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Flow <328 325- 350~ 400~ 450- 500- 600- 700- 800- 1300~ >1499
rate 345 359 449 499 599 699 799 399 1499

(m3/8)

<0.5 0 0 0 0 o 0 0 [0} 0 o c
£.5-0.9 0 0 0 o] 8 0 o o 3 H %
1.0-1.9 0 0 0 0 3 1 2 i} 3 3 é
2.0-2.9 0 0 i 3 4 4 6 4 7 8 g
3.0-3.9 2 1 pd ] & 7 ] 10 ¥1 i2 .
4.0-4.9 1 z 4 6 8 1c 12 13 14 ig 17
5.0-7.4 2 3 5 8 3G 12 14 16 17 19 21
7.5-9.9 3 5 B 12 15 17 20 22 22 23 24
10.0- 4 6 10 15 13 3 23 24 25 26 27
12.4

12.5- 4 7 - 3R 18 <z 23 25 26 27 28 29
14.9

15.0- 5 8 13 20 23 24 26 27 28 29 31
19.9

20.0- 6 10 17 23 25 27 29 30 31 32 34
24.9

25.0- 7 12 20 25 7 29 3 iz i3 5 36
29.9

30.0- 8 14 22 26 29 31 33 35 36 o) 39
34.9

15.0- 3 16 23 28 £ §o 32 35 36 a7 39 41
3g.g

40.0- 0 17 24 23 iz 14 36 38 39 41 42
49.5

50.0- 12 21 26 i1 14 16 39 41 42 44 46
55.9

60.0- 14 22 27 33 18 ig 42 43 45 47 49
£5.9

70.0- 16 23 29 15 18 &z 44 46 47 49 51
79.9

80.0- 17 25 30 18 4c 42 46 48 49 3 54
89.9

50.0- 13 26 &3 3B 42 44 4B 50 51 53 56
$9.9

100.0- 21 26 32 39 43 46 49 52 53 55 58

119.8
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second case, when the concentration exceeds the span of the lower range, the data acguisiticn syster- reccraes
BhRa.ii switeh to the high range automatically.

2.2.4.1 CEMS Span Value. In order to measure high and low concentrations with the same or sim:lar
degree of accuracy, the maximum ranges (span values) are specified for low and high range analyzers. The span
values are listed in Table 2.i-2. Tier I and Tier II format definitions are established in 40 CFR part 266,
suppart H.

Table 2.l1-l-Performance Specifications of CO and Cq Monitors

CO monitors

Parameter Low range High range G, monitors

Calibration arift 24 56 ppm: %90 ppm £0.5% O,

nours.

Calibration error. 510 ppml 5150 ppm 50.5% Dz

Responase time. £2 min 52 min 52 min

Relative accuracyz. (3) (J) [incorporated in CO RA
calculaticn)

1

FOOTNOTE: “For Tier II, CD and CE are s3% and s5% of twice the permit limit, respectively.

FOOTNOTE: ZEXDraaaad as the sum of the mean absolute value plus the 95% confidence interval of a
series of measurements.

FOOTNOTE: -The greater of 10% of PTM or 10 ppm.

Table 2.1-2-CEMS Span Valuaes for CO and 0, Monitors

CO monitors

Low range (ppm) High range (ppm) « 0O, monitors (percent)

Tier I rolling average 200 3,000 25
formac.

Tier IZ rolling average 2 X permit limit. 3,000 25

format.

2.1.4.2 Daily Calibration Gas Values. The owner or cperator must choose calibration gas cencentrations
r calibration filters for in-situ systems) that include zero and high-level calibration values for tne daily
alibration checks. For a single measurement range monitor, three CO calibration gas concentrations (or
alibration filters for in-situ systems) shall be used, i.e., the zero and high-level concentrations of the
low-range CO analyzer and the high-level concantration of the high-range CO analyzer.

a

{
\

<
et

2.1.4.2.]1 The zero level for the CO or C, analyzer may be between zero and 20 percent of the span
value, e.g., 0-40 ppm for low-range CO analyzer, 0-600 ppm for the high-range CC analyzer, and 0-5 percent for
the C, analyzer (for Tier I).
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SOURCE: DATE:
MONITOR: LOCATION:
SERIAL NUMBER: SPAN:
LOW RANGE
HIGH RANGE
CALIBRATION MONITOR PERCENT
DAY | DATE TIME VALUE RESPONSE | DIFFERENCE OF SPAN®
2
zero/ |3
LOW 4
LEVEL
5
6 .
7
1
2
HGH | 3
LEVEL 4
5
6
7

*Acceptance Cmena : < 5% of span sach day for seven days.

.1-1

Calibrartion Drift Determination
4314 12/90
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2.2.6.3.1.2. Operate the CEMS as nearly as possible in its normal
sampling mods. The calibration gas should be injected into the sampling
system as close to the sampling probe outlet as practical and shall pass
through all filters, scrubbers, conditioners, and other monitor components
used during normal sampling. Challenge the CEMS three non-consecutive times
at each measurement point and record the responses. The duration of each gas
injection should be for a sufficient period of time to ensure that the CEMS

surfaces are conditioned.

