6560- 50
ENVI RONVENTAL PROTECTI ON AGENCY
40 CFR Part 60
[ AD- FRL- ]
STANDARDS OF PERFORMANCE FOR NEW STATI ONARY SOURCES
Appendi x A, Test Method 23
ACGENCY: Envi ronnmental Protection Agency (EPA).
ACTI ON: Proposed Rul e.
SUMVARY: This rule anends Method 23, entitled
"Determ nation of Polychlorinated D benzo-p-D oxins and
Pol ychl ori nated Di benzofurans from Stationary Sources,"” to
correct existing errors in the nmethod, to elimnate the nethyl ene
chloride rinse of the sanpling train, and to clarify the quality
assurance requi renents of the nethod.

DATES: Comments. Comments nust be received on or before

(90 days after publication in the FEDERAL

REG STER] .
Public Hearing. |If anyone contacts EPA requesting to speak
at a public hearing by (two weeks after

publication in the FEDERAL REG STER), a public hearing wll be

hel d on (four weeks after publication in the

FEDERAL REQ STER), beginning at 10:00 a.m Persons interested in
attending the hearing should call M. Lala Cheek at
(919) 541-5545 to verify that a hearing will be held.

Request to Speak at Hearing. Persons w shing to present

oral testinony nust contact EPA by (two weeks

after publication in the FEDERAL REQ STER).



ADDRESSES: Comments. Comments should be submtted (in duplicate
if possible) to Public Docket No. A-94-2 at the follow ng
address: U. S. Environnmental Protection Agency , Air and

Radi ati on Docket and Information Center, Ml Code: 6102, 401 M
Street, SW Washi ngton, DC 20460. The Agency requests that a
separate copy also be sent to the contact person |isted bel ow
The docket is |located at the above address in Room M 1500

Wat erside Mall (ground floor), and may be inspected from

8:30 a.m to Noon and 1:00 to 3:00 PM Monday through Fri day.
The proposed regul atory text and other materials related to this
rul emaki ng are avail able for review in the docket or copies nmay

be mail ed on request fromthe Air Docket by calling 202-260-7548.

A reasonabl e fee may be charged for copying docket materials.

Public Hearing. |If anyone contacts EPA requesting a public

hearing, it will be held at EPA's Em ssi on Measurenent
Laboratory, Research Triangle Park, North Carolina. Persons
interested in attending the hearing or wishing to present oral
testinony should notify Ms. Lala Cheek (MD-19), U S
Environnental Protection Agency, Research Triangle Park, North
Carolina 27711, tel ephone nunber (919) 541-5545.

Docket: A Docket, A-94-22, containing naterials relevant to
this rulemaking, is available for public inspection and copying
between 8:30 a.m and Noon and 1: 00 and 3: 00 p.m, Mnday through
Friday, in at EPA's Air Docket Section (LE-131), Room M 1500
Wat erside Mall (ground floor) 401 M Street, S.W, Wshington,
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D.C. 20460. A reasonable fee may be charged for copying.

FOR FURTHER | NFORMATI ON CONTACT: Gary MAlister, Em ssion
Measur enment Branch (MD-19), Em ssions, Mnitoring, and Anal ysis
Division, US. Environnmental Protection Agency, Research Triangle
Park, North Carolina 27711, tel ephone (919) 541-1062.

SUPPLEMENTARY | NFORMATI ON:

The proposed regul atory text of the proposed rule is not

included in this Federal Reqgister notice, but is available in

Docket No. A-94-22 or by witten or tel ephone request fromthe
Air Docket (see ADDRESSES). |If necessary, a limted nunber of
copies of the Regulatory Text are avail able fromthe EPA contact
persons designated earlier in this notice. This Notice with the
proposed regul atory | anguage is al so avail able on the Technol ogy
Transfer Network (TTN), one of EPA's electronic bulletin boards.
TTN provides information and technol ogy exchange in various areas
of air pollution control. The service is free except for the
cost of the phone call. D al (919) 541-5742 for up to a 14400
bps nodem If nore information on TTN is needed, call the HELP
line at (919) 541-5384.
. SUMVARY

Met hod 23 was pronul gated along with the New Source
Performance Standard for nunicipal waste conbustors (Subpart Ea).
As pronul gated, the nmethod contained sone errors. This action
woul d correct those errors and would clarify sonme of the existing

qual ity assurance requirenents. |In addition, the current
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procedure requires rinsing of the sanpling train with two
separate solvents which nust be anal yzed separately. Based on
data the Agency has coll ected since promul gation of Method 23, we
beli eve that one of these rinse steps and the resulting sanple
fraction can be elimnated. This could save as nuch as $2000 per
test run in analytical costs.
1. THE RULEMAKI NG

Thi s rul emaki ng does not inpose em ssion neasurenent
requi renents beyond those specified in the current regul ations
nor does it change any em ssion standard. Rather, the rul emaking
woul d sinply anmend an existing test nethod associated with
em ssi on nmeasurenent requirenents in the current regul ations that
woul d apply irrespective of this rul emaking.
[11. ADM N STRATI VE REQUI REMENTS

A. Public Hearing

A public hearing will be held, if requested, to discuss the
proposed anmendnent in accordance with section 307(d)(5)of the
Clean Air Act. Persons wishing to make oral presentations should
contact EPA at the address given in the ADDRESSES section of this
preanble. Oal presentations will be limted to 15 m nutes each.
Any nmenber of the public may file a witten statenent with EPA
before, during, or wwthin 30 days after the hearing. Witten
statenments shoul d be addressed to the Air Docket Section address
given in the ADDRESSES section of this preanble.

A verbatimtranscript of the hearing and witten statenents
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w Il be avail able for public inspection and copying during nornma
wor ki ng hours at EPA's Air Docket Section in Washington, DC (see
ADDRESSES section of this preanble).
B. Docket

The docket is an organized and conplete file of all the
i nformati on consi dered by EPA in the devel opnent of this
rul emaki ng. The docket is a dynamc file, since material is
added t hroughout the rul emaki ng devel opnment. The docketing
systemis intended to all ow nmenbers of the public and industries
involved to identify and | ocate docunents readily so that they
may effectively participate in the rul emaki ng process. Al ong
with the statenent of basis and purpose of the proposed and
pronul gated test nmethod revisions and EPA responses to
significant comments, the contents of the docket, except for
i nteragency review materials, wll serve as the record in case of
judicial review [Section 307(d)(7)(A)].

C. Executive Order 12291 Revi ew

Under Executive Order 12291, EPA is required to judge
whether a regulation is a "major rule" and, therefore, subject to
the requirenents of a regulatory inpact analysis. This
rul emaki ng does not inpose enm ssion nmeasurenent requirenents
beyond those specified in the current regul ations, nor does it
change any em ssion standard. The Agency has determ ned that
this regulation would result in none of the adverse econom c
effects set forth in Section 1 of the Order as grounds for
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finding the regulation to be a "mgjor rule."” The Agency has,
therefore, concluded that this regulation is not a "major rule"
under Executive Order 12291.

D. Requlatory Flexibility Act

The Regul atory Flexibility Act (RFA) of 1980 requires the
identification of potentially adverse inpacts of Federal
regul ati ons upon small business entities. The RFA specifically
requires the conpletion of an analysis in those instances where
smal | business inpacts are possible. This rul emaki ng does not
I npose em ssi on neasurenment requirenments beyond those specified
in the current regul ations, nor does it change any em ssion
standard. Because this rul enmaking i nposes no adverse econom c
i npacts, an anal ysis has not been conduct ed.

Pursuant to the provision of 5 U S.C. 605(b), | hereby
certify that the promulgated rule will not have an inpact on
smal |l entities because no additional costs will be incurred.

E. Paperwor k Reducti on Act

This rul e does not change any information collection
requi renents subject to Ofice of Managenent and Budget review
under the Paperwork Reduction Act of 1980, 44 U.S.C. 3501 et seq.

F. Statutory Authority

The statutory authority for this proposal is provided by
sections 111 and 301(a) of the Clean Air Act, as anended: 42

US C, 7411 and 7601(a).



LI ST OF SUBJECTS
Air pollution control, municipal waste conbustors,

pol ychori nat ed di benzo-p-di oxi ns, sources.

Dat e The Adm ni strator

It is proposed that 40 CFR Part 60 be anended as foll ows:

1. The authority citation for Part 60 continues to read as
follows: Authority: Cean Air Act (42 U S.C. 7401 [et seq.], as
amended by Pub. L 101-549).

2. Replace test Method 23 of Appendix A, with the

fol | ow ng:

Method 23 - Determination of Polychlorinated Dibenzo-p-dioxins
and Polychlorinated Dibenzofurans from Municipal Waste Combustors
1. APPLICABILITY AND PRINCIPLE

1.1 Applicability. This nmethod is applicable to the
determ nation of em ssions of polychlorinated di benzo-p-di oxins
(PCDD s) and pol ychl orinated di benzofurans (PCDF's) from
muni ci pal waste conbustors. Calibration standards are sel ected
for regul ated em ssion levels for municipal waste conbustors.

