point of Any Type of sors’ —
D {Bend, Expansion, C jon, elc.)
Stack Dismetsr = 0.30 to 0.89 m (12-24 in.)
ol | | | 1 i 1 |
2 3 4 5 8 7 8 8 10

Duct Diameters Downstream from Flow Disturbance® (Distance B)

Figure 1-1. Minimum number of traverse points for

particulate traverses.
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Duct Diameters Upstream from Flow Disturbance* (Distance A)

50

40 |-

30 |-

20 -

10 |-

1.0 - 1.5 2.0 25
| | ] I | | |
a .
Higher Number is for 5
Rectangular Stacks or Ducts —_— :_; Disturbance
. l Measurement —
‘ Site
P10
8 | _
_l Disturbance
—=
18 Stack Diameter > 0.61 m (24 in.)
I 12
a
* From Point of Any Type of Bor9 —
Disturbance (Bend, Expansion, Contraction, etc.)
Stack Diameter = 0.30 to 0.61 m (12-24in.)
1 ] | | ] | !

3 4 5 6 7 8 9 10
Duct Diameters Downstream from Flow Disturbance® (Distance B)

Figure 1-2. Minimum number of traverse points for velocity

(nonparticulate)

traverses,
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Figure 1-3. Example showing circular stack cross section
divided into 12 equal areas, with location of traverse
points indicated.
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Figure 1-4. Example showing rectangular stack cross section
divided into 12 equal areas, with a traverse point at centroid
of each area.
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Method 2 - Determination of Stack Gas Velocity and Volumetric
Flow Rate (Type S Pitot Tube)

1. PRINCIPLE AND APPLICABILITY

1.1 Principle. The average gas velocity in a stack is determined from the gas
density and from measurement of the average velocity head with a Type S
(Stausscheibe or reverse type) pitot tube.

1.2 Applicability. This method is applicable for measurement of the average
velocity of a gas stream and for quantifying gas flow.

This procedure is not applicable at measurement sites that fail to meet the
criteria of Method 1, Section 2.1. Also, the method cannot be used for direct
measurement in cyclonic or swirling gas streams; Section 2.4 of Method 1 shows
how to determine cyclonic or swirling flow conditions. When unacceptable
conditions exist, alternative procedures, subject to the approval of the
Administrator, U.S. Environmental Protection Agency, must be employed to make
accurate flow rate determinations; examples of such alternative procedures are:
(1) to install straightening vanes; (2) to calculate the total volumetric flow
rate stoichiometrically, or (3) to move to another measurement site at which the
flow is acceptable.

2. APPARATUS

Specifications for the apparatus are given below. Any other apparatus that has
been demonstrated (subject to approval of the Administrator) to be capable of
meeting the specifications will be considered acceptable.

2.1 Type S Pitot Tube. Pitot tube made of metal tubing (e.g., stainless steel)
as shown in Figure 2-1. It is recommended that the external tubing diameter
{dimension D,, Figure 2-2b) be between 0.48 and 0.95 cm (3/16 and 3/8 inch).
There shall be an equal distance from the base of each leg of the pitot tube to
its face-opening plane (dimensions P, and B, Figure 2-2b); it is recommended
that this distance be between 1.05 and 1.50 times the external tubing diameter.
The face openings of the pitot tube shall, preferably, be aligned as shown in
Figure 2-2; however, slight misalignments of the openings are permissible (sece
Figure 2-3).

The Type S pitot tube shall have a known coefficient, determined as outlined in
Section 4. An identification number shall be assigned to the pitot tube; this
number shall be permanently marked or engraved on the body of the tube. A
standard pitot tube may be used instead of a Type S, provided that it meets the
specifications of Sections 2.7 and 4.2; note, however, that the static and impact
pressure holes of standard pitot tubes are susceptible to plugging in
particulate~laden gas streams. Therefore, whenever a standard pitot tube is used
to perform a traverse, adequate proof must be furnished that the openings of the

Prepared by Emission Measurement Branch EMTIC M-002
Technical Support Division, OAQPS, EPA
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pitot tube have not plugged up during the traverse period; this can be done by
taking a velocity head (Ap) reading at the final traverse point, cleaning out the
impact and static holes of the standard pitot tube by "back-purging” with
pressurized air, and then taking another Ap reading. If the Ap readings made
before and after the air purge are the same (+5 percent), the traverse is
acceptable. Otherwise, reject the run. Note that if Ap at the final traverse
point is unsuitably low, another point may be selected. If "back-purging" at
regular intervals is part of the procedure, then comparative Ap readings shall
be taken, as above, for the last two back purges at which suitably high ap
readings are ocbserved.

2.2 Differential Pressure Gauge. 2An inclined manometer or equivalent device.
Most sampling trains are equipped with a 10-in. (water column) inclined-vertical
manometer, having 0.0l1-in. H,0 divisions on the 0- to l1-in. inclined scale, and
0.1-in. H,0 divisions on the 1l- to 10-in. vertical scale. This type of manometer
{or other gauge of equivalent sensitivity) is satisfactory for the measurement
of Ap values as low as 1.3 mm (0.05 in.) H,0. However, a differential pressure
gauge of greater sensitivity shall be used (subject to the approval of the
Administrator), if any of the following is found to be true: (1) the arithmetic
average of all Ap readings at the traverse points in the stack is less than
1.3 mm (0.05 in.) H,0; (2) for traverses of 12 or more points, more than 10
percent of the individual Ap readings are below 1.3 mm (0.05 in.} H,0; (3) for
traverses of fewer than 12 points, more than one Ap reading is below 1.3 mm
{0.05 in.) H,0. Citation 18 in the Bibliography describes commercially available
instrumentation for the measurement of low-range gas velocities.

As an alternative to criteria (1) through (3) above, the following calculation
may be performed to determine the necessity of using a more sensitive
differential pressure gauge:

N

T = i=1

n
Z Ap,

i=

Where:
Ap; = Individual velocity head reading at a traverse point, mm {in.)
H,0.
n = Total number of traverse points.
K = 0.13 mm H,0 when metric units are used and 0.005 in. H,0 when
English units are used.
Prepared by Emission Measurement Branch EMTIC M-002

Technical Support Division, OAQPS, EPA
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If T is greater than 1.05, the velocity head data are unacceptable and a more
sensitive differential pressure gauge must be used.

NOTE: 1If differential pressure gauges other than inclined manometers are used
(e.g., magnehelic gauges), their calibration must be checked after each test
series. To check the calibration of a differential pressure gauge, compare Ap
readings of the gauge with those of a gauge-o0il manometer at a minimum of three
points, approximately representing the range of Ap values in the stack. If, at
each point, the values of Ap as read by the differential pressure gauge and
gauge-oil manometer agree to within 5 percent, the differential pressure gauge
shall be considered to be in proper calibration. Otherwise, the test series
shall either be voided, or procedures to adjust the measured Ap values and final
results shall be used, subject to the approval of the Administrator.

2.3 Temperature Gauge. A thermocouple, liquid-filled bulb thermometer,
bimetallic thermometer, mercury-in-glass thermometer, or other gauge capable of
measuring temperature to within 1.5 percent of the minimum absolute stack
temperature. The temperature gauge shall be attached to ‘the pitot tube such that
the sensor tip does not touch any metal; the gauge shall be in an interference-
free arrangement with respect to the pitot tube face openings (see Figure 2-1 and
also Figure 2-7 in Section 4). Alternative positions may be used if the pitot
tube-temperature gauge system is calibrated according to the procedure of Section
4. Provided that a difference of not more than 1 percent in the average velocity
measurement is introduced, the temperature gauge need not be attached to the
pitot tube; this alternative is subject to the approval of the Administrator.

2.4 Pressure Probe and Gauge. A piezometer tube and mercury- or water-filled
U-tube manometer capable of measuring stack pressure to within 2.5 mm (0.1 in.)
Hg. The static tap of a standard type pitot tube or one leg of a Type S pitot
tube with the face opening planes positioned parallel to the gas flow may also
be used as the pressure probe.

2.5 Barometer. A mercury, aneroid, or other barometer capable of measuring
atmospheric pressure to within 2.5 mm (0.1 in.) Hg. See NOTE in Method 5,
Section 2.1.9.

2.6 Gas Density Determination Equipment. Method 3 equipment, if needed (see
Section 3.6), to determine the stack gas dry molecular weight, and Reference
Method 4 or Method 5 equipment for moisture content determination; other methods
may be used subject to approval of the Administrator.

2.7 Calibration Pitot Tube. When calibration of the Type S pitot tube is
necessary (see Section 4), a standard pitot tube for a reference. The standard
pitot tube shall, preferably, have a known coefficient, obtained either (1)
directly from the National Bureau of Standards, Route 70 S, Quince Orchard Road,
Gaithersburg, Maryland, or (2) by calibration against another standard pitot tube
with an NBS-traceable coefficient. Alternatively, a standard pitot tube designed
according to the criteria given in Sections 2.7.1 through 2.7.5 below and
illustrated in Figure 2-4 (see also Citations 7, 8, and 17 in the Bibliography)
may be used. Pitot tubes designed according to these specifications will have
baseline coefficients of about 0.99 % 0.01.

2.7.1 Hemispherical (shown in Figure 2-4) ellipsoidal, or conical tip.

2.7.2 A minimum of six diameters straight run (based upon D, the external
diameter of the tube) between the tip and the static pressure holes.
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2.7.3 A minimum of eight diameters straight run between the static pressure
holes and the centerline of the external tube, following the 80-degree bend.

2.7.4 sStatic pressure holes of equal size (approximately 0.1 D), equally spaced
in a piezometer ring configuration.

2.7.5 Ninety-degree bend, with curved or mitered junction.

2.8 Differential Pressure Gauge for Type S Pitot Tube Calibratiom. An inclined
manometer or equivalent. If the single-~velocity calibration technique is
employed (see Section 4.1.2.3), the calibration differential pressure gauge shall
be readable to the nearest 0.13 mm (0.005 in.) H,0. For multivelocity
calibrations, the gauge shall be readable to the nearest 0.13 mm (0.005 in.) H,0
for Ap values between 1.3 and 25 mm (0.05 and 1.0 in.) H,0, and to the nearest
1.3 mm (0.05 in.) H,0 for Ap values above 25 mm (1.0 in.) H,0. A special, more
sensitive gauge will be required to read Ap values below 1.3 mm (0.05 in.) H,0
(see Citation 18 in the Bibliography).

3. PROCEDURE

3.1 Set up the apparatus as shown in Figure 2-1. Capillary tubing or surge
tanks installed between the manometer and pitot tube may be used to dampen Ap
fluctuations. It is’'recommended, but not required, that a pretest leak-check be
conducted as follows: {l) blow through the pitot impact opening until at least
7.6 cm (3 in.) H,0 velocity pressure registers on the manometer; then, close off
the impact opening. The pressure shall remain stable for at least 15 seconds;
{2) do the same for the static pressure side, except using suction to obtain the
minimum of 7.6 cm (3 in.} H,0. Other leak-check procedures, subject to’ the
approval of the Administrator, may be used.

3.2 Level and zero the manometer. Because the manometer level and zero may
drift due to vibrations and temperature changes, make periodic checks during the
traverse. Record all necessary data as shown in the example data sheet
(Figure 2-5).

3.3 Measure the velocity head and temperature at the traverse points specified
by Method 1. Ensure that the proper differential pressure gauge is being used’
for the range of Ap values encountered (see Section 2.2). If it is necessary to
change to a more sensitive gauge, do so, and remeasure the Ap and temperature
readings at each traverse point. Conduct a post-test leak-check (mandatory), as
described in Section 3.1 above, to validate the traverse run.

3.4 Measure the static pressure in the stack. One reading is usually adequate.

3.5 Determine the atmospheric pressure.

3.6 Determine the stack gas dry molecular weight. For combustion processes or
processes that emit essentially CO,, 0,, CO, and N,, use Method 3. For processes
emitting essentially air, an analysis need not be conducted; use a dry molecular

weight of 29.0. For other processes, other methods, subject to the approval ef
the Administrator, must be used.

3.7 Obtain the moisture content from Reference Method 4 (or equivalent) or from
Method 5.



EMTIC TM-002 NSPS TEST METHOD Page 5

3.8 Determine the cross-sectional area of the stack or duct at the sampling
location. Whenever possible, physically measure the stack dimensions rather than
using blueprints.

4. CALIBRATION

4.1 Type S Pitot Tube. Before its initial use, carefully examine the Type S
pitot tube in top, side, and end views to verify that the face openings of the
tube are aligned within the specifications illustrated in Figure 2-2 or 2-3. The
pitot tube shall not be used if it fails to meet these alignment specifications.

After verifying the face opening alignment, measure and record the following

dimensions of the pitot tube: (a) the external tubing diameter (dimension D,
Figure 2-2b); and (b) the base-to-opening plane distances (dimensions P, and P,
Figure 2-2b). If D, is between 0.48 and 0.95 cm (3/16 and 3/8 in.), and if B

and P, are equal and between 1.05 and 1.50 0O, there are two possible options:
(1) the pitot tube may be calibrated according to the procedure outlined in
Sections 4.1.2 through 4.1.5 below, or (2) a baseline (isolated tube) coefficient
value of 0.84 may be assigned to the pitot tube. Note, however, that if the
pitot tube is part of an assembly, calibration may still be required, despite
knowledge of the baseline coefficient value (see Section 4.1.1).

If D, B, and P are outside the specified limits, the pitot tube must be
calibrated as outlined in Sections 4.1.2 through 4.1.5 below.

4.1.1 Type S Pitot Tube Assemblies. During sample and velocity traverses, the
isolated Type S pitot tube is not always used; in many instances, the pitot tube
is used in combination with other source-sampling components (thermocouple,
sampling probe, nozzle) as part of an "assembly." The presence of other sampling
components can sometimes affect the baseline value of the Type S pitot tube
coefficient (Citation 9 in the Bibliography):; therefore an assigned (or otherwise
known) baseline coefficient value may or may not be valid for a given assembly.
The baseline and assembly coefficient values will be identical only when the
relative placement of the components in the assembly is such that aerodynamic

interference effects are eliminated. Figures 2-6 through 2-8 illustrate
interference~free component arrangements for Type S pitot tubes having external
tubing diameters between 0.48 and 0.95 cm (3/16 and 3/8 in.). Type S pitot tube

assemblies that fail to meet any or all of the specifications of Figures 2-6
through 2-8 shall be calibrated according to the procedure ocutlined in Sections
4.1.2 through 4.1.5 below, and prior to calibration, the values of the
intercomponent spacings (pitot-nozzle, pitot-thermocouple, pitot-probe sheath)
shall be measured and recorded.

NOTE: Do not use any Type S pitot. tube assembly which is constructed such that
the impact pressure opening plane of the pitot tube is below the entry plane of
the nozzle (see Figure 2-6B).

4.1.2 Calibration Setup. If the Type S pitot tube is to be calibrated, one leg
of the tube shall be permanently marked A, and the other, B. Calibration shall
be done in a flow system having the following essential design features:

4.1.2.1 The flowing gas stream must be confined to a duct of definite cross-
sectional area, either circular or rectangular. For circular cross sections, the
minimum duct diameter shall be 30.5 cm (12 in.); for rectangular cross sections,
the width (shorter side) shall be at least 25.4 cm (10 in.).
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4.1.2.2 The cross-sectional area of the calibration duct must be constant over
a distance of 10 or more duct diameters. For a rectangular cross section, use
an equivalent diameter, calculated from the following equation, to determine the
number of duct diameters:

2LW

D =
€ (L + W)
Eg. 2-1
Where:
D, = Equivalent diameter.
L = Length.
W = Width.

To ensure the presence of stable, fully developed flow patterns at the
calibration site, or "test section," the site must be located at least eight
diameters downstream and two diameters upstream from the nearest disturbances.

NOTE: The eight- and two-diameter criteria are not absolute; other test section
locations may be used (subject to approval of the Administrator), provided that
the flow at the test site is stable and demonstrably parallel to the duct axis.

4.1.2.3 The flow system shall have the capacity to generate a test-section
velocity around 915 m/min (3,000 ft/min). This velocity must be constant with
time to guarantee steady flow during calibration. Note that Type S pitot tube
coefficients obtained by single-velocity calibration at 915 m/min (3,000 ft/min)
will generally be valid to #3 percent for the measurement of velocities above 305
m/min (1,000 ft/min) and to 15 to 6 percent for the measurement of velocities

between 180 and 305 m/min (600 and 1,000 ft/min). If a more precise correlation
between C, and velocity is desired, the flow system shall have the capacity to
generate at least four distinct, time-invariant test-section velocities covering
the velocity range from 180 to 1,525 m/min (600 to 5,000 ft/min), and calibration
data shall be taken at regular velocity intervals over this range (see Citations
9 and 14 in the Bibliography for details).

4.1.2.4 Two entry ports, one each for the standard and Type S pitot tubes, shall
be cut in the test section; the standard pitot entry port shall be located
slightly downstream of the Type S port, so that the standard and Type S impact
openings will lie in the same cross-sectional plane during calibration. To
facilitate alignment of the pitot tubes during calibration, it is advisable that
the test section be constructed of plexiglas or some other transparent material.

4.1.3 Calibration Procedure. Note that this procedure is a general one and must
not be used without first referring to the special considerations presented in
Section 4.1.5. Note also that this procedure applies only to single-velocity
calibration. To obtain calibration data for the A and B sides of the Type S
pitot tube, proceed as follows:

4.1.3.1 Make sure that the manometer is properly filled and that the oil is free

from contamination and is of the proper density. Inspect and leak-check &1l
pitot lines; repair or replace if necessary. ‘

4.1.3.2 Level and zero the manometer. Turn on the fan, and allow the flow to
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stabilize. Seal the Type S entry port.

4.1.3.3 Ensure that the manometer is level and zeroed. Position the standard
pitot tube at the calibration point (determined as outlined in Section 4.1.5.1).
and align the tube so that its tip is pointed directly into the flow. Particular
care should be taken in aligning the tube to avoid yaw and pitch angles. Make
sure that the entry port surrounding the tube is properly sealed.

4.1.3.4 Read Ap,. and record its value in a data table similar to the one shown
in Figure 2-9. Remove the standard pitot tube from the duct, and disconnect it
from the manometer. Seal the standard entry port.

4.1.3.5 Connect the Type S pitot tube to the manometer. Open the Type S entry
port. Check the manometer level and zero. Insert and align the Type S pitot
tube so that its A side impact opening is at the same point as was the standard
pitot tube and is pointed directly into the flow. Make sure that the entry port
surrounding the tube is properly sealed.

4.1.3.6 Read Ap,, and enter its value in the data table. Remove the Type S
pitot tube from the duct, and disconnect it from the manometer.

4,.1.3.7 Repeat Steps 4.1.3.3 through 4.1.3.6 above until three pairs of Ap
readings have been obtained.

4.1.3.8 Repeat Steps 4.1.3.3 through 4.1.3.7 above for the B side of the Type
S pitot tube.

-4.1.3.9 Perform calculations, as described in Section 4.1.4 below.
4.1.4 Calculations.
4.1.4.1 For each of the six pairs of Ap readings (i.e., three from side A and

three from side B) obtained in Section 4.1.3 above, calculate the value of
the Type S pitot tube coefficient as follows:

p(s) pistd)
Ap,
Eq. 2-2

Where:

Cots) = Type S pitot tube coefficient.

Cpsta) = Standard pitot tube coefficient; wuse 0.99 if the
coefficient is unknown and the tube is designed according
to the criteria of Sections 2.7.1 to 2.7.5 of this
method.

OPgra = Velocity head measured by the standard pitot tube, cm
(in.) H,0.

Ap, = Velocity head measured by the Type S pitot tube, cm (in.)

Hzo .



EMTIC TM-002 NSPS TEST METHOD page 8

4.1.4.2 cCalculate G, (side A), the mean A-side coefficient, and C, (side B), the
mean B-side coefficient; calculate the difference between these two average

values.

4.1.4.3 cCalculate the deviation of each of the three A-side values of
Cpsy from C; (side A), and the deviation of each B-side values of C,, from

T, (side B). Use the following equation:

Deviation = C_ -C_(A or B)
p(s) p
Eq. 2-3

4.1.4.4 Calculate o, the average deviation from the mean, for both the A and B
sides of the pitot tube. Use the following equation:

3
Y |Cye ~ T, (A or B)
1

3

o(side A or B) =

Eq. 2-4

4.1.4.5 Use the Type S pitot tube only if the values of o (side A) and o (side
B) are less than or equal to 0.01 and if the absolute value of the difference
between C, (A) and T, (B) is 0.0l or less.

4.1.5 Special Considerations.
4.1.5.1 Selection of Calibration Point.

4.1.5.1.1 When an isolated Type S pitot tube is calibrated, select a calibration
point at or near the center of the duct, and follow the procedures outlined in
Sections 4.1.3 and 4.1.4 above. The Type S pitot coefficients so obtained,
i.e., Cp (side A} and Q {side B), will be wvalid, so long as either: (1) the
isolated pitot tube is used; or (2) the pitot tube is used with other components
(nozzle, thermocouple, sample probe) in an arrangement that is free from
aerodynamic interference effects (see Figures 2-6 through 2-8).

4.1.5.1.2 For Type S pitot tube-thermocouple combinations (without sample
probe), select a calibration point at or near the center of the duct, and follow
the procedures outlined in Sections 4.1.3 and 4.1.4 above. The coefficients so
obtained will be valid so long as the pitot tube-thermocouple combination is used

by itself or with other components in an interference-free arrangement (Figures
2-6 and 2-8).

4.1.5.1.3 For assemblies with sample probes, the calibration point should be
located at or near the center of the duct; however, insertion of a probe sheath
into a small duct may cause significant cross-sectional area blockage and yield
incorrect coefficient values (Citation 9 in the Bibliography). Therefore, to
minimize the blockage effect, the calibration point may be a few inches off-
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center if necessary. The actual blockage effect will be negligible when the
theoretical blockage, as determined by a projected-area model of the probe
sheath, is 2 percent or less of the duct cross-sectional area for assemblies
without external sheaths (Figure 2-10a), and 3 percent or less for assemblies
with external sheaths (Figure 2-10b).

4.1.5.2 For those probe assemblies in which pitot tube-nozzle interference is
a factor (i.e., those in which the pitot-nozzle separation distance fails to meet
the specification illustrated in Fiqure 2-6A), the value of C,,, depends upon the
amount of free-space between the tube and nozzle, and therefore is a function of
nozzle size. In these instances, separate calibrations shall be performed with
each of the commonly used nozzle sizes in place. Note that the single-velocity
calibration technique is acceptable for this purpose, even though the larger
nozzle sizes (>0.635 cm or 1/4 in.) are not ordinarily used for isokinetic
sampling at velocities around 915 m/min (3,000 ft/min), which is the calibration
velocity; note also that it is not necessary to draw an isokinetic sample during
calibration (see Citation 19 in the Bibliography).

4.1.5.3 For a probe assembly constructed such that its pitot tube is always used
in the same orientation, only one side of the pitot tube need be calibrated (the
side which will face the flow). The pitot tube must still meet the alignment
specifications of Figure 2-2 or 2-3, however, and must have an average deviation
(o) value of 0.01 or less (see Section 4.1.4.4.)

4.1.6 Field Use and Recalibration.
4.1.6.1 Field Use.

4.1.6.1.1 When a Type S pitot tube (isoclated or in an assembly) is used in the
field, the appropriate coefficient value (whether assigned or obtained by
calibration) shall be used to perform velocity calculations. For calibrated Type
S pitot tubes, the A side coefficient shall be used when the A side of the tube
faces the flow, and the B side coefficient shall be used when the B side faces
the flow; alternatively, the arithmetic average of the A and B side coefficient
values may be used, irrespective of which side faces the flow.

4.1.6.1.2 When a probe assembly is used to sample a small duct, 30.5 to 91.4 cm
(12 to 36 in.) in diameter, the probe sheath sometimes blocks a significant part
of the duct cross-section, causing a reduction in the effective value of C,,.
Consult Citation 9 in the Bibliography for details. Conventional pitot-sampling
probe assemblies are not recommended for use in ducts having inside diameters
smaller than 30.5 cm (12 in.) (see Citation 16 in the Bibliography).

4.1.6.2 Recalibration.

4.1.6.2.1 Isolated Pitot Tubes. After each field use, the pitot tube shall be
carefully reexamined in top, side, and end views. If the pitot face openings are
still aligned within the specifications illustrated in Figure 2-2 or 2-3, it can
be assumed that the baseline coefficient of the pitot tube has not changed. If,
however, the tube has been damaged to the extent that it no longer meets the
specifications of the Figure 2-2 or 2-3, the damage shall either be repaired to
restore proper alignment of the face openings, or the tube shall be discarded.

4.1.6.2.2 Pitot Tube Assemblies. After each field use, check the face opening
alignment of the pitot tube, as in Section 4.1.6.2.1; also, remeasure the
intercomponent spacings of the assembly. If the intercomponent spacings have not
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changed and the face opening alignment is acceptable, it can be assumed that the
coefficient of the assembly has not changed. If the face opening alignment is
no longer within the specifications of Figure 2-2 or 2-3, either repair the
damage or replace the pitot tube (calibrating the new assembly, if necessary).
If the intercomponent spacings have changed, restore the original spacings, or
recalibrate the assembly.

4.2 Standard Pitot Tube (if applicable). If a standard pitot tube is used for
the velocity traverse, the tube shall be constructed according to the criteria
of Section 2.7 and shall be assigned a baseline coefficient value of 0.99. If
the standard pitot tube is used as part of an assembly, the tube shall be in an
interference—-free arrangement (subject to the approval of the Administrator).

4.3 Temperature Gauges. After each field use, calibrate dial thermometers,
liquid-filled bulb thermometers, thermocouple-potentiometer systems, and other
gauges at a temperature within 10 percent of the average absolute stack
temperature. For temperatures up to 405°C (761°F), use an ASTM mercury-in-glass
reference thermometer, or equivalent, as a reference; alternatively, either

a reference thermocouple and potentiometer (calibrated by NBS) or thermometric
fixed points, e.g., ice bath and boiling water (corrected for barometric
pressure) may be used. For temperatures above 405°C (761°F), use an NBS-
calibrated reference “thermocouple-potentiometer system or an alternative.
reference, subject to the approval of the Administrator.

If, during calibration, the absolute temperature measured with the gauge being
calibrated and the reference gauge agree within 1.5 percent, the temperature data
taken in the field shall be considered valid. Otherwise, the pollutant emission
test shall either be considered invalid or adjustments (if appropriate) of the
test results shall be made, subject to the approval of the Administrator.

4.4 Barometer. Calibrate the barometer used against a mercury barometer.

5. CALCULATIONS

Carry out calculations, retaining at least one extra decimal figure beyond that
of the acquired data. Round off figures after final calculation.

5.1 Nomenclature.
A = Cross-sectional area of stack, m? (ft?).

B, = Water vapor in the gas stream (from Method 5 or Reference
Method 4), proportion by volume.

C, = Pitot tube coefficient, dimensionless.
K, = Pitot tube constant,

m (g/g-mole) (mmHg) [*/2
sec (°K) (mmH,0)

34.97

for the metric system.
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ft |1b/lb-mole) (in.Hg) |/2

85.49 = -
sec {°R) (ln.HZO)

for the English system.

My

Pstd

Qsd

for metric.

for English.

Tatd

Vs

Molecular weight of stack gas, dry basis (see Section 3.6},
g/g—mole (1lb/lb-mole).

Molecular weight of stack gas, wet basis, g/g-mole (lb/lb-
mole) .

=M, (1-B,) + 18.0B_

Eq. 2-5
Barometric pressure at measurement site, mm Hg (in. Hg).
Stack static pressure, mm Hg (in. Hg).

Absolute stack pressure, mm Hg {(in. Hg),

Eq. 2-6
Standard absolute pressure, 760 mm Hg (29.92 in. Hg).

Dry volumetric stack gas flow rate corrected to standard
conditions, dsm?/hr (dscf/hr).

Stack temperature, °C (°F).

Absolute stack temperature, °K (°R).

273 + t,

Eq. 2-7

460 + ts

Eq. 2-8

Standard absolute temperature, 293°K (528°R).

Average stack gas velocity, m/sec (ft/sec).
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Ap = Velocity head of stack gas, mm H,0 (in. H,0).
3,600= Conversion factor, sec/hr.
18.0 = Molecular weight of water, g/g-mole (1lb/lb-mole).

5.2 Average Stack Gas Velocity.

T
= s (avg)
v, = KC, (,/Ap)avg —

PSMS
Eq. 2-9
5.3 Average Stack Gas Dry Volumetric Flow Rate.
= 3,600(1-B_)v.A Tord i
Qsd T ( ws! Vs T P
s (avg) std
Eq. 2-10
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Figure 2-1.

Type S pitot tube manometer assembly.
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Figure 2-2. Properly constructed Type S pitot tube.
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Figure 2-3.

Types of face-opening misalignment that can result from field use

or improper construction of Type S pitot tubes. These will not affect the

baseline value of Cp(s) so long as o and o? <10°, B! and P? $5°, z <0.32 cm (1/8

in.) and w <0.08 cm (1/32 in.)

(citation 11 in Bibliography).
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Figure 2-4. Standard pitot tube design specifications.
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PLANT

DATE RUN NO. STACK DIA. OR
DIMENSIONS, m (in.) BAROMETRIC PRESS., mm Hg
(in. Hg) CROSS SECTIONAL AREA, m? (ft?)
OPERATORS

PITOT TUBE I.D. NO.
AVG., COEFFICIENT, Cp =
LAST DATE CALIBRATED

SCHEMATIC OF STACK
CROSS SECTION

Vel. Hd., ap Stack Temperature P,
Traverse mm (in.) H,0 mm Hg (ap)/?
Pt. No. T, T, (in.Hg)
oc (oF) oK (oR)
Average

Figure 2-5. Velocity traverse data.
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L ' D, Type S Pitot Tube C )

. ¥2150om(%in) D y13am(hin)

Sampling Nozzle

A. Bottom View; showing minimum pitot tubs-nozzle separation.

Sampling Static Prassure

Sampling Nozzle Opening Plane
Probe

Ty';g s Nozzle Entry
Pitot Tube PW“\\\

B. Side View; to prevent pitot tube from interfering with gas
flow streamlines approaching the nozzle, the impact pressure
opaning plans ot the pitot tube shall ba even with or sbove the
nozzie entry plane.

Figure 2-6. Proper pitot tube-sampling nozzle configuration to
prevent aerodynamic interference; button-hook type nozzle;
centers of nozzle and pitot opening aligned; D, between 0.48 and

0.95 cm (3/16 and 3/8 in.).
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Figure 2-7. Proper thermocouple placement to prevent
interference; D, between 0.48 and 0.95 cm (3/16 and 3/8 in.).
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Figure 2-8. Minimum pitot-sample probe separation needed to
prevent interference; D, between 0.48 and 0.95 cm (3/16 and 3/8
in.).
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PITOT TUBE IDENTIFICATION NUMBER: DATE: CALIBRATED BY: _
"A" SIDE CALIBRATION
4Pga AP
cm H,0 cm H,0 Deviation
RUN NO. (in H,0) (in H,0) C, a1 Cpoisy = Co(A)
1
2
3
CPlqu
(SIDE A)
"B" SIDE CALIBRATION
APstd AP(s)
cm H,0 cm H,0 Deviation
RUN NO. (in Hzo) (in Hzo) Cpls) Cp_{s) - Cp(B)
1
2
3
CPv!"q
(SIDE B)
3 _
iz; Cotsr “Cpimorn)
AverageDeviation=0, .. = 3 ~MustBe<0.01

Figure 2-9.

C,(SideR) -EP(SideB)}—MustBe <0.01

Pitot tube calibration data.
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Figure 2-10. Projected-area models for typical pitot tube
assemblies,
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Method 3B - Gas Analysis for the Determination of
Emission Rate Correction Factor or Excess Air

1. APPLICABILITY AND PRINCIPLE
1.1 Applicability.

1.1.1 This method is applicable for determining carbon dioxide (CO,). oxygen (Q,).
and carbon monoxide (CO) concentrations of a sample from a gas stream of a fossil-
fuel combustion process for excess air or emission rate correction factor
calculations.

1.1.2 Other methods, as well as modifications to the procedure described herein,
are also applicable for all of the above determinations. Examples of specific
methods and modifications include: (1) a multi-point sampling method using an Orsat
analyzer to analyze individual grab samples obtained at each point, and (2) a method
using €0, or 0, and stoichiometric calculations to determine excess air. These
methods and modifications may be used, but are subject to the approval of the
Administrator, U.S. Environmental Protection Agency (EPA).

1.1.3 Note. Mention of trade names or specific products does not constitute
endorsement by EPA.

1.2 -Principle. A gas sample is extracted from a stack by one of the following
methods: (1) single-point, grab sampling: (2) single-point, integrated sampling; or
(3) multi-point, integrated sampling. The gas sample is analyzed for percent CO,.
percent 0,, and, if necessary, percent CO. An Orsat analyzer must be used for excess
air or emission rate correction factor determinations.

2. APPARATUS

The alternative sampling systems are the same as those mentioned in Section 2 of
Method 3.

2.1 Grab Sampling and Integrated Sampling. Same as in Sections 2.1 and 2.2,
respectively, of Method 3.

2.2 Analysis. An Orsat analyzer only. For low CO, (less than 4.0 percent) or high
0, (greater than 15.0 percent) concentrations, the measuring burette of the Orsat
must have at least 0.1 percent subdivisions. For Orsat maintenance and operation
procedures, follow the instructions recommended by the manufacturer, unless
otherwise specified herein.
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3. PROCEDURES

Each of the three procedures below shall be used only when specified in an
applicable subpart of the standards. The use of these procedures for other purposes
must have specific prior approval of the Administrator.

Note: A Fyrite-type combustion gas analyzer is not acceptable for excess air or
emission rate correction factor determinations, unless approved by the
Administrator. If both percent C0, and percent 0, are measured, the analytical
results of any of the three procedures given below may also be used for calculating
the dry molecular weight (see Method 3).

3.1 Single-Point, Grab Sampling and Analytical Procedure.

3.1.1 The sampling point in the duct shall be as described in Section 3.1 of Method
3.

3.1.2 Set up the equipment as shown in Figure 3-1 of Method 3, making sure all
connections ahead of the analyzer are tight. Leak check the Orsat analyzer
according to the procedure described in Section 6 of Method 3. This leak check is
mandatory .

3.1.3 Place the probe in the stack, with the tip of the probe positioned at the
sampling point; purge the sampling Tine long enough to allow at least five

exchanges. Draw a sample into the analyzer. For emission rate correction factor
determinations, immediately analyze the sample, as outlined in

Sections 3.1.4 and 3.1.5, for percent CO, or percent 0,. If excess air is desired,
proceed as follows: (1) immediately analyze the sample. as in Sections 3.1.4 and
3.1.5, for percent C0,. 0,, and CO; (2) determine the percentage of the gas that is N,
by subtracting the sum of the percent CO,, percent 0,, and percent CO from 100
percent, and (3) calculate percent excess air as outlined in Section 4.2.

3.1.4 To ensure complete absorption of the C0,, 0,. or if applicable, CO, make
repeated passes through each absorbing solution until two consecutive readings are
the same. Several passes (three or four) should be made between readings. (If
constant readings cannot be obtained after three consecutive readings, replace the
absorbing solution.) Note: Since this single-point, grab sampling and analytical
procedure is normally conducted in conjunction with a single-point, grab sampling -
and analytical procedure for a pollutant, only one analysis is ordinarily conducted.
Therefore, great care must be taken to obtain a valid sample and analysis. Although
in most cases, only CO, or 0, is required, it is recommended that both CO, and 0, be
measured, and that Section 3.4 be used to validate the analytical data. »

3.1.5 After the analysis is completed, leak check (mandatory) the Orsat analyzer
once again, as described in Section 6 of Method 3. For the results of the analysis



to be valid, the Orsat analyzer must pass this leak test before and after the
analysis.
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3.2 Single-Point, Integrated Sampling and Analytical Procedure.

3.2.1 The sampling point in the duct shall be located as specified
-in Section 3.1.1.

3.2.2 Leak check (mandatory) the flexible bag as in Section 2.2.6 of
Method 3. Set up the equipment as shown in Figure 3-2 of Method 3. Just before
sampling, leak check (mandatory) the train as described in Section 4.2 of Method 3.

3.2.3 Sample at a constant rate, or as specified by the Administrator. The
sampling run must be simultaneous with, and for the same total length of time as,
the pollutant emission rate determination. Collect at least 30 liters (1.00 ft3) of
sample gas. Smaller volumes may be collected, subject to approval of the
Administrator.

3.2.4 Obtain-one integrated flue gas sample during each pollutant emission rate
determination. For emission rate correction factor determination, analyze the
sample within 4 hours after it is taken for percent CO, or percent 0, (as outlined in
Sections 3.2.5 through 3.2.7). The Orsat analyzer must be leak checked (see Section
6 of Method 3) before the analysis. If excess air is desired, proceed as follows:
(1) within 4 hours after the sample is taken, analyze it (as in Sections 3.2.5
through 3.2.7) for percent CO,, 0,, and CO; (2) determine the percentage of the gas
that is N, by subtracting the sum of the percent C0,. percent 0,. and percent CO from
100 percent; and (3) calculate percent excess air, as outlined in Section 4.2.

3.2.5 To ensure complete absorption of the C0,, 0,, or if applicable, CO, follow the
procedure described in Section 3.1.4. Note: Although in most instances only CO, or
0, is required, it is recommended that both CO, and 0, be measured, and that Section
3.4.1 be used to validate the analytical data.

3.2.6 Repeat the analysis until the following criteria are met:

3.2.6.1 For percent C0,, repeat the analytical procedure until the results of any
three analyses differ by no more than (a) 0.3 percent by volume when CO, is greater
than 4.0 percent or (b) 0.2 percent by volume when CO, is less than or equal to 4.0
percent. Average three acceptable values of percent CO,. and report the results to
the nearest 0.1 percent.

3.2.6.2 For percent 0,, repeat the analytical procedure until the results of any
three analyses differ by no more than (a) 0.3 percent by volume when 0, is less than
15.0 percent or (b) 0.2 percent by volume when 0, is greater than or equal to 15.0
percent. Average the three acceptable values of percent 0,. and report the results



to the nearest 0.1 percent.

3.2.6.3 For percent CO, repeat the analytical procedure until the results of any
three analyses differ by no more than 0.3 percent. Average the three acceptable
values of percent CO, and report the results to the nearest 0.1 percent.
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3.2.7 After the analysis is completed, leak check (mandatory) the Orsat analyzer
once again, as described in Section 6 of Method 3. For the results

of the analysis to be valid, the Orsat analyzer must pass this leak test before and
after the analysis.

3.3 Multi-Point, Integrated Sampling and Analytical Procedure.

3.3.1 The sampling points shall be determined as specified in Section 5.3 of Method
3.

3.3.2 Follow the procedures outlined in Sections 3.2.2 through 3.2.7, except for
the following: Traverse all sampling points, and sample at each point for an equal
length of time. Record sampling data as shown in Figure 3-3 of Method 3.

3.4 Quality Control Procedures.

3.4.1 Data Validation When Both CO, and 0, Are Measured. Although in most
instances, only CO, or 0, measurement is required, it is recommended that both CO, and
0, be measured to provide a check on the quality of the data. The following quality
control procedure is suggested. Note: Since the method for validating the CO, and 0,
analyses is based on combustion of organic and fossil fuels and dilution of the gas
stream with air, this method does not apply to sources that (1) remove CO, or 0,
through processes other than combustion, (2) add 0, (e.g., oxygen enrichment) and N,
in proportions different from that of air, (3) add CO, (e.g., cement or 1ime kilns),
or (4) have no fuel factor, F,, values obtainable (e.g., extremely variable waste
mixtures). This method validates the measured proportions of CO, and 0, for fuel
type. but the method does not detect sample dilution resulting from leaks during or
after sample collection. The method is applicable for samples collected downstream
of most 1ime or Timestone flue-gas desulfurization units as the CO, added or removed
from the gas stream is not significant in relation to the total CO, concentration.
The CO, concentrations from other types of

scrubbers using only water or basic slurry can be significantly affected and would
render the F, check minimally useful.

3.4.1.1 Calculate a fuel factor, F,, using the following equation:
20.9 - %0,
Fop = —m ——— Eq. 3B-1
%C0,

where:



%0,

Percent 0, by volume, dry basis.

%C0, = Percent CO, by volume, dry basis.
20.9 = Percent 0, by volume in ambient air.
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If CO is present in quantities measurable by this method, adjust the 0, and CO,
values before performing the calculation for F, as follows:

%C0,(adj) = %C0, + %CO

%0,(adj)

W

%0, - 0.5 %C0
where:

#C0 = Percent CO by volume, dry basis.

3.4.1.2 Compare the calculated F, factor with the expected F, values. The following
table may be used in establishing acceptable ranges for the expected F, if the fuel
being burned is known. When fuels are burned in combinations, calculate the
combined fuel F, and F, factors (as defined in Method 19) according to the procedure
in Method 19, Section 5.2.3. Then calculate the F, factor as follows:

0.209 F,
Fp= —— Eq. 3B-2
Fe

Fuel type F, range
Coal: Anthracite and lignite . . . . . . . . . .. 1.016 - 1.130

Bituminous . . . . . . . . . . . . .. . .. 1.083 - 1.230
0il: Distillate . . . . . . . . . . . . . . ... 1.260 - 1.413

Residual . . . . . . . . . . . . .. ... 1.210 - 1.370
Gas: Natural. . . . . . . . . . . . . . ... 1.600 - 1.836

Propane. . . . . . . . . . .o 1.434 - 1.586

Butane . . . . . . . . . ... ... 1.405 - 1.553
Wood. . . . . . . . . . . ..o 1.000 - 1.120

Wood bark . . . . . . . ..o 1.003 - 1.130




3.4.1.3 Calculated F, values, beyond the acceptable ranges shown in this table,
should be investigated before accepting the test results. For example, the strength
of the solutions in the gas analyzer and the analyzing technique should be checked
by sampling and analyzing a known concentration, such as air; the fuel factor should
be reviewed and verified. An acceptability range of 12 percent is appropriate for
the F, factor of mixed fuels with variable fuel ratios. The level of the emission
rate relative to the compliance level should be considered in determining if a
retest is appropriate, i.e.; if the measured emissions are much lower or much
greater than the compliance limit,
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repetition of the test would not significantly change the compliance status of the
source and would be unnecessarily time consuming and costly.

4. CALCULATIONS

4.1 Nomenclature. Same as Section 5 of Method 3 with the addition of the
following:

%EA = Percent excess air.
0.264 = Ratio of 0, to N, in air, v/v.
4.2 Percent Excess Air. Calculate the percent excess air (if applicable) by
substituting the appropriate values of percent 0,. C0. and N, (obtained from Section
3.1.3 or 3.2.4) into Equation 3B-3.
20, - 0.5 %CO

%EA = x 100 Eq. 38-3
0.264 %N, - (30, - 0.5 %C0)

Note: The equation above assumes that ambient air is used as the source of 0, and
that the fuel does not contain appreciable amounts of N, (as do coke oven or blast
furnace gases). For those cases when appreciable amounts of N, are present (coal.
0il, and natural gas do not contain appreciable amounts of N,) or when oxygen
enrichment is used, alternative methods, subject to approval of the Administrator.
are required.

5. BIBLIOGRAPHY

Same as Method 3.
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Method 4 - Determination of Moisture Content
in Stack Gases

1. PRINCIPLE AND APPLICABILITY

1.1 Principle. A gas sample is extracted at a constant rate from
the source; moisture is removed from the sample stream and
determined either volumetrically or gravimetrically.

1.2 Applicability. This method is applicable for determining the
moisture content of stack gas.

1.2.1 Two procedures are given. The first is a reference method,
for accurate determinations of moisture content (such as are needed
to calculate emission data). The second 1is an approximation
method, which provides estimates of percent moisture to aid in
setting isokinetic sampling rates prior to a pollutant emission
measurement run. The approximation method described herein is only
a suggested approach; alternative means for approximating the
moisture content, e.g., drying tubes, wet bulb-dry bulb techniques,
condensation techniques, stoichiometric calculations, previous
experience, etc., are also acceptable.

1.2.2 The reference method is often conducted simultaneously with
a pollutant emission measurement run; when it is, calculation of
percent isokinetic, pollutant emission rate, etc., for the run
shall be based upon the results of the reference method or its
equivalent; these calculations shall not be based upon the results
of the approximation method, unless the approximation method is
shown, to the satisfaction of the Administrator, U.S. Environmental
Protection Agency, to be capable of yielding results within 1
percent H,0 of the reference method.

1.2.3 Note: The reference method may yield questionable results

Prepared by Emission Measurement Branch EMTIC TM-004
Technical Support Division, OAQPS, EPA July 11, 1989
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when applied to saturated gas streams or to streams that contain
water droplets. Therefore, when these conditions exist or are
suspected, a second determination of the moisture content shall be
made simultaneously with the reference method, as follows: Assume
that the gas stream is saturated. Attach a temperature sensor
[capable of measuring to within 1°C (2°F)] to the reference method
probe. Measure the stack gas temperature at each traverse point
(see Section 2.2.1) during the reference method traverse; calculate
the average stack gas temperature. Next, determine the moisture
percentage, either by: (1) using a psychrometric chart and making
appropriate corrections if stack pressure is different from that of
the chart, or (2) using saturation vapor pressure tables. In cases
where the psychrometric chart or the saturation vapor pressure
tables are not applicable (based on evaluation of the process),
alternative methods, subject to the approval of the Administrator,
shall be used.