2.2.6.3.2 Calculations. Summarize the results on a data sheet. An
example data sheet is shown in Figurs 2.2-2. Average the differences between
the instrument response and the certified cylinder gas value for each gas.
Calculate three CE results according to Equation 1. No confidence coefficient

is used in CE calculations.
2.2.7  Equations
2.2.7.1 Calibration Error. Calculate CE using Equation 1.

CE = ‘ d | x 100 (Eg. 1)
FS

where:

d = Mean difference between CEMS response and the known reference
concentration, .

2.2.8 Reporting

At a minimum, summarize in tabular form the results of the CD,
response time, and CE test, as appropriate. Include all data sheets, calcula-
tions, CEMS data records, and cylinder gas or reference material certifica-

tions.
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methodology shall be empty, the second and third shall contain known guantities cf a nitric acid/hydrogen
peroxide sclution (section 3.l1.4.2.1}, the fourth snall be empty, the £ifth and sixth snall contain a Known
quantity of acidic potassium permanganate solution (section 3.1.4.2.2;, and the iast impinger srall contain a
known quantity of silica gel. A thermometer capable of measuring to within 1°C {2°F) snhall be placed at the
outlet of the last impinger. When the molsture knockout impinger is not needed, it is removed from the train
and the other impingers remain the same. If mercury analysis is not tc be performed, the potasslum permanganate
impingers and the empty impinger preceding them are remcoved.

Environmental Protection Agency Pt. 266, App. IX
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4305 v Figure 3.1-1 Schematic of multiple mai
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J.1.4.2.4 Hydrochloric Acid (HCl),

8 N

. Make the desired volume cf B N BECL in the fcllowing

proportions. Carefully with stirring, add 690 mi ¢f concentrated HCl to a flask containing 250 ml of water.
Dilute tc 1000 ml with water. Mix well. The reagent shall contain less than 2 ng/ml of Hg.

3.1.4.3 Glassware Cleaning Reagents.

3.1.4.3.1 Nitric Acid, Concentrated.

isher ACS grade or equivalent.

3.1.4.3.2 Water. To conform tc AST™M Specifications D1193-77, Type II.

3.1.4.3.3 Nitric Acid, 10 Percent (V/V). With stirring, add 500 ml of concentrated ENC, to a flask
containing approximately 4000 ml of water. Dilute to 5000 ml with water. Mix well. Resagent snalil contain less
than 2 ng/ml of each target metal.

3.1.4.4 Sample Digestion and Analysis Reagents.

3.1.4.4.1 Bydrochleric Acid, Concentrated.

3.1.4.4.2 Hydrofluoric Acid, Concentrated.

3.1.4.4.3 Nitric Acid, Concentrated. Baker Instra-analyzed or equivalent.

3.1.4.4.4 Nitric Acid, 50 Percent (V/V). With stirring, add 125 ml of concentrated ENO, to 100 ml of
water. Dilute to 250 ml with water. Mix well. Reagent shall contain less than 2 ng/ml of sach target metal.

3.1.4.4.5 Nitric Acid, 5 Percent (V/V). With stirring, add 50 ml of concentrated ENO, to 800 nl of
water. Dilute to 1000 ml with water. Mix well. Reagent shall contain less than 2 ng/ml of each target metal.

3.1.4.4.6 Water. To conform to ASTM Specifications D1193-77, Type II.

3.1.4.4.7 Hydroxylamine Hydrochloride and Sodium Chloride Solution. See EPA method 7470 for

preparation.

3.1.4.4.8 Stannous Chlorida.

3.1.4.4.5 Potassium Permanganate,

See method 7470.

5 Percent (W/V). See method 7470.

3.1.4.4.10 Sulfuric Acid, Concentrated.

3.1.4.4.11 Nitric Acid, 50 Percent (V/V).

3.1.4.4.12 Potassium Persulfate, 5 Percent (W/V). See Method 7470.

3.1.4.4.13 Nickel Nitrate, Ni(NO3]2. EEZO.

J.l.4.4.14 Lanthanum, Oxide, L52°3'

3.1.4.4,15
3.1.4.4.16
3.1.4.4.17

3.1.4.4.18

AAS
AAS
AAS
AAS
AAS
3.1.4.4.20 AAS
AAS
AAS
AAS
AAS

Grade

Grade

Grade

Grade

Grade

Grade

Grade

Grade

Grade

Grade

Hg
Pb
As
cd
cE
sb
Ba
Be

Cu

Standard,
Standard,
Standard,
Standard,
Standard,
Standard,
Standard,
Standard,
Standard,

Standard,

1000

1000

1000

1000

100C

1c00

1000

1000

1000

1000

ug/ml.
pg/ml.
ug/ml,
ug/ml.
ug/ml.
ug/ml.
Hg/ml.
ug/ml.
ug/ml.

Hg/ml.
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relieve potential excess pressure. Venting is required. A Na. 70-72 hole drilled in the container cap and
Teflon liner has been used.

3.1.5.2.11 Container No. 11 (B8 N HCl Blank). At least once during each field test, perfcrm both of the
following: Place 200 ml of water into a sample container. Pour 25 ml of 8N ECl carefully with stirring into the
200 ml of water in the container. Mix well and seal the container.