1.2 Principle. A sanple is withdrawn isokinetically fromthe
gas stream and collected in the sanple probe, on a glass fiber
filter, and on a packed colum of adsorbent material. The sanple

cannot be separated into a particle and vapor fraction. The
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PCDD s and PCDF' s are extracted fromthe sanple, separated by
hi gh resol uti on gas chromat ography (HRGC), and neasured by high
resol uti on mass spectronetry (HRMS).
2. APPARATUS

2.1 Sampling. A schematic of the sanpling train is shown in
Figure 23-1. Sealing greases shall not be used in assenbling the
train. The train is identical to that described in Section 2.1

of Method 5 of this appendix with the foll ow ng additions:



stack wall

g

heated glass liner

temperature
sensor

condenser

Y

temperature
sensor

ys

g

A

filter

7\

holder

XAD-2 trap

temperature
sensor

100 ml -
empty silica
HPLC Water
gel
fine

¥acuum
9 gauge

"S" type
pitot
Gas Flow I
manometer
recirculation
pump
empty
calibrated
orifice
dry gas
v meter
gas exit < T 1 Taw L
manometer R

I :

Figure 23.1 Sampling Train

coarse

~ag]- vacuum pump




10



2.1.1 Nozzle. The nozzle shall be made of nickel, nickel-
pl ated stainless steel, quartz, or borosilicate gl ass.

2.1.2 Sample Transfer Lines. The sanple transfer lines, if
needed, shall be heat traced, heavy walled TFE (1/2 in. OD with
1/8 in. wall) with connecting fittings that are capabl e of
form ng | eak-free, vacuumtight connections w thout using sealing
greases. The line shall be as short as possible and nust be
mai nt ai ned at >120°C.

2.1.1 Filter Support. Teflon or Teflon-coated wre.

2.1.2 Condenser. {dass, coil type with conpatible fittings.

A schematic diagramis shown in Figure 23-2.

2.1.3 Water Bath. Thernostatically controlled to nmaintain the
gas tenperature exiting the condenser at <20°C (68°F).

2.1.4 Adsorbent Module. d ass container to hold up to 40
grans of resin adsorbent. A schematic diagramis shown in Figure
23-2. O her physical configurations of the water-jacketed resin
trap/ condenser assenbly are acceptable. The connecting fittings
shall formleak-free, vacuumtight seals. A coarse glass frit is
included to retain the adsorbent in the water-jacketed sorbent
nodul e.

2.1.5 Probe Liner. The probe liner shall be made of gl ass and
a Teflon ferrule or Teflon coated Oring shall be used to nake
the seal at the nozzle end of the probe.

2.2 Sample Recovery.

2.2.1 Fitting Caps. Gound glass, Teflon tape, or alum num
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foil (Section 2.2.6) to cap off the sanple exposed sections of
the train and sorbent nodul e.

2.2.2 Wash Bottles. Teflon, 500-mlL.
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2.2.3 Probe Liner, Probe Nozzle, and Filter Hol der Brushes.
Inert bristle brushes with precl eaned stainless steel or Teflon
handl es. The probe brush shall have extensions of stainless
steel or Teflon, at least as long as the probe. The brushes
shal | be properly sized and shaped to brush out the nozzle, probe
liner, and transfer line, if used.

2.2.4 Filter Storage Container. Sealed filter hol der, w de-
nmout h anber glass jar with Teflon-lined cap, glass petri dish, or
Tefl on baggi e.

2.2.5 Balance. Triple beam

2.2.6 Aluminum Foil. Heavy duty, hexane-rinsed (Do not use to
wap or ship filter sanples, because it may react with
particul ate matter).

2.2.7 Metal Storage Container. Air tight container to store
silica gel.

2.2.8 Graduated Cylinder. dass, 250-nmL with 2-nL
graduati ons.

2.2.9 Glass Sample Storage Containers. Anber gl ass bottles
for sanple gl assware washes, 500- or 1000-m., with |leak free
Tefl on-11ined caps.

2.3 Analysis.

2.3.1 Sample Containers. 125- and 250-nL flint glass bottles
with Teflon-1ined caps.

2.3.2 Test Tubes. ({ ass.

2.3.3 Soxhlet Extraction Apparatus. Capable of hol ding 43 x
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123 mm extraction thinbles.

2.3.4 Extraction Thimble. d ass, precleaned cellulosic, or
gl ass fi ber.

2.3.5 Pasteur Pipettes. For preparing |liquid chromatographic
col umms.

2.3.6 Reacti-vials. Anber glass, 2-nL.

2.3.7 Rotary Evaporator. Buchi/Brinkman RF-121 or equival ent.

2.3.8 Kuderna-Danish Concentrator Apparatus.

2.3.9 Nitrogen Evaporative Concentrator. N-Evap Anal yti cal
Evaporator Mdel 111 or equival ent.

2.3.10 Separatory Funnels. dass, 2-liter.

2.3.11 Gas Chromatograph. Consisting of the foll ow ng

conponent s:

2.3.11.1 Oven. Capable of maintaining the separation colum
at the proper operating tenperature +10°C and perform ng
programmed increases in tenperature at rates of at |east
40°C/ m n.

2.3.11.2 Temperature Gauges. To nonitor colum oven,
detector, and exhaust tenperatures +1°C

2.3.11.3 Flow Systems. Gas netering systemto neasure sanpl e,
fuel, conbustion gas, and carrier gas fl ows.

2.3.11.4 Capillary Columns. A fused silica col umm,
60 x 0.25 mMminside dianeter (ID), coated with DB-5 and a fused
silica colum, 30 mx 0.25 nmID coated with DB-225. O her

colum systens may be substituted provided that the user is able
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to denonstrate, using calibration and performance checks, that
the colum systemis able to neet the specifications of Section
6.1.2. 2.

2.3.12 Mass Spectrometer. Capable of routine operation at a
resolution of 1:10000 with a stability of +5 ppm

2.3.13 Data System. Conpatible with the nmass spectroneter and
capable of nonitoring at |east five groups of 25 ions.

2.3.14 Analytical Balance. To neasure within 0.1 ny.

3. REAGENTS

3.1 Sampling.

3.1.1 Filters. dass fiber filters, w thout organic binder,
exhibiting at |east 99.95 percent efficiency (<0.05 percent
penetration) on 0.3-mcron dioctyl phthalate snoke particles.

The filter efficiency test shall be conducted in accordance with
ASTM St andard Met hod D 2986-71 (Reapproved 1978) (i ncorporated by
reference - see 860.17).

3.1.1.1 Precleaning. All filters shall be cl eaned before
their initial use. Place a glass extraction thinble and 1 g of
silica gel and a plug of glass wool into a Soxhl et apparatus,
charge the apparatus with toluene, and reflux for a mnimmof 3
hours. Renove the toluene and discard it, but retain the silica
gel. Place no nore than 50 filters in the thinble onto the
silica gel bed and top with the cleaned glass wool. Charge the
Soxhl et with toluene and reflux for 16 hours. After extraction,
all ow the Soxhlet to cool, renove the filters, and dry them under
a clean nitrogen (N, stream Store the filters in a glass petri
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di shes and seal with Tefl on tape.

3.1.2 Adsorbent Resin. Anberlite XAD-2 resin. Thoroughly
cl eaned before initial use. Do not reuse resin. |f precleaned
XAD-2 resin is purchased fromthe manufacturer, the cleaning
procedure described in Section 3.1.2.1 is not required.

3.1.2.1 Cleaning. Procedure may be carried out in a giant
Soxhl et extractor. An all-glass filter thinble containing an
extra-coarse frit is used for extraction of XAD-2. The frit is
recessed 10-15 mm above a crenelated ring at the bottom of the
thinble to facilitate drainage. The resin nust be carefully
retained in the extractor cup with a glass wool plug and a
stainless steel ring because it floats on nethyl ene chloride.

Thi s process invol ves sequential extraction in the foll ow ng

or der.

Sol vent Procedure

Wat er Initial Rinse: Place resin in a beaker,
rinse once with HPLC water, and discard
water. Refill beaker with water, |et
stand overni ght, and discard water.

Vat er Extract wwth HPLC water for 8 hours.

Met hanol Extract with nethanol for 22 hours.

Met hyl ene Chloride Extract with nethylene chloride for 22
hours.

Met hyl ene Chloride Extract with nethylene chloride for 22
hours.

3.1.2.2 Drying.
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3.1.2.2.1 Drying Column. Pyrex pipe, 10.2 cmID by 0.6 m
long, wth suitable retainers.