2. REFERENCE METHOD

The procedure described in Method 5 for determining moisture
content is acceptable as a reference method.

2.1 Apparatus. A schematic of the sampling train used in this
reference method is shown in Figure 4-1. All components shall be
maintained and calibrated according to the procedures in Method 5.

2.1.1 Probe. Stainless steel or glass tubing, sufficiently heated
to prevent water condensation, and equipped with a filter, either
in-stack (e.g., a plug of glass wool inserted into the end of the
probe) or heated out-stack (e.g., as described in Method 5), to
remove particulate matter. When stack conditions permit, other
metals or plastic tubing may be used for the probe, subject to the
approval of the Administrator. '

2.1.2 Condenser. See Method 5, Section 2.1.7, for a description

Prepared by Emission Measurement Branch EMTIC TM-004
Technical Support Division, OAQPS, EPA July 11, 1989
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of an acceptable type of condenser and for alternative measurement
systems.

2.1.3 Cooling System. An ice bath container and crushed ice ({(or
equivalent), to aid in condensing moisture.

2.1.4 Metering System. Same as in Method 5, Section 2.1.8, except
do not use sampling systems designed for flow rates higher than
0.0283 m®/min (1.0 cfm). Other metering systems, capable of
maintaining a constant sampling rate to within 10 percent and
determining sample gas volume to within 2 percent, may be used,
subject to the approval of the Administrator.

2.1.5 Barometer. Mercury, aneroid, or other barometer capable of
measuring atmospheric pressure to within 2.5 mm (0.1 in.) Hg. See
NOTE in Method 5, Section 2.1.9.

2.1.6 Graduated Cylinder and/or Balamce. To measure condensed
water and moisture caught in the silica gel to within 1 ml or 0.5
g. Graduated cylinders shall have subdivisions no greater than 2
ml. Most laboratory balances are capable of weighing to the
nearest 0.5 g or less. These balances are suitable for use here.

2.2 Procedure. The following procedure is written for a condenser
system (such as the impinger system described in Section 2.1.7 of
Method 5) incorporating volumetric analysis to measure the
condensed moisture, and silica gel and gravimetric analysis to
measure the moisture leaving the condenser.

2.2.1 Unless otherwise specified by the Administrator, a minimum
of eight traverse points shall be used for circular stacks having
diameters less than 0.61 m (24 in.), a minimum of nine points shall
be used for rectangular stacks

having equivalent diameters less than 0.61 m (24 in.), and a
minimum of twelve traverse points shall be used in all other cases.
The traverse points shall be located according to Method 1. The
use of fewer points 1s subject to the approval of the
Administrator. Select a suitable probe and probe length such that
all traverse points can be sampled. Consider sampling from
opposite sides

of the stack (four total sampling ports) for large stacks, to
permit use of shorter probe lengths. Mark the probe with heat
resistant tape or by some other method to denote the proper
distance into the stack or duct for each sampling point. Place
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known volumes of water in the first two impingers. Weigh and
record the weight of the silica gel to the nearest 0.5 g, and
transfer the silica gel to the fourth impinger; alternatively, the
silica gel may first be transferred to the impinger, and the weight
of the silica gel plus impinger recorded.

2.2.2 Select a total sampling time such that a minimum total gas
volume of 0.60 scm (21 scf) will be collected, at a rate no greater
than 0.021 m¥/min (0.75 cfm). When both moisture content and
pollutant emission rate are to be determined, ‘the moisture
determination shall be simultaneous with, and for the same total
length of time as, the pollutant emission rate run, unless
otherwise specified in an applicable subpart of the standards.

2.2.3 Set up the sampling train as shown in Figure 4-1. Turn on
the probe heater and (if applicable) the filter heating system to
temperatures of about 120°C (248°F), to prevent water condensation
ahead of the condenser; allow time for the temperatures to

stabilize. Place crushed ice in the ice bath container. It is
recommended, but not required, that a leak check be done, as
follows: Disconnect the probe from the first impinger or (if

applicable) from the filter holder. Plug the inlet to the first
impinger (or filter holder), and pull a 380 mm (15 in.) Hg vacuum;
a lower vacuum may be used, provided that it is not exceeded during
the test. A leakage rate in excess of 4 percent of the average
sampling rate or 0.00057 m*/min (0.02 cfm), whichever is less, is
unacceptable. Following the leak check, reconnect the probe to the
sampling train.

2.2.4 During the sampling run, maintain a sampling rate within 10
percent of constant rate, or as specified by the Administrator.
For each run, record the data required on the example data sheet
shown in Figure 4-2. Be sure to record the dry gas meter reading
at the beginning and end of each sampling time increment and
whenever sampling is halted. Take other appropriate readings at
each sample point, at least once during each time increment.

2.2.5 To begin sampling, position the probe tip at the first
traverse point. Immediately start the pump, and adjust the flow to
the desired rate. Traverse the cross section, sampling at each
traverse point for an equal length of time. Add more ice and, if
necessary, salt to maintain a temperature of less than 20°C (68°FY
at the silica gel outlet.

2.2.6 After collecting the sample, disconnect the probe from the
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filter holder (or from the first impinger), and conduct a leak
check (mandatory) as described in Section 2.2.3. Record the leak
rate. If the leakage rate exceeds the allowable rate, the tester
shall either reject the test results or shall correct the sample
volume as in Section 6.3 of Method 5. Next, measure the volume of
the moisture condensed to the nearest ml. Determine the increase
in weight of the silica gel (or silica gel plus impinger) to the
nearest 0.5 g. Record this information (see example data sheet,
Figure 4-3), and calculate the moisture percentage, as described in
2.3 below.

2.2.7 A quality control check of the volume metering system at the
field site is suggested before collecting the sample following the
procedure in Method 5, Section 4.4.

2.3 Calculations. Carry out the following calculations, retaining
at least one extra decimal figure beyond that of the acquired data.
Round off figures after final calculation.

2.3.1 Nomenclature.

B, = Proportion of water vapor, by volume, in the gas stream.

M, = Molecular weight of water, 18.0 g/g-mole (18.0 1b/lb-
mole) .

P, = Absolute pressure (for this method, same as barometric
pressure) at the dry gas meter, mm Hg (in. Hg).

P..s = Standard absolute pressure, 760 mm Hg (29.92 in. Hg).

R = Ideal gas constant, 0.06236 (mm Hg) (m’)/(g-mole) (°K) for
metric units and 21.85 (in. Hg) (ft?)/(lb-mole) (°R) for
English units.

T, = Absolute temperature at meter, °K (°R).
T..a = Standard absolute temperature, 293°K (528°R).
V, = Dry gas volume measured by dry gas meter, dcm (dcf).

m

AV, = Incremental dry gas volume measured by dry gas meter at
each traverse point, dcm (dcf).

Vaistqy = Dry gas volume measured by the dry gas meter, corrected to
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standard conditions, dscm (dscf).

Vicistay = Volume of water vapor condensed, corrected to standard
conditions, scm (scf).
Visgistay = Volume of water vapor collected in silica gel, corrected

to standard conditions, scm (scf).
V:; = Final volume of condenser water, ml.
V, = Initial volume, if any, of condenser water, ml.
W, = Final weight of silica gel or silica gel plus impinger, g.

W; = Initial weight of silica gel or silica gel plus impinger,

Y = Dry gas meter calibration factor.

p, = Density of water, 0.9982 g/ml (0.002201 lb/ml).

2.3.2 Volume of Water Vapor Condensed.

RTstd

\Y =(V_-V,)p
(std) £
we (s i’ M Psthw Eq. 4-1

=K, (V,-V,)

Where:

x
KA
I

0.001333 m’/ml for metric units,

0.04707 ft*/ml for English units.

2.3.3 Volume of Water Collected in Silica Gel.

- (Wf - Wi) RTstd

rese Poralt, Eq. 4-2

=K, (W, - W) ’

1
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Where:

&
I

0.001335 m?/g for metric units,

0.04715 ft®/g for English units.

2.3.4 Sample Gas Volume.

\ - (Pm) (Tstd)

=V Y
m{std) m (Pstd) (Tm)
vV p Eq. 4-3
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Where:

0.3858 °K/mm Hg for metric units,

K
!

17.64 °R/in. Hg for English units.

NOTE: If the post-test leak rate (Section 2.2.6) exceeds the
allowable rate, correct the value of V, in Equation 4-3, as
described in Section 6.3 of Method 5.

2.3.5 Moisture Content.

B = Vwc(std)+vwsg(std) Eq. 4~4

+
vwsg(std) Vm(std)

+
wc (std)

NOTE: 1In saturated or moisture droplet-laden gas streams, two
calculations of the moisture content of the stack gas shall be
made, one using a value based upon the saturated conditions (see
Section 1.2), and another based upon the results of the impinger
analysis. The lower of these two values of B, shall be considered
correct.

2.3.6 Verification of Constant Sampling Rate. For each time
increment, determine the AV,. Calculate the average. If the value
for any time increment differs from the average by more than 10
percent, reject the results, and repeat the run.

3. APPROXIMATION METHOD

The approximation method described below is presented only as a
suggested method (see Section 1.2).

3.1 Apparatus. See Figure 4-4.

3.1.1 Probe. Stainless steel or glass tubing, sufficiently heated
Fo prevent water condensation and equipped with a filter (either
in-stack or heated out-stack) to remove particulate matter. A pluyg

of glass wool, inserted into the end of the probe, is a
satisfactory filter.
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3.1.2 Impingers. Two midget impingers, each with 30-ml capacity,
or equivalent.

3.1.3 Ice Bath. Container and ice, to aid in condensing moisture
in impingers.

3.1.4 Drying Tube. Tube packed with new or regenerated 6- to 16-
mesh indicating-type silica gel (or equivalent desiccant), to dry
the sample gas and to protect the meter and pump.

3.1.5 Valve. Needle valve, to regulate the sample gas flow rate.

3.1.6 Pump. Leak-free, diaphragm type, or equivalent, to pull the
gas sample through the train.

3.1.7 Volume Meter. Dry gas meter, sufficiently accurate to
measure the sample volume to within 2 percent, and calibrated over
the range of flow rates and conditions actually encountered during
sampling.

3.1.8 Rate Meter. Rotameter, to measure the flow range from 0 to
3 liters/min (0 to 0.11 cfm).

3.1.9 Graduated Cylinder. 25-ml.

3.1.10 Barometer. Mercury, aneroid, or other barometer, as
described in Section 2.1.5 above.

3.1.11 Vacuum Gauge. At least 760-mm (30-in.) Hg gauge, to be
used for the sampling leak check.

3.2 Procedure.

3.2.1 Place exactly 5 ml water in each impinger. Leak check the
sampling train as follows: Temporarily insert a vacuum gauge at or
near the probe inlet; then, plug the probe inlet, and pull a vacuum
of at least 250 mm (10 in.) Hg. Note the time rate of change of
the dry gas meter dial; alternatively, a rotameter (0 to 40 cc/min)
may be temporarily attached to the dry gas meter outlet to
determine the leakage rate. A leak rate not in excess of 2 percent
of the average sampling rate is acceptable. NOTE: Carefully
release the probe inlet plug before turning off the pump.

3.2.2 Connect the probe, insert it into the stack, and sample at
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a constant rate of 2 liters/min (0.071 cfm). Continue sampling
until the dry gas meter registers about 30 liters (1.1 ft3) or
until visible 1liquid droplets are carried over from the first
impinger to the second. Record temperature, pressure, and dry gas
meter readings as required by Figure 4-5.

3.2.3 After collecting the sample, combine the contents of the two
impingers, and measure the volume to the nearest 0.5 ml.

3.3 Calculations. The calculation method presented is designed to
estimate the moisture in the stack gas; therefore, other data,
which are only necessary for accurate moisture determinations, are
not collected. The following equations adequately estimate the
moisture content, for the purpose of determining isokinetic
sampling rate settings.

3.3.1 Nomenclature.

B.n = Approximate proportion by volume of water vapor in the gas
stream leaving the second impinger, 0.025.

B,s = Water vapor in the gas stream, proportion by volume.

=
£
il

Molecular weight of water, 18.0 g/g-mole (18.0 1lb/lb-
mole) .

P, = Absolute pressure (for this method, same as barometric
pressure) at the dry gas meter, mm Hg (in. Hg).

Psta = Standard absolute pressure, 760 mm Hg (29.92 in. Hg).
R = Ideal gas constant, 0.06236 [(mm Hg) (m3

)]
for metric units and 21.85 [(in. Hg) (ft3)]/
for English units.

/[ (g-mole) (°K)]
[ (lb-mole) (°R)]
T, = Absolute temperature at meter, °K (°R).
Tsta = Standard absolute temperature, 293°R (528°R).
Ve = Final volume of impinger contents, ml.
V; = Initial volume of impinger contents, ml. .

Vo = Dry gas volume measured by dry gas meter, dcm (dcf) .
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Vm(std)

Pu
3.3.2

Where:

3.3.3

Where:

3.3.4

= Dry gas volume measured by dry gas meter, corrected to
standard conditions, dscm (dscf).

Dry gas meter calibration factor.

Density of water,0.9982 g/ml (0.002201 1lb/ml).

Volume of Water Vapor Collected.

v - (Vf_vi)prTstd
we P M, Eq. 4-5

=K, (V,-V,)

= 0.001333 m®/ml for metric units,
= 0.04707 ft?/ml for English units.

Gas Volume.

v = v Pm Tstd
m(std) m P T
sts m Eq. 4-6
_ m
=K Vag

= 0.03858 °K/mm Hg for metric units,
= 17.64 °R/in. Hg for English units.

Approximate Moisture Comtent.
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A\
B, = _.___L_+me

V. +V

wc m(std) -
v, Eq. 4-7

T —+(0.025)
wc+vm(std)

4. CALIBRATION

4.1 For the reference method, calibrate the metering system,
temperature gauges, and barometer according to Sections 5.3, 5.5,
and 5.7, respectively, of Method 5. The recommended leak check of
the metering system (Section 5.6 of Method 5) also applies to the
reference method. For the approximation method, use the procedures
outlined in Section 5.1.1 of Method 6 to calibrate the metering
system, and the procedure of Method 5, Section 5.7, to calibrate
the barometer.
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Filter Stack Condenser-ice Bath System Including Sllica Gel Tube
(Either in Stack) / Wall
or Out of Stack)
\ /Probe
\
Vacuum
Line

Temperature
Sensors g

Figure 4-1. Moisture sampling train reference
method.
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Figure 4-2. Field Moisture Determination Reference Method.

Plant
Location
Operator
Date

Run No.
Ambient temperature
Barometric pressure
Probe Length

SCHEMATIC OF STACK CROSS SECTION

Traverse Sampling Stack Pressure Meter AV, Gas sample Temperature
Pt. No. Time Temperature differential across Reading gas m? temperature at of gas
(8), min °C (°F) orifice meter AH sample (££%) dry gas meter leaving
mm (in.) H,0 volume condenser or
m? (ft?) Inlet Outlet last
Tmy, TMgye impinger
°C(°F) °C(°F) °C({°F)

Average
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Figure 4-3. Analytical data - reference method.

Impinger Silica gel
volume, ml weight, g
Final
Initial

Difference
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Heated Sitica Rate
Probe Gel Tube

Filter
(Giasz Woal)

Figure 4-4. Moisture Samping Train - Approximation Method.
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Figure 4-5. Field Moisture Determination - Approximation Method.

Location Comments:
Test
Date
Operator
Barometric pressure

Clock Time Gas volume Rate meter Meter
through setting m*/min temperature
meter, (V.), (ft3/min) °C (° F)

m® (ft?)




APPENDIX A TO PART 63--TEST METHODS

X ko x k ¥
METHOD 315 - DE INATION OF PARTICULATE AND LENE CHLORID
EX T TTER (MCEM) FROM SELECTED S ES

AT PRIMARY ALUMINUM PRODUCTION FACILITIE

NOTE: This method does not include all of the specifications (e.g., equipment and supplies) and
procedures (e.g., sampling and analytical) essential to its performance. Some material is incotporated by
reference from other methods in this part. Therefore, to obtain reliable results, persons using this method
should have a thorough knowledge of at least the following additional test methods: Method 1, Method
2, Method 3, and Method 5 of 40 CFR part 60, appendix A.
1.0 Scope and Application.

1.1 Analytes. Particulate matter (PM). No CAS number assigned. Methylene chloride
extractable matter (MCEM). No CAS number assigned.

1.2 Applicability. This method is applicable for the simultaneous determination of PM and
MCEM when specified in an applicable regulation. This method was developed by consensus with the
Aluminum Association and the U.S. Environmental Protection Agency (EPA) and has limited precision
estimates for MCEM,; it should have similar precision to Method 5 for PM in 40 CFR part 60, appendix
A since the procedures are similar for PM.

1.3 Data quality objectives. Adherence to the requirements of this method will enhance the
quality of the data obtained from air pollutant sampling methods.
2.0 Summary of Method.

Particulate matter and MCEM are withdrawn isokinetically from the source. PM is collected on
a glass fiber filter maintained at a temperature in the range of 120 + 14°C (248 £ 25°F) or such other
temperature as specified by an applicable subpart of the standards or approved by the Administrator for a
particular application. The PM mass, which includes any material that condenses on the probe and is
subsequently removed in an acetone rinse or on the filter at or above the filtration temperature, is
determined gravimetrically after removal of uncombined water. MCEM is then determined by adding a
methylene chloride rinse of the probe and filter holder, extracting the condensable hydrocarbons
collected in the impinger water, adding an acetone rinse followed by a methylene chloride rinse of the
sampling train components after the filter and before the silica gel impinger, and determining residue
gravimetrically after evaporating the solvents.
30  Definitions. [Reserved]
40  Interferences. [Reserved]
5.0 Safety.

This method may involve hazardous materials, operations, and equipment. This method does not
purport to address all of the safety problems associated with its use. It is the responsibility of the user of
this method to establish appropriate safety and health practices and determine the applicability of
regulatory limitations prior to performing this test method.

6.0 Equipment and Supplies.

NOTE: Mention of trade names or specific products does not constitute endorsement by the
EPA.

6.1 Sample collection. The following items are required for sample collection:

6.1.1 Sampling train. A schematic of the sampling train used in this method is shown in Figure
5-1, Method 5, 40 CFR part 60, appendix A. Complete construction details are given in APTD-0581
(Reference 2 in section 17.0 of this method); commercial models of this train are also available. For
changes from APTD-058! and for allowable modifications of the train shown in Figure 5-1, Method 5, 40
CFR part 60, appendix, A see the following subsections.

NOTE: The operating and maintenance procedures for the sampling train are described in
APTD-0576 (Reference 3 in section 17.0 of this method). Since correct usage is important in obtaining



valid results, all users should read APTD-0576 and adopt the operating and maintenance procedures
outlined in it, unless otherwise specified herein. The use of grease for sealing sampling train components
is not recommended because many greases are soluble in methylene chloride. The sampling train
consists of the following components:

6.1.1.1 Probe nozzle. Glass or glass lined with sharp, tapered leading edge. The angle of taper
shall be <30°, and the taper shall be on the outside to preserve a constant internal diameter. The probe
nozzle shall be of the button-hook or elbow design, unless otherwise specified by the Administrator.
Other materials of construction may be used, subject to the approval of the Administrator. A range of
nozzle sizes suitable for isokinetic sampling should be available. Typical nozzle sizes range from 0.32 to
1.27 cm (/8 to I/2 in.) inside diameter (ID) in increments of 0.16 cm (/16 in.). Larger nozzle siz.es are
also available if higher volume sampling trains are used. Each nozzle shall be calibrated according to the
procedures outlined in section 10.0 of this method.

6.1.1.2 Probe liner. Borosilicate or quartz glass tubing with a heating system capable of
maintaining a probe gas temperature at the exit end during sampling of 120 & 14°C (248 + 25°F), or such
other temperature as specified by an applicable subpart of the standards or approved by the
Administrator for a particular application. Because the actual temperature at the outlet of the probe is
not usually monitored during sampling, probes constructed according to APTD-058! and using the
calibration curves of APTD-0576 (or calibrated according to the procedure outlined in APTD-0576) will
be considered acceptable. Either borosilicate or quartz glass probe liners may be used for stack
temperatures up to about 480°C (900°F); quartz liners shall be used for temperatures between 480 and
900°C (900 and 1,650°F). Both types of liners may be used at higher temperatures than specified for
short periods of time, subject to the approval of the Administrator. The softening temperature for
borosilicate glass is 820°C (1,500°F) and for quartz glass it is 1,500°C (2,700°F).

6.1.1.3 Pitot tube. Type S, as described in section 6.1 of Method 2, 40 CFR part 60, appendix A,
or other device approved by the Administrator. The pitot tube shall be attached to the probe (as shown in
Figure 5-1 of Method 5, 40 CFR part 60, appendix A) to allow constant monitoring of the stack gas
velocity. The impact (high pressure) opening plane of the pitot tube shall be even with or above the
nozzle entry plane (see Method 2, Figure 2-6b, 40 CFR part 60, appendix A) during sampling. The Type
S pitot tube assembly shall have a known coefficient, determined as outlined in section 10.0 of Method 2,
40 CFR part 60, appendix A.

6.1.1.4 Differential pressure gauge. Inclined manometer or equivalent device (two), as described
in section 6.2 of Method 2, 40 CFR part 60, appendix A. One manometer shall be used for velocity head
(Dp) readings, and the other, for orifice differential pressure readings.

6.1.1.5 Filter holder. Borosilicate glass, with a glass frit filter support and a silicone rubber
gasket. The holder design shall provide a positive seal against leakage from the outside or around the
filter. The holder shall be attached immediately at the outlet of the probe (or cyclone, if used).

6.1.1.6 Filter heating system. Any heating system capable of maintaining a temperature around
the filter holder of 120 + 14°C (248 + 25°F) during sampling, or such other temperature as specified by an
applicable subpart of the standards or approved by the Administrator for a particular application.
Alternatively, the tester may opt to operate the equipment at a temperature lower than that specified. A
temperature gauge capable of measuring temperature to within 3°C (5.4°F) shall be installed so that the
temperature around the filter holder can be regulated and monitored during sampling. Heating systems
other than the one shown in APTD-0581 may be used.

6.1.1.7 Temperature sensor. A temperature sensor capable of measuring temperature to within
+3°C (5.4°F) shall be installed so that the sensing tip of the temperature sensor is in direct contact with
the sample gas, and the temperature around the filter holder can be regulated and monitored during
sampling.

6.1.1.8 Condenser. The following system shall be used to determine the stack gas moisture
content: four glass impingers connected in series with leak-free ground glass fittings. The first, third,



and fourth impingers shall be of the Greenburg-Smith design, modified by replacing the tip with a 1.3 cm
(12 in.) ID glass tube extending to about 1.3 cm (1/2 in.) from the bottom of the flask. The second
impinger shall be of the Greenburg-Smith design with the standard tip. The first and second impingers
shall contain known quantities of water (section 8.3.1 of this method), the third shall be empty, and the
fourth shall contain a known weight of silica gel or equivalent desiccant. A temperature sensor capable
of measuring temperature to within 1°C (2°F) shall be placed at the outlet of the fourth impinger for
monitoring.

6.1.1.9 Metering system. Vacuum gauge, leak-free pump, temperature sensors capable of
measuring temperature to within 3°C (5.4°F), dry gas meter (DGM) capable of measuring volume to
within 2 percent, and related equipment, as shown in Figure 5-1 of Method 5, 40 CFR part 60, appendix
A. Other metering systems capable of maintaining sampling rates within 10 percent of isokinetic and of
determining sample volumes to within 2 percent may be used, subject to the approval of the
Administrator. When the metering system is used in conjunction with a pitot tube, the system shall allow
periodic checks of isokinetic rates.

6.1.1.10 Sampling trains using metering systems designed for higher flow rates than that
described in APTD-0581 or APTD-0576 may be used provided that the specifications of this method are
met.

6.1.2 Barometer. Mercury, aneroid, or other barometer capable of measuring atmospheric
pressure to within 2.5 mm (0.1 in.) Hg.

NOTE: The barometric reading may be obtained from a nearby National Weather Service
station. In this case, the station value (which is the absolute barometric pressure) shall be requested and
an adjustment for elevation differences between the weather station and sampling point shall be made at
a rate of minus 2.5 mm (0.1 in) Hg per 30 m (100 ft) elevation increase or plus 2.5 mm (0.1 in) Hg per 30
m (100 ft) elevation decrease.

6.1.3 Gas density determination equipment. Temperature sensor and pressure gauge, as
described in sections 6.3 and 6.4 of Method 2, 40 CFR part 60, appendix A, and gas analyzer, if
necessary, as described in Method 3, 40 CFR part 60, appendix A. The temperature sensor shall,
preferably, be permanently attached to the pitot tube or sampling probe in a fixed configuration, such that
the tip of the sensor extends beyond the leading edge of the probe sheath and does not touch any metal.
Alternatively, the sensor may be attached just prior to use in the field. Note, however, that if the
temperature sensor is attached in the field, the sensor must be placed in an interference-free arrangement
with respect to the Type S pitot tube openings (see Method 2, Figure 2-4, 40 CFR part 60, appendix A).
As a second alternative, if a difference of not more than | percent in the average velocity measurement is
to be introduced, the temperature sensor need not be attached to the probe or pitot tube. (This alternative
is subject to the approval of the Administrator.)

6.2 Sample recovery. The following items are required for sample recovery:

6.2.1 Probe-liner and probe-nozzie brushes. Nylon or Teflon® bristle brushes with stainiess
steel wire handles. The probe brush shall have extensions (at least as long as the probe) constructed of
stainless steel, nylon, Teflon®, or similarly inert material. The brushes shall be properly sized and
shaped to brush out the probe liner and nozzle.

6.2.2 Wash bottles. Glass wash bottles are recommended. Polyethylene or tetrafluoroethylene
(TFE) wash bottles may be used, but they may introduce a positive bias due to contamination from the
bottle. It is recommended that acetone not be stored in polyethylene or TFE bottles for longer than a
month.

6.2.3 Glass sample storage containers. Chemically resistant, borosilicate glass bottles, for
acetone and methylene chloride washes and impinger water, 500 ml or 1,000 ml. Screw-cap liners shall
either be rubber-backed Teflon® or shall be constructed so as to be leak-free and resistant to chemical
attack by acetone or methylene chloride. (Narrow-mouth glass bottles have been found to be less prone
to leakage.) Alternatively, polyethylene bottles may be used.

6.2.4 Petri dishes. For filter samples, glass, unless otherwise specified by the Administrator.

6.2.5 Graduated cylinder and/or balance. To measure condensed water, acetone wash and



methylene chloride wash used during field recovery of the samples, to within Iml or 1 g. Graduateq _
cylinders shall have subdivisions no greater than 2 ml. Most laboratory balances are capable of weighing
to the nearest 0.5 g or less. Any such balance is suitable for use here and in section 6.3.4 of this method.

6.2.6 Plastic storage containers. Air-tight containers to store silica gel.

6.2.7 Funnel and rubber policeman. To aid in transfer of silica gel to container; not necessary if
silica gel is weighed in the field.

6.2.8 Funnel. Glass or polyethylene, to aid in sample recovery.

6.3 Sample analysis. The following equipment is required for sample analysis:

6.3.1 Glass or Teflon® weighing dishes.

6.3.2 Desiccator. It is recommended that fresh desiccant be used to minimize the chance for
positive bias due to absorption of organic material during drying.

6.3.3 Analytical balance. To measure to within 0.1 mg.

6.3.4 Balance. To measure to within 0.5 g.

6.3.5 Beakers. 250 ml.

6.3.6 Hygrometer. To measure the relative humidity of the laboratory environment.

6.3.7 Temperature sensor. To measure the temperature of the laboratory environment.

6.3.8 Buchner fritted funnel. 30 ml size, fine (<50 micron)-porosity fritted glass.

6.3.9 Pressure filtration apparatus.

6.3.10 Aluminum dish. Flat bottom, smooth sides, and flanged top, 18 mm deep and with an
inside diameter of approximately 60 mm.

7.0 Reagents and Standards.

7.1 Sample collection. The following reagents are required for sample collection:

7.1.1 Filters. Glass fiber filters, without organic binder, exhibiting at least 99.95 percent
efficiency (<0.05 percent penetration) on 0.3 micron dioctyl phthalate smoke particles. The filter
efficiency test shall be conducted in accordance with ASTM Method D 2986-95A (incorporated by
reference in § 63.841 of this part). Test data from the supplier's quality control program are sufficient for
this purpose. In sources containing S0, or S0,, the filter material must be of a type that is unreactive to
S0, or SO,. Reference 10 in section 17.0 of this method may be used to select the appropriate filter.

7.1.2 Silica gel. Indicating type, 6 to 16 mesh. If previously used, dry at 175°C (350°F) for 2
hours. New silica gel may be used as received. Alternatively, other types of desiccants (equivalent or
better) may be used, subject to the approval of the Administrator.

7.1.3 Water. When analysis of the material caught in the impingers is required, deionized
distilled water shall be used. Run blanks prior to field use to eliminate a high blank on test samples.

7.1.4 Crushed ice.

7.1.5 Stopcock grease. Acetone-insoluble, heat-stable silicone grease. This is not necessary if
screw-on connectors with Teflon® sleeves, or similar, are used. Alternatively, other types of stopcock
grease may be used, subject to the approval of the Administrator. [Caution: Many stopcock greases are
methylene chloride-soluble. Use sparingly and carefully remove prior to recovery to prevent
contamination of the MCEM analysis.]

7.2 Sample recovery. The following reagents are required for sample recovery:

7.2.1 Acetone. Acetone with blank values < 1 ppm, by weight residue, is required. Acetone
blanks may be run prior to field use, and only acetone with low blank values may be used. In no case
shall a blank value of greater than 1E-06 of the weight of acetone used be subtracted from the sample
weight.

NOTE: This is more restrictive than Method 5, 40 CFR part 60, appendix A. At least one
vendor (Supelco Incorporated located in Bellefonte, Pennsylvania) lists <1 mg/l as residue for its
Environmental Analysis Solvents.

7.2.2 Methylene chloride. Methylene chloride with a blank value <1.5 ppm, by weight, residuye.
Methylene chloride blanks may be run prior to field use, and only methylene chloride with low blank
values may be used. In no case shall a blank value of greater than 1.6E-06 of the weight of methylene
chloride used be subtracted from the sample weight.



NOTE: A least one vendor quotes <1 mg/! for Environmental Analysis Solvents-grade
methylene chloride.

7.3 Sample analysis. The following reagents are required for sample analysis:

7.3.1 Acetone. Same as in section 7.2.1 of this method.

7.3.2 Desiccant. Anhydrous calcium sulfate, indicating type. Alternatively, other types of
desiccants may be used, subject to the approval of the Administrator.

7.3.3 Methylene chloride. Same as in section 7.2.2 of this method.

8.0 Sample Collection, Preservation. Storage, and Transport.

NOTE: The complexity of this method is such that, in order to obtain reliable results, testers
should be trained and experienced with the test procedures.

8.1 Pretest preparation. It is suggested that sampling equipment be maintained according to the
procedures described in APTD-0576.

8.1.1 Weigh several 200 g to 300 g portions of silica gel in airtight containers to the nearest 0.5
g. Record on each container the total weight of the silica gel plus container. As an alternative, the silica
gel need not be preweighed but may be weighed directly in its impinger or sampling holder just prior to
train assembly.

8.1.2 A batch of glass fiber filters, no more than 50 at a time, should placed in a soxhlet
extraction apparatus and extracted using methylene chloride for at least 16 hours. After extraction, check
filters visually against light for irregularities, flaws, or pinhole leaks. Label the shipping containers
(glass or plastic petri dishes), and keep the filters in these containers at all times except during sampling
and weighing.

8.1.3 Desiccate the filters at 20 & 5.6°C (68 + 10°F) and ambient pressure for at least 24 hours
and weigh at intervals of at least 6 hours to a constant weight, i.e., <0.5 mg change from previous
weighing; record results to the nearest 0.1 mg. During each weighing the filter must not be exposed to
the laboratory atmosphere for longer than 2 minutes and a relative humidity above 50 percent.
Alternatively (unless otherwise specified by the Administrator), the filters may be oven-dried at 104°C
(220°F) for 2 to 3 hours, desiccated for 2 hours, and weighed. Procedures other than those described,
which account for relative humidity effects, may be used, subject to the approval of the Administrator.

8.2 Preliminary determinations.

8.2.1 Select the sampling site and the minimum number of sampling points according to Method
1, 40 CFR part 60, appendix A or as specified by the Administrator. Determine the stack pressure,
temperature, and the range of velocity heads using Method 2, 40 CFR part 60, appendix A; it is
recommended that a leak check of the pitot lines (see section 8.1 of Method 2, 40 CFR part 60, appendix
A) be performed. Determine the moisture content using Approximation Method 4 (section 1.2 of
Method 4, 40 CFR part 60, appendix A) or its alternatives to make isokinetic sampling rate settings.
Determine the stack gas dry molecular weight, as described in section 8.6 of Method 2, 40 CFR part 60,
appendix A; if integrated Method 3 sampling is used for molecular weight determination, the integrated
bag sample shall be taken simultaneously with, and for the same total length of time as, the particulate
sample run.

8.2.2 Select a nozzle size based on the range of velocity heads such that it is not necessary to
change the nozzle size in order to maintain isokinetic sampling rates. During the run, do not change the
nozzle size. Ensure that the proper differential pressure gauge is chosen for the range of velocity heads
encountered (see section 8.2 of Method 2, 40 CFR part 60, appendix A).

8.2.3 Select a suitable probe liner and probe length such that all traverse points can be sampled.
For large stacks, consider sampling from opposite sides of the stack to reduce the required probe length.

8.2.4 Select a total sampling time greater than or equal to the minimum total sampling time
specified in the test procedures for the'specific industry such that: (1) The sampling time per point is not
less than 2 minutes (or some greater time interval as specified by the Administrator); and (2) the sample
volume taken (corrected to standard conditions) will exceed the required minimum total gas sample
volume. The latter is based on an approximate average sampling rate.

8.2.5 The sampling time at each point shall be the same. It is reccommended that the number of



minutes sampled at each point be an integer or an integer plus one-half minute, in order to eliminate
timekeeping errors. .

8.2.6 In some circumstances (e.g., batch cycles), it may be necessary to sample for shorter times
at the traverse points and to obtain smaller gas sample volumes. In these cases, the Administrator's

approval must first be obtained.

8.3 Preparation of sampling train.

8.3.1 During preparation and assembly of the sampling train, keep all openings where
contamination can occur covered until just prior to assembly or until sampling is about to begin. Place
100 ml of water in each of the first two impingers, leave the third impinger empty, and transfer
approximately 200 to 300 g of preweighed silica gel from its container to th.e fourth impipger. More
silica gel may be used, but care should be taken to ensure that it is not entralfled and carried out from the
impinger during sampling. Place the container in a clean place for later use in the sample recovery.
Alternatively, the weight of the silica gel plus impinger may be determined to the nearest 0.5 g and
recorded. :
8.3.2 Using a tweezer or clean disposable surgical gloves, place a labeled (identified) and
weighed filter in the filter holder. Be sure that the filter is properly centered and the gasket properly
placed so as to prevent the sample gas stream from circumventing the filter. Check the filter for tears
after assembly is completed. |

8.3.3 When glass liners are used, install the selected nozzle using a Viton A 0-ring when stack
temperatures are less than 260°C (500°F) and an asbestos string gasket when temperatures are higher.
See APTD-0576 for details. Mark the probe with heat-resistant tape or by some other method to denote
the proper distance into the stack or duct for each sampling point.

8.3.4 Set up the train as in Figure 5-1 of Method 5, 40 CFR part 60, appendix A, using (if
necessary) a very light coat of silicone grease on all ground glass joints, greasing only the outer portion
(see APTD-0576) to avoid possibility of contamination by the silicone grease. Subject to the approval of
the Administrator, a glass cyclone may be used between the probe and filter holder when the total
particulate catch is expected to exceed 100 mg or when water droplets are present in the stack gas.

8.3.5 Place crushed ice around the impingers.

8.4 Leak-check procedures.

8.4.1 Leak check of metering system shown in
Figure 5-1 of Method 5, 40 CFR part 60, appendix A. That portion of the sampling train from the pump
to the orifice meter should be leak-checked prior to initial use and after each shipment. Leakage after the
pump will result in less volume being recorded than is actually sampled. The following procedure is
suggested (see Figure 5-2 of Method 5, 40 CFR part 60, appendix A): Close the main valve on the meter
box. Insert a one-hole rubber stopper with rubber tubing attached into the orifice exhaust pipe.
Disconnect and vent the low side of the orifice manometer. Close off the low side orifice tap. Pressurize
the system to 13 to I8 cm (5 to 7 in.) water column by blowing into the rubber tubing. Pinch off the
tubing, and observe the manometer for 1 minute. A loss of pressure on the manometer indicates a leak in
the meter box; leaks, if present, must be corrected.

8.4.2 Pretest leak check. A pretest leak-check is recommended but not required. If the pretest
leak-check is conducted, the following procedure should be used. : ,

8.4.2.1 After the sampling train has been assembled, turn on and set the filter and probe heating
systems to the desired operating temperatures. Allow time for the temperatures to stabilize. If a Viton A
0-ring or other leak-free connection is used in assembling the probe nozzle to the probe liner, leak-check
the train at the sampling site by plugging the nozzle and pulling a 380 mm (15 in.) Hg vacuum.

NOTE: A lower vacuum may be used, provided that it is not exceeded during the test.

8.4.2.2 If an asbestos string is used, do not connect the probe to the train during the leak check.
Instead, leak-check the train by first plugging the inlet to the filter holder (cyclone, if applicable) and
pulling a 380 mm (15 in.) Hg vacuum. (See NOTE in section 8.4.2.1 of this method). Then connect the
probe to the train and perform the leak check at approximately 25 mm (1 in.) Hg vacuum; alternatively,
the probe may be leak-checked with the rest of the sampling train, in one step, at 380 mm (15 in.) Hg



vacuum. Leakage rates in excess of 4 percent of the average sampling rate or 0.00057 m*/min (0.02
cfm), whichever is less, are unacceptable.

8.4.2.3 The following leak check instructions for the sampling train described in APTD-0576
and APTD-0581 may be helpful. Start the pump with the bypass valve fully open and the coarse adjust
valve completely closed. Partially open the coarse adjust valve and slowly close the bypass valve until
the desired vacuum is reached. Do not reverse the direction of the bypass valve, as this will cause water
to back up into the filter holder. If the desired vacuum is exceeded, either leak-check at this higher
vacuum or end the leak check as shown below and start over.

8.4.2.4 When the leak check is completed, first slowly remove the plug from the inlet to the
probe, filter holder, or cyclone (if applicable) and immediately turn off the vacuum pump. This prevents
the water in the impingers from being forced backward into the filter holder and the silica gel from being
entrained backward into the third impinger.

8.4.3 Leak checks during sample run. If, during the sampling run, a component (e.g., filter
assembly or impinger) change becomes necessary, a leak check shall be conducted immediately before
the change is made. The leak check shall be done according to the procedure outlined in section 8.4.2 of
this method, except that it shall be done at a vacuum equal to or greater than the maximum value
recorded up to that point in the test. If the leakage rate is found to be no greater than 0.00057 m*/min
(0.02 cfm) or 4 percent of the average sampling rate (whichever is less), the results are acceptable, and
no correction will need to be applied to the total volume of dry gas metered; if, however, a higher
leakage rate is obtained, either record the leakage rate and plan to correct the sample volume as shown in
section 12.3 of this method or void the sample run.

NOTE: Immediately after component changes, leak checks are optional; if such leak checks are
done, the procedure outlined in section 8.4.2 of this method should be used.

8.4.4 Post-test leak check. A leak check is mandatory at the conclusion of each sampling run.
The leak check shall be performed in accordance with the procedures outlined in section 8.4.2 of this
method, except that it shall be conducted at a vacuum equal to or greater than the maximum value
reached during the sampling run. If the leakage rate is found to be no greater than 0.00057 m*/min
(0.02 cfm) or 4 percent of the average sampling rate (whichever is less), the results are acceptable, and
no correction need be applied to the total volume of dry gas metered. If, however, a higher leakage rate
is obtained, either record the leakage rate and correct the sample volume, as shown in section 12.4 of this
method, or void the sampling run.

8.5 Sampling train operation. During the sampling run, maintain an isokinetic sampling rate
(within 10 percent of true isokinetic unless otherwise specified by the Administrator) and a temperature
around the filter of 120 £ 14°C (248 £ 25°F), or such other temperature as specified by an applicable
subpart of the standards or approved by the Administrator.

8.5.1 For each run, record the data required on a data sheet such as the one shown in Figure 5-2
of Method 5, 40 CFR part 60, appendix A. Be sure to record the initial reading. Record the DGM
readings at the beginning and end of each sampling time increment, when changes in flow rates are
made, before and after each leak-check, and when sampling is halted. Take other readings indicated by
Figure 5-2 of Method 5, 40 CFR part 60, appendix A at least once at each sample point during each time
increment and additional readings when significant changes (20 percent variation in velocity head
readings) necessitate additional adjustments in flow rate. Level and zero the manometer. Because the
manometer level and zero may drift due to vibrations and temperature changes, make periodic checks
during the traverse.

8.5.2 Clean the portholes prior to the test run to minimize the chance of sampling deposited
material. To begin sampling, remove the nozzle cap and verify that the filter and probe heating systems
are up to temperature and that the pitot tube and probe are properly positioned. Position the nozzle at the
first traverse point with the tip pointing directly into the gas stream. Immediately start the pump and
adjust the flow to isokinetic conditions. Nomographs are available, which aid in the rapid adjustment of
the isokinetic sampling rate without excessive computations. These nomographs are designed for use
when the Type S pitot tube coefficient (C,) is 0.85 + 0.02 and the stack gas equivalent density (dry



molecular weight) is 29 + 4, APTD-0576 details the procedure for using the nomographs. If C, and M,
are outside the above-stated ranges, do not use the nomographs unless appropriate steps (see Reference 7
in section 17.0 of this method) are taken to compensate for the deviations.

8.5.3 When the stack is under significant negative pressure (height of impinger stem), close the
coarse adjust valve before inserting the probe into the stack to prevent water from backing into the filter
holder. If necessary, the pump may be turned on with the coarse adjust valve closed.

8.5.4 When the probe is in position, block off the openings around the probe and porthole to
prevent unrepresentative dilution of the gas stream. .

8.5.5 Traverse the stack cross-section, as required by Method 1, 40 CFR part 60, appgndlx Aor
as specified by the Administrator, being careful not to bump the probe nozzle into the stac!c wa}ll_s V\_/hen
sampling near the walls or when removing or inserting the probe through the portholes; this minimizes
the chance of extracting deposited material.

8.5.6 During the test run, make periodic adjustments to keep the temperature around the filter
holder at the proper level; add more ice and, if necessary, salt to maintain a temperature of less than 20°C
(68°F) at the condenser/silica gel outlet. Also, periodically check the level and zero of the manometer.

8.5.7 If the pressure drop across the filter becomes too high, making isokinetic sampling
difficult to maintain, the filter may be replaced in the midst of the sample run. It is recommended that
another complete filter assembly be used rather than attempting to change the filter itself. Before a new
filter assembly is installed, conduct a leak check (see section 8.4.3 of this method). The total PM weight
shall include the summation of the filter assembly catches.

-8.5.8 A single train shall be used for the entire sample run, except in cases where simultaneous
sampling is required in two or more separate ducts or at two or more different locations within the same
duct, or in cases where equipment failure necessitates a change of trains. In all other situations, the use
of two or more trains will be subject to the approval of the Administrator.

NOTE: When two or more trains are used, separate analyses of the front-half and (if applicable)
impinger catches from each train shall be performed, unless identical nozzle sizes were used in all trains,
in which case the front-half catches from the individual trains may be combined (as may the impinger
catches) and one analysis of the front-half catch and one analysis of the impinger catch may be
performed.

8.5.9 At the end of the sample run, turn off the coarse adjust valve, remove the probe and nozzle
from the stack, turn off the pump, record the final DGM reading, and then conduct a post-test leak check,
as outlined in section 8.4.4 of this method. Also leak-check the pitot lines as described in section 8.1 of
Method 2, 40 CFR part 60, appendix A. The lines must pass this leak check in order to validate the
velocity head data.

8.6 Calculation of percent isokinetic. Calculate percent isokinetic (see Calculations, section
12.12 of this method) to determine whether a run was valid or another test run should be made. If there
was difficulty in maintaining isokinetic rates because of source conditions, consult the Administrator for
possible variance on the isokinetic rates.

8.7 Sample recovery.

8.7.1 Proper cleanup procedure begins as soon as the probe is removed from the stack at the end
of the sampling period. Allow the probe to cool.

8.7.2 When the probe can be safely handled, wipe off all external PM near the tip of the probe
nozzle and place a cap over it to prevent losing or gaining PM. Do not cap off the probe tip tightly while
the sampling train is cooling down. This would create a vacuum in the filter holder, thus drawing water
from the impingers into the filter holder.

