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Exhibit D -- Section 1
Scope and Application

SCOPE AND APPLI CATI ON
Met hod

The anal ytical method that follows is designed for the determ nation of
tetra through octa chlorinated di benzo-p-di oxins (CDDs) and chl ori nated
di benzof urans (CDFs) (see Table 1) in water, soil, sedinment, sludge,
tissue, ash, oil and oil matrices by H gh Resolution Gas

Chr omat ogr aphy/ H gh Resol uti on Mass Spectronetry (HRGZ HRVS). The

nmet hod i s based on USEPA Met hod 1613, Revision B and SW846 Method 8290
(Revision 0). Mdifications may be requested in individual task orders.

Quantitation Levels

The detection limts and quantitation levels in this nethod are usually
dependent on the |level of interferences rather than instrunenta
l[imtations. The levels listed in Exhibit C are the Contract Required
Quantitation Limts (CRQs) that can be determined with no interferences
present.

Qualitative lIdentification

The qualitative identification criteria (see Section 11.1) include
requirenents for Retention Tinmes (RTs) and limts on the ratio of the
abundance of the two intense specified ions produced by each conpound.
In the instance where a signal is detected that neets all of the
qualitative identification criteria except the ion abundance ratio, the
nmet hod requires cal cul ati on of an Estimated Maxi mum Possi bl e
Concentration (EMPC). The presence of interferences that coelute with
t he conpounds of interest may cause the ion abundance ratio to fal
outside the limts for qualitative identification and would al so affect
the quantitative results. The EMPCis a worst case estimate of the
sanpl e concentration that the signal would represent if it did neet al
the identification criteria (see Section 11.2.6).

Caut i on
Because of the extrene toxicity of many of these conpounds, the anal yst

nmust take the necessary precautions to prevent exposure to material
known or believed to contain CDDs/ CDFs.
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Sunmary of Met hod
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SUMVARY OF METHOD

Extracti on

Wat er sanpl es (sanples containing | ess than one percent solids: The
stabl e isotopically | abel ed anal ogs of 15 of the 2,3, 7, 8-substituted
chl ori nated di benzo- p-di oxi ns/ chl ori nat ed di benzof urans (CDDs/ CDFs),
are spiked into a 1 L sanple and the sanple is extracted by one of

t hree procedures:

Sanpl es containing no visible particles are extracted with

met hyl ene chloride in a separatory funnel or by the Solid Phase
Extraction (SPE) technique sumrmarized in Section 2.1.1.3. The
extract is concentrated for cleanup

Sanpl es containing visible particles are vacuumfiltered through a
glass fiber filter. The filter is extracted in a Soxhl et/ Dean-
Stark (SDS) extractor and the filtrate is extracted with nethyl ene

chloride in a separatory funnel. The nethylene chloride extract
is concentrated and conbined with the SDS extract prior to
cl eanup.

The sanple is vacuumfiltered through a glass fiber filter on top
of a SPE disk. The filter and disk are extracted in an SDS
extractor and the extract is concentrated for cleanup

Soi | / sedi nent sanpl es: The | abel ed conmpounds are spiked into a sanple
containing 10 g (dry weight) of soil/sedinments. Sanples containing
coarse soil/sedinments are ground or honogeni zed. The soil/sedinments
are then extracted in an SDS extractor

Fi sh and other tissue: The sanple is extracted by one of two
procedures:

A 20 g aliquot of frozen sanmple is honobgenized and a 10 g ali quot
is spiked with the | abel ed compounds. The sanple is mxed with
sodiumsulfate, allowed to dry overnight, and extracted for 12 to
24 hours using nethyl ene chl oride: hexane (1:1) in a Soxhl et
extractor. The extract is evaporated to dryness and the lipid
content is determ ned.

A 20 g aliquot is honogenized and a 10 g aliquot is placed in a
bottle and spiked with the | abel ed compounds. After

equi libration, 200 nmL of hydrochloric acid and 200 niL of nethyl ene
chl ori de: hexane (1:1) are added and the bottle is agitated for 12
to 24 hours. The extract is evaporated to dryness and the lipid
content is determ ned.

C eanup and Anal ysi s

After extraction, the cleanup standard, *d ,-labeled 2,3,7,8-TCDD, is
added to each extract to neasure the efficiency of the cleanup
process. Sanple cleanups may include back extraction with acid
and/ or base, gel perneation, alumina, silica gel, Florisil, and
activated carbon chromat ography. H gh Performance Liquid

Chr omat ogr aphy (HPLC) can be used for further isolation of the
2,3,7,8-isomers or other specific isomers or congeners. Prior to the
cl eanup procedures above, tissue extracts are cleaned up using an

ant hr opogeni c i sol ation columm, a batch silica gel adsorption, or

sul furic acid back extraction, depending on the tissue extraction
procedur e used.
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Exhi bit D -- Section 2
Sunmmary of Method (Con’t)

After cleanup, the extract is concentrated to near dryness.

I mredi ately prior to injection, the two internal standards, 3C,-
1,2,3,4-TCDD and ®3C},-1,2,3,7,8,9-HXCDD, are added to each extract.
The former is used to determine the Percent Recoveries (%) of tetra-
and pentachl ori nated CDDY CDF congeners, while the latter is used to
determ ne the recoveries of the hexachl orinated, heptachlorinated,
and octachl ori nated CDD/ CDF congeners.

An aliquot of the extract is injected into the H gh Resolution Gas
Chr omat ograph (HRGC). The anal ytes are separated by the HRGC and
detected by a H gh Resolution ($ 10,000) Mss Spectroneter (HRVD)
Two exact mass-to-charge ratio (nlz) ions are nonitored for each
anal yte.

An individual CDDYCDF is identified by conparing the HRGC Retention
Time (RT) and ion abundance ratio of two exact mz's with the
correspondi ng RT of an authentic standard and the theoretical or

acqui red ion abundance ratio of the two exact nfz's. The non-
2,3,7,8-substituted i somers and congeners are identified when RTs and
i on abundance ratios agree within pre-defined limts. |somer
specificity for 2,3,7,8-TCDD and 2, 3,7,8-TCDF is achi eved usi ng HRGC
colums that resolve these isoners fromthe other tetra-isoners.

Quantitative Anal yses

Quantitative analysis is performed using Selected lon Current Profile
(SICP) areas, in one of the follow ng ways.

For the fifteen 2,3,7,8-substituted CDDs/CDFs with | abel ed
conmpound anal ogs, the HRGCZ HRMS systemis calibrated and the
conmpound concentration is determ ned using the isotope dilution
techni que. The procedure used in determning the concentrations
of 1,2,3,7,8,9-HxCDD and octachl ori nated di benzofuran (OCDF) is
detailed in Section 11. 2.

For the | abel ed conpounds and the cl eanup standard, the Gas

Chr omat ogr aph/ Mass Spectronmeter (GC/M5S) systemis calibrated and
the concentration of each conmpound is determ ned using the

i nternal standard technique.

For non-2,3,7,8-substituted isoners and for all isoners at a given
| evel of chlorination (e.g., total TCDD), concentrations are
determ ned using Rel ati ve Response Factors (RRFs)from calibration
of native anal ogs at the sane | evel of chlorination

The quality of the analysis is assured through reproducible

calibration and testing of the extraction, cleanup, and HRGCZ HRVGS
syst ens.
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Exhibit D -- Sections 3 & 4
Definitions

3.

0

DEFI NI TI ONS

See Exhibit Gfor a conplete list of definitions.
| NTERFERENCES

Sour ces

Sol vents, reagents, glassware, and other sanple processing hardware may
yield artifacts and/or el evated baselines causing msinterpretation of
chromat ogranms. Specific selection of reagents and purification of
solvents by distillation in all glass systens may be required. \Were
possi bl e, reagents are cl eaned by extraction or solvent rinse.

A assware C eaning

Proper cleaning of glassware is extrenmely inportant because gl assware
may not only contam nate the sanples, but may al so renove the anal ytes
of interest by adsorption on the glass surface.

d assware should be rinsed with solvent and washed with a detergent
solution as soon after use as is practical. Sonication of glassware
containing a detergent solution may aid in cleaning. dassware with
renovabl e parts, particularly separatory funnels w th fl uoropol yner
stopcocks, nust be di sassenbled prior to detergent washing.

After detergent washing, glassware should be rinsed i mediately,
first with nethanol, then with hot tap water. The tap water rinse is
foll oned by another methanol rinse, then acetone, and then nethyl ene
chl oride

Do not bake reusable glassware in an oven as a routine part of

cl eaning. Baking may be warranted after particularly dirty sanples
are encountered but should be m nimzed, as repeated baking of

gl assware may cause active sites on the glass surface that wll
irreversibly adsorb CDDs/ CDFs.

I mredi ately prior to use, the Soxhl et apparatus should be pre-
extracted with toluene for approximately 3 hours. Separatory funnels
shoul d be shaken wi th nethyl ene chloride/toluene (80/20 m xture) for
2 mnutes, drained, and then shaken with pure nethylene chloride for
2 mnutes.

Reagents and Materials

Al materials used in the analysis shall be denonstrated to be free from
i nterferences by running reference matrix method bl anks initially and

wi th each sanple batch (sanples started through the extraction process
on a given 12-hour shift, to a maxi num of 20 sanples).

The reference matrix nmust simulate, as closely as possible, the
sanple matrix under testing. The reference matrix should not contain
the CDDs/ CDFs in detectable anpbunts. See Section 12.1 for further

gui dance. USEPA retains the option to supply the Contractor with a
reference matrix with the expected interferences for a particul ar

proj ect .

VWhen a reference matrix that sinulates the sanple matrix under
testing is not avail able, reagent water (see Section 7.6.1) can be
used to sinulate water sanples; playground sand (see Section 7.6.2)
or white quartz sand (see Section 7.3.2) can be used to simulate

DLMD1. 4 (1/02) Page 4-8 of 75



4.4

Exhibit D -- Section 4
Interferences (Con’'t)

soils, and corn oil (see Section 7.6.3) can be used to simulate
ti ssues.

Sanpl e C eanup

Interferences coextracted fromsanples will vary considerably from
source to source, depending on the diversity of the site being sanpl ed.
Interfering conmpounds may be present at concentrations several orders of
magni t ude hi gher than the CDDs/ CDFs. The npbst frequently encountered

i nterferences are chlorinated bi phenyls, nethoxy biphenyls,

hydr oxydi phenyl ethers, benzyl phenyl ethers, polynuclear aromatics, and
pesticides. Because very low |levels of CDDs/CDFs are neasured by this
met hod, the elimnation of interferences is essential. The cleanup
steps given must be used to reduce or elimnate these interferences and
thereby permt reliable determ nation of the CDDs/CDFs at the |levels
shown in Table 2 and in Exhibit C

Equi pnent

Each pi ece of reusable gl assware shoul d be nunbered to associate that
gl assware with the processing of a particular sanple. This will assist
the | aboratory in tracking possible sources of contamnation for

i ndi vi dual sanples, identifying gl assware associated with highly
cont am nated sanples that may require extra cl eaning, and determ ni ng
when gl assware shoul d be di scarded.

Li pi ds

The natural lipid content of tissue can interfere in the anal ysis of

ti ssue sanples for the CDDs/CDFs. The lipid contents of different
species and portions of tissue can vary widely. Lipids are soluble to
varying degrees in various organic solvents and may be present in
sufficient quantity to overwhel mthe col um chromat ographi c cl eanup
procedures used for cleanup of sanple extracts. Lipids nust be renoved
by the |ipid renoval procedures, followed by alumna or Florisil, and
carbon as m ni num addi ti onal cl eanup steps. |If chlorodi phenyl ethers
are detected, as indicated by the presence of peaks at the exact mass-
to-charge ratios (mz's) nmonitored for these interferents, alumna
and/ or Florisil cleanup nmust be enployed to elimnate these

i nterferences.
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SAFETY
Toxicity

The toxicity or carcinogenicity of each conmpound or reagent used in this
met hod has not been precisely determ ned; however, each chem ca

conmpound should be treated as a potential health hazard. Exposure to

t hese conpounds shoul d be reduced to the | owest possible |evel.

The 2, 3,7,8-TCDD i somer has been found to be acnegenic, carcinogenic,
and teratogenic in |laboratory animal studies. It is soluble in water
to approximately 200 ppt, and in organic solvents to 0.14% On the
basi s of the avail abl e toxicol ogi cal and physical properties of
2,3,7,8-TCDD, all of the chlorinated di benzo-p-di oxi ns/chl ori nated

di benzof urans (CDDs/ CDFs) shoul d be handl ed only by highly-trained
personnel thoroughly famliar with handling and cautionary procedures
and the associ ated ri sks.

It is recoomended that the | aboratory purchase dilute standard
solutions of the analytes in this nethod. However, if primary
solutions are prepared, they shall be prepared in a hood, and a
Cccupational Safety and Health Administration/Mning Safety and

Heal th Admini stration (OSHA/ MSHA) approved toxic gas respirator shall
be worn when high concentrations are handl ed.

Cccupational Safety and Health Administration (OSHA) Requirenents

The | aboratory is responsible for maintaining a current awareness file
of OSHA regul ations regarding the safe handling of the chemcals
specified in this method. A reference file of Material Safety Data
Sheets (MSDSs) should al so be nade available to all personnel invol ved
in these analyses. It is also suggested that the | aboratory perform
personal hygi ene nmonitoring of each anal yst who uses this method and
that the results of this nmonitoring be made available to the anal yst.

Sanpl e Handl i ng

The CDDs/ CDFs and sanpl es suspected to contain these conpounds are
handl ed using essentially the sanme techni ques enployed in handling

radi oactive or infectious materials. Well-ventilated, controlled access
| aboratories are required. Assistance in evaluating the health hazards
of particular |aboratory conditions may be obtained fromcertain
consulting |l aboratories and from State Departnments of Health or Labor
many of which have an industrial health service. The CDDs/CDFs are
extremely toxic to laboratory animals. The Contractor nust develop a
strict safety program for handling these conpounds.

Facility - Wien finely divided sanples (dusts, soils, and dry
chemical s) are handl ed, all operations (including renmoval of sanples
from sanmpl e contai ners, weighing, transferring, and m xi ng) should be
performed in a gl ove box denonstrated to be leak-tight, or in a fune
hood denonstrated to have adequate air flow Goss |losses to the

| aboratory ventilation system nust not be allowed. Handling of the
dilute solutions normally used in analytical and ani mal work presents
no i nhal ati on hazards except in the case of an accident.

Protective equi prent —Di sposabl e plastic gloves, apron or |ab coat,
safety gl asses or mask, and a gl ove box or fune hood adequate for

radi oactive work should be used. During analytical operations that
may give rise to aerosols or dusts, personnel should wear respirators
equi pped with activated carbon filters. Eye protection equi pnent
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Exhi bit D -- Section 5
Safety (Con’'t)

(preferably full face shields) nust be worn while working with
exposed sanmples or pure anal ytical standards. Latex gloves are
commonly used to reduce exposure of the hands. When handling sanples
suspected or known to contain high concentrations of the CDDs/ CDFs,
an additional set of gloves can also be worn beneath the | atex

gl oves.

Training —Wbrkers nust be trained in the proper method of renoving
cont am nated gl oves and clothing w thout contacting the exterior
surf aces.

Personal hygi ene —Hands and forearns shoul d be washed thoroughly
after each mani pul ati on and before breaks (coffee, lunch, and shift).

Confinenent —Isol ated work areas posted with signs, segregated
gl assware and tools, and plastic absorbent paper on bench tops wll
aid in confining contam nation.

Ef fl uent vapors —The effluents of sanple splitters fromthe Gas

Chr omat ograph (GC) and from roughi ng punps on the Mass Spectroneter
(M5) should pass through either a colum of activated charcoal or be
bubbl ed through a trap containing oil or high boiling al cohols to
condense CDDY CDF vapors.

Wast e handl i ng —Good techni que includes mnimzing contam nated
waste. Plastic bag liners should be used in waste cans. Janitors and
ot her personnel nust be trained in the safe handling of waste.

Decont am nati on

Decont am nati on of personnel —Use any nmild soap with plenty of
scrubbi ng action.

G assware, tools, and surfaces —Chlorothene NU Sol vent is the |east
toxi c sol vent shown to be effective. Satisfactory cleaning may be
acconpl i shed by rinsing with Chl orothene, then washing with any
detergent and water. |If glassware is first rinsed with solvent, the
di shwater may be di sposed of in the sewer. G ven the cost of

di sposal, it is prudent to mnimze sol vent wastes.

Laundry —dC ot hing known to be contamnm nated should be collected in
pl astic bags. Persons who convey the bags and | aunder the cl othing
shoul d be advised of the hazard and trained in proper handling. The
clothing may be put into a washer w thout contact if the | aunderer
knows of the potential problem The washer should be run through an
enpty cycle before being used again for other clothing.

Wpe tests —A useful method of determ ning cleanliness of work
surfaces and tools is to wipe the surface with a piece of filter
paper. Extraction and analysis by GC with an El ectron Capture
Detector (ECD) can achieve a lint of detection of 0.1 pg per w pe;
anal ysis using this nethod can achi eve an even | ower detection limt.
Less than 0.1 pg per w pe indicates acceptable cleanliness; anything
hi gher warrants further cleaning. Mre than 10 pg on a w pe
constitutes an acute hazard and requires pronpt cleaning before
further use of the equipnent or work space, and indicates that
unaccept abl e work practices have been enpl oyed.

Tabl e or wist-action shaker —The use of a table or wist-action

shaker for extraction of tissues presents the possibility of breakage
of the extraction bottle and spillage of acid and fl ammbl e organic
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Exhibit D -- Sections 5 & 6
Equi pnent and Supplies

solvent. A secondary contai nnent system around the shaker is
suggested to prevent the spread of acid and solvents in the event of
such a breakage. The speed and intensity of shaking action should
al so be adjusted to mnimze the possibility of breakage.

6.0 EQU PMENT AND SUPPLI ES

6.1 @ assware C eaning —Laboratory sink with overhead fume hood

6.2 Equi pnrent for Sanple Preparation

6.2.1 Laboratory fume hood of sufficient size to contain the sanple
preparati on equi prent |isted bel ow

6.2.2 @ ove box (optional).

6.2.3 Ti ssue honogeni zer —VirTis Mdel 45 Macro honogeni zer (American
Scientific Products H 3515, or equivalent) with stainless stee
Macr o- shaft and Tur bo-shear bl ade.

6.2.4 Meat grinder —Hobart, or equivalent, with 3-5 nmholes in inner
pl at e.

6.2.5 Equi prent for determ ning Percent Solids (%5)

6.2.5.1 Oven —Capabl e of mmintaining a tenperature of 110°C (£5°QC)
6.2.5.2 Desi ccat or .

6.2.6 Bal ances

6.2.6.1 Anal yti cal —Capabl e of weighing 0.1 ng.

6.2.6.2 Top | oadi ng —Capabl e of wei ghing 10 ny.

6.3 Extracti on Apparat us

6.3.1 Wat er sanpl es

6.3.1.1 pH nmeter, wi th conbi nation gl ass el ectrode.

6.3.1.2 pH paper, w de range (Hydrion Papers, or equivalent).

6.3.1.3 Graduated cylinder, 1 L capacity.

6.3.1.4 Liquid/liquid extracti on —Separatory funnels, 250 ni, 500 ni, and
2000 mL, with fluoropol ymer stopcocks.

6.3.1.5 Sol i d- Phase Extraction (SPE)

6.3.1.5.1 1L filtration apparatus, including glass funnel, glass frit

support, clanp, adapter, stopper, filtration flask, and vacuum
tubi ng. For wastewater sanples, the apparatus should accept 90
or 144 mm di sks. For drinking water or other sanples
containing low solids, smaller disks may be used.

6.3.1.5.2 Vacuum source capabl e of maintaining 25 i nches Hg, equipped
wi th shutoff val ve and vacuum gauge.
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Exhibit D -- Section 6
Equi pnrent and Supplies (Con’'t)

G ass fiber filter —Whatman GVF 150 (or equivalent), 1 mcron
pore size, to fit filtration apparatus described in Section
6.3.1.5. 1.

SPE di sk contai ni ng octadecyl (Cg) bonded silica uniformy
ennmeshed in an inert matrix, Fisher Scientific 14-378F (or
equivalent), to fit filtration apparatus described in Section
6.3.1.5. 1.