3.1.2.2.2 Procedure. The adsorbent nust be dried with clean
inert gas. Liquid nitrogen froma standard commercial liquid
nitrogen cylinder has proven to be a reliable source for |arge
volunmes of gas free fromorgani c contam nants. Connect the
liquid nitrogen cylinder to the colum by a length of cleaned
copper tubing, 0.95 cmID, coiled to pass through a heat source.
A conveni ent heat source is a water-bath heated froma steam
line. The final nitrogen tenperature should only be warmto the
touch and not over 40°C. Continue flow ng nitrogen through the
adsorbent until all the residual solvent is renoved. The flow
rate should be sufficient to gently agitate the particles, but
not so excessive as to cause the particles to fracture.

3.1.2.3 Quality Control Check. The adsorbent nust be checked
for residual nethylene chloride (Med,) as well as PCDDs and
PCDFs prior to use. The analyst may opt to omit this check for
precl eaned XAD- 2.

3.1.2.3.1 MeCl, Residue Extraction. Wigh a 1.0 g sanple of
dried resin into a small vial, add 3 nL of toluene, cap the vial,
and shake it well.

3.1.2.3.2 MeCl, Residue Analysis. Inject a 2 pyl sanple of the
extract into a gas chromat ograph operated under the foll ow ng
condi tions:

Colum: 6 ft x 1/8 in stainless steel containing 10 percent

OVv-101™on 100/ 120 Supel coport.
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Carrier Gas: Heliumat a rate of 30 niL/m n.

Detector: Flanme ionization detector operated at a sensitivity

of 4 x 10-1* A/ nV.

I njection Port Tenperature: 250°C.

Detector Tenperature: 305°C.

Oven Tenperature: 30°C for 4 mn; programred to rise at

40°C/ mn until it reaches 250°C, return to 30°C after 17

m nut es.

Conpare the results of the analysis to the results fromthe
reference solution. Prepare the reference solution by injecting
4.0 pl of methylene chloride into 100 nL of toluene. This
corresponds to 100 pg of nethylene chloride per g of adsorbent.
The maxi mum accept abl e concentration is 1000 pg/ g of adsorbent.
| f the adsorbent exceeds this |evel, drying nmust be continued
until the excess nethylene chloride is renoved.

3.1.2.3.3 PCDD and PCDF Check. Extract the adsorbent sanple
as described in Section 5.1. Analyze the extract as described in
Section 5.3. If any of the PCDDs or PCDFs (tetra through hexa)
are present at concentrations above the target detection limts
(TDLs), the adsorbent nust be recleaned by repeating the | ast
step of the cleaning procedure. The TDLs for the various
PCDDY PCDF congeners are listed in Table 1.

3.1.2.4 Storage. After cleaning, the adsorbent nmay be stored
in a wide nmouth anber glass container with a Teflon-lined cap or
pl aced in gl ass adsorbent nodules tightly sealed with gl ass

stoppers. It nust be used within 4 weeks of cleaning. |If
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precl eaned adsorbent is purchased in sealed containers, it nust
be used wthin 4 weeks after the seal is broken.

3.1.3 Glass Wool. deaned by sequential inmmersion in three
al i quots of nethylene chloride, dried in a 110°C oven, and stored
in a nmethylene chloride-washed gl ass container with a Tefl on-

i ned screw cap.

3.1.4 Water. Deionized distilled and stored in a nethyl ene
chloride-rinsed glass container with a Teflon-1lined screw cap.

3.1.5 Silica Gel. Indicating type, 6 to 16 nesh. |If
previously used, dry at 175° C (350°F) for two hours. New silica
gel may be used as received. Alternatively, other types of
desi ccants (equivalent or better) nmay be used, subject to the
approval of the Adm nistrator.

3.1.6 Chromic Acid Cleaning Solution. D ssolve 20 g of sodi um
di chromate in 15 nL of water, and then carefully add 400 nL of
concentrated sul furic acid.

3.1.7 HPLC Water.

3.2 Sample Recovery.

3.2.1 Acetone. Pesticide quality.

3.2.2 Toluene. Pesticide quality.

3.3 Analysis.

3.3.1 Potassium Hydroxide. ACS grade, 2-percent
(wei ght/volunme) in water.

3.3.2 Sodium Sulfate. G anul ated, reagent grade. Purify

prior to use by rinsing with nethylene chloride and oven drying.
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Store the cleaned material in a glass container with a Tefl on-
i ned screw cap.
3.3.3 Sulfuric Acid. Reagent grade.
3.3.4 Sodium Hydroxide. |.O N Wigh 40 g of sodi um hydroxi de
into a 1-liter volunetric flask. Dilute to 1 liter with water.
3.3.5 Hexane. Pesticide grade.
.6 Methylene Chloride. Pesticide grade.
.7 Benzene. Pesticide grade.
.8 Ethyl Acetate.
Methanol. Pesticide grade.
.10 Toluene. Pesticide grade.

.11 Nonane. Pesticide grade.

.12 Cyclohexane. Pesticide G ade.

W W W W W w w w
W W W W W w W w w
©

.13 Basic Alumina. Activity grade 1, 100-200 mesh. Prior
to use, activate the alum na by heating for 16 hours at 130°C.
Store in a desiccator. Pre-activated alum na nay be purchased
froma supplier and may be used as received.

3.3.14 Silica Gel. Bio-Sil A 100-200 nesh. Prior to use,
activate the silica gel by heating for at least 30 m nutes at
180°C. After cooling, rinse the silica gel sequentially with
nmet hanol and net hyl ene chloride. Heat the rinsed silica gel at
50°C for 10 mnutes, then increase the tenperature gradually to
180°C over 25 mnutes and maintain it at this tenperature for
90 mnutes. Cool at roomtenperature and store in a glass

container with a Teflon-1lined screw cap.
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3.3.15 Silica Gel Impregnated with Sulfuric Acid. Conbine 100
g of silica gel with 44 g of concentrated sulfuric acid in a
screw capped gl ass bottle and agitate thoroughly. D sperse the
solids with a stirring rod until a uniformm xture is obtained.
Store the mxture in a glass container with a Teflon-lined screw
cap.

3.3.16 Silica Gel Impregnated with Sodium Hydroxide. Conbi ne
39 g of 1 N sodium hydroxide with 100 g of silica gel in a screw
capped gl ass bottle and agitate thoroughly. Disperse solids with
a stirring rod until a uniformmxture is obtained. Store the
m xture in glass container with a Teflon-1ined screw cap.

3.3.17 Carbon/Celite. Conbine 10.7 g of AX-21 carbon with 124
g of Celite 545 in a 250-nL glass bottle with a Teflon-1ined
screw cap. Agitate the mxture thoroughly until a uniform
m xture is obtained. Store in the glass container.

3.3.18 Nitrogen. Utra high purity.

3.3.19 Hydrogen. Utra high purity.

3.3.20 Internal Standard Solution. Prepare a stock standard
solution containing the isotopically |abelled PCDD s and PCDF' s
at the concentrations shown in Table 2 under the headi ng
"I'nternal Standards"” in 10 nL of nonane.

3.3.21 Surrogate Standard Solution. Prepare a stock standard
solution containing the isotopically |abelled PCDD s and PCDF' s
at the concentrations shown in Table 2 under the headi ng

"Surrogate Standards" in 10 nL of nonane.
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3.3.22 Recovery Standard Solution. Prepare a stock standard
solution containing the isotopically |abelled PCDD s and PCDF s
at the concentrations shown in Table 2 under the heading
"Recovery Standards” in 10 nL of nonane.

4. PROCEDURE

4.1 Sampling. The conplexity of this nethod is such that, in
order to obtain reliable results, testers and anal ysts shoul d be
trai ned and experienced with the procedures.

4.1.1 Pretest Preparation.

4.1.1.1 Cleaning Glassware. All glass conponents of the train
upstream of and includi ng the adsorbent nodule, shall be cl eaned
as described in Section 3A of the "Manual of Analytical Methods
for the Analysis of Pesticides in Human and Environnent al
Sanples.” Special care shall be devoted to the renoval of
residual silicone grease seal ants on ground gl ass connecti ons of
used gl assware. Any residue shall be renoved by soaking the
gl assware for several hours in a chromc acid cleaning solution
prior to cleaning as described above.

4.1.1.2 Adsorbent Trap. The traps shall be | oaded in a clean
area to avoid contam nation. They may not be |oaded in the
field. Fill atrap wth 20 to 40 g of XAD-2. Follow the XAD 2
with glass wool and tightly cap both ends of the trap. Add 40 p
of the surrogate standard solution (Section 3.3.21) to each trap
for a sanple that will be split prior to analysis or 20 ul of the
surrogate standard solution (Section 3.3.21) to each trap for
sanples that wll not be split for analysis (Section 5.1). After
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addition of the surrogate standard solution, the trap nust be
used within 14 days. Keep the spiked sorbent under refrigeration
until use.