8.7.3 Before moving the sample train to the cleanup site, remove the probe from the sample
train, wipe off the silicone grease, and cap the open outlet of the probe. Be careful not to lose any
condensate that might be present. Wipe off the silicone grease from the filter inlet where the probe was
fastened and cap it. Remove the umbilical cord from the last impinger and cap the impinger. Ifa
flexible line is used between the first impinger or condenser and the filter holder, disconnect the line at
the filter holder and let any condensed water or liquid drain into the impingers or condenser. After



wiping off the silicone grease, cap off the filter holder outlet and impinger inlet. Ground-glass stoppers,
plastic caps, or serum caps may be used to close these openings.

8.7.4 Transfer the probe and filter-impinger assembly to the cleanup area. This area should be
clean and protected from the wind so that the chances of contaminating or losing the sample will be
minimized.

8.7.5 Save a portion of the acetone and methylene chloride used for cleanup as blanks. Take
200 m] of each solvent directly from the wash bottle being used and place it in glass sample containers
labeled "acetone blank" and "methylene chloride blank," respectively.

8.7.6 Inspect the train prior to and during disassembly and note any abnormal conditions. Treat
the samples as follows:

8.7.6.1 Container No. 1. Carefully remove the filter from the filter holder, and place it in its
identified petri dish container. Use a pair of tweezers and/or clean disposable surgical gloves to handle
the filter. If it is necessary to fold the filter, do so such that the PM cake is inside the fold. Using a dry
nylon bristle brush and/or a sharp-edged blade, carefully transfer to the petri dish any PM and/or filter
fibers that adhere to the filter holder gasket. Seal the container.

8.7.6.2 Container No. 2. Taking care to see that dust on the outside of the probe or other
exterior surfaces does not get into the sample, quantitatively recover PM or any condensate from the
probe nozzle, probe fitting, probe liner, and front half of the filter holder by washing these components
with acetone and placing the wash in a glass container. Perform the acetone rinse as follows:

8.7.6.2.1 Carefully remove the probe nozzle and clean the inside surface by rinsing with acetone
from a wash bottle and brushing with a nylon bristle brush. Brush until the acetone rinse shows no
visible particles, after which make a final rinse of the inside surface with acetone.

8.7.6.2.2 Brush and rinse the inside parts of the Swagelok fitting with acetone in a similar way
until no visible particles remain.

8.7.6.2.3 Rinse the probe liner with acetone by tilting and rotating the probe while squirting
acetone into its upper end so that all inside surfaces are wetted with acetone. Let the acetone drain from
the lower end into the sample container. A funnel (glass or polyethylene) may be used to aid in
transferring liquid washes to the container. Follow the acetone rinse with a probe brush. Hold the probe
in an inclined position, squirt acetone into the upper end as the probe brush is being pushed with a
twisting action through the probe, hold a sample container under the lower end of the probe, and catch
any acetone and PM that is brushed from the probe. Run the brush through the probe three times or more
until no visible PM is carried out with the acetone or until none remains in the probe liner on visual
inspection. With stainless steel or other metal probes, run the brush through in the above-described
manner at least six times, since metal probes have small crevices in which PM can be entrapped. Rinse
the brush with acetone and quantitatively collect these washings in the sample container. After the
brushing, make a final acetone rinse of the probe as described above.

8.7.6.2.4 It is recommended that two people clean the probe to minimize sample losses.
Between sampling runs, keep brushes clean and protected from contamination.

8.7.6.2.5 After ensuring that all joints have been wiped clean of silicone grease, clean the inside
of the front half of the filter holder by rubbing the surfaces with a nylon bristle brush and rinsing with
acetone. Rinse each surface three times or more if needed to remove visible particulate. Make a final
rinse of the brush and filter holder. Carefully rinse out the glass cyclone also (if applicable).

8.7.6.2.6 After rinsing the nozzle, probe, and front half of the filter holder with acetone, repeat
the entire procedure with methylene chloride and save in a separate No. 2M container.

8.7.6.2.7 After acetone and methylene chloride washings and PM have been collected in the
proper sample containers, tighten the lid on the sample containers so that acetone and methylene chloride
will not leak out when it is shipped to the laboratory. Mark the height of the fluid level to determine
whether leakage occurs during transport. Label each container to identify clearly its contents.

8.7.6.3 Container No. 3. Note the color of the indicating silica gel to determine whether it has
been completely spent, and make a notation of its condition. Transfer the silica gel from the fourth
impinger to its original container and seal the container. A funnel may make it easier to pour the silica



gel without spilling. A rubber policeman may be used as an aid in removing the silica gel from the
impinger. It is not necessary to remove the small amount of dust particles that may adhere to the
impinger wall and are difficult to remove. Since the gain in weight is to be used for moisture
calculations, do not use any water or other liquids to transfer the silica gel. If a balance is available in
the field, follow the procedure for Container No. 3 in section 11.2.3 of this method.

8.7.6.4 Impinger water. Treat the impingers as follows:

8.7.6.4.1 Make a notation of any color or film in the liquid catch. Measure the liquid that is in
the first three impingers to within 1 m1 by using a graduated cylinder or by weighing it to within 0.5 g by
using a balance (if one is available). Record the volume or weight of liquid present. This information is
required to calculate the moisture content of the effluent gas.

8.7.6.4.2 Following the determination of the volume of liquid present, rinse the back half of the
train with water, add it to the impinger catch, and store it in a container labeled 3W (water).

8.7.6.4.3 Following the water rinse, rinse the back half of the train with acetone to remove the
excess water to enhance subsequent organic recovery with methylene chloride and quantitatively recover
to a container labeled 3S (solvent) followed by at least three sequential rinsings with aliquots of
methylene chloride. Quantitatively recover to the same container labeled 3S. Record separately the
amount of both acetone and methylene chloride used to the nearest 1 ml or 0.5g.

NOTE: Because the subsequent analytical finish is gravimetric, it is okay to recover both
solvents to the same container. This would not be recommended if other analytical finishes were
required.

8.8 Sample transport. Whenever possible, containers should be shipped in such a way that they
remain upright at all times.

9.0 Quality Control.

9.1 Miscellaneous quality control measures.

Section Quality Control Measure Effect
84, Sampling and equipment Ensure accurate
10.1-10.6  leak check and calibration measurement of
stack gas flow rate,
sample volume

9.2 Volume metering system checks. The following quality control procedures are suggested to
check the volume metering system calibration values at the field test site prior to sample collection.
These procedures are optional.

9.2.1 Meter orifice check. Using the calibration data obtained during the calibration procedure
described in section 10.3 of this method, determine the AHg, for the metering system orifice. The AHg is
the orifice pressure differential in units of in. H,0 that correlates to 0.75 cfm of air at 528°R and 29.92 in.
Hg. The AHg is calculated as follows:
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where
0.0319 =(0.0567 in. Hg/°R)(0.75 cfm)?;
AH = Average pressure differential across the orifice meter, in. H,0;
T = Absolute average DGM temperature, °R; )
e =  Total sampling time, min;
| . = Barometric pressure, in. Hg;



Y = DGM calibration factor, dimensionless;
Va = Volume of gas sample as measured by DGM, dcf.

9.2.1.1 Before beginning the field test (a set of three runs usually constitutes a field test),
operate the metering system (i.e., pump, volume meter, and orifice) at the AHg, pressure differential for
10 minutes. Record the volume collected, the DGM temperature, and the barometric pressure. Calculate
a DGM calibration check value, Y, as follows:

10[0.0319 T, 1
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where

Y. = DGM calibration check value, dimensionless;

10 = Run time, min.

9.2.1.2 Compare the Y value with the dry gas meter calibration factor Y to determine that: 0.97
Y <Y, <1.03Y. If the Y, value is not within this range, the volume metering system should be
investigated before beginning the test.

9.2.2 Calibrated critical orifice. A calibrated critical orifice, calibrated against a wet test meter
or spirometer and designed to be inserted at the inlet of the sampling meter box, may be used as a quality
control check by following the procedure of section 16.2 of this method.

10.0 Calibration and Standardization.

NOTE: Maintain a laboratory log of all calibrations.

10.1 Probe nozzle. Probe nozzles shall be calibrated before their initial use in the field. Usinga
micrometer, measure the ID of the nozzle to the nearest 0.025 mm (0.001 in.). Make three separate
measurements using different diameters each time, and obtain the average of the measurements. The
difference between the high and low numbers shall not exceed 0.1 mm (0.004 in.). When nozzles
become nicked, dented, or corroded, they shall be reshaped, sharpened, and recalibrated before use.

Each nozzle shall be permanently and uniquely identified.

10.2 Pitot tube assembly. The Type S pitot tube assembly shall be calibrated according to the
procedure outlined in section 10.1 of Method 2, 40 CFR part 60, appendix A.

10.3 Metering system.

10.3.1 Calibration prior to use. Before its initial use in the field, the metering system shall be
calibrated as follows: Connect the metering system inlet to the outlet of a wet test meter that is accurate
to within | percent. Refer to Figure 5-5 of Method 5, 40 CFR part 60, appendix A. The wet test meter
should have a capacity of 30 liters/revolution (1 ft*/rev). A spirometer of 400 liters (14 ft*) or more
capacity, or equivalent, may be used for this calibration, although a wet test meter is usually more
practical. The wet test meter should be periodically calibrated with a spirometer or a liquid displacement
meter to ensure the accuracy of the wet test meter. Spirometers or wet test meters of other sizes may be
used, provided that the specified accuracies of the procedure are maintained. Run the metering system
pump for about 15 minutes with the orifice manometer indicating a median reading, as expected in field
use, to allow the pump to warm up and to permit the interior surface of the wet test meter to be
thoroughly wetted. Then, at each of a minimum of three orifice manometer settings, pass an exact
quantity of gas through the wet test meter and note the gas volume indicated by the DGM. Also note the
barometric pressure and the temperatures of the wet test meter, the inlet of the DGM, and the outlet of
the DGM. Select the highest and lowest orifice settings to bracket the expected field operating range of
the orifice. Use a minimum volume of 0.15 m? (5 cf) at all orifice settings. Record all the data on a form
similar to Figure 5-6 of Method 5, 40 CFR part 60, appendix A, and calculate Y (the DGM calibration
factor) and AHg (the orifice calibration factor) at each orifice setting, as shown on Figure 5-6 of Method
5,40 CFR part 60, appendix A. Allowable tolerances for individual Y and AHg values are given in



Figure 5-6 of Method 5, 40 CFR part 60, appendix A. Use the average of the Y values in the calculations
in section 12 of this method.

10.3.1.1. Before calibrating the metering system, it is suggested that a leak check be conducted.
For metering systems having diaphragm pumps, the normal leak check procedure will not detect
leakages within the pump. For these cases the following leak check procedure is suggested: make 2 10-
minute calibration run at 0.00057 m*/min (0.02 cfm); at the end of the run, take the difference of the
measured wet test meter and DGM volumes; divide the difference by 10 to get the leak rate. The leak
rate should not exceed 0.00057 m*/min (0.02 cfm).

10.3.2 Calibration after use. After each field use, the calibration of the metering system shall be
checked by performing three calibration runs at a single, intermediate oriﬁ(.:e setting (base.d on the .
previous field test) with the vacuum set at the maximum value reached during the test series. To adjust
the vacuum, insert a valve between the wet test meter and the inlet of the metering system. Calculate the
average value of the DGM calibration factor. If the value has changed by more than 5 percent,
recalibrate the meter over the full range of orifice settings, as previously detailed.

NOTE: Alternative procedures, e.g., rechecking the orifice meter coefficient, may be used,
subject to the approval of the Administrator. .

10.3.3 Acceptable variation in calibration. If the DGM coefficient values obtained before and
after a test series differ by more than 5 percent, either the test series shall be voided or calculations for
the test series shall be performed using whichever meter coefficient value (i.e., before or after) gives the
lower value of total sample volume.

10.4 Probe heater calibration. Use a heat source to generate air heated to selected temperatures
that approximate those expected to occur in the sources to be sampled. Pass this air through the probe at
a typical sample flow rate while measuring the probe inlet and outlet temperatures at various probe
heater settings. For each air temperature generated, construct a graph of probe heating system setting
versus probe outlet temperature. The procedure outlined in APTD-0576 can also be used. Probes
constructed according to APTD-0581 need not be calibrated if the calibration curves in APTD-0576 are
used. Also, probes with outlet temperature monitoring capabilities do not require calibration.

NOTE: The probe heating system shall be calibrated before its initial use in the field.

10.5 Temperature sensors. Use the procedure in section 10.3 of Method 2, 40 CFR part 60,
appendix A to calibrate in-stack temperature sensors. Dial thermometers, such as are used for the DGM
and condenser outlet, shall be calibrated against mercury-in-glass thermometers.

10.6 Barometer. Calibrate against a mercury barometer.

11.0 Analytical Procedure.

11.1 Record the data required on a sheet such as the one shown in Figure 315-1 of this method.

11.2 Handle each sample container as follows:

11.2.1 Container No. 1.

11.2.1.1 PM analysis. Leave the contents in the shipping container or transfer the filter and any
loose PM from the sample container to a tared glass weighing dish. Desiccate for 24 hours in a
desiccator containing anhydrous calcium sulfate. Weigh to a constant weight and report the results to the
nearest 0.1 mg. For purposes of this section, the term "constant weight" means a difference of no more
than 0.5 mg or 1 percent of total weight less tare weight, whichever is greater, between two consecutive
weighings, with no less than 6 hours of desiccation time between weighings (overnight desiccation is a
common practice). If a third weighing is required and it agrees within 0.5 mg, then the results of the
second weighing should be used. For quality assurance purposes, record and report each individual
weighing; if more than three weighings are required, note this in the results for the subsequent MCEM
results. :

11.2.1.2 MCEM analysis. Transfer the filter and contents quantitatively into a beaker. Add 100
m| of methylene chloride and cover with aluminum foil. Sonicate for 3 minutes then allow to stand for
20 minutes. Set up the filtration apparatus. Decant the solution into a clean Buchner fritted funnel.
Immediately pressure filter the solution through the tube into another clean, dry beaker. Continue
decanting and pressure filtration until all the solvent is transferred. Rinse the beaker and filter with 10 to



20 ml methylene chloride, decant into the Buchner fritted funnel and pressure filter. Place the beaker on
a low-temperature hot plate.(maximum 40°C) and slowly evaporate almost to dryness. Transfer the
remaining last few milliliters of solution quantitatively from the beaker (using at least three aliquots of
methylene chloride rinse) to a tared clean dry aluminum dish and evaporate to complete dryness.
Remove from heat once solvent is evaporated. Reweigh the dish after a 30-minute equilibrium in the
balance room and determine the weight to the nearest 0.1 mg. Conduct a methylene chloride blank run
in an identical fashion.

11.2.2 Container No. 2.

11.2.2.1 PM analysis. Note the level of liquid in the container, and confirm on the analysis
sheet whether leakage occurred during transport. If a noticeable amount of leakage has occurred, either
void the sample or use methods, subject to the approval of the Administrator, to correct the final results.
Measure the liquid in this container either volumetrically to =l m! or gravimetrically to +0.5 g. Transfer
the contents to a tared 250 ml beaker and evaporate to dryness at ambient temperature and pressure.
Desiccate for 24 hours, and weigh to a constant weight. Report the resuits to the nearest 0.1 mg.

11.2.2.2 MCEM analysis. Add 25 ml methylene chloride to the beaker and cover with
aluminum foil. Sonicate for 3 minutes then allow to stand for 20 minutes; combine with contents of
Container No. 2M and pressure filter and evaporate as described for Container 1 in section 11.2.1.2 of
this method.

NOTES FOR MCEM ANALYSIS:

1. Light finger pressure only is necessary on 24/40 adaptor. A Chemplast adapter #15055-240
has been found satisfactory.

2. Avoid aluminum dishes made with fluted sides, as these may promote solvent “creep,”
resulting in possible sample loss.

3. If multiple samples are being run, rinse the Buchner fritted funnel twice between samples
with 5 ml solvent using pressure filtration. After the second rinse, continue the flow of air until the glass
frit is completely dry. Clean the Buchner fritted funnels thoroughly after filtering five or six samples.

11.2.3 Container No. 3. Weigh the spent silica gel (or silica gel plus impinger) to the nearest 0.5
g using a balance. This step may be conducted in the field.

11.2.4 Container 3W (impinger water).

11.2.4.1 MCEM analysis. Transfer the solution into a 1,000 ml separatory funnel quantitatively
with methylene chloride washes. Add enough solvent to total approximately 50 ml, if necessary. Shake
the funnel for 1 minute, allow the phases to separate, and drain the solvent layer into a 250 ml beaker.
Repeat the extraction twice. Evaporate with low heat (less than 40°C) until near dryness. Transfer the
remaining few milliliters of solvent quantitatively with small solvent washes into a clean, dry, tared
aluminum dish and evaporate to dryness. Remove from heat once solvent is evaporated. Reweigh the
dish after a 30-minute equilibration in the balance room and determine the weight to the nearest 0.1 mg.

11.2.5 Container 3S (solvent).

11.2.5.1 MCEM analysis. Transfer the mixed solvent to 250 ml beaker(s). Evaporate and weigh
following the procedures detailed for container 3W in section 11.2.4 of this method.

11.2.6 Blank containers. Measure the distilled water, acetone, or methylene chloride in each
container either volumetrically or gravimetrically. Transfer the “solvent” to a tared 250 ml beaker, and
evaporate to dryness at ambient temperature and pressure. (Conduct a solvent blank on the distilled
deionized water blank in an identical fashion to that described in section 11.2.4.1 of this method.)
Desiccate for 24 hours, and weigh to a constant weight. Report the results to the nearest 0.1 mg.

NOTE: The contents of Containers No. 2, 3W, and 3M as well as the blank containers may be
evaporated at temperatures higher than ambient. If evaporation is done at an elevated temperature, the
temperature must be below the boiling point of the solvent; also, to prevent "bumping,” the evaporation
process must be closely supervised, and the contents of the beaker must be swirled occasionally to
maintain an even temperature. Use extreme care, as acetone and methylene chloride are highly
flammable and have a low flash point.



12.0 Data Analysis and Calculations.
12.1 Carry out calculations, retaining at least one extra decimal figure beyond that of the

acquired data. Round off figures after the final calculation. Other forms of the equations may be used as
long as they give equivalent results.

12.2 Nomenclature.
A, = Cross-sectional area of nozzle, m® (ft).

B, Water vapor in the gas stream, proportion by volume.

C. Acetone blank residue concentration, mg/g.

C, = Concentration of particulate matter in stack gas, dry basis, corrected to standard
conditions, g/dscm (g/dscf).

I = Percent of isokinetic sampling.

L, = Maximum acceptable leakage rate for either a pretest leak check or for a leak check
following a component change; equal to 0.00057 m*/min (0.02 cfm) or 4 percent of the
average sampling rate, whichever is less.

L, = Individual leakage rate observed during the leak check conducted prior to the "i®"
component change (I =1, 2, 3...n), m*min (cfm).

L, = Leakage rate observed during the post-test leak check, m*/min (cfm).

m, = Mass of residue of acetone after evaporation, mg.

m, = Total amount of particulate matter collected, mg.

M., = Molecular weight of water, 18.0 g/g-mole (18.0 Ib/lb-mole).

| . = Barometric pressure at the sampling site, mm Hg (in Hg).

P, = Absolute stack gas pressure, mm Hg (in. Hg).

P.s = Standard absolute pressure, 760 mm Hg (29.92 in. Hg).

R = Ideal gas constant, 0.06236 [(mm Hg)(m*)}/[(°K)

(g-mole)] {21.85 [(in. Hg)(f*)V[(°R)(Ib-mole)]}.

T, = Absolute average dry gas meter (DGM) temperature (see Figure 5-2 of Method 5, 40
CFR part 60, appendix A), °K (°R).

T, = Absolute average stack gas temperature (see Figure 5-2 of Method 5, 40 CFR part 60,
appendix A), °’K(°R).

Taa = Standard absolute temperature, 293°K (528°R).

V, = Volume of acetone biank, ml.

Vi = Volume of acetone used in wash, ml.

V, = Volume of methylene chloride blank, ml.

Viw = Volume of methylene chloride used in wash, ml.

Vi = Total volume liquid collected in impingers and silica gel (see Figure 5-3 of Method 5,
40 CFR part 60, appendix A), ml.

Vo = Volume of gas sample as measured by dry gas meter, dem (dcf).

Voey = Volume of gas sample measured by the dry gas meter, corrected to standard conditions,
dscm (dscf).

Vo = Volume of water vapor in the gas sample, corrected to standard conditions, scm (scf).

v, = Stack gas velocity, calculated by Equation 2-9 in Method 2, 40 CFR part 60, appendix
A, using data obtained from Method 5, 40 CFR part 60, appendix A, m/sec (ft/sec).

v, = Weight of residue in acetone wash, mg. ‘

Y = Dry gas meter calibration factor.

AH = Average pressure differential across the orifice meter (see Figure 5-2 of Method 5, 40
CFR part 60, appendix A), mm H,0 (in H,0).

Ps = Density of acetone, 785.1 mg/ml (or see label on bottle).

Pw = Density of water, 0.9982 g/m] (0.002201 1b/ml). .

[+ = Density of methylene chloride, 1316.8 mg/ml (or see label on bottle).

2] = Total sampling time, min.

6, = Sampling time interval, from the beginning of a run until the first component change,



min.

o, =  Sampling time interval, between two successive component changes, beginning with the
interval between the first and second changes, min.
0, = Sampling time interval, from the final (n*) component change until the end of the

sampling run, min.

13.6 = Specific gravity of mercury.
60 = Sec/min.
100 = Conversion to percent.

12.3 Average dry gas meter temperature and average orifice pressure drop. See data sheet
(Figure 5-2 of Method 5, 40 CFR part 60, appendix A).

12.4 Dry gas volume. Correct the sample volume measured by the dry gas meter to standard
conditions (20°C, 760 mm Hg or 68°F, 29.92 in Hg) by using Equation 315-1.

AH
T ot ( P bar+m)

V=VyY Eq. 315-1
TmPstd
AH
P""+( 13 6]
=V = K,V,Y -
m

where
K

0.3858 °K/mm Hg for metric units,

= 17.64 °R/in Hg for English units.

NOTE: Equation 315-1 can be used as written unless the leakage rate observed during any of the
mandatory leak checks (i.e., the post-test leak check or leak checks conducted prior to component
changes) exceeds L,. If L, or L; exceeds L,, Equation 315-1 must be modified as follows:

(a) Case 1. No component changes made during sampling run. In this case, replace V_, in Equation
315-1 with the expression:

[Va- (@L,-L) 6]

(b) Case II. One or more component changes made during the sampling run. In this case, replace
V,, in Equation
315-1 by the expression:

v, - (L, -L)®, - (L -L,)6 - (L, - L) ©,]
i=2

and substitute only for those leakage rates (L; or L,) which exceed L,.
12.5 Volume of water vapor condensed.



Vasty = Ve 75— = K2 Vie ~ Eq.3152

0.001333 m¥%ml for metric units;
0.04706 ft*/ml for English units.
12.6 Moisture content.

ke
[

B - vw(std)

ws
Vistey * Viwsta)

Eg. 315-3

NOTE: In saturated or water droplet-laden gas streams, two calculations of the moisture content
of the stack gas shall be made, one from the impinger analysis (Equation 315-3), and a second from the
assumption of saturated conditions. The lower of the two values of B, shall be considered correct. The
procedure for determining the moisture content based upon assumption of saturated conditions is given
in section 4.0 of Method 4, 40 CFR part 60, appendix A. For the purposes of this method, the average
stack gas temperature from Figure 5-2 of Method 5, 40 CFR part 60, appendix A may be used to make
this determination, provided that the accuracy of the in-stack temperature sensor is £1°C (2°F).

12.7 Acetone blank concentration.

C, = Eqg. 3154

12.8 Acetone wash blank.
Wn = Cl VI\N Pa 15-

12.9 Total particulate weight. Determine the total PM catch from the sum of the weights
obtained from Containers | and 2 less the acetone blank associated with these two containers (see Figure
315-1).

NOTE: Refer to section 8.5.8 of this method to assist in calculation of results involving two or
more filter assemblies or two or more sampling trains.

12.10 Particulate concentration.

¢ = K3 mn/v m(std) M -6

where
K =0.001 g/mg for metric units;

= 0.0154 gr/mg for English units.

12.11 Conversion factors.
From To Multiply by
ft* m? 0.02832
gr mg 64.80004
gr/ft mg/m3 2288.4
mg g 0.001
gr Ib 1.429x 10*

12.12 Isokinetic variation.



12.12.1 Calculation from raw data.

V.Y
100 T, |K, Vv, + —2 [Pba, +-4—fi)
| = Tm 13.6 Eq. 315-7
60 © V, Ps A n
where
K, = 0.003454 [(mm Hg)(m*)}/[(m])(°K)] for metric units;
= 0.002669 [(in Hg)(ft*)}/[(ml)(°R)] for English units.
12.12.2 Calculation from intermediate values.
| = Ts Vm(std) Pstd 100 E 15-8
T Vg ] A, P .60 (1-B,)) '
= K Ts Vm(std)
5
P, v, A, CNE -B,;)
where
K; 4.320 for metric units;

0.09450 for English units.

12.12.3 Acceptable results. If 90 percent < I < 110 percent, the results are acceptable. If the
PM or MCEM results are low in comparison to the standard, and "I" is over 110 percent or less than 90
percent, the Administrator may opt to accept the results. Reference 4 in the Bibliography may be used to
make acceptability judgments. If "I" is judged to be unacceptable, reject the results, and repeat the test.

12.13 Stack gas velocity and volumetric flow rate. Calculate the average stack gas velocity and
volumetric flow rate, if needed, using data obtained in this method and the equations in sections 5.2 and
5.3 of Method 2, 40 CFR part 60, appendix A.

12.14 MCEM results. Determine the MCEM concentration from the results from Containers 1,
2, 2M, 3W, and 3S less the acetone, methylene chloride, and filter blanks value as determined in the

following equation:

mmcem = thotal - wa B Wt - fb

13.0 Method Performance. [Reserved]
14.0 Pollution Prevention. [Reserved]



15.0 Waste Management. [Reserved]

16.0 Alternative Procedures.
16.1 Dry gas meter as a calibration standard. A DGM may be used as a calibration standard for

volume measurements in place of the wet test meter specified in section 16.1 of this method, provided
that it is calibrated initially and recalibrated periodically as follows:

16.1.1 Standard dry gas meter calibration.

16.1.1.1. The DGM to be calibrated and used as a secondary reference meter should be of high
quality and have an appropriately sized capacity, e.g., 3 liters/rev (0.1 ft*/rev). A spirometer (400 liters
or more capacity), or equivalent, may be used for this calibration, although a wet test meter is usually
more practical. The wet test meter should have a capacity of 30 liters/rev (1 ft'/rev) and be capable of
measuring volume to within 1.0 percent; wet test meters should be checked against a spirometer or a
liquid displacement meter to ensure the accuracy of the wet test meter. Spirometers or wet test meters of
other sizes may be used, provided that the specified accuracies of the procedure are maintained.

16.1.1.2 Set up the components as shown in Figure 5-7 of Method 5, 40 CFR part 60, appendix
A. A spirometer, or equivalent, may be used in place of the wet test meter in the system. Run the pump
for at least 5 minutes at a flow rate of about 10 liters/min (0.35 cfm) to condition the interior surface of
the wet test meter. The pressure drop indicated by the manometer at the inlet side of the DGM should be
minimized (no greater than 100 mm H,O [4 in. H,0] at a flow rate of 30 liters/min [1 cfm]). This can be
accomplished by using large- diameter tubing connections and straight pipe fittings.

16.1.1.3 Collect the data as shown in the example data sheet (see Figure 5-8 of Method 5, 40
CFR part 60, appendix A). Make triplicate runs at each of the flow rates and at no less than five different
flow rates. The range of flow rates should be between 10 and 34 liters/min (0.35 and 1.2 c¢fm) or over
the expected operating range.

16.1.1.4 Calculate flow rate, Q, for each run using the wet test meter volume, V,, and the run
time, q. Calculate the DGM coefficient, Y, for each run. These calculations are as follows:

v

P
Q = K1 bar " w 315.9
(ty * tya) ©

Vw (Tds + Tstd) P

Yds - bar
Vi (T, *+ TPy, * %Ee_) Eq. 315-10
where
K, = 0.3858 for international system of units (SI);
17.64 for English units;
P,, = Barometric pressure, mm Hg (in Hg);
V., = Wet test meter volume, liter (ft°);
t, = Average wet test meter temperature, °C (°F);
tyy =  273°C for SI units; 460°F for English units;
0 = Run time, min;
ta = Average dry gas meter temperature, °C (°F);
Vi = Dry gas meter volume, liter (f);
Ap = Dry gas meter inlet differential pressure, mm H,0 (in H,0).

' 16.1.1.5 Compare the three Y, values at each of the flow rates and determine the maximum and
minimum values. The difference between the maximum and minimum values at each flow rate should
be no greater than 0.030. Extra sets of triplicate runs may be made in order to complete this requirement.
In addition, the meter coefficients should be between 0.95 and 1.05. If these specifications cannot be



met in three sets of successive triplicate runs, the meter is not suitable as a calibration standard and
should not be used as such. If these specifications are met, average the three Y, values at each flow rate
resulting in five average meter coefficients, Y,

16.1.1.6 Prepare a curve of meter coefficient, Yy, versus flow rate, Q, for the DGM. This curve
shall be used as a reference when the meter is used to calibrate other DGMs and to determine whether
recalibration is required.

16.1.2 Standard dry gas meter recalibration.

16.1.2.1 Recalibrate the standard DGM against a wet test meter or spirometer annually or after
every 200 hours of operation, whichever comes first. This requirement is valid provided the standard
DGM is kept in a laboratory and, if transported, cared for as any other laboratory instrument. Abuse to
the standard meter may cause a change in the calibration and will require more frequent recalibrations.

16.1.2.2 As an alternative to full recalibration, a two-point calibration check may be made.
Follow the same procedure and equipment arrangement as for a full recalibration, but run the meter at
only two flow rates (suggested rates are 14 and 28 liters/min [0.5 and 1.0 ¢fm]). Calculate the meter
coefficients for these two points, and compare the values with the meter calibration curve. If the two
coefficients are within 1.5 percent of the calibration curve values at the same flow rates, the meter need
not be recalibrated until the next date for a recalibration check.

16.2 Critical orifices as calibration standards. Critical orifices may be used as calibration
standards in place of the wet test meter specified in section 10.3 of this method, provided that they are
selected, calibrated, and used as follows:

16.2.1 Selection of critical orifices.

16.2.1.1 The procedure that follows describes the use of hypodermic needles or stainless steel
needle tubing that has been found suitable for use as critical orifices. Other materials and critical orifice
designs may be used provided the orifices act as true critical orifices; i.e., a critical vacuum can be
obtained, as described in section 7.2.2.2.3 of Method 5, 40 CFR part 60, appendix A. Select five critical
orifices that are appropriately sized to cover the range of flow rates between 10 and 34 liters/min or the
expected operating range. Two of the critical orifices should bracket the expected operating range. A
minimum of three critical orifices will be needed to calibrate a Method 5 DGM,; the other two critical
orifices can serve as spares and provide better selection for bracketing the range of operating flow rates.
The needle sizes and tubing lengths shown in Table 315-1 give the approximate flow rates indicated in
the table.

16.2.1.2 These needles can be adapted to a Method 5 type sampling train as follows: Insert a
serum bottle stopper, 13 x 20 mm sleeve type, into a 0.5 in Swagelok quick connect. Insert the needle
into the stopper as shown in Figure 5-9 of Method S, 40 CFR part 60, appendix A.

16.2.2 Critical orifice calibration. The procedure described in this section uses the Method 5
meter box configuration with a DGM as described in section 6.1.1.9 of this method to calibrate the
critical orifices. Other schemes may be used, subject to the approval of the Administrator.

16.2.2.1 Calibration of meter box. The critical orifices must be calibrated in the same
configuration as they will be used; i.e., there should be no connections to the inlet of the orifice.

16.2.2.1.1 Before calibrating the meter box, leak-check the system as follows: Fully open the
coarse adjust valve and completely close the bypass valve. Plug the inlet. Then turn on the pump and
determine whether there is any leakage. The leakage rate shall be zero; i.e., no detectable movement of
the DGM dial shall be seen for 1 minute.

16.2.2.1.2 Check also for leakages in that portion of the sampling train between the pump and
the orifice meter. See section 5.6 of Method 5, 40 CFR part 60, appendix A for the procedure; make any
corrections, if necessary. If leakage is detected, check for cracked gaskets, loose fittings, worn 0-rings,
etc. and make the necessary repairs.

16.2.2.1.3 After determining that the meter box is leakless, calibrate the meter box according to
the procedure given in section 5.3 of Method 5, 40 CFR part 60, appendix A. Make sure that the wet test
meter meets the requirements stated in section 7.1.1.1 of Method 5, 40 CFR part 60, appendix A. Check
the water level in the wet test meter. Record the DGM calibration factor, Y.



16.2.2.2 Calibration of critical orifices. Set up the apparatus as shown in Figure 5-10 of Method
5,40 CFR part 60, appendix A.

16.2.2.2.1 Allow a warm-up time of 15 minutes. This step is important to equilibrate the
temperature conditions through the DGM. .

16.2.2.2.2 Leak-check the system as in section 7.2.2.1.1 of Method 5, 40 CFR part 60, appendix
A. The leakage rate shall be zero.

16.2.2.2.3 Before calibrating the critical orifice, determine its suitability and the appropriate
operating vacuum as follows: turn on the pump, fully open the coarse adjust valve, and adjust the bypass
valve to give a vacuum reading corresponding to about half of atmospheric pressure. Observe the meter
box orifice manometer reading, DH. Slowly increase the vacuum reading until a stable reading is
obtained on the meter box orifice manometer. Record the critical vacuum for each orifice. Orifices that
do not reach a critical value shall not be used.

16.2.2.2.4 Obtain the barometric pressure using a barometer as described in section 6.1.2 of this
method. Record the barometric pressure, Py, in mm Hg (in. Hg).

16.2.2.2.5 Conduct duplicate runs at a vacuum of 25 to 50 mm Hg (1 to 2 in. Hg) above the
critical vacuum. The runs shall be at least 5 minutes each. The DGM volume readings shall be in
increments of complete revolutions of the DGM. As a guideline, the times should not differ by more
than 3.0 seconds (this includes allowance for changes in the DGM temperatures) to achieve £0.5 percent
in K'. Record the information listed in Figure 5-11 of Method 5, 40 CFR part 60, appendix A.

16.2.2.2.6 Calculate K' using Equation 315-11.

1
AH . _2
Kl - K1 vm Y (Pbar * m) Tamb Eg. 315-11
Pbar Tm @
where
K' = Critical orifice coefficient, [m*)(°K)*]/
[(mm Hg)(min)] {[(f*)(°R)*))/[(in. Hg)(min)]};
Tay = Absolute ambient temperature, °K (°R).

16.2.2.2.7 Average the K' values. The individual K' values should not differ by more than £0.5
percent from the average.

16.2.3 Using the critical orifices as calibration standards.

16.2.3.1 Record the barometric pressure. '

16.2.3.2 Calibrate the metering system according to the procedure outlined in sections 7.2.2.2.1
to 7.2.2.2.5 of Method 5, 40 CFR part 60, appendix A. Record the information listed in Figure 5-12 of
Method 5, 40 CFR part 60, appendix A.

16.2.3.3 Calculate the standard volumes of air passed through the DGM and the critical orifices
and calculate the DGM calibration factor, Y, using the equations below:

>

Vm(std) = I(l vm [Pbu + (A}I/13'6)]/Tm w =
Vcr(sld) =K' (Pbu @)/T amh“2 E-ql—lLLl.l
Y = Verdy Vinsay Eq. 315-14
where
Vo = Volume of gas sample passed through the

critical orifice, corrected to standard conditions, dscm (dscf).
K'=  0.3858 °K/mm Hg for metric units
= 17.64 °R/in Hg for English units.
16.2.3.4 Average the DGM calibration values for each of the flow rates. The calibration factor,*
Y, at each of the flow rates should not differ by more than +2 percent from the average.
16.2.3.5 To determine the need for recalibrating the critical orifices, compare the DGM Y



factors obtained from two adjacent orifices each time a DGM is calibrated; for example, when checking
orifice 13/2.5, use orifices 12/10.2 and 13/5.1. If any critical orifice yields a DGM Y factor differing by
more than 2 percent from the others, recalibrate the critical orifice according to section 7.2.2.2 of Method
3, 40 CFR part 60, appendix A.
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18.0 Tables, Diagrams, Flowcharts. and Validation Data

TABLE 315-1, Flow Rates for Various Needle Sizes and Tube Lengths. _
Gauge/length Flow rate Gauge/length ) Flow rate
(cm) (liters/min) (cm) (liters/min)
12/7.6 32.56 14/2.5 19.54
12/10.2 30.02 14/5.1 17.27
13/2.5 25.77 14/7.6 16.14
13/5.1 23.50 15/3.2 14.16
13/7.6 22.37 15/7.6 11.61
13/10.2 20.67 15/10.2 10.48




Particulate analysis

Plant

Date

Run No.

Filter No.

Amount liquid lost during
transport

Acetone blank volume (ml)

Acetone blank concentration (Eq.315-4) (mg/mg)

Acetone wash blank (Eq.315-5) (mg)

Final weight Tare weight (mg). Weight gain (mg)
(mg)
Container
No. 1
Container
No. 2
Total
Less Acetone blank
Weight of particulate matter
Moisture analysis
Final volume Initial volume (mg) Liquid collected (mg)
(mg)
Impingers Notel Note 1
Silica gel
Total

FIGURE 315-1. Particulate and MCEM Analyses

Note 1: Convert volume of water to weight by multiplying by the density of water (1 g/ml).




MCEM analysis

Container No. Final Tare of Weight Acetone Metinféande
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38
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Less methylene chloride wash
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1.5 mg/1 of methylene
chloride used)

Less filter blank (mg)
(not to exceed....
(mg/filter)

MCEM weight (m
ght (me) Myceom = Emtotal —w, ~w, - fy

FIGURE 315-1 (Continued). Particulate And MCEM Analyses
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Method 429

Determination of Polycyclic Aromatic Hydrocarbon (PAH)
Emissions From Stationary Sources

1. INTRODUCTION
1.1 APPLICABILITY

This method applies to the determination of nineteen polycyclic aromatic
hydrocarbons (PAH) in emissions from stationary sources. These are listed in
Table 1. The sensitivity which can ultimately be achieved for a given sample will
depend upon the types and concentrations of other chemical compounds in the
sample as well as the original sample size and instrument sensitivity.

Any modification of this method beyond those expressly permitted shall be
considered a major modification subject to approval by the Executive Officer of
the California Air Resources Board or his or her authorized representative.

1.2 PRINCIPLE

Particulate and gaseous phase PAH are extracted isokinetically from the stack
and collected on XAD-2 resin, in impingers, or in upstream sampling train
components (filter, probe, nozzle). Only the total amounts of each PAH in the
stack emissions can be determined with this method. it has not been
demonstrated that the partitioning in the different parts of the sampling train is
representative of the partitioning in the stack gas sample for particulate and
gaseous PAH.

The required analytical method is isotope dilution mass spectrometry combined
with high resolution gas chromatography. This entails the addition of internal
standards to all samples in known quantities, matrix-specific extracticn of the
sample with appropriate organic solvents, preliminary fractionation and cleanup
of extracts and analysis of the processed extract for PAH using high-resolution
capillary column gas chromatography coupled with either low resolution mass
spectrometry (HRGC/LRMS), or high resolution mass spectrometry
(HRGC/HRMS). To ensure comparable resuits, the same MS method must be
used for samples collected at all tested locations at those sources where more
than one location is tested.

Minimum performance criteria are specified herein which must be satisfied to
ensure the quality of the sampling and analytical data.

1.3 DEFINITIONS AND ABBREVIATIONS
1.3.1 Internal Standard
An internal standard is a 2H-labelled PAH which is added to all field samples,

blanks and other quality control samples before extraction. It is also present
in the calibration solutions. Internal standards are used to measure the
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1.3.2

1.3.3

1.34

1.3.5

1.3.6

1.3.7

concentration of the analyte and surrogate compounds. There is one internal
standard assigned to each of the target analytes and surrogates.

Surrogate Standard

A surrogate standard is a labelled compound added in a known amount to the
XAD-2 resin of the sampling train, and allowed to equilibrate with the matrix
before the gaseous emissions are sampled. The surrogate standard has to be
a component that can be completely resolved, is not present in the sample,
and does not have any interference effects. Its measured concentration in
the extract is an indication of the how effectively the sampling train retains
PAH collected on the XAD-2 resin. The recovery of the surrogate standards
in the field blanks can be used to determine whether there are ‘any matrix
effects caused by time or conditions under which the sample is transported
and stored prior to analysis.

Alternate Standard

An alternate standard is a 2H-labelled PAH compound which is added to the
impinger contents prior to extraction to estimate the extraction efficiency for
PAHs in the impinger sample.

Recovery Standard

A recovery standard is a 2H-labelled PAH compound which is added to the
extracts of all field samples, blanks, and quality control samples before
HRGC/MS analysis. It is also present in the calibration solution. The
response of the internal standards relative to the recovery standard is used to
estimate the recovery of the internal standards. The internal standard
recovery is an indicator of the overall performance of the analysis.

Relative Response Factor

The relative response factor is the response of the mass spectrometer to a
known amount of an analyte or labelled compound (internal standard or
surrogate standard) relative to a known amount of an internal standard or
another labelled compound (recovery standard or internal standard).

Performance Standard

A performance standard is a mixture of known amounts of selected standard
compounds. It is used to demonstrate continued acceptable performance of
the GC/MS system. These checks include system performance checks,

calibration checks, quality checks, matrix recovery, and surrogate recoveries.

Performance Evaluation Sample

A performance evaluation sample is one prepared by EPA or other

laboratories that contains known concentrations of method analytes, and has-
been analyzed by multiple laboratories to determine statistically the accuracy
and precision that can be expected when a method is performed by a
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competent analyst. Concentrations must be in the same range as typical
field samples. Analyte concentrations are not known by the analyst.

1.3.8 Laboratory Control Sample

A laboratory control sample is one that contains known concentrations of
method analytes that is analyzed by a laboratory to demonstrate that it can
obtain acceptable identifications and measurements with procedures to be
used to analyze field samples containing the same analytes. Analyte
concentrations are known by the analyst. The laboratory must prepare the
control sample from stock standards prepared independently from those used
for calibration.

1.3.9 End User

The regulating agency shall be considered the end user if this test method is
conducted for regulatory purposes, or the regulating agency shali designate
the end user for the purposes of this method. Otherwise the end user shall
be the party who defrays the cost of performing this test method. In any
case, the pre-test protocol (Section 2) must identify the end usar.

1.3.10 Tester

Usually the tester is a contract engineering firm that performs the sampling
procedures and delegates responsibility for specific analytical procedures to
an analytical group (usually part of a subcontracting laboratory firm). In
some cases, the tester may be part of the regulating agency. The tester shall
be the party ultimately responsible for the performance of this tast method
whether directly or indirectly through the co-ordination of the efforts of the
analytical group and the efforts of the sampling group.

1.3.11 Analyst

This term refers to the analytical group that performs the analytizal
procedures to generate the required analytical data.

1.3.12 Source Target Concentration

This is the target concentration for each emitted PAH of interest specified by
the end user of the test results. The target concentration shall be expressed
in units of mass of target substance per volume of emissions; typical units
are nanograms per dry standard cubic meter or micrograms per dry standard
cubic meter (ng/dscm or pg/dscm)

1.3.13 The Mathod Detection Limit

The method detection limit (MDL) is based on the precision of detection of
the analyte concentration near the detection limit. It is the product of the
standard deviation of seven replicate analyses of resin samples spiked with
low concentrations of the analyte and Student's t value for 6 degrees of
freedom at a confidence leve! of 99 %.
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1.3.14

2.1

2.1.1

2.1.2

The Practical Quantitation Limit

The practical quantitation limit (PQL) is a limit for each compound at or below
which data must not be reported. It is the minimum sample mass that must
be collected in the sampling train to allow detection during routine laboratory
operation within the precision limits established by the MDL determination.
The PQLs will be estimated at 5 times the MDL for those PAH that are not
contaminants of the resin. The PQL for the remainder will be estimated at 5
times the blank XAD-2 resin level.

THE SOURCE TEST PROTOCOL

Every performance of this test method shall have an identified operator of the
source to be tested, an identified end user of the test method results, and an
identified tester who performs this test method. Figura 1 is a summary of the
responsibilities of the parties involved in the coordination and performance of the
source test. The protocol for the entire test procedure should be understood and
agreed upon by the responsible parties prior to the start of the test.

RESPONSIBILITIES OF THE END USER AND THE TESTER

The End User

Before testing may begin, the end user of the test results (1.3.9) shall specify
a source target concentration for each of the PAH to be determined by this
method using the guidelines of Section 2.2.1.

The end user shall approve the source test protocol only after reviewing the
document and determining that the minimum pre-test requirements (Sections
2.2 to 2.5 ) have been met.