Soxhl et/ Dean- Stark (SDS) extractor —For filters and solid/sludge
sanpl es.

Soxhlet —50 mm I D, 200 nL capacity with 500 nL flask (Cal-d ass
LG 6900, or equivalent, except substitute 500 nmL round-bottom
flask for 300 nL flat-bottomfl ask).

Thinble —43 x 123 to fit Soxhlet (Cal-d ass LG 6901-122, or
equi val ent).

Moi sture trap —Dean-Stark or Barret with fluoropol yner stopcock,
to fit Soxhlet.

Heating mantl e —Hem spherical, to fit 500 nL round-bottom fl ask
(Cal -d ass LG 8801-112, or equivalent).

Variabl e transformer —Powerstat (or equivalent), 110 volt, 10
anp.

Apparatus for Extraction of Tissue
Bottle for extraction (if digestion/extraction using HO is
used) —500-600 m. wi de-nmouth clear glass, with fluoropol yner
i ned cap.

Bottle for back extraction —100-200 nmL narrow mouth cl ear gl ass
wi th fluoropol ymer |ined cap.

Mechani cal shaker —Wist-action or platformtype rotary shaker
t hat produces vigorous agitation (Sybron Thernol yne Mddel LE “Big
Bill” rotator/shaker, or equivalent).

Rack attached to shaker table to pernmit agitation of 4 to 9
sanpl es si mul t aneously.

Beakers —400-500 niL.
Spatul as —Stainl ess steel or glass rod.
tration Apparatus

Pyrex gl ass wool —Solvent extracted by SDS for 3 hours mnimm DO
NOT BAKE.

d ass funnel —125-250 miL.

G ass fiber filter paper —Whatman G-/ D (or equivalent), to fit gl ass
funnel referenced in Section 6.4.2.

Drying colum —15-20 mm I D Pyrex chromat ographi ¢ col um equi pped
with coarse-glass frit or glass-wool plug.
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Buchner funnel —15 cm

G ass fiber filter paper to fit Buchner funnel referenced in Section
6.4.5.

Filtration flasks —1.5-2 L, with side arm
Pressure filtration apparatus, MIIlipore YT30 142 HW or equival ent.
Centrifuge Apparatus

Centrifuge —Capable of rotating 500 nL centrifuge bottles or 15 nL
centrifuge tubes at 5,000 rpm m ni mum

Centrifuge bottles —500 nL, with screwcaps, to fit centrifuge.
Centrifuge tubes —12-15 nl, with screwcaps, to fit centrifuge.

Cl eanup Appar at us

Aut omat ed Gel Perneation Chromatograph (GPC) (Anal ytical Biochem cal
Labs, Inc., Colunbia, MO, Mdel GPC Autoprep 1002, or equivalent).

21 Col um —600-700 nmlong x 25 nm I D, packed with 70 g of SX-3
Bi 0- beads (Bi o-Rad Laboratories, R chnmond, CA, or equivalent).

.2 Syringe —10 nmL, with Luer fitting.

.3 Syringe filter holder —Stainless steel, and glass fiber or
fluoropolynmer filters (CGel man 4310, or equivalent).

.4 WV detectors —254 nm preparative or sem -preparative flow cell
(I'sco, Inc., Type 6; Shimadzu, 5 mm path | ength; Beckman- Al tex
152W 8 pL micro-prep flow cell, 2 mm path; Pharmacia UV-1, 3 nm
flow cell; LDC MIton-Roy W-3, nonitor #1203; or equivalent).

Rever se- phase Hi gh Performance Liquid Chromat ograph (HPLC)

21 Col um oven and detector —Perkin-El nmer Mdel LC 65T (or
equi val ent) operated at 0.02 AUFS at 235 nm

.2 I nj ector —Rheodyne 7120 (or equivalent) with 50 puL sanple | oop.

.3 Col um —Two 6.2 nm x 250 mm Zor bax- ODS col ums in series (DuPont
Instruments Division, WImngton, DE, or equivalent), operated at
50°Cwith 2.0 nL/mn nmethanol isocratic effluent.

.4 Punp — Al tex 110A (or equivalent).

Pi pet s

21 Di sposabl e, pasteur —150 mmlong x 5 mmID (Fisher Scientific 13-
678-6A, or equivalent).

.2 Di sposabl e, serological —10 mL (6 mMm I D).

A ass chromat ogr aphi ¢ col ums

21 150 mmlong x 8 mm I D, (Kontes K-420155, or equivalent) with
coarse-glass frit or glass wool plug and 250 nL reservoir.
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.2 200 mmlong x 15 nm 1D, with coarse-glass frit or glass wool plug
and 250 nL reservoir.

.3 300 mmlong x 25 nm 1D, with 300 nL reservoir and gl ass or
fl uor opol ynmer st opcock.

Stirring apparatus for batch silica cleanup of tissue extracts.
21 Mechani cal stirrer —Corni ng Model 320, or equival ent.
.2 Bottl e —500-600 nL wi de nmouth cl ear gl ass.

Oven —for baking and storage of adsorbents, capable of maintaining a
constant tenperature (+5°C) in the range of 105-250°C.

Concentrati on Apparatus

Rot ary evaporat or —Buchi/Bri nkman- Anerican Scientific No. E5045-10
or equival ent, equipped with a variable tenperature water bath.

21 Vacuum source for rotary evaporator equi pped with shutoff valve at
t he evaporator and vacuum gauge.

.2 A recirculating water punp and chiller are reconmended, as use of

tap water for cooling the evaporator wastes |arge volunmes of water
and can lead to inconsistent performance as water tenperatures and
pressures vary.

.3 Round bottom flask —100 nmL and 500 niL or larger, wth ground-
glass fitting conpatible with the rotary evaporator.

Kuder na- Dani sh (K-D) Concentr at or

21 Concentrator tube —10 mL, graduated (Kontes K-570050-1025, or
equivalent) with calibration verified. Gound-glass stopper (size
19/ 22 joint) is used to prevent evaporation of extracts.

.2 Evaporation flask —500 nmL (Kontes K-570001-0500, or equivalent),
attached to concentrator tube with springs (Kontes K-662750-0012
or equivalent).

.3 Snyder colum —Three ball macro (Kontes K-503000-0232, or
equi val ent).
.4 Boi | i ng chi ps
4.1 @ ass or silicon carbide —Approximately 10/40 nmesh, extracted
wi t h net hyl ene chl ori de.
. 4.2 Fl uor opol yner (optional) —Extracted w th methyl ene chloride.
.5 Water bath —Heated, with concentric ring cover, capable of

mai ntaining a tenperature within +2°C, installed in a funme hood.
Ni t rogen bl owdown apparatus —Equi pped with water bath controlled in
t he range of 30-60°C (N Evap, Organomation Associates, Inc., South
Berlin, MA, or equivalent), installed in a fume hood.
Sample vials

21 Anmber glass —2-5 nL with fluoropol ymer |ined screw cap.
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6.7.4.2 @ ass —0.3 nL, conical, with fluoropolyner lined screw or crinp
cap.
6.8 Gas Chromat ograph (GO

21

.2

Shal | have splitless or on-colum injection port for capillary col um,
tenperature programw th isothermal hold, and shall neet all of the
performance specifications listed in Section 9 of this exhibit.

GC colum for CDDs/CDFs and for isoner specificity for 2,3,7,8-TCDD—
60 £5 mlong x 0.32 +0.02 mm I D, 0.25 pm 5% phenyl, 94% nethyl, 1%
vinyl silicone bonded-phase fused-silica capillary colum (J&W DB-5,
or equivalent).

GC columm for isoner specificity for 2,3,7,8-TCDF—30 +5 mlong x 0.32
+0.02 nm I D; 0.25 pm bonded- phase fused-silica capillary colum (J&W
DB- 225, or equivalent).

Mass Spectroneter (M)

28-40 eV el ectron inpact ionization that shall be capable of
repetitively selectively nonitoring 12 exact mass-to-charge ratios
(mz's) minimmat high resolution ($10,000) during a period of

approxi matel y one second, and shall neet all of the performance
specifications listed in Section 9 of this exhibit.

Gas Chromat ogr aph/ Mass Spectroneter (GO M5) Interface

The M5 shall be interfaced to the GC such that the end of the capillary
colum termnates within 1 cmof the ion source, but does not intercept
the el ectron or ion beans.

Data System

Capabl e of collecting, recording, and storing M5 data.
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REAGENTS AND STANDARDS
pH Adj ust ment and Back Extraction

21 Pot assi um hydr oxi de —Di ssol ve 20 g reagent grade KOH in 100 nL
reagent water.

.2 Sul furic acid —Reagent grade (specific gravity 1.84).

.3 Hydrochl oric acid, 6N. (1:1) Add 500 nL concentrated HO to 400 nL
reagent water and dilute to 1 L.

.4 Sodi um chl ori de —solution. Dissolve 50g of reagent grade Nad to
reagent water and dilute to 1 L.

So

ution Drying and Evaporation

21 Sol ution drying —Sodi um sul fate, reagent grade, granular, anhydrous
(Baker 3375, or equivalent), rinsed with nethylene chloride (20
nm./g), baked at 400°C for one hour mininum cooled in a desiccator
and stored in a pre-cleaned glass bottle with screwcap that prevents
moi sture fromentering. |If, after heating, the sodiumsulfate

devel ops a noticeabl e grayi sh cast (due to the presence of carbon in
the crystal matrix), that batch of reagent is not suitable for use
and should be discarded. Extraction with nmethylene chloride (as
opposed to sinple rinsing) and baking at a | ower tenperature may
produce sodium sul fate that is suitable for use

.2 Ti ssue dryi ng —Sodi um sul fate, reagent grade, powdered, treated and
stored as described above.

.3 Pre-purified N trogen

Extraction

21 Sol vents —Acetone, toluene, cycl ohexane, hexane, methanol, nethylene

chloride, and nonane; distilled in glass, pesticide quality, |ot-

certified to be free of interferences.

.2 VWi te quartz sand, 60/70 mesh —For Soxhl et/ Dean- Stark (SDS)
extraction (Aldrich Chemcal, Cat. No. 27-437-9, or equivalent).
Bake at 450°C for 4 hours m ni num

Cel Perneation Chromat ography (GPC) Calibration Sol ution

Prepare a solution in nmethylene chloride containing 300 ng/nmL corn oil,

15 mg/ L bi s(2-et hyl hexyl) phthalate, 1.4 ng/nmL pentachl orophenol, 0.1

nmg/ mL perylene, and 0.5 ng/nL sul fur

Adsorbents for Sanple C eanup

21 Silica Cel

1.1 Activated silica gel —100-200 nesh, Supelco 1-3651 (or

equi valent), rinsed with nethyl ene chloride, baked at 180°C for a

m ni mum of one hour, cooled in a desiccator, and stored in a pre-

cl eaned gl ass bottle with screwcap that prevents noisture from

ent eri ng.

1.2 Acid silica gel (30%ww —Thoroughly m x 44.0 g of concentrated
sulfuric acid with 100.0 g of activated silica gel in a clean
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contai ner. Break up aggregates with a stirring rod until a uniform
m xture is obtained. Store in a bottle with a fluoropolyner |ined
screw cap.

7.5.1.3 Basic silica gel —Thoroughly mx 30 g of 1N sodi um hydroxide with
100 g of activated silica gel in a clean container. Break up
aggregates with a stirring rod until a uniformmxture is
obtained. Store in a bottle with a fluoropolyner |ined screw cap

7.5.1. 4 Potassium Silicate

7.5.1.4.1 Di ssolve 56 g of high purity potassium hydroxi de (Al drich, or
equi valent) in 300 nL of nethanol in a 750-1000 niL fl at-bottom
fl ask.

7.5.1.4.2 Add 100 g of silica gel and a stirring bar, and stir on a hot

plate at 60-70°C for 1 to 2 hours.

7.5.1.4.3 Decant the liquid and rinse the potassiumsilicate twice with
100 nmL portions of nethanol, followed by a single rinse with
100 nmL of nethyl ene chloride.

7.5.1.4.4 Spread the potassiumsilicate on solvent-rinsed al um num f oi
and dry for 2 to 4 hours in a hood.

7.5.1.4.5 Activate overni ght at 200-250°C.

7.5.2 Alum na —Either one of two types of alumna, acid or basic, may be

used in the cleanup of sanple extracts. The sane type of al um na
must be used for all sanples.

7.5.2.1 Acid al umi na —Supel co 19996-6C (or equivalent). Activate by
heating to 130°C for a m ni mum of 12 hours.

7.5.2.2 Basi ¢ al um na —Supel co 19944-6C (or equivalent). Activate by
heating to 600°C for a m nimum of 24 hours. Alternatively,
activate by heating in a tube furnace at 650-700°C under an air
flow rate of approximately 400 cc/mnute. Do not heat over 700°C,
as this can lead to reduced capacity for retaining the anal ytes.
Store at 130°C in a covered flask. Use within five days of baking.

7.5.3 Car bon

7.5.3.1 Car bopak C —Supel co 1-0258, or equival ent.

7.5.3.2 Celite 545 —Supel co 2-0199, or equival ent.

7.5.3.3 Thoroughly mx 9.0 g Carbopak C and 41.0 g Celite 545. Activate
the mxture at 130°C for a mnimumof 6 hours. Store in a
desi ccator.

7.5. 4 Ant hr opogeni ¢ i solation colum —Pack the colum in Section 6.6.4.3

frombottomto top with the foll ow ng:
C 2 g silica gel (see Section 7.5.1.1);
C 2 g potassiumsilicate (see Section 7.5.1.4);

C 2 g granul ar anhydrous sodium sulfate (see Section 7.2.1);
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C 10 g acid silica gel (see Section 7.5.1.2); and
C 2 g granul ar anhydrous sodi um sul f at e.
7.5.5 Florisil Col um

7.5.5.1 Florisil—60 - 100 nesh, Floridin Corp (or equivalent). Soxhl et
extract in 500 g portions for 24 hours.

7.5.5.2 Insert a glass wool plug into the tapered end of a graduated
serol ogi cal pipet (see Section 6.6.3.2). Pack with 1.5 g
(approximately 2 m) of Florisil topped with approximtely 1 nL of
sodium sulfate (see Section 7.2.1) and a gl ass wool plug.

7.5.5.3 Activate in an oven at 130-150°C for a nmi ni mumof 24 hours and
cool for 30 mnutes. Use within 90 m nutes of cooling.

7.6 Ref erence Matrices

Matrices in which the chlorinated di benzo-p-di oxi ns/chl ori nat ed
di benzof urans (CDDs/ CDFs) and interfering conmpounds are not detected by
t hi s net hod.

7.6.1 Reagent water —Water denonstrated to be free fromthe anal ytes of
interest and potentially interfering substances.

7.6.2 H gh-solids reference matri x —Pl ayground sand or sinilar materi al
Prepared by extraction with nethylene chloride and/or baking at 450°C
for a mnimumof 4 hours.

7.6.3 Ti ssue reference matrix —Corn or other vegetable oil. My be
prepared by extraction with nethyl ene chloride.

7.6.4 O her matrices —This nethod may be verified on any reference matrix
that is free of the CDDs/CDFs, and in no case shall the background
| evel of the CDDs/ CDFs exceed the Contract Required Quantitation
Limts (CRQLs) in Exhibit C

7.7 Sol uti ons

7.7.1 Standard Sol utions - Purchased as solutions or mxtures with
certification to their purity, concentration, and authenticity, or
prepared frommaterials of known purity and conposition. |If the

chemical purity is 98% or greater, the weight may be used without
correction to conpute the concentration of the standard. When not
bei ng used, standards are stored in the dark at roomtenperature in
screw capped vials with fluoropolymer Iined caps. A nmark is placed
on the vial at the level of the solution so that solvent |oss by
evaporation can be detected. |If solvent |oss has occurred, the

sol ution should be repl aced.

7.7.2 St ock Sol utions

7.7.2.1 Preparati on —Prepare in nonane per the steps bel ow or purchase as
dilute solutions [Canbridge |sotope Laboratories (ClL), Whburn
MA, or equivalent]. Cbserve the safety precautions outlined in
Section 5 of this exhibit, paying close attention to the
reconmendation in Section 5.1.2.

7.7.2.2 Di ssol ve an appropri ate amount of assayed reference material in
solvent. For exanple, weigh 1-2 ng of 2,3,7,8-TCDD in a 10 nL
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ground gl ass-stoppered volunetric flask and fill to the mark with
nonane. After the TCDD is conpletely dissolved, transfer the
solution to a clean 15 nL vial with a fluoropolyner lined cap

St ock standard sol utions should be checked for signs of
degradation prior to the preparation of calibration standards.

Nati ve conmpound stock solution - Al CDDs/CDFs —Using the solutions
described in Section 7.7.2, prepare the native conmpound stock
solution to contain the CDDs/ CDFs at the concentrations shown in
Tabl e 3.

Label ed Conpound Spi ki ng Sol uti on

Prepare this solution from CDDs/ CDFs stock solutions, or from
purchased m xtures. Prepare this solution to contain the |abel ed
conpounds i n nonane at the concentrations shown in Table 3. This
solution is diluted with acetone prior to use (see

Section 7.7.4.2).

Dilute a sufficient volume of the | abel ed conpound sol ution (see
Section 7.7.4.1) by a factor of 50 with acetone to prepare a

di l uted spiking solution. Each sanple requires 1 nL of the

di luted solution, but no nore solution shall be prepared than can
be used in one day. The Contractor shall provide a standard
preparation | og docunenting the daily preparation of the | abeled
conmpound solution. Seal with Teflon tape and nmark the meni scus of
the solution to reduce and nonitor evaporation of acetone.

7.8 St andar ds

Cl eanup standard - Prepare 3d ,-2,3,7,8-TCDD i n nonane at the
concentrati on shown in Table 3. The cleanup standard is added to al
extracts prior to cleanup to neasure the efficiency of the cleanup
process.

Internal standard(s) - Prepare the internal standard solution to
contain 3C,-1,2,3,4-TCDD and *2C;,-1,2,3,7,8,9-HXCDD i n nonane at the
concentration shown in Table 3. The internal standard solution is
added to all extracts prior to analysis.

Calibration standards (CS1 through CS5) —Conbi ne the sol utions
described in Sections 7.7.3 through 7.8.2 to produce the five
calibration solutions shown in Table 4 in nonane. These sol utions
permt the Relative Response (RR) (labeled to native) and Rel ative
Response Factor (RRF) to be neasured as a function of concentration
The M d-Point Calibration Standard (CS3) is used for calibration
verification.

Laboratory Control Sample (LCS) spiking solution —used for the LCS
Dilute 10 pL of the native conmpound stock solution (see Section
7.7.3) to 2 nL with acetone for each sanple matrix for each sanple
batch. One nL is required for the LCS with each matrix in each

bat ch.

Gas Chromat ograph (GC) Retention Tine (RT) Wndow Defining M xture
(WM and isoner specificity check standard —Used to define the
begi nning and ending RTs for the dioxin and furan isomers and to
denonstrate i soner specificity of the GC col utmms enpl oyed for
determ nation of 2,3,7,8-TCDD and 2,3,7,8-TCDF. The standard nust
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contain the conpounds listed in Table 5 (Cl L EDF 4006, or
equi valent), at a m ni num

Stability of Solutions

Standard sol utions used for quantitative purposes (see Sections 7.7.4
t hrough 7.8.5) should be anal yzed periodically, and should be assayed
agai nst reference standards (see Section 7.7.2.2) before further use.
SAMPLE COLLECTI ON, PRESERVATI ON, AND STORAGE

Sanpl e Coll ection and Preservation

Grab and conposite sanples nust be collected in anber gl ass
contai ners follow ng conventional sanpling practices.

Fish and tissue sanples collected in the field nust be wapped in
alumnumfoil, and nust be nmaintained at a tenperature of |ess than
4°C fromthe time of collection until receipt at the | aboratory.

Procedure for Sample Storage

Mai ntain water and soil sanples at 4°C (z 2°C) in the dark fromthe
time of collection until extraction. |If residual chlorine is present
i n aqueous sanples, add 80 ng sodiumthiosulfate per liter of water.
EPA Met hods 330.4 and 330.5 nmay be used to nmeasure residual chlorine.
If sanple pHis greater than 9, adjust to pH 7-9 with sulfuric acid.