4.1.1.3 Sampling Train. It is suggested that all conponents
be mai ntai ned according to the procedure described in APTD 0576.

4.1.1.4 Silica Gel. Wigh several 200 to 300 g portions of
silica gel inair tight containers to the nearest 0.5 g. Record
the total weight of the silica gel plus container, on each
container. As an alternative, the silica gel may be wei ghed
directly in the fifth inpinger just prior to sanpling.

4.1.1.5 Filter. Check each filter against |light for
irregularities and flaws or pinhole | eaks. Pack the filters flat
in a clean glass container or Teflon baggie. Do not mark filter
with ink or any other contam nating substance.

4.1.2 Preliminary Determinations. Sane as Section 4.1.2
Met hod 5.

4.1.3 Preparation of Sampling Train.

4.1.3.1 During preparation and assenbly of the sanpling train,
keep all train openings where contam nation can enter, seal ed
until sanpling is about to begin. Wap sorbent nodule with
alumnumfoil to shield fromradi ant heat of sun light. (NOTE:
Do not use seal ant grease in assenbling the train.)

4.1.3.2 Place approximately 100 nL of water in the second and
third inpingers, |eave the first and fourth inpingers enpty, and
transfer approximately 200 to 300 g of preweighed silica gel from
its container to the fifth inpinger.
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4.1.3.3 Place the silica gel container in a clean place for
| ater use in the sanple recovery. Alternatively, the weight of
the silica gel plus the fifth inpinger my be determned to the
nearest 0.5 g and recorded.

4.1.3.4 Assenble the sanpling train as shown in Figure 23-1

4.1.3.5 Turn on the adsorbent nodul e and condenser coi
recircul ating punp and begin nonitoring the adsorbent nodul e gas
entry tenperature. Ensure proper sorbent gas entry tenperature
bef ore proceeding and before sanpling is initiated. It is
extrenely inportant that the XAD 2 adsorbent resin tenperature
never exceed 50°C because thernmal deconposition and breakt hrough
of surrogate standards will occur. During testing, the XAD 2
tenperature nust not exceed 20°C for efficient capture of the
PCDD s and PCDF' s.

4.1.4 Leak-Check Procedure. Sane as Method 5, Section 4.1.4.

4.1.5 Sampling Train Operation. Sane as Mthod 5,

Section 4.1.5.

4.2 Sample Recovery. Proper cleanup procedure begins as soon
as the probe is renoved fromthe stack at the end of the sanpling
period. Seal the nozzle end of the sanpling probe with Tefl on
tape or alum numfoil.

When the probe can be safely handl ed, w pe off all external
particulate matter near the tip of the probe. Renove the probe
fromthe train and close off both ends with alumnumfoil. Seal
off the inlet to the train with Teflon tape, a ground gl ass cap,
or alum numfoil.
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Transfer the probe and inpinger assenbly to the cl eanup area.
This area shall be clean and encl osed so that the chances of
| osing or contam nating the sanple are mnimzed. Snoking, which
could contam nate the sanple, shall not be allowed in the cleanup
area. C eanup personnel shall wash their hands prior to sanple
recovery.

| nspect the train prior to and during di sassenbly and note any
abnormal conditions, e.g., broken filters, colored inpinger
liquid, etc. Treat the sanples as foll ows:

4.2.1 Container No. 1. Either seal the filter hol der or
carefully renove the filter fromthe filter holder and place it
inits identified container. Do not place the filter in alum num
foil. Use a pair of cleaned tweezers to handle the filter. If
it is necessary to fold the filter, do so such that the
particul ate cake is inside the fold. Carefully transfer to the
container any particulate matter and filter fibers which adhere
to the filter hol der gasket, by using a dry inert bristle brush
and a sharp-edged blade. Seal the container with Teflon tape.

4_.2.2 Adsorbent Module. Renove the nodule fromthe train,
tightly cap both ends, label it, and store it on ice for
transport to the | aboratory.

4.2.3 Container No. 2. Quantitatively recover materi al
deposited in the nozzle, probe transfer lines, the front half of
the filter holder, and the cyclone, if used, first, by brushing
while rinsing three times with acetone and then, by rinsing the

probe three times with toluene. Collect all the rinses in
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Cont ai ner No. 2.

Ri nse the back half of the filter holder three tines with
acetone. Rinse the connecting line between the filter and the
condenser three times with acetone. Soak the connecting line
with three separate portions of toluene for 5 m nutes each. |If
using a separate condenser and adsorbent trap, rinse the
condenser in the sanme manner as the connecting line. Collect al
the rinses in Container No. 2 and mark the level of the liquid on
t he cont ai ner.

4.2.4 Impinger Water. Measure the liquid in the first four
inpingers to within 1 nL by using a graduated cylinder or by
weighing it to within 0.5 g by using a balance. Record the
vol une or weight of liquid present. This information is required
to calculate the noisture content of the effluent gas. Discard
the liquid after neasuring and recording the volume or weight.

4.2.5 Silica Gel. Note the color of the indicating silica gel
to determine if it has been conpletely spent and make a nention
of its condition. Transfer the silica gel fromthe fifth
inpinger to its original container and seal.

5. ANALYSIS

Al'l glassware shall be cl eaned as described in Section 3A of
t he "Manual of Analytical Methods for the Analysis of Pesticides
in Human and Environnmental Sanples.” Al sanples nust be
extracted within 30 days of collection and anal yzed within 45
days of extraction.

5.1 Sample Extraction. The analyst may choose to split the
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sanpl e extract after the conpletion of sanple extraction
procedures. One half of the sanple can then be archived. Sanple
preparation procedures are given for using the entire sanple and
for splitting the sanple.

5.1.1 Extraction System. Place an extraction thinble (Section
2.3.4), 1 g of silica gel, and a plug of glass wool into the
Soxhl et apparatus, charge the apparatus with toluene, and refl ux
for a mninmumof 3 hours. Renove the toluene and discard it, but
retain the silica gel. Renove the extraction thinble fromthe
extraction systemand place it in a glass beaker to catch the
sol vent rinses.

5.1.2 Container No. 1 (Filter). Transfer the contents
directly to the glass thinble of the extraction system and
extract them sinultaneously with the XAD-2 resin.

5.1.3 Adsorbent Cartridge. Suspend the adsor bent nodul e
directly over the extraction thinble in the beaker (See Section
5.1.1). The glass frit of the nodule should be in the up
position. Using a Teflon squeeze bottle containing tol uene,
flush the XAD-2 into the thinble onto the bed of cleaned silica
gel. Thoroughly rinse the glass nodule catching the rinsings in
t he beaker containing the thinble. If the resin is wet,
ef fective extraction can be acconplished by | oosely packing the
resininthe thinble. Add the XAD-2 glass wool plug to the
t hi nbl e.

5.1.4 Container No. 2 (Acetone and Toluene). Concentrate the

sanple to a volunme of about 1-2 nlL using a Kuderna-Dani sh
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concentrator apparatus, followed by N, bl ow down at a tenperature
of less than 37°C. Rinse the sanple container three tinmes with
smal | portions of methylene chloride and add these to the
concentrated solution and concentrate further to near dryness.
This residue contains particulate matter renoved in the rinse of
the sanpling train probe and nozzle. Add the concentrate to the
filter and the XAD-2 resin in the Soxhl et apparatus described in
Section 5.1.1.

5.1.5 Extraction. For sanples that are to be split prior to
anal ysis add 40 pl of the internal standard sol ution
(Section 3.3.20) to the extraction thinble containing the
contents of the adsorbent cartridge, the contents of
Contai ner No. 1, and the concentrate from Section 5.1.4.
Al ternatively, 20 pyl of the internal standard sol ution
(Section 3.3.20) for sanples that are not to be split prior to
anal ysis. Cover the contents of the extraction thinble with the
cl eaned gl ass wool plug to prevent the XAD-2 resin fromfloating
into the solvent reservoir of the extractor. Place the thinble
in the extractor, and add the toluene contained in the beaker to
the solvent reservoir. Add additional toluene to fill the
reservoir approximtely 2/3 full. Add Teflon boiling chips and
assenbl e the apparatus. Adjust the heat source to cause the
extractor to cycle three tinmes per hour. Extract the sanple for
16 hours. After extraction, allow the Soxhlet to cool. Transfer
the toluene extract and three 10-nL rinses to the rotary

evaporator. Concentrate the extract to approximately 10 nL. |If
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decided to split the sanple, store one half for future use, and
anal yze the other half according to the procedures in Sections
5.2 and 5.3. In either case, use a nitrogen evaporative
concentrator to reduce the volune of the sanple being analyzed to
near dryness. Dissolve the residue in 5 nL of hexane.

5.2 Sample Cleanup and Fractionation.

The follow ng sanpl e cleanup and fractionati on procedures are
recommended. Alternative procedures may be utilized providing
acceptable identification criteria (Section 5.3.2.5) and
gquantification criteria (Section 5.3.2.6) are net.