The Tester

The tester (1.3.10) shall have the primary responsibility for the performance
of the test method, and shall co-ordinate the efforts of the analytical group
and the efforts of the sampling group.

The tester shall be responsible for the selection of an analyst with
documented experience in the satisfactory performance of the method. The
tester shall obtain from the analyst all of the analytical data (Section 2.3)
that are required for pre-test calculations of sampling parameters.

Before performing the rest of this method, the tester shall develop and write
a source test protocol (Section 2.2) to help ensure that useful test method
results are obtained. The tester shall plan the test based on the information
provided by the end user, the resuits of pre-test surveys of the source, and
the tester's calculations of target source testing paramsters (Section 2,2)..

The tgster shall be responsible for ensuring that all of the sampling and
analytical reporting requirements {Section 10) are mat.
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2.1.3

2.2

2.2.1

2.2.1.1

2.2.1.2

The Analyst

The analyst shall be responsible for performing all of the required analytical
procedures described in this test method and reporting the results as required
by Sections 2.3, 4.2.1,4.2.2, 10.1.1, 10.1.2, 10.1.3, and 10.2).

PRE-TEST REQUIREMENTS

The source test protocol shall specify the test performance criteria of the end
user and all assumptions, required data and calculated targets for the following
testing parameters:

(1) source target concentration of each emitted PAH of interest (2.2.1),
{2) preliminary analytical data (2.3) for each target PAH, and
{3) planned sampling parameters (2.5.4, 2.5.5, and 2.5.6).

The protocol must demonstrate that the testing parameters calculated by the
tester will meet the needs of the end user. The source test protocol shall
describe the procedures for all aspects of the source test including information
on supplies, logistics, personnel and other resources necessary for an efficient
and coordinated test.

The source test protocol shall identify the end user of the results, the tester, the
analytical group, and the sampling group, and the protocol shall be signed by the
end user of the results and the tester.

The tester shall not proceed with the performance of the remainder of this
method unless the source test protocol is signed by the tester and th2 end user.

Source Target Concentration (STC)

The tester shall not proceed with the test unless a target concentration has
been chosen. This will be the primary reporting objective of the emissions
test. The end user shall select a basis for determining each targst
concentration from: a) regulatory limits, b) environmental risk asse2ssments,
and (c) the interests of the end user, the tester, and the stationary source.

Regulatory Limits

The regulatory limit shall be the basis for determining a target
concentration for stationary source emissions in those cases where the
purpose of the emissions test is to demonstrate compliance with the
established regulatory limit.

Environmental Risk Assessments

In some cases testing is conducted for an environmental risk
assessment. A pre-test estimate of the permissible risk shall then be
used to determine the target concentration for stationary source
emissions.
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Note that some risk assessment methodologies will assume that a PAH
is present at the detection limit or one half of the detection limit even
when the compound is not detected. This is inappropriate for planning
for the performance of the test method because by definition a
substance cannot be detected at one half of its detection limit. in such
cases, the target sampling parameter must be the maximum practical
sample volume.

2.2.1.3 Interests of the End User, the Tester and the Stationary Source

In cases where the emissions test is not being performed to demonstrate
compliance with a regulation, nor is it required for a risk assessment,
the end user may use emissions results from previous tests of the
facility or from similar facilities.

If estimates of the emissions are not availble, the tester must conduct a
preliminary test at each emissions point of interest. This target
concentration is necessary for the calculation of the target sampling
parameters required by Section 2.5. Therefore, the emissions measured
during the preliminary test must be representative of source operation.
The tester must document operating conditions, and know from
historical data, the extent to which the results of this preliminary run are
representative of emissions from the source. This will require
documentation of operating conditions during the preliminary test, and a
knowledge of the potential variability in emissions with differences in
source operation.

As an alternative to conducting a preliminary test, the end user may
specify, as a sampling target, the longest practical sampling time so as
to obtain the lowest practically achievable source reporting limit
(Section 2.5.6).

2.3 REQUIRED PRELIMINARY ANALYTICAL DATA

2.3.1 Results of Blank Contamination Checks
The tester must obtain from the analyst the results of the PAH contamination
checks. The analytical report must satisfy the reporting requirements of
Sections 10 and 10.1.
The analyst shall use the procedures described in Sections 4.2.1 and 4.2.2 to
clean the sampling media (filters and XAD-2 resin) and check for PAH
contamination.
Table 3 shows the results of analyses of different lots of re-cleaned XAD-2

resin. The purpose of this table is to show typical variability. Actual results
may vary from one test to another.
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2.3.2

2.3.3

2.4

2.5

2.5.1

2.5.2

The Method Detection Limit

The method detection limit (MDL) must be determined by the same analyst
(1.3.11) that will perform the analyses subsequent to sampling. Before
estimating the method detection limit { MDL), the analyst shall identify those
PAH that are contaminants of the XAD-2 resin using the procedures
described in Sections 4.2.2.1 t0 4.2.2.4. The analyst shall determine the
MDL as described in Section 8.3 and Appendix A.

The Practical Quantitation Limit

The analyst shall calculate the practical quantitation limits (PQLs) for the
target PAH. This value will be 5 times the MDL or 5 times the XAD-2
background level for those compounds that have been identified by the
analyst as contaminants.

Table 2 lists practical quantitation limits obtained during ARB's development
of this method. The values for the PQLs will vary with the performance of
individual laboratories. Therefore, the tester must obtain PQL values for all of
the target analytes from the analyst .

EXPECTED RANGE IN TARGET CONCENTRATIONS OF INDIVIDUAL PAHs

The PAH compounds in a source test sample can show large differences in
concentrations. A sample that might provide sufficient analyte for the detection
and quantitation of the lowest concentration PAH could contain levels of other
PAHs that exceed the upper limit of the method.

In some cases the solution is two GC/MS injections - first with the undiluted
extract, and then again after appropriate dilution of the extract. At other times
the required minimum dilution might be so large as to result in the reduction of
the internal standard response below the minimum required by the method. With
prior notification of expected levels of the target analytes, the analyst can modify
the preparation of the samples so that useful results might be obtained. Al
major modifications must be approved by the Executive Officer.

SAMPLING RUNS, TIME, AND VOLUME
Sampling Runs

A test shall include at least three sampling runs in series and a blank
sampling train.

Minimum Sample Volume (MSV)

This is the minimum sample volume that must be collected in the sampling
train to provide the minimum reportable mass of PAH for quantitation. It
must be based on a) the practical quantitation limit (2.3.3), b) the source
target concentration (2.2.1), and ¢) sampling limitations. Use Equation
429-1 to calculate the target MSV for each PAH analyte.

August 9, 1996 Proposed M-428 Page 7



: 429-1
MSV (dscm) = PQL X

STC
Where:
PQL = The practical quantitation limit, ng/sample (Section 2.3.3)
STC = The source target concentration, ng/dscm (Section 2.2.1)
2.5.3 Minimum Sampling Time (MST)

This is the minimum time required to collect the minimum sample volume at
the expected average volumetric sampling rate (VSR). Use Equation 429-2
to calculate the minimum sampling time (MST) required to collect the
minimum sample volume calculated in Section 2.5.2. The tester must use an
average volumetric sampling rate (VSR) appropriate for the source to be

tested.
429-2
. MsvV 1 1
MST (hours) VeR X 5098377 X 50

Where:

VSR = Expected average volumetric sampling rate, dscfm

60 = Factor to convert minutes to hours

0.028317 = Factor to convert dscf to dscm

The end user must decide whether the MSTs are all practically feasible and
whether they can be increased to allow for any deviation from the sampling
and analytical conditions assumed by the test plan. Based on this decision,
the tester must use either Section 2.5.4 (a) or 2.5.4 (b) to calculate a
planned sample volume {PSV).

2.5.4 Planned Sample Volume {PSV)

This is the volume of emissions that must be sampled to provide the target
analytes at levels between the PQL and the limit of linearity. The planned
sampie volume is the primary sampling target whenever practically feasible.
The PSV is calculated according to either 2.5.4 (a) or 2.5.4 (b).

(a) If the end user has decided that the MSTs can be increased, the
tester must use Equation 429-3 to calculate the PSV using the largest
of the 19 MSV values calculated in Section 2.5.2. and the largest
value for F that will give a practically achievable sample volume that
provides the target analytes at levels between the PQL and the limit
of linearity. Use this PSV to calculate the planned sampling time
(Section 2.5.5 a) and Equation 429-6.

(b) If the MSTs are not all practically achievable, the tester and the end
user must agree on a maximum practical sampling time
(Section 2.5.5b). This value must then be used for the PST in
Equation 429-4 t¢ calculate the PSV. The tesier must identify in the
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source test protocol the target analytes for which the PSV is lower
than the MSV. The primary reporting objective of the test cannot be
achieved for those analytes. [f the primary reporting objective cannot
be achieved for all of the target analytes, it must be discussed in the
protocol and the alternative reporting objective (Section 2.5.6) must
be approved by the end user of the results.

The volume of sample that is actually collected will be determined by
practical sampling limitations, the intended use of the data and the
level of uncertainty that the end user can tolerate in the measurement
of the target concentrations. This uncertainty will decrease as the
value of F {Equation 429-5) increases.

429-3
PSV({dscm) = MSV x F
429-4
PSV(dscm) = PST x VSR
E - pPSV 429-5
- MsV

Where:

PST = Planned sampling time from Section 2.5.5

F = A safety factor (> 1) that allows for deviation from ideal sampling

and analytical conditions
2.5.5 Planned Sampling Time (PST)

Two options are available for calculating the planned sampling time
depending on whether the primary objective can be achieved for all of the
target analytes.

(a)

(b)

August 9, 1996

The planned sampling time (PST) shall be long enough to 1) collect
the planned sample volume with reportable levels of the target
analytes and 2) sample representative operating conditions of the
source. If the average sampling rate (VSR) used to estimate the
planned sampling time cannot be achieved in the field

(Section 4.4.4.1), the sampling time must be recalculated using the
actual VSR and the target PSV in equation 429-6.

The planned sampling time shall be a practical maximum approved by
the end user and it shall be long enough to sample representative
operating conditions of the source.

429-6

PSV 1T

PST(h -
STthours) = Usg X 50578377 X 60
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2.5.6

2.5.7

Preliminary Estimate of Source Reporting Limit (SRL)

Before the test proceeds, the end user and the tester shall agree on a
preliminary estimate of the source reporting limit for each target PAH. The
SRL shall be calculated using Equation 429-7. The planned sample volume
will contain reportable levels of a given analyte if that analyte is present in
the emissions at a concentration that is equal to or greater than the
calculated SRL.

429-7
_ PQL
SRL(ng/dscm) PV
Where:
SRL = Preliminary estimate of source reporting limit, ng/dscm
PQL = Practical quantitation limit, ng
PSV = Planned sample volume, dscm

Example Calculations

Figure 9 B is an example of the minimum required calculations of sampling
parameters for the source test protocol.

INTERFERENCES

Interferences may be caused by contaminants in solvents, reagents, sorbents,

glassware, and other sample processing hardware that lead to discrete artifacts
and/or elevated backgrounds at the ions monitored. All of these materials must
be routinely demonstrated to be free from interferences under the conditions of
the analysis by running laboratory reagent blanks as described in Section 6.1.1.

The use of high purity reagents and solvents helps to minimize interference
problems. Purification of solvents by distillation in all-glass systems may be
required.

Transformation of PAH and the formation of artifacts can occur in the sampling
train. PAH degradation and transformation on sampling train filters have been
demonstrated. Certain reactive PAH such as benzolalpyrene,
benzolalanthracene, and fluoranthene when trapped on filters can readily react
with stack gases. These PAH are transformed by reaction with low levels of
nitric acid and higher levels of nitrogen oxides, ozone, and sulfur oxides.

PAH degradation may be of even greater concern when they are trapped in the
impingers. When stack gases such as sulfur oxides and nitrogen oxides come in
contact with the impinger water they are converted into sulfuric acid and nitric
acid respectively. There is evidence that under such conditions certain PAH will
be degraded. It is recommended that the PAH levels in the impingers be used as
a qualitative tool to determine if breakthrough has occurred in the resin.
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4.1

4.1.1

4.1.2

SAMPLING APPARATUS, MATERIALS AND REAGENTS

SAMPLING APPARATUS

The sampling train components listed below are required. The tester may use an
alternative to the required sampling apparatus only if, after review by the
Executive Officer, it is deemed equivalent for the purposes of this test method.

Mention of trade names or specific products does not constitute endorsement by
the California Air Resources Board. In all cases, equivalent items from other
suppliers may be used.

A schematic of the sampling train is shown in Figure 2. The train consists of
nozzle, probe, heated particulate filter, condenser, and sorbent module followed
by three impingers and a silica gel drying cartridge. An in-stack filter may not be
used because at the in-stack temperatures the filter material must be of a
material other than the Teflon required by the method. A cyclone or similar
device in the heated filter box may be used for sources emitting a large amount
of particulate matter.

For sources with a high moisture content, a water trap may be placed between
the heated filter and the sorbent module. Additional impingers may also be
placed after the sorbent module. If any of these options are used, datails must
be provided in the test report. The train may be constructed by adaptation of an
ARB Method 5 train. Descriptions of the train components are contained in the
following sections.

Probe Nozzle

Quartz, or borosilicate glass with sharp, tapered leading edge. The angle of
taper shall be 30° and the taper shall be on the outside to preserve a
constant internal diameter. The probe nozzle shall be of the button-hook or
elbow design, unless otherwise approved by the Executive Officer.

A range of sizes suitable for isokinetic sampling should be availabie, e.g.,
0.32to 1.27 cm (1/8 to 1/2 in.) - or larger if higher volume sampling trains
are used - inside diameter (ID) nozzles in increments of 0.16 cm (1/16 in.).
Each nozzle shall be calibrated according to the procedures outlined in
Section 5.1 of ARB method 5.

Probe

The probe should be lined or made of Teflon, quartz, or borosilicate glass.
The liner or probe is to provide an inert surface for the PAH in the stack gas.
The liner or probe extends past the retaining nut into the stack. A
temperature-controlled jacket provides protection of the liner or probe. The
liner shall be equipped with a connecting fitting that is capable of forming a
leak-free, vacuum tight connection without the use of sealing greases.
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4.1.3 Preseparator

A cyclone, a high capacity impactor or other device-may be used if
necessary to remove the majority of the particles before the gas stream is
filtered. This catch must be used for any subsequent analysis. The device
shall be constructed of quartz or borosilicate glass. Other materials may be
used subject to approval by the Executive Officer.

4.1.4 Filter Holder

The filter hoider shall be constructed of borosilicate glass, with a Teflon frit
or Teflon coated wire support and glass-to-glass seal or Teflon gasket. The
holder design shall provide a positive seal against leakage from the outside or
around the filter. The holder shall be attached immediately at the outlet of
the probe, cyclone, or nozzle depending on the configuration used. Other
holder and gasket materials may be used subject to approval by the Executive
Officer.

4.1.5 Sample Transfer Line

The sample transfer line shall be Teflon (1/4 in. 0.D. x 1/32 in. wall) with
connecting fittings that are capable of forming leak-free, vacuum tight
connections without using sealing greases. The line should be as short as
possible.

4.1.6 Condenser

The condenser shall be constructed of borosilicate glass and shall be
designed to allow the cooling of the gas stream to at least 20°C before it
enters the sorbent module. Design for the normal range of stack gas
conditions is shown in Figure 3.

4.1.7 Sorbent Module

The sorbent module shall be made of glass with connecting fittings that are
able to form leak-free, vacuum tight seals without the use of sealant greases
(Figure 3). The vertical resin trap is preceded by a coil-type condenser, also
oriented vertically, with circulating cold water. Gas entering the sorbent
module must have been cooled to 20 °C (68°F) or less. The gas temperature
shall be monitored by a thermocouple placed either at the inlet or exit of the
sorbent trap. The sorbent bed must be firmly packed and secured in place to
prevent settling or channeling during sample collection. Ground glass caps
(or equivalent) must be provided to seal the sorbent-filled trap both prior to
and following sampling. All sorbent modules must be maintained in the
vertical position during sampling.

4.1.8 Impinger Train
Connect three or more impingers in series with ground glass fittings able to  *

form leak-free, vacuum tight seals without sealant greases. All impingers
shall be of the Greenburg-Smith design modified by replacing the tip with a
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4.1.9

4.1.10

4.1.11

4.1.12

4.1.13

1.3 cm (1/2 in.) 1.D. glass tube extending to 1.3 cm (1/2 in.)from the bottom
of the flask.

The first impinger may be oversized for sampling high moisture streams. The
first and second impingers shall contain 100 mL of 3 mM sodium bicarbonate
(NaHCO3) and 2.4 mM sodium carbonate Na,CO3) (Section 4.2.5). This is
intended to neutralize any acids that might form in the impingers. The third
impinger shall be empty. Silica gel shall be added to the fourth impinger.

A thermometer which measures temperatures to within 1°C (2°F), shall be
placed at the outlet of the third impinger.

Silica Gel Cartridge

This may be used instead of a fourth impinger. It shall be sized to hold 200
to 300 gm of silica gel.

Pitot Tube

Type S, as described in Section 2.1 of ARB Method 2 or other devices
approved by the Executive Officer. The pitot tube shall be attached to the
probe extension to allow constant monitoring of the stack gas velocity as
required by Section 2.1.3 of ARB Method 5. When the pitot tube occurs
with other sampling components as part of an assembly, the arrangements
must meet the specifications required by Section 4.1.1 of ARB Method 2.
Interference-free arrangements are illustrated in Figures 2-6 through 2-8 of
ARB Method 2 for Type S pitot tubes having external tubing diameters
between 0.48 and 0.85 cm (3/16 and 3/8 in.).

Source-sampling assemblies that do not meet these minimum spacing
requirements (or the equivalent of these requirements) may be used only if
the pitot tube coefficients of such assemblies have been determined by
calibration procedures approved by the Executive Officer.

Differential Pressure Gauge

Two inclined manometers or equivalent devices, as described in Section 2.2
of ARB Method 2. One manometer shall be used for velocity head (AP)
readings and the other for orifice differential pressure readings.

Metering System

Vacuum gauge, leak-free pump, thermometers accurate to within 3°C
(5.4°F), dry gas meter capable of measuring volume to within 2 percent, and
related equipment, as shown in Figure 2. Other metering systems must meet
the recuirements stated in Section 2.1.8 of ARB Method 5.

Barometer

Mercury, aneroid, or other barometer capable of measuring atmospheric
pressure to within 2.5 mm Hg (0.1 in. Hg). In many cases, the barometric
reading may be obtained from a nearby national weather service station, in
which case the station value (which is the absolute barometric pressure) shall
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be requested and an adjustment for elevation differences between the
weather station and sampling point shall be applied at a rate of minus 2.5
mm Hg (0.1 in. Hg) per 30 m (100 ft} elevation increase or vice versa for
elevation decrease.

4.1.14 Gas Density Determination Equipment

Temperature sensor and pressure gauge, as described in Section 2.3 and 2.4
of Method 2, and gas analyzer, if necessary, as described in Method 3. The
preferred configuration and alternative arrangements of the temperature
sensor shall be the same as those described in Section 2.1.10 of ARB
Method 5.

4.1.15 Filter Heating System

The heating system must be capable of maintaining a temperature around the
filter holder during sampling of (120 £ 14°C) (248 + 25°F). A temperature
gauge capable of measuring temperature to within 3°C (5.4°F) shall be
installed so that the temperature around the filter holder can be regulated and
monitored during sampling.

4.1.16 Balance

To weigh the impingers and silica gel cartridge to within 0.5 g.
4.2 SAMPLING MATERIALS AND REAGENTS
4.2.1 Filters

The filters shall be Teflon coated glass fiber filters without organic binders, or
Teflon membrane filters, and shall exhibit at least 99.95 percent efficiency
{0.05 percent penetration) on 0.3 micron dioctyl phthalate smoke particles.
The filter efficiency test shall be conducted in accordance with ASTM
standard Method D 2986-71. Test data from the supplier's quality control
program are sufficient for this purpose. Record the manufacturer's lot
number. '

4.2.1.1 Contamination Check of Filter

The tester must have the filters cleaned by the analyst and checked for
contamination prior to use in the field. The contamination check must
confirm that there are no PAH contaminants present that will interfere
with the analysis of the sample PAHs of interest at the target reporting
limits. The analyst must record the date the filter was cleaned.

The filters shall be cleaned in batches not to exceed 50 filters. To clean
the filters, shake for one hour in methylene chloride in a glass dish that
has been cleaned according to Section 6.2. After extraction, remove
the filters and dry them under a clean N, stream. Analyze one filter ‘
using the same-extraction, clean-up and analysis procedures to be used
for the field samples (Sections 6.5.1.2; 6.6, and 7.5).
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Blank value _ Total mass (ng) of analyte 429-8
per filter No. filters extracted

The acceptance criteria for filter cleanliness depends on 1) the method
reporting limit, 2) the expected field sample volume and 3) the desired
reporting limit for the sampled emissions stream. Filters with PAH
levels equal to or greater than the target reporting limit for the analyte(s)
of concern shall be rejected for field use.

If the filter does not pass the contamination check, re-extract the batch
and analyze a clean filter from the re-extracted batch. Repeat the re-
extraction and analysis until an acceptably low background level is
achieved. Store the remainder tightly wrapped in clean hexane-rinsed
aluminum foil as described in Section 4.3.3.

Record the date of the last cleaning of the filters and the date of the
PAH analysis, and prepare a laboratory report of the analytical results
that includes all of the information required by Section 10.2.

The tester shall obtain this laboratory report with the date of cleaning of
the filters, and the date of the filter contamination check from the
analyst, and report them in the source test protocol and the test report
as required by Sections 10.1 and 10.3.

4,2.2 Amberlite XAD-2 Resin

The XAD-2 resin must be purchased precleaned and then cleaned again as
described below before use in the sampling train.

4.2.2.1

4.2.2.2

August 9, 1996

Cleaning XAD-2 Resin

This procedure must be carried out in a giant Soxhlet extractor which
will hold enough XAD-2 for several sorbent traps, method blanks and QC
samples. Use an all glass thimble containing an extra coarse frit for
extraction of the XAD-2. The frit is recessed 10 to 15 mm above a
crenelated ring at the bottom of the thimble to facilitate drainage. The
resin must be carefully retained in the extractor cup with a glass wool
plug and stainless steel screen to prevent floating on the methylene
chloride.

Clean the resin by two sequential 24 hour Soxhlet extractions with
methylene chloride. Replace with fresh methylene chloride after the first
24 hour period.

Drying Cleaned XAD-2 Resin

The adsorbent must be dried with clean inert gas. Liquid nitrogen from a
standard commercial liquid nitrogen cylinder has proven to be a reliable
source of large volumes of gas free from organic contaminants. A

10.2 cm 1D Pyrex pipe 0.6 m long with suitable retainers as shown in
Figure 4 will serve as a satisfactory column. Connect the liquid nitrogen
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4.2.2.3

4.2.2.4

August 9, 1996

cylinder to the column by a length of cleaned 0.95 cm ID copper tubing,
coiled to pass through a heat source. A convenient heat source is a
water bath heated from a steam line. The final nitrogen temperature
should only be warm to the touch and not over 40 °C.

Continue the flow of nitrogen through the adsorbent until all the residual
solvent is removed. The rate of flow should be high enough that the
particles are gently agitated but not so high as to cause the particles to
break up. ‘

Residual Methylene Chloride Check.

Extraction: Weigh a 1.0 g sample of dried resin into a small vial, add 3
mL of hexane, cap the vial and shake it well.

Analysis: Inject a 2 yl sample of the extract into a gas chromatograph
operated under the following conditions:

Column: 6 ft x 1/8 in stainless steel containing 10% OV-101
on 100/120 Supelcoport.

Carrier Gas: Helium at a rate of 30 mL/min.
Detector: Flame ionization detector operated at a sensitivity of 4
X 101 A/mv.

Injection Port
Temperature: 250 °C.

Detector
Temperature: 305 °C.

Oven

Temperature: 30 °C for 4 min; programmed to rise at 40 °C per min
until it reaches 250 °C; return to 30 °C after 1000
seconds.

Compare the results of the analysis to the results from a reference
solution prepared by adding 2.5 pL of methylene chloride into 100 mL of
hexane. This corresponds to 100 ug of methylene chloride per g of
adsorbent. The maximum acceptable concentration is 1000 ug/g of
adsorbent. If the methylene chloride in the adsorbent exceeds this level,
drying must be continued until the excess methylene chloride is
removed.

Contamination Check of XAD-2 Resin
The cleaned, dried XAD-2 resin must be checked for PAH contamination.
Analyze a sample of the resin equivalent in size to the amount required

to charge one sorbent cartridge for a sampling train. The extraction,
concentration, cleanup and GC/MS analytical procedures shall be the
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4.2.2.5
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same for this sample as for the field samples (Sections 6.5.1.2, 6.6, and
7.5).

The acceptance limit will depend on the PQL, the expected
concentration in the sampled gas stream, and the planned sample
volume. The contamination level must be fess than the PQL or no more
than 20 percent of the expected sample level.

If the cleaned resin yields a value for a target analyte which is not
acceptable for the end user's intended application of the test results,
repeat the extraction unless the analyst has historical data that
demonstrate that re-extraction cannot reasonably be expected to further
reduce the contamination levels. The tester must obtain these data from
the analyst and include them in both the source test protocol and the
emissions test report.

The contamination check shall be repeated if the analyst does not have
such historical data. The analyst shall reclean and dry the resin
(4.2.2.1, 4.2.2.2, and 4.2.2.3) and repeat the PAH analysis of the re-
cleaned resin. If the repeat analysis yields a similar result to the first,
record the contamination level for both the initial cleaning and the re-
cleaning.

The analyst shall record the dates of the cleaning and extraction of the
resin, and prepare a laboratory report of the analytical results that
includes all of the information required by Section 10.2.

The tester shall obtain the dates of cleaning and the laboratory report of
the results of the contamination check from the analyst, and report them
in both the source test protocol and the emissions test report as required
by Sections 10.1 and 10.3.

The tester shall identify the analytes for which the PQLs wiil be based
on a blank contamination value, and calculate the PQLs as required by
Section 2.3.3.

Storage of XAD-2 Resin

After cleaning, the resin may be stored in a wide mouth amber glass
container with a Teflon-lined cap, or placed in one of the glass adsorbent
modules wrapped in aluminum foil and capped or tightly sealed with
Teflon film at each end. The containers and modules shall then be
stored away from light at temperatures 4 °C or lower until the resin is
used in the sampling train.

The adsorbent must be used within twenty one (21) days of cleaning. If

the adsorbent is not used within 21 days, it must be re-checked for
contamination before use.
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4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

4.2.8

4.3

4.3.1

4.3.1.1

Silica Gel
Indicating type, 6 to 16 mesh. If previously used, dry at 175°C (350°F) for 2
hours. New silica gel may be used as received. Alternatively, other

desiccants (equivalent or better) may be used, subject to approval by the
Executive Officer.

Reagent Water

Deionized, then glass-distilled, and stored in hexane- and methylene chloride-
rinsed glass containers with TFE-lined screw caps.

impinger Solution

Sodium bicarbonate 3 mM, and sodium carbonate 2.4 mM. Dissolve
1.0081 g sodium bicarbonate (NaHCO3) and 1.0176 g of sodium carbonate
(Na,CO5) in reagent water (4.2.4), and dilute to 4 liters.

Crushed Ice

Place crushed ice in the water bath around the impingers.

Glass Wool

Cleaned by sequential rinsing in three aliquots of hexane, dried ina 110 °C
oven, and stored in a hexane-washed glass jar with TFE-lined screw cap.

Chromic Acid Cleaning Solution

Dissolve 200 g of sodium dichromate in 15 mL of reagent water, and then
carefully add 400 mL of concentrated sulfuric acid.

PRE-TEST PREPARATION

The positive identification and quantitation of PAH in an emissions test of
stationary sources are strongly dependent on the integrity of the samples

" received and the precision and accuracy of all analytical procedures employed.
The QA procedures described in Sections 4.3.7 and 8 are to be used to monitor
the performance of the sampling methods, identify problems, and take corrective
action.

Calibration

All sampling train components shall be maintained and calibrated according to
the procedure described in APTD-0576 (Section 11.7), unless otherwise
specified herein. The tester shall maintain a record of all calibration data.

Probe Nozzle

Probe nozzles shall be calibrated according to the procedure described in
ARB Method 5.
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4.3.1.2

4.3.1.3

4.3.1.4

4.3.1.5

4.3.1.6

4.3.2

4.3.3

Pitot Tube

Calibrate the Type S pitot tube assembly according to the procedure
described in Section 4 of ARB Method 2.

Metering System

Calibrate the metering system before and after use according to the
requirements of Section 5.3 of ARB Method 5.

Temperature Gauges

Use the procedure in Section 4.3 of ARB Method 2 to calibrate in-stack
temperature gauges. Dial thermometers, such as those used for the dry gas
meter and condenser outlet, shall be calibrated against mercury-in-glass
thermometers.

Leak Check of Metering System Shown in Figure 1

The tester shall use the procedure described in Section 5.6 of ARB Method §

¢

Barometer
Calibrate against a mercury barometer.
Cleaning Glassware for Sampling and Recovery

All glass parts of the train upstream of and including the sorbent module and
the first impingers shall be cleaned as described in Section 3A of the 1974
issue of Manual of Analytical Methods for Analysis of Pesticide Residues in
Human and Environmental Samples (Reference 11.4). Take special care to
remove residual silicone grease sealants on ground glass connections of used
glassware. These greasy residues shall be removed by soaking several hours
in a chromic acid cleaning solution (4.2.8) prior to routine cleaning as
described above. Other cleaning procedures may be used as long as
acceptable blanks are obtained. Acceptance criteria for blanks are stated in
Section 8.2.

Rinse all glassware with acetone, hexane, and methylene chloride prior to use
in the PAH sampling train.

Glassware used in sample recovery procedures must be rinsed as soon as
possible after use with the last solvent used in it. This must be followed by
detergent washing with hot water, and rinses with tap water, deionized
water, acetone, hexane, and methylene chloride. Other cleaning procedures
may be used as long as acceptable blanks are obtained. Acceptance criteria
for blanks are stated in Section 8.2.

Preparation of Filter

The clean dry filter (4.2.1) must be kept tightly wrapped in hexane-rinsed
aluminum foil and stored at O to 4°C in a container away from light until
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sampling. Before inserting the filter in the sampling train, check visually
against light for irregularities and flaws or pinhole leaks.

4.3.4 Preparation of Sorbent Cartridge, Method Blank, and
Laboratory Control Samples

Sorbent Cartridge

Use a sufficient amount (at least 30 gms or 6 gms/m3 of stack gas to be
sampled) of cleaned resin to completely fill the glass sorbent cartridge which
has been thoroughly cleaned as prescribed (4.2.2).

Add the required surrogate standards (Table 7) to the sorbent cartridges for
all of the sampling and blank trains for each series of test runs. Follow the
resin with hexane-rinsed glass wool, cap both ends, and wrap the cartridge in
aluminum foil. Store the prepared cartridges as required by Section 4.3.5.

The sorbent cartridges must be loaded, and the surrogate standards must be
added to the resin in a clean area in the laboratory. There must be no
turnaround of a used cartridge in the field.

The analyst shall record the date that the surrogate standards were added to
the resin and the amount of each compound. The tester shall obtain these
data from the analyst and report them in the source test protocol and the
test report.

The appropriate levels for the surrogate standards are given in Table 7 which
shows the spiking plan for surrogate standards, internal standards, alternate
standards, and recovery standards. All of these required compounds are
generally available. Additional labelled PAH may also be used if available.
The labelled compounds used as surrogate standards must be different from
the internal standards used for quantitation, and from the alternate and
recovery standards. If the spiking scheme (Table 7) is modified, the tester
must demonstrate that the proposed modification will generate data of
satisfactory quality. Table 7A shows an approved modification that has been
used in ARB's method development. All modifications must be approved by
the Executive Officer before the emissions test is performed.

Laboratory Method Blank

Take a sample of XAD-2 resin from the same batch used to prepare the
sampling cartridge. This will serve as the laboratory method blank

{Section 8.1.1). The mass of this sample must be the same as that used in
the sampling train. Spike with the same surrogate standards at the same
levels used in the sampling cartridges.

Laboratory Control Sample
Set aside two samples of XAD-2 resin from the same batch used to prepare

the sampling cartridge. These will serve as the laboratory control samples.

(Section 8.1.3). The mass of each sample must be the same as that used in
the sampling train.
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4.3.5

4.4

4.4.1

Storage of Prepared Cartridges, Method Blank and Laboratory Control Sample

Store the aluminum foil wrapped sorbent cartridges away from light at 4 °C
or lower until they are fitted into the sampling trains. Do not remove the
caps before the setup of the sampling train.

The maximum storage time from cleaning of the resin to sampling with the
spiked resin cartridge must not exceed 21 days (4.2.2.5).

Store the laboratory method blank and laboratory control samples in amber
glass jars with Teflon lined lids at temperatures no higher than 4 °C.

SAMPLE COLLECTION

Because of the complexity of this method, testers must be experienced with the
test procedures in order to ensure reliable results.

Preliminary Field Determinations

Select the sampling site and the minimum number of sampling points
according to ARB Method 1 or as specified by the Executive Officer.

Determine the stack pressure, temgperature, and the range of velocity heads
using ARB Method 2. Conduct a leak-check of the pitot lines according to
ARB Method 2, Section 3.1.

Determine the moisture content using ARB Method 4 or its alternatives for
the purpose of making isokinetic sampling rate settings.

Determine the stack gas dry molecular weight, as described in ARB
Method 2, Section 3.6. If integrated sampling (ARB Method 3) is used for
molecular weight determination, the integrated bag sample shall be taken
simultaneously with, and for the same total length of time as, the sample
run.

Select a nozzle size based on the range of velocity heads, such that it is not
necessary to change the nozzle size in order to maintain isokinetic sampling
rates. Do not change the nozzle size during the run. Ensure that the proper
differential pressure gauge is chosen for the range of velocity heads
encountered (see Section 2.2 of ARB Method 2).

Select a probe extension length such that all traverse points can be sampled.
For large stacks, consider sampling from opposite sides of the stack to
reduce the length of probes.

The target sample volume and sampling time must already have been
calculated for the source test protocol and approved by the end user as
required by Sections 2.2 and 2.5. The total sampling time must be such that
(1) the sampling time per point is not less than 2 minutes (or some greater
time interval as specified by the Executive Officer), and (2) the total gas
sample volume collected (corrected to standard conditions) will not be less
than the target value calculated for the source test protocol (Section 2.5.5).
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4.4.2

4.4.3

4.4.3.1

To avoid timekeeping errors, the number of minutes sampled at each point
should be an integer or an integer plus one-half minute.

Preparation of Collection Train

Keep all openings where contamination can occur covered until just prior to
assembly or until sampling is about to begin.

Caution: Do not use sealant greases in assembling the sampling train.

Record the performance of the setup procedures for the sampling train.
Figure 10 is an example of a form for recording the sampling train setup data.
The tester must record all of the routine information indicated on this form as
well as any additional data which are necessary for documenting the quality
of any reported results.

Place 100 ml of the impinger solution (4.2.5) in the first impinger and weigh.
Record the total weight. Repeat the procedure for the second impinger.
Leave the third impinger empty. Weigh the empty third impinger and record
the weight.

Weigh 200 to 300 g of silica gel to the nearest 0.5 g directly into a tared
impinger or silica gel cartridge just prior to assembly of the sampling train.
The tester may optionally measure and record in advance of test time the
weights of several portions of silica gel in air-tight containers. One portion of
the preweighed silica gel must then be transferred from its container to the
silica gel cartridge or fourth impinger. Place the container in a clean place for
later use in the sample recovery.

Using tweezers or clean disposable surgical gloves, place a filter in the filter
holder. Be sure that the filter is properly centered and the gasket properly
placed so as to prevent the sample gas stream from circumventing the filter.
Check the filter for tears after assembly of the filter holder is completed.

Mark the probe extension with heat resistant tape or by some other method
to denote the proper distance into the stack or duct for each sampling point.

Assemble the train as in Figure 2. Place crushed ice around the impingers.
Leak Check Procedures
Pretest Leak Check

After the sampling train has been assembled, turn on and set the filter
and probe heating systems at the desired operating temperatures. Allow
time for the temperature to stabilize. Leak-check the train at the
sampling site by plugging the nozzle with a TFE plug and pulling a
vacuum of at least 380 mm Hg (15 in. Hg).

Note: A lower vacuum may be used, provided that it is not
exceeded during the test.
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The following leak-check instructions for the sampling train are
described in Section 4.1.4.1 of ARB Method 5. Start the pump with by-
pass valve fully open and coarse adjust valve completely closed.
Partially open the coarse adjust valve and slowly close the by-pass valve
until the desired vacuum is reached. Do not reverse the direction of the
by-pass valve. This will cause water to back up into the filter holder. If
the desired vacuum is exceeded, either leak-check at this higher vacuum
or end the leak-check as described below and start over.

Determine the leakage rate. A Ieakage rate in excess of 4 percent of the
average sampling rate or 0.00057 m* per min. (0.02 cfm), whichever is
less, is unacceptable. Repeat the leak check procedure until an
acceptable leakage rate is obtained. Record the leakage rate on the field
data sheet (Figure 5). '

When the leak-check is completed, first slowly remove the plug from the
inlet to the probe nozzle and immediately turn off the vacuum pump.
This prevents water from being forced backward and keeps silica gel
from being entrained backward.

4.4.3.2 Leak Checks During Sample Run

If, during the sampling run, it becomes necessary to change a
component (e.g., filter assembly or impinger), a leak check shall be
conducted immediately before the change is made. The leak-check
shall be done according to the procedure described in Section 4.4.3.1
above, except that it shall be done at a vacuum equal to or greater than
the maximum value recorded up to that point m the test. If the leakage
rate is found to be no greater than 0.00057 m 3/min (0.02 cfm) or 4
percent of the average sampling rate (whichever is less), the results are
acceptable, and no correction will need to be applied to the total volume
of dry gas metered. If, however, a higher leakage rate is obtained, the
tester shall either (1) record the leakage rate and correct the volume of
gas sampled since the last leak check as shown in Section 4.4.3.4
below, or (2) void the sampling run. Record the leakage rate.

Immediately after component changes, leak-checks must be conducted
according to the procedure outlined in Section 4.4.3.1 above. Record
the leakage rate on the field data sheet (Figure 5).

4.4.3.3 Post Test Leak Check

A leak-check is mandatory at the conclusion of each sampling run. The
leak-check shall be done in accordance with the procedures outlined in
Section 4.4.3.1 except that it shall be conducted at a vacuum equal to
or greater than the maximum value recorded during the sampling run.
Record the leakage rate on the field data sheet (Fugure 5). If the leakage
rate is found to be no greater than 0.00057 m 3/min (0.02 cfm) or 4
percent of the average sampling rate (whichever is less), the results are
acceptable, and no correction need be applied to the total volume of dry
gas metered. If, however, a higher leakage rate is obtained, the tester
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Train Operation

shall either, (1) record the leakage rate and correct the sample volume as
shown in Section 4.4.3.4 below, or (2) void the sampling run.

Correcting for Excessive Leakage Rates
If the leakage rate observed during any leak-check after the start of a

test exceeds the maximum leakage rate L, (see definition below),
replace V, in Equation 429-9 with the following expression.

n
Vi - (L -La)6 - (Lp - La)6, 429-9

1=l

Volume of gas sampled as measured by the dry gas meter
(dscf).

Maximum acceptable leakage rate equal to 0.00057 m3/min
(0.02 #t3/min) or 4% of the average sampling rate, whichever is
smaller.

Leakage rate observed during the post-test leak-check, m3/min
(#t3/min).

Leakage rate observed during the leak-check performed prior to
the "ith" leakcheck (i = 1,2,3...n), m3/min (ft3/min).

Sampling time interval between two successive leak-checks
beginning with the interval between the first and second leak-
checks, min.

Sampling time interval between the last (n™) leak-check and the
end of the test, min.

Substitute only for those leakage rates (L; or L) which exceed L,.

Sampling Train

During the sampling run maintain a sampling rate within 10 percent of true
isokinetic, unless otherwise specified or approved by the Executive Officer.
The actual sampling rate must be at or above the VSR (Equation 429-4) to
collect the target sample mass in the estimated sampling time. If the target
sampling rate cannot be achieved, adjust the planned sampling time to
achieve the target sample volume (PSV).

F_or each run, record the data required on the sample data sheet shown in
F»gu_re 5. The operator must record the dry gas meter reading at the
beginning of the test, at the beginning and end of each sampling time
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increment, when changes in flow rates are made, before and after each leak
check, and when sampling is halted.

Record other readings required by Figure 5 at least once at each sample point
during each time increment and additional readings when significant changes
(20 percent variation in velocity head readings) necessitate additional
adjustments in flow rate.

Level and zero the manometer. Because the manometer level and zero may
drift due to vibrations and temperature changes, make periodic checks during
the traverse.

Clean the portholes prior to the test run to minimize the chance of sampling
the deposited material. To begin sampling, remove the nozzle cap and verify
that the pitot tube and probe extension are properly positioned. Position the
nozzle at the first traverse point with the tip pointing directly into the gas
stream.

Immediately start the pump and adjust the flow to isckinetic conditions.
Nomographs are available, which aid in the rapid adjustment of the isokinetic
sampling rate without excessive computations. These nomographs are
designed for use when the Type S pitot tube coefficient (Cp) is 0.85x0.02,
and the stack gas equivalent density (dry molecular weight) (M;) is equal to
29+4. APTD-0576 (Reference 11.7) details the procedure for using the
nomographs. If Cp and M, are outside the above stated ranges, do not use
the nomographs unless appropriate steps (see Reference 11.8) are taken to
compensate for the deviations.

When the stack is under significant negative pressure (height of impinger
stem), take care to close the coarse adjust valve before inserting the probe
extension assembly into the stack to prevent water from being forced
backward. |f necessary, the pump may be turned on with the coarse adjust
valve closed.

When the probe is in position, block off the openings around the probe and
porthole to prevent unrepresentative dilution of the gas stream.

Turn on the recirculating pump for the adsorbent module and the condenser,
and begin monitoring the temperature of the gas entering the adsorbent trap.
Ensure that the temperature of the gas is 20 °C or lower before sampling is
started.

Traverse the stack cross section, as required by ARB Method 1 or as
specified by the Executive Officer, being careful not to bump the probe
nozzle into the stack walls when sampling near the walls or when removing
or inserting the probe extension through the portholes. This minimizes the
chance of extracting deposited material.

During the test run, take appropriate steps (e.g., adding crushed ice to the

impinger ice bath) to maintain the temperature at the condenser outlet below
20°C (68°F). Also, periodically check the level and zero of the manometer.
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4.4.4.2

4.4.5

4.5

If the pressure drop across the filter becomes too high, making isokinetic
sampling difficult to maintain, the filter may be replaced during a sample run.
Another complete filter assembly must be used rather than changing the filter
itself. Before a new filter assembly is installed, conduct a leak-check as
outlined-in Section 4.4.3.2. The total PAH analysis shall include the
combined catches of all filter assemblies.

A single train shall be used for the entire sample run, except in cases where

simultaneous sampling is required in two or more separate ducts or at two or
more different locations within the same duct, or, in cases where equipment
failure necessitates a change of trains. In all other situations, the use of two
or more trains will be subject to approval by the Executive Officer.

Note that when two or more trains are used, a separate analysis of each train
shall be performed, unless identical nozzle sizes were used on all trains, in
which case the catches from the individual trains may be combined and a
single analysis performed.

At the end of the sample run, turn off the pump, remove the probe extension
assembly from the stack, and record the final dry gas meter reading. Perform
a leak-check, as outlined in Section 4.4.3.3. Also, leak-check the pitot lines
as described in ARB Method 2; the lines must pass this leak-check, in order
to validate the velocity head data. Record leakage rates.

Record any unusual events during the sampling period.
Blank Train

There shall be at least one blank train for each series of three or fewer test
runs. For those sources at which emissions are sampled at more than one
sampling location, there shall be at least one blank train assembled at each
location for each set of three or fewer runs.

Prepare and set up the blank train in a manner identical to that described
above for the sampling trains. The blank train shall be taken through all of
the sampling train preparation steps including the leak check without actual
sampling of the gas stream. Recover the blank train as described in
Section 5.3. Follow all subsequent steps specified for the sampling train
including extraction, analysis, and data reporting.

Calculation of Percent Isokinetic

Calculate percent isokinetic {Section 4.5.7) to determine whether the run
should be repeated. If there was difficulty in maintaining isokinetic rates
because of source conditions, consuit with the Executive Officer for possible
variance on the isokinetic rates.

CALCULATIONS

W

Carry out calculations retaining at least one extra decimal figure beyond that of
the acquired data. Round off figures after the final calculation.
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4.5.1 Nomenclature

A

An

August 9, 1996

Cross-sectional area of stack, ft2.
Cross-sectional area of nozzie, ft2,
Water vapor in the gas stream, proportion by volume.

Concentration of PAH in stack gas, ng/dscm, corrected to standard
conditions of 20°C, 760 mm Hg (68°F, 29.92 in. Hg) on dry basis.

Total mass of PAH in stack gas sample, ng.

Average pressure differential across the orifice meter, mm H,0 (in.
H,0).