Fi sh and tissue sanples received at the |aboratory nmust be maintai ned
at less than -10°C until prepared. Unused sanples nust be maintai ned
at less than -10°C. Once thawed, tissue sanples nust be extracted
within 24 hours.

Sanpl es nmust be stored in an atnosphere denonstrated to be free of
all potential contam nants.

Sanpl es, sanple extracts, and standards nmust be stored separately.
Contract Required Hol ding Tines

Al samples (except fish and tissue) shall be extracted within 10
days of the Validated Tinme of Sanple Receipt (VISR

Anal ysi s of sample extracts nmust be conpleted within 30 days of
extraction.
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9.0 CAL| BRATI ON AND STANDARDI ZATI ON

9.1 H gh Resol uti on Gas Chromat ogr aphi ¢/ H gh Resol uti on Mass Spectronetric
(HRGZ HRVS) Conditions and Data Acquisition Paraneters

9.1.1 H gh Resol ution Gas Chromat ograph (HRGC)

9.1.1.1 Prior to analyzing the calibration solutions, blanks, sanples, and
Quality Control (QC) sanples, establish the HRGC operating
conditions necessary to neet the mnimum Retention Tinmes (RTs) for
the internal standards and the Rel ative Retention Tinmes (RRTs) for
the chlorinated di benzo- p-di oxins/chl ori nated di benzof urans
(CDDs/ CDFs). Once optim zed, the sane conditions nust be used for
the analysis of all standards, sanples, blanks, and QC sanpl es.

9.1.1.1.1 Suggested GC operating conditions:

I nj ector tenperature: 270°C

Interface tenperature: 290°C

Initial tenperature: 200°C

Initial time: 2 mnutes

Tenper at ure program 200 to 220°C, at 5°C/mn
220°C for 16 minutes
220 to 235°C, at 5°C/min
235°C for 7 mnutes
235 to 330°C, at 5°C/min

9.1.1.1.2 Al'l portions of the columm that connect the HRGC to the ion
source shall remain at or above the interface tenperature
speci fi ed above during analysis to preclude condensation of
| ess-vol atil e conmpounds.

9.1.2 H gh Resol uti on Mass Spectroneter (HRVS)

9.1.2.1 Prior to analyzing the calibration solutions, blanks, sanples, and
C sampl es, obtain an HRVG Sel ected lon Current Profile (SICP), of
each analyte at the specified two exact mass-to-charge ratios
(mz's) and at $ 10,000 resol ving power by injecting an authentic
standard of the CDDs/CDFs, either singly or as part of a mxture
in which there is no interference between closely el uted
components. The total cycle time for each Selected Ion Mnitoring
(SI'M descriptor nmust be # 1 second, including the sumof all the
ion dwell tines and voltage reset tine.

9.1.2.2 The analysis time for CDDs/ CDFs nay exceed the |ong-term nmass
stability of the Mass Spectroneter (MS). Because the instrunent
is operated in the high resolution node, nass drifts of a few ppm
(e.g., 5 ppmin mass) can have serious adverse effects on
i nstrument performance. Therefore, a mass-drift correction is
mandat ory and a | ock-mass niz from perfl uorokerosene (PFK) is used
for drift correction. The lock-mass mz is dependent on the exact
mz's nonitored within each descriptor. The |evel of PFK netered
into the HRVS during anal yses should be adjusted so that the
anplitude of the nost intense selected | ock-mass nlz signa
(regardl ess of the descriptor nunber) does not exceed 10% of the
full-scale deflection for a given set of detector paraneters.
Under those conditions, sensitivity changes that m ght occur
during the analysis can be nore effectively nonitored.

9.1.2.3 If the HRMS has the capability to nonitor resolution during the
analysis, it is acceptable to term nate the anal ysis when the
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resolution falls bel ow 10,000 to save re-analysis tinme. The GC
run should be complete to allow elution of octachl orinated
di benzo- p-di oxi n (OCDD) and octachl ori nat ed di benzof uran ( OCDF) .

9.2 H gh Resol uti on Gas Chromat ograph/ Hi gh Resol uti on Mass Spectroneter
(HRGC HRVS) System Per f or mance Check

9.2.1 Sunmmary of HRGC/ HRMS System Per f or mance Check

9.2.1.1 The HRGC/ HRVB syst em perfornmance check consists of three parts:
a) the HRVB system nust be tuned to nmeet the mnimumstatic
resol ving power, using a suitable calibrant such as PFK; the
resol ution of the HRGC system nust be verified by the anal yses of
b) the descriptor switching times set using the Wndow Defi ning
M xture (WDM, and c) the resolution verified by the analysis of
the Isomer Specificity Check

NOTE: The WDM and | soner Specificity Check solutions may be
conbined into a single solution [Colum Perfornmance Sol ution
(CPS)], provided that the conbined solution contains the isoners
needed to determ ne that the criteria for analysis are nmet (see
Tabl e 5).

9.2.1.2 At the begi nning of each 12-hour shift and prior to analysis of
any sanples, blanks, QC sanples, and calibration standards, the
Contractor nust establish that the HRGC HRMS system neets the
static resolving power for PFK, that the begi nning and endi ng RTs
for the dioxin and furan isoners are defined, and that the isoner
specificity is denonstrated.

9.2.1.3 The WDM and the isoner specificity check are al so used to set the
descriptor switching tinmes such that isoners that elute fromthe
HRGC during a given RT window will also be those isoners for which
the ions are nonitored.

9.2.1. 4 The HRVS System Tune, the WDM and the |Isoner Specificity Check
nmust al so be anal yzed at the end of each 12-hour shift or
anal yti cal sequence. These anal yses may al so be used to establish
t he begi nning of the next 12-hour shift or anal ytical sequence.

9.2.2 HRMS System Tune
9.2.2.1 Frequency of HRMS System Tune

9.2.2.1.1 The PFK tune nmust be perforned prior to each 12-hour period
during which calibration standards, sanples, blanks, and QC
sanples are to be anal yzed.

9.2.2.1.2 The 12-hour tinme period for the HRGZ HRVE system performance
check does not begin until the HRVS systemis tuned to neet the
m ni mum requi red resol ving power of 10,000 (10 Percent Vall ey)
at mz 304.9824 PFK or any other reference signal close to niz
304 (from TCDF).

9.2.2.2 Procedure of HRM5 System Tune

Using a PFK nol ecul ar | eak, tune the instrunment to neet the

m ni mum requirenent in Section 9.2.2.1.2. For each descriptor
(see Table 8), nonitor and record the resolution and exact mz's
of three to five reference peaks covering the mass range of the
descri ptor.
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NOTE: Excessive PFK (or any other reference substance) may cause
noi se probl ens and contami nati on of the ion source resulting in an
increase in time necessary to clean the source.

Techni cal Acceptance Criteria for HRVE System Tune

The HRMVS static resolving power nust be greater than or equal to
10, 000, and the devi ati on between the exact mz and the
theoretical nmlz for each exact mz nmonitored nmust be less than 5

ppm
Corrective Action for HRVE System Tune

Techni cal acceptance criteria nmust be nmet before any standards,
sanmpl es, QC sanples, and required bl anks are anal yzed. Any
anal ysi s conducted when the technical acceptance criteria have
not been met will require re-analysis at no additional cost to
USEPA.

If the technical acceptance criteria at the end of the 12-hour
shift or analytical sequence are not net, all sanple anal yzed
in that shift or anal ytical sequence having positive hits wll
be reanal yzed at no additional cost to USEPA

If the technical acceptance criteria are not nmet, the
i nstrument nust be adjusted until the technical acceptance
Criteria are net.

9.2.3 W ndow Defining Mxture (VWM

Frequency of WM
The WDM nust be anal yzed as fol |l ows:

C After the HRMG PFK tune and before any initial calibration
on each instrunment and HRGC col utm used for anal ysis;

C Once at the begi nning of each 12-hour period during which
standards or sanples are anal yzed; and

C VWhenever adjustments or instrument maintenance activities
are performed that may affect RTs.

The 12-hour tinme period for the HRGZ HRVE system performance
check and standards calibration (initial or continuing
calibration criteria) begins at the nmonent of injection of the
WDM t hat the | aboratory submts as docunentation of a conpliant
i nstrunment performance check. The time period ends after 12
hours have el apsed according to the system cl ock

Procedure for DM
Analyze a 1 or 2 pL aliquot of the WM
Adj ust the descriptor switching tines and the HRGC col umm
condi tions as needed to ensure that the isoners elute in the

appropriate ion descriptors. Table 5 gives the elution order
(first/last) of the w ndow defini ng conpounds.
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Techni cal Acceptance Criteria for WM

The analysis of the WOMis acceptable if the criteria given in
Table 5 are net.

Corrective Action for WM
Techni cal acceptance criteria nmust be nmet before any standards,
sanmpl es, QC sanples, and required bl anks are anal yzed. Any
anal ysi s conducted when the technical acceptance criteria have
not been met will require re-analysis at no additional cost to
USEPA.
If the technical acceptance criteria at the end of the 12-hour
shift or analytical sequence are not net, all sanple anal yzed
in that shift or anal ytical sequence having positive hits wll
be reanal yzed at no additional cost to USEPA
If the technical acceptance criteria are not nmet, the
i nstrument mnmust be adjusted and the test repeated or the HRGC
col um nust be repl aced.
| soner Specificity Check
Frequency of Isomer Specificity Check
The Isomer Specificity Check nust be anal yzed as foll ows:
C After, or simultaneously with the WoM and before any
initial calibration on each instrunment and HRGC col umm used
for anal ysis;

C Once at the beginning of each 12-hour period during which
standards or sanples are anal yzed, and

C VWhenever adjustnments or instrument maintenance activities
are performed that may affect retention times.

Procedure for |somer Specificity Check

Analyze a 1 or 2 pL aliquot of the isomer specificity check
sol uti on.

Conmput e the Percent Valley between the HRGC peaks that elute
nost closely to the 2,3,7,8-TCDD and TCDF i somers.

Cal cul ations for Isonmer Specificity Check

Cal cul ate the valley using the nmeasurenents made on the SICP for
the appropriate ion for each isoner using the follow ng equation
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EQ 1
X
Valley = L?) x 100
\Wer e:
Y = The peak height of 2,3,7,8 TCDD or TCDF isoner, and
X = The height fromthe valley of |east resolved adjacent

i soner to baseline.

Techni cal Acceptance Criteria for Isoner Specificity Check

The isomer specificity check is acceptable if the height of the
val l ey between the | east resol ved adjacent isonmer and the 2, 3,7, 8-
substituted isomers is less than or equal to 25%

Corrective Action for Isoner Specificity Check

Techni cal acceptance criteria nmust be nmet before any standards,
sanmpl es, QC sanples, and required bl anks are anal yzed. Any
anal ysi s conducted when the technical acceptance criteria have
not been met will require re-analysis at no additional cost to
USEPA.

If the technical acceptance criteria at the end of the 12-hour
shift or analytical sequence are not net, all sanple anal yzed
in that shift or anal ytical sequence having positive hits wll
be reanal yzed at no additional cost to USEPA

If the technical acceptance criteria are not nmet, the
i nstrument nust be adjusted and the test repeated or the HRGC
col um nust be repl aced.

Initial Calibration

Summary of Initial Calibration

Prior to the analysis of sanples and required bl anks, and after
t he HRGC HRVS syst em perfornmance check criteria have been net,
each HRGC/ HRVS system nust be calibrated at a m ni mum of five
concentrations to determ ne instrument sensitivity and the
linearity of the HRGC HRMS response for the target anal ytes.

Calibration by the isotope dilution — Isotope dilution calibration
is used for the fifteen 2,3,7,8-substituted CDDs/CDFs for which
| abel ed conpounds are added to sanples prior to extraction

A calibration curve enconpassing the concentration range is
prepared for each conpound to be determ ned.

The response of each CDD/CDF relative to its | abeled analog is
determ ned using the area responses of both the primary and
secondary exact mz's specified in Table 8, for each

cal i bration.
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Calibration by Internal Standard — The internal standard nmethod is
applied to the determ nation of the non 2,3,7,8-substituted
CDDY CDF, the | abel ed compounds, and the cl eanup standard

The Rel ative Response Factor (RRF) is determ ned for each
| abel ed conpound, non 2,3,7,8-substituted CDDY CDF and the
cl eanup standard using Equation 3 in Section 9.3.4.2.

Conbi ned Calibration — By using calibration solutions containing
the native CDDs/CDFs, the |abeled conpounds, and the interna
standards, the single set of anal yses can be used to produce
calibration curves for the isotope dilution and internal standard
nmet hods.

Frequency of Initial Calibration

Each HRGC/ HRMB system nust be cal i brated upon award of the
contract, whenever the Contractor takes corrective action which
may change or affect the initial calibration criteria (e.g., ion
source cleaning or repairs, columm replacenent, etc.), or if the
calibration verification technical acceptance criteria are not
nmet .

If tine still remains in the 12-hour tine period after neeting the
techni cal acceptance criteria for the initial calibration, sanples
may be analyzed. It is not necessary to analyze a calibration

verification standard within this 12-hour tine period if the
initial calibration standard that is the sane concentration as the
calibration verification standard neets the calibration
verification technical acceptance criteria. Quantitate all sanple
and QC sanple results against the mean Rel ative Response (RR) and
t he nmean Rel ative Response Factor (RRF) fromthe initial

cal i bration.

Procedure for Initial Calibration

Ca

Inject a volune of calibration standards CS1 t hrough CS5 identica
to the volune and conditions chosen for the HRGC HRVS system
per f or mance check.

Acquire SIM mass spectral data for each analyte. The total cycle
time nmust be # 1 second.

Conmpute the RR and RRF for each native and | abel ed anal yte
respectively at each concentration |evel.

Determ ne retention times, signal-to-noise (S/N) ratios, isotopic
rati os, and isoner specificity for all calibration standards.

Determne linearity of the calibration standards, CS1-CS5, by
calculating the Percent Relative Standard Deviation (%RSD) over
the five-point calibration range.

culations for Initial Calibration
The response of each native CDDYCDF relative to its |abel ed anal og
is determ ned using the area responses of both the primary and

secondary exact mz's (specified in Table 8), for each calibration
standard, as foll ows:
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EQ 2
em < Pl B2 G
(Al +A2) C,
VWer e:
RR = Rel ative Response of native conpound to its
| abel ed anal og.
Aly and A2, = The areas of the primary and secondary mz' s for
t he native conpound.
Al, and A2, = The areas of the primary and secondary mz' s for
t he | abel ed conpound.
C. = The concentration of the |abel ed conmpound in the
cal i bration standard.
Cy = The concentration of the native compound in the
cal i bration standard.
9.3.4.2 The RRF is determ ned for each | abeled conmpound by the foll ow ng
equat i on:
EQ 3
RRF = (Als * A23) CIS
(A]'IS + A2IS) CS
Wer e:
RRF = Relative Response Factor of each |abel ed
analog to its internal standard.
Alg and A2; = The areas of the primary and secondary mz’'s
for the | abel ed conpound.
Al,s and A2,s = The areas of the primary and secondary niz’'s
for the internal standard.
Cs = The concentration of the internal standard.
Cs = The concentration of the compound in the
cal i bration standard.
9.3.4.3 The nmean Rel ative Response is deternined by the foll ow ng
equat i on:
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EQ 4
i: RR
RR = 372
5
Wer e:
RR = The nean Rel ative Response of the five initial
cal i brati on standards.
j = The injection nunber (or calibration solution nunber);
j =1to 5.
9.3.4.4 The nmean RRF is determned by the foll ow ng equation:
EQ 5
S
) rrr
RRF = 271
5
\Wer e:
RRF = The nmean Rel ative Response factor of the five initial
cal i brati on standards.
j = As defined in Equation 4.
9.3.4.5 The Percent Rel ative Standard Deviation (¥RSD) is determ ned for
both the native CDD/ CDF and the | abel ed anal ogs by the foll ow ng
equat i on:
EQ 6
2 RSD = Standard deviation of calibration response % 100
Mean value of calibration response
9.3.5 Techni cal Acceptance Criteria for Initial Calibration
9.3.5.1 Al initial calibration standards nust be anal yzed at the
concentration | evel and frequency descri bed.
9.3.5.2 The isonmer specificity shall be resolved with a valley of # 25%
in all calibration standards.
9.3.5.3 The isotopic ratios nmust be within the limts specified in Table

9.
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9.3.5

DLMD1

.4 The S/N ratios for the HRGZ HRVS signal in every SICP nmust be
$ 10.

.5 The RTs of the isomers nust fall within the appropriate RT wi ndows
established by analysis of the WOM The Absolute RT of 3C,-
1,2,3,4-TCDD shall exceed 25 minutes on the DB-5 colum, and the
retention tinme of 13C,-1,2,3,4-TCDD shall exceed 15 minutes on the
DB- 225 col um; otherw se, the GC tenperature programshall be
adjusted and this test repeated until the above-stated m ni num RT
Criteria are net.

.6 The 9%RSD for the RR nmust be £ 20% and the YRSD for the RRF nust be
+ 35% over the five-point calibration range.

Corrective Action for Initial Calibration

1 If the initial calibration technical acceptance criteria are not
met, inspect the systemfor problenms. It may be necessary to
change col ums, adjust the system and recalibrate until all the
techni cal acceptance criteria are net.

.2 Al initial calibration technical acceptance criteria nust be net
bef ore any sanpl es, QC sanples, and required bl anks are anal yzed.
Any anal ysi s conducted when the technical acceptance criteria have
not been met will require re-analysis at no additional cost to
USEPA.

Calibration Verification
Sunmmary of Calibration Verification

.1 Calibration verification consists of verification of the M d-Point
Calibration Standard (CS3) RR and RRF

Frequency of Calibration Verification

1 A CS3 standard must be anal yzed once at the beginning of each 12-
hour period during which sanple data are collected, but after the
Col um Performance Solution (CPS). The 12-hour time period begins
with the injection of the CPS

.2 The CS3 standard nust al so be anal yzed at the end of each 12-hour
shift or analytical sequence. This analysis nmay al so be used to
establish the beginning of the next 12-hour shift or anal ytica
sequence.

Procedure for Calibration Verification

1 Inject 1 or 2 pL of the CS3 calibration standard and neasure the
SICP areas for the anal ytes and conpute the i on abundance rati os
at the exact mz's. Conpare the ratio to the theoretical ratio.
Verify that the system neets the ion abundance ratios, the mninum
S/Nratios and RT criteria. Conmpute the RR and RRF by the isotope
dilution and internal standard mnet hods, respectively. Deternine
the Percent Difference (Y) between the nean RR/'RRF fromthe
initial calibration and the calibration verification R RRF

Calculations for Calibration Verification

1 Cal cul ate the RR and RRF according to Equations 2 and 3.
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The Percent Difference (Y) between the initial calibration and
the calibration verification response for each target and | abel ed
analyte is determned by the foll ow ng:

EQ 7
D - Response , - Response . < 100
Response .
\Wer e:
Response,,, = Response established during calibration

verification.

Response, s Mean response established during initial

calibration according to Equations 4 and 5.

Techni cal Acceptance Criteria for Calibration Verification

Al CDDs/CDFs in the standard (both native and | abel ed) must be
within their respective ion abundance rati os.

The absolute RT of the internal standard '2C,-1, 2, 3, 4- TCDD nust
exceed 25 mnutes on the DB-5 colum, and the RT nust exceed 15

m nutes on the DB-225 colum. |In addition, the absolute RT of the
i nternal standards nust be within £ 15 seconds of the RTs obtai ned
during initial calibration.

The RRTs of the native and | abel ed CDDs/ CDFs shall be within the
limts defined in Table 2.

The Percent Difference (%) between the calibration verification
RR and the nean RR fromthe initial calibration nmust be within

+ 25% The Percent Difference between the calibration
verification RRF and the nmean RRF fromthe initial calibration
nmust be within = 35%

The peaks representing both native and | abel ed anal ytes in the CS3
standard nust have a S/INratio greater than or equal to 10.

Corrective Action for Calibration Verification

Calibration Verification technical acceptance criteria nust be net
bef ore any sanples, QC sanples, and required bl anks are anal yzed.
Any anal ysi s conducted when the technical acceptance criteria have
not been met will require re-analysis at no additional cost to
USEPA.