5.2.1 Silica Gel Column. Pack one end of a glass col um,

20 M x 230 mm wth glass wool. Add in sequence, 1 g silica
gel, 2 g of sodium hydroxide inpregnated silica gel, 1 g silica
gel, 4 g of acid-nodified silica gel, and 1 g of silica gel.

Wash the colum with 30 nL of hexane and discard. Add the sanple
extract, dissolved in 5 nL of hexane to the colum with two
additional 5-nL rinses. Elute the colum with an additional 90
nmL of hexane and retain the entire eluate. Concentrate this
solution to a volune of about 1 nlL using the nitrogen evaporative
concentrator (Section 2.3.9).

5.2.2 Basic Alumina Column. Shorten a 25-nL di sposabl e
Past eur pipette to about 16 nm.. Pack the | ower section with
gl ass wool and 12 g of basic alumna. Transfer the concentrated
extract fromthe silica gel colum to the top of the basic
al um na colum and elute the colum sequentially with 120 nL of

0.5 percent nethylene chloride in hexane followed by 120 nL of 35
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percent nethylene chloride in hexane. Discard the first 120 nL
of eluate. Collect the second 120 nL of eluate and concentrate
it to about 0.5 nlL using the nitrogen evaporative concentrator.
Transfer this extract with hexane to "13 nL tubes".

5.2.3 AX-21 Carbon/Celite 545 Column. Renove the bottom 0.5
in. fromthe tip of a 2-nL di sposabl e Pasteur pipette. Insert a
glass fiber filter disk or glass wool plug in the top of the
pi pette 2.5 cmfromthe constriction. Add sufficient
carbon/Celite™m xture to forma 2 cmcolum (the 0.6 nmL mark
colum. Top wth a glass wool plug. In sone cases AX-21 carbon
fines may wash through the glass wool plug and enter the sanple.
This nmay be prevented by adding a celite plug to the exit end of
the colum. Pre-elute the colum with 5 nL toluene, followed by 1
mL of a 50:50 net hyl ene chl ori de/ cycl ohexane m xture, followed by
5 nL of hexane. Load in sequence, the sanple extract in 1 nL
hexane, 2x0.5 nmlL rinses in hexane, 2 nL of 50 percent nethyl ene
chloride in hexane and 2 nL of 50 percent benzene in ethyl
acetate and discard the eluates. Invert the colum and elute in
the reverse direction with 13 nL of toluene. Collect this
eluate. Concentrate the eluate in a nitrogen evaporator at 45°C
to about 1 nL. Transfer the concentrate to a Reacti-vial using a
toluene rinses and concentrate to near dryness (less than 20 ul)
using a streamof N, Store extracts at roomtenperature,
shielded fromlight, until the analysis is perforned.

5.3 Analysis. Analyze the sanple with a gas chromat ograph

coupled to a nass spectroneter (GC/ MS) using the instrunental
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paranmeters in Sections 5.3.1 and 5.3.2. |Immediately prior to
anal ysis, add a 20 pl aliquot of the recovery standard sol ution
fromTable 2 to each sanple. A 2 upl aliquot of the extract is
injected into the GC. Sanple extracts are first anal yzed using
the DB-5 capillary colum to determ ne the concentration of each
i sonmer of PCDD s and PCDF' s (tetra-through octa-). If 2,3,7, 8-
TCDF is detected in this analysis, then anal yze anot her ali quot
of the sanple in a separate run, using the DB-225 colum to
measure the 2,3,7,8 tetra-chloro di benzofuran isoner. O her
colum systens may be used, provided that it can be denonstrated
using calibration and performance checks that the colum system
is able to neet the specifications of Section 6.1.2.

5.3.1 Gas Chromatograph Operating Conditions. The recommended
conditions are shown in Table 4.

5.3.2 High Resolution Mass Spectrometer.

5.3.2.1 Resolution. 10,000 resolving power or 100 ppm
mass/ mass.

5.3.2.2 lonization Mode. Electron inpact.

5.3.2.3 Source Temperature 250°C.

5.3.2.4 Monitoring Mode. Selected ion nmonitoring. A list of
the various ions to be nonitored is presented in Table 5.

5.3.2.5 ldentification Criteria. The follow ng identification
criteria shall be used for the characterization of
pol ychl ori nat ed di benzodi oxi ns and di benzof urans.

1. The integrated ion-abundance ratio (M M2 or M2/ M+4) shal
be within 15 percent of the theoretical value. The acceptable
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i on-abundance ratio ranges (+15% for the identification of

chl ori ne-contai ni ng conpounds are given in Table 6. |If the ion-
abundance ratio ranges are the outside those in Table 6, the
source has the option of using the results if the concentration
is determ ned using procedures in Section 9.3 or redoing the
analysis to elimnate the unacceptabl e i on-abundance ratio.

2. The retention time for the anal ytes nust be within 3
seconds of the corresponding *C-|1 abel ed internal standard or
surrogat e standard.

3. The nonitored ions, shown in Table 5 for a given anal yte,
shall reach their maxi mumw thin 2 seconds of each other.

4. The identification of specific isomers that do not have
correspondi ng *C-1 abel ed standards is done by conparison of the
relative retention tinme (RRT) of the analyte to the nearest
internal standard retention time with reference (i.e., within
0.005 RRT units) to the conparable RRT's found in the continuing
cal i bration.

5. The signal to noise ratio for all nonitored ions nust be
greater than 2.5.

6. The confirmation of 2, 3, 7, 8-TCDF shall satisfy all of
t he above identification criteria.

7. Any PCDF coeluting (2 s) with a peak in the correspondi ng
PCDPE channel, of intensity 10% or greater conpared to the
anal yte peak is evidence of a positive interference, the source
may opt keep the value to cal cul ate CDD/ CDF concentration or

conduct a conplete reanalysis in an effort to renove or shift the
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interference. |If a reanalysis is conducted, all values fromthe
reanal yzed sanple will be used for CDD CDF concentration
cal cul ati ons.

8. Set the mass spectroneter |ock channels as specified in
Table 5. Monitor the quality control check channels specified in
Table 5 to verify instrunent stability during the analysis. |If
the signal varies by nore than 25 percent fromthe average
response, results for all isomers at correspondi ng residence tine
shall be invalid. The source has the options of conducting
addi ti onal cl eanup procedures on the other portion of the sanple
for split sanples or diluting the original sanple or follow ng
ot her procedures recommended by the Adm nistrator. Wen a
conplete reanalysis is conducted, all concentration cal cul ations
shal | be based on the reanal yzed sanpl e.

5.3.2.6 Quantification. The peak areas for the two ions
monitored for each analyte are summed to yield the total response
for each analyte. Each internal standard is used to quantify the
i ndi genous PCDD' s or PCDF's in its honol ogous series. For
exanpl e, the ¥C,-2,3,7,8-tetra chlorinated di benzodioxin is used
to calculate the concentrations of all other tetra chlorinated
isoners. Recoveries of the tetra- and penta- internal standards
are cal culated using the ¥C,-1, 2, 3,4-TCDD. Recoveries of the
hexa- through octa- internal standards are cal cul ated using 3C,-
1,2,3,7,8,9-HXCDD. Recoveries of the surrogate standards are
cal cul ated using the correspondi ng honol og fromthe internal

standard. Wen no peak is detected, the noise |evel, as neasured
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by the intensity of the noise in a clear zone of the
chromatogram is used to calculate the detection |imt. Tables
7, 8, and 9 summarize the quantification relationships for the
unl abel ed anal ytes, internal standards and surrogate standards,
respectively.

6. CALIBRATION

Sanme as Method 5 with the foll ow ng additions.

6.1 GC/MS System.

6.1.1 Initial Calibration. Calibrate the GO M5 system using
the set of five standards shown in Table 3. The relative
standard devi ation for the nean response factor fromeach of the
unl abel ed anal ytes (Table 3) and of the internal and surrogate
standards shall be | ess than or equal to the values in Table 6.
The signal to noise ratio for the GC signal present in every
selected ion current profile shall be greater than or equal to
10. The ion abundance ratios shall be within the control limts
in Table 5.

6.1.2 Daily Performance Check.

6.1.2.1 Calibration Check. Inject 2 pl of solution Nunber 3
fromTable 3. Calculate the relative response factor (RRF) for
each conmpound and conpare each RRF to the correspondi ng nean RRF
obtained during the initial calibration. The analyzer
performance is acceptable if the nmeasured RRF' s for the | abel ed
and unl abel ed conpounds for the daily run are within the limts
of the mean val ues shown in Table 10. |In addition, the ion-

abundance ratios shall be within the allowable control limts
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shown in Table 6.