3.1.5.2.12 Container No. 12 (Filter Blank). Cnce during each field test, place three unuaed blank
filters from the same lot as the sampling filters in a labeled petri dish. Seal the petri dish. These will be
used in the front-half field reagent blank.

3.1.5.3 Sample Preparation. Note the level of the liguid in each of the containers and determine if
any sample was lost during shipment. 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. A diagram illustrating
sample preparation and analysis procedures for each of the sample train components is shown in Figure 3.1-3.

3.1.5.3.1 Container No. 1 (Filter). If particulate emissions are being determined, then desiccate the
filter and filter catch without added heat and weigh to a constant weight as described in section 4.3 of method
£. For analysis of metals, divide the filter with its filter catch into portions containing approximately C.5 g
each and place into the analyst's choice of either individual microwave pressure relief vessels or Parr Bombs.
Add 6 ml of concentrated nitric acid and 4 ml of concentrated hydrofluoric acid to each vessel. For microwave
heating, microwave the sample vessels for approximately 12-15 minutes in intervals of 1 to 2 minutes at 600
Watts. For conventicnal heating, heat the Parr Bombs at 140°C (285°F) for 6 hours. Cool the samples toc room
tamperature and combine with the acid digested probe rinse as required in section 3.1.5.3.3, below.
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0.20 . b - = = x -
0.23% = - x - x -
. 030 n - x = u -
0.!.5 = - = - x -
ﬂ.” _ n - u - x -
. 0.8 = - x - x -
ﬂ'.ﬂ = = = - x -
Gi$ ] - | ] - x -
0.76 = - X - x -
0.80 = = ] - x -
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1.09 E - L = x -
1.10 x - x - ” "
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— — =

ER= Annual Average Emission Rate
DC= Hourly Dispersion Coeffiecient (from lorksheet 5.0-1)
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Cr Furnace

Cu Aspiration
Fe Aspiration
Pb Aspiration
Pb Furnace

Mn Aspiration
Ni Aspiration
Se Furnace

Ag Aspiration
o Aspiration

7191

7210

7380

7420

7421

7460

7520

7740

7760

7840

357.%

324.7

248.3

283.3

283.3

279.5

232.0

196.0

328.1

276.8

Absorption and
scatter

200 mg/L Ca and P

Absorption and
scatter

Contamination
217.C nm
alternate

Poor recoveries

403.1 nm
altarnate

352.4 nm
alternate

Fa, Co, and Cr

Nonlinear
response

Volatility

Adsorption &
scatter

Adsorption &
scatter

AgCl insolube

Viscosity

samples anc
stancards.
Consult
manufacturer's
literature.
All calciux
nitrate for a
known constant
effect and to
eliminate effect
of phosphate.
Consult
manufacturer's
manual.
Great care taken
To avoid
contamination.
Background
correction
regquired.
Matrix modifier,
add 10 ul of
phosphorus acid
to 1 mL of
prepared sample
in sampler cup.
Background
correction
required.
Background
correction
required.
Matrix matching
or nitrous-
oxide/acetylene
flame.
Sample dilution
or use 352.3 nm
ine.
Spike samples and
reference
materials and add
nickel nitrate to
minimize
volatilization.
Background
correction is
required and
Zeeman background
correction can be
useful.
Background
correction is
required.
Avoid
hydrochloric acid
unless silver is
in solution as a
chloride complex.
Sample and
standards
monitored for
aspiration rate.
Background
correction is
required.
Hydrochloric acid
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average stack gas velocity.
3.1.8.4 Metrals (Except Mercury) in Source Sample.

3.1.8.4.1 Fraction 1A, Front Half, Metals |(except Hg). Calculate separately the amount of each matal
collected in Fraction 1 of the sampling train using the following equation:

Ed

Mem = Ca1 Fa vauln,l B 3

" If Fractions 1A and 2A are combined, proportional aliguots must be used. Appropriate changes must be
made in Equations i-3 to reflect this approach.

wherae:

th = total mass of each metal (except Hg) collected in the front nalf of the sampling train
(Fraction 1), ug.

Cay = concentration of metal in sample Fraction 1A as read from :ne standard curve (wg/ml).

Fd = dilution factor (Fd = the inverse of the fract:onal port:on cf the concentrated sample in the
solution actually used in The instrument to produce the reading Cy,. For example, wnen 2 =l of
Fraction lA are diluted to 10 mi, Fy = 5)e

vsoln,l = total volume of digested sampie solution (Fracticn 1}, mi.

3.1.8.4.2 Fraction 2A, Back Half, Metals (except Hg). Calculate separately the amount of each metal
collected in Fraction 2 of the sampling train using the following equation:

Mon * CazfaVa Eq. 2

where:

Mpp = total mass of each metal (except Hg) collected in the back half of tne sampling train (Fraction 2),
Hg.

Caz = concentration of metal in sample concentrated Fracticn 2A, as read from the standard curve (wg/ml).

P aliquot factor, volume of Fraction 2 divided by volume of aliguot Fraction 2A (see section 3.1.5.3.4).

Va = total volume of digested sample solution (concentrated Fraction 2A), =1 (see section 3.1.5.3.4.1 or

3.1.5.3.4.2, as applicable).