If the technical acceptance criteria at the end of the 12-hour
shift or analytical sequence are not net, all sanples analyzed in
that shift or analytical sequence will be reanal yzed at no

addi tional cost to USEPA

If the calibration verification technical acceptance criteria are
not met, inspect the systemfor problenms. It may be necessary to
change col ums, adjust the system recalibrate with fresh

cal i brati on standards.
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9.5 Analytical Sequence

Time

Analysis

Hour O
Start of First
12- Hour Peri od

PFK HRVMB Tune
W ndow Defining Mxture (VWM
| soner Specificity Check (ISC)

Not e: WDM can be conbined with the | SC as a Col umm
Per f or mance Sol ution (CPS)

Cs3

Cs1 (initial calibration)

Cs2

C4

Css

Bl anks, Laboratory Control Samples (LCSs), Sanples
(if time still remains on the 12-hour cl ock)

Begi nni ng of Next
12- Hour Period

PFK HRVMB Tune

CPS

Cs3

Bl anks, LCSs, Sanples
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10. 0 PROCEDURE

10.1 Sanple Preparation

10. 1.1

10.1.2

10.1.2.1

10.1.2.2

10.1.3

Sanpl e preparation involves nodi fying the physical formof the sanple
so that the chlorinated di benzo-p-dioxins/chlorinated di benzof urans
(CDDs/ CDFs) can be extracted efficiently. 1In general, the sanples
must be in aliquid formor in the formof finely divided solids in
order for efficient extraction to take place. Table 10 lists the
phases and suggested quantities for extraction of various sanple
matri ces.

Mul ti phase/ I nsufficient Sanples

If nmultiphase sanples (e.g., a two-phase liquid sanple) are

recei ved by the Contractor, the Contractor nust contact the Task
Order Project Oficer (TOPO to apprise himof the type of sanple
received. |If all phases of the sanple are anenable to anal ysis,
the TOPO may require the Contractor to do any of the foll ow ng

C M x the sanple and anal yze an aliquot fromthe honogeni zed
sanmpl e;

C Separate the phases of the sanple and anal yze each phase
individually. The TOPO wi || provide EPA Sanpl e Nunbers for
t he additional phases;

C Separate the phases and anal yze one or nore of the phases, but
not all of the phases. The TOPO will provide EPA Sanpl e
Nunbers for the additional phases, if required; or

C Not anal yze the sanpl e.

If an insufficient sanple amount (less than the required anount)
is received to performthe anal yses, the Contractor nust contact
the TOPO to apprise himof the problem The TOPO will either
require that no sanpl e anal yses be perforned, or a reduced vol une
be used for the sanple analysis. No other changes in the anal yses
will be permtted. The Contractor must docunment the TOPO s
decision in the Sanple Delivery Goup (SDG Narrative.

Wat er Sanpl es

Wat er sanples visibly absent of particles are extracted directly
using the separatory funnel (see Section 10.2.1) or Solid Phase
Extraction (SPE) technique (see Section 10.2.2). Wter sanples
contai ning visible particles and containing 1% suspended solids or

| ess are prepared according to Section 10.1.3.1 and extracted using
the SPE techni que, followed by Soxhl et/ Dean-Stark (SDS) extraction
(see Section 10.2.3), or are filtered using the procedure in Section
10.1.3.1.6. After filtration, the particles and filter are extracted
using the SDS procedure (see Section 10.2.3) and the filtrate is
extracted using the separatory funnel procedure (see Section 10.2.1).
For aqueous sanpl es contai ning greater than one percent solids, a
sanpl e aliquot sufficient to provide 10 g of dry solids is used, as
described in Section 10.1. 4. 2.
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10. 1. 3.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

10.

1

3.

1

1

Preparati on of Water Sanpl es

1 Mark the original level of the sanple on the sanple bottle for
reference. Weigh the sanple plus bottle to + 1 g.

.2 Spike 1 nmL of the diluted | abel ed conpound spi ki ng sol ution

(see Section 7.7.4.2) into the sanple bottle. Cap the bottle
and m x the sanple by careful shaking. Allowthe sanmple to
equilibrate for 1 to 2 hours, wi th occasi onal shaking.

.3 For each sanple or sanple batch (to a maxi mum of 20 sanples) to

be extracted during the sane 12-hour shift, place two 1 L
aliquots of reagent water in clean sanple bottles or flasks.

.4 Spike 1 nmL of the diluted | abel ed conpound spi ki ng sol ution

(see Section 7.7.4.2) into the two reagent water aliquots. One
of these aliquots will serve as the blank and the other will
serve as the Laboratory Control Sanple (LCS). Spike the LCS
with 1 nL of the LCS spiking solution (see Section 7.8.4).

.5 If SPEis to be used, add 5 nL of nethanol to the sanple, cap

and shake the sanple to mx thoroughly, and proceed to Section
10.2.2 for extraction. |If SPEis not to be used, and the
sanmple is visibly absent of particles, proceed to Section
10.2.1 for extraction. |If SPEis not to be used and the sanple
contains visible particles, proceed to the follow ng section
for filtration of particles.

.6 Filtration of Particles

.6.1 Assenbl e a Buchner funnel on top of a clean filtration

flask. Apply vacuumto the flask and pour the entire
contents of the sanple bottle through a glass fiber filter
in the Buchner funnel, swirling the sanple remaining in the
bottle to suspend any particul ate.

.6.2 Ri nse the sanple bottle twice with approximtely 5 nL

portions of reagent water to transfer any renaining
particulate onto the filter

.6.3 Ri nse any particulate off the sides of the Buchner funne

with small quantities of reagent water.

.6.4 Wi gh the enpty sanple bottle to £ 1 g. Determine the

wei ght of the sanple by difference. Save the bottle for
further use.

.6.5 Extract the filtrates using the separatory funnel procedure

in Section 10. 2. 1.

.6.6 Extract the filter containing the particulate using the SDS

procedure in Section 10.2. 3.
Soi | / Sedi nent Sanpl es
M x sanpl es thoroughly, especially conposite sanples. Discard any

foreign objects such as sticks, |eaves, and rocks. Al so, decant and
di scard any standi ng water phase.
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10.1. 4.2
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10.

10.

10.

. 5.

1

1

Exhibit D -- Section 10
Procedure (Con’'t)

Determ nation of Percent Solids (%5olids)

Weigh 5 to 10 g of sanple to three significant figures into a
tared beaker. This aliquot is used for determ ning the Percent
Solids content of the sanple, not for analysis of CDDs/CDFs. Dry
for a mninmmof 12 hours at 110 * 5°C, and cool in a desiccator
Cal cul ate Percent Solids as follows:

EQ 8

aselids = Weight of Sample Aliquot After Drying x 100

Weight of Sample Aliquot Before Drying

Preparati on of Soil/sediment Sanpl es

21 Weigh a well-m xed aliquot of each sanple (of the sanme matrix

type) sufficient to provide 10 g of dry soil/sedinments (based
on the soil/sedinments determination in Section 10.1.4.1) into a
cl ean beaker or glass jar. Record sanple weight to the nearest
0.01 g.

.2 Spike 1.0 mL of the diluted | abel ed conpound spi ki ng sol ution

(see Section 7.7.4.2) into the sanple.

.3 For each sanple or sanple batch (to a maxi mum of 20 sanples) to

be extracted during the sane 12-hour shift, weigh two 10 g
aliquots of the appropriate reference matrix into cl ean beakers
or glass jars.

.4 Spike 1.0 nmL of the diluted | abel ed conpound solution into each

reference matrix aliquot. One aliquot will serve as the bl ank
and the other will serve as the LCS. Spike the LCS with 1.0 nL
of the LCS spiking solution (see Section 7.8.4).

.5 Stir or tunble and equilibrate the aliquots for 1 to 2 hours.

.6 Decant excess water. |If necessary to renove water, filter the

sanmpl e through a glass fiber filter and discard the |iquid.

.7 If particles greater than 1 mmare present in the sanple,

spread the sanple on clean alumnumfoil. After the sanple is
dry, grind to reduce the particle size.

.8 Extract the sanple and aliquots using the SDS procedure in

Section 10. 2. 3.
Ti ssue Sanpl es

Prior to processing tissue sanples, the |laboratory nust determ ne the
exact tissue to be analyzed. Common requests for analysis of fish

ti ssue include whole fish skin on, whole fish skin renoved, edible
fish fillets (filleted in the field or by the |aboratory), specific
organs, and other portions. Once the appropriate tissue has been
determ ned, the sanple nmust be honobgeni zed.

Honobgeni zat i on
1 Each anal ysis requires 10g of tissue (wet weight). Therefore,

the | aboratory shoul d honbgeni ze at |least 20 g of tissue to
allow for re-extraction of a second aliquot of the sane
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10. 1. 5.

10. 1. 5.

10. 1. 5.

10. 1. 5.

10. 1. 5.

10. 1. 5.

10.1.6

10. 1. 6.

10. 1. 6.

10. 1. 6.

10. 1. 6.

10. 1. 6.

10. 1. 6.

honogeni zed sanple, if re-analysis is required. Wen whole
fish analysis is necessary, the entire fish is honogeni zed.

.2 Honogeni ze the sanple in a tissue honogenizer or grind in a

meat grinder. Cut tissue that is too large to feed into the
grinder into smaller pieces. To assure honogeneity, grind
three tines.

Preparati on of Tissue Sanpl es

21 Transfer approximately 10 g (wet weight) of honpbgeni zed tissue

to a clean, tared, 400 to 500 nL beaker. For the alternate HC
di gestion/extraction, transfer the tissue to a clean, tared 500
to 600 mL wide nmouth bottle. Record the weight to the nearest
0.01 g.

.2 Prepare the bl ank and LCS by addi ng approxi mately 10 g of the

tissue reference matrix to a 400 to 500 nL beaker. For the
alternate HO digestion/extraction, add the reference matrix to
a 500 to 600 nmL wide nmouth bottle. Record the weight to the
nearest 0.01 g.

.3 Spike 1.0 nmL of the I abel ed conpound spiking solution diluted

in acetone (see Section 7.7.4.2) into the sanples, blank, and
LCS. Spike the LCS with 1 nL of the LCS spiking solution (see
Section 7.8.4).

.4 Extract the aliquots using the Soxhlet extraction or HCL

di gestion/extraction and concentration procedures in Sections
10.2.4 and 10.2.5.

Oly Sanpl es

Prior to processing oily sanples, the |aboratory nust determ ne the
exact nature of the sanples to be analyzed. GO ly sanples could be

oily soils, oily sludges, wet fuel oil, or pure oil. Mx sanples

t horoughly, especially conmposite sanples. Discard any foreign

obj ects such as sticks, |eaves, and rocks. Decant and discard any

standi ng wat er phase.

Weigh 2 grans of sanple into a clean beaker or glass jar. Record
the sanple weight to the nearest 0.01 g.

Spike 1 nL of the diluted | abel ed conmpound spi ki ng sol ution (see
Section 10.1.3.1.2) into the sample.

For each sample or sanple batch (to a maxi num of 20 sanples) to be
extracted during the same 12-hour shift, weigh 2 g aliquots of the
appropriate reference matrix into cl ean beakers or glass jars.

Spike 1 nL of the diluted | abel ed conmpound spi king solution into
each reference matrix aliquot. One aliquot will serve as the

bl ank and the other will serve as the LCS. Spike the LCS with

1 nL of the LCS spiking solution (see Section 7.8.4).

Stir or tunble and equilibrate the aliquots for 1 to 2 hours.

Decant excess water. |If necessary to renove water, filter the
sanmpl e through a glass fiber filter, and discard the |iquid.
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7 If particles greater than 1mm are present in the sanmple, spread
the sanple on clean alumnumfoil. After the sanple is dry, grind
to reduce particle size.

8 Extract the sanple and aliquots using the SDS procedure in Section
10. 2. 3.

Extracti on

Extracti on procedures include separatory funnel (see Section 10.2.1) and
SPE (see Section 10.2.2) for waters, SDS (see Section 10.2.3) for

soi | / sedi nents, and Soxhl et extraction (see Section 10.2.4) and HCO

di gestion (see Section 10.2.5) for tissues. Acid/base back extraction
(see Section 10.2.6) is used for initial cleanup of extracts.

Separatory Funnel Extraction

21 Pour the spiked sanple (see Section 10.1.3.1.2) or filtrate (see
Section 10.1.3.1.6.5) into a 2 L separatory funnel. Rinse the
bottle or flask twice with 5 nL of reagent water and add these
rinses to the separatory funnel

2 Add 60 nmL nethylene chloride to the sanple bottle (see Sections
10.1.3.1.1 or 10.1.3.1.6.5), seal, and shake for 60 seconds to
rinse the inner surface. Transfer the solvent to the separatory
funnel and extract the sanple by shaking the funnel for 2 mnutes
with periodic venting. Allow the organic |ayer to separate from
the water phase for a mnimumof 10 minutes. |f an enulsion forns
and is nore than one-third the volune of the solvent |ayer, enploy
mechani cal techniques to conplete the phase separation. Drain the
met hyl ene chl ori de extract through a solvent-rinsed glass funne
that is approximately one-half full w th granul ar anhydrous sodi um
sul fate supported on clean glass fiber filter paper into a
sol vent-rinsed concentration device (see Section 10. 3).

3 Extract the water sanple two nore tines with 60 nL portions of
nmet hyl ene chloride. Drain each portion through the sodiumsulfate
into the concentrator. After the third extraction, rinse the
separatory funnel with at least 20 nL of nethyl ene chloride, and
drain this rinse through the sodiumsulfate into the concentrator
Repeat this rinse at least twice. Set aside the funnel with
sodiumsul fate if the extract is to be conbined with the extract
fromthe particul ate

4 Concentrate the extract using one of the nmacro-concentration
procedures (see Section 10.3).

4.1 Adj ust the final volune of the concentrated extract to
approximately 10 nL wi th hexane, transfer to a 250 nL
separatory funnel, and back-extract using the procedure in
Section 10. 2. 6.

4.2 If the extract is fromthe water filtrate (see Section
10.1.3.1.6.5), set aside the Kuderna-Dani sh (K-D) apparatus for
addition of the SDS extract fromthe particul ate (see Section
10.2.3.9).
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Solid Phase Extraction (SPE)

Di sk Preparation

Place a 90 mm gl ass fiber filter on top of a 90 mm SPE di sk on
the glass frit support of a clean filtration apparatus and wet
with toluene. danp the filter and SPE di sk between a 1 L

gl ass reservoir and a 2 L vacuumfiltration flask.

Rinse the sides of the filtration flask with approxi mately

15 mL of toluene using a squeeze bottle or syringe. Apply
vacuum nmomrentarily until a few drops appear at the drip tip.
Rel ease the vacuum and allow the filter/disk to soak for
approxi mately one mnute. Apply vacuum and draw all of the

tol uene through the filter/disk. Repeat the wash step with
approxi mately 15 nL of acetone and allow the filter/disk to air
dry.

Re-wet the filter/disk with approximately 15 nL of net hanol
allowing the filter/disk to soak for approximtely one mnute.
Pul | the methanol through the filter/disk using the vacuum but
retain a layer of nethanol (approximately 1 nmthick) on the
filter. Do not allowthe disk to go dry fromthis point unti
the end of the extraction.

Rinse the filter/disk with two 50 nL portions of reagent water
by adding the water to the reservoir and pulling nost through
| eaving a | ayer of water on the surface of the filter

Extracti on

Add the spi ked sanple (see Section 10.1.3.1.2), blank (see
Section 10.1.3.1.4), or LCSto the reservoir and turn on the
vacuumto begin the extraction. Adjust the vacuumto conplete
the extraction in no less than 10 m nutes. For sanples
cont ai ni ng high particul ate (suspended solids), filtration
times may be 8 hours or | onger

If the filter clogs with particles and nore rapid extraction is
desired, replace the filter during the extraction by pulling
the sanple in the reservoir into the sanple bottle to the |eve
of the filter/disk (keeping the disk wet), renoving the clanp
and reservoir, and carefully renmoving the filter with tweezers.
Place the filter in a clean glass Petri dish and cover. Labe
with the Sanple ID. Re-assenble the apparatus with a clean
filter and proceed with the extraction. Pull the sanple
through the filter/disk, leaving a | ayer of water on the
surface of the filter

Ri nse the sanple bottle with approximately 50 niL of reagent
water to renove any soil/sedi nents, and pour into the
reservoir. Pull through the filter/disk. Use additiona
reagent water rinses until all visible soil/sedinments are
renoved.

After the sanple and rinses have passed through the
filter/disk, rinse the sides of the reservoir with smal
portions of reagent water. Allowthe filter/disk to dry, then
renove the filter and disk and place in the glass Petri dish.
Extract the filter(s) and di sk per the SDS extracti on procedure
in Section 10.2. 3.
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Soxhl et/ Dean- Stark (SDS) Extraction

1

1

1

1

2

Charge a clean extraction thinble with 5.0 g of 100/ 200- nmesh
silica topped with 100 g of quartz sand.

NOTE: Do not disturb the silica |ayer throughout the extraction
process.

Pl ace the thinble in a clean extractor. Place 30 to 40 nL of
toluene in the receiver and 200 to 250 nL of toluene in the fl ask.

Pre-extract the glassware by heating the flask until the tol uene
is boiling. Wen properly adjusted, 1 to 2 drops of toluene per
second will fall fromthe condenser tip into the receiver.
Extract the apparatus for a m ni mum of 3 hours.

After pre-extraction, cool, and di sassenble the apparatus. Rinse
the thinble with toluene and allow to air dry.

Load the wet sanple from Sections 10.1.3.1.6.6 and 10.1.4.2.8 and
any non-water liquid into the thinble and manually mx into the
sand layer with a clean netal spatula, carefully breaking up any
large lunmps of sanple. |If the material to be extracted is the
particulate matter fromthe filtration of a water sanple, or the
filter(s) and disk fromthe SPE extraction, add these itens to the
t hi mbl e al so.

Re- assenbl e the pre-extracted SDS apparatus and add a fresh charge
of toluene to the receiver and reflux flask. Apply power to the
heating mantle to begin refluxing. Adjust the reflux rate to
match the rate of percolation through the sand and silica beds
until water renoval |essens the restriction to toluene flow.
Frequently check the apparatus for foam ng during the first 2
hours of extraction. |If foam ng occurs, reduce the reflux rate
until foam ng subsi des.

Drain the water fromthe receiver at 1 to 2 hours and 8 to 9
hours, or sooner if the receiver fills with water. Reflux the
sanple for a total of 16 to 24 hours. Cool and di sassenble the
apparatus. Record the total volune of water collected.

Renove the distilling flask. Drain the water fromthe Dean-Stark
recei ver and add any toluene in the receiver to the extract in the
fl ask.

Concentrate the extract using the procedures in Section 10.3, as
fol | ows:

Extracts fromthe particulate portion of a water sanple
containing less than 1% solids (see Section 10.1.3.1.6.6).

Concentrate the extract to approximately 5 nL using the
heating mantle or rotary evaporati on procedures in Sections
10.3.2 or 10.3.1.

Quantitatively transfer the extract through the sodi um
sulfate (see Section 10.2.1.3) into the apparatus that was
set aside (see Section 10.2.1.4.2) and reconcentrate to the
| evel of the tol uene.
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Adj ust to approximately 10 mL with hexane, transfer to a 250
m. separatory funnel, and proceed w th backextraction (see
Section 10.2.6).

Extracts fromsoil/sedinents (see Section 10.1.4) or fromthe
SPE filter(s) and disk. Concentrate to approximately 10 nL
using the rotary evaporator or heating mantle (see Sections
10.3.1 or 10.3.2), transfer to a 250 nL separatory funnel, and
proceed with back extraction (see Section 10.2.6).

Soxhl et Extraction

Add 30 to 40 g of powdered anhydrous sodium sulfate to each of the
beakers (see Section 10.1.5.2.1) and m x thoroughly to forma dry
free flowi ng powder. Rem x prior to extraction to prevent

cl unpi ng.

Assenbl e and pre-extract the Soxhl et apparatus per Section 10. 2.3,
however, use the nmethyl ene chloride: hexane (1:1) mxture for the
pre-extraction and rinsing and omt the quartz sand. The DS

nmoi sture trap may al so be omtted, if desired.