6.1.2.2 Collumn Separation Check. Inject 2 ul of a solution of
a mxture of PCDD s and PCDF' s that docunents resol ution between
2,3,7,8-TCDD and other TCDD isonmers. Resolution is defined as a
val | ey between peaks that is |l ess than 25 percent of the | ower of
the two peaks. ldentify and record the retention tinme w ndows
for each honol ogous series. Performa simlar resolution check
on the confirmation colum to docunent the resol ution between
2,3,7,8 TCDF and ot her TCDF isomers.

6.2 Lock Channels. Set nass spectroneter |ock channels as
specified in Table 5. Mnitor the quality control check channel s
specified in Table 5 to verify instrunment stability during the
anal ysi s.

7. QUALITY CONTROL

7.1 Sampling Train Collection Efficiency Check. Add 40 pl of
the surrogate standards in Table 2 for sanples split for analysis
or 20 ul of the surrogate standards for sanple not split for
anal ysis to the adsorbent cartridge of each train before
collecting the field sanples.

7.2 Internal Standard Percent Recoveries. A group of nine
car bon-| abel ed PCDDs and PCDFs representing the tetra- through
octachl ori nated honol ogues, is added to every sanple prior to
extraction. The role of the internal standards is to quantify
the native PCDD s and PCDF' s present in the sanple as well as to
determ ne the overall nethod efficiency. Recoveries of the

i nternal standards shall be between 40 to 130 percent for the
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tetra- through hexachl orinated conmpounds while the range is 25 to
130 percent for the hepta- and octachl orinated honol ogues.

7.3 Surrogate Standard Recoveries. The five surrogate
conpounds in Table 3 are added to the resin in the adsorbent
sanpling cartridge before the sanple is collected. The surrogate
recoveries are neasured relative to the internal standards and
are a neasure of the sanpling train collection efficiency. They
are not used to neasure the native PCDD s and PCDF' s. Al
surrogate standard recoveries shall be between 70 and
130 percent. Poor recoveries for all the surrogates may be an
i ndi cation of breakthrough in the sanpling train. |If the
recovery of all standards is below 70 percent, the sanpling runs
must be repeated. As an alternative, the sanpling runs do not
have to be repeated if the final results are divided by the
fraction of surrogate recovery (on a honol og group basis). Poor
recoveries of isolated surrogate conpounds should not be grounds
for rejecting an entire set of sanples.

7.4 Toluene QA Rinse. Report the results of the toluene QA
rinse separately fromthe total sanple catch. Do not add it to
the total sanple.

7.5 Detection Limits. Calculate the detection Iimts using
the equation in Section 9.8. |If the detection |limts neet the
Target Detection Limts (TDLs) in Table 1, then they are
consi dered acceptable. |If the TDLs are not net, the inpact of
the detection Iimts shall be cal culated using the procedures in

Section 9.9. If the maxi num potential value of the sum of the
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summed detection limts is less then 50 percent of the em ssion
standard, the detection limts are acceptable. |If the value is
greater than 50 percent of the em ssion standard, then the

anal ysi s and/ or sanpling and anal ysis nust be repeated until
acceptabl e detection limts are obtained.

8. QUALITY ASSURANCE

8.1 Applicability. Wen the nethod is used to anal yze sanpl es
to denonstrate conpliance with a source em ssion regul ation, an
audit sanple nust be anal yzed, subject to availability.

8.2 Audit Procedure. Analyze an audit sanple with each set of
conpliance sanples. The audit sanple contains tetra through octa
i soners of PCDD and PCDF. Concurrently analyze the audit sanple
and a set of conpliance sanples in the sanme manner to eval uate
the techni que of the analyst and the standards preparation. The
sane anal yst, anal ytical reagents, and anal ytical system shall be

used both for the conpliance sanples and the EPA audit sanple.

8.3 Audit Sample Availability. Audit sanples will be supplied
only to enforcenent agencies for conpliance tests. Audit sanples
may be obtained by witing:

Source Test Audit Coordi nator (MD 77B)
Qual ity Assurance Division
At nospheri c Research and Exposure Assessnent Laboratory
U.S. Environnental Protection Agency
Research Triangle Park, NC 27711
or by calling the Source Test Audit Coordinator (STAC) at (919)

541-7834. The audit sanple request nust be nmade at | east 30 days
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prior to the schedul ed conpliance sanpl e anal ysi s.

8.4 Audit Results. Calculate the audit sanple concentration
according to the cal culation procedure provided in the audit
instructions included with the audit sanple. Fill in the audit
sanpl e concentration and the analyst's nane on the audit response
formincluded with the audit instructions. Send one copy to the
EPA Regional Ofice or the appropriate enforcenment agency and a
second copy to the STAC. The EPA Regional office or the
appropriate enforcenent agency wll report the results of the
audit to the |aboratory being audited. Include this response
with the results of the conpliance sanples in relevant reports to
the EPA Regional Ofice or the appropriate enforcenent agency.

9. CALCULATIONS

Sanme as Method 5, Section 6 with the follow ng additions.

9.1 Nomenclature.

A, = Integrated ion current of the noise at the retention tine

of the anal yte.

A;; = Integrated ion current of the two ions characteristic of
conpound i in the jth calibration standard.
A, = Integrated ion current of the two ions characteristic of
the internal standard i in the jth calibration standard.
Aii = Integrated ion current of the two ions characteristic of
surrogate conpound i in the calibration standard.
A = Integrated ion current of the two ions characteristic of
conmpound i in the sanple.
A, = Integrated ion current of the two ions characteristic of
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A =

Asi

1Q)
I

m;, =

ms =

m;, =

internal standard i in the sanple.
Integrated ion current of the two ions characteristic of
the recovery standard.
Integrated ion current of the two ions characteristic of
surrogate conpound i in the sanple.
Concentration of PCDD or PCDF i in the sanple, pg/ M.
Total concentration of PCDD s or PCDF's in the sanple,
pg/ M.
Detection limt, pg/sanple.
Detection limt for each honol ogous series, pg/sanple.
Sum of all isoners tinmes the correspondi ng detection
l[imt, ng/nt.
Sumred heights of the noise at the retention tinme of the
analyte in the two anal yte channel s.
Mass of compound i in the calibration standard injected
into the anal yzer, pg.
Mass of | abel ed conpound i in the calibration standard
injected into the analyzer, pg.
Mass of internal standard i added to the sanple, pg.
Mass of recovery standard in the calibration standard
injected into the analyzer, pg.
Mass of surrogate conpound in the sanple to be anal yzed,
Pg.
Mass of surrogate conpound i in the calibration standard,
Pg.

Rel ative response factor for conpound i
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RRF,, = Recovery standard response factor.

RRF, = Surrogate conpound response factor
Viistay= Met ered vol une of sanple run, dscm
1000 = pg per ng.

9.2 Average Relative Response Factor.

19 Ao m
RRF, - FZ 4=t Eq.
1= Agij Mei

9.3 Concentration of the PCDD"s and PCDF"s.

m’ A.
1 1

C, = Eq.

A’ RRF. V
1 1 m

std

9.4 Recovery Standard Response Factor.

*
Aci mrs

RRF - —¢i s Eq.

rs *
Ars mci

9.5 Recovery of Internal Standards (R").

*

* Ai mrs
R* = —*X100% Eq.

A_RF _m

rs rs i

9.6 Surrogate Compound Response Factor.
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- m_.
RRF_ - ¢l st Eq. 23-5

9.7 Recovery of Surrogate Compounds (R.)-

*

A_. m.
R, = ————x100% Eq. 23-6
A; RRF_ m_

9.8 Detection Limit (DL). The detection |[imt can be
cal cul at ed based on either the height of the noise or the area of
t he noi se using one of the two equati ons.
Detection limt using height for the DB-225 colum. Three and
one half tines the height has been enpirically determned to give

ar ea.

2.5(3.5xH_.) m’
DL = ( ai) M Eq. 23-7
A, RRF,

Detection limt using height for the DB-5 colum. Five tines the

hei ght has been enpirically determ ned to give area.
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2.5(5xH..) m’
DL = ( ai) M Eq. 23-8
A, RRF,

Detection limt using area of the noise.

2.5 A, m’
ci i

9.9 Summed Detection Limits. Calcul ate the maxi num potenti al
val ue of the summed detection |imts. |If the isomer (group of
unresol ved i soners) was not detected, use the value cal cul ated
for the detection limt in Section 9.8 above. |If the isoner
(group of unresol ved isonmers) was detected, use the value (target

detection limt) from Table 1.

DL = (13 DL + 16 DL + 12 DL

sum TCDD TCDF PeCDD

+ 14 DLPeCDF+ 7 DLHxCDD +12 DLHxCDF Eq 23-10

+2 DLHpCDD + 4 DLHpCDF+ DLocoo

+ DLope) / 1000 V

m( std)

Note: The nunber of isoners used to cal cul ate the sunmed
detection limt represent the total nunber of isonmers typically
separated and not the actual nunber of isoners for each series.