Percent isokinetic sampling.

Maximum acceptable leakage rate for either a pretest leak-check or
for a leak check following a component change; equal to 0.00057
m3/min (0.02 c¢fm) or 4 percent of the average sampling rate,
whichever is less.

Individual leakage rate observed during the leak-check conducted
prior to the "ith” component change (i = 1, 2, 3, ...n), m3/min
{cfm).

Leakage rate observed during the post-test leak check, m3/min
(cfm).

Molecular weight of stack gas, dry basis, Ib/ib-mole (g/g-mole).
Molecular weight of water, 18.0 g/g-mole (18.0 Ib/Ib-mole).
Molecular weight of stack gas, wet basis, Ib/tb-mole (g/g-mole).
Barometric pressure at the sampling site, mm Hg (in. Hg).
Absolute stack gas pressure, mm Hg (in Hg).

Standard absolute pressure, 760 mm Hg (29.92 in. Hg).

Dry volumetric stack gas flow rate corrected to standard conditions,
dscf/min (dscm/min).

Density of water, 0.9982 g/mL (0.002201 Ib/mL).

ldeal gas constant 0.06236 mm Hg-m3/°K-g-mole (21.85 in Hg-
ft3/R-Ib-mole).
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T = Absolute average dry gas meter temperature, °K (°R).

m
T = Absolute average stack gas temperature °K (°R).

Tqg = Standard absolute temperature, 293°K (528°R).

Vie = Total volume of liquid collected in impingers and silica gel, mL.

Vi = Volume of gas sample as measured by dry gas meter, dem (dcf).
Viistgg = Volume of gas sample measured by the dry gas meter, corrected to

standard conditions, dscm (dscf).

Vwistgy = Volume of water vapor in the gas sample, corrected to standard
conditions, dscm (dscf).

Vg = Stack gas velocity, calculated by ARB Method 2, Equation 2-9,
ft/sec (m/sec).

Y = Dry gas meter calibration factor.

0 = Total sampling time, min.

8, = Sampling time interval, from the beginning of a run until the first
component change, min.

6, = Sampling time interval between two successive component
changes, beginning with the interval between the first and second
changes, min.

9, = Sampling time interval, from the final (n™") component change until
the end of the sampling run, min.

P = Sampling time interval, from the final (n™") component change until

13.6 = Specific gravity of mercury.

60 = Conversion factor, sec/min.

100 = Conversion to percent.

4.5.2 i Average Dry Gas Meter Temperature and Average Orifice Pressure Drop

See sampling run record (Figure 5).

4.5.3 Dry Gas Volume

Use Equation 429-10 to correct the sample volume measured by the dry gas
meter to standard conditions (20°C, 760 mm Hg or 68°F, 29.92 in Hg).
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(Pba, . BH ) (Pba, + 8H ) 429-10
Y Sy y JIsd 13.6 K, Vo Y 13.6
Where:
Tsta . .
Ky = = 0.3858 °K/mm Hg for metric units
Pstd

17.65 °R/in Hg for English units

NOTE: Equation 429-10 may be used as written unless the leakage rate
observed during any of the mandatory leak-checks (i.e., the post-test leak-
check or leak-checks conducted prior to component changes) exceeds L. If
L, or L; exceeds L,, V,, in Equation 429-10 must be modified as described in
Section 4.4.3.4.

4.5.4 Average Stack Gas Velocity
Calculate the average stack gas velocity, v, as specified in ARB Method 2,
Section 5.2.

4.55 Volume of Water Vapor

Calculate the volume of water vapor using Equation 429-11 and the weight
of the liquid collected during sampling (Sections 5.3.6 and 5.3.8).

Vwistd) = Vie &—VL R:s‘:‘;d = K2 Vic 42811
Where:
K, = 0.001333 mg/mL for metric units, or
= 0.04707 ftz/mL for English units.
4.5.6 Moisture Content

Calculate the moisture content of the gas, B,.
Vuw(std) 429-12
Vim(std) * Vwi(std)

Bws

NOTE: In saturated or water-droplet laden streams, the procedure for
determining the moisture content is given in the note to Section 1.2 of
Method 4. For the purpose of this method, the average stack-gas
temperature from Figure 5 may be used for this determination, provided
that the accuracy of the in-stack temperature sensor is =1°C (2°F)
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45,7 Isokinetic Variation

4.57.1 Calculation from Raw Data
00T, KaV1e +_‘£ﬂy [Poar + 1%'})] 429:13
60 6 vg Pg A,
Where:
Kz = 0.003454 mm Hg-m3/mL-°K for metric units
= 0.002669 in Hg-ft3/mL-°R for English units
4.5.7.2 Calculation from Intermediate Values
| = 100Ts Vinsid) P%
Tstg Vs 8 Ap Pg 60 (1 - Bys) 429-14
=Kq Ts Vm(std)A
Ps vs 8 A (1 - Bys)
Where:
Ky = 4.320 for metric units.
= 0.09450 for English units.
4.5.8 Average stack gas dry volumetric flow rate

Use Equation 429-15 to calculate the average dry volumetric flow rate of the

gas.
429-15
Qgstg = 60 Kq {1 - Bys) v A (_P.s_]
TS
Where:
Tstd o
Ky = — = 0.3858 °%K/mm Hg for metric units
Pstd .
= 17.65 °R/in Hg for English units
4.6 ISOKINETIC CRITERIA

If 90 percent < | < 110 percent, the isokinetic results are acceptable. If there
is a bias to the results because | < 90 percent or | > 110 percent, then the
results must be rejected and the test repeated, unless the test results are
accepted by the Executive Officer.

!
/
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5 SAMPLE RECOVERY
5.1 SAMPLE RECOVERY APPARATUS
5.1.1 Probe Nozzle Brush

Inert bristle brush with stainless steel wire handle. The brush shall be
properly sized and shaped to brush out the probe nozzle.

5.1.2 Wash Bottles
Teflon wash bottles are required; Teflon FEP®.
5.1.3 Glass Sample Storage Containers

Precleaned narrow mouth amber glass bottles, 500 mL or 1000 mL. Screw
cap liners shall be Teflon.

5.1.4 Filter Storage Containers

Sealed filter holder or precleaned, wide-mouth amber glass containers with
Teflon lined screw caps.

5.1.5 Balance

To measure condensed water to within 0.5 g.
5.1.6 Silica Gel Storage Containers

Air tight metal containers to store silica gel.
5.1.7 Funnel and Rubber Policeman

To aid in transfer of silica gel to container; not necessary if silica gel is
weighed in the field.

5.1.8 Funnel
To aid in sample recovery. Glass or Teflon® must be used.
5.1.9 Ground Glass Caps or Hexane Rinsed Aluminum Foil

To cap off adsorbent tube and the other sample-exposed portions of the
aluminum foil.

5.1.10 Aluminum Foil

Heavy-duty, precleaned with methylene chloride.
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5.2 SAMPLE RECOVERY REAGENTS
5.2.1 Reagent Water

Deionized (D), then glass distilled, and stored in hexane and methylene
chloride-rinsed glass containers with TFE-lined screw caps.

5.2.2 Acetone

Nanograde quality. "Distilled in Glass" or equivalent, stored in original
containers. A blank must be screened by the analytical detection method.

5.2.3 Hexane

Nanograde quality. "Distilied in Glass" or equivalent, stored in original
containers. A blank must be screened by the analytical detection method.

5.2.4 Methylene Chloride

Nanograde quality or equivalent. A blank must be screened by the analytical
detection method.

5.3 SAMPLE RECOVERY PROCEDURE

Proper cleanup procedure begins as soon as the probe is removed from the stack
at the end of the sampling period and a post test leak check has been performed
(4.4.3.3). Allow the probe to cool.

When the probe can be safely handled, wipe off all external particulate matter
near the tip of the probe nozzle. Conduct the post test leak check as described
in Section 4.4.3.3. Remove the probe from the train and close off both ends of
the probe with precleaned aluminum foil (6.1.10). Seal off the inlet to the train
with a ground glass cup or precleaned aluminum foil.

Transfer the probe and impinger assembly to the cleanup area. This area must
be clean, and enclosed so that the chances of contaminating the sample will be
minimized.

No smoking is allowed.
Inspect the train prior to and during disassembly and note any abnormal

conditions, broken filters, color of the impinger liquid, etc. Figure 6 summarizes
the recovery procedure described in Sections 5.3.1 to 5.3.8.

Figure 11 is an example of a form for recording the performance of the sample
recovery procedure. The tester must record all of the routine information
indicated on this form as well as any additional data which are necessary for
documenting the quality of any reported results.
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5.3.1 Sample Container No. 1 (front half rinses)

Quantitatively recover material deposited in the nozzle, probe, the front half
of the filter holder, and the cyclone, if used, first by brushing and then by
sequentially rinsing with acetone, hexane, and methylene chloride three times
each. Place all these rinses in Container No.1. Mark the liquid level.

5.3.2 Cyclone Catch

If the optional cyclone is used, quantitatively recover the particulate matter
by sequentially rinsing the cyclone with acetone, hexane, and methylene
chloride. Store in a clean sample container and cap.

5.3.3 Sample Container No. 2 (filter)

Carefully remove the filter from the filter holder and place it in its identified
container. Use a pair of precleaned tweezers to handle the filter. Do not
wrap the filter in aluminum foil. If it is necessary to fold the filter, make sure
that the particulate cake is inside the fold. Carefully transfer to the container
any particulate matter and/or filter fibers which adhere 'to the filter holder
gasket by using a dry inert bristle brush and/or a sharp-edged blade. Seal the
container.

5.3.4 Sorbent Module
Remove the sorbent module from the train and cap it.
5.3.5 Sample Container No. 3 (back half rinses)

Rinse the back half of the filter holder, the transfer line between the filter and
the condenser, and the condenser (if using the separate condenser-sorbent
trap) three times each with acetone, hexane and methylene chloride, and
collect all rinses in Container No. 3. if using the combined condenser/sorbent
trap, the rinse of the condenser shall be performed in the laboratory after
removal of the XAD-2 portion. If the optional water knockout trap has been
employed, the contents and rinses shall be placed in Container No. 3. Rinse
it three times each with acetone, hexane, and methylene chloride. Mark the
liquid level.

The back half rinses may also be combined in a single container with the
front half rinses (Section 5.3.1). ,

5.3.6 Sample Container No. 4 (Impinger contents)

Wipe off the outside of each of the first three impingers to remove excess
water and other material. Weigh the impingers and contents to the nearest
+0.5 g using a balance. Record the weight. Calculate and then record the
weight of liquid collected during sampling. Use this weight and the weight of
liquid collected in the silica gel (Section 5.3.8) to calculate the moisture
content of the effluent gas (Sections 4.5.5 and 4.5.6). Pour the impinger
catch directly into Container No. 4. Mark the liquid level.
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5.3.7

5.3.8

5.4

6.1

August 9, 1996

Sample Container No. 5 (Impinger rinses)

Rinse each impinger sequentially three times with acetone, hexane, and
methylene chloride and pour rinses into Container No. 5. Mark the liquid
level. These rinses may be combined with the previously weighed impinger
contents in Container No. 4.

Weighing Silica Gel

Weigh the spent silica gel to the nearest 0.5 g using a balance. Record the
weight. Calculate and then record the weight of liquid collected during
sampling. Use this weight and the weight of liquid collected in the impingers
(Section 5.3.6) to calculate the moisture content of the effluent gas
(Sections 4.5.5 and 4.5.6). .

SAMPLE PRESERVATION AND HANDLING

From the time of collection to extraction, maintain all samples (Sections 5.3.1 to
5.3.7) at 4°C or lower and protect from light. All samples must be extracted as
soon as practically feasible, but within 21 days of collection; and all extracts
must be analyzed as soon as practically feasible, but within 40 days of
extraction. Success in meeting the holding time requirement will depend on pre-

-test planning by the tester and the laboratory.

ANALYTICAL PREPARATION

This method is restricted to use only by or under the supervision of analysts
experienced in the use of capillary column gas chromatography/mass
spectrometry and skilled in the interpretation of mass spectra. Each analyst
must demonstrate the ability to generate acceptable results with this method
using the procedures described in Sections 7.3, 8.2.6, and 8.3.1.

SAFETY

The toxicity or carcinogenicity of each reagent used in this method has not been

precisely defined. Nevertheless, each chemical compound should be treated as a
potential health hazard and exposure to these chemicals must be reduced to the

lowest possible level by whatever means available. The laboratory is responsible
for maintaining a current file of OSHA regulations regarding the safe handling of

the chemicals specified in this method. A reference file of material data handling
sheets should also be made available to all personnel involved in the chemical

analysis. Reference 11.9 describes procedures for handling hazardous chemicals
in laboratories.

The following method analytes have been classified as known or suspected
human or mammalian carcinogens: benzo(a)anthracene and dibenzo-
(a,h,Janthracene. A guideline for the safe handling of carcinogens can be found
in Section 5209 of Title 8 of the California Administrative Code.
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6.2 CLEANING OF LABORATORY GLASSWARE
Glassware used in the analytical procedures {including the Soxhlet apparatus and
disposable bottles) must be cleaned as soon as possible after use by rinsing with
the last solvent used in it. This must be followed by detergent washing with hot
water, and rinses with tap water, deionized water, acetone, hexane, and
methylene chloride. Other cleaning procedures may be used as long as
acceptable blanks are obtained. Acceptance criteria for blanks are given in
Section 8.2.
Clean aluminum foil with acetone followed by hexane and methylene chloride.
6.3 APPARATUS
6.3.1 Grab Sample Bottle
Amber glass, 125-mL and 250-mL, fitted with screw caps lined with Teflon.
The bottle and cap liner must be acid washed and solvent rinsed with
acetone and methylene chloride, and dried before use.
6.3.2 Concentrator Tube, Kuderna-Danish
10-mL, graduated (Kontes-K-570050-1025 or equivalent). Calibration must
be checked at the volumes employed in the test. A ground glass stopper
must be used to prevent evaporation of extracts.

6.3.3 Evaporation Flask, Kuderna-Danish

500-mL (Kontes K-570001-0500 or equivalent). (Attached to concentrator
tube with springs).

6.3.4 Snyder Column, Kuderna-Danish

Three-ball macro (Kontes K-563001-0121 or equivalent).
6.3.5 Snyder Column, Kuderna-Danish

Two-ball micro (Kontes K-569001-0219 or equivalent).
6.3.6 Minivials

1.0 mL vials; cone-shaped to facilitate removal of very small samples; heavy
wall borosilicate glass; with Teflon-faced rubber septa and screw caps.

6.3.7 Soxhlet Apparatus
1 liter receiver, 1 heating mantle, condenser, Soxhlet extractor.
6.3.8 Rotary Evaporator

Rotovap R (or equivalent), Brinkmann Instruments, Westbury, NY.
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6.3.9

6.3.10

6.3.11

6.4

6.4.1

6.4.2

6.4.3

6.4.4

6.4.5

6.4.6

6.4.7

Nitrogen Blowdown Apparatus

N-Evap Analytical Evaporator Model 111 (or equivalent), Organomation
Associates Inc., Northborough, MA,

Analytical Balance

‘Analytical. Capable of accurately weighing to the nearest 0.0001 g.

Disposable Pipet

5 3/4 inch x 7.0 mm OD.,

SAMPLE PREPARATION REAGENTS

Reagent water

Same as 5.2.1.

Acetone

Same as 5.2.2.

Hexane

Same as 5.2.3.

Methylene Chloride

Same as 5.2.4.

Sulfuric Acid

ACS. Reagent grade. Concentrated, sp. gr. 1.84.

Sodium Sulfate

ACS. Reagent grade. Granular, anhydrous. Purify prior to use by extracting
with methylene chioride and oven drying for 4 or more hours in a shallow
tray. Place the cleaned material in a glass container with a Teflon lined screw
cap, and store in a desiccator.

Silica Gel

For column chromatography, type 60, EM reagent, 100-200 mesh, or
equivalent. Soxhlet extract with methylene chloride, and activate by heating
in a foil covered glass container for longer than 16 hours at 130 °C, then
store in a desiccator. The storage period shall not exceed two days.

NOTE: The performance of silica gel in-the column cleanup procedure varies

with manufacturers and with the method of storage. The analyst shall
establish a procedure that satisfies the performance criteria of Section 6.6.1.
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6.4.8

6.4.9

6.5

6.5.1

Alumina: Acidic

Soxhlet extract with methylene chloride, and activate in a foil covered glass
container for 24 hours at 190 °C.

NOTE: The performance of alumina in the column cleanup procedure varies
with manufacturers and with the method of storage. The analyst shall
establish a procedure that meets the performance criteria of Section 6.6.1.

Nitrogen
Obtained from bleed from liquid nitrogen tank.
SAMPLE EXTRACTION

WARNING: Stack sampling will yield both liquid and solid samples for PAH
analysis. Samples must not be split prior to extraction even when they appear
homogeneous as in the case of single liquid phase samples. Solid samples such
as the resin are not homogeneous and particulate matter may not be uniformly
distributed on the filter. In addition, filter samples are generally so small that the
desired detection limit might not be achieved if the sample were split.

-
The recovered samples may be combined as follows:

1) Particulate filter and particulate matter collected on the filter (Section 5.3.3),
cyclone catch (Section 5.3.2) and sample container No. 1 {Section 5.3.1).

2) Sample container No. 3 (Section 5.3.5), resin (Section 5.3.4) and rinse of
resin cartridge.

3) Sample container No.4 (Section 5.3.6) and sample container No.5 (Section
5.3.7)

Two schemes for sample preparation are described in Sections 6.5.1 and 6.5.2
below. One of these must be used.

Section 6.5.1 describes sample preparation procedures for separate GC/MS
analyses of impingers and the remainder of the sampling train. Figure 7 is a
flowchart of the extraction and cleanup procedures.

Section 6.5.2 describes sample preparation procedures for GC/MS analysis of a
single composite extract from each sampling train. The recovered samples are
combined as shown in Figure 8.

Separate Analysis of Impingers

A separate analysis of the impingers can be used to determine whether there
has been breakthrough of PAHs past the resin.
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6.5.1.1
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Extraction of Liquid Samples

A. Sample Container No. 1 (Front half rinses)

Concentrate the contents of sample container No. 1 (Section 5.3.1)
to a volume of about 1-5 mL using the nitrogen blowdown
apparatus. Rinse the sample container three times with small
amounts of methylene chloride and add these rinses to the
concentrated solution. Concentrate further to about 1-56 mL. This
residue will likely contain particulate matter which was removed in
the rinses of the probe and nozzle. Transfer the residue (along with
three rinses of the final sample vessel) to the Soxhlet apparatus with
the filter and particulate catch and proceed as described under
Section 6.5.1.2 below.

Sample Container No. 3 {Back half rinses)

Concentrate the contents of sample container No. 3 (Section 5.3.5)
to a volume of about 1-5 mL using the nitrogen blowdown
apparatus. Rinse the sample container three times with small
amounts of methylene chloride and add these rinses to the
concentrated solution. Concentrate further to about 1-5 mL.
Combine this residue (along with three rinses of the final'sample
vessel) in the Soxhlet apparatus with the resin sample, and proceed
as described under Section 6.5.1.2 below.

Containers No. 4 and No. 5§ (Impinger contents and rinses)

Place the contents of Sample Containers No. 4 and No. 5 (Sections
5.4.6 and 5.4.7) in a separatory funnel. Add the appropriate
amount of 2H-labelled alternate standard solution {Section 7 and
Table 7 or 7A) to achieve the final extract concentrations indicated
in Table 8 or 8A. The amounts required by Section 7.2.4 are based
on a final volume of 500 ul for analysis (450 uL of sample extract
and 50 uL of recovery standard solution). Extract the sample three

‘times with 60 mL aliquots of methylene chloride. Combine the

organic fractions. Divide the extract in two - one half to be
archived, and the other for cleanup and GC/MS analysis. Store the
archive sample at 4°C away from light.

Pour the remaining extract through Na,SO, into a round bottom
flask. Add 60 to 100 mL hexane and evaporate to about 10 mL.
Repeat three times or less if the methylene chloride can be removed
with less hexane. Add the appropriate amount of alternate standard
(Section 7.2.7) to achieve the final extract concentrations shown in
Table 6 or 6A. This standard must be used to monitor the etficiency
of the cleanup procedure.

Concentrate the remaining sample to 2 mL with a Kuderna-Danish
concentrator or rotary evaporator, then transfer the extract to a 8-
mL test tube with hexane. Proceed with sample cleanup procedures
below (Section 6.6).
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6.5.1.2

Extraction of Solid Samples

Filter, Particulate matter, and Resin

The Soxhlet apparatus must be large enough to allow extraction of
the sample in a single batch. Clean the Soxhlet apparatus by a 4 to
8-hr Soxhlet with methylene chloride at a cycling rate of 3 cycles
per hour. Discard the solvent. Add 20 g Na,SO, to the thimble.
Combine the filter, resin, glass wool, and concentrated front and
back half rinses (6.5.1.1A and 6.5.1.1B) and place on top of the
Na,S0,. Add the appropriate amount of internal standard (Section
7.2.4 and Table 7) to achieve the final extract concentrations
indicated in Table 8.

Place the thimble in the Soxhlet apparatus, and add about 700 mbL
of methylene chloride to the receiver. Assemble the Soxhlet, turn
on the heating controls and cooling water, and allow to reflux for 16
hours at a rate of 3 cycles per hour. After extraction, allow the
Soxhlet to cool. Divide the sample in two - one half to be archived,
and the other for cleanup and GC/MS analysis. Store the archive
sample at 4°C away from light.

Exchange the remaining extract to hexane. Add 60 to 100 mL
hexane and evaporate to about 10 mL. Repeat three times or as
necessary to remove the methylene chloride. Add the appropriate
amount of alternate standard (Section 7.2.7 and Table 7 or 7A) to
achieve the final extract concentrations shown in Table 8 or 8A.
This alternate standard must be used to monitor the efficiency of
the cleanup procedure when the impingers are analyzed separately
from the remainder of the sampling train.

Concentrate the remaining sample to about 2 mL with a Kuderna-
Danish concentrator or rotoevaporator, then transfer the extract to a
8-mL test tube with hexane. Proceed with sample cleanup
procedures below (Section 6.6).

6.5.2 Single Composite Extract For Analysis

6.5.2.1

August 9, 1996

Extraction of Aqueous Samples

Containers No. 4 and No. 5 (Impinger contents and rinses)

Pour the contents of Sample Containers No. 4 and No. 5 {Sections
5.3.6 and 5.3.7) into an appropriate size separatory funnel. Do not
add internal standards. instead, add the appropriate amount of
alternate standard spiking solution (Section 7 and Table 7 or 7A) to
achieve the final extract concentrations indicated in Table 8 or 8A.

Extract the sample three times with 60 mL aliquots of methylene

chloride. Combine the organic fractions with the solid samples and
concentrated rinses (6.5.2.2) in a Soxhlet extractor.
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6.5.2.2

6.6

6.6.1

Extraction of Solid Samples

Concentrate the front and back half rinses as described in Sections
6.5.1.1A and 6.5.1.1B. Clean the Soxhlet apparatus as in Section
6.5.1.2. Place the filter and resin in the Soxhlet apparatus along with
the concentrated front and back half rinses and the impinger extract.
Add the internal standards, extract the sample, and concentrate the
extract as described in Section 6.5.1.2. Divide the extract into two
equal portions. Store one of these, the archive sample, at 4 °C away
from light. The remaining extract must be exchanged to hexane as
described in Section 6.5.1.2. Do not add the alternate standard to this
composite extract. It has already been added to the impinger sample
(6.5.2.1).

Concentrate the extract to 2 mL with a Kuderna-Danish concentrator or
rotary evaporator, then transfer to a 8-mL test tube with hexane or
equivalent non-polar solvent such as isooctane. Proceed with sample
cleanup procedures below (Section 6.6)

COLUMN CLEANUP

Several column chromatographic cleanup options are available. Either of the two
described below may be sufficient. Before using a procedure for the cleanup of
sample extracts, the analyst must demonstrate that the requirements of Sections
8.1.3.1 and 8.2.6 can be met using the cleanup procedure. Acceptable
alternative cleanup procedures may also be used provided that the analyst can
demonstrate that the performance requirements of Sections 8.1.3.1 and 8.2.6
can be met. Compliance with the requirements of Sections 8.1.1.1 and 8.2.6
must also be demonstrated whenever there is a change in the column cleanup
procedure used for the initial demonstration.

The sample extract obtained as described in Sections 6.5.1C and 6.5.1.2 or
6.5.2.2 is concentrated to a volume of about 1 mL using the nitrogen blowdown
apparatus, and this is transferred quantitatively with hexane rinsings to at least
one of the columns described below.

Column Preparation
A. Silica Gel Column

Pack a glass gravity column (250 mm x 10 mm) in the following
manner:

Insert a clean glass wool plug (Section 4.2.7) into the bottom of the
column and add 10 grams of activated silica gel (Section 6.4.7) in
methylene chloride. Tap the column to settle the silica gel, and then add
a 1 cm layer of anhydrous sodium sulfate (Section 6.4.6)

Variations among batches of silica gel may affect the elution volume of
the various PAH. Therefore, the volume of solvent required to
completely elute all of the PAH must be verified by the analyst. The
weight of the silica gel can then be adjusted accordingly. Satisfactory
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6.6.2 Column

August 9, 1996

recovery (as defined in Section 6.6) of each native PAH in the LCS
(8.1.3) must be demonstrated whenever there is a change in the method
of preparing the silica gel columns.

Acid Alumina Column
Pack a 250 mm x 10 mm glass gravity column as follows:

Insert a clean glass wool plug {Section 4.2.7) into the bottom of the
column. Add 6 g of acid alumina prepared as described in

Section 6.4.8. Tap the column gently to settle the alumina, and add 1
cm of anhydrous sodium sulfate to the top.

Satisfactory recovery (as defined in Section 6.6) of each native PAH in
the LCS (8.1.3) must be demonstrated whenever there is a change in
the method of preparing the acid alumina columns.

Chromatography Procedure
Silica Gel Column

Elute the column with 40 mL of hexane. The rate for all elutions should
be about 2 mL/min. Discard the eluate and just prior to exposure of the
sodium sulfate layer to the air, transfer the 1 mL sample extract onto the
column using two additional 2 mL rinses of hexane to complete the
transfer. Just prior to exposure of the sodium sulfate layer to the air,
begin elution of the column with 25 mL of hexane followed by 25 mL of
methylene chloride/hexane (2:3)(v/v). Collect the entire eluate.
Concentrate the collected fraction to about 5 mL using the K-D
apparatus or a rotary evaporator. Do not allow the extract to go to
dryness.

Transfer to a minivial using a hexane rinse and concentrate to 450 uL
using a gentle stream of nitrogen. Store the extracts in a refrigerator at
4 °C or lower away from light until GC/MS analysis (Section 7).

Alumina Column

Elute the column with 50 mL of hexane. Let the solvent flow through
the column until the head of the liquid in the column is just above the
sodium sulfate layer. Close the stopcock to stop solvent flow.

Transfer 1 mL of the sample extract onto the column. Rinse out extract
vial with two 1 mL rinses of hexane and add it to the top of the column
immediately. To avoid overloading the column, it is suggested that no
more than 300 mg of extractable organics be placed on the column.

Just prior to exposure of the sodium sulfate to the air, elute the column
with a total of 15 mL of hexane. If the extract is in 1 mL of hexane,
and if 2 mL of hexane was used as a rinse, then 12 mL of additional
hexane should be used. Collect the effluent and concentrate to about 2
mL using the K-D apparatus or a rotary evaporator.
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7.1

7.1.1

7.1.2

7.1.3

7.1.3.1

7.1.3.2

7.1.4

Transfer to a minivial using a hexane rinse and concentrate to 450 uL
using a gentle stream of .nitrogen. Store the extracts at 4°C or lower
away from light until GC/MS analysis.

GC/MS ANALYSIS
APPARATUS
Gas Chromatograph

An analytical system complete with a8 temperature programmable gas
chromatograph and all required accessories including syringes, analytical
columns, and gases. The GC injection port must be designed for capillary
columns. Splitless injection is recommended.

Column
Fused silica columns are required.

A. 30 Mlong x 0.32 mm ID fused silica capillary column coated with a
crosslinked phenyl methyl silicone such as DB-5.

B. Any column equivalent to the DB-5 column may be used as long as it
has the same separation capabilities as the DB-5.

Mass Spectrometer
Low Resolution

A low resolution mass spectrometer (LRMS) equipped with a 70 eV
(nominal) ion source operated in the electron impact ionization mode,
and capable of monitoring all of the ions in each Selected lon Monitoring
(SiM) group (Table 13) with a total cycle time of 1 second or less.

High Resolution

The high resolution mass spectrometer (HRMS) must be capable of
operation in the SIM mode at a resolving power of 8,000. Electron
impact ionization must be used. The mass spectrometer must be
capable of monitoring all of the ions listed in each of the three SIM
descriptors (Table 14) with a total cycle time of 1 second or less.

GC/MS Interface

Any gas chromatograph to mass spectrometer interface may be used as long
as it gives acceptable calibration response for each analyte of interest at the
desired concentration and achieves the required tuning performance criteria
{Sections 7.3.5 and 7.3.6). All components of the interface must be glass
or glass-lined materials. To achieve maximum sensitivity, the exit end of the
capillary column should be placed in the mass spectrometer ion source
without béing exposed to the ionizing electron beam.
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7.1.5

7.2

7.2.1

7.2.2

Data Acquisition System

A computer system must be interfaced to the mass spectrometer. The
system must allow the continuous acquisition and storage on machine-
readable media of all data obtained throughout the duration of the
chromatographic program. The computer must have software that can
search any GC/MS data file for ions of a specific mass and plot a Selected
lon Current Profile or SICP (a plot of the abundances of the selected ions
versus time or scan number). Software must also be able to integrate, in any
SICP, the abundance between specified time or scan-number limits.

The data system must provide hard copies of individual ion chromatograms
for selected gas chromatographic time intervals.

The data system must also be able to provide hard copies of a summary
report of the results of the GC/MS runs. Figures 14A to 14C show the
minimum data that the system must be available to provide.

REAGENTS

Stock Standard Solution (1.00 pg/ulL)

Standard solutions can be prepared from pure standard materials or
purchased as certified solutions.

Preparation of Stock Solutions

A. Calibration standards. Prepare stock calibration standard solutions of
each of the PAH analytes by accurately weighing the required amount of
pure material. Dissolve the material in isooctane and dilute to volume.
When compound purity is assayed to be 96% or"greater, the weight may
be used without correction to calculate the concentration of the stock
standard.

Commercially prepared stock standards may be used at any
concentration if they are certified by the manufacturer or by an
independent source.

B. Internal standards. Prepare stock solutions in isooctane of the fourteen
internal standards listed in Table 4 or 4A at concentrations of 1000
ng/ul.

C. Recovery standards. Prepare stock solutions in isooctane of the three
recovery standards listed in Table 4 or 4A at concentrations of
1000 ng/uL.

D. Alternate standard. Prepare a stock solution in isooctane of the
alternate standard listed in Table 4 or 4A at a concentration of
1000 ng/uL.
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E. Surrogate standards. Prepare stock solutions in isooctane of the
surrogate standards listed in Table 4 or 4A at a concentration of

1000 ng/uL.

Store stock standard solutions in Teflon’-sealed screw-cap bottles at 4°C and
protect from light. Stock standard solutions must be checked frequently for
signs of degradation or evaporation, especially just before using them to
prepare calibration standard solutions or spiking solutions..

Replace stock standard solutions every 12 months or more frequently if
comparison with quality control check samples according to Section 7.4.1
indicates a problem.

7.2.3 Calibration Standards

Prepare calibration standards at a minimum of five concentration levels. One
of the calibration standards should be at a concentration near, but above, the
method detection limit. The others should include the range of
concentrations found in real samples but should not exceed the linear range
of the GC/MS system.

Prepare calibration working standard solutions by combining appropriate
volumes of individual or mixed calibration standards with internal standard,
recovery standards, and alternate standard spiking solution and making up to
volume with hexane to obtain the solution concentrations given in Tables 5,
6, and 6A. The suggested ranges are 0.25 ng/uL to 5.0 ng/uL for LRMS and
10 pg/ul to 500 pg/uL for HRMS.

All standards must be stored at 4°C or lower and must be freshly prepared if
the check according to Section 7.4.1 indicates a problem.

7.2.4 Internal Standard (IS) Spiking Solution

The concentration of internal standard in the IS spiking solution must be such
that the amount of solution added to the calibration standard solution and the
sample is at least 2 mL.

Prepare the internal standard spiking solution by using appropriate volumes of
stock solutions of Section 7.2.2B to give the concentrations shown in

Table 4 or 4A. A volume of 2 mL of either the LRMS or HRMS spiking
solution will provide the amount of the internal standards that must be
added to the sample (Table 7 or 7A) before extraction to achieve, in a final
volume of 500 pL, the sample extract concentrations shown in Table 8 for
LRMS and Table 8 or 8A for HRMS analysis. The target concentrations in
Tables 8 and 8A are based on a final volume of 500 zL and 100 percent
recovery of the internal standards added to the sample.

7.2.5 Recovery Standard Spiking Solution
The concentration of recovery standard in this spiking solution must be such

that the amount of solution added to the concentrated sample extract is
50 pL to give a final extract volume of 500 L.
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Use an appropriate volume of stock solution of Section 7.2.2C to prepare a
recovery standard spiking solution with the concentrations shown in
Table 4or 4A. Store at 4 °C or lower.

A volume of 50 pL of the recovery standard spiking solution shown in
Table 4 or 4A will provide the amount of each recovery standard required by
Table 7 or 7A to achieve the target sample concentration of Table 8 or 8A.
Final volumes, may be adjusted depending on the target detection limit.

7.2.6 Surrogate Standard Spiking Solution

The concentration of surrogate standard in this spiking solution must be such
that the amount of solution added to the calibration standard solution and the
sorbent module is at least 2 mL.

Prepare the surrogate standard spiking solution by using the appropriate
volume of stock solution of Section 7.2.2E to give the concentration shown
in Table 4 or 4A. A volume of 2 mL of either the LRMS or HRMS spiking
solution will provide the amount of the surrogate standards that must be
added to the sample (Table 7 or 7A) before sampling to achieve the sample
extract concentrations shown in Table 8 or 8A in a final sample volume of
500 plL.

7.2.7 Alternate Standard Spiking Solution

The concentration of alternate standard in this spiking solution must be such
that the amount of solution added to the calibration standard sciution and the
sample extracts is at least 2 mL.

Prepare the alternate standard spiking solution by using the appropriate
volume of stock solution of Section 7.2.2D to give the concentration shown
in Table 4 or 4A. A volume of 2 mL of either the LRMS or HRMS spiking
solution will provide the amount of the alternate standard that must be
added to the sample (Table 7 or 7A) before extraction to achieve the sample
extract concentrations shown in Table 8 or 8A in a final sample volume of
500 pl.

7.2.8 Calibration Check Standard

The calibration check standard shall be used for column performance checks,
and for continuing calibration checks. Solution #3 from Table § shall be the
calibration check standard for LRMS, while Solution #3 from Table 6 or 6A
shall be the calibration check standard for HRMS.

7.3 INITIAL CALIBRATION

An acceptable initial calibration (7.3.8) is required before any samples are
analyzed, and then intermittently throughout sample analyses as dictated by
results of the continuing calibration procedures described in Section 7.4. The
GC/MS system must be properly calibrated and the performance documented
during the initial calibration.
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7.3.1 Retention Time Windows

Before sample analysis, determine the retention time windows during which
the selected ions will be monitored. Determine Relative Retention Time
(RRTs) for each analyte by using the corresponding 21 - |abelled standard.

7.3.2 GC Operating Conditions

The GC column performance (Section 7.3.5) must be documented during the
initial calibration. Table 10 summarizes GC operating conditions known to
produce acceptable results with the column listed. The GC conditions must
be established by each analyst for the particular instrumentation by injecting
aliquots of the calibration check standard (7.2.8). It may be necessary to
adjust the operating conditions slightly based on observations from analysis
of these solutions. Other columns and/or conditions may be used as long as
column performance criteria of Section 7.3.5 are satisfied.

Thereafter the calibration check standard must be analyzed daily to verify the
performance of the system (Section 7.4).

7.3.3 GC/MS Tuning Criteria
A. Low Resolution Mass Spectrometry

Use a compound such perfluorotributylamine (PFTBA) to verify that the
intensity of the peaks is acceptable. |f PFTBA is used, mass spectral
peak profiles for m/z 69, 219 and 264 must be recorded, plotted, and
reported. The scan should include a minimum of +/- two peaks (i.e, m/z
67-71 for the m/z 69 profile).

B. High Resolution Mass Spectrometry

Tune the instrument to meet the minimum required resolving power of
8,000 at 192.9888 or any other PFK reference signal close to 128.0626
(naphthalene). Use peak matching and the chosen PFK reference peak
to verify that the exact mass of m/z 242.9856 is within 5 ppm of the
required value. The selection of the low and high mass ions must be
such that they provide the largest voltage jump performed in any of the
three mass descriptors. ,

7.3.4 MS Operating Conditions
A. Low Resolution Mass Spectrometry
Analyze standards and samples with the mass spectrometer operating in

the Selected lon Monitoring (SIM) mode with a total cycle time of 1
second or less.
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B. High Resolution Mass Spectrometry
Analyze standards and samples with the mass spectrometer operating in
the SIM mode with a total cycle time (including the voltage reset time)
of one second or less.
A reference compound such as Perfluorokerosene (PFK) must be used to
calibrate the SIM mass range. One PFK ion per mass descriptor is used
as a lock-mass ion to correct for mass drifts that occur during the
analysis. In addition to the lock-mass ion, several ions characteristic of
PFK are monitored as QC check ions (Table 13).

7.3.5 GC Column Performance Criteria

A. The height of the valley between anthracene and phenanthrene at m/z
178 or the 2H-analogs at m/z 188 shall not exceed 50 percent of the
taller of the two peaks.

B. The height of the valley between benzo(b)fluoranthene and

benzo(k)fluoranthene shall not exceed 60 percent of the taller of the two
peaks.

If these criteria are not met and normal column maintenance: procedures are
not successful, the column must be replaced and the initial calibration
repeated.

7.3.6 Mass Spectrometer Performance

A,

August 9, 1996

Low Resolution Mass Spectrometry

Verify acceptable sensitivity during initial calibration. Demonstrate that
the instrument will achieve a minimum signal-to-noise ratio of 10:1 for
the quantitation and confirmation ions when the calibration standard
with the lowest concentration is injected into the GC/MS system.

High Resolution Mass Spectrometry

Record the peak profile of the high mass reference signal (m/z
242.9856) obtained during peak matching by using the low-mass PFK
ion at m/z 192.9888 (or lower in mass) as a reference. The minimum
resolving power of 8,000 must be demonstrated on the high-mass ion
while it is transmitted at a lower accelerating voltage than the low-mass
reference ion, which is transmitted at full sensitivity.

The format of the peak profile representation must allow manual
determination of the resolution, that is, the horizontal axis must be a
calibrated mass scale (amu or ppm per division).

The peak width of the high mass ion at 5 percent of the peak height
must not exceed 125 ppm in mass.
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7.3.7

7.3.8

7.4
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Calibration Procedure

Using stock standards, prepare at least five calibration standard solutions,
using the same solvent that was used in the final sample extract. Keep the
recovery standards and the internal standards at fixed concentrations. Adjust
the concentrations recommended in Tables 5 and 6, if necessary, to ensure
that the sample analyte concentration falls within the calibration range. The
calibration curve must be described within the linear range of the method.
Calibrate the mass spectrometer response using a 2 uL aliquot of each
calibration solution. Analyze each solution once.

Calculate:

A. the relative response factors (RRFs) for each analyte as described in
Sections 7.7.1.1, 7.7.1.2, and 7.7.1.3.

B. the mean RRFs as required by Section 7.7.1.4.

C. the standard deviation (SD) and relative standard deviation (RSD) as

required by Section 7.7.2.

Report all results as required by Section 10.2.

Criteria for Acceptable Initial Calibration

An acceptable initial calibration must satisfy the following performance

criteria:

A. The requirements of Sections 7.3.5 and 7.4.6 must be met.

B. The signal to noise ratio (S/N) for the GC signals present in every
selected ion current profile (SICP) must be > 10:1 for the labelled
standards and unlabelled analytes.

C. The percent relative standard deviation for the mean relative response

factors must be no greater than 30 percent for both the unlabelled
analytes and internal standards (Section 7.7.2). Otherwise, take
corrective action as required by Section 7.7.2.

CONTINUING CALIBRATION

The continuing calibration consists of an analysis of the calibration check
standard (Section 7.2.8) once during each 12-hour shift as described in Section
7.4.1. ‘

The criteria for acceptable continuing calibration are given in Section 7.4.2.
These must be satisfied or else corrective action must be taken as required by
Section 7.4.2.
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7.4.1

7.4.2

7.5

Calibration Check

The calibration check standard (Section 7.2.8) must be analyzed at the
beginning and end of each analysis period, or at the beginning of every 12-
hour shift if the laboratory operates during consecutive 12 hour shifts.

Inject a 2-uL aliquot of thé calibration check standard (Section 7.2.8) into the
GC/MS. Use the same data acquisition parameters as those used during the
initial calibration.

Check the retention time windows for each of the compounds. They must
satisfy the criterion of Section 7.4.2C

Check for GC resolution and peak shape. Document acceptable column
performance as described in Section 7.3.5. If these criteria are not met, and
normal column maintenance procedures are unsuccessful, the column must
be replaced and the calibration repeated.

Calculate the continuing RRF and ARRF, the relative percent difference (RPD)
between the daily RRF and the initial calibration mean RRF as described in
Section 7.7.1.5.

Report the results as required by Section 10.2.
Continuing Calibration Performance Criteria

An acceptable continuing calibration must satisfy the following performance
criteria:

A. The signal to noise ratio (S/N) for the GC signals present in the selected
ion current profile (SICP) for all labelled and unlabelled standards must
be210:1.

B. The measured RRFs of all analytes (labelled and unlabelled) must be
within 30 percent of the mean values established during the initial
calibration. If this criterion is not satisfied, a new initial calibration curve
must be established before sample extracts can be analyzed.

C. The retention time for any internal standard must not change by more
than 30 seconds from the most recent calibration check. Otherwise,
inspect the chromatographic system for malfunctions and make the
necessary corrections. Document acceptable performance with a new
initial calibration curve.

GC/MS ANALYSIS

The laboratory may proceed with the analysis of samples and blanks only after
demonstrating acceptable performance as specified in Sections 7.3 and 7.4.

Analyze standards, field samples and QA samples (Section 8.1) with the gas
chromatograph and mass spectrometer operating under the conditions
recommended in Sections 7.3.2 and 7.3.4.
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Approximately | hr before HRGC/LRMS or HRGC/HRMS analysis, adjust the
sample extract volume to approximately 500 uL. This is done by adding 50 uL of
the recovery standard spike solution {Section 7.2.5, and Table 4 or 4A) to the
450 pL final volume (Section 6.6.2) of the concentrated sample extract give the
sample extract concentration required by Table 8 or 8A. If the sample volume
must be changed to achieve a desired detection limit, the recovery spike solution
concentration must be adjusted accordingly to achieve the target concentrations
of Table 8 or 8A.

Inject a 2 L aliquot of the sample extract (Section 6.6.2) on to the DB-5
column. Use the same volume as that used during calibration. Recommended
GC/MS operating conditions are described in Section 7.3.

The presence of a given PAH is qualitatively confirmed if the criteria of Section
7.6.1 are satisfied.

The response for any quantitation or confirmation ion in the sample extract must
not exceed the response of the highest concentration calibration standard.

Collect, record, and store the data for the calculations required by Sections
9.1.7,9.1.8, 9.1.9, and 9.1.10. Report the results as required by Section 10.2.

7.6 QUALITATIVE ANALYSIS
7.6.1 Identification Criteria
7.6.1.1 lon Criteria

For LRMS analysis, all quantitation and confirmation ions (Table 13)
must be present.

7.6.1.2 Relative Retention Time (RRT) Criteria

The relatwe retention time (RRT) of the analyte compared to the RRT for
the 2H-standards must be within +0.008 RRT units of the relative
retention times obtained from the continuing calibration (or initial
calibration if this applies).

7.6.1.3 Signal to Noise Ratio

The signal to mean noise ratio must be 10:1 for the internal standards.
This ratio for the unlabelled compounds must be greater than 2.5 to 1
for the quantitation ions for HRMS and for both quantitation and
confirmation ions for LRMS.

If broad background interference restricts the sensitivity of the GC/MS
analysis, the analyst must employ additional cleanup on the archive
sample and reanalyze.
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7.7 QUANTITATIVE ANALYSIS

7.7.1 Relative Response Factors (RRFs)

7.7.1.1

7.7.1.2

7.7.1.3

7.7.1.4

7.7.1.5

August 9, 1996

RRF for Unlabelled PAH and Surrogate Standards
from Initial Calibration Data

Use the results of the calibration and Equation 429-13 to calculate the
relative response factors (RRFs) for each calibration compound and
surrogate standard in each calibration solution (Tables 5 or 5A). Table
11 shows the assignments of the internal standards for calculation of
the RRFs for the calibration solution shown in Table 5. Table 11A
shows the assignments of the internal standards for calculation of the
RRFs for the calibration solution shown in Table 5A. Report the results
as required by Section 10.2.