Re- assenbl e the pre-extracted Soxhl et apparatus and add a fresh
charge of nethylene chloride: hexane to the reflux flask.

Transfer the sanple/sodiumsulfate nmxture to the Soxhlet thinble
and install the thinble in the Soxhl et apparatus.

Ri nse the beaker with several portions of solvent m xture and add
to the thinble. Fill the thinble/receiver with solvent. Extract
for 18 to 24 hours.

After extraction, cool and di sassenbl e the apparatus.

Quantitatively transfer the extract to a nmacro-concentration
device and concentrate to near dryness. Set aside the apparatus
for re-use

Conpl ete the renpoval of the solvent using the bl owdown procedure
(see Section 10.4.7) and a water bath tenperature of 60°C. Wi gh
the receiver, record the weight, and return the receiver to the
bl ondown apparatus, concentrating the residue until a constant
wei ght is obtained.

Percent Lipids (% Lipids) Determ nation

The lipid content is determ ned by extracting of tissue with the
same sol vent system (nethyl ene chl ori de: hexane) that was used in
USEPA' s National Dioxin Study so that lipid contents are

consi stent with that study.

Redi ssol ve the residue in the concentration device in hexane
and spike 1.0 nL of the cleanup standard into the extract.

Transfer the residue/ hexane to the anthropogenic isolation
colum or the narrow nouth 100 to 200 niL bottle, retaining the
boiling chips in the K-D receiver. Use several rinses to
assure that all material is transferred to a maxi mum hexane
vol une of approximately 70 mL. |If necessary, sonicate or heat
the receiver slightly to assure that all material is re-
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di ssolved. Allow the receiver to dry. Wigh the receiver and
boi I i ng chi ps.

Calculate the lipid content to the nearest three significant
figures using the foll ow ng equation:

EQ 9

Weight of residue (g)
Weight of tissue (g)

Percent Lipid = x 100

It is not necessary to determine the |ipid content of the blank
and LCS ali quots.

HC Digestion/Extraction

Add 200 nL of 6-N HCO and 200 nL of nethyl ene chl oride: hexane
(1:1) to the sanple and Quality Control (QC) aliquots (see Section
10.1.5.2).

Cap and shake each bottle 1 to 3 tines. Loosen cap in a hood to
vent excess pressure. Cap and shake each bottle for 10 to 30
seconds. Loosen cap in a hood to vent excess pressure.

Tightly cap and pl ace on shaker. Adjust the shaker action and
speed so that the acid, solvent, and tissue are in constant
notion. However, take care to avoid such violent action that the
bottle may be di sl odged fromthe shaker. Shake for 12 to 24

hour s.

After digestion, renove the bottles fromthe shaker. Allow the
bottles to stand so that the solvent and acid | ayers separate.

Decant the solvent through a glass funnel with glass fiber filter
cont ai ni ng approximately 10 g of granul ar anhydrous sodi um sul fate
into a macro-concentration apparatus (see Section 10.3). Extract
the contents of the bottle with two 25 nL portions of hexane and
pour through the sodiumsulfate into the apparatus.

Concentrate the solvent to near dryness using a nacro-
concentration procedure (see Section 10. 3).

Conpl ete the renmpval of the solvent using the bl omdown appar at us
(see Section 10.4.7) and a water bath tenperature of 60°C. Wi gh
the receiver, record the weight, and return the receiver to the
bl ondown apparatus, concentrating the residue until a constant
wei ght is obtained.

Percent Lipids Determnation

Determne the lipid content per the procedure described in Section
10.2.4.9.

Cl ean up the extract per Section 10.5.

Back Extraction with Base and Acid

Spike 1.0 nmL of the cleanup standard into the separatory funnels
contai ning the sanple and QC extracts (see Sections 10.2.1.4.1 or
10.2.3.9.1.3).
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Partition the extract against 50 nL of potassi um hydroxide
solution (see Section 7.1.1). Shake for 2 mnutes with periodic
venting into a hood. Renobve and discard the water |ayer. Repeat
t he base washing until no color is visible in the water | ayer, to
a maxi mum of four washings. Mninze contact tine between the
extract and the base to prevent degradati on of the CDDs/ CDFs.
Stronger potassi um hydroxi de sol utions may be enpl oyed for back
extraction, provided that the | aboratory neets the specifications
for | abel ed conpound recovery.

Partition the extract against 50 nL of sodiumchloride solution in
the sane way as with base. Discard the water |ayer.

Partition the extract against 50 nL of sulfuric acid in the sane
way as with base. Repeat the acid washing until no color is
visible in the water layer, to a maxi num of four washi ngs.

Repeat the partitioning agai nst sodi um chl ori de solution and
di scard the water |ayer.

Pour each extract through a drying colum containing 7 to 10 cm of
granul ar anhydrous sodium sulfate. Rinse the separatory funne
with 30 to 50 nmL of solvent and pour through the drying col um.
Col  ect each extract in a round-bottomflask. Reconcentrate the
sanmpl e and QC aliquots per Sections 10.3 and 10.4, and clean up
the sanples and QC aliquots per Section 10.5.

Macr o- Concentrati on

Extracts in toluene are concentrated using a rotary evaporator or a
heating mantle. Extracts in methylene chloride or hexane are
concentrated using a rotary evaporator, heating mantle, or K-D
appar at us.

21

2

3

Rot

ary Evaporation

Concentrate the extracts in separate round-bottom fl asks.

Assenbl e the rotary evaporator according to manufacturer's
instructions, and warmthe water bath to 45°C. On a daily basis,
pre-clean the rotary evaporator by concentrating 100 nL of clean
extraction solvent through the system Archive both the
concentrated solvent and the solvent in the catch flask for a
contam nati on check if necessary. Between sanples, three 2 to

3 nmL aliquots of solvent should be rinsed down the feed tube into
a waste beaker.

Attach the round-bottom flask contai ning the sanple extract to the
rotary evaporator. Slowy apply vacuumto the system and begin
rotating the sanple fl ask.

Lower the flask into the water bath and adjust the speed of
rotation and the tenperature as required to conplete the
concentration in 15 to 20 m nutes. At the proper rate of
concentration, the flow of solvent into the receiving flask wll
be steady, but no bunping or visible boiling of the extract wll
occur.

NOTE: If the rate of concentration is too fast, analyte | oss may
occur.
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VWhen the liquid in the concentration flask has reached an apparent
vol umre of approximately 2 ni, renmpove the flask fromthe water bath
and stop the rotation. Slowy and carefully admt air into the
system Be sure not to open the valve so quickly that the sanple
is blowm out of the flask. Rinse the feed tube with approxi mately
2 nL of solvent.

Transfer the extract to a vial using three 2 to 3 nL rinses of
solvent. Proceed to Section 10.2.6 for back extraction with base
and acid, or to Section 10.4 for mcro-concentrati on and sol vent
exchange.

Heating Mantl e

Concentrate the extracts in separate round-bottom fl asks.

Add 1 to 2 clean boiling chips to the round-bottom flask and
attach a three ball macro Snyder colum. Pre-wet the colum by
addi ng approximately 1 nL of solvent through the top. Place the
round-bottom flask in a heating mantl e and apply heat as required
to conplete the concentration in 15 to 20 mnutes. At the proper
rate of distillation, the balls of the colum will actively
chatter but the chanbers will not flood.

VWhen the |iquid has reached an apparent vol une of approximately 10
nm., renove the round-bottomflask fromthe heating mantle and

all ow the solvent to drain and cool for at |east 10 m nutes.
Renove the Snyder columm and rinse the glass joint into the
receiver with small portions of solvent.

Proceed to Section 10.2.6 for back extraction with base and acid
or to Section 10.4 for mcro-concentrati on and sol vent exchange.

Kuder na- Dani sh (K-D) Appar at us

Concentrate the extracts in separate 500 nL K-D fl asks equi pped with
10 nL concentrator tubes.

Add 1 to 2 clean boiling chips to the receiver. Attach a three
ball macro Snyder colum. Pre-wet the colum by adding
approximately 1 nL of solvent (nethylene chloride or hexane, as
appropriate) through the top. Place the K-D apparatus in a hot
water bath so that the entire | ower rounded surface of the flask
is bathed with steam

Adj ust the vertical position of the apparatus and the water
tenperature as required to conplete the concentration in 15 to 20
mnutes. At the proper rate of distillation, the balls of the
colum will actively chatter, but the chanbers will not fl ood.

VWhen the |iquid has reached an apparent volune of 1 nlL, renpve the
K-D apparatus fromthe bath and allow the solvent to drain and
cool for at least 10 mnutes. Renove the Snyder colum and rinse
the flask and its lower joint into the concentrator tube with 1 to
2 mL of nmethylene chloride. A5 nL syringe is reconmended for
this operation.

Renove the three ball Snyder columm, add a fresh boiling chip, and
attach a two ball mcro Snyder colum to the concentrator tube.
Pre-wet the colum by addi ng approximately 0.5 nL of sol vent
through the top. Place the apparatus in the hot water bath.
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10.3.3.5 Adj ust the vertical position and the water tenperature as required
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to conplete the concentration in 5 to 10 mnutes. At the proper
rate of distillation, the balls of the colum will actively
chatter but the chanbers will not flood.

6 VWen the |iquid reaches an apparent volunme of 0.5 nlL, renpve the
apparatus fromthe water bath and allow to drain and cool for at
| east 10 m nutes.

7 Proceed to Section 10.2.6 for back extraction with base and acid
or to Section 10.4 for mcro-concentrati on and sol vent exchange.

M cr o- Concentrati on and Sol vent Exchange

Extracts to be subjected to Gel Perneation Chromatography (GPC) or
H gh Performance Liquid Chromatograph (HPLC) cl eanup are exchanged
into nethylene chloride. Extracts that are to be cl eaned up using
silica gel, alumna, carbon, and/or Florisil are exchanged into
hexane.

Transfer the vial containing the sanple extract to a nitrogen
evaporation device. Adjust the flow of nitrogen so that the surface
of the solvent is just visibly disturbed.

NOTE: A |large vortex in the solvent nay cause anal yte | oss.
Lower the vial into a 45°C water bath and conti nue concentrati ng.

VWhen the volune of the liquid is approximately 100 pL, add 2 to 3 nL
of the desired solvent (methylene chloride or hexane) and continue
concentration to approximately 100 pL. Repeat the addition of

sol vent and concentrate once nore.

If the extract is to be cleaned up by GPC or HPLC, adjust the vol une
of the extract to 5.0 nL with nethylene chloride. Proceed with GPC
cl eanup (see Section 10.5.1).

If the extract is to be cleaned up by col umm chromat ography (al um na
silica gel, Carbopak/Celite), bring the final volunme to 1.0 nL with
hexane. Proceed with columm cl eanups (see Sections 10.5.2 through
10.5.5).

For extracts to be concentrated for injection into the HRGZ HRVB
quantitatively transfer the extract to a 0.3 nL conical vial for
final concentration, rinsing the larger vial wth hexane and addi ng
the rinse to the conical vial. Reduce the volume to approximtely
100 pL. Add 10 pL of nonane to the vial, and evaporate the sol vent
to the Il evel of the nonane. Seal the vial and label with the Sanpl e
Nunber. Store in the dark at roomtenperature until ready for

HRGC/ HRVB anal ysi s.

For extracts to be concentrated to dryness for weight determ nation
bl ow dry until a constant weight is obtained.

d eanup

C eanup may not be necessary for relatively clean sanmples (e.g., treated
ef fluents, groundwater, drinking water). |If particular circunstances
require the use of a cleanup procedure, the analyst nmay use any or al

of the followi ng procedures or any other appropriate procedure. Before
using a cl eanup procedure, the analyst nust denonstrate that the
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requi renents for the cleanup standard listed in Table 7 are net using
t he cl eanup procedure. GPC (see Section 10.5.1) renoves many hi gh
nmol ecul ar wei ght interferences that cause GC col umm performance to

degrade. It should be used for all soil and sedi ment extracts and may
be used for water extracts that are expected to contain high nol ecul ar
wei ght organi c conpounds (e.g., polyneric materials, humic acids). |If

ot her cl eanup techni ques prove adequate, they may be used in |lieu of
GPC. Acid, neutral, basic silica gel, alumna and Florisil (see
Sections 10.5.2, 10.5.3, and 10.5.7) are used to renove non-pol ar and
polar interferences. Alumna and Florisil are used to renove

chl or odi phenyl ethers. Carbopak/Celite (see Section 10.5.4) is used to
renove nonpol ar interferences. HPLC (see Section 10.5.5) is used to
provi de specificity for the 2,3,7,8-substituted and other CDD and CDF

i somers. The ant hropogenic isolation colum (see Section 10.5.6.1),
acidified silica gel batch adsorption procedure (see Section 10.5.6.2),
and sul furic acid back extraction (see Section 10.5.6.3) are used for
renoval of lipids fromtissue sanples.

Sanpl e C eanup by GPC
21 I ntroduction

GPC is a size exclusion cleanup procedure using organic solvents
and hydrophobic gels in the separation of natural (and synthetic)
macr onol ecul es. The packing gel is porous and is characterized by
the range or uniformty (exclusion range) of that pore size. |In
the choice of gels, the exclusion range nust be |arger than the
nmol ecul ar size of the nol ecules to be separated.

.2 Col umm Packi ng
2.1 Place 70 to 75 g of SX-3 Bio-beads in a 400 to 500 nL beaker.

. 2.2 Cover the beads with nmethyl ene chloride and allow to swell
overni ght (for a m nimum of 12 hours).

.2.3 Transfer the swelled beads to the colum and punp sol vent
t hrough the colum, frombottomto top, at 4.5 to 5.5 nL/mn
prior to connecting the colum to the detector

.2. 4 After purging the colum with solvent for 1 to 2 hours, adjust
the colum head pressure to 7 to 10 psig, and purge for 4 to 5
hours to renmove air. Mintain a head pressure of 7 to 10 psig.
Connect the colum to the detector

.3 Cal i bration of GPC

. 3.1 Sunmmary of Calibration
The GPC calibration procedure is based on nonitoring the
elution of standards with an Utraviolet (UV) detector
connected to the GPC col um.

. 3.2 Frequency of GPC Calibration
Each GPC system must be initially calibrated upon award of a
contract, when the colum is changed, when channeling occurs,

and once every seven days when sanples, including matrix
spi kes, duplicates, and bl anks, are cl eaned up usi ng GPC

Page 4-45 of 75 DLMD1. 4 (1/02)



Exhibit D -- Section 10
Procedure (Con’'t)

10.5.1.3.3 Procedure for GPC Calibration

10.5.1.3.3.1 Load 5 nL of the GPC calibration solution into the sanple
| oop.

10.5.1.3.3.2 Inject the calibration solution and record the signal from
the detector. The elution pattern will be corn oil, bis (2-
et hyl hexyl) phthal ate, pentachl orophenol, perylene, and
sul fur.

10.5.1.3.3.3 Set the “dunp tinme” to allow greater than 85% renoval of the
corn oil and greater than 85% col |l ection of the phthal ate.

10.5.1.3.3.4 Set the “collect time” to the peak m ni mum between peryl ene
and sul fur.

10.5.1.3. 4 Techni cal Acceptance Criteria for GPC Calibration

10.5.1.3.4.1 The GPC system nmust be calibrated at the frequency descri bed
in Section 10.5.1.3. 2.

10.5.1.3.4.2 Verify the calibration with the calibration solution after
every 20 extracts.

10.5.1.3.4.3 Calibration is verified if the recovery of the
pent achl or ophenol is greater than 85%

10.5.1.3.5 Corrective Action for GPC Calibration

10.5.1.3.5.1 If calibration does not neet the technical acceptance

criteria, the systemshall be re-calibrated using the
calibration solution, and the previous 20 sanples shall be
re-extracted and cl eaned up using the calibrated GPC system

10.5.1. 4 Sanpl e Extract C eanup by GPC

GPC requires that the colum not be overl oaded. The col umm
specified in this method is designed to handle a maxinumof 0.5 g
of high nol ecul ar weight material in a 5 nL extract. |If the
extract is known or expected to contain nore than 0.5 g, the
extract is split into aliquots for GPC and the aliquots are

conbi ned after elution fromthe colum. The residue content of
the extract may be obtained gravinmetrically by evaporating the
solvent froma 50 pL aliquot.

10.5.1. 4.1 Frequency of GPC Sanpl e C eanup

GPC cl eanup may be perforned for soil/sedinment and water
extracts that contain high nolecular wei ght contam nants that

interfere with the analysis of the target analytes. 1In this
case GPC nust also be perfornmed for all associated bl anks, and
LCs.
10.5.1. 4.2 Procedure for GPC Sanpl e d eanup
10.5.1.4.2.1 Filter the extract or load through the filter holder to
renove any particulate. Load the 5.0 nL extract onto the
col um.
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Elute the extract using the calibration data determ ned in
Section 10.5.1.3. Collect the eluate in a clean 400 to
500 nlL beaker.

Ri nse the sanpl e | oadi ng tube thoroughly w th nethyl ene
chlori de between extracts to prepare for the next sanple.

If a particularly dirty extract is encountered, a 5.0 nL
met hyl ene chl oride bl ank shall be run through the systemto
check for carry-over.

Concentrate the eluate per Sections 10.3 or 10.4 for further
cl eanup or for injection into the HRGZ HRVS

Silica Gl deanup

Procedure for Silica Gel deanup

Pl ace a glass wool plug in a 15 mm | D chromat ography col umm.
Pack the columm bottomto top with: 1 g silica gel; 4 g basic
silicagel; 1 g silica gel; 8 g acid silica gel; 2 g silica
gel, and 4 g granul ar anhydrous sodium sulfate. Tap the colum
to settle the adsorbents.

Pre-rinse the colum with 50 to 100 nL of hexane. C ose the
stopcock when the hexane is within 1 nmof the sodiumsulfate.
Di scard the eluate. Check the columm for channeling. |If
channeling is present, discard the colum and prepare anot her

Apply the concentrated extract to the colum. Open the
stopcock until the extract is within 1 mmof the sodi um
sul f ate.

Rinse the receiver twice with 1 nL portions of hexane and apply
separately to the colum. Elute the CDDs/CDFs with 100 mL
hexane and col |l ect the el uate.

Concentrate the eluate per Sections 10.3 or 10.4 for further
cleanup or for injection into the HPLC or HRGC HRVS

For extracts of sanples known to contain |arge quantities of

ot her organi c conpounds (such as paper mll effluents), it may
be advisable to increase the capacity of the silica gel columm.
This may be acconplished by increasing the strengths of the
acid and basic silica gels. The acid silica gel may be
increased in strength to as nuch as 44%ww (7.9 g sulfuric
acid added to 10 g silica gel). The basic silica gel may be
increased in strength to as nuch as 33%ww (50 nL 1 N NaCH
added to 100 g silica gel), or the potassiumsilicate may be
used.

NOTE: The use of stronger acid silica gel (44%ww nay |lead to
charring of organic conpounds in sone extracts. The charred
material may retain sone of the analytes and |l ead to | ower
recoveri es of CDDs/CDFs. Increasing the strengths of the acid
and basic silica gel may also require different vol unmes of
hexane than those specified above to elute the analytes off the
col um.
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Al um na C eanup

Procedure for Al um na C eanup

21 Pl ace a glass wool plug in a 15 mm | D chromat ography col umm.
.2 If using acid alum na, pack the colum by adding 6 g acid
alumina. |If using basic alum na, substitute 6 g basic al um na

Tap the colum to settle the adsorbents.

.3 Pre-rinse the colum with 50 to 100 nL of hexane.  ose the

stopcock when the hexane is within 1 nmof the al um na

.4 Di scard the eluate. Check the colum for channeling. |If

channeling is present, discard the colum and prepare anot her

.5 Apply the concentrated extract to the colum. Open the

stopcock until the extract is within 1 mm of the al um na

.6 Rinse the receiver twice with 1 nL portions of hexane and apply

separately to the colum. Elute the interfering conmpounds wth
100 nL hexane and discard the eluate.

.7 The choice of eluting solvents will depend on the choice of

alumina (acid or basic) made in Section 10.5.3.1.2.

. 7.1 If using acid alumna, elute the CDDs/CDFs fromthe col um

with 20 nL nethyl ene chl ori de: hexane (20:80 v/v). Coll ect
the el uate.