3.1.8.4.3 Total Train, Metals (except Hg). Calculate the total amount of each of the guantified metals
collected in the sampling train as follows:

*

Mg S (Men = Menp) * (Mpn = Hppp) Eq. 3

where:

H: = total mass of each metal (separately stated for each metal) ccllected in the sampling trainm,
Hg-

Mepy = blank correction value for mass cf metal detected in front-half field reagent blank, ug.

Mpnp = blank correction value for mass of metal detectsd in back-half field reagent blank, ug.

Note: If the measured blank value for the front half (Zeyp) 18 dn tq? range 0.0 to A wg (where A ug
equals tneﬂvalua determined by multiplying 1.4 pg per square inch (1.4 wpg/in“) times the actual area in Bquare
incnes (in®) of the filter used in the emissiocn sample) m may be used to correct the emission sample value
(Zepls iz Ty, BXceeds A ug, the greater of the two folloﬁlng valuesa (either I. or II.) may be used:

I. A ug,; or

-7

II. the lessar of (a) Depps OF (D) 5 percent of m,.

If the measured blank value for the back half (mbhb: is in the range cof 0.0 to 1 wg, my,, =ay be used
IC correct the emission sample value (mbh;; if Dppp exceeds 1 pg, the greater of the two following values may
be used: l ug or 5 percent of LIS

3.1.8.5 Mercury in Source Sample.

3.1.8.5.1 Fraction 1B, Front Half, Eg. Calculate the amount of mercury collected in the front half,
Fraction I, of the sampling train using the fcllowing equaticn:
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solubility in water, however, and the use of acidic rather than neutral or basic solutions for cecilection of
hydrogen chloride gas greatly reduces the dissoluticn cf any chlcrine present.

3.3.1.4 Apparatus and Materials.

3.3.1.4.1 Sampling Train.

3.3.1.4.1.1 A schematic of the sampling train used in this method is shown in Figure 3.3-1. This
sampling train configuration is adapted from EPA method 5 procedures, and, as such, the majority of the
required equipment is identical to that used in EPA Method 5 determinations. The new components required are a
glass nozzle and probe, a Teflon union, a quartz-fiber or Teflon mat filter (see section 3.3.1.5.5), a Teflon
frit, and acidic and alkaline absorbing soluticns.

3.3.1.4.1.2 Construction details for the basic train components are provided in section 3.4 of EPA's
Quality Assurance Handbook, Volume III (reference 2); ccmmarcial models of this equipment are also avallable.
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the Mae West impinger containing the silica gel. If the moisture will be determined, weigh the impinger
assemply to the nearest = 0.5 g and record the weight.

3.3.2.7.2.2 Leak check procedures. Leak check the probe and three-way stopcock prior to inserting the
probe into the stack. Connect the stopcock to the outlat of the probe, and connect the sample line to the
neadle valve. Plug the probe inlet, turn on the sample pump, and pull a vacuum of at least 250 mm Eg (10 in.
Hg). Turm off the needle valve, and note the vacuum cauge reading. The vacuum should remain stable for at least
30 seconds. Place the probe in the stack at the sampling location, and adjust the filter heating system to
250°F and the probe and stopcock heating systems to a temperature sufficient to prevent water condensation.
Connect the first impinger to the stopcock, and connect the sample line to the last impinger and the needle
valve. Upon completion of a sampling run, remove the probe from the stack and leak check as described anove. If
a leak has occurred, the sampling run must be voided. Alternatively, the portion of the train behind the probe
may be leak checked between multiple runs at the same site as follows: Close the stopcock to the first impinger
(se@e Figure 3.3-3A), and turn on the sample pump. Pull a vacuum of at least 250 mm Hg (10 in. Hg), turn off the
needle valve, and note the vacuum gauge reading. The vacuum should remain stable for at least 30 seconds.
Release the vacuum on the impinger train by turning the stopcock to the vent position to permit ambient air to
enter (see Figure 3.3-3B). If this procedure 18 used, the full train leak check described above must be
conducted following the final run and all preceding sampling runs voided if a leak has occurred.
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" Pw RTstd
Vw{std) = Vie

My Pora

= KVy, (2)
where:
K, =  0.0013333 m'/ml for metric units.
K, = 0.04707 f£t?/ml for English units.

3.3.2.7.4.4 Moisture content.

Yu(std)

wa Varstd) T Vv (3)
{std}

3.3.2.8 Quality Control.

3.3.2.8.1 At the present time, a validated audit matarial does not exist for this method. Analytical
gquality control procedures are detailed in Method 9057.

3.3.2.9 Method Performanca.

3.3.2.9.1 The in-stack detection limit for the mathod is approximately 0.08 pgg of HCl per liter of
stack gas for a l-hour sample.

3.3.2.9.2 The precision and bias for measuremant of HCl using this sampling protocol combined with the
analytical protocel of method 9057 have been determined. The within laboratory relative standard deviation is
6.2 percent and 3.2 percent at ECl cencentrationa of 3.9 and 153.3 ppm, respectively. The method does not
exhibit any bias for HCl when sampiing at Cl2 concentrations less than 50 ppm.
References -~
l. Steinsberger. S.C. and J.E. Margeson, "Laboratory and Field Evaluation of a Methodeology for
Determination of Hydrogen Chloride Emissions from Municipal and Bazardous Waste Incinerators,'" U.S.