RRF for Determining Internal Standard Recovery

Use the results of the calibration in Equation 429-18 to calculate the
relative response factor for each internal standard relative to an
appropriate recovery standard. Table 11 shows the assignments of the
recovery standards for calculating internal standard recoveries for the
calibration solution shown in Table 5. Table 11A shows the
assignments of the recovery standards for calculating internal standard
recoveries for the calibration solution shown in Table 5A. Report the
results as required by Section 10.2.

RRF for Determining Alternate Standard Recovery

Use the calibration results and Equation 429-19 to calculate the
response factor for the alternate standard relative to the appropriate
recovery standard. Table 11 shows the assignment of the recovery
standards for calcuiating alternate standard recovery for the calibration
solution shown in Table 5. for the calibration solution shown in Table 5.
Report the results as required by Section 10.2.

Mean Relative Response Factor

Use Equation 429-20 to calculate the mean RRF for each compound
(unlabelled calibration standards, surrogate standards, internal standards
and alternate standard). This is the average of the five RRFs calculated
for each compound (one RRF calculated for each calibration solution).
The mean RRF may be used if the linearity criterion of Section 7.7.2 is
satisfied.

Report the results as required by Section 10.2.

RRF from Continuing Calibration Data
Analyze one or more calibration standards (one must be the medium
level standard) on each work shift of 12 hours or less. Use Equations

429-17, 429-18, and 429-19 to calculate the RRFs for each analyte.
Use Equation 429-22 to calculate ARRF, the relative percent difference
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7.7.2

8.1

8.1.1

8.1.2

between the daily RRF and the mean RRF calculated during initial
calibration. Check whether the performance criterion of Section 7.4.28
is satisfied. Report the results as required by Section 10.2.

Relative Standard Deviation of Relative Response Factors

For each analyte, calculate the sample standard deviation (SD) of the RRFs
used to calculate the mean RRF. Use Equation 429-21 to calculate the
percent relative standard deviation (%RSD) for each analyte. The analyst
may use the mean RRF if the percent relative standard deviation of the RRFs
is 30% or less. If the RSD requirement is not satisfied, analyze additional
aliquots of appropriate calibration solutions to obtain an acceptable RSD of
RRFs over the entire concentration range, or take action to improve GC/MS
performance. Otherwise, use the complete five point calibration curve for
that compound.

QUALITY ASSURANCE/QUALITY CONTROL

Each laboratory that uses this method is required to operate a formal quality
control program. The minimum quality control requirements of this program
consists of an initial demonstration of laboratory capability (according to
Sections 7.3 and 8.1.3.1), and periodic analysis of blanks and spiked samples as
required in Sections 8.1.1 and 8.1.3.2 as a continuing check on performance.

The laboratory must maintain performance records to document the quality of
data that are generated. The results of the data quality checks must be
compared with the method performance criteria to determine if the analytical
results meet the performance requirements of the method. The laboratory must .
generate accuracy statements as described in Section 8.4.1.

QA SAMPLES
Laboratory Method Blank

The analyst must run a laboratory method blank with each set of 15 or fewer
samples. The method blank must be a resin sample from the same batch
used to prepare the sampling cartridge and the laboratory control samples.
The method blank must be prepared and stored as described in

Sections 4.3.4 and 4.3.5.

The analyst shall perform all of the same procedures on the method blank as
are performed on the solid samples (Section 6.5.2.1) from the beginning of
sample extraction through to the end of the GC/MS analytical procedures.

Performance Evaluation Samples

The laboratory should analyze performance evaluation samples quarterly
when these samples become available. These samples must be prepared and
analyzed by the same methods used for the field samples. Performance for

the lmc.>st recent quarter should be reported with the results of the sample
analysis.
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8.1.3 Laboratory Control Sample (LCS)

8.1.3.1

8.1.3.2

August 9, 1996

Initial Demonstration of Laboratory Capability

Before performing sample analyses for the first time, the analyst shall
demonstrate the ability to generate results of acceptable precision and
accuracy by using the following procedures.

Prepare spiking solutions from stock standards prepared independently
from those used for calibration. Spike at least four resin samples
cleaned as described in Section 4.2.2 with each of the target unlabelled
analytes as indicated in Table 9. Blank resin contamination levels must
be no greater than 10 percent of the levels of the spiked analytes. Add
the amounts of internal standards required by Table 7 or 7A. Add the
alternate standard to the extract to monitor the efficiency of the cleanup
procedure.

The LCS spikes shall undergo all of the same procedures as are
performed on the solid samples (Section 6.5.1.2) from the beginning of
sample extraction through to the end of the GC/MS analytical
procedures.

Calculate:

(A) percent recoveries for the internal standards and alternate standard,

(B) the mass of each target analyte in yg/sample or ng/sample,

(C) the average of the results for the four analyses in yg/sample or
ng/sample,

(D) the average recovery (R) as a percentage of the amount added, and

(E) the relative standard deviation Sg.

Report the results as required by Section 10.2.4.

If all the acceptance criteria of Section 8.2.6 are satisfied for all of the
target PAH, the analyst may begin analysis of blanks and samples.
Otherwise, corrective action must be taken as required by Section 8.2.6.

Ongoing Analysis of LCS

The analyst must run two laboratory control samples with each set of
15 or fewer samples. The resin for the LCS must be taken from the
same batch used to prepare the sampling cartridge and the laboratory
method blank. The LCS resin must be prepared and stored as described
in Sections 4.3.4 and 4.3.5.

Prepare spiking solutions from stock standards prepared independently
from those used for calibration. Spike each resin sample with each of
the target unlabelled analytes as indicated in Table 9. Blank resin
contamination levels must be no greater than 10 percent of the levels of
the spiked analytes. Add the amounts of internal standards required by
Table 7 or 7A. Add the alternate standard to the extract to monitor the
efficiency of the cleanup procedure.
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8.2

8.2.1

8.2.2

8.2.3

The LCS spikes shall undergo all of the same procedures as are
performed on the solid samples (Section 6.5.1.2) from the beginning of
sample extraction through to the end of the GC/MS analytical
procedures.

Calculate:

(A) percent recoveries for the internal standards and alternate standard,

(B} the mass of each target analyte in yg/sample or ng/sample,

(C) the average of the resuits for the two analyses in pg/sample or
ng/sample,

(D) the average recovery as a percentage of the amount added, and

(E) the relative percent difference for the two analyses.

Report the results as required by Section 10.2.
Add the results which satisfy the performance requirements of Section 8.2.6
to the results of the initial LCS analyses (8.1.3.1) and previous ongoing data

for each compound in the LCS sample.

Update the charts as described in Section 8.4.1.

ACCEPTANCE CRITERIA

Blank Trains

The levels of any unlabelled analyte quantified in the blank train must not
exceed 20 percent of the level of that analyte in the sampling train. If this
criterion cannot be met, calculate a reporting limit that is five times the
blank value {Equations 429-32 and 429-33). Do not subtract the blank value
from the sample value.

Surrogate Standard Recovery

Acceptable surrogate (field spike) recoveries should range from 50 to 150
percent. [f field spike recoveries are not within the acceptable range, this
must be clearly indicated in the laboratory report. The affected sampling run
must be identified in the report of the calculated emissions data.

Internal Standard Recovery

Recoveries for each of the internal standards must be greater than 50
percent and less than 150 percent of the known value.

If internal standard recoveries are outside of the acceptable limits, the signal

to noise ratio of the internal standard must be greater than 10. Otherwise

the analytical procedure must be repeated on the stored portion of the

extract.

NOTE: This criterion is used to assess method performance. As this is an
isotope dilution technique, it is, when properly applied, independent
of internal standard recovery. Lower recoveries do not necessarily
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invalidate the analytical results for PAH, but they may result in
higher detection limits than are desired.

If low internal standard recoveries result in detection limits that are
unacceptable, the cleanup and GC/MS analysis must be repeated with the
stored portion of the extract. If the analysis of the archive sample gives low
recoveries and high detection limits, the results of both analyses must be
reported.

8.2.4 Laboratory Method Blank

The laboratory method blank must not contain any of the target analytes
listed in Table 1 at levels exceeding the PQL or 5 percent of the analyte
concentration in the field sample.

If the method blank is contaminated, check solvents, reagents, standard
solutions apparatus and glassware to locate and eliminate the source of
contamination before any more samples are analyzed. Table 3 shows those
compounds that commonly occur as contaminants in the method blank, and
the ranges of concentrations that have been reported.

if field samples were processed with a laboratory method blank that showed
PAH levels greater than 5 percent of the field sample, they must be re-
analyzed using the archived portion of the sample extract.

Recoveries of the internal standards must satisfy the requirements of 8.2.3.
if the internal standard recoveries are less than 50%, the S/N ratio must be
greater than 10 for the internal standard.

8.2.5 Performance Evaluation Sample

The following will be a requirement when performance evaluation samples
become available, and performance criteria have been established:

Performance for the most recent quarter must be reported with the results of
the sample analysis. If the performance criteria (to be established) are not
achieved, corrective action must be taken and acceptable performance
demonstrated before sample analysis can be resumed.

8.2.6 Laboratory Control Samples
8.2.6.1 Initial and Ongoing Analysis

The signal of each analyte in the initial and ongoing laboratory control
samplas must be at least 10 times that of the background.

Acceptable accuracy is a percent recovery between 50 and 150 percent.
Acceptable precision for the initial LCS samples is a relative standard
deviation (RSD) of 30 percent or less. ‘

Acceptable precision for the ongoing analysis of duplicate samples is a
relative percent difference of 50 percent or less.
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If the RSD for the initial demonstration exceeds the precision limit, or any
calculated recovery falls outside the range for accuracy, the laboratory
performance for that analyte is unacceptable.

If the RPD for any ongoing duplicate analyses exceeds the precision limit, or
any calculated recovery falls outside the range for accuracy, the laboratory
performance for that analyte is unacceptable.

Beginning with Section 8.1.3.1, repeat the test for those analytes that failed
to meet the performance criteria. Repeated failure, however, will confirm a
general problem with the measurement system. If this occurs, locate and
correct the source of the problem and repeat the test for all compounds of
interest beginning with Section 8.1.3.1 for the initial analysis and

Section 8.3.1.2 for the ongoing analysis.

8.3 ESTIMATION OF THE METHOD DETECTION LIMIT (MDL) AND PRACTICAL
QUANTITATION LIMIT (PQL) '

8.3.1 |Initial Estimate of MDL and PQL

The analyst shall prepare a batch of XAD-2 resin as described in Sections
4.2.2.1 t0 4.2.2.3, then check for contamination as required by Section 4.2.2.4.
identify those PAH analytes present at background levels that are too high for
the MDL determination. Use the procedure of Appendix A to calculate MDLs for
the remaining target PAH compounds. A suggested initial spike level for the
MDL determination is 5 times a theoretical method quantitation limit (TMQL)
estimated according to Equation 429-16.

TMQL = C x % x 100 x 2 429-16
Where:
C = the concentration of the PAH in the lowest concentration calibration
standard used in the initial calibration, {(ng/uL)
V = the final extract volume, (,uL).
P = the assumed percent recovery (50%) of the internal standard
2 = afactor to account for the fact that the final extract volume (V) contains

one half of the analyte in the sample. The other half is archived.
8.3.2 Ongoing Estimation of MDL and PQL

Once every quarter in which this method is used, the analytical laboratory must
analyze one spiked resin sample as described in Appendix A. Include all initial
and quarterly results in the calculation of the standard deviation and MDL for
each analyte that has not been identified as a common contaminant of the
XAD-2 resin.

-
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if the MDL for any analyte exceeds the MDL established during the initial
determination, take corrective action as necessary, and repeat the monthly
analysis. If any MDL still exceeds the initial MDL, then the initial standard
deviation estimation procedure (Appendix A) must be repeated.

8.4 LABORATORY PERFORMANCE

The analyst must have documented standard operating procedures (SOPs) that
contain specific stepwise instructions for carrying out this method. The SOPs
must be readily available and followed by all personnel conducting the work. The
SOP must be made available for review upon request by the Executive Officer,
the tester or reviewer of the analytical results. The analyst may impose
restrictions on the dissemination of the information in the SOP.

The analyst must have documented precision and accuracy statements
{Section 8.4.1) readily available.

The analyst must have results of the initial and ongoing estimates of the MDL
(Sections 8.3.1 and 8.3.2) readily available.

8.4.1 Precision and Accuracy Statement
The precision and accuracy statements for the analytical procedure shall be
based on the results of the initial and ongoing LCS analyses. The frequency of
analysis is stated in Section 8.1.3.
Prepare a table of the recoveries and the relative percent difference for each
ongoing analysis of the LCS and LCS duplicate. Figure 15A is an example of
such a table. This must be included in the analytical data package submitted for
each set of sample analyses.
Prepare a quality control chart for each target analyte that provides a graphic
representation of continued laboratory performance for that target analyte.
Figure 15B is an example QC chart for benzo(a)pyrene.

9. CALCULATIONS

Carry out calculations retaining at least one extra decimal figure beyond that of
the acquired data. Round off figures after the final calculation.

8.1 ANALYST'S CALCULATIONS

The analyst shall carry out the calculations described in Sections 9.1.1 to
9.1.11.
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9.1.1 Relative Response Factors (RRF) for Unlabelled PAH and Surrogate Standards

Calculate the RRF for each target unlabelled PAH analyte and surrogate standard
in each calibration solution . Use Equation 429-17 and the data obtained during
initial calibration (7.3.7) or continuing calibration (7.4.1).

A x @ 429-17
RRFg = S .. S
Where:
A. = Area of the response for characteristic ions of the unlabelled analyte

or surrogate standard (Tables 11 or 11A, 13, and 14).

A.. = Area of the response for characteristic ions of the appropriate internal
standard (Tables 11 or 11A, 13, and 14).

Qg = Amount of the unlabelled PAH calibration analyte or surrogate
standard injected on to GC column, ng.

Q.. = Amount of the appropriate internal standard injected on to GC column, ng.

is
9.1.2 RRF for Determination of Internal Standard Recovery

Calculate RRF;5 according to Equation 429-18, using data obtained from the
analysis of the calibration standards.

RRFjg = —— 2
'S Ais x Qi
Where:
A,s = Area of the response for characteristic ions of the appropriate

recovery standard (Tables 11 or 11A, 13, and 14).

Q,s Amount of the appropriate recovery standard injected on to GC

column, ng.
9.1.3 RRF for Determination of Alternate Standard Recovery

Calculate RRF,¢ according to Equation 428-19, using data obtained from the
analysis of the calibration standards.

RRF,, = Ay x Qg 429-19
Ais x Qg
Where:
A, s = Area of the response for characteristic ions of the alternate standard -

(Tables 13 and 14).
Q,s = Amount of alternate standard injected on to the GC column, ng.
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8.1.4  Mean Relative Response Factors (RRF)

Calculate the mean RRF for each target unlabelled PAH, surrogate standard,
internal standard and alternate standard using Equation 429-20 and the RRFs
calculated according to Sections 9.1.1, 8.1.2, and 9.1.3.

1 9 429-20
RRF = — (RRF);
n 4
Where:
RRF;, = RRF calculated for calibration solution "i" using one of Equations
429-17. 429-18 or 429-19.
n = The number of data points derived from the calibration. The

minimum requirement is a five-point calibration (Section 7.2.3,
Tables 5 and 6 or 6A)

9.1.5 Percent Relative Standard Deviation (% RSD) of Relative Response Factors

Use Equation 429-21 to calculate the relative standard deviation of the Relative
Response Factors for each analyte.

%RSD = SO x 100% 429-21
RRF
Where:
RF = Mean relative response factor of a given analyte as defined in
Sections 7.7.1.4 and 9.1.4.
SD = The sample standard deviation of the relative response factors used

to calculate the mean RRF.

9.1.6 Continuing Calibration ARRF

Use Equation 429-22 to calculate ARRF, the relative percent difference (RPD)
between the daily RRF and the mean RRF calculated during initial calibration.

RF. - RRF 429-22
ARRF = PRFe - RRF 100%
RRF
Where:
RRF, = The RRF of a given analyte obtained from the continuing calibration

{Section 7.4).
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9.1.7

9.1.8

8.1.9

Percent Recovery of Internal Standard, R;q

Calculate the percent recovery, R; for each internal standard in the sample
extract, using Equation 429-23.
i 429-23
Ris = Ais X s x 100%
Ais x RRFg x Qj

Where:

RRF,s = Mean relative response factor for internal standard (Equations 429-18
and 429-20).

Percent Recovery of Surrogate Standard, Ry,

Calculate the percent recovery, R¢g for each surrogate standard in the sample
extract, using Equation 429-24.

Re = Ass X Qis « 100% 429-24
Ais x RRFs x Qg
Where:
Ags = Area of the response for characteristic ions of the surrogate standard
(Tables 13 and 14).
Qs = Amount of the surrogate standard added to resin cartridge before

sampling, ng.

RRF, = Mean relative response factor for surrogate standard (Equations
429-17 and 429-20).

Percent Recovery of Alternate Standard, R,
Calculate the percent recovery, R, for the alternate standard in the sample
extract, using Equation 429-25.

Ras = Aas X G . x 100%
A x RRFas x Qg

429-25

RRF,s = Mean relative response factor for alternate standard (Equations 429-
19 and 429-20).
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9.1.10 Mass of the Target Analytes and Surrogate Standards in
Emissions Sample or Blank Train

Use Equation 429-26 to determine the total mass of each PAH compound or
surrogate standard in the sample:

Report the PQL (9.1.11) for those analytes that were not present at levels
higher than the PQL provided to the tester prior to testing (2.3.3).

Where:

>

is

RF

Qs x Ag 429-26

M = —— >

Mass (ng) of surrogate standard (M) or target analyte (M,) detected
in the sample.

Amount of internal standard or surrogate standard added to each
sample.

Area of the response for characteristic ions of the unlabelled analyte
or surrogate standard (Tables 13 and 14).

Area of the response for characteristic ions of the appropriate
internal standard (Tables 13, and 14).

Mean relative response factor of a given analyte calculated as
required by Sections 7.7.1.4 and 9.1.4.

9.1.11 Analytical Reporting Limit

The analyst shall report the PQL (Section 2.3.3) for those analytes that were
not present in the emissions sample or blank train at levels higher than the
pre-test estimate of the PQL.

9.2 TESTER'S CALCULATIONS

9.2.1 Sample/Blank Train PAH Mass Ratio

Use Equation 429-27 to calculate the sample/blank train mass ratio for each PAH
detected at levels above the MDL in both the field sample and the blank train.

Where:

M,

Mar

August 9, 1996

M, 429-27
BT

RATIO =

Mass of target PAH analyte detected in the sampling train
{Equation 429-26).

Mass of the same PAH analyte detected in the blank train.
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9.2.2

9.2.3

If the sample to blank train PAH mass ratio is less than five, calculate the
reporting limit for the tested source as required by Section 9.2.4:.2. Do not
calculate M, (Section 9.2.2) or M, (Section 9.2.3) for the emissions report.

PAH Concentration in Emissions

Use Equation 429-28 to calculate the concentration in the emissions of 1) the
PAH analytes detected in the sampling train but not in the blank train, and 2) the
PAH analytes that satisfy the minimum sample to blank train mass ratio required
by Section 9.2.1.

429-28
M, = M & !
Vin(std) 0.028317

Where:

M = Concentration of PAH in the gas, ng/dscm, corrected to standard
conditions of 20°C, 760 mm Hg (68°F, 29.92 in. Hg) on dry
basis.

M, = Mass of PAH compound in gas sample, ng (Equation 429-26)

Vinistd) = Volume of gas sample measured by the dry gas meter, corrected

to standard conditions, dscf (Equation 429-10)
0.028317 = Factor for converting dscf to dscm.
PAH Mass Emission Rate
Use Equation 429-29 to calculate the mass emission rate for each PAH

compound that satisfies the minimum sample/blank train PAH mass ratio
(Section 9.2.1).

M, = Mg x Qg4 429-29
Vm(std) 60
Where:
M, = Mass emission rate for PAH analyte, ng/second
M, = Mass of PAH compound in the gas sample, ng (Equation 429-26)
Qg = Average stack gas dry volumetric flow rate corrected to standard
conditions, dscf/min.
60 = Factor for converting minutes to seconds
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9.2.4 Source Reporting Limit
9.2.4.1 PAH Not Detected in Either Sampling or Blank Train

Use Equation 429-30 or 429-31 to calculate the reporting limit for those analytes
that were not detected at levels above the PQL in either the sampling or blank

train.
PQL 1 429-30
RL = == —_—
© 7 Visa) | 0028317
Vmi(std) 60

Where:

RLcg = Reporting limit for the tested source, (ng/dscm), corrected to
standard conditions of 20°C, 760 mm Hg (68°F, 29-92 in. Hg) on
dry basis.

Rl = Reporting limit for the tested source, (ng/sec.).

0.028317 = Factor for converting dscf to dscm.

60 = Factor for converting minutes to seconds.

9.2.4.2 PAH Detected in Blank Train and Sample/Blank Train Ratio <5

If the sample to blank train PAH mass ratio is less than five, then Equation
429-32 or 429-33 shall be used to calculate the reporting limit for that PAH.

AL - 5 x MBT X i 429-32
©® " V)  0.028317
5xM Q 423-33
RlLep = XMer , Hswd
Vim(std) 60

Where:

Rl = Reporting limit for the tested source, (ng/dscm), corrected to
standard conditions of 20°C, 760 mm Hg (68°F, 29-92 in. Hg) on
dry basis.

RLgp = Reporting limit for the tested source, (ng/sec.).

Mgt = The total mass of that PAH analyte in the field blank train.
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10. REPORTING REQUIREMENTS
The source test protocol must contain all the sampling and analytical data )
required by Sections 2.2 to 2.5, 4.2.1.1, and 4.2.2.4, as well as the information

listed in Sections 10.1 and 10.2 that pertain to identification and quantitation of
the samples.

The smissions test report must contain all of the sampling and analytical data
necessary to calculate emissions values for the target analytes or to demonstrate
satisfactory performance of the method.

The end user or reviewer should be able to obtain from the source test report all
information necessary to recalculate all reported test method results or to verify
that all required procedures were performed.

Any deviations from the procedures described in this method must be
documented in the analytical and sampling report.

10.1 SOURCE TEST PROTOCOL

At a minimum, the source test protocol must include all of the data required by
Section 2.2 and the information listed in Sections 10.1.1 through 10.1.4.

10.1.1 Preparation of Filters
A. Manufacturer's lot number for the batch of fiiters to be used in the test.
B. Contamination check of filter (Section 4.2.1.1)
(i) Date of cleaning.
{ii) Date of PAH analysis.
(iii) Table of results of PAH analysis required by Section 4.2.1. The
analytical report must include all of the data listed in Section 10.2.
C. Storage conditions prior to the test (4.3.3)
10.1.2 Preparation of XAD-2 resin

A. ID for the batch to be used in the test. The same batch must be used
for the sampling train and the laboratory QC samples.

B. Contamination check of resin (Sections 4.2.2.1 t0 4.2.2.4)
(i) Date of cleaning.
(ii) Date of PAH analysis.
(i) Table of results of PAH analysis required by Secton 4.2.2.4. The
analytical report must include all of the data listed in Section 10.2.
C. Addition of surrogate standards to the resin cartridge.

(i) Amount of each compound.
(ii) Date of spiking.
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10.1.3

10.1.4

10.2

10.2.1

D. Storage conditions prior to the test (Section 4.3.3)
Method Detection Limits and Practical Quantitation Limits

The MDL and PQL for each target analyte determined as required by Sections
2.3.2 and 2.3.3.

Target Sampling Parameters
A. Source target concentration of each emitted PAH of interest.
B. Results of calculations required by Sections 2.5.2 to 2.5.5.

Figure 9 shows the minimum required calculations of target sampling
parameters.

LABORATORY REPORT

The analyst must generate a laboratory report for each pre-test analysis of the
sampling media (Sections 2.3, 4.2.2.1, and 4.2.2.4) and each post-test analysis
of the sampling trains and laboratory QC samples.

A minimum of 7 post-test analyses are required to determine the emissions from
the source and to document the quality of the emissions data. These are the
analyses of three sampling runs, one blank train, one laboratory method blank
and two laboratory control samples.

Ata minimum, any report (data package) from the analyst to the tester shall
contain the information listed in Sections 10.2.1 to 10.2.6 pertaining to
identification and PAH quantitation of all samples.

Five-point Initial Calibration

The report of the results of the initial five-point calibration must include the
data listed in A, B, and C below:

A. Mass chromatograms for each initial calibration solution that show at a
minimum:

{i) Instrument ID,

(ii) laboratory sample ID on each chromatogram.

(i) date and time of GC/MS analysis,

(iv) mass of monitored ions for each compound in the calibration solution -
unlabelled PAH, internal standard, surrogate standard, alternate
standard and recovery standard,

(v} retention time for each compound in the calibration solution, and

(vi) either peak height or area of the signals observed for the monitored ion
masses.
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(i)
(ii)
(iii)
{iv)

{v)
(vi)

(vii)

A summary table of the data obtained for each initial calibration
solution that shows at a minimum:

Instrument ID,

laboratory sample ID,

date and time of GC/MS analysis,

retention time for each compound - unlabelled PAH, internal standard,
surrogate standard, alternate standard and recovery standard,

relative retention time for each unlabelled PAH,

either peak height or area of the signals observed for the monitored ion
masses,

the relative response factors for each unlabelled PAH, internal standard,
surrogate standard, and alternate standard, and

(viii) analyst's signature

Figure 14A is an example of a summary table that contains the minimum
required information for the analysis of a single calibration solution.

C.
(i)
(ii)
{iii)
{iv)

(v
(vi)

A summary table that shows at a minimum:

Instrument D,

the date and time of the GC/MS analysis,

the relative response factor (RRF) calculated for each uniabelied PAH,
internal standard, surrogate standard, and alternate standard in each
calibration solution,

the average relative response factor (RRF) calculated for the five point
calibration, '

the relative standard deviation of the relative response factors, and
the recovery of each internal standard in percent.

Figure 14B is an example of a report that contains the minimum required
information for a five point calibration summary.

10.2.2 Continuing Calibration

The report of the results of a continuing calibration must include the data
listed in 10.2.2 A, B, and C below:

A.

(i)

(i)

August 9, 1996

Mass chromatogram that shows at a minimum the information listed in
10.2.1 A,

A summary table of the raw data obtained for the continuing calibration
that shows at a minimum, the information listed in 10.2.1 B.

A summary table that shows at a minimum:

the relative response factor (RRF) for each unlabelled PAH, internal
standard, surrogate standard, and alternate standard in the continuing
calibration solution,

the average relative response factor (RRF) for each compound
calculated for the five point calibration,
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(iiiy  ARRF for each unlabelled PAH, internal standard, surrogate standard,
and alternate standard in the continuing calibration solution,
(iv) the recovery of each internal standard in percent.

Figure 14C is an example of a summary report that contains the minimum
information required by Section 10.2.2C for the analysis of the continuing
calibration solution.

10.2.3 Laboratory Method Blank

The laboratory report of the results of the analysis of the method blank must
include at a minimum the data listed in 10.2.3 A, B, and C below:

A. Mass chromatograms that show at a minimum the information listed in
10.2.1 A.

B. A summary table of the data obtained for each method blank that
shows at a minimum, the information listed in 10.2.5 B.

C. A summary table that reports the same data as listed in 10.2.5 C
below. '

10.2.4 Laboratory Control Samples

The report of the results of the analysis of the LCS samples must include at
a minimum the data listed in 10.2.4 A, B, and C below:

A. Mass chromatograms that show at a minimum the information listed in
10.2.1 A.

B. A summary table of the raw data for each sample that shows at a
minimum, the information listed in 10.2.1 B, and in addition:

{i) Client's sample ID
(i) mass of each analyte,
(i} the recovery of each internal standard, and alternate standard,

Figure 16A is an example of a summary table that contains the minimum
information required by 10.2.4 B.

C. A summary table that reports for the two LCS analyses:

(i) client's sample ID,

(i) sample matrix description,

(iiiy date of cleaning of the XAD-2 resin,

(iv) ot number for the resin (resin for all field samples and QA samples
must come from the same lot),

(v) date of extraction of LCS samples,

Figure 15A is an example of a summary table that contains the minimum
information required by 10.2.4 C.
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10.2.5 Emissions Samples

The report of the results of the analyses of the three sampling trains and the
blabk train must include the data listed in 10.2.5 A, B, and C below:

A. Mass chromatograms that show at a minimum the information listed in
10.2.1 A, and in addition,

(i} client's sample ID

B. A summary table of the data for the analysis of each sample .that
shows at a minimum, the information listed in 10.2.1 B, and in
addition,

(i) client's sample ID

(i) Date of five point initial calibration (ICAL)

(iiy 1CALID,

(iv) mass of each analyte,

(v) the recovery of each internal standard, alternate standard and surrogate
standards in percent.

'Figure 16A is an example of a summary table that contains the minimum -
information required by 10.2.5 B.

C. A summary table that reports:

| (i) client's sample ID {from a chain of custody record submitted by the

tester),

(i) sample matrix description,

(i) date of cleaning of the XAD-2 resin,

{iv) fot number for the resin {resin for all field samples and QA samples
must come from the same lot),

(i) date of submittal of the tester's samples

(v): date of extraction of samples,

{vi) Initial calibration Run 1D,

(vii) Continuing calibration ID

Figure 16B is an example of a summary table that contains the minimum
information required by 10.2.5C.

10.2.6 Data Flags

The laboratory report must inciude an explanation of any qualifiers that are
used to indicate specific qualities of the data.

10.3 EMISSIONS TEST REPORT

The emissions test report should include narrative that describes how the test
was done. The tester's report must also include all the appropriate sections used
in a report from a Method 5 test such as a description of the plant process,
sampling port locations, control equipment, fuel being used, generai plant load
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conditions during the test (description of plant production equipment problems,
etc.), and anything else necessary to characterize the condition being tested.

The tester's report must also include all of the information listed in Sections
10.3.1 to 10.3.4.

10.3.1 Tester's Summary of Analytical Results

The tester must summarize the results of the minimum seven analyses
required for each source test. At a minimum, the summary must contain the
information listed in Figure 17A including all data flags.

The tester must obtain the detailed analytical results (Section 10.2) from the
laboratory and include them in the appendices as required below.

10.3.2 Field Data Summary

The report from the tester to the end user must contain a field data
summary. This summary must include at a minimum a table of the results of
the calculations required by Section 4.5. as well as the values which were
used to calculate the reported results. Figure 17B is an example of a field
data summary that contains the minimum required information.

10.3.3 PAH Emissions Results

Figure 17C show the calculations of the concentrations and mass emission
rates of the target PAH. The reviewer should be able to use the data in
Figures 17A and 17B to check the calculations in Figure 17C.. The reviewer
should also be able to check the appendix to the report to determine the
accuracy and the quality of the data summarized by the tester in Figures
17A and 17B.

10.3.4 Appendix to the Emissions Test Report

At a minimum, the following raw data or signed copies must be included in ~
an appendix to the emissions test report.

A. Record of data for sample site selection and minimum number of
traverse points.

B. Moisture determination for isokinetic settings.

C. Velocity traverse data.
D. Gas analysis for determination of molecular weight.
E. Calibration records.

F. Method 429 sampling run sheets.

G. PAH laboratory reports listed in Section 10.2
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11.

11.1

11.2

11.3

11.4

11.5

11.6

11.7

11.8

11.9

The information listed above is to be considered as the minimum that should be
included to characterize a given operating condition. The end user or the
executive officer may require additional information for any given project.

BIBLIOGRAPHY

U.S. Environmenta!l Protection Agency/Office of Water Engineering and
Analysis Division (4303), Washington D.C., Method 1613. Tetra-through
Octa-Chlorinated Dioxins and Furans by Isotope Dilution HRGC/HRMS.
EPA 821-B-94-005. (1994).

U.S. Environmental Protection Agency/Office of Solid Waste, Washington
D.C., Method 3611A. Alumina Column Cleanup and Separation of Petroleum
Wastes. In "Test Methods for Evaluating Solid Waste-Physical/Chemical
Methods” SW-846 (1986).

U.S. Environmental Protection Agency/Office of Solid Waste, Washington
D.C., Method 36308B. Silica Gel Cleanup. In "Test Methods for Evaluating
Solid Waste-Physical/Chemical Methods™ SW-846 (1986).

Thomason, J.R., ed., Cleaning of Laboratory Glassware. Section 3, A, pp 1-7
in "Analysis of Pesticide Residues in Human and Environmental Samples”,
Environmental Protection Agency, Research Triangle Park, N.C. (1974).

ARB Method 428. Determination of Polychlorinated Dibenzo-p-dioxin (PCDD)
and Polychlorinated Dibenzofuran (PCDF) Emissions From Stationary Sources.
September, 1990.

U. S. Environmental Protection Agency, Method 1625 Revision B -
Semivolatile Organic Compounds by Isotope Dilution. 40 CFR Ch.1 (7-1-95
Edition) Pt. 136, App. A.

Rom, Jerome J., Maintenance, Calibration, and Operation of Isokinetic Source
Sampling Equipment. Environmental Protection Agency. Research Triangle
Park, NC. APTD-0576. March, 1972.

Shigehara, R.T., Adjustments in the EPA Nomograph for Different Pitot Tube
Coefficients and Dry Molecular Weights. Stack Sampling News, 2: 4-11.
October, 1974

"Prudent Practices in the Laboratory. Handling and Disposal of Chemicals,”
National Academy Press. Washington D.C. 1995.

August 9, 1996 Proposed M-429 Page 70



TABLE 1

METHOD 429 TARGET ANALYTES

Naphthalene
2-Methylnaphthalene
Acenaphthene
Acenaphthylene
Fluorene
Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluorantnene
Benzol(k)fluoranthene
Benzole)pyrene
Benzo(a)pyrene
Perylene
indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene

Benzo(ghi)perylene

August 9, 1996
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TABLE 2

PRACTICAL QUANTITATION LIMITS FOR TARGET PAHs

LRMS HRMS
(vg/sample) (ng/sample)
l.vd

Naphthalene 244 480 370
2-Methylnaphthalene 1.25 66 19
Acenaphthene 0.210 5.0 . 5.0
Acenaphthylene 0.104 5.0 5.0
Fluorene 0.207 16.5 5.5
Phenanthrene 0.85 22 14
Anthracene 0.146 5.0 5.0
Fluoranthene 0.346 5.0 5.0
Pyrene 0.191 5.0 5.0
Benzo(a)anthracene 0.167 5.0 5.0
Chrysene 0.272 5.0 5.0
Benzo(b)fiuoranthene 1.119 5.0 5.0
Benzo(k)fluoranthene 0.738 5.0 5.0
Benzo(e)pyrene 0.146 5.0 5.0
Benzo(a)pyrene 0.191 5.0 5.0
Perylene 0.143 5.0 5.0
Indeno(1,2,3-cd)pyrene 0.798 5.0 5.0
Dibenz(a,h)anthracene 0.465 5.0 5.0
Benzo{ghi}perylene 0.305 5.0 5.0
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PAH ANALYSIS BY HRMS OF DIFFERENT LOTS OF CLEANED RESIN

TABLE 3

PAH ANALYTES

CONCENTRATION

(ng/sample)

SAMPLE IDENTIFICATION

A1l A2 A3 A4 A5 | A6 A7 A8 A9 A10 A1l A12 A13
Naphthalene 480 220 198 120 350 340 320 360 370 380 340° 520 220
2-Methyinaphthalene 65 32 38 15.6 32 15.6 32 26 19 45 15 32 48
Acenaphthylene <50 i<50 :<50}<50i}j<50:<5bO0i{i<5bO}:<5bO ;<50 ;<50 ;<50 i<bOi;<hboO
Acenaphthene <50 : <50 ;<50 | <60 | <50 <50} <50 {<50i{<50;<50;<50:<50:i<5.0
Fluorene 16.5 9.8 13 < 5.0 5.7 5.4 7.4 5.8 5.5 10 5.5 6.8 5.0
Phenanthrene 22 16 32 <125°} 14 14.8 16 12 14 24 13 <13.0°} 14
Anthracene <50 i<50 | <50 }{<50i<50{<50}<60:i{<b0i<b50i<b650i<50:<560:<5.0
Fluoranthene <50 ;<50 ;<560 <50} <50 ;<50 |«<b0|<bOi<bO}|<5O;<5O;<5O;;<bO
Pyrene <560 i <50 { <50 ;<50 {<5b0 ;<50 <50:i<50 ;<50 ;<5ho < 50 i <50 { <5.0
Benzola)anthracene <50 {<bO0 ;<50 <50 <50 <50} <50}!<50;<50:<50i<50i<50:i<5.0
Chrysene <50 {«<b50 :i<50 <50 }<50:<50|<50;<50i<blD:<b0oi<b0;<5b0Ii<50
Benzo(b)fluoranthene <50 ;<50 <50 { <50 <50 <50 ;<50 :<50;<50;<50i<50i<50i<50
Benzo(k)fluoranthene <50 i<50 <50 1 <50 <580 }{<5b0D|{<5b0i<650i<5b0i<50I{I<bO!<50:!<50
Benzole)pyrene <50 { <50 <50 <50 <50 }<50i{<5b0i<hb0i<5b0 <50 ;<50 :i<50Ii<5.0
Benzo(alpyrene <50 <50 {<5650 {<b0}{<50{<50:<5b0}{<bO ;<h0i<hO:i<BOi|<50:i<50
Perylene <50 {<50 { <50 <50 <50 <60 ;<50 }<50;<50i<50i<50;i<50Ii<h5.0
Indeno(1,2,3-cd)pyrene <50 <50 i<60 | <hO0O | <50 :<50 {<5b0Di{<5b60 ;<50 i<50:{<5650:<5b60:<b50
Dibenzo(a,h)anthracene <50 | <50 i<bhD } <50 i<5b0D j{<b0 {50 :i<bODi<5bDi<hO I <50 i<b0O :ic<bh5O
Benzo(g,h,ilperylene <50 i<50 { <50 { <50 { <50 { <50 : <50 :<50:<50;<50i<50i<560i<5ho

6 x the concentration of the lowest calibration standard




TABLE 4

COMPOSITION OF THE SAMPLE SPIKING SOLUTIONS

Concentration

Spiking ng/ul pg/u!
Solutions Analytes LRMS HRMS
1. urr andards
dqo-Fluorene 1.0 250
dq4-Terphenyl 1.0 250
2. Internal Standards
dg-Naphthalene 1.0 100
dq9-2-Methylnaphthalene 1.0 100
dg-Acenaphthylene 1.0 100
dqo-Phenanthrene 1.0 100
d;g-Fluoranthene 1.0 100
d,z-Benzo(a)anthracene 1.0 100
dy2-Chrysene 1.0 100
d,o-Benzo(b)fluoranthene 1.0 200
d42-Benzo(k)fluoranthene 1.0 200
d,o-Benzo(a)pyrene 1.0 200
d4o-Perylene 1.0 200
dyo-Indeno(1,2,3,c-d)pyrene 1.0 200
d;4-Dibenz(a,h)anthracene 1.0 200
d,,-Benzo(ghi)perylene 1.0 200
3. Alternate Standard
dyg-Anthracene 1.0 100
4. Recovery Standards
dyg-Acenaphthene 20.0 2000
dqig-Pyrene 20.0 2000
d42-benzo(e)pyrene 20.0 2000
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TABLE 4A

COMPOSITION OF ALTERNATIVE SAMPLE SPIKING SOLUTIONS

Concentration

Spiking pg/ul
Solutions Analytes HRMS
1A. Surrogate Standards
+ " dy-Benzolelpyrene 250
d,4-Terphenyl 250
2A. Internal Standar
dg-Naphthalene 100
dg-Acenaphthylene 100
d,g-Acenaphthene 100
dyqo-Fluorene 100
dyg-Phenanthrene 100
d,o-Fluoranthene 100
d,,-Benzo(a)anthracene 100
d45-Chrysene 100
d4,-Benzo(b)fluoranthene 200
dq-Benzo(k)fluoranthene 200
d,,-Benzo(a)pyrene 200
dq,-Indeno(1,2,3,c-d)pyrene 200
dq4-Dibenz(a,h)anthracene 200
d,,-Benzolghilperylene 200
3A. Alterna andar
d,g-Anthracene 100
4A. Recovery Standards
dqo-2-Methylnaphthalene 2000
dqo-Pyrene 2000
d,o-Perylene 2000
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TABLE 5

CONCENTRATIONS OF PAHs IN WORKING GC/MS CALIBRATION STANDARD
SOLUTIONS FOR LOW RESOLUTION MASS SPECTROMETRY

CONCENTRATIONS (ng/ut)

‘Solutions
1 2 3 4 5

Calibration Standards

Naphthalene 0.25 0.5 1.0 2.5 5.0
2-Methylnaphthalene 0.25 0.5 1.0 2.5 5.0
Acenaphthene 0.25 0.5 1.0 2.5 5.0
Acenaphthylene 0.25 0.5 1.0 2.5 5.0
Fluorene 0.25 0.5 1.0 2.5 5.0
Phenanthrene 0.25 0.5 1.0 2.5 5.0
Anthracene 0.25 0.5 1.0 2.5 5.0
Fluoranthene 0.25 0.5 1.0 2.5 5.0
Pyrene 0.25 0.5 1.0 2.5 5.0
Benzo(a)anthracene 0.25 0.5 1.0 2.5 5.0
Chrysene 0.25 0.5 1.0 2.5 5.0
Benzo(b)fluoranthene 0.25 0.5 1.0 2.5 5.0
Benzo(k)fluoranthene 0.25 0.5 1.0 2.5 5.0
Benzo(e)pyrene 0.25 0.5 1.0 2.5 5.0
Benzo(a)pyrene 0.25 0.5 1.0 2.5 5.0
Perylene 0.25 0.5 1.0 2.5 5.0
Indeno(1,2,3-cd)pyrene 0.25 0.5 1.0 2.5 5.0
Dibenz(a,h)anthracene 0.25 0.5 1.0 25 5.0
Benzo(ghi)perylene 0.25 0.5 1.0 2.5 5.0
Internal Standards

dg-Naphthalene 1.0 1.0 1.0 1.0 1.0
dg-2-Methylnaphthalene 1.0 1.0 1.0 1.0 1.0
dg-Acenaphthylene 1.0 1.0 1.0 1.0 1.0
d,o-Phenanthrene 1.0 1.0 1.0 1.0 1.0
d,o-Fluoranthene 1.0 1.0 1.0 1.0 1.0
d4,-Benzo(a)anthracene 1.0 1.0 1.0 1.0 1.0
di5-Chrysene 1.0 1.0 1.0 1.0 1.0
dy-Benzo(b)fluoranthene 1.0 1.0 1.0 1.0 1.0
d12-Benzo(k)fluoranthene 1.0 1.0 1.0 1.0 1.0
d,2-Benzola)pyrene 1.0 1.0 1.0 1.0 1.0
d,,-Perylene 1.0 1.0 1.0 1.0 1.0
dy-Indeno(1,2,3,c-d)pyrene 1.0 1.0 1.0 1.0 1.0
d4-Dibenz(a,h)anthracene 1.0 1.0 1.0 1.0 1.0
d,»-Benzo(ghi)perylene 1.0 1.0 1.0 1.0 1.0
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TABLE 5 (CONT)

CONCENTRATIONS OF PAHs IN WORKING GC/MS CALIBRATION STANDARD
SOLUTIONS FOR LOW RESOLUTION MASS SPECTROMETRY

CONCENTRATIONS (ng/uL)

Solutions
1 2 3 4 5

urrogate Standar
dyg-Fluorene 1.0 1.0 1.0 1.0 1.0
dq4-Terphenyl 1.0 1.0 1.0 1.0 1.0
Altern ndar
dyg-Anthracene 1.0 1.0 1.0 1.0 1.0
Recov. ndar
dyp-Acenaphthene 1.0 1.0 1.0 1.0 1.0
dyo-Pyrene 1.0 1.0 1.0 1.0 1.0
d4,-benzo(e)pyrene 1.0 1.0 1.0 1.0 1.0
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TABLE 6

CONCENTRATIONS OF PAHs IN WORKING GC/MS CALIBRATION STANDARD
SOLUTIONS FOR HIGH RESOLUTION MASS SPECTROMETRY

CONCENTRATIONS (pg/uL)