. 7.2 If using basic alumna, elute the CDDs/CDFs fromthe col um

with 20 nL nethyl ene chl ori de: hexane (50:50 v/v). Collect
the el uate.

.8 Concentrate the eluate per Sections 10.3 or 10.4 for further

cl eanup or for injection into the HPLC or HRGC HRVS
Car bon Col utmm d eanup

Procedure for Carbon Colum C eanup

21 Cut both ends froma 10 nL di sposabl e serol ogi cal pipet to

produce a 10 cmcolum. Fire polish both ends and flare both
ends if desired. Insert a glass wool plug at one end, then pack
the colum with 0.55 g of Carbopak/Celite to form an adsorbent
bed approximately 2 cmlong. Insert a glass wool plug on top of
the bed to hold the adsorbent in place.

.2 Pre-rinse the colum with 5 nL of toluene followed by 2 nL

nmet hyl ene chl ori de: net hanol : tol uene (15:4:1 v/v), 1 nL
nmet hyl ene chl ori de: cycl ohexane (1:1 v/v), and 5 nL hexane. |If
the flow rate of eluate exceeds 0.5 nL/min, discard the col um.

.3 VWhen the solvent is within 1 nmof the col um packing, apply

the sanple extract to the colum. Rinse the sanple container
twice with 1 nL portions of hexane and apply separately to the
colum. Apply 2 nL of hexane to conplete the transfer

.4 Elute the interfering compounds with two 3 nL portions of

hexane, 2 nlL of nethyl ene chloride: cyclohexane (1:1 v/v), and
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2 mL of methylene chloride: nethanol:toluene (15:4:1 v/v).
Di scard the el uate.

.5 Invert the colum and elute the CDDs/CDFs with 20 nL of

toluene. |If carbon particles are present in the eluate, filter
t hrough glass fiber filter paper

.6 Concentrate the eluate per Sections 10.3 or 10.4 for further

cleanup or for injection into the HPLC or HRGC HRVS
Sanpl e C eanup by Hi gh Performance Liquid Chronmatography (HPLC)

Cali bration of HPLC

.1 Procedure for HPLC Calibration

.2 Prepare a calibration standard containing the 2,3,7, 8-

substituted i somers and/or other isomers of interest at a
concentration of approximtely 500 pg/pL in methyl ene chloride.

.3 Inject 30 puL of the calibration solution into the HPLC and

record the signal fromthe detector. Collect the eluant for re-
use. The elution order will be the tetrachlorinated through
octachl orinated i soners.

.4 Establish the collect tine for the tetra-isoners and for the

other isoners of interest. Followi ng calibration, flush the
injection systemwi th copious quantities of nethylene chloride,
including a mnimum of five 50 pL injections while the detector
is nonitored, to ensure that residual CDDs/CDFs are renoved
fromthe system

Techni cal Acceptance Criteria for HPLC Calibration

21 Verify the calibration with the calibration solution after

every 20 extracts.

.2 Calibration is verified if the recovery of the CDDs/CDFs from

the calibration standard (Section 10.5.5.1.1) is within 75 to
125%

Corrective Action for HPLC Calibration

21 If calibration does not neet the technical acceptance criteria,

the systemshall be re-calibrated using the calibration
solution, and the previous 20 sanples shall be re-extracted and
cl eaned up using the calibrated system

Sanpl e Extract C eanup by HPLC

HPLC requires that the colum not be overl oaded. The col umm
specified in this method is designed to handl e a maxi num of 30 pL
of extract. |If the extract cannot be concentrated to | ess than 30
pL, it is split into fractions and the fractions are conbi ned
after elution fromthe colum.

21 Procedure for HPLC Sanpl e C eanup

1.1 Rinse the sides of the vial twice with 30 pL of nethyl ene

chloride and reduce to 30 pL with the evaporati on appar at us.
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10.5.5.4.1.2 Inject the 30 pL extract into the HPLC

10.5.5.4.1.3 Elute the extract using the calibration data determ ned in
Section 10.5.5.1.3. Collect the fraction(s) in a clean 20
mL concentrator tube containing 5 nL of hexane:acetone (1:1
v/ v).

10.5.5.4.1.4 If an extract containing greater than 100 ng/nL of total CDD
or CDF is encountered, a 30 pL net hyl ene chl ori de bl ank
shall be run through the systemto check for carry-over.

10.5.5.4.1.5 Concentrate the eluate per Section 10.4 for injection into
t he HRGC/ HRIVB.

10.5.6 O eanup of Tissue Lipids

Li pids are renoved fromthe Soxhl et extract using either the

ant hr opogeni c i sol ation colum (see Section 10.5.6.1) or acidified
silica gel (see Section 10.5.6.2), or are renoved fromthe HC

di gested extract using sulfuric acid and base back extraction (see
Section 10.5.6.3).

10.5.6.1 Ant hr opogeni ¢ I sol ati on Col utm C eanup
10.5.6.1.1 Procedure for Anthropogenic Isolation Colum C eanup

10.5.6.1.1.1 Pl ace a glass wool plug in a 25 mm | D chromat ography col umm.
Pack the columm bottomto top with: 2 g silica gel; 2 g
potassiumsilicate; 2 g granul ar anhydrous sodi um sul f at e;
10 g acid silica gel; and 2 g granul ar anhydrous sodi um
sulfate. Tap the columm to settle the adsorbents.

10.5.6.1.1.2 Pre-elute the colum with 100 nL of hexane. Drain the
hexane | ayer to the top of the colum but do not expose the
sodium sul fate

10.5.6.1.1.3 Load the sanmple and rinses (see Section 10.2.4.9.2) onto the
col um by drai ning each portion to the top of the bed.
Elute the CDDs/ CDFs fromthe colum into the apparatus used
for concentration (see Section 10.2.4.7) using 200 nmL of

hexane.

10.5.6.1.1.4 Concentrate the cleaned up extract to constant wei ght per
Section 10.4.8. If nore than 500 ng of material renains,
repeat the cleanup using a fresh anthropogenic isolation
col um.

10.5.6.1.1.5 Re-di ssol ve the extract in a solvent suitable for the

addi ti onal cleanups to be used.

10.5.6.1.1.6 Spike 1.0 nmL of the cleanup standard into the
resi due/ sol vent.

10.5.6.1.1.7 Cl ean up the extract using the procedures in Sections 10.5.1
t hrough 10.5.6. Al umi na and carbon are recomrended as
m ni mum addi ti onal cl eanup steps.

10.5.6.1.1.8 Fol | owi ng cl eanup, concentrate the extract to 10 uL as

described in Section 10.4.8, and proceed with the anal ysis
in Section 10. 6.
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Acidified Silica Gl d eanup

This procedure is an alternate to the anthropogenic isolation
columm that is used for the renoval of |ipids fromthe SDS
extract.

Procedure for Acidified Silica Gel deanup

21 Adj ust the volunme of hexane in the bottle (see Section

10.2.4.9.2) to approximately 200 ni.

.2 Spike 1.0 nmL of the cleanup standard into the

resi due/ sol vent.

.3 Drop the stirring bar into the bottle, place the bottle on

the stirring plate, and begin stirring.

.4 Add 30 to 100 g of acid silica gel to the bottle while

stirring, keeping the silica gel in nmotion. Stir for 2
hour s.

NOTE: 30 g of silica gel should be adequate for nobst sanples
and will mnimze contam nation fromthis source.

.5 After stirring, pour the extract through approximtely 10 g

of granul ar anhydrous sodium sul fate contained in a funne
with glass fiber filter into a K-D concentrator. R nse the
bottl e and sodium sul fate with hexane to conplete the
transfer.

.6 Concentrate the extract to a volune suitable for the

cl eanups given in Sections 10.5.1 — 10.5. 6.
Sul furic Acid and Base Back Extraction C eanup
Used with HO digested extracts (see Section 10.2.5).

Procedure for Sulfuric Acid and Base Back Extraction C eanup

21 Spike 1.0 nmL of the cleanup standard into the

resi due/ sol vent (see Section 10.2.5.7).

.2 Add 10 nL of concentrated sulfuric acid to the bottle.

| mredi ately cap and shake 1 to 3 tinmes. Loosen cap in a
hood to vent excess pressure. Cap and shake the bottle so
that the residue/solvent is exposed to the acid for a tota
time of approximately 45 seconds.

.3 Decant the hexane into a 250 nmL separatory funnel, making

sure that no acid is transferred. Conplete the quantitative
transfer with several hexane rinses.

.4 Back extract the solvent/residue with 50 nL of potassium

hydr oxi de sol ution per Section 10.2.6, followed by two
reagent water rinses.

.5 Drain the extract through a filter funnel containing

approxi mately 10 g of granul ar anhydrous sodiumsulfate in a
glass fiber filter into a K-D concentrat or
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10.5.6.3.1.6 Concentrate the cleaned up extract to a volume suitable for

10. 5. 6.

10.5.7

10.5. 7.

10.5. 7.

10.5. 7.

10.5. 7.

10.5. 7.

t he additional cleanups given in Sections 10.5.1 through
10.5.6. @GPC, alumina, and Carbopak/Celite are recomended
as mni num addi tional cleanup steps.

1.7 Fol | owi ng cl eanup, concentrate the extract to 10 uL as

described in Section 10.4, and proceed with analysis per
Section 10. 6.

Florisil d eanup

Procedure for Florisil C eanup

21 Pre-elute the activated Florisil colum (see Section 7.5.5)

with 10 nL of nethylene chloride, followed by 10 nL of
hexane: net hyl ene chloride (98:2 v/v), and discard the solvents.

.2 VWhen the solvent is within 1 nmof the packing, apply the

sanmpl e extract (in hexane) to the colum. Rinse the sanple
container twice with 1 nL portions of hexane and apply to the
col um.

.3 Elute the interfering compounds with 20 nL of hexane: net hyl ene

chloride (98:2) and discard the eluate.

.4 Elute the CDDs/CDFs with 35 nL of nethyl ene chloride and

collect the eluate. Concentrate the eluate per Section 10.3
for further cleanup or for injection into the HPLC or Gas
Chr omat ogr aph/ Mass Spectroneter (GO M5).

10.6 Sanple Anal yses by Hi gh Resol ution Gas Chronat ography/ H gh Resol ution
Mass Spectronetry (HRGC/ HRVE)

10.6.1

10.6. 2

10.6. 3

10.6. 4

Sanpl e extracts shall be analyzed only after the HRGZ HRMB system has
met the WDM i somer specificity check, HRGZ HRVSB system performance
check, initial calibration, and calibration verification

requi renents. The sanme instrunment conditions nmust be enpl oyed for
the anal ysis of sanples as were used for calibration

Establish the operating conditions given in Section 9.1.

Add 10 pL of the appropriate internal standard solution to the sanple
extract for a maxi mumfinal volume of 20 pL i mediately prior to
injection to mnimze the possibility of |oss by evaporation
adsorption, or reaction. |If an extract is to be re-analyzed and
evaporation has occurred, do not add nore instrunent recovery
standard sol ution. Rather, bring the extract back to its previous
volume (e.g., 19 pL) with pure nonane or isooctane only (18 pL if

2 pL injections are used).

Inject 1 or 2 pL of the concentrated extract containing the interna
standard sol ution using on-colum or splitless injection. The vol une
i njected nmust be identical to the volume used for calibration (see
Section 9). Start the GC columm initial isothermal hold upon
injection. Start HRMS data collection after the solvent peak el utes.
Stop data collection after the octachl orinated di benzo-p-di oxin
(OCDD) and octachl ori nat ed di benzof uran (OCDF) have el uted
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Anal ysi s of Conmpl ex Sanpl es

Sonme sanples may contain high levels (> 10 ng/L or > 1000 ng/kg) of
t he conpounds of interest, interfering conmpounds, and/or polyneric
materials. Sonme extracts will not concentrate to 10 pL (see Section
10.4.8); others may overl oad the HRGC colum and/or Ms. Analyze a
smal l er aliquot of the sanple (see Section 10.6.6) when the extract
will not concentrate to 20 pL after all cleanup procedures have been
exhaust ed.

Sanmple Dilution

If the SICP area at either quantitation mz for any of the 2,3,7, 8-
substituted PCDLY PCDF given in Table 1 of Exhibit C (except OCDD and
OCDF) exceeds the calibration range of the system the Contractor
shall do the foll ow ng:

1. Add sufficient Internal Standard to the original sanple
extract such that its concentration upon dilution is equal to
the concentration of the Internal Standard in the origina
sanple extract. Dilute the respiked sanple extract in order
to bring the high concentration conpound(s) within
calibration range. Do not exceed a 20x dilution. This
reanal ysis is not billable.

2. Contact the TOPOif the sanple extract will require a greater
t han 20x dil ution.

Results are reported to three significant figures, as appropriate for
t he CDDs/ CDFs and | abel ed compounds found in all standards, bl anks,
C sampl es, and sanpl es.

For aqueous sanples, report results in pg/L (parts-per-
quadrillion).

For sanpl es containing greater than one percent solids (soils,
sediments, filter cake, conpost) report results in ng/kg based on
the dry weight of the sanple. Report the Percent Solids so that
the result may be corrected.

For tissues, report results in ng/kg of wet tissue, not on the
basis of the Iipid content of the sanple. Report the Percent
Li pi ds content so that the data user can cal cul ate the
concentration on a lipid basis, if desired.

Sanpl es —Report results for all peaks with S/ N above 2.5, even if
bel ow the CRQL (See Exhibit C.
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11.0 DATA ANALYSI S AND CALCULATI ONS

11.1 CQualitative lIdentification

11.

11.

11.

11.

11.

11.

1

1

1

1

1

1

1

1

1

1

1

2

Identification of Target Analytes

A chl ori nated di benzo-p-di oxin (CDD) and chl ori nated di benzof uran
(CDF) (native or labeled) is identified when all of the criteria in
Sections 11.1.1.1 through 11.1.1.4 are nmet.

1 The signals for the two exact mass-to-charge ratios (nfz's) nust
be present and nust nmaximze within the same 2 seconds.

2 The signal-to-noise ratio (S/N) at each exact m z nust be greater
than or equal to 2.5 for a sanple extract, and greater than or
equal to 10 for a calibration standard.

3 The ratio of the integrated areas of the two exact niz's specified
in Table 8 nust be within the limts in Table 9, or within + 10%
of the ratio in the nost recent Mdpoint Calibration Standard
(CSs3).

4 The Rel ative Retention Tinme (RRT) of the peak representing a
native 2,3,7,8-substituted CDD or CDF nust be within the limt in
Table 2. The Retention Tinme (RT) of peaks representing non-
2,3,7,8-substituted CDDs/ CDFs nust be within the RTs established
during the analysis of the Wndow Defining Mx (WDM for the first
and | ast el uting conpounds.

H gh Resol uti on Gas Chromat ogr aphy/ Hi gh Resol uti on Mass Spectronetry
(HRGC HRVS) Confirmatory Anal ysis of CDDs/ CDFs

| soner specificity of 2,3,7,8-tetrachl orodi benzofuran (TCDF) cannot
be achieved on the DB-5 (or equivalent) HRGC colum. Therefore, any
sanmple in which 2,3,7,8-TCDF is positively identified at or above the
Contract Required Quantitation Limt (CRQ.) by analysis on a DB-5 (or
equi val ent) HRGC col um, or TCDF is reported as an Estimated Maxi mum
Possi bl e Concentration (EMPC) at or above the CRQL, nust have a
confirmatory anal ysis perfornmed on a DB-225 or equival ent HRGC
colum. The operating conditions in Section 9.1 may be adjusted for
anal ysis on the second HRGC col um, but the HRGZ HRVB nust neet the
mass resol ution and calibration specifications in Section 9.
Confirmation anal ysis nust neet the criteria given in Section 11.3.

NOTE: The confirmatory analysis is not required when the Contractor
chooses to use a colum which neets isonmer specificity requirenents
for both 2,3,7,8-TCDD and 2, 3,7, 8-TCDF. The col umm nust neet al
criteria established in Section 9.

11.2 Quantitative Determ nation

The rel ative ion abundance ratio criteria for native anal ytes and

| abel ed standards nust be net using peak areas to calculate ratios. |If
t he i on abundance ratios are not nmet because of coeluting interferences,
but all other criteria are nmet, the Contractor can use peak heights to
evaluate the ion ratio. |If, in the judgenent of the analyst, the peak
is a CDD/ CDF, report the ion abundance ratios determ ned using peak

hei ghts, quantitate the peaks using peak heights instead of areas (for
both the native and | abel ed anal ytes), and flag the data on FormI-HR
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| sotope Dilution Method

By addi ng a known anount of | abel ed conpounds to every sanple
prior to extraction, correction for recovery of the native
conpound can be nmade because the native conpound and its | abel ed
anal og exhibit simlar effects upon extraction, concentration, and
Gas Chromat ography (GO .

Because of a potential interference, the | abel ed anal og of the

i somer octachl orinated di benzofuran (OCDF) is not added to the
sanmpl e. Therefore, native OCDF is quantitated agai nst | abel ed

oct achl ori nat ed di benzo-p-dioxin (OCCDD). As a result, the
concentration of native OCDF is corrected for the recovery of the
OCDD. In instances where OCDD and OCDF behave differently during
sanpl e extraction, concentration, and cl eanup procedures, this may
decrease the accuracy of the OCDF results. However, given the |ow
toxicity of this conpound relative to the other dioxins and
furans, the potential decrease in accuracy is not considered
significant.

Because the | abel ed conpound anal og of 1,2,3,7,8,9-HXCDD i s not
added before extraction of the sanple, it cannot be used to
gquantitate the native conmpound by strict isotope dilution
procedures. Therefore, native 1,2,3,7,8,9-HCDD is quantitated
usi ng the average of the responses of the | abel ed conpound anal ogs
of the other two 2,3,7,8-substituted HxCDDs: 1, 2, 3, 4, 7, 8- HXCDD and
1,2,3,6,7,8-HxCDD. As a result, the concentration of native
1,2,3,7,8,9-HxCDD is corrected for the average recovery of the

ot her two HxCDDs.

Any peaks representing non-2,3,7,8-substituted CDDs/ CDFs are
guantitated using an average of the response factors fromall of
the | abel ed standard 2,3,7,8-isoners at the sane | evel of

chl ori nati on.

The nean Rel ative Response (RR) values fromthe initial
calibration data described in Section 9.3.4.3 are used to
determ ne concentrations directly, so long as | abel ed conpound
spi king levels are constant, using the follow ng equation

EQ 10

(Al + A2 ) C

Cpy (ng/mL) = - —

(A1, + A2.) RR
Wher e:
Cx = The concentration of the native conpound in the extract.
C = The concentration of the | abel ed conpound in the

extract.

RRis defined in Section 9.3.4.3. The other terns are
as defined in Section 9.3.4.1

I nternal Standard Met hod

Conpute the concentrations of the 1,2,3,7,8,9-HxCDD, OCDF, ¥C
| abel ed anal ogs, and the %d -1 abel ed cl eanup standard in the
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extract using the nmean Rel ative Response Factors (RRFs) determ ned
fromthe initial calibration data (see Section 9.3.4.4) and the
foll owi ng equati on:

EQ 11
(A1, + A2) C
CEX (ng/mL) — s s Is
(Al + A2 ) RRF
Wer e:
Cx = The concentration of the | abel ed conpound in the extract.
Cs = The concentration of the internal standard.
RRF is defined in Section 9.3.4.4. The other terns are
as defined in Section 9.3.4.2.
11.2.2.1.1 There is only one niz for the %d -1abel ed cl eanup standard.
11.2.3 The concentration of a native conpound in a soil/sedinent or tissue
sanple is computed using the concentration of the conmpound in the
extract and the wei ght of the sanple (see Section 10.1.4.1), using
the foll owi ng equation
EQ 12
CEX x VEX)
Concentration in Solid (ng/kg) = =
S
Wer e:
Cex = The concentration of the native conpound in the extract.
Vex = The extract volune in nlL.
W, = The sanple weight (dry weight) in kg.
11.2. 4 The concentration of a native conpound in a water matri x sanple is

conmput ed using the concentration of the conmpound in the extract and
the volune of water extracted (see Section 10.1.3), using the
foll owi ng equati on:

EQ 13
CEX x VEX
Concentration in Water Phase (pg/L) = %xmoo
S

Wher e:

Cex = The concentration of the native conpound in the extract.