Envirenmental Protection Agency, Office of Research and Development, Report No. EPA 600/3- 89/064, NTIS PE B9
220586-AS.

2. State of California, Air Resources Board, Method 421, 'Determination of Hydrochloric Acid Emissions
from Stationary Sources,' Maren 18, 1987.

3. Entropy Envircnmentalistse, Inc., "Lapcratory Evalvation of a Sampling and Analysis Method for
Hydrogen Chloride Emissions from Stat:onary Sources: Interinz Report,' EPA Contract No. 68-02-4442, Research

Triangle Park, North Carolina, January 22, 1988.

4. U.5. Environmental Protection Agency, 'Quality Assurance Bandbook for Air Pollution Measurement
Systems, volume III, Stationary Source Specific Methods,' Publication No. EPA-600/4-77-027b, August 1977.

5. U.S. Environmental Protection Agency, 40 CFR part 60, appendix A, method 6.
3.3.3 Protocol for Analysis of Samplies from BC1/CL, Emission Sampling Train (Method 9057)

3.3.3.1 Scope and Application.

3.3.3.1.1 This method describes the analytical protocol for detarmination of hydrogen chloride (HC1,
CAS Registry Number 7647-01-0) and chloride (Clz, CAS Registry Numbar 7782-50-5) in stack gas emission samples
collected from hazardous waste and municipal waste incinerators using the midget impinger HCl/Clz sampling

train (method C051) or the isokinetic HC]JCl2 sampling train (method 0050).

3.3.3.1.2 The lower detecticn limit is 0.1 wg of chloride (C17) per ml of sample solution. Samples
with concentrations which exceed the linear range of the analytical instrumentation may be dilutad.
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200ul using a stream of Nz. Store extracts at room tamperature, shielded frem light, until the analysis 1is
performed.

3.4.5.3 Analysis. Analyze the sample with a gas chromatograph coupled to a mass spectrometer (GC/MS)
using the instrumental parameters in sections 3.4.5.3.1 and 3.4.5.3.2. Immediately prior to analysis, add a 20-
ul aligquot of the Recovery Standard solution from Table 1 to each sample. A 2-ul aliguot of the extract is
injected into the GC. Sample extracts are first analyzed using the DBE-5 capillary column to determine the
concentration of each isomer of PCDDs and PCDFs (tetra- through octa-). If tetra-chlorinated dibenzofurans are
detected in this analysis, then analyze another aliquot of the sample in a separate run, using the DB-225
column to measure the 2.3.7.8-tetrachlorodibenzofuran isomer. Other column systems may be used, provided that
the user is able to demonstrate, using calibration and performance checks, that the column systam is able to
meat the specifications of Section 3.4.6.1.2.2.

F:4:5 3:1 Gas Chromatograph Operating Conditions.

3.4.5.3.1.1 Injector. Configured for capillary column, splitless, 250 °C.

3.4.5.3.1.2 Carrier Gas. Helium, 1-2 ml/min.

3.4.5.3.1.3 Oven. Initially at 150 °C. Raise by at least 40 °C/min to 150 °C and then at 3 °C/min up

3.4.5.3.2 High Resolution Mass Spectrometer.
3.4.5.3.2.1 Resolution. 10000 m/e.
3.4.5.3.2.2 Ionization Mode. Electron impact.
3.4.5.3.2.3 Source Temperature 250 °C.

3.4.5.3.2.4 Monitoring Mode. Selected ion monitoring. A list of the various ions to be monitored is
summarized in Table 3.4-2.

Table 3.4-2.-Elemental Compositions and Exact Masses of thae Ions Monitored by High Resolutions Mass
Spectrometry for PCDD's and PCDF's

Descriptor ne. Accurate mass? Ion type Elemantal Analyte
composition
H [Not used]
2 292.9825 LOCK oy PFK
15

303.9016 M CyoB, €10 TCDF
305.8987 Mo+ 2 £y 8 01 0 TCDF
315.9419 M BB 700,08 TEDF (S)
317.9389 B i D Me,.m M1 TCDF (S)
- 3s.
19.8965 M R T TCDD
321.8936 M+ 2 Cyalt P30ty 22010, TCDD
327.8847 M Crafliz 18ty TCDD ()
330.9792 oc 2 PFK
331.9368 M 1385 Hnatl 05 TCDD (S)

37
333.,9339 Mo+ 2 13C12Hs35C2 clo, TCDD (S)
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Unlabeled Analytes
2,3,7,8-TCDD
2,3,7,8-TCDF
1,2,3,7,8-PeCDD
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,4,5,7,8-HxCDD
1,2,3,6,7,8-HxCDD
+:2,3,7,8,9-HxCDD
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-EXCDF
1,2,3,7,8,9-BxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-BpCDD
1,2,3,4,6,7,8-HpCDF
[e]ois)o}