9.10 Total Concentration of PCDD"s and PCDF"s in the Sample.
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n
C, =).C, Eq. 23-11

Any PCDDs or PCDFs that are reported as not detected (bel ow the
DL) shall be counted as zero for the purpose of calculating the
total concentration of PCDDs and PCDFs in the sanple.
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6. Per sonnel conmmuni cations with R L. Harless of U S. EPA and

Triangl e Laboratory staff.
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TABLE 23-1. TARGET DETECTION LIM TS (TDLS)

ANALYTE TDL (pg/ Sanpl e Train)
TCDD/ TCDF 50
PeCDD/ Pe CDF 250
Hx CDD/ Hx CDF 250
Hp CDD/ Hp CDF 250
OCDDY OCDF 500

TABLE 23-2. COWOSI TI ON OF THE SAMPLE FORTI FI CATI ON AND RECOVERY
STANDARDS SOLUTI ONS'

ANALYTE CONCENTRATI ON( pg/ pL)

| nt ernal St andards
13C,,-2, 3,7, 8- TCDD 100
13C,,-1, 2, 3,7, 8- PeCDD 100
13C,,-1, 2, 3,6, 7, 8-HxCDD 100
13C,-1,2,3,4,6, 7, 8- HCDD 100
1°C,,- OCDD 100
18C,- 2, 3,7, 8- TCDF 100
13C,,-1, 2, 3,7, 8- PeCDF 100
13C,,-1, 2, 3,6, 7, 8- HXCDF 100
13C,-1,2,3,4,6, 7, 8- HoCDF 100

Surrogat e Standards
¥d ,-2,3,7,8-TCDD 100
13C,,-1,2,3,4,7, 8-HxCDD 100
13C,-2,3,4,7, 8- PeCDF 100
13C,,-1, 2, 3,4, 7, 8- HxCDF 100
13C,-1,2,3,4,7,8,9- HCDF 100

Recovery Standards
13C,-1, 2,3, 4-TCDD 100
13C,-1,2,3,7, 8, 9- HxCDD 100

Calibration levels are specific for sanples at

a7



the MAC conpliance standard | evel.
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TABLE 23- 3.

COMPCSI TI ON OF THE I NI TI AL CALI BRATI ON SOLUTI ONS

COVPOUND CONCENTRATI ONS ( pg/ ! )
SOLUTI ON NO. 1 2 3 4 5
UNLABELED ANALYTES
2,3,7,8-TCDD 0.5 1 5 50 100
2,3,7,8-TCDF 0.5 1 5 50 100
1,2, 3,7, 8- PeCDD 2.5 5 25 250 500
1,2, 3,7, 8 PeCDF 2.5 5 25 250 500
2,3, 4,7, 8- PeCDF 2.5 5 25 250 500
1,2,3,4,7, 8 HxCDD 2.5 5 25 250 500
1,2,3,6,7, 8 HxCDD 2.5 5 25 250 500
1,2,3,7,8,9- HXCDD 2.5 5 25 250 500
1,2,3,4,7, 8 HxCDF 2.5 5 25 250 500
1,2,3,6,7, 8 HxCDF 2.5 5 25 250 500
1,2,3,7,8,9- HXCDF 2.5 5 25 250 500
2,3,4,6,7, 8- HxCDD 2.5 5 25 250 500
1,2,3,4,6,7, 8 HCDD 2.5 5 25 250 500
1,2,3,4,6,7, 8 HpCDF 2.5 5 25 250 500
1,2,3,4,7,8,9-HCDF 2.5 5 25 250 500
OCDD 5 10 50 500 | 1000
OCDF 5 10 50 500 | 1000
| NTERNAL STANDARDS
13C,,- 2, 3, 7, 8- TCDD 100 100 100 100 100
13C,,- 1, 2, 3, 7, 8- PeCDD 100 100 100 100 100
13C,,- 1, 2, 3, 6, 7, 8- HXCDD 100 100 100 100 100
15C,,- 1, 2, 3, 4, 6, 7, 8- HOCDD 100 100 100 100 100
13C,,- OCDD 100 100 100 100 100
13C,,- 2, 3, 7, 8- TCDF 100 100 100 100 100
13C,,-1, 2, 3, 7, 8- PeCDF 100 100 100 100 100
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" 18C,-1, 2, 3,6, 7, 8- HXCDF

100 100 100 100 100
" 13C,-1,2,3,4,6, 7, 8- HpCDF 100 100 100 100 100 "
TABLE 23-3. (Conti nued)
COVPOUND CONCENTRATI ON (pg/ ul)
SOLUTI ON NO. 1 2 3 4 5

SURROGATE STANDARDS
¥d ,-2,3,7,8-TCDD 60 80 100 120 140
13C,-2,3,4,7, 8- PeCDF 60 80 100 120 140
13C,-1,2,3,4,7, 8- HxCDD 60 80 100 120 140
13C,-1,2,3,4,7, 8- HXCDF 60 80 100 120 140
13C,-1,2,3,4,7,8,9- HCDF 60 80 100 120 140

RECOVERY STANDARDS
13C,-1, 2,3, 4-TCDD 100 100 100 100 100
13C,-1,2,3,7, 8,9- HxCDD 100 100 100 100 100
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TABLE 23-4. RECOVMENDED GC OPERATI NG CONDI TI ONS

AAAAAAAAAAAAAALAAAALAALAAAAALALL48404444444444444444444444444444444U
Col um Type DB-5 DB- 225

2333333333333313333333131331313133131313133131133131313313131333131133131)I)))Q

Length (m 60 30
i.d. (mm 0. 25 0. 25
Fi | m Thi ckness (um 0. 25 0. 25
Carrier Gas Hel i um Hel i um
Carrier Gas Flow (nL/ m n) 1-2 1-2
I nj ecti on Mode <-- splitless -->
Val ve Tinme (mn) 2.5 2.5
Initial Tenperature (o Q) 150 130
Initial Time (mn) 0.5 2.5
Rate 1 (deg. C/ mn) 60 50
Tenperature 2 (deg. O 170 170
Rate 2 (deg. ¢/ mn) 3 4
Fi nal Tenperature (deg. O 300 250

Q4444444444944 944444444444444444444444444444444444444444444444440
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TABLE 23-5.

ELEMENTAL COVPOSI TI ONS AND EXACT MASSES OF THE | ONS
MONI TORED BY H GH RESOLUTI ON MASS SPECTROVETRY FOR PCDD s AND PCDF' s

DESCRI PTOR | ACCURATE | ION | ELEMENTAL COVPCSI TION | ANALYTE
NUVBER MASS TYPE
2 292.9825 | LOCK C,F,, PFK
303. 9016 M C,H,*C ,0 TCDF
305.8987 | M2 C,,H,*C ,a 370 TCDF
315. 9419 M 13C,H,%d ,0 TCDF( S)
317.9389 | M2 13C,H,%C ,9Cl O TCDF( S)
319. 8965 M C,H,*C O, TCDD
321.8936 | M2 C,H,*d ;7d O, TCDD
327. 8847 M C,H,¥d ,O, TCDD( S)
330.9792 | C,Fis PFK
331. 9368 M 13C,H,%d ,0, TCDIX S)
333.9339 | M2 13C,H,%d ¥Cl O, TCDIX S)
339.8597 | M2 C,H:*C ,¥C O PeCDF
341. 8567 | M4 C,H¥C ,;¥7d ,0 PeCDF
351.9000 | M2 13C,H,®C ,¥Cl O PeCDF( S)
353.8970 | M4 13C,H,C ,37C ,0 PeCDF( S)
355. 8546 | M2 C,H:*C ;A O, PeCDD
357.8516 | M4 C,H:¥C ;77d ,0, PeCDD
367.8949 | M2 13C,H,®d ,¥Cl O, PeCDDX S)
369.8919 | M4 13C,H,3¥d A ,0, PeCDDX S)
375.8364 | M2 C,H,*d 2'd O Hx CDPE
409. 7974 | M2 C,H*d ] O Hp CPDE
3 373.8208 | M2 C,,H,35C ’Cl O Hx CDF
375.8178 | M4 C,H*a ,¥d ,0 Hx CDF
383. 8639 M 13C,H,%C (O Hx CDF( S)
385.8610 | M2 13C,H,%C 7Cl O Hx CDF( S)
389. 8157 | M2 C,H,*C 7d O, Hx CDD
391.8127 | M4 C,H%*d 2d ,0 Hx CDD
392. 9760 | LOCK CFye PFK
401.8559 | M2 13C,H,%d Al O, Hx CDDX S)
403.8529 | M4 13C,H,50 ,Cl ,0 Hx CDDX S)
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445. 7555 | M4 C,H,%d *d ,0 OCDPE ||
‘ 430.9729 | CoF 4y PFK ||
TABLE 23-5. (Cont i nued)
DESCRI PTOR | ACCURATE | ON ELEMENTAL DESCRI PTI ON ANALYTE
NUVBER MASS TYPE