Vex = The extract volune in nL.

Vs = The sanple volune in liters.
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Sanpl e-Specific Estimated Detection Linmt (EDL)

The EDL is the concentration of a given analyte required to produce a
signal with a peak height of at least 2.5 tinmes the background signal
level. An EDL is calculated for each CDDY CDF that is not identified,
regardl ess of whether or not other non-2,3,7,8-substituted CDD/ CDFs
are present.

Use the expression for EDL bel ow to cal cul ate an EDL for each
absent CDD/CDF (i.e., S/IN< 2.5). The background level is
determ ned by neasuring the range of the noise (peak-to-peak) for
the two quantitation ions (see Table 8) of a particul ar CDD CDF,
in the region of the Selected lon Current Profile (SICP) trace
corresponding to the elution of the |abel ed conpound or in the
region of the SICP where the congener is expected to elute by
conparison with the routine calibration data (for those congeners
that do not have a ¥3C-1abel ed conpound), nultiplying that noise
hei ght by 2.5, and relating the product to an esti mated
concentration that woul d produce that peak height. Use the
follow ng formula for agueous sanpl es:

EQ 14

2.5 x Q. % (H L TH 2) x D
Aqueous EDL (pg/L) = = =

V% (H151+H152) x RR

Use the following formula for soil sanples:

EQ 15
2.5xQ__ x (H,+H ) x D
Soil EDL (ng/Kg) = 18 xL =2
W (H151+H152) X RR
Wher e:
EDL = Estinated Detection Limt for 2,3,7,8-substituted
CDDs/ CDFs.
Qs = Quantity (pg) of appropriate internal standard added
prior to sanple extraction.
H., H, = Peak heights of the noise for both quantitation ions
of the CDD/ CDF.
Hs, Hs, = Peak heights of the internal standard ions.
D= Dilution Factor.
\ Vol une extracted in liters.
W= Weight extracted in grans.
RR = The nean Rel ative Response for the isoner of

interest fromthe initial calibration (See Section
9.3.4.3).
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11.2.6

11.2.6.1

11.2.6.2

11. 2.7

11.2.7.1

Per

NOTE: If interferences can be shown to be present (e.g., PCBs),
then descriptor ions other than those listed in Table 8 may be
used for quantitation. This deviation shall be adequately
docunmented in the Case Narrative

Esti mat ed Maxi mum Possi bl e Concentrati on (EMPC)

An EMPC is calculated for 2,3,7,8-substituted isonmers that are
characterized by a response with an S/N of at least 2.5 for both
gquantitation ions, but that do not neet all the identification
criteria described in Section 11

The EMPC of a native conpound in a soil/sedinment or tissue sanples
is conputed using the concentration of the conmpound in the extract
and the dilution factor (see Section 10.6.6), as foll ows:

EQ 16
(Cex * D)
EMPC (ng/Kg) = —=
WS
VWer e:
D= Dilution Factor
W = Sanple weight (dry weight) in Kg.

The concentration of a native conpound in a water matri x sanple is
conput ed using the concentration of the conmpound in the extract
and the dilution factor (see Section 10.6.6), as foll ows:

EQ 17
x D)
EMPC (pg/L) = —=
S
Wer e:
D= Dlution Factor
Vs = Sanple volune in liters.
Cex = The concentration of the native conpound in the extract.
cent Recovery (%) of Label ed Conpounds and Cl eanup Standard

Comput e the Percent Recovery of the | abel ed conpounds and cl eanup
standard using the internal standard nethod and the foll ow ng
equat i on.

EQ 18

P Measured ConcentraFlon x 100
Known Concentration
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The ¥C,,-1,2,3,4-TCDD internal standard is used to quantitate the

tetra and penta | abel ed conmpounds and the cl eanup standard. The

13C,,-1,2,3,7,8,9-HxCDD i nternal standard is used to quantitate the
HxCDD-, HpCDF-, and OCDD-| abel ed conpounds.

Techni cal Acceptance Criteria for Sanple Analysis

The sanpl es must be anal yzed on a HRGC HRMS system neeting the WM
i somer specificity check, PFK, initial calibration, calibration
verification, and bl ank technical acceptance criteria. The sanple
must undergo cl eanup procedures, when required.

The sanpl es nmust be extracted and anal yzed within the contract
hol di ng ti nes.

The sanpl es must have an associ ated met hod bl ank neeting the bl ank
techni cal acceptance criteria.

The sanples must neet the qualitative identification criteria in
Tabl e 9.

The | abel ed conpounds of the sanple nust nmeet the acceptance criteria
in Table 7.

If any target analyte concentration exceeds the upper limt of the
initial calibration, see Section 10.6.6.

Corrective Action for Sanple Analysis

Sanpl e anal ysis techni cal acceptance criteria MJIST be net before data
are reported. Sanples contam nated from | aboratory sources or

associ ated with a contam nated met hod bl ank (refer to Section
12.1.4.2) will require re-extraction and re-analysis at no additiona
cost to USEPA. Any sanpl es anal yzed that do not neet the technica
acceptance criteria will require re-extraction and/ or re-analysis at
no addi tional cost to USEPA.

If the sanple analysis technical acceptance criteria are not mnet,
check cal cul ations, internal standard sol ution, and system
performance. It may be necessary to recalibrate the systemor take
other corrective action procedures to neet the technical acceptance
criteria, in which case, the affected sanples nust be re-analyzed at
no addi tional cost to USEPA after the corrective action

System performance checks, initial calibration, and calibration
verification nust be acceptable before the re-analysis of sanples.
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12.0 QUALI TY CONTROL (QQ)

12.1 Met hod Bl ank

12.1.1

12.1.2

12.1.3

12.1. 4

12. 1. 4.

12. 1. 4.

12. 1. 4.

12.1.5

12. 1. 5.

12. 1. 5.

Summary of Met hod Bl anks

A method blank is a volune of a clean reference matrix that is
carried through the entire anal ytical procedure. The volune of the
reference matri x nmust be approxi mately equal to the volunme or weight
of samples associated with the blank. The purpose of the method
blank is to determ ne the |evel of contami nation associated with the
processi ng and anal ysis of sanples.

Frequency of Method Bl ank Anal yses

A method bl ank must be extracted each time sanples are extracted.
The nunber of sanples extracted with each nmethod bl ank shall not
exceed 20 field samples [excluding Laboratory Control Sanples (LCSs)
and Performance Eval uation (PE) sanples]. |In addition, a method

bl ank shall be extracted and cl eaned up by the sane procedures used
to extract and cl ean up sanples and shall be anal yzed on each Hi gh
Resol uti on Gas Chromat ogr aphy/ Hi gh Resol uti on Mass Spectrometry
(HRGC HRVS) system used to anal yze associ at ed sanpl es.

Procedure for Method Bl ank Preparation

Extract, concentrate, cleanup, and anal yze the bl ank according to the
procedure for water, soil/sedinment, and tissue sanples. Analyze the
met hod bl ank prior to analysis of sanples fromthe sane Sanple
Delivery Goup (SDG .

Techni cal Acceptance Criteria for Method Bl ank Anal yses

Accept abl e net hod bl anks nmust not contain any chemnica

interference or electronic noise at or above the Contract Required
Quantitation Limt (CRQ) at the nmass-to-charge ratio (mz) of the
native conpounds.

For all chlorinated di benzo-p-dioxins/chlorinated di benzof urans
(CDDs/ CDFs) [except octachlorinated di benzo- p-

di oxi n/ oct achl ori nat ed di benzof uran (OCDD/ CCDF)], the
concentration of the native conpounds in the method bl ank rmust be
| ess than or equal to the CRQL. The concentration of OCDD OCDF in
the nethod bl ank rmust be less than three tinmes the CRQL.

The met hod bl ank nmust neet the technical acceptance criteria for
sanpl e anal yses.

Corrective Action for Method Bl ank Anal yses

If a nethod bl ank does not neet the technical acceptance criteria
for method bl ank anal ysis, the Contractor nust consider the

anal ytical systemto be out-of-control. Sanples with native
conmpound concentrations above the CRQs and associated with a
cont am nat ed bl ank rmust be re-extracted and re-anal yzed at no
addi tional cost to USEPA

If contamination is the problem the source of the contam nation
nmust be investigated and appropriate corrective nmeasures nust be
t aken and docunented before further sanple analysis proceeds. It
is the Contractor's responsibility to ensure that nethod
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i nterferences caused by contam nants in the sol vent, reagents,

gl assware, and sanple storage and processing hardware that lead to
discrete artifacts and/or elevated baseline in the HRGC HRVE are
elimnated. Sanples associated with a contam nated bl ank rmust be
re-extracted and re-anal yzed at no additional cost to USEPA.

Laboratory Control Sample (LCS)

Sunmary of LCS

The LCS is a volunme of clean reference matrix that is spiked and
carried through the entire anal ytical procedure. To evaluate the
accuracy of the method used for CDDY CDF anal yses, USEPA has
prescribed a nmixture of CDD/ CDF target conpounds to be spiked into an
al i quot of reference matrix and anal yzed in accordance with the
appropriate nethod.

Frequency of LCS Anal ysis

A LCS nmust be extracted and anal yzed for every 20 field sanples of a
simlar matrix in an SDG whenever sanples are extracted by the sane
pr ocedure.

Procedure for Preparing LCS

Prepare an aliquot of clean reference matrix. Spike the aliquot
ith 1.0 mL of the | abel ed conpound spi king solution (see Section
7.7.4.2) and 1.0 nL of the LCS spiking solution (see Section
7.8.4).

Extract, concentrate, cleanup, and anal yze the LCS according to
the procedure for water, soil/sedinment, and tissue sanples.

Anal yze the LCS prior to analysis of sanples fromthe same SDG

Ca

culation for LCS

Cal cul ate the concentration of each anal yte according to the
procedure for calculations (see Section 11).

Conmput e the Percent Recovery of the LCS anal ytes using the
foll owi ng equati on:

EQ 19

Spike Sample Result
Spike Added

% LCS Recovery = x 100

Techni cal Acceptance Criteria for LCS
Al LCS nust be prepared and anal yzed at the frequency descri bed.

The LCS nmust neet the technical acceptance criteria for sanple
anal yses in Section 11.3.

The Percent Recovery of each of the compounds in the LCS nmust be
within the acceptance linmts in Table 6. Up to three conmpounds
may fail to nmeet the recovery limts listed in Table 6. However,
frequent failures to neet the Iimts for recovery warrant
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i nvestigation by the | aboratory, and may result in questions from
USEPA.

12.2.6 Corrective Action for LCS
If an LCS does not neet the technical acceptance criteria for LCS
Percent Recovery, the Contractor nust consider the analytical system

to be out-of-control. Sanples associated with a non-conpliant LCS
must be re-extracted and re-anal yzed at no additional cost to USEPA.
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PCLLUTI ON PREVENTI ON

The solvents used in this method pose little threat to the environnent
when managed properly.

St andards shoul d be prepared in volunmes consistent with | aboratory use
to mnimze the volunme of expired standards to be di sposed.

WASTE MANAGEMENT

It is the laboratory's responsibility to conply with all Federal, state,
and | ocal regul ati ons governi ng waste nanagenent, particularly the
hazardous waste identification rules and | and disposal restrictions, and
to protect the air, water, and land by mnimzing and controlling al

rel eases fromfume hoods and bench operations. Also, conpliance is
required with any sewage di scharge permts and regul ati ons.

Sanpl es containing HC to pH <2 are hazardous and nust be neutralized
bef ore bei ng poured down a drain or handl ed as hazardous waste.

The chl ori nat ed di benzo- p-di oxi ns/ chl ori nated di benzof urans (CDDs/ CDFs)
deconpose above 800°C. Low | evel waste such as absorbent paper, tissues,
ani mal remains, and plastic gloves may be burned in an appropriate
incinerator. Gross quantities (mlligrans) should be packaged securely
and di sposed through comrercial or governnental channels that are
capabl e of handling extrenely toxic wastes.

Liquid or sol uble waste should be dissolved in nethanol or ethanol and
irradiated with ultraviolet light with a wavel ength shorter than 290 nm
for several days. (Use F40 BL | anps or equivalent.) Analyze liquid
wast es and di spose of the solutions when the CDDs/ CDFs can no | onger be
det ect ed.

For further information on waste nmanagenent, consult “The Waste
Managenent Manual for Laboratory Personnel” and “Less is Better —
Laboratory Chemi cal Managenent for WAste Reduction” available fromthe
Ameri can Chemi cal Society's Departnent of Government Rel ations and
Science Policy, 1155 16th Street N. W, Wshington, D.C 20036.
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15.0 TABLES/ DI AGRAMS/ FLONCHARTS

TABLE 1.

Determ ned by |Isotope Dilution and Internal

Chl ori nated Di benzo- P-Di oxi ns/ Chl ori nat ed Di benzof urans (CDDs/ CDFs)

St andard Hi gh

Resol uti on Gas Chromat ography /H gh Resol uti on Mass Spectronetry

( HRGC/ HRIVB)

CDDs/CDFs ‘!

CAS Registry

Labeled analog

CAS Registry

13 _ _ - -

2,3,7, 8- TC0D 1746-01-6 G753, 7 5. oo 85508. 50. 5
Total TCDD 41903-57-5 |— —
2,3,7, 8- TCDF 51207-31-9 |3C,,- 2, 3, 7, 8- TCDF 89059- 46- 1
Tot al - TCDF 55722-27-5 |— —
1,2,3,7,8-PeCDD 40321-76-4 |*3C,- 1, 2, 3, 7, 8- PeCDD 109719-79-1
Tot al - PeCDD 36088-22-9 |— —
1,2,3,7, 8-PeCDF 57117-41-6 |*3C;»-1, 2, 3, 7, 8- PeCDF 109719-77-9
2,3,4,7, 8- PeCDF 57117-31-4 |*3C;»- 2, 3, 4, 7, 8- PeCDF 116843- 02- 8
Tot al - PeCDF 30402-15-4 |— —
1,2,3,4,7, 8-HxCDD 39227-28-6 |13C,,-1, 2, 3,4, 7, 8- iXxCDD 109719- 80- 4
1,2,3,6,7, 8-HxCDD 57653-85-7 |3C,,- 1, 2, 3,6, 7, 8- iXCDD 109719-81-5
1,2,3,7,8,9- HxCDD 19408-74- 3 |*3C,,- 1, 2, 3, 7, 8, 9- HXCDD 109719-82-6
Tot al - HxCDD 34465- 46-8 |— —
1,2,3,4,7, 8- HxCDF 70648-26-9 |°C;»-1, 2, 3, 4, 7, 8- HXCDF 114423-98- 2
1,2,3,6,7, 8- HxCDF 57117-44-9 |3C;»-1, 2, 3, 6, 7, 8- HXCDF 116843- 03-9
1,2,3,7,8,9- HxCDF 72918-21-9 |*3C;»-1, 2, 3, 7, 8, 9- HXCDF 116843-04-0
2,3,4,6,7, 8- HXCDF 60851- 34-5 |3C;»- 2, 3, 4, 6, 7, 8- HXCDF 116843- 05- 1
Tot al - HxCDF 55684-94-1 |— —
1,2,3,4,6,7,8-HpCDD 35822-46-9 |3C,-1, 2, 3,4, 6,7, 8- HpCDD 109719-83-7
Tot al - HpCDD 37871-00-4 |— —
1,2,3,4,6, 7, 8- HpCDF 67562-39-4 |3C,-1, 2, 3,4, 6,7, 8 HpCDF 109719- 84-8
1,2,3,4,7,8,9- HCDF 55673-89-7 |¥C,-1, 2, 3,4, 7,8, 9- HhCDF 109719-94-0
Tot al - HpCDF 38998-75-3 |— —
OCDD 3268-87-9 |*3C,,- OCDD 114423-97-1
OCDF 39001- 02-0 [not used —

1 Chl ori nated di benzo-p-di oxi ns and chl ori nated di benzof urans

TCDD
TCDF
PeCDD
PeCDF
Hx CDD
Hx CDF
HpCDD
HpCDF
OoCDD

OCDF

DLMD1. 4 (1/02)

Tet rachl or odi benzo- p- di oxi n
Tet rachl or odi benzof uran
Pent achl or odi benzo- p-di oxi n
Pent achl or odi benzof ur an
Hexachl or odi benzo- p-di oxi n
Hexachl or odi benzof ur an
Hept achl or odi benzo- p-di oxi n
Hept achl or odi benzof ur an
Cct achl or odi benzo- p-di oxi n
Cct achl or odi benzof ur an

Page 4-64 of 75




Exhi bi t

D --

Section 15

Tabl es/ Di agr ans/ Fl owcharts (Con’t)

TABLE 2. Retention Tine (RT) References, Quantitation References, Relative
Retention Tinmes (RRTs), and M ni mum Levels for Chlorinated Di benzo-
P- Di oxi ns/ Chl ori nat ed Di benzof urans (CDDs/ CDFs)
CRQL
Retention Time Relative -
CDD/CDF and Quantitation Retention Water Solid
Reference Time (pg/L; (ng/kg; | Extract
PpPq) ppt) (pg/pL;
Compounds using *°C,,-1,2,3,4-TCDD as the injection internal standard
2,3,7,8-TCDF 18C,,- 2, 3,7, 8- TCDF 0. 999-1. 003 10 1 0.5
2,3,7,8-TCDD 18C,,- 2, 3,7, 8-TCDD 0. 999-1. 002 10 1 0.5
1,2,3,7, 8- PeCDF 18C,-1, 2, 3, 7, 8- PeCDF 0. 999-1. 002 50 5 2.5
2,3,4,7, 8- PeCDF 18C,- 2,3, 4,7, 8- PeCDF 0. 999-1. 002 50 5 2.5
1,2,3,7, 8- PeCDD 18C,-1, 2, 3, 7, 8- PeCDD 0. 999-1. 002 50 5 2.5
18C,,- 2, 3,7, 8- TCDF 18C,-1, 2, 3, 4- TCDD 0.923-1.103
18C,,- 2, 3,7, 8-TCDD 18C,-1, 2, 3, 4- TCDD 0.976-1. 043
' ,-2,3,7,8-TCDD 18C,-1, 2, 3, 4- TCDD 0.989-1. 052
18C,-1, 2, 3, 7, 8- PeCDF 18C,-1, 2, 3, 4- TCDD 1. 000-1. 425
18C,- 2,3, 4,7, 8- PeCDF 18C,-1, 2, 3, 4- TCDD 1.011-1.526
18C,-1, 2, 3, 7, 8- PeCDD 18C,-1, 2, 3, 4- TCDD 1. 000-1. 567
Compounds using *°C,,-1,2,3,7,8,9-HxCDD as the Injection internal standard
1,2,3,4,7, 8- HxCDF 18C,-1,2,3,4,7, 8- HXCDF 0. 999-1. 001 50 5 2.5
1,2,3,6,7, 8- HxCDF 18C,,-1, 2, 3,6, 7, 8- HXCDF 0. 997-1. 005 50 5 2.5
1,2,3,7,8, 9- ixCDF 18C,,-1,2,3,7, 8, 9- HXCDF 0. 999-1. 001 50 5 2.5
2,3,4,6,7, 8- HXCDF 183C,,-2,3,4,6, 7, 8- HXCDF 0. 999-1. 001 50 5 2.5
1,2,3,4,7,8-HxCDD 18C,-1,2,3,4,7, 8- HCDD 0. 999-1. 001 50 5 2.5
1,2,3,6,7, 8- HxCDD 13C,-1, 2, 3,6, 7, 8- HxCDD 0. 998-1. 004 50 5 2.5
1,2,3,7,8, 9- HixCDD! 1. 000-1. 019 50 5 2.5
1,2,3,4,6,7, 8- HpCDF 13C,-1,2,3,4,6,7, 8- HpCDF 0. 999-1. 001 50 5 2.5
1,2,3,4,7,8, 9- HoCDF 18C,-1,2,3,4,7, 8, 9- HCDF 0. 999-1. 001 50 5 2.5
1,2,3,4,6,7, 8- HpCDD 13C,-1,2,3,4,6,7, 8-HpCDD 0. 999-1. 001 50 5 2.5
OCDF 13C,,- OCDD 0. 999-1. 008 100 10 5.0
QOCDD 13C,,- OCDD 0. 999-1. 001 100 10 5.0
18C,-1,2,3,4,7, 8- HXCDF 13C,-1,2,3,7, 8, 9- HxCDD 0. 944-0. 970
13C,,-1, 2, 3,6, 7, 8- HXCDF 13C,-1,2,3,7, 8, 9- HxCDD 0. 949-0. 975
18C,,-1, 2, 3,7, 8, 9- HXCDF 13C,-1,2,3,7, 8, 9- HxCDD 0.977-1. 047
183C,,-2,3,4,6, 7, 8- HXCDF 18C,-1,2,3,7, 8, 9- HXxCDD 0. 959-1. 021
18C,-1,2,3,4,7, 8-HCDD 13C,-1,2,3,7, 8, 9- HXxCDD 0.977-1. 000
13C,,-1, 2, 3,6, 7, 8- HxCDD 13C,-1,2,3,7, 8, 9- HxCDD 0.981-1. 003
13C,-1,2,3,4,6,7, 8- HpCDF 13C,-1,2,3,7, 8, 9- HxCDD 1. 043-1. 085
13C,-1,2,3,4,7, 8, 9- HCDF 13C,-1,2,3,7, 8, 9- HXxCDD 1.057-1. 151
13C,-1,2,3,4,6,7,8-HpCDD | BCy,-1, 2, 3,7, 8, 9- HiXCDD 1.086-1.110
13¢C,,- OCDD 18C,-1,2,3,7, 8, 9- HxCDD 1.032-1. 311

1The retention tine reference for
18C,-1, 2, 3,6, 7, 8- HxCDD.

responses of
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1,2,3,7,8,9-HxCDD is quantified using the averaged
13C,-1,2,3,4,7,8-HXCDD and 3Cj,-1, 2, 3, 6, 7, 8- HxCDD.