OCDF

Internal Standards

3¢, .-2,3,7,8-TcOD

€12
e ,-1,2,3,7,8-PecD

*3¢.,-1,2,3,6,7,8-HxCDD

*3c,,-1,2,3,4,6,7,8-BpCDD

13z, -ocoD
12

13 - g
Ciz 2,3,7,8-TCDF

13, .
Cy-1+2,3,7,8-PeCDF

13

- C12-1,2,3,6,7,8-HxCDF

13, ,-1,2,3,4,6,7,8-BpCDF

Surrogate Stancdards

JTCL‘-2.3,7,B-TCDD

3¢, ,-2,3,4,7,8-PeCOF

13c12-1,2,3,4,7,a-axcnn

13 .-1,2,3,4,7,8-HXCDF

<
12

~%¢,,-1,2,3,4,7,8,9-HpCOF

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

30

23

30

25

30

30

30

30

30

30

25

%5

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

25

30

25

3o

25

3o

30

30

30

30

30

25

25

25

25

25
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Ay = Integrated icn current of the noise at

A . = Integrated ion current of the two ions
calibration standard.

Rcij = Integrated ion current of the two ions characteristic of compound i in the jth calibration
standard.

A'cij = Integrated ion current of the two ions characteristic of the internal standard i in the jth
calibration standard.

e Integrated ion current of the two icne characteristic of surrogate compound i in the
calibration standard.

Ay = Integrated ion current of tha two iona charactaristic of compound in the sample.

A'i = Integrated ion current of the two icns characteristic of internal standard i in the sample.

Aig = Integrated ion current of the two ions characteristic of the recovery standard.

Agy = Integrated ion current of the two ions characteristic of surrogate compound i1 in the sample.

€y = Concentration of PCDD or PCDF i in the sample, pq/Ha.

Cm = Total concentration of PCDDe or PCDFs in the sample, png3.

M.y = Mass of compound i in the calibration standard injected into the analyzer, pg-

m'ci = Mass of labeled ccmpound i in the calibraticn standard injected inte the analyzer, pg.

m'i = Mass of internal standard i added to the sample, pg.

Dy ™ Mass of recovery standard in the calibraticn standard injected into the analyzer, pg.

myy = Maga of surrogate campound i in the calibration standard, pg.

RFFi = Relative response factor.

RRF ., = Recovery standard response factor.

RRF_ = Surrogate compound response factor.

1.4.9.2 Average Relative Response Factor.

n
RRF, = 1/n I (Acgqm g/ (B Cgamey)]

3=1
3.4.9.3 Concentration of the PCDDe and PCDFs.
Cy == Ay /(A RRFy Voigeyy)
3.4.9.4 Recovery Standard Response Factor.

RRF__ = A

s cifrg/(Arg ®

ci)

3-.4.9.5 Recovery of Internal Standards (R7).
R = (A, m /A RF.m ) X 100%

3.4.9.6 Surrogate Campound Response Factor.
QD=5 el ms,(hcin ®oy)

3.4.9.7 Recovery of Surrogate Compounds (as).

Ra - EABm i/A :RRFsmB] X 100%

X

the retenticn time of the analyte.

characteristic of the internal standard i in the

Eq. 23-1

Eg. 23-2

Eq. 23-3

Eq. 23-4

Eq. 23-5

EqQ. 23-6
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Formaldehyde Sampling Train
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Ambilent Temperature
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Location Barometric Pressure
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Dele Probe Length, m{)
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C Factor Probe Liner Material
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Figure 3.5-2 Field Data Sheet
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3.5.9 Calculations

Carry cut calculations, retaining at least one extra aecima. figure beyocac that of the accuired data.
Round off figures after final calculations.

3.5.9.1 Calculation of Total Formaldehyde: To determine the total formaldenyde in mg, use the
following eguations:

Total mg formaldehyde = Cy X V X DF

[g/mole aldehyde]

X X 103 =g/ -
Hg

[g/mole DNPHE derivative]
where:
Ca = measured concentration of DNPE-formaldehyde derivative, ug/m..
v o= organic extract volume ml.
DF = dilution factor.

3.5.9.2 Formaldehyde concentration in stack gas.

Determine the fermaldehyde concentration in the stack gas using the follow:ng equation:
Ce = K [total formaldehyde, mg] Vm(atd) . .3
where:
K = 35.31 fti/md if vm(std is expressed in English units =
= 1.00 m3lm3 it Vm std) lu expressed in metric units.
Vm(atd) volume of gas sample a measured by dry gaes mater, ccrrected to standard conditions, dscm

(dacf).

3.5.9.3 Average Dry Gas Meter Temperature and Average Orifice Pressure Drop are cbtained from the data

sheet.

3.5.9.4 Dry Gas Volume: Calculate V Ym(std) and adjust for leaxage, if necessary, using the equation
in section 6.3 of EPA method 5.

1.5.9.5 Volume of Water Vapor and Moisture Contant: Calculata the volume of water vapor and moisture
content from eguations 5-2 and 5-3 of EPA method 5.

3.5.10 Determination of Volume to be Sampled
To determine the minimum sample volume to be collected, use the following sequence of equations.
3.5.10.1 From prior analysis of the waste feed, tne concentratiocn of formaldehyde (FORM) introduced
intc the combustion system can be calculated. The degree of destructicn and removal efficiency that is required
is used to determine the amount of FORM allowed to be present in the effluent. This amount may be expressad as:

Max FCRM Mass = [(WF) (FORM conc) (100-%DRE)]/100

where:

WF = mass flow rate of waste feed par h, g/h (lb/h).