407.7818 | M2 C,H*d 27d O Hp CDF
409. 7789 | M4 C,H*d £’d ,0 Hp CDF
417. 8253 M 13C,H5d ,0 HpCDF( S)
389. 8157 M2 C.,H*®d A O, Hx CDD
391.8127 | M4 C,H*d ,¥d ,0, Hx CDD
392.9760 | LOCK GFis PFK
401. 8559 M2 BC,H*d 2] O, Hx CDD( S)
403. 8529 M4 BC,H*d ,2'A ,0 Hx CDD( S)
445. 7555 | M4 C,H,%d *d ,0 OCDPE
430. 9729 QC CoF 4, PFK
407.7818 | M2 C,,H*d A O Hp CDF
409. 7789 | M4 C,H*d £’d ,0 Hp CDF
417. 8253 M 13C,H5d ,0 HpCDF( S)
419.8220 | M2 13C,,HB5d 27A O Hp CDF( S)
423.7766 | M2 C,,H*d 27d O, HpCDD
425.7737 | M4 C,H3d A ,0, Hp CDD
435. 8169 M2 BC,H*d &2'd O, HpCDD( S)
437.8140 | M4 13C,H5d 27d L0, HpCDD( S)
479.7165 | M4 C,,H*d ,¥d ,0 NCPDE
430. 9729 | LOCK CoF1s PFK
441.7428 | M2 C,®d ,¥d O OCDF
443.7399 | M4 C,,*°d A ,0 OCDF
457. 7377 | M2 C,®d ,¥d O, OCDD
459. 7348 | M4 C,,%°d &7d ,0, OCDD
469. 7779 | M2 13¢50 A O, OCDIX( S)
471.7750 | M4 13¢50 ,4d ,0, OCDIX( S)
513.6775 | M4 C.,%d ;*d ,0, DCDPE
442.9728 QC C,oF4- PFK

The follow ng nuclidic nasses were used:

H = 1. 007825 O = 15.994914 C = 12. 000000 %C = 34.968853

13C = 13. 003355 7d
S = Label ed Standard

= 36. 965903 F = 18.9984
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= lon selected for nonitoring instrunment stability during the
M5 anal ysi s.

QC
co)
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TABLE 23-6. ACCEPTABLE RANGES FOR | ON- ABUNDANCE RATI OGS OF PCDD s AND

PCDF' s
Number of | on Type Theoreti cal Control Limts
Chl ori ne Ratio
At ONB Lower Upper
4 M M2 0.77 0. 65 0. 89
5 M2/ M+4 1.55 1.32 1.78
6 M2/ M+4 1.24 1.05 1.43
62 M Mt+2 0.51 0. 43 0.59
7° P M#-2 0.44 0. 37 0.51
M2/ Mt4 1.04 0. 88 1.20
8 M2/ Mt4 0. 89 0.76 1.02
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TABLE 23-7.

UNLABELED ANALYTES QUANTI FI CATI ON RELATI ONSHI PS

ANALYTE | NTERNAL STANDARD USED
2,3,7,8- TCDD 13C,,- 2, 3, 7, 8- TCDD
Ot her TCDD s 13C,,- 2, 3, 7, 8- TCDD

1,2, 3,7, 8-PeCDD

13C,-1, 2, 3, 7, 8- PeCDD

O her PeCDD s

13C,-1, 2, 3, 7, 8- PeCDD

1,2,3,4,7,8-HxCDD

13C,-1,2,3,6, 7, 8- HXxCDD

1,2,3,6,7, 8-HCDD

13C,-1,2,3, 6,7, 8- HXxCDD

1,2,3,7,8, 9- iXCDD

13C,-1,2,3, 6,7, 8- HXxCDD

O her HxCDD s

13C,-1,2,3, 6,7, 8- HXxCDD

1,2,3,4,6,7, 8 HpCDD

18C,-1,2,3,4,6,7, 8-HpCDD

O her HpCDD s 13C,,-1,2,3,4,6, 7, 8-HpCDD
OCDD 13C,,- OCDD

2,3,7,8-TCDF 13C,,-2, 3,7, 8-TCDF

Ot her TCDF' s 3C,- 2, 3, 7, 8- TCDF

1,2,3,7, 8-PeCDF

13C,-1, 2, 3, 7, 8- PeCDF

2,3,4,7, 8-PeCDF

13C,-1, 2, 3, 7, 8- PeCDF

O her PeCDF' s

13C,-1, 2, 3, 7, 8- PeCDF

1,2, 3,4,7, 8- HCDF

13C,-1, 2, 3, 6, 7, 8- HXCDF

1,2,3,6,7, 8- HXCDF

13C,-1, 2, 3, 6, 7, 8- HXCDF

1,2,3,7,8, 9- HXCDF

13C,-1, 2, 3, 6, 7, 8- HXCDF

2,3,4,6, 7, 8- HXCDF

13C,-1, 2, 3, 6, 7, 8- HXCDF

O her HxCDF' s

13C,-1, 2, 3, 6, 7, 8- HXCDF

1,2,3,4,6,7, 8 HpCDF

18C,-1,2,3,4,6,7, 8- HCDF

1,2,3,4,7,8,9- HCDF

18C,-1,2,3,4,6,7, 8- HCDF

OCDF

18C,-1,2,3,4,6,7, 8- HCDF

56




57



TABLE 23- 8.

| NTERNAL STANDARDS QUANTI FI CATI ON RELATI ONSHI PS

| NTERNAL STANDARD

STANDARD USED DURI NG PERCENT
RECOVERY DETERM NATI ON

13C,,-2,3,7,8-TCDD

13C,-1, 2, 3, 4- TCDD

18C,-1,2,3,7, 8 PeCDD

13C,-1, 2, 3, 4- TCDD

18C,-1,2,3,6,7, 8-HxCDD

18C,-1,2,3,7,8,9- HxCDD

18C,-1,2,3,4,6,7, 8-HpCDD

18C,-1,2,3,7,8,9- HxCDD

13C,,- OCDD

18C,-1,2,3,7,8,9- HxCDD

183C,- 2,3, 7, 8- TCDF

13C,-1, 2, 3, 4- TCDD

18C,-1, 2, 3,7, 8 PeCDF

13C,-1, 2, 3, 4- TCDD

18C,-1, 2, 3,6, 7, 8- HXCDF

18C,-1,2,3,7,8,9- HxCDD

18C,-1,2,3,4,6,7, 8- HCDF

18C,-1,2,3,7,8,9- HxCDD

TABLE 23-9. SURROGATE STANDARDS QUANTI FI CATI ON RELATI ONSHI PS

SURROCGATE STANDARD

STANDARD USED DURI NG PERCENT
RECOVERY DETERM NATI ON

¥d ,-2,3,7,8-TCDD

183C,,-2,3,7,8-TCDD

183C,-2,3,4,7, 8- PeCDF

18C,-1, 2,3, 7, 8 PeCDF

183C,-1,2,3,4,7, 8- HxCDD

18C,-1,2,3,6,7, 8-HxCDD

183C,-1,2,3,4,7, 8- HxCDF

18C,-1, 2, 3,6, 7, 8- HXCDF

18C,-1,2,3,4,7,8, 9- HCDF

18C,-1,2,3,4,6,7, 8- HpCDF
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TABLE 23-10. M N MUM REQUI REMENTS FOR | NI TI AL AND DAI LY CALI BRATI ON
RESPONSE FACTORS

COVPOUND RELATI VE RESPONSE FACTORS
| NI TI AL DAl LY
CALI BRATI ON CALI BRATI ON
( RSD) (% DI FFERENCE)
UNLABELED ANALYTES
2,3,7,8-TCDD 25 25
2,3,7,8-TCDF 25 25
1,2, 3,7, 8- PeCDD 25 25
1,2, 3,7, 8- PeCDF 25 25
1,2, 4,5,7, 8- HxCDD 25 25
1,2,3,6,7, 8- HxCDD 25 25
1,2,3,7,8,9- HxCDD 25 25
1,2, 3, 4,7, 8- HXCDF 25 25
1,2,3,6,7, 8- HXCDF 25 25
1,2,3,7,8,9- HXCDF 25 25
2,3,4,6,7, 8 HXCDF 25 25
1,2,3,4,6,7, 8- HpCDD 25 25
1,2,3,4,6,7, 8 H)CDF 25 25
OCDD 25 25
OCDF 30 30
SURROGATE STANDARDS

Q) ,-2, 3, 7, 8- TCDD 25 25

13C,,- 2, 3, 4, 7, 8- PeCDF

13C,-1, 2, 3, 4, 7, 8- HXxCDD
13C,- 1, 2, 3, 4, 7, 8- HXCDF
13C,-1, 2, 3,4, 7,8, 9- HICDF
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Figure 1)
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Flgure 2)
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