DLMD1. 4 (1/02)




Exhibit D -- Section 15
Tabl es/ Di agr ans/ Fl owcharts (Con’t)

TABLE 3. Concentration of Stock and Spi king Sol uti ons Cont ai ni ng
Chl ori nated Di benzo- P-Di oxi ns/ Chl ori nated Di benzof urans
(CDDs/ CDFs) and Label ed Conpounds
Labeled Labeled Native Native
compound compound compound compound
CDD/CDF stock spiking stock spiking
solutiont! solution? solution?® solution*
(ng/mL) (ng/mL) (ng/mL) (ng/mL)
2, 3,7,8-TCDD — — 40 0.2
P, 3,7, 8- TCDF — — 40 0.2
1, 2,3,7, 8-PeCDD — — 200 1
1, 2, 3,7, 8- PeCDF — — 200 1
2, 3,4,7, 8- PeCDF — — 200 1
1, 2,3,4,7, 8- HCDD — — 200 1
1, 2,3,6,7, 8- HxCDD — — 200 1
1, 2,3,7,8,9- ixCDD — — 200 1
1, 2,3,4,7, 8- HxCDF — — 200 1
1, 2,3,6,7, 8- HXCDF — — 200 1
1, 2,3,7,8, 9- iXCDF — — 200 1
2, 3,4,6, 7, 8- HXCDF — — 200 1
1,2,3,4,6,7, 8- HpCDD — — 200 1
1, 2,3,4,6,7, 8- HpCDF — — 200 1
1,2,3,4,7,8, 9- HoCDF — — 200 1
OCDD — — 400 2
OCDF — — 400 2
13Cy,- 2, 3,7, 8- TCDD 100 2 — —
13C,,- 2, 3, 7, 8- TCDF 100 2 — —
13C,- 1, 2, 3,7, 8- PeCDD 100 2 — —
3C,- 1, 2, 3, 7, 8- PeCDF 100 2 — —
13Cy,- 2, 3, 4, 7, 8- PeCDF 100 2 — —
3C,- 1, 2, 3,4, 7, 8- HXCDD 100 2 — —
2C,- 1, 2, 3,6, 7, 8- HXCDD 100 2 — —
13C,- 1, 2, 3,4, 7, 8- HXCDF 100 2 — —
3C,- 1, 2, 3, 6, 7, 8- HXCDF 100 2 — —
3C,- 1, 2, 3,7, 8, 9- HXCDF 100 2 — —
13Cy,- 2, 3, 4, 6, 7, 8- HXCDF 100 2 — —
13C,- 1, 2,3,4,6,7, 8-HpCDD 100 2 — —
13C,- 1, 2, 3,4, 6,7, 8- HpCDF 100 2 — —
13C,- 1, 2, 3,4,7, 8, 9- HoCDF 100 2 — —
13C,,- OCDD 200 4 — —
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TABLE 3. Concentration of Stock and Spi king Sol uti ons Cont ai ni ng
Chl ori nated Di benzo- P-Di oxi ns/ Chl ori nated Di benzof urans
(CDDs/ CDFs) and Label ed Conpounds
Labeled Labeled Native Native
compound compound compound compound
CDD/CDF stock spiking stock spiking
solution'’ solution? solution?® solution*
(ng/mL) (ng/mL) (ng/mL) (ng/mL)

Cleanup Standard®
¥ql ,-2,3,7,8-TCOD 0.8
Internal Standards®
18C,-1, 2, 3, 4- TCDD
8C,-1,2, 3,7, 8, 9-HxCDD

200
200

1Section 7.7.2, prepared in nonane and diluted to prepare spiking solution.

2Section 7.7.4, prepared in acetone fromstock solution daily.

8Section 7.7.3, prepared in nonane and diluted to prepare spiking solution

4Section 7.8.4, prepared in acetone fromstock solution daily.

5Section 7.8.1, prepared in nonane and added to extract prior to cleanup

nonane and added to the concentrated extract
into the GC (see Section 10.6. 3).

6Section 7. 8. 2,

. prepared in
i medi ately prior

to injection

Page 4-67 of 75 DLMD1. 4 (1/02)



Exhi bit D -- Section 15

Tabl es/ Di agr ans/ Fl owcharts (Con’t)

TABLE 4.

Di benzof urans ( CDDs/ CDFs)

Verification Solutions

Concentration of Chlorinated D benzo-P-Di oxi ns/ Chl ori nat ed
in Calibration and Calibration

cs1l Cs2 cs3t? Cs4 Cs5
cpp/coE (ng/mL) (ng/mL) [ (ng/mL) | (ng/mL) | (ng/mL)

2,3,7,8-TCDD 0.5 2 10 40 200
2,3,7,8-TCDF 0.5 2 10 40 200
1,2,3,7, 8- PeCDD 2.5 10 50 200 1000
1,2,3,7, 8- PeCDF 2.5 10 50 200 1000
2,3,4,7, 8- PeCDF 2.5 10 50 200 1000
1,2,3,4,7,8-HxCDD 2.5 10 50 200 1000
1,2,3,6,7, 8- HxCDD 2.5 10 50 200 1000
1,2,3,7,8,9- ixCDD 2.5 10 50 200 1000
1,2,3,4,7, 8- HxCDF 2.5 10 50 200 1000
1,2,3,6,7, 8- HxCDF 2.5 10 50 200 1000
1,2,3,7,8, 9- ixCDF 2.5 10 50 200 1000
2,3,4,6,7, 8- HXCDF 2.5 10 50 200 1000
1,2,3,4,6,7, 8- HpCDD 2.5 10 50 200 1000
1,2,3,4,6,7, 8- HoCDF 2.5 10 50 200 1000
1,2,3,4,7,8, 9- HoCDF 2.5 10 50 200 1000
QOCDD 5.0 20 100 400 2000
OCDF 5.0 20 100 400 2000
183C,,- 2, 3,7, 8-TCDD 100 100 100 100 100
18C,,- 2, 3,7, 8- TCDF 100 100 100 100 100
18C,-1, 2, 3, 7, 8- PeCDD 100 100 100 100 100
18C,-1, 2, 3, 7, 8- PeCDF 100 100 100 100 100
183C,- 2, 3, 4,7, 8- PeCDF 100 100 100 100 100
18C,-1,2,3,4,7, 8-HCDD 100 100 100 100 100
18C,-1,2, 3,6, 7, 8-HxCDD 100 100 100 100 100
18C,-1,2,3,4,7, 8- HXCDF 100 100 100 100 100
18C,-1, 2, 3,6, 7, 8- HXCDF 100 100 100 100 100
18C,,-1,2,3,7, 8, 9- HXCDF 100 100 100 100 100
18C,-2,3,4,6, 7, 8- HXCDF 100 100 100 100 100
13C,-1,2,3,4,6,7, 8-HpCDD 100 100 100 100 100
13C,-1,2,3,4,6,7, 8- HpCDF 100 100 100 100 100
18C,-1,2,3,4,7, 8, 9- HCDF 100 100 100 100 100
13¢C,,- OCDD 200 200 200 200 200
Cleanup Standard
A ,-2,3,7,8-TCDD 0.5 2 10 40 200
Internal Standards
18C,-1, 2, 3, 4- TCDD 100 100 100 100 100
18C,-1,2,3,7, 8, 9- HXxCDD 100 100 100 100 100

1See Section 7.8.3, calibration verification solution.

DLMD1. 4 (1/02) Page 4-68 of 75



Exhibit D -- Section 15
Tabl es/ Di agr ans/ Fl owcharts (Con’t)

TABLE 5. Gas Chronatography (GC) Retention Tine (RT) Wndow Defining Mxture
(WM and |Isoner Specificity Check Standard (see Section 7.8.5)

CDD/CDF First Eluted Last Eluted
TCDF 1, 3,6, 8- 1,2,8,9-
TCDD 1, 3,6, 8- 1,2,8,9-
PeCDF 1,3,4,6, 8- 1,2,3,8,9-
PeCDD 1,2,4,7,9- 1,2,3,8,9-
Hx CDF 1,2,3,4,6, 8- 1,2,3,4,8,9-
Hx CDD 1,2,4,6,7,9- 1,2,3,4,6,7-
Hp CDF 1,2,3,4,6,7, 8- 1,2,3,4,7,8, 9-
HpCDD 1,2,3,4,6,7, 9- 1,2,3,4,6,7, 8-

DB-5 Col utmm TCDD | soner Specificity Check Standard

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

Sp-2331 Col unm TCDD | soner Specificity Check Standard

2,3,7,8-TCDD
1,4,7,8-TCDD
1,2,3,7-TCDD
1,2, 3,8-TCDD
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TABLE 6.

D -- Section 15

Acceptance Criteria for Laboratory Control Sample (LCS)
Test
CDD/CDF conc (3 R;ﬁﬁiery)
(ng/mL)

2,3,7,8-TCDD 10 67-158
2,3,7,8-TCDF 10 75-158
1,2,3,7,8-PeCDD 50 70-142
1,2,3,7, 8- PeCDF 50 80- 134
2,3,4,7, 8- PeCDF 50 68- 160
1,2,3,4,7, 8- HxCDD 50 70- 164
1,2,3,6,7, 8- HxCDD 50 76-134
1,2,3,7,8,9- HxCDD 50 64- 162
1,2,3,4,7, 8- HXCDF 50 72-134
1,2,3,6,7, 8- HxCDF 50 84-130
1,2,3,7,8,9- iXCDF 50 78-130
2,3,4,6,7, 8- HxCDF 50 70-156
1,2,3,4,6,7, 8-HpCDD 50 70-140
1,2,3,4,6,7, 8-HpCDF 50 82-132
1,2,3,4,7,8, 9- HCDF 50 78-138
OCDD 100 78- 144
OCDF 100 63-170
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Label ed Conpound Recovery in Sanples Wien Al Chlorinated D benzo-
P- Di oxi ns/ Chl ori nat ed Di benzof urans (CDDs/ CDFs) are Tested

Compound Test conc Labeled Compound
(ng/mL) Recovery (%)
13C,-2,3,7,8-TCDD 100 25-164
13C,-2,3,7, 8- TCDF 100 24-169
13C,-1,2,3,7, 8-PeCDD 100 25-181
1B8C,-1,2,3,7, 8- PeCDF 100 24-185
18C,-2,3,4,7, 8-PeCDF 100 21-178
18C,-1,2,3,4,7, 8- HxCDD 100 32-141
18C,-1,2,3,6,7,8, - HxCDD 100 28- 130
18C,-1,2,3,4,7, 8- HXCDF 100 26- 152
13C,-1, 2, 3,6, 7, 8- HXCDF 100 26- 123
13C,-1,2,3,7, 8, 9- HXCDF 100 29- 147
13C,,-2,3,4,6,7, 8, - HXCDF 100 28- 136
13C,-1,2,3,4,6,7, 8-HpCDD 100 23- 140
13C,-1,2,3,4,6,7, 8- HpCDF 100 28-143
13C,-1,2,3,4,7, 8, 9- HCDF 100 26- 138
13C,,- OCDD 200 17-157
c ,-2,3,7,8-TCDD 10 35-197
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TABLE 8. Descriptors, Exact mz's, mz Types, and El enental Conpositions of
the Chl orinated Di benzo- P-Di oxi ns/ Chl ori nated Di benzof urans

( CDDs/ CDFs)
Descriptor Exact m/z! m/z Type Cirlt-n:::::iin Substance?
1 292. 9825 Lock C Fy, PFK
303. 9016 M C, R ®0, O TCDF
305. 8987 V2 C, R ®0 .0 O TCDF
315. 9419 M BC, H, *0, O TCDR
317. 9389 M2 BC, H, 0, 0 O TCDR®
319. 8965 M C, H 0, O TCDD
321. 8936 V2 C, R 0, 0 O TCDD
327. 8847 M C, H 70, O TCDD!
330. 9792 C C F. PFK
331. 9368 M BC, H, ®0, O TODD?
333. 9339 M2 5C, H, 0, 0 O TODD?
375. 8364 V2 C, R ®0, 0 O Fix CDPE
2 339. 8597 M2 C, i 0, ¥d O PeCDF
341. 8567 M4 C, i *d, @0, O PeCDF
351. 9000 V2 BC, i, 0, 0 O PeCDF
353. 8970 M4 BC, i, 0, 0, O PeCDF?
354. 9792 Lock G Fi. PFK
355. 8546 M2 C, i 0, ¥d O PeCDD
357. 8516 M4 C, i *d, ¥, O PeCDD
367. 8949 M2 5C, i, ®0, 70 O PeCDD®
369. 8919 M4 BC, i, 0, ¥, O PeCDD®
400. 7974 M2 C, i 0, 0 O HpCDPE
3 373. 8208 M2 C, b, ®0, 0 O Fix CDF
375. 8178 M4 C, b, 0, 0, O Fix CDF
383. 8639 M BC, H, 0, O Fix CDF?
385. 8610 M2 BC, H, 0, 0 O Fix CDF?
389. 8157 M2 C, i, 0. 70 O Fix CDD
391. 8127 M4 C, i, 0, ¥, O Fix CDD
392. 9760 Lock G Fis PFK
401. 8559 M2 5C, B, 0. 0 O Fx CDD®
403. 8529 M4 BC, B, 0, ¥, O Fix CDD®
430. 9729 C G F., PFK
445. 7555 M4 C, b, ®d, 0, O OCDPE
4 407. 7818 M2 C, H*®d, ¥d O HpCDF
400. 7789 M4 C, H*®d, ¥d, O HpCDF
417. 8253 M BC, H *0, O HpCDF®
419. 8220 V2 BC, H *0, 0 O HpCDF®
423. 7766 V2 C, H*®d, ¥d O HpCDD
425. 7737 M4 C, H*®d, ¥d, O HpCDD
430. 9729 Lock G Fo, PFK
435. 8169 V2 BC, H *0, ¥d O, HpCDD®
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TABLE 8. Descriptors, Exact mz's, mz Types, and El enental Conpositions of
the Chl orinated Di benzo- P-Di oxi ns/ Chl ori nated Di benzof urans
(CDDs/ CDFs) (Con' t)

. 1 Elemental 2

Descriptor Exact m/z m/z Type Composi tion Substance

437. 8140 M4 BC, H*®As ¥d, G HpCDD?
479. 7165 M4 C, H3*d, %d, O NCDPE

5 441. 7428 M2 C, 3%d; ¥Ad O OCDF
442.9728 Lock Cuo Fir PFK
443. 7399 M+4 C, %0 %A, O OCDF
457. 7377 M2 C, 3d; ¥Ad O OCDD
459. 7348 M+4 C, 30 ¥A, O OCDD
469. 7779 M2 BC, ¥d, A G ocDD?
471. 7750 M4 BC, ¥dg A, O oCcDD?
513. 6775 M+4 C, 3¥dg %A, O DCDPE

INucl i di c masses used:

H = 1.007825 C = 12.00000 3C = 13.003355 F = 18.9984
O = 15.994915 %C = 34.968853 A = 36.965903

>Tcpp = Tetrachl orodi benzo- p-di oxin

TCDF = Tetrachl or odi benzof uran

PeCDD = Pentachl orodi benzo-p-di oxin

PeCDF = Pentachl orodi benzof uran

HxCDD = Hexachl or odi benzo- p-di oxi n

HXCDF = Hexachl or odi benzof uran

HpCDD = Heptachl orodi benzo- p-di oxi n

HpCDF = Hept achl or odi benzof uran

OCDD = Cctachl or odi benzo- p-di oxi n

OCDF = Cctachl or odi benzof uran

HxCDPE = Hexachl or odi phenyl et her

HpCDPE = Hept achl or odi phenyl et her

OCDPE = Cctachl orodi phenyl et her

NCDPE = Nonachl or odi phenyl et her

DCDPE = Decachl or odi phenyl et her

PFK = Perfl uorokerosene

3Label ed conpound.
“There is only one mz for 30 ,-2,3,7,8,-TCDD (cl eanup standard).
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TABLE 9. Theoretical lon Abundance Ratios and Quality Control (QC) Limts
Number of m/z's Theoretical QC Limit’
Chlorine Atoms Forming Ratio Ratio Lower Upper
42 M (M+2) 0.77 0. 65 0. 89
5 (ME2) [ ( Mr4) 1.55 1.32 1.78
6 (ME2) [ ( Mr4) 1.24 1.05 1.43
63 M (M+2) 0.51 0.43 0.59
7 (ME2) [ ( M#4) 1.05 0.88 1.20
74 M (M+2) 0.44 0. 37 0.51
8 (ME2) [ ( Mr4) 0. 89 0.76 1.02

I limts represent +15% w ndows around the theoretical ion abundance
rati os.

2Does not apply to 3d ,-2,3,7,8-TCDD (cl eanup standard).
SUsed for 3*C,- HxCDF only.

4Used for 3*C,- HpCDF only.
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TABLE 10. Suggested Sanple Quantities to be Extracted for Various
Matri ces?
Sample Matrix? Example PSeorlcieC;]st Phase EQ>?::atcitteyd

Single-phase

Aqueous Dri nki ng wat er <1 ’ 1000 niL
G oundwat er
Treat ed wast ewat er

Solid Dry soil >20 Solid 10 ¢
Conpost
Ash

Organi c Waste Q| <1 Organi c 10 g
Organi ¢ Pol yner

Ti ssue Fi sh — Organi c 10 g

Multi-phase

Liquid/Solid

Agqueous/ Sol i d Wt soi l 1-30 Solid 10 g
Untreated effluent
Di gested muni ci pa
sl udge

Organic/solid I ndustrial sludge 1-100 Bot h 10 g
Oly waste

Liquid/Liquid

Agueous/ or gani c I n-process effl uent <1 Organi c 10 g
Untreated ef fluent

Agqueous/ or gani c/solid Untreated effl uent >1 C}garig & 10 ¢

sol i

The quantity of
solids (dry weight).

sanple to be extracted is adjusted to provide 10 g of

1 L of aqueous sanpl es containing one Percent Solids

will contain 10 granms of solids. For aqueous sanples containing greater than
one Percent Solids, a |lesser volune is used so that 10 grams of solids (dry
wei ght) will be extracted.

when

2The sanple nmatrix may be anorphous for sone sanples. In general
the chl orinated di benzo- p-di oxi ns/chl ori nated di benzofurans (CDDs/ CDFs) are in
contact with a nmultiphase systemin which one of the phases is water, they
will be preferentially dispersed in, or adsorbed on, the alternate phase
because of their low solubility in water.

SAqueous sanples are filtered after spiking with the | abel ed conpounds.
The filtrate and the materials trapped on the filter are extracted separately,
and the extracts are conbined for cleanup and anal ysis.
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