FORM = concentration of FORM (wt %) introduced into the combustion process.

DRE = percent Destructiocn and Removal Efficiency required.

Max FORM= mass flow rate (g/h [1b/]) of FORM emitted from the compbustion sources.

3.5.10.2 The average discharge concantration of the FORM in the effluent gas is determined by —
comparing the Max FORM with the volumetric flow rate baing exhausted from the source. Volumetric flow rate data
are available as a result of preliminary EPA method 1-4 determinationa:

Max. FORM conc= Max FORM Mass] / Dva!!(atd) m

whers:
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FIGURE 3.6-1
REPRESENTATIVE CHROMATOGRAM OF A %0 'pq,/L SOLUTION OF FORMALDEHYDE

DNPH
4.36

ACET-D
9.20

FOR-D
7.09
DOl

10.

FOR-D = Formaldehyde derivative
ACET-D = Acetaldehyde derivative



Worksheet 5.0-2 Maximum Ambient Air Concentration

Pollutant
l ‘ Summed
" e _ Concentratlion
Stack 1 Brack 2 Stack 3 from all
TERRE DG - C ER = D0 =C ERxDC=C Stacks
n - = - x -
» - x - = -
= - = - = =
n - = - x -
= - = = x -
n = n - a -
= L u - - -
N - = - = -
x - x - = -
x - = - u -
| - n - -
x - x - x =
- | - = -
= - = = x o
= - u - x -
x - = = x -
x - = - x -
n - = - x -

ER = Annua]l average emisalon rste

BC = Bourly disperslon coefficlent (from Workshaet 1)

C = Estimated maximm hourly asblent alr concentratlon

X1 ‘ddy ‘997 “id
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Pollutant

liorksheet 5.0-2 lMaximum llourly Ambient Air Concentration

Suomed
Total Concentratlon

Distance Stack 1 Scack 2 Stack 3 from all

(km) ERxDC=C ERx D0 =C ER x DC = C Svacks
1.60 X - ® - x -
1.70 x - " - x =
1.80 u - x - x -
1.90 = = = = x -
2.00 ] - X - x -
1.25 u - x - x -
2.50 = - = - x -
2.73 x - = - ® -
.00 n - n - X -
4.00 o - x _ - = -
5.00 X - x - i =
6.00 x - x - 5 -
© 7.00 X - x - = -
8.00 u - n - x -
9.0q ] - x - X -
10.00 x - x - x -
13.00 ] - x - x o
x - x - x -

20.00

ER=Annual Average Emission Rate
DC= flourly Dispersion Coefficient (from Worksheet 5.9-1)
Estimated Maxinum Hourly Ambient Air Concentration
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L

FOOTNOTE: “The term dispersion coefficient refers to the change in ambient air concentration (ug/m™)
resulting from a source wWith an emission rate of 1 g/sec.

The screening procedure can be used to determine emissions limits at sites where the nearest
meteorclegical (STAR) station is not representative of the meteorclogy at the site. If the screen snows that
emissions from the site are adequately protective, then the need to collect site-specific meteorological data
can be eliminated.

The screening procedure is generally most helpful for facilities meeting cne or more of the following
conditions:

* Multiple stacks with substantially different release specifications (e.g., stack heights differ by
>50 percent, exit temperatures differ by >50 °K, or the exit flow rates differ by more than a factor of 2),

* Terrain located between 1 km and 5 km from the site increases in elevation by more than the paysiacal
height of the shortest stack (i.e., the facility is located in complex terrain), or

* Significant distance batween the facility's stacks and the site boundary [guidance on determining
whether a distance 1s '"significant" is provided in Step 6(B) of the procedurej.

Steps 1 through 9 of the screening procedure present a simplified method for daetermining emissions
based on the use of the 'worst-case'" stack. If the simplified method showe that desired feed rates result in
emissions that exceed allowable limits for one or more pollutants, a refined analysis to examine the emissions
from each stack can be conducted. This multiple-stack method is presented in Step 10.

The steps involved in screening methodology are as follows:

Step 1. Define Source Characteristics

Step 2. Determine the Applicability of the Screening Procedure

Step 3. Select the Worst-Case Stack

Step 4. Verify Good Engineering Practice (GEP) Criteria

Step 5. Determine the Effective Stack Haeight and Terrain-Adjusted Effective Stack Height
Step 6. Classify the Site as Urban or Rural

Step 7. Determine Maximum Dispersion Coefficients

Step 8. Estimate Maximum Ambient Air Concentrations -
Step 9. Determine Campliance With Regulatory Limits

Step 1C. Multiple Stack Mathod

Step 1l: Define Source Characteristics

Provide the following source data:2

FOOTNOTE: “Worksheet space is provided for three stacks. If the facility has additional stacks, copy
the form and revise stack identification numbers for 4, 5, etc.