Solutions
1 2 3 4 5

Calibration Standards

Naphthalene 10 50 100 200 500
2-Methylnaphthalene 10 50 100 200 500
Acenaphthylene 10 50 100 200 500
Acenaphthene 10 50 100 200 500
Fluorene 10 50 100 200 500
Phenanthrene 10 50 100 200 500
Anthracene 10 50 100 200 500
Fluoranthene 10 50 100 200 500
Pyrene 10 50 100 200 500
Benzo(a)anthracene 10 50 100 200 500
Chrysene 10 50 100 200 500
Benzo(b)fluoranthene 10 50 100 200 500
Benzo(k}fluoranthene 10 50 100 200 500
Benzolelpyrene 10 50 100 200 500
Benzo(a)pyrene 10 50 100 200 500
Perylene 10 50 100 200 500
Indeno(1,2,3-cd)pyrene 10 50 100 200 500
Dibenz(a,h)anthracene 10 50 100 200 500
Benzo(ghi)perylene 10 50 100 200 500
Internal Standards

dg-Naphthalene 100 100 100 100 100
dgMethylnaphthalene 100 100 100 100 100
dg-Acenaphthylene 100 100 100 10C 100
d4o-Phenanthrene 100 100 100 100 100
dqo-Fluoranthene 100 100 100 100 100
dy,-Benzo(a)anthracene 100 100 100 100 100
d,,-Chrysene 100 100 100 100 100
dq,-Benzo(b)fluoranthene 200 200 200 200 200
dq-Benzo(k)fluoranthene 200 200 200 200 200
d4,-Benzo(a)pyrene 200 200 200 200 200
d{o-Perylene 200 200 200 200 200
dq,-Indeno(1,2,3,c-d)pyrene 200 200 200 200 200
dq4-Dibenz(a,h)anthracene 200 200 200 200 200
d4,-Benzo(ghilperylene 200 200 200 200 200
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TABLE 6 (CONT)

CONCENTRATIONS OF PAHs IN WORKING GC/MS CALIBRATION STANDARD
SOLUTIONS FOR HIGH RESOLUTION MASS SPECTROMETRY

CONCENTRATIONS (pg/uL)
Solutions
1 2 3 4 5
urroga andards

dqg-Fluorene 100 100 100 100 100
d4-Terphenyl 100 100 100 100 100
Altern ndar

dyg-Anthracene 100 100 100 100 100
Recov ndar

dig-Acenaphthene 200 200 200 200 200
dqq-Pyrene 200 200 200 200 200
d,,-benzo(e)pyrene 200 200 200 200 200
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TABLE 6A

CONCENTRATIONS OF PAHs IN ALTERNATIVE WORKING GC/MS CALIBRATION
STANDARD SOLUTIONS FOR HIGH RESOLUTION MASS SPECTROMETRY

CONCENTRATIONS (pg/uL)

Solutions
1 2 3 4 5

Calibration ndar

Naphthalene 10 50 100 200 500
2-Methylnaphthalene 10 50 100 200 500
Acenaphthylene 10 50 100 200 500
Acenaphthene 10 50 100 200 500
Fluorene 10 50 100 200 500
Phenanthrene 10 50 100 200 500
Anthracene 10 50 100 200 500
Fluoranthene 10 50 100 200 500
Pyrene 10 50 100 200 500
Benzol(a)anthracene 10 50 100 200 500
Chrysene 10 50 100 200 500
Benzo(blfluoranthene 10 50 100 200 500
Benzo(k)fluoranthene 10 50 100 200 500
Benzol(e)pyrene 10 50 100 200 500
Benzo(a)pyrene 10 50 100 200 500
Perylene 10 50 100 200 500
Indeno(1,2,3-cd)pyrene 10 50 100 200 500
Dibenz(a,h)anthracene 10 50 100 200 500
Benzo(ghi)perylene 10 50 100 200 500
Internal Standards

dg-Naphthalene 100 100 100 100 100
dg-Acenaphthylene 100 100 100 100 100
d;o-Acenaphthene 100 100 100 100 100
d4qo-Fluorene 100 100 100 100 100
d,o-Phenanthrene 100 100 100 100 100
d,o-Fluoranthene 100 100 100 100 100
d,,-Benzo(a)anthracene 100 100 100 100 100
d,5-Chrysene 100 100 100 100 100
d,,-Benzo(b)fluoranthene 200 200 200 200 200
d,,-Benzo(k)fluoranthene 200 200 200 200 200
d,,-Benzo(a)pyrene 200 200 200 200 200
d,o-Indeno(1,2,3,c-d)pyrene 200 200 200 200 200
d,4-Dibenz(a,h)anthracene 200 200 200 200 200
d,,-Benzolghi)perylene 200 200 200 200 200
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TABLE 6A (CONT)

CONCENTRATIONS OF PAHs IN ALTERNATIVE WORKING GC/MS CALIBRATION
STANDARD SOLUTIONS FOR HIGH RESOLUTION MASS SPECTROMETRY

CONCENTRATIONS (pg/uL)

Solutions
] 2 3 4 5

rroga ndar
dq1,-benzo(e)pyrene 100 100 100 100 100
dq4-Terphenyl 100 100 100 100 100
Altern ndar
dyg-Anthracene 100 100 100 100 100
Recove andar
d19-2-Methylnaphthalene 200 200 200 200 200
dqo-Pyrene 200 200 200 200 200
d4,-Perylene 200 200 200 200 200
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TABLE 7

SPIKE LEVELS FOR LABELLED STANDARDS

Time of LRMS HRMS
Addition Analyte (wg/sample) (ng/sample)
Before Surrogate Standards
sampling
dqg-Fluorene 2.0 500
d,4-Terphenyl 2.0 500
Before internal Standards
extraction
dg-Naphthalene 2.0 200
d4o-2-Methyinaphthalene 2.0 200
dg-Acenaphthylene 2.0 200
d,o-Phenanthrene 2.0 200
d,qo-Fluoranthene 2.0 200
d42-Benzo(a)anthracene 2.0 200
dqo-Chrysene 2.0 200
d42-Benzo(b)fiuoranthene 2.0 400
d4,-Benzo(d)fluoranthene 2.0 400
dq,-Benzo(a)pyrene 2.0 400
d,,-Perylene 2.0 400
dy2-Indeno(1,2,3,c-d)pyrene 2.0 400
d,4-Dibenz(a,h)anthracene 2.0 400
d42-Benzo(ghi)perylene 2.0 400
Before Alternate Standard
extraction
d,o-Anthracene 2,0 200
Before Recovery Standar
GC/MS
dyg-Acenaphthene 1.0 100
dqo-Pyrene 1.0 100
dq,-benzo(e)pyrene 1.0 100

August 9, 1996

Proposed M-429 Page 82



TABLE 7A

SPIKE LEVELS FOR LABELLED STANDARDS FOR ALTERNATIVE HRMS SPIKING SCHEME

Time of HRMS
Addition Analyte (ng/sample)
Before Surrogate Standards
sampling
d,,-benzo(elpyrene 500
d4-Terphenyl 500
Before Internal Standar
extraction
dg-Naphthalene 200
dg-Acenaphthylene 200
d4g-Acenaphthene 200
d,g-Fluorene 200
dyg-Phenanthrene 200
d,q-Fluoranthene 200
dy,-Benzo(a)anthracene 200
d,,-Chrysene 200
d4-Benzo(b)fluoranthene 400
d12-Benzo(d)fluoranthene 400
d,5-Benzo(a)pyrene 400
dyp-indeno(1,2,3,c-d)pyrene 400
d,4-Dibenz(a,h)anthracene 400
d4,-Benzo(ghi)perylene 400
Before Alternate Standard
extraction
dyp-Anthracene 200
Before Recovery Standards
GC/MS
d4o-2-Methylnaphthalene 100
dyqo-Pyrene 100
dq,-Perylene 100
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TABLE 8

TARGET CONCENTRATIONS FOR LABELLED STANDARDS IN SAMPLE EXTRACT!

ng/ul pg/ut

LRMS HRMS
Surrogate Standards
d,q-Fluorene 2.0 500
d;4-Terphenyl 2.0 500
Internal Standards
dg-Naphthalene 2.0 200
d,o-2-Methylnaphthalene 2.0 200
dg-Acenaphthylene 2.0 200
d;o-Phenanthrene 2.0 200
d,o-Fluoranthene 2.0 200
d,,-Benzo(a)anthracene 2.0 200
dq,-Chrysene 20 200
d,,-Benzo(b)fluoranthene 2.0 400
d,p-Benzolk)fluoranthene 2.0 400
d,,-Benzo(a)pyrene 20 400
d4p-Perylene 2.0 400
d,,-Indeno(1,2,3,c-d)pyrene 2.0 400
d4-Dibenz(a h)anthracene 2.0 400
dq,-Benzol(ghi)perylene 2.0 400
Alternate Standard
d,g-Anthracene 1.0 200
Recovery Standards
d4g-Acenaphthene 1.0 200
dyo-Pyrene 1.0 200
d,o-benzo(e)pyrene 1.0 200

L Assuming 100 percent recovery.
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TABLE 8A

TARGET CONCENTRATIONS FOR LABELLED STANDARDS IN SAMPLE EXTRACT
OBTAINED WITH ALTERNATIVE HRMS SPIKING SCHEME

pg/ut

HRMS
Surrogate Standards
dq,-benzolelpyrene 500
d4-Terphenyl 500
Internal Standar
dg-Naphthalene 200
dg-Acenaphthylene 200
dyp-Acenaphthene 200
dqo-Fluorene 200
d;o-Phenanthrene 200
d4q-Fluoranthene 200
dyz-Benzo(a)anthracene 200
dy2-Chrysene 200
dq2-Benzo(b)fluoranthene 400
dq,-Benzo(k)fluoranthene 400
dy,-Benzo(a)pyrene 400
d4z-Indeno(1,2,3,c-d)pyrene 400
d,4-Dibenz(a,h)anthracene 400
d,y-Benzol(ghi)perylene 400
Alternate Standard
dyo-Anthracene 200
Recov ndar
d1g-2-Methylnaphthalene 200
dyg-Pyrene 200
dy-Perylene 200

1 Assuming 100 percent recovery,
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TABLE 9

CONCENTRATIONS OF COMPOUNDS IN LABORATORY CONTROL SPIKE SAMPLE

ng/sample
LRMS HRMS

Unlabelled Compounds

Naphthalene 2.0 1000
2-Methylnaphthalene 2.0 200
Acenaphthylene 2.0 200
Acenaphthene 2.0 200
Fluorene 2.0 200
Phenanthrene 2.0 500
Anthracene 2.0 200
Fluoranthene 2.0 200
Pyrene 2.0 200
Benzo(a)anthracene 2.0 200
Chrysene 2.0 200
Benzo(b)fluoranthene 2.0 200
Benzo(k)fluoranthene 2.0 200
Benzo(e)pyrene 2.0 200
Benzo(a)pyrene 2.0 200
Perylene 2.0 200
indeno(1,2,3,c-d)pyrene 2.0 200
Dibenz(a,h)anthracene 2.0 200
Benzolghi)perylene 2.0 200
Alterna ndar

d,g-Anthracene 2.0 200
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TABLE 10

RECOMMENDED GAS CHROMATOGRAPHIC OPERATING
CONDITIONS FOR PAH ANALYSIS

-

C;Jlumn Type DB-5
Length (m) 30

ID (mm) 0.25
Film Thickness {(um) 0.32
Helium Linear Velocity (cm/sec) 30
Injection mode Splitiess
Splitless Time (sec) 30
Initial Temperature (°C) 45
Initial Time (min) ' 4
Program Rate (°C/min) 8

Final Temperature (°C) 300
Final Hold Time until benzo(ghi)

perylene has eluted

Injector Temperature (°C) 320
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TABLE 11

ASSIGNMENTS OF INTERNAL STANDARDS FOR CALCULATION OF RRFs
AND QUANTITATION OF TARGET PAHs AND SURROGATE STANDARDS

Analyte

Internal Standards

Unlabeled PAH

Naphthalene
2-Methyinaphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzole)pyrene
Benzofa)pyrene
Perylene
Indeno(1,2,3-cd}pyrene
Dibenz(a,h)anthracene

Benzolghi)perylene

Surrogate Standards

dqo-Fluorene
dq4-Terphenyl

dg-Naphthalene
d40-2-Methylnaphthalene
dg-Acenaphthylene
dg-Acenaphthylene
dqo-Phenanthrene
d4qo-Phenanthrene
dqg-Phenanthrene
dyg-Fluoranthene
dyqo-Fluoranthene
d,-Benzo(a)anthracene
dq,-Chrysene
d4,-Benzo(b)fluoranthene
dq-Benzo(k)fluoranthene
d4,-Benzo(a)pyrene
dy,-Benzo(a)pyrene
dq,-Perylene
dqo-Indeno(1,2,3,c-d)pyrene
dq4-Dibenz(a,h)anthracene
d4,-Benzol(ghi)perylene

dqo-Phenanthrene

dqo-Fluoranthene
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TABLE 11A

ASSIGNMENTS OF INTERNAL STANDARDS FOR CALCULATION OF RRFs
AND QUANTITATION OF TARGET PAHs AND SURROGATE STANDARDS

USING ALTERNATIVE HRMS SPIKING SCHEME

Analyte

Internal Standards

nlabeled PAH

Naphthalene
2-Methylnaphthalene
Acenaphthylene
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Fluoranthene

Pyrene
Benzo(a)anthracene
Chrysene
Benzolb)fluoranthene

Benzol(k)fluoranthene’

Benzole)pyrene
Benzol(a)pyrene
Perylene

Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene

Benzo(ghi)perylene

rr ndar
dq,-Benzole)pyrene

dg-Naphthalene
dqo-Acenaphthene
dg-Acenaphthylene
d;o-Acenaphthene
dqo-Fluorene
d,o-Phenanthrene
dqo-Phenanthrene
d,q-Fluoranthene
d,o-Fluoranthene

d, -Benzo(a)anthracene
d,,-Chrysene

d, -Benzo(b)fluoranthene
d, >-Benzo(k)fluoranthene
d,,-Benzo(a)pyrene
d,2-Benzo(a)pyrene
d,,-Benzo(a)pyrene
d,,-Indeno(1,2,3,c-d)pyrene
d,4-Dibenz{a,h)anthracene
d,,-Benzo(ghilperylene

d,o-Fiuoranthene
d,,-Benzo(a)pyrene
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TABLE 12

ASSIGNMENTS OF RECOVERY STANDARDS FOR DETERMINATION
OF PERCENT RECOVERIES OF INTERNAL STANDARDS AND
THE ALTERNATE STANDARD

Analyte Recovery Standard

Internal Standards

dg-Naphthalene dig-Acenaphthene
d4o -2-Methylnaphthalens dyg-Acenaphthene
dg-Acenaphthylene dig-Acenaphthene
d,o-Phenanthrene d4g-Pyrene
dqg-Fluoranthene d,o-Pyrene
d,,-Benzo(a)anthracene dyo-Pyrene
d,,-Chrysene dyg-Pyrene
d,,-Benzo(b)fluoranthene d4,-Benzo(e)pyrene
dq,-Benzo(k)fluoranthene d,5-Benzo(e)pyrene
dqo-Benzo(a)pyrene d,,-Benzo(elpyrene
d4,-Perylene dy,-Benzo(e)pyrene
dq5-Indeno(1,2,3,c-d)pyrene dq2-Benzol(e)pyrene
d44-Dibenz({a,h)anthracene d,o-Benzo(e)pyrene
d,,-Benzo(ghi)perylene d4,-Benzo(e)pyrene

Alternat andard

dyg-Anthracene d,o-Pyrene
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TABLE 12A

ASSIGNMENTS OF RECOVERY STANDARDS FOR DETERMINATION OF
PERCENT RECOVERIES OF INTERNAL STANDARDS AND THE ALTERNATE
STANDARD USING ALTERNATIVE HRMS SPIKING SCHEME

Analyte

Recovery Standard

Internal ndar
da-Naphthalene

dg -2-Methylnaphthalene

d10-2-MethyInaphthalene

d 10—2-Methylnaphthalene

dg-Acenaphthylene d 10-2-Methylnaphthalene
dg-Phenanthrene d4g-Pyrene
d;q-Fluoranthene d,o-Pyrene
d;,-Benzo(a)anthracene dqo-Pyrene
d;5-Chrysene d4o-Pyrene
d,,-Benzo(b}fluoranthene d,p-Perylene
d,o-Benzo(k)fluoranthene d,,-Perylene
d,,-Benzo(a)pyrene d,,-Perylene
dyy-Perylene d,o-Perylene
dqo-Indeno(1,2,3,c-d)pyrene d,o-Perylene
d,4-Dibenz(a,h)anthracene d,o-Perylene
d,2-Benzol(ghi)perylene d4o-Perylene

Alternate Standard

dyg-Anthracene dyo-Pyrene

August 9, 1996 Proposed M-429 Page 91



TABLE 13

QUANTITATION AND CONFIRMATION IONS FOR SELECTED
ION MONITORING OF PAHs BY HRGC/LRMS

Quant. Confirm. %Relative

Analyte lon lon Abundance of
Confirm. lon

Naphthalene 128 127 10
dg-Naphthalene 136 68 80
2-Methyinaphthalene 142 141 80
d,o-2-Methylnaphthalene 152
Acenaphthylene 152 153 15
dg-Acenaphthylene 160
Acenaphthene 154 153 86
d;g-Acenaphthene 164
Fluorene 166 165 80
dqo-Fluorene 176
Phenanthrene 178 176 15
d,o-Phenanthrene 188 94
Anthracene 178 ' 176 15
d,g-Anthracene 188 94
Fluoranthene 202 101 15
d,o-Fluoranthene 212 106
Pyrene 202 101 15
d,o-Pyrene 212 106
Benzo(a)anthracene 228 114 15
dq,-Benzo(a)anthracene 240 120
Chrysene 228 114 15
dq5-Chrysene 240 120
dq4-Terphenyl 244 122 15
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TABLE 13 (CONT)

QUANTITATION AND CONFIRMATION IONS FOR SELECTED
ION MONITORING OF PAHs BY HRGC/LRMS

Quant. Confirm. %Relative

Analyte lon lon Abundance of
Confirm. lon

Benzo(b)fluoranthene 252 126 25
dq,-Benzo(blfluoranthene 264 132
Benzo(k)fluoranthene 252 126 25
d,,-Benzo(k)fluoranthene 264 132
Benzo(e)pyrene 252 126 25
d,,-Benzole)pyrene 264 132
Benzola)pyrene 252 126 25
dy,-Benzo(alpyrene 264 132
Perylene 252 126 26
dq,-Perylene 264 132
Indeno(1,2,3-cd)pyrene 276 138 28
dq5-Indeno(1,2,3-cd)pyrene 288
Dibenz(ah)anthracene 278 139 24
d4-Dibenz(ah)anthracene 292
Benzo(ghilperylene 276 138 37
dq2-Benzolghi)perylene 288
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TABLE 14

MASS DESCRIPTORS USED FOR SELECTED ION MONITORING FOR HRGC/HRMS

Descriptor Analyte lon Accurate
No. Type m/z
1 Naphthalene M 128.0626
PFK LOCK 130.9920
dg-Naphthalene IS 136.1128
2-Methylnaphthalene M 142.0782
dyg-2-Methylnaphthalene IS 152.1410
Acenaphthylene M 152.0626
dg-Acenaphthylene IS 160.1128
Acenaphthene M 154.0782
dyg-Acenaphthene RS 164.1410
PFK QcC -169.9888
2 Fluorene M 168.0782
d4g-Fluorene SS 176.1410
Phenanthrene M 178.0782
d4o-Phenanthrene IS 188.1410
Anthracens M 178.0782
dyp-Anthracene AS 188.1410
Fluoranthene M 202.0782
d4q-Fluoranthene IS 2712.1410
Pyrene M 202.0782
PFK Qc 204.9888
d4o-Pyrene RS 212.1410
Benzo(a)anthracene M 228.0939
d4,-Benzo-a-Anthracene IS 240.1692
Chrysene M 228.0939
d,,-Chrysene IS 240.1692
PFK LOCK 230.9856
d44-Terphenyl SS 244.1974
IS = Internal Standard
SS = Surrogate Standard
AS = Alternate Standard
RS = Recovery Standard
LOCK = Lock-Mass lon
ac = Quality Control Check lon
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TABLE 14 (CONT)

MASS DESCRIPTORS USED FOR SELECTED ION MONITORING FOR HRGC/HRMS

Descriptor Analyte lon Accurate
No. Type m/z
3 Perylene M 252.0939
d;,-Perylene IS 264.1692
PFK Qc 268.9824
Benzo(b)fluoranthene M 252.0939
d,,-Benzo(b)fluoranthene IS 264.1692
Benzo(k)fluoranthene M 252.0939
d,,-Benzo-k-fluoranthene IS 264.1692
Benzo(e)pyrene M 252.0939
d,,-Benzole)pyrene RS 264.1692
Benzola)pyrene M 252.0939
d,,-Benzo(a)pyrene IS 264.1692
Benzo(ghi)perylene M 276.0939
dq2-Benzo(ghi)perylene IS 288.1692
Indeno(1,2,3-cd)pyrene M 276.0939
d,o-Indeno(1,2,3-cd)pyrene IS 288.1692
Dibenzo(ah)anthracene M 278.1096
PFK LOCK 280.9824
dq4-Dibenzo(ah)anthracene IS 292.1974
The following nuclidic masses were used:
H = 1.007825 2H = 2.014102 C = 12.000000
IS = Internal Standard
SS = Surrogate Standard
AS = Alternate Standard
RS = Recovery Standard
LOCK = Lock-Mass lon
QcC = Quality Control Check lon
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FIGURE 1
METHOD 429 FLOWCHART

7

§1.3.9 The end user is identified
§1.3.10 The tester is designated

2 -

The end user chooses:
§2.1.1 e source target concentration

§2.1.2 The tester selects analyst with documented
§8.4  experience in satisfactory performance of analytical
§8.4.1 procedures

4

Tester and laboratory coordinate:
§4.3.2 < pre-test cleaning of glassware
§4.2 * pre-test cleaning, contamination checks, and
§4.3.3 storage of sampling materials and reagents
§4.3.4 e+ preparation of filter, sorbent cartridges, method
blanks, and LCS

5

Tester requests pre-test analytical results from
laboratory:
§10.1.1 e contamination check of filters
§10.1.2 ¢ contamination check of XAD-2 resin
§10.1.3 e« Method detection limits (MDLs) and
Practical quantitation limits (PQLs)

6

Tester calculates and plans:
§2.5 ¢ 23 sampling runs and 21 blank sampling train
sample volume
sampling time
source reporting limit
chain of custody

August 9, 1996

7
Tester performs:
§4.3.1 e calibration of equipment
8
Tester writes:
§2.2 ¢ pre-test protocol
9
Tester performs:
§4.4.1 < preliminary field sampling determinations
§4.4.2 ¢ sampling train preparation
§4.4.3 ¢ leak checks
§4.4.4 « sampling procedure
¢ 23 sampling runs
¢ 21 blank sampling train
§5 * recovery of all runs and blank sampling train
10
Tester delivers:
§5.3 * recovered sampling runs and blank train{s)
§5.4 * chain of custody record
117
Laboratory performs:
56 ¢ extraction of field samples
§7 ¢ analyses
§8 e QA/QC procedures
§9 ¢ chain of custody
§10.2 e reporting requirements
12
Tester performs:
§4.3.1 e post-test calibrations
§9.2 ¢ calculations
§10.3 e« data recording and chain of custody
* reporting requirements
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Figure 2
PAH Sampling Train
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Figure 3

Condenser and Sorbent Trap for Collection
of Gaseous PAHS
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Proposed M-429 Page 99

August 9, 1996



FIGURE 5

METHOD 429 FIELD DATA RECORD

Run No. Project No.
Location Pitot Tube Factor Plant Name
Date Probe Tip Dia, in. Ambient Temp °F
Operator Probe Length Meter Temp °F
Meter Box No. Sampling Train Leak Test Leak Rate Bar. Press, "Hg
Local Time Before in. Hg cu.ft/min Stack Press, "H,0
Start/Stop After in. Hg cu.ft/min Assumed Moisture, %
AH@ Leak Check Volume cu. ft. Heater Box Setting, °F
Stack Diameter Pitot Tube Leak Check Probe Heater Setting, °F
Meter Box Calibration Before After Assumed M.W. (wet%)
Factor (Y) Assumed M.W. (dry%)
Sampling Clock Dry Gas Pitot AP Orifice AH Temperature (°F) Pump
Point Time Meter, cu, ft.| in. H,0 "H,0 Vacuum
Desired Actual Impinger Filter box Stack in. Hg
Start

August 9, 1996
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Figure 6
Recovery of PAH Sampling Train

Rinse with known volume: Transfer Rinse with known volume:

1. acetone 1. acetons

2. methylene chloride 2. methylene chioride

3. hexane / 3. Txane \
Nozzleand | | Front half Filter Fiter support,| | Transfer | |Condenser
Probe Liner | |filter holder J Back hall line

fitter holder
¥ ¥ Y \4 v

Container
No. 1

Mark liquid levet,
Store at 4°C or lower
away from light

Container
No. 2

Store at 4°C
or lower away
from light

(=)

Mark liqimd level,
Store at 4°C or lower
away from light

Cap

Resin
cartridge

Resin
cartridge

Store at 4°C or lower
away from light

A. Tare weigh Container #4

B. Decant contents of
Impingers into tared
Container #4

\ 4
Impinger Impinger Im’finger
0.1 No. 2 0.

N,
o )

C. Weigh Container #4

0. Mark liquid fevel,
Store at 4°C or lower
away from light

Rinse with known volume:
1. acetone
2. methylene chloride
3. hexane

impinger| |Impinger
0. 0.

i

o)

Mark liquid level,
Store at 4°C or lower
away from light

A. Tare weigh
cartrtridge with
silica ge

B. Weigh after
sampling

Silica gel
cartridge

Recycle




Figure 7

Flow Chart for Sampling, Extraction and Cleanup for
Determination of PAH in a Split Sample

Surrogate Standards
Added to XAD-2 Resin
Sampling
|
Ti # XA‘D 2 ! ! Y k.
Fiter | | Resin | | Rinses Rinsss | | Solution
»Ye Concentrate
Intemnal intermnal
Standards Standards
Soxhl “tdg% cti MeCl, Extraction
oxhlet Extraction
.’
Concentrate Concentrate
Alternate Standard Alternate Standard
\4
y
Solvent Exchange Solvent Exchange
Column Cleanup Column Cleanup
Recovery Standards Recovery Standards
C/M .
{G.C./ Mass Spec.| ; |G.C/ Mass Spec.]
Containers No. 1and No. 3
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Figure 8
Flow Chart for Sampling, Extraction and Cleanup for
Determination of PAH in a Composite Sample

Surrogate Standards
Added to XAD-2 Resin
v
Sampling
l
Tefl " ;
eflon XAD-2 1 Impinger Impinger
l‘Fmer Resin g?':\slggt Rﬂlses Solution
e Concentrate
A 4
internal Alternate
Standards Standard
: v
MeCl, Combine MeCl,
Soxhlet Extraction '| Extracts Extraction
lArchive,'<
A
Concentrate |
| Solvent Exchange
Column Cleanup
4
Recovery Standards
y
1t‘,‘ontainers No. 1and No. 3 G.C./ Mass Spec.
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FIGURE 9
EXAMPLE OF PRE-TEST CALCULATIONS FOR PAH EMiSSIONS TEST

PST = 6 hours
PSV = 180 dscf
PQL STC MSV MST SRL

(ng/sample) | (ng/dscm) (dscf) {hours) F (ng/dscm)
Naphthalene 2400 i<1500 >56.5 >1.89 NA 471
2-Methylnaphthalene 330 NA NA NA NA 64.7
Acenaphthylene 5.0 180 0.98 0.03 183 0.98
Acenaphthene 5.0 6 29.4 0.98 6 0.98
Fluorene ' 83 <6 >489 >16.3 NA 16.3
Phenanthrene 110 120 32.4 1.08 6 21.6
Anthracene 5.0 <6 >29.4 >0.98 NA 0.98
Fluoranthene 50 + 46 3.8 0.13 47 0.98
Pyrene 5.0 46 3.8 0.13 47 0.98
Benzo(a)anthracene 5.0 <6 >29.4 >0.98 NA 0.98
Chrysene 5.0 42 4.2 0.14 43 0.98
Benzo(b)fluoranthene 5.0 50 3.5 0.12 51 0.98
Benzolk)fluoranthene 5.0 50 3.5 0.12 51 0.98
Benzo(e)pyrene 5.0 NA NA NA NA 0.98
Benzola)lpyrene 5.0 <6 >29.4 >0.98 NA 0.98
Perylene ‘ 5.0 NA NA . NA NA 0.98
Indeno(1,2,3-c,dipyrene 5.0 <6 >29.4 >0.98 NA 0.98
Dibenzo(a,h)anthracene 5.0 <6 >29.4 >0.98 NA 0.98
Benzol{g,h,i)perylene 5.0 <6 >29.4 >0.98 NA 0.98
Average Volumetric Sampling Rate (VSR) = 0.5 dscfm = 30 dscf/hr

PQL = Practical quantitation limit for analyte (based on pre-test analysis of XAD-2 resin)

STC = Source target concentration for analyte.  (From previous emissions test. Samples
were analyzed by HRGC/LRMS).

MSV = Minimum sample volume required to collect detectable levels of target 2nalyte.
(MSV = PQL + STC) Equation 429-1 ]

MST = Minimum sample time required to collect detectable levels of target analyte at VSR.
(MST = MSV + VSR) Equation 429-2

PST = Planned sampling time (6 hours chosen as the longest practical sampling
time for the planned emissions test)

PSV = Planned sample volume (PSV = PST x VSR) Equation 429-4

F = Safety factor (> 1) that allows for deviation from ideal sampling and analytical
conditions. (F = PSV + MSV) Equation 429-5

SRL = Source reporting limit if the target analyte cannot be detected with the planned test
parameters. (SRL = PQL + PSV) Equation 429-7

NA This calculation is not applicable either because there is no STC value available or the

STC is a detection limit.

' PSV is lower than the MSV. Therefore, the analyte is not expeqted to be detected if it
is present at the target concentrations. It will only be detected if the actual
concentration is lower than the indicated SRL.
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FIGURE 10

CARB METHOD 429 (PAHs) SAMPLING TRAIN SET-UP RECORD

RUN NO. PROJECT NO.
PLANT NAME PLANT LOCATION
SET-UP DATE SET-UP BY
RECEIVED BY DATE/TIME
COMPONENTS COMPONENT ID OTHER INFORMATION
1. NOZZLE Material
Diameter
2. PROBE Liner material

3. FILTER HOLDER

4, FILTER

5. TRANSFER LINE
AND CONDENSER

Fittings

6. XAD-2 RESIN
CARTRIDGE

. IMPINGERS: No. 1
U-Connector

No. 2
U-Connector

No. 3
U-Connector

~

8. SILCA GEL
CARTRIDGE

August 9, 1996

Length

Before set-up, all
openings sealed with

Filter support type
Lot # Filter Type

Size

Contamination check?

Transfer line material

Both ends sealed in
lab prior to set-up

Fittings
Contamination chack?
Spiked?

Charge with 100 mL
impinger solution and weigh

Charge with 100 mL
impinger solution and weigh

Weigh empty

Tare weight

Appearance
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FIGURE 11

CARB METHOD 429 (PAHs) SAMPLING TRAIN RECOVERY RECORD

RUN NO. PROJECT NO.

PLANT NAME PLANT LOCATION

RECOVERY DATE RECOVERED BY

1. CHECK whether openings were covered. RINSE 3x each with Acetone, MeCl,, Hexane.
MARK liquid level and STORE containers at temp. <4°C away from light.

Openings Rinse volume (mb) Storage

Component covered? Acetone MeCl,___ Hexane Container(s) IDs
Nozzle
Probe liner
Filter holder front

2. STORE filteris) at temp. <4°C away from light. RECORD ALL sample storage information.

Storage Storage

Component Appearance after sampling Temperature & light Container(s] ID
Filter
Filter
Filter

3. CHECK whether openings were covered. RINSE 3x each with Acetone, MeCl,, Hexane.
MARK liquid level and STORE containers at temp. <4°C away from light.

Openings Rinse volume (ml) Storage Storage

Component covered? Acetone —MeCl,_ Hexane Temp. & light Container ID

Filter support and
filter holder back
Transfer line
Condenser

4. STORE Resin cartridges at temp. <4°C away from light. RECORD ALL storage infermation.

1D Appearance after sampling Storage temperature & light conditions

5. WEIGH impinger contents and silica gel cartridge. )
MARK liquid level and STORE impinger contents at temp. <4°C away from light.

Additional impingers Silica gel
Weight No. 1 No. 2 No. 3 No. 4 No. 5 cartridge
Final (g)
Before sampling (g)
Gain (g} {A) {8) (C) (D) (E) (F)
Total condensate (A) + (B) + (C) + (D) + (E} + (F) (g

STORAGE CONTAINER ID(s)

6. RINSE impingers 3x sach with Acetone, MeCl,, Hexane. )
MARK liquid level and STORE impinger rinses at temp. <4°C away from light.

Rinse volumes (mL) Acetone
MeCl,
Hexane

STORAGE CONTAINER ID(s)
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FIGURE 12
CHAIN OF CUSTODY SAMPLE RECORD

Project # Date: Start:

Stop:
Source name: Sample/Run # :
Sampling location: Sample type:
Chain of Custody Log Record # (s) Operator:

SAMPLE STORAGE INFORMATION

SAMPLE PRESERVATION Comments

lce/Dry ice?

CHAIN OF CUSTODY

ACTION DATE TIME GIVEN BY TAKEN BY
RELATED DESCRIPTION/COMMENTS Log #s

IDs '

FR Front rinse (nozzle, probe,filter holder front)

F Filter in sealed storage container

BR Back rinse (filter support, filter holder, sample line &

condenser

C Resin cartridge

| Impinger contents

IR Impinger rinses

August 9, 1996
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FIGURE 13

CHAIN OF CUSTODY LOG RECORD

PROJECT NO. Page of
Log # | Sample Date Time Comments Given Taken by
1D by

Sample identifier Sample Description
FR Rinses of probe and front half of filter holder
F Filter in sealed storage container )
BR Rinses of filter support, back half of filter holder, sample transfer line and

condenser

c Aluminum foil wrapped, capped resin cartridge
| Impinger contents
IR Impinger rinses
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FIGURE 14A

EXAMPLE GC/MS SUMMARY REPORT (HRMS) FOR INITIAL CALIBRATION SOLUTION #1
CALIFORNIA AIR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMATIC HYDROCARBONS

: o1 4 16:23:24 INSTRUMENT: W
:Rclm_ LD SILICZSC:M égggégggD 1%;3;34 OPERATOR: MPA
RT RRT Area RRF

Naphthalene 8:20 1.006 6.66E+07 0.75
2-Methylinaphthalene 9:42 1.007 144 E+07 1.30
Acenaphthylene 11:04 1.003 1.57 E+07 1.44
Acenaphthene 14:20 1.004 1.05E+07 0.94
Fluorene 12:06 1.003 B8.15E+06 1.05
Phenanthrene 13:20 1.003 1.99E+07 1.18
Anthracene 13:23 1.001 7.07 E+06 1.02
Fluoranthene 14:38 1.001 3.18 E+07 1.26
Pyrene 14:55 1.001 3.31E+07 1.31
Benzo(alanthracene 16:34 1.002 2.08E+07 1.13
Chrysene 16:39 1.003 2.26E+07 1.13
Benzo(b}fluoranthene 18:54 1.004 2.35E+07 1.69
Benzo(k)fiuoranthene 18:58 1.004 2.50E+07 1.24
Benzolelpyrene 19:42 1.004 241E+07 1.20
Benzo(a)pyrene 19:51 1.003 2.11E+07 1.07
Perylene 20:06 1.004 1.38E+07 0.70
indeno(1,2,3-c,d)pyrene 23:60 1.006 2.07E+07 2.19
Dibenzofa, hlanthracene 24:01 1.006 1.493E+07 1.66
Benzolg,h,i)perylene 25:15 1.005 1.84 E+07 2.23
dg-Naphthalene 8:17 1.000 3.54E+08 4.22
dg-Acenaphthylene 11:02 1000 1.09E+08 1.29
d,g-Acenaphthene 11:17 1000 1.11E+08 1.32
dyo-Fluorene 12:04 1.000 7.78E+07 0.93
dqg-Phenanthrene 13:18 1.000 6.92E+07 0.82
dqo-Fluoranthene 14:37 1.000 2.53E+08 1.03
d,,-Benzolalanthracene 16:32  1.000 1.83E+08 0.75
dq,-Chrysene 16:36 1.000 2.00E+08 0.82
dy,-Benzo(b)fluoranthene 18:50 1.000 2.77E+08 1.35
d4,-Benzolk)fluoranthene 18:54 1000 4.03E+08 1.95
d,,-Benzola)pyrene 19:47 1,000 3.93E+08 1.91
dqz-Indeno(1,2,3-c,d)pyrene 23:52 1.000 1.89E+08 0.92
dq4-Dibenzola,hlanthracene 23:52 1.000 1.80E+08 0.87
dq2-Benzo(g.h,ilperylene 25:07 1.000 1.65E+08 0.80
d44-Terphenyl 14:59 2.65 E+08 0.52
dq3-Benzolelpyrene 19:37 1.000 1.44E+08 0.37
dqo-Anthracene 13:22 1.000 5.82E+07 0.69
d4o-2-Methylnaphthalene 9:38 1.000 8.40E+07 -
dyo-Pyrene 14:54 1.000 2.45E+08 .-

d 12-Pery|ene 20:01 1.000 1.03E+08 === )
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FIGURE 148B

EXAMPLE OF INITIAL CALIBRATION (ICAL) RRF SUMMARY
CALIFORNIA AIR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMATIC HYDROCARBONS

ICAL ID: ST1120 ACQUIRED: 3-DEC-94 INSTRUMENT: W
RUN #: NA PROCESSED: 3-DEC-94 OPERATOR: MPA

RRF #1 RRF #2 RRF #3 RRF #4 RRF #5 Mean SD %RSD

RRF

Naphthalene 0.75 0.66 0.61 0.64 0.71 0.67 0.056 8.29%
2-Methyltnaphthalene 1.30 1.15 1.10 1.12 1.26 1.19 0.089 7.47%
Acenaphthylene 1.44 1.27 1.24 1.28 1.43 1.33 0.096 7.19%
Acenaphthene 0.94 0.84 0.80 0.83 0.94 0.87 0.067 7.72%
Fluorene 1.05 0.94 0.88 0.92 1.07 0.97 0.082 8.43%
Phenanthrene 1.15 1.06 1.01 1.05 1.23 1.10 0.088 8.00%
Anthracene 1.02 1.00 0.98 0.95 1.14 1.02 0.074 7.25%
Fluoranthene 1.26 1.15 1.08 1.13 1.28 1.18 0.085 7.21%
Pyrene 1.31 1.27 1.13 1.15 1.41 1.25 0.115 9.22%
Benzo(a)anthracene 1.13 1.05 1.05 1.04 1.23 1.10 0.082 7.43%
Chrysene 1.13 1.02 0.97 0.98 1.1 1.04 0.073 7.00%
Benzo(b}fluoranthene 1.69 1.45 1.46 1.42 1.86 1.58 0.194 12.33%
Benzo(k)fluoranthene 1.24 -1.25 1.14 1.18 1.26 1.21 0.052 4.32%
Benzo(elpyrene 1.20 1.12 1.06 1.06 1.19 1.12 0.066 5.89%
Benzo(a)pyrene 1.07 0.99 0.96 0.96 1.14 1.02 0.080 7.81%
Perylene 0.70 0.63 0.58 0.60 0.70 0.64 0.059 9.12%
Indeno(1,2,3-c,dlpyrene 2.19 2.01 1.92 1.99 2.26 2.07 0.143 6.90%
Dibenzola,h)anthracene 1.66 1.60 1.56 1.61 1.87 1.66 0.122 7.35%
Benzolg,h,i}perylene 2.23 2.05 1.96 2.00 2.32 2.11 0.1564 7.28%
dg-Naphthalene 4.22 4.15 4.16 4.18 4.10 4.16 0.044 1.05%
dg-Acenaphthylene 1.29 1.29 1.28 1.27 1.30 1.29 0.012 0.91%
d,g-Acenaphthene 1.32 1.34 1.32 1.30 1.32 1.32 0.013 1.00%
d4o-Fluorene 0.93 0.95 0.94 0.95 0.95 0.94 0.011 1.21%
d,o-Phenanthrene 0.82 0.82 ' 0.82 0.86 0.88 0.81 0.026 3.09%
d,o-FIuorénthene 1.03 1.00 1.07 1.07 0.99 1.03 0.038 3.71%
d4,-Benzo(a)anthracene 0.75 0.70 0.70 0.72 0.70 0.7 0.022 3.09%
dy,-Chrysene 0.82 0.79 0.81 0.83 0.84 0.82 0.021 2.56%

d,,-Benzo(bltluoranthene 1.35 1.39 1.46 1.27 1.32 1.36 © 0.072 5.32%
d,-Benzofk}fiuoranthene 1.95 1.95 2.14 1.84 2.1 2.00 0.124 6.23%
d,,-Benzola)pyrene 1.91 1.96 2.11 1.82 1.99 1.96 0.107 5.46%
d,5-Indeno(1,2,3-c,dlpyrene 0.92 0.88 0.98 0.85 0.98 0.92 0059 6.40%
d,4-Dibenzola,hlanthracene 0.87 0.84 0.91 0.78 0.89 0.86 0.049 5.71%
d,,-Benzolg,h.ilperylene 0.80 0.76 0.83 0.73 0.80 0.78 0.042 5.36%

dq4-Terpheny! 0.52 0.52 0.49 0.48 0.51 0.51 0.018 3.59%
d,,-Benzolelpyrene 0.37 0.37 0.37 0.36 0.36 0.36 0.005 1.50%
d,o-Anthracene 0.69 0.73 0.74 0.80 0.90 0.77 0.080 10.40%
d,o-2-Methylnaphthalene - - --- o= . - -—

d,o-Pyrene -
dqp-Perylene - - --
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FIGURE 14C

EXAMPLE OF CONTINUING CALIBRATION (CONCAL) SUMMARY
CALIFORNIA AIR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMATIC HYDROCARBONS

CONCAL ID: CC1202 ICAL ID: ST1120 INSTRUMENT: W
CONCAL DATE: 12/3/94 ICAL DATE: 3-DEC-94 OPERATOR: MPA
RRF ICAL RRF ARRF RPD
%
Naphthalene 0.68 0.67 0.01 1.5
2-Methylnaphthalene 1.42 1.19 0.23 17.6
Acenaphthylene 1.42 1.33 0.09 6.6
Acenaphthene 0.91 0.87 0.04 4.5
Fluorene 0.98 0.97 0.01 1.0
Phenanthrene 1.10 1.10 0.00 0.0
Anthracene 0.98 1.02 -0.04 4.0
Fluoranthene 1.12 1.18 -0.06 5.2
Pyrene 1.18 1.25 -0.07 5.8
Benzo(a)anthracene 1.08 1.10 -0.02 1.8
Chrysene 1.04 1.04 0.00 0.0
Benzo(b)fluoranthene 1.46 1.58 -0.12 7.9
Benzolklfluoranthene 1.12 1.21 -0.09 7.7
Benzo(e}pyrene 1.04 1.12 -0.08 7.4
Benzo(a)pyrene 0.95 1.02 -0.07 7.1
Perylene 0.62 0.64 -0.02 3.2
Indeno(1,2,3-c,dlpyrene 2.04 2.07 -0.03 1.5
Dibenzo(a,h)anthracene 1.61 1.66 -0.05 3.1
Benzolg,h,i)perylene 2.11 2.1 0.00 0.0
dg-Naphthalene 4.78 1.16 0.68 15.3
dg-Acenaphthylene 1.20 1.29 -0.09 7.2
dqo-Acenaphthene 1.25 1.32 -0.07 5.5
dqg-Fluorene 0.85 0.94 -0.09 10.1
dyg-Phenanthrene 0.79 0.81 -0.02 2.5
dqo-Fluoranthene 1.056 1.03 0.02 1.9
dq2-Benzo(alanthracene 0.69 0.71 -0.02 2.9
dy,-Chrysene 0.82 0.82 0.00 0.0
d12-Benzolb)fluoranthene 1.24 1.36 -0.12 9.2
d, ;-Benzo(k)fluoranthene 1.91 2.00 -0.08 4.6
d,,-Benzo(a)pyrene 1.87 1.96 -0.09 4.7
dy,-Indenol1,2,3-c,d}pyrene 0.84 0.92 -0.08 9.1
dy4-Dibenzo(a,hlanthracene 0.80 0.86 -0.06 7.2
dq,-Benzo(g,h.ilperylene 0.76 0.78 -0.02 2.6
dq4-Terpheny! 0.50 0.51 -0.01 20
dq,-Benzo(e)pyrene 0.37 0.36 0.01 2.7
dyo-Anthracene 0.71 0.77 -0.06 8.1
dyo-2-Methylnaphthalene - -
d1°'PYf3ne -—- 1.000 *
d,,-Perylene - 1.000
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FIGURE 15A.