Stack Data: Stack Stack Stack
Na: 3 No. 2 No. 3

Physical stack height = ====-=  e=ea- —————

(m)

Exhaust temperature = ----- ———— ki e

{°K)

Flow rate (m /sec) = ----- e | e

Nearby Building Dimensions

Consider all buildings within five building heights or five maximum projected widths of the stack(s).
Fer the building with the greatest height, f£ill in the spaces below.

Suidding Hedg AR (s o e e i e e K S R S S
Maxxmur prejected building width (m)--——-——cssm=r=== e L S












40 CFR as of July 1, 1891

Part 266, Subparts A through E and Appendices I through X

Page: 188

Table 5.0-2-Selection of Generic Source Number

Effective stack height (m)

Generic
scurce No.

<10.0
10.0-14.9
15.0-19.9
20.0-24.9
25.0-30.9
31.0-41.9
42.0-52.9
83.0-64.9
65.0-122.9
113.0+
Downwash

[T O - B (Y I S W

O

Table 5.0-3.-Classification of Land Use Types

Type™ Description Urban or rural
designation
Il Heavy Industrial Urban
I2 Light/Modaerate Industrial Urban
cl Commercial Urban
R1 Common Residential (Normal Rural
Easements)
R2 Campact Residential (Single Family) Urban
R3 Compact Residential (Multi-Family) Rural
R4 Estate Residential (Multl-Acre Rural
Plots)
Al Metropolitan Natural Rural
AZ Agricultural Rural
Al Undeveloped (Grasses/Weeds) Rural
Ad Undeveloped (Heavily Wooded) Rural
A5 Water Surfaces Rural
FOOTNOTE: lEPA. Guideline on Air Quality Models (Revised), EPA-450/2-78-027, Office of Adr Qualitsy
Planning and Standards, Research Triangle Park, North Carclina, July, 1966.
FOOTNOTE: :Auer, August H. Jr., "Correlation of Land Use and Cover with meteorological Anomalies,"
Journal of Applied Meteorology, pp. 636-643, 1978.
Effective stack- = Maximum terrain-
Distance range neight (m) [see rise (z) (see TAESH(m)
{ km) step 5{B)] step 1)
0.0-8.5 = Ss==zdea - memsmeee——- = smeeeeee
*0,.5-2.8 00 ==tmeaea - mmmeee—— = emememeee-

32.5-5.0 = emmmesa-
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Use the Table Below To Calculate the TAESE for Each suckg

Stack No.
0-0.5 >0.5-2.5 »>2.5-5.0
Distance Range X
(km) HE = TR = TAESH HE = TR = TAESE HE = TR = TAESE

L B

FOOTNOTE: 9Rafmr to Step 1 for terrain adjustment data. Note that the distance from the source tc the outer radii of
each range is used. For example, for the range »>0.5-2.5 km, the maximum terrain rise in the range 0.0-2.5 km is used.

For those stacks where the terrain rise within a distance range is greater than the effective stack height (i.e., HE-TR
is less than zero), the TAESH for that distance range i1s set equal to zero, and generic source number 1 should be used for that
distance range for all subsequent distance ranges. Additionally, for all stacks with a physical stack height of less than or
egqual to 10 meters, use generic source number 1 for all distance rangan.l For the remaining stacks, proceed to Step 1l0(D)(2).

FOOTNOTE: ~OThis applies to all stacks less than or egqual to 10 meters regardless of the terrain classification.

2. For the remaining stacks, refer to Table 5.0-2 and, for each distance range, identify the generic source number that
includes the TAESE. Use the values obtained from Steps 10(D)(1) and 10(D)(2) to complete the following summary worksheet;

GENERIC SOURCE NUMBER AFTER TERRAIN ADJUSTED (IF NECESSARY)

Stack No. 0-0.5 km >0.5-2.5 km >2.5-5.0 km

L N

(E) Identify maximum average hourly dispersion coefficients. Based on tha land use classification of the site (e.g.,
urban or rural), use either Table 5.0-4 or Table 5.0-5 to determine the appropriate dispersion coefficient for each distance
range for each stack. Begin at the minimum fenceline distance indicated in Step 7(B) and record on Worksheet 5.0-1 the
dispersion coefficient for each stack/distance range. For stacks located in facilities in flat terrain, the generic source
numbers were computed in Step 10(C). For stacks located in facilities in rolling and complex terrain, the generic source numbers
were computed in Step 10(D). For flat terrain applications and for stacks with a physical height of less than or equal to 10
meters, only one generic source number is used per stack for all distance ranges. For other situations up to three generic
source numpers may be needed per stack (i.e., a unique generic source number per distance range). In Tables 5.0-4 and 5.0-5, the
dispersicn coefficients for distances of 6 km to 20 km are the same for all generic scurce numbers in order to conservatively
Tepresent terrain peyend 5 km (past tha limits of the taerrain analysia).
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Worksheer 5.0-1

Distancs

—
Stack 1

Stack 2

40 CFR Ch. 1 (7-1-91 Edition)

Dispersion Coefficient by Downwind Distance®

Stack 3

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.%0

0.95

1.00

1.10

1.20
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lNote: This procedurs piaces all stacks ac the same point, but allows for consideration of different
Ths distance to tha closest boundary (extracted from Step 1) should be the closast

effactive stack haights.
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Viorksheet 5.0-2 Maximum Hourly Ambient Air Concentration
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