. EXAMPLE OF SUMMARY REPORT OF LCS RESULTS
CALIFORNIA AIR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMATIC HYDROCARBONS

Client ID_CARB Sample Matrix: XAD-2 ICAL ID: _ST1120 Resin Lot #: LC1130M
Lab ID: 141 29/LCS1/ACS2 Date Received: _NA ICAL DATE: _12/3/94 LCS IDs: _NA
Instrument: W Date Extracted: 11/30/94 CONCALID; _NA LCS DATE: _NA
Operator: __MPA Date Analyzed: 12/3/94 CONCAL DATE: _NA
Reviewer: __ JCM Sample amount: Sample Units: NA
COMPOUND: LCS1 LCS2 RPD
%R %R %
Naphthalene 100 103 3.0
2-Methylnaphthalene 96 95 1.0
Acenaphthylene 95 97 2.1
Acenaphthene 92 94 2.2
Fluorene 94 96 2.1
Phenanthrene 93 94 1.1
Anthracene 91 89 2.2
Fluoranthene 90 92 2.2
Pyrene . 87 89 2.3
Benzo(a)anthracene 87 86 1.2
Chrysene 83 89 7.0
Benzo(b)fluoranthene 92 93 1.1
Benzolk)fluoranthene 92 95 3.2
Benzo(e)pyrene 97 99 2.0
Benzo(a)pyrene 89 92 3.3
Perylene 89 89 0.0
indeno(1,2,3-c,d)pyrene 87 90 3.4
Dibenzo(a,h)anthracene 8s 90 2.2
Benzolg,h,ilperylene 89 91 1.2
Internal Standards {%R)
dg-Naphthalene 67 64
dg-Acenaphthylene 73 70
dqq-Acenaphthene 76 75
d,o-Fluorene 79 81
d,o-Phenanthrene 88 93
d,o-Fluoranthene 84 80
d,,-Benzo(a)anthracene 96 98
d,5-Chrysene 96 91
d2-Benzo(bl}fluoranthene 88 85
dq2-Benzo(k)fluoranthene 85 84
dq,-Benzolalpyrene 92 90
d,,-Indeno(1,2,3-c,d)pyrene 104 105
d;4-Dibenzo(a,hlanthracene 96 96
d,,-Benzolg,h,ilperylene 102 103
Alternate Standard (%R)
dyg-Anthracene 83 85
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FIGURE 16A

EXAMPLE GC/MS SUMMARY REPORT (HRMS) FOR SAMPLE RUN #32
CALIFORNIA AIR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMATIC HYDROCARBONS

Lab ID: 14129-02 ICAL ID: 12/3/94 16:23:40 instrument: W
Acquired: 12/3/94 16:23:40 ICAL DATE: 12/3/94 Operator:  MPA
Client ID: M429-32 Reviewer: JCM

RT RRT Area RRF Amt. (ng) % REC
Naphthalene 8:21 1.053E+10 0.67 10,478.37
2-Methyinaphthalene 9:41 1.790 E+08 1.19 140.98
Acenaphthylene 11:03 9.371 E+08 1.33 712.58
Acenaphthene 11:19 7.649 E+06 0.87 8.21
Fluorene 12:05 2.417 E+07 0.97 30.02
Phenanthrene 13:17 8.402 E+08 1.10 925.53
Anthracene 13:21 2.905 E+07 1.02 34.54
Fluoranthene 14:36 5.932 E+08 1.18 254.36
Pyrene 14:52 7.611 E+08 1.25 307.62
Benzo{alanthracene 16:32 3.120E+06 1.10 1.9
Chrysene 16:32 9.620 E+06 1.04 6.2
Benzo(b)fluoranthene 18:49 1.030 E+06 1.58 7.6
Benzo(k)fiuoranthene Not found 0.0 1.21
Benzo(elpyrene 19:36 1.646 E+07 1.12 13.61
Benzo(alpyrene 19:46 4.936 E+06 1.02 3.95
Perylene 20:01 1.823 E+06 0.64 2.32
Indeno(1,2,3-c,d)pyrene 23:54 5.728 E+06 2.07 4.37
Dibenzo(a,hlanthracene 23:56 5.875 E+05 1.66 0.59
Benzolg,h.i)perylene 25:09 1.584 E+07 2.11 14.95
dg-Naphthalene 8:18 1.000 4.794 E+08 1.16 124.92 62.5
dg-Acenaphthylene 11:01  1.000 1.972 E+08 1.29 166.07 83.0
d,o-Acenaphthene 11:16 1.000 2.142 E+08 1.32 176.19 88.1
dqo-Fluorene 12:02 1.000 1.658 E+08 0.94 190.71 95.4
d,g-Phenanthrene 13:16  1.000 1.652 E+07 0.81 213.39 106.7
dqo-Fluoranthene 14:34 1.000 3.955 E+08 1.03 116.22 58.1
d,,-Benzofalanthracene 16:28 1.000 2.835 E+08 0.71 121.18 60.6
d,-Chrysene 16:31 1.000 2,987 E+08 0.82 111.08 55.5
d,,-Benzo(blfluoranthene 18:45 1.000 3.439E+08 1.36 165.79 41.4
d,5-Benzo(kjfluoranthene 18:50 1.000 4.304 E+08 2.00 141.02 35.3
d,,-Benzolalpyrene 19:41  1.000 4.895 E+08 1.96 163.67 40.9
d,,-Indeno(1,2,3-c,dlpyrene  23:46 1.000 2.529 E+08 0.92 179.71 44.9
d,,-Dibenzola hlanthracene  23:45  1.000 2,400 E+08 0.86 182.65 45.7
d;,-Benzolg.h,ilperylene 24:60 1.000 2.006 E+08 0.78 167.24 41.8
d,4-Terphenyl 14:55 7.988 E+08 0.51 523 105
d,,-Benzolelpyrene 19:32 1.000 3.011 E+08 0.36 676.33 135.3
d,o-Anthracene 13:20 1.000 6.795 E+07 0.77 95.29 47.6
dw-z-Methylnaphthalene 9:38 1.000 1.844 E+07 100
d,q-Pyrene 14:51 1.000 6.576 E+08 100
dqp-Perylene 19:56  1.000 3.057 E+08 100
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FIGURE 168

EXAMPLE LABORATORY REPORT OF PAH RESULTS FOR SAMPLE RUN #32
CALIFORNIA AIR RESOURCES BOARD METHOD 429 POLYCYCLIC AROMATIC HYDROCARBONS

Client ID _M429-32 Sample Matrix: M429 ICALID: _ST1120 Resin Lot #: LC1130M
Lab 1D: 14129-02 Date Received: 11/18/94 ICALDATE: 12/3/94 = LCSIDs: 14129-LCS1ACS2
Instrument: _W__ Date Extracted: 11/30/94 CONCAL ID: __NA LCS DATE: _12/3/94
Operator: __MPA___ Date Analyzed: 12/3/94 CONCAL DATE: _NA
Reviewer: _ JCM = Sample amount: Sample Units: _ng/sample
COMPOUND: Conc. R.L. Flags
Naphthalene 10478 1600
2-Methyinaphthalene 141 94
Acenaphthylene 712 5.0
Acenaphthene 8.2 5.0
Fiuorene 30 27
Phenanthrene 930 80
Anthracene 35 5.0
Fluoranthene 254 5.0
Pyrene 307 5.0
Benzo(alanthracene ND 5.0
Chrysene 6.2 5.0
Benzo(b)fluoranthene 7.6 5.0
Benzo(k)fluoranthene ND 5.0
Benzolelpyrene 14 5.0
Benzola)pyrene ND 5.0
Perylene ND 5.0
Indeno(1,2,3-¢,d}pyrene ND 5.0
Dibenzola,h}anthracene ND 5.0
Benzol(g,h,i)perylene 15 5.0
Interal Standards (%R)
dg-Naphthalene 62
dg-Acenaphthylene 83
d,o-Acenaphthene 88
dqq-Fluorene 95
d,o-Phenanthrene 107
d,o-Fluoranthene 58
d,,-Benzolalanthracene 61
d4,-Chrysene 56
d,,-Benzo(b)fluoranthene 41 H
dyz-Benzolklfluoranthene 35 H
d,,-Benzolalpyrene 41 H
d12-Indeno(1,2,3-c,dipyrene 45 H
d,4-Dibenzo(a,hjanthracene 46 H
dq,-Benzolg.h,ilperylene 42 H
Altermate Standard (%R)
d,o-Anthracene 48
Surrogate Standard (%R}
d44-Terphenyl 105 *
d4,-Benzolelpyrens 135
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EXAMPLE OF TESTER'S SUMMARY OF LABORATORY REPORTS

FIGURE 17A

Run #: KR 32 33 Field Method | LCS #1 | LCS #2
Blank Blank
ng/sample percent racovery

Naphthalene 4300 10000 460000 * <1600 <1700 100 103
2-Methylnaphthalene < 94 140 6400 * < 94 <78 86 95
Acenaphthylene 140 710 85000 * 9.1 < 50 85 97
Acenaphthene 9.2 8.2 500 < 5.0 < 5.0 92 94
Fluorene 27 30 180 < 27 < 27 94 96
Phenanthrene 310 930 43000 * < 80 < 74 93 94
Anthracene 26 35 2400 5.3 < 5.0 91 839
Fluoranthene 83 250 16000 * 16 < 5.0 90 92
Pyrene 110 310 20000 * 19 < 5.0 87 89
Benzo(a)anthracene < 5.0 < 5.0 170 < 5.0 < 5.0 87 86
Chrysene < 5.0 6.2 300 < 5.0 < 5.0 83 89
Benzo(b)fluoranthene < 5.0 7.6 340 < 5.0 < 5.0 92 a3
Benzo(k)fluoranthene < 5.0 < 5.0 89 < 5.0 < 5.0 92 95
Benzo{elpyrene 35 < 35 530 6.9 < 5.0 97 99
Benzo(alpyrene < 5.0 < 5.0 240 < 5.0 < 5.0 89 92
Perylene < 5.0 < 5.0 110 < 5.0 < 5.0 8% 89
Indeno(1,2,3-c,d)pyrene < 5.0 < 5.0 100 < 5.0 < 5.0 87 90
Dibenzo(a,h)anthracene < 5.0 < 5.0 6.4 < 5.0 < 5.0 88 80
Benzolg,h,ilperylene < 85 < 85 440 17.0 < 5.0 89 91
internal Standards (%R) SRR , - U aren T e R
dg-Naphthalene 66 62 57 ¢ 53 55 67 64
dg-Acenaphthylene 82 83 85 * 73 69 73 70
dyo-Acenaphthene 85 88 80 * 81 75 76 75
dyo-Fluorene 91 95 102 Q0 82 79 81
d,o-Phenanthrene 106 107 79 * 107 93 88 a3
dqq-Fiucranthene 79 58 75 ¢ 83 80 84 80
d4,-Benzo{a)anthracene 100 61 108 114 93 96 98
d,,-Chrysene 91 56 29 102 88 96 9N
d,,-Benzo(bjfluoranthene 69 41 H 60 85 84 88 85
d4,-Benzo(kifiuaranthene 62 35 H 50 78 84 85 84
d,,-Benzo(alpyrene 70 41 H 58 86 89 92 90
dy,-Indeno(1,2,3-c,d)pyrene 82 45 H 58 106 106 104 105
dq4-Dibenzola,hjanthracene 72 42 H 58 92 92 96 96
d,,-Benzolg,h.ilperylene 84 46 H 58 107 104 102 103
Surrogate Standards (%R) : e IEEEE ENEE i
dy4-Terphenyl 125 105 90 123 130
d,,-Benzolelpyrene 72 135 112 103 112
Alternate Standard (%R} - o : AR SRS
d,g-Anthracene 67 48 H 115 116 101 83 85
Test Date 11/15/94 i11/16/94 {11/17/94 11/16/94 iNA NA NA
Date received by lab. 11/18/94 i11/18/94 i11/18/94 11/18/94 iNA NA NA
Date extracted 11/30/94 i11/30/94 111/30/94 11/30/94 i11/30/94 i11/30/94i11/30/94
Date analyzed 12/3/94 :12/3/94 12/3/94 12/3/94 12/3/94 12/3/94 12/3/94

= <* denotes that the compound was not detected at levels above the indicated reporting limit.

“H" indicates internal Standard Recovery Results below 50%, but signal-to-noise greater than 10:1.

nen
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indicates compounds reanalyzed at 1:50 dilution due to saturation.
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FIGURE 178
FIELD DATA SUMMARY FOR PAH EMISSIONS TEST

RUN ID 31 32 33
DATE 11-15-96 11-16-96 11-17-95
START/STOP TIME 1016/1436 1020/1645 0856/1525
LOCATION STACK STACK STACK
STACK DIAMETER 356.5 in. 36.6in. 36.5in.
NOZZLE DIAMETER  0.3108 0.313 in. 0.3126 in.
METER BOX 1D 5419 8419 6419
STANDARD DRY GAS VOLUME Venstdl 146.19 236.57 260.76 DSCF(68° F)
Vn 132.65 213.67 228.10 cubic ft
Poar 29.78 29.98 29.88 inches Hg
AHyuq 1.16 1.36 1.66 inches H,0
T 80.0 60.0 60.0 °F
K, 17.64 17.64 17.64
Y 1.08 1.08 1.08
PERCENT MOISTURE Brs 12.9 16.0 18.4  percent
impinger + tare 2183.3 2092.3 2063 grams
Final wt. 2609.8 2934.9 3210.2 grams
Net imp. catch 426.6 842.6 1147.2 grams
Silica gel tare 1561.8 1788.8 1686.7 grams
Post sampling wt. 1680.0 1826.9 1636.2 grams
Moisture gain 28.2 38.1 49.6 grams
Total moisture (V,,) 464.7 880.7 1186.7 grams
Viistd) 21.43 41.50 66.39 DSCF(68° F)
mistd) 146.19 236.57 250.76 DSCF(68° F)
K, 0.0471 0.0471 0.0471
MOLECULAR WEIGHT My 29.83 29.96 30.08 Ib/Ibmole
M, 28.40 28,16 27.86 Ib/Ibmole
o, 11.256 10.76 10.00 percent
co 0.00 0.00 0.00 percent
co, 9.26 9.60 10.60 percent
N, 79.60 79.76 79.50 percent
Bue 12.86 14.98 18.36 percent
GAS VELOCITY vy 38.4 40.88 43.2 feet/second
Ap 0.530 0.68 0.59 .inches H,0
T, 420 428 427 °F
Pa -0.27 -0.27 -0.27 inches H,0
P, 29.76 29.96 29.86 inches Hg
M, 28.40 28.16 27.88 Ib/lbmole
Ko 86.49 85.49 86.49
c, 0.83 0.83 0.83
VOLUMETRIC FLOW RATE Q,.q 8241 8631 8641 DSCF(68° F)
B 12.86 14.98 18.36 percent
v, 38.38 40.88 43.23 feet/second
A 6.8736 6.8736 6.8736 8q. feet
sec/min 60 60 60
K, 17.64 17.64 17.64
ISOKINETIC RATIO | 86 99 104 percent
:’/. 420 428 427 of .
mistd) 145.19 235.57 250. ]
P, 29.76 29.96 zs.gg 5::::“ l-(lza i
;- 331;28 403-:8 433%3 feet/second
B.. 12.86 14.98 18.36 :::‘:et::
A, 0.00063 0.00063 0.00053 5q. feet
K, 0.094560 0.09450 0.0948C :
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EXAMPLE OF EMISSIONS TEST REPORT

FIGURE 17C

Run #31 Run #32 Run #33
{ng/dscm)
Naphthalene 1046 1489 64782
2-Methylnaphthalene <23 21.0 901
Acenaphthylene 34 106 11971
Acenaphthene 2.2 1.2 70
Fluorene 6.6 4.5 25
Phenanthrene 75 139 6056
Anthracene <6.3 5.3 338
Fluoranthene 20 38 2253
Pyrene 27 47 2817
Benzo{a)anthracene <1.2 <0.75% 24
Chrysene <1.2 0.92 42
Benzo(b}fluoranthene <1.2 1.1 48
Benzo(k)fluoranthene <1.2 <0.75 13
Benzo(e)pyrene <8.5 <5.3 75
Benzo(a)pyrene <1.2 <0.75 34
Perylene <1.2 <0.75 16
indeno(1,2,3-c,d)pyrene <1.2 <0.75 14
Dibenzo(a,h)anthracene <1.2 <0.75 0.90
Benzolg,h,i)perylene <21 <13 62
. (nglsee) - - | R N Y

Naphthalene 4068 6036 264180
2-Methylnaphthalene <89 85 3676
Acenaphthylene 132 429 48816
Acenaphthene 8.7 5.0 287
Fiuorene 26 18 103
Phenanthrene 233 561 24695
Anthracene <25 21 1378
Fluoranthene 79 151 9189
Pyrene 104 187 11486
Benzo(a)anthracene <4.7 <3.0 99
Chrysene <47 3.7 172
Benzol(b)fluoranthene <4.7 4.6 195
Benzo(k)fluoranthene <4.7 <3.0 51
Benzofe)pyrene <33 <21 304
Benzol(a)pyrene <4.7 <3.0 138
Perylene <4.7 <3.0 63
indeno(1,2,3-c,d)pyrene <4.7 <3.0 57
Dibenzo{a,h)anthracene <4.7 <3.0 3.7
Benzolg.h,ilperylene <80 <51 253

Standard Conditions: 68 deg.F (20 deg.C) & 29.92 in. Hg. (760 mm Hg)
" <" indicates that the compound was not detected above the reporting limit.
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METHOD 429 - APPENDIX A

DETERMINATION OF THE METHOD DETECTION LIMIT

This procedure is based on the approach adopted by the EPA and included as Appendix B
to Title 40, Part 136 of the Code of Federal Regulations (40 CFR 136). The samples shall
be subjected to the same extraction, concentration, cleanup, and analytical procedures as
those required for the field samples.

A1 Procedure

A1l.1

Make an estimate of the detection limit (MDL) of each target compound
using one of the following:

(a) The concentration value that corresponds to an instrument
signal/noise ratio in the range of 2.5 to 5.

(b) The concentration equivalent of three times the standard deviation
of replicate instrumental measurements of the analyte in reagent
methylene chloride.

(c) That region of the standard curve where there is a significant
change in sensitivity, i.e., a break in the slope of the standard curve.

{d) Instrumental limitations.

(e} The concentration equivalent to five times the theoretical
quantitation limit (Section 8.3.1 of the test method)

The experience of the analyst is important to this process, but one of the
above considerations must be included in the initial estimate of the detection
limit.

Al1.2

A1.3

Al.4

August 9, 1996

Prepare according to the procedures described in Sections 4.2.2.1 to
4.2.2.4 enough XAD-2 resin to provide, at a minimum, eight aliquots
each with mass equal to that required to pack a Method 429 sorbent
cartridge. A contamination check must be conducted to identify those
PAH for which a MDL cannot be determined by this method.

To each of seven (7) aliquots of the clean resin, add an amount of each
target analyte equal to the estimated detection limit. The mass of each
resin aliquot must be known, and should be approximately 40 grams, the
amount required to pack a Method 429 sorbent cartridge. The eighth
aliquot shall be a blank.

Process each of the eight samples through the entire PAH analytical

method. All quality criteria requirements of the analytical method must
be satisfied.
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A1.5 Report the analytical results. The laboratory report must satisfy all of the
reporting requirements of Section 10 of the test method.

A1.6 It may be economically and technically desirable to evaluate the _
estimated method detection limit before proceeding with step A1.3. This
will: (1) prevent repeating this entire procedure and (2) insure that Fha
procedure is being conducted at the correct concentration. It is quite
possible that an inflated MDL will be calculated from data obtained at
many times the real MDL even though the level of analyte is less than
five times the calculated method detection limit. To insure a good
estimate of the method detection, it is necessary to determine that a
lower concentration of analyte will not result in a significantly lower
method detection limit. Take two aliquots of the sample to be used to
calculate the method detection limit and process each through the entire
method, including blank measurements as described above in step A1.3.
Evaluate these data:

(1) If the sample levels are in a desirable range for determination of the
MDL, take five additional aliquots and proceed. Use all seven
measurements for calculation of the MDL according to Section A2.

(2) If these measurements indicate the selected analyte level is not in
correct range, reestimate the MDL with a new sample as in A1.2
and repeat steps A1.3 to A1.5.

A2 Calculation

A2.1 Calculate the variance (S?) and standard deviation (S) of the replicate
measurements, as follows:

n

2

2 1 |y .2 [21: i ]
S =__1_ Pl U - -
— f.‘; X; - 429-(A)-(34)
2
s = Vs?

Where:
X, i=1ton, are the analytical results in the final method reporting units

obtained from the n sample aligouts and I refers to the sum of the X
values fromi=1 ton.
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A2.2

(a) Compute the MDL as follows:
MDL = tn-1, 1 =0.99) X (S) 429(A)-(35)
Where:
MDL = the method detection limit
tin-1, 1< = 0.99) = Students’ t-value appropriate for a 99%
confidence level and a standard deviation estimate with n-1 degrees
of freedom. See Table 429(A)-1.
S = standard deviation of the replicate analyses.
(b) The 95% confidence interval estimates for the MDL derived in

A2.2(a) are computed according to the following equations derived
from percentiles of the chi square over degrees of freedom
distribution (x2/df).

LCL = 0.64 MDL
UCL = 2.20 MDL
where: LCL and UCL are the lower and upper 95% confidence

limits respectively based on seven aliquots.

A3 Qptional Iterative Procedure

A3.1

August 9, 1996

This is to verify the reasonabieness of the estimate of the MDL and,
subsequent MDL determinations.

(a)

(b)

If this is the initial attempt to compute MDL based on the estimate
of MDL formulated in Step A1.1, take the MDL as calculated in Step
A2.2, spike the matrix at this calculated MDL and repeat the
procedure starting with Step A1.3.

If this is the second or later iteration of the MDL calculation, use S2
from the current MDL calculation and S2 from the previous MDL
calculation to compute the F-ratio. The F-ratio is calculated by
substituting the larger S2 into the numerator S2, and the other into
the denominator Sg. The computed F-ratio is then compared with
the F-ratio found in the table which is 3.05 as follows: if
SZA/SZB<3.05, then compute the pooled standard deviation by the
following equation:

6S2 +6S7
1z

429(A)-(36)
Spooled =
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if $2,/523> 3.0, respike at the most recent calculated MDL and process
the samples through the procedure starting with Step A1.3. If the most
recent calculated MDL does not permit qualitative identification when
samples are spiked at that level, report the MDL as a concentration
between the current and previous MDL which permits qualitative

identification.

(c) Use the Sp,gieq 38 calculated in Equation 429(A)-3 to compute the
final MDL according to the following equation:

Where: 2.681 is equal to t(12 14 = .99)

MDL = 2.681 (Spooled)

429(A)-(37).

(d) The 95% confidence limits for MDL calculated using Equation
429(A)-4 are computed according to the following equations derived
from percentiles of the chi squared over degrees of freedom

distribution.

ucCL

LCL = 0.72 MDL
= 1.65 MDL

where LCL and UCL are the lower and upper 95% confidence limits
respectively based on 14 aliquots.

TABLE 429(A)-1

SELECTED STUDENT'S t VALUES AT THE 95 PERCENT CONFIDENCE LEVEL

\G

Number of Degrees

Replicates of Freedom
(n-1) tin-1, .99)
7 6 3.143
8 7 2.998
9 8 2.896
10 9 2.821
11 10 2.764
16 15 2.602
21 20 2.528
26 25 2.485
31 30 2.457
61 60 2.390

August 9, 1996
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FORMULA: Table ]

POLYNUCLEAR AROMATIC HYDROCARBONS

METHOD: 5506

M.W.: Table 1 ISSUED: S/15/85

OSHA: proposed for B[al]P: 0.2 ug/m? PROPERTIES: Table 1

ACGIH: suspect carcinogen (B[alP)

COMPOUNDS: acenaphthene benzo[ghiJperylene fluorene
acenaphthylene benzola)pyrene indeno[1,2,3-cd]pyrene
anthracene benzo[e]pyrene naphthalene
benz[a]anthracene chrysene phenanthrene
benzo[b]fluoranthene dibenz[a,hlanthracene pyrene
benzo[k]fluoranthene fluoranthene

SYNONYNS: PAH; PNA; also see Table 2.

SAMPLING MEASUREMENT

SAMPLER: FILTER + SORBENT
(2-ym, 37-mm PTFE + washed XAD-2,
100 mg/S0 mg)

FLOW RATE: 2 L/min

VOL-MIN:
~MAX:

200 L
1000 L

SHIPMENT: transfer filters to culture tubes;
wrap sorbent and culture tubes in
Al foil; ship @ 0 °C

SAMPLE STABILITY: unknown; protect fram
heat and UV radiation

FIELD BLANKS: 10% (>3) of samples
MEDIA BLANKS: 6 to 10

AREA SAMPLES: B8 replicates on preweighed
filters for solvent selection

ACCURACY

RANGE STUDIED, BIAS, AND OVERALL
PRECISION (sp): not measured

{METHOD: HPLC, FLUORESCENCE/UV DETECTION

'ANALYTE: compounds above

]

'EXTRACTION: S mL organic solvent appropriate to
! sample matrix (step 7)

'COLUMN: 15 an x 4.6 mm, reverse phase, 5-um Cg

'INJECTION VOLUME: 10 to 50 ul

]
'MOBILE PHASE: H,0/CHaCN gradient @ ambient
! temperature

'FLOW RATE: 1.0 mL/min

1

IDETECTORS: UV @ 254 nm; fluorescence @ 340 nm
' {excitation), 425 nm (emission)

t

!CALIBRATION: external standards in CHqCN

IRANGE, LOD AND PRECISION (s,.): EVALUATION OF
; METHOD

APPLICABILITY: The working range for B[alP is 1 to SO yg/m® for a 400-L air sample.
specific sample sets may require modification in filter extraction solvent, choice of
measurement method, and measurement conditions (see EVALUATION OF METHOD) .

INTERFERENCES:

Any compound which elutes at the same HPLC retention time may interfere.

Heat,

ozone, NO2, or UV light may cause sample degradation.

OTHER METHODS :

This revises P&CAM 206 and 25) [1].

The spectrophotametric methods, PS&CAM 184

and 186 [1], have not been revised. Also see Method 5515 (GC).

5/15/85
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POLYNUCLEAR AROMATIC HYDROCARBONS METHOD: 5506
REAGENTS : EQUIPMENT:
1. Filter extraction solvent: 1. Sampler: . .

benzene,* cyclohexane, methylene a. Filter. PTFE-laminated membrane filter, 2-ym

chloride, or other appropriate
solvents, pesticide grade
grade (step 7).

. Water, distilled, deionized,

degassed.

pore size, 37-mm diameter (ZEFLOUR, Membrana,
Pleasanton, CA or equivalent), backed by a
gasket (37-mm 0D, 32-mm ID) cut from a cellulose
support pad, in cassette filter holder.
NOTE 1: If sampling is to be done in bright

3. Acetonitrile, HPLC grade, degassed.

4. PAH reference standards,*
appropriate to the PAH-containing
matrix sampled.

S. Calibration stock solution,
0.25 mg/mL.* Check purity of each
PAH reference standard by GC/FID, b.
HPLC/fYuorescence and/or melting
point. Purify, if necessary, by
recrystallization. Weigh 25 mg
of each PAH into a 100-mL volumetric
flask; dilute to volume with

sunlight, use opaque or foil-wrapped
cassettes to prevent sample degradation.
Take filters to be preweighed fram the
filter package and allow to equilibrate
24 hrs with laboratory atmosphere before
taring.

Sorbent tube, connected to filter with minimum
length PVC tubing. Plastic caps are required
after sampling. Washed XAD-2 resin (front =
100 mg; back = 50 mg) (Supelco ORBO 43 or
equivalent). Pressure drop at 2 L/min airflow
1.6 to 2 kPa (15 to 20 am Hy0).

NOTE 2:

acetonitrile. Stable six months 2. Personal sampling pump capable of operating for
if refrigerated and protected 8 hrs at 2 L/min, with flexible connecting tubing.
from light. 3. Aluminum foil.
4. vial, scintillation, 20-mL, glass, PTFE-lined cap.
5. Refrigerant, bagged.
*See SPECIAL PRECAUTIONS. 6. Culture tubes, PTFE-lined screw cap, 13-mm x
100—m.
Forceps.

0 -

. Filters, 0.45-um, PTFE or nylon (for filtering
sample solutions).

9. Pipet, S-mt.

10. Syringe or micropipets, 1- to 100-pt.

11. Ultrasonic bath.

12. HPLC, with gradient capability, fluorescence
(excitation @ 240 nm, emission @ 425 nm) and UV
(254 nm) detectors in series, electronic
integrator, and column [HC-0DS-SILX (Perkin-Elmer
Corp.), Vydac 201TP (The Separations Group) or
equivalent; see page 5506-1].

13. Volumetric flasks, 10- and 100-mi.

14. Lighting in laboratory: incandescent or
UV-shielded fluorescent.

15. Kuderna-Danish extractor.

SPECIAL PRECAUTIONS: Treat benzene and all polynuclear aromatic hydrocarbons as carcinogens
Neat compounds should be weighed in a glove box. Spent samples and unused standards are toxic

waste. Regularly check counter tops and equipment with “black light" for fluorescence as an
indicator of contamination by PAH.
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METHOD: 5506 POLYNUCLEAR AROMATIC HYDROCARBONS

SAMPLING:

1. Calibrate each personal sampling pump with a representative sampler in line.

2. Take personal samples at 2 L/min for a total sample size of 200 to 1000 L. Take a
concurrent set of eight replicate area samples at 2 to 4 L/min on preweighed, 2-pm PTFE
filters in an area of highest expected PAH concentration.

NOTE: The area samples are needed for solvent selection (step 7).

3. Immediately after sampling, transfer the filter carefully with forceps to a scintillation
vial. Hold filter at edge to avoid disturbing the deposit. Cap the scintillation vial and
wrap it in aluminum foil.

NOTE: This step is necessary to avoid loss of analytes due to sublimation and degradation

by light.

4. Cap the sorbent tube and wrap it in aluminum foil.
5. Ship to laboratory in insulated container with bagged refrigerant.

SAMPLE PREPARATION:
NOTE: UV light may degrade PAH. Use yellow, UV-absorbing shields for fluorescent 1ights or use

incandescent lighting,

6. Refrigerate samples upon receipt at laboratory.
7. Determine optimum extraction solvent.

b.
c.

e.

Allow the preweighed area filter samples to equilibrate 24 hrs with the laboratory

atmosphere.

Weigh the area filters. Determine total weight collected on each.

Extract the first pair of area filters with acetonitrile, the second with benzene, the

third with cyclohexane, and the fourth with methylene chloride, according to step 8.

NOTE: Use alternate solvents, if appropriate. PAH of interest may be entrained within,
and adsorbed by, particulate matter collected on the filter. It is necessary to
determine the solvent which maximizes recovery of the PAH from each sample
matrix. For example, methylene chloride [2,3] and benzene:ethanol (4:1 v/v) [4]
have been recommended for extraction of PAH from diesel exhaust particulate.

. Analyze the extracts for the PAH of interest (steps 10 through 18). Normalize the tota)l

mass of PAH found to the mass of sample collected.
Choose the solvent which gives the highest recovery of PAH of interest. Use the solvent
chosen to extract the personal filter samples.

8. Extract filters.

a.

b.

Add 5.0 mL of the solvent chosen in step 7 to each scintillation vial containing a
filter. Start media and reagent blanks at ihis step.
Cap and let sit 15 to 20 min in an ultrasonic bath.
NOTE 1: Soxhlet extraction may be required when large amounts of highly adsorptive
particulate matter (e.g., fly ash or diesel soot) are present.
NOTE 2: The sample must be dissolved in acetonitrile for chromatography. If needed,
perform solvent exchange as follows:
CAUTION: To avoid loss of volatile components, do not allow the sample to go to
dryness at any time.
(1) After filtration (step 10), take the sample to near dryness in a
Kuderna-Danish extractor.
(2) Add ca. 1 mL acetonitrile, take to near dryness, and adjust final volume to
1.0 mL with acetonitrile and filter again.

9. Desorb PAH from sorbent.

a.

Score each sorbent tube with a file in front of the front (larger) sorbent section.
Break tube at score line.
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POLYNUCLEAR AROMATIC HYDROCARBONS METHOD: 5506

b. Transfer glass wool plug and front sorbent section to a culture tube. Discard the foam
plug. Transfer back sorbent section to a second culture tube.
c. Add 5.0 mL acetonitrile to each culture tube. Cap the culture tubes.
d. Allow samples to sit for 30 min. Swirl occasionally.
10. Filter all sample extracts through an 0.45-ym membrane filter.

CALIBRATION AND QUALITY CONTROL:
11. Calibrate daily with at least five working standards. .
a. Dilute aliquots of calibration stock solution with acetonitrile in 10-mL volumetric
flasks (e.g., to 2.5, 0.5, 0.1, 0.02, and 0.002 ng/mL).
b. Intersperse working standards and samples in the measurements.
c. Prepare calibration graphs (peak area vs. pg of each PAH per sample).
12. Recovery and desorption efficiency.
a. Determine recovery (R) fram filters and desorption efficiency (DE) from sorbent tubes at
least once for each lot of filters and sorbent tubes used in the range of interest.
(1) Filters. Using a microliter syringe or micropipette, spike four filters at each of
five concentration levels with a mixture of the analytes. Allow the filters to dry
in the dark overnight. Analyze the filters (steps 8, 10, and 14 through 16.
Prepare graphs of R vs. amounts found.
NOTE: This step may not be used for some highly adsorptive particulate matrices for
which calibration by the method of standard additions may be more accurate.
(2) Sorbent tubes. Transfer an unused front sorbent section to a culture tube. Prepare
a total of 24 culture tubes in order to measure DE at five concentration levels plus
blanks in quadruplicate. Using a microliter syringe or micropipette, add
calibration stock solution directly to sorbent. Cap culture tubes and allow to
stand overnight. Analyze (steps 9, 10, and 14 through 16). Prepare graphs of DE
vs. amounts found.
b. Check R and DE at two levels for each sample set, in duplicate. Repeat determination of
R and DE graphs if checks do not agree to within +5% of DE graph.
13. Analyze at least three field blanks for each sample medium.

MEASUREMENT :

14. Set HPLC according to manufacturer's recommendations and to conditions on page 5506-1).
Equilibrate column at 60% CHaCN/40% Ho0 at 1.0 mL/min for 15 min before injecting first
sample.

15. Inject sample aliquot. Start mobile phase gradient:

a. Linear gradient 60% CH3CN to 100% CH3CN, 20 min,

b. Hold at 100% CH3CN for 20 min.

NOTE: Hold longer if necessary to prevent carryover of background, e.g., from coal dust.

c. Linear gradient to initial condition, 5 min.

16. Measure peak areas.

NOTE ): Approximate retention times appear in Table 3.

NOTE 2: If peak area is above the calibration range, dilute with appropriate solvent,
reanalyze, and apply dilution factor in calculations.

NOTE 3: If sample has many interferences, additional sample cleanup may be necessary. Many
cleanup procedures have been published. Liquid-liquid partitioning between
cyclohexane and nitromethane [5,6) is widely used, but other techniques may be more
appropriate for specific samples,
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METHOD: 5506 POLYNUCLEAR AROMATIC HYDROCARBONS

CALCULATIONS :

17. Read the mass, ug (corrected for R or DE) of each analyte found on the filter (W) and
front sorbent (W¢) and back sorbent (W) sections, and on the average media blank
filter (B) and front sorbent (Bf) and back sorbent (B,) sections from the calibration
graphs.

18. Calculate concentration, C (ug/m®), in air as the sum of the particulate concentration
and the vapor concentration using the actual air volume sampied, V (L).

_(H-B+Hf+ub-8f-8b)~103
v

c v ug/m3,

NOTE: We and W, include analyte originally collected on the filter as particulate, then

volatilized during sampling. This can be a significant fraction for many PAH (e.q.,
fluoranthane, naphthalene, fluorene, anthracene, phenanthrene).

EVALUATION OF METHOD:

The fluorescence detector used in this method is both sensitive and selective. The detector
can “see" as little as S0 pg of many PAH injected on the column. LODs for the 17 analytes
range from SO to 350 ng per sample. It does not respond to non-fluorescent molecules such as
aliphatics. The method is, therefore, most amenable to determination of trace amounts of PAH
in mixtures of aliphatic compounds. Successful applications include: aluminum reduction
facilities, asphalt fume, coal gasification plants, coal liquefaction plants, coal tar pitch,
coke oven emissions, creosote treatment facilities, diesel exhaust, graphite electrode
manufacturing, petroleum pitch, and roofing tearoff operations.

This method has been evaluated by analyzing spiked filters, spiked sorbent tubes, and complete
spiked sampling trains through which were drawn 500 L of air [7]. Each of the three groups was
spiked with each analyte at two concentration levels in sextuplicate. Particular note should
be made that the effect of particulate matter has not been evaluated, and every sampling matrix
is unique. The data on the following page were obtained on spiked samplers stored refrigerated
in the dark for three months followed by measurement with HPLC.
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POLYNUCLEAR AROMATIC HYDROCARBONS METHOD: 5506

LOD MEASUREMENT PRECISION
CALIBRATION RANGE (ng per SPIKED +
COMPOUND _(ug per samwle) saple) SPIKED? AIRD
1. ACENAPHTHENE 2.0-13 0.8 .058 S .093 (50)
2. ACENAPHTHYLENE 1.0 - 100 0.35 .032 S .075 (100)
3. ANTHRACENE 0.4-13 0.05 .039 S .037 (5)
4. BENZ{a]ANTHRACENE 0.4-13 0.15 032 F .084 (5)
5. BENZO[bJFLUORANTHENE 0.4 -12 0.1 .021 F .028 (10)
6. BENZO[k JFLUORANTHENE 0.4 -13 0.15 .025 F .027 (1)
7. BENZO[ghi JPERYLENE 0.5 - 25 0.2 031 F .029 (10)
8. BENZO[aJPYRENE 0.4 -4 0.2 L0217 F .029 (5)
9. BENZO[e)PYRENE 0.5-13 0.2 {c) (c)
10. CHRYSENE 0.4 -12 0.15 .039 F .024 (5)
11. DIBENZ{a,h)ANTHRACENE 0.5-25 0.2 .026 F .029 (10)
12. FLUORANTHENE 0.4 -13 0.15 .026 S .050 (10)
13. FLUORENE 0.7-13 0.25 031§ .090 (10)
14. INDENO[1,2,3-cd]PYRENE 0.5 - 12 0.2 .084 F .032 (10)
15. NAPHTHALENE 0.6 - 13 0.25 .041 S .125 (50)
16. PHENANTHRENE 0.4 -13 0.1 .036 S .070 (2)
17. PYRENE 0.5-13 0.2 (c) (c)

3RsD for filter (F) where volatilization is nil or for sorbent (S) where substantial
volatilization may occur during sampling.

bRSD determined at the ug level shown in parenthesis for a spiked filter followed by a
sorbent tube. After spiking, laboratory air was drawn through the sampling train at 2 L/min
for 4 hrs.

CNot determined.
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METHOD: 5506

POLYNUCLEAR AROMATIC HYDROCARBONS

Table 1. Formulae and physical properties.
MELTING BOILING
EMPIRICAL  MOLECULAR POINT POINT
COMPOUND (by M.W.) FORMULA WEIGHT DETECTOR (°c) (°c)* REF .
1. NAPHTHALENE CioHg 128.17 uv 80 218 f9l
2. ACENAPHTHYLENE Ci2Hg 152.20 w 92-93 265-215 [0}
3. ACENAPHTHENE Ci2Hho 154.21 w 9.2 219 Q)]
4. FLUORENE Cy3H0 166.22 w 116 293-295 (9]
5. ANTHRACENE Ciato 178.23 w 218 340 9l
6. PHENANTHRENE C1aH10 178.23 w 100 340 (9]
7. FLUORANTHENE CigHio 202.26 FL 110 - (9}
8. PYRENE Ci6H10 202.26 FL 156 399 (9]
9. BENZ[a)ANTHRACENE Cigh12 228.29 FL 158-159 - {91
10. CHRYSENE CigHi2 228.29 w 255-256 - [9)
11. BENZO[b)FLUORANTHENE C20H12 252.32 FL 168 - [9]
12. BENZO[ k JF LUORANTHENE C20H12 252.32 FL 217 480 R[0)]
13. BENZO[a]PYRENE Co0H12 252.32 FL 117 - {9]
14. BENZO[e]PYRENE CooH12 252.32 FL 178-119 ~ 9]
15. BENZO[ghi JPERYLENE C22Hy2 276.34 FL 213 - 9l
16, INDENO[),2,3-cd]PYRENE C22H12 276.34 FL 161.5-163 - [8]
17. DIBENZ[a,h)ANTHRACENE C22H14 218.35 FL 262 . [9]
*Many of these compounds will sublime.
Table 2. Synonyms.
COMPOUND (alphabetically) SYNONYMS
1. ACENAPHTHENE CAS# 83-32-9
2. ACENAPHTHYLENE CAS# 208-96-8
3. ANTHRACENE CAS# 120-12-7
4. BENZ[aJANTHRACENE 1,2-benzanthracene; benzo[b]phenanthrene; 2.3-benzophenanthrene;
tetraphene; CAS# 56-55-3
5. BENZO[b]FLUORANTHENE 3,4-benzofluoranthene; 2,3-benzofluoranthene;
benz{elacephenanthrylene; B[b]F; CAS# 205-99-2
6. BENZO[k JFLUORANTHENE 11,12-benzofluoranthene; CAS# 207-08-9
7. BENZOLghi JPERYLENE 1,12-benzoperylene; CAS# 191-24-2
8. BENZO[a]PYRENE 3,4-benzopyrene; 6,7-benzopyrene; B[a]P; BP; CAS# 50-32-8
9. BENZO[e)PYRENE 1,2-benzopyrene; 4,5-benzopyrene; B[elP; CAS# 192-97-2
10. CHRYSENE 1,2-benzophenanthrene; benzo[alphenanthrene; CAS# 218-01-9
11. DIBENZ[a,h]ANTHRACENE 1,2,5,6-dibenzanthracene; CAS# 53-70-3
12. FLUORANTHENE benzo[ jkJfluorene; CAS# 206-44-0
13. FLUORENE CAS# 86-73-7
14. INDENOL1,2,3-cdIPYRENE 2,3-phenylenepyrene; CAS# 193-39-5
15. NAPHTHALENE naphthene; CAS# 91-20-3
16. PHENANTHRENE CAS# 85-01-8
7. PYRENE benzo[def Jphenanthrene; CAS#129-00-0
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POLYNUCLEAR AROMATIC HYDROCARBONS

METHOD: 5506

Table 3

. Approximate PAH retention times.

COMPOUND

10.

1.

12.

13.

14.

15.

16.

17.

. NAPHTHALENE

. ACENAPHTHALENE

. ACENAPHTHENE

FLUORENE

. PHENANTHRENE
. ANTHRACENE

. FLUORANTHENE
. PYRENE

. BENZ[ aJANTHRACENE

CHRYSENE
BENZO[ e JPYRENE
BENZO[b JFLUORANTHENE
BENZO{ k JFLUORANTHENE
BENZO[a JPYRENE
DIBENZ[a,h JANTHRACENE

BENZO[ghi JPERYLENE

INDENO[1,2,3-cdJPYRENE

RETENTION TIME (min)*

2.4

2.8

3.6

3.9

4.7

5.8

6.8

1.1

1.2

12.1

14.0

14.8

16.5

17.3

20.0

20.0

21.2

*NOTE: Determined with a Perkin-Elmer HC-ODS-SILX column. Actual retention times will vary
with individual columns and column age.
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METHOD: 5506 POLYNUCLEAR AROMATIC HYDROCARBONS

ACENAPHTHENE ACENAPHTHYLENE ANTHRACENE

soeg!

BENZ(c)ANTHRACENE  BENZO(b)FLUORANTHENE BENZO(K)FLUORANTHENE

I @
@%o ~ O‘O‘ COOO

BENZO(g h i YPERYLENE  BENZO(2) PYRENE BENZO(e)PYRENE
e
0 408 &
® &L
CHRYSENE DIBENZCa.h_)ANTHRACENE FLUORANTHENE
A
dud @,
FLUORENE INDENOCI.2.3-C d)PYRENE NAPHTHALENE
o 0O
se
PHENANTHRENE PYRENE

Figure 1. Structures of PAH.
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emitted from coke pushing operations and combustion (underfire) stacks. This test report addresses pushing emissions from a coke oven, and emissions
from the combustion (underfire) stack that serves Coke Battery No. 5/6 at ABC Coke in Birmingham, Alabama. The purpose of this test program was to
quantify emissions from the inlet and outlet of the baghouse controlling emissions from the coke pushing operation and to quantify emissions from the
combustion outlet stack. The data may be used by the EPA in the future to support a residual risk assessment for coke oven facilities.

The testing was performed to quantify uncontrolied and controlled air emissions of filterable particulate matter (PM), methylene chloride extractable
matter (MCEM) and 19 polycyclic aromatic hydrocarbons (PAHs) including acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, benzo(e)pyrene, benzo(k)fluoranthene, benzo(ghi)perylene, chrysene, dibenzo(a,h)anthracene, fluoranthene,
fluorene, indeno(1,2,3-cd)pyrene, 2-methylnapthalene, napthalene, perylene, phenanthrene, and pyrene. In addition, following the PM and MCEM
analyses, the samples were analyzed to screen for the presence of 17 trace metals. Baghouse dust samples were also collected and analyzed for 16 trace
metals. Simultaneous testing was performed at the inlet and outlet of the baghouse controlling emissions from the coke pushing operation. Sampling
was also performed on the combustion outlet stack. In addition to pollutant testing, oxygen (O,) and carbon dioxide (CO,) were measured at each
location. During the sampling program, Research Triangle Institute (RTI), another EPA contractor, monitored and recorded process and emission
control system operating parameters.

This volume (Volume I1I) is comprised of 379 pages and consists of Appendices: E (Calculations), F (QA/QC Data), G (Participants), and
H (Sampling and Analytical Procedures).
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