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CERTIFICATE OF SERVICE

The undersigned hereby certifies that on July 25, 2024, before 5:00 PM, she caused to be
served by electronic mail, a true and correct copy of the following instruments entitled Notice of
Filing and Record on Appeal to:

Joshua R. More

Bina Joshi

Samuel A. Rasche

ARENTFOX SCHIFF LLP

233 South Wacker Drive, Suite 7100
Chicago, Illinois 60606
Joshua.More@afslaw.com
Bina.Joshi@afslaw.com
Sam.Rasche@afslaw.com

Carol Webb

Hearing Officer

Illinois Pollution Control Board
1021 North Grand Avenue East
P.O. Box 19274

Springfield, IL 62794-9274
carol.webb@illinois.gov

This email transmission contains 835 pages.
/sl Mallory Meade

Assistant Attorney General
Environmental Bureau

Under penalties as provided by law pursuant to Section 1-109 of the Code of Civil
Procedure, the undersigned certifies that the statements set forth in this Certificate of Service are
true and correct, except as to matters therein stated to be on information and belief and as to such
matters the undersigned certifies as aforesaid that she verily believes the same to be true.

/s/ Mallory Meade
Assistant Attorney General
Environmental Bureau
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(Alternative Source Demonstration
-~ Petition for Review)

CERTIFICATE OF RECORD ON APPEAL

Respondent, ILLINOIS ENVIRONMENTAL PROTECTION AGENCY (“Illinois EPA™), in

accordance with the procedural rules of the Illinois Pollution Control Board (“Illinois PCB”) as

set forth in 35 Ill. Adm. Code 105.212 and 105.116, files as its Record in this cause the Illinois

EPA's record of non-concurrence of the Vermilion Power Plant New East Ash Pond Alternative

Source Demonstration (“ASD”) which is attached and consists of the following documents:

Document
#

Description

Pages from Drever, James 1997 Geochem
of Natural Waters Elements and
Modeling

Pages from Faybishenko, Boris Dynamics
of Fluids in Fractured Rock Chapter on
Fracture Connections

US EPA SW846 Disclaimer

US EPA SW846 Chapter |

US EPA SW846 Chapter 2

US EPA SW846 Method 1315

Date

12/31/1997

12/31/2000

713172017

7/31/2017

9/19/2017

7/31/2017

Pages

R000002 -
R0OC0O011

R000013 -
R000022

R000024 -
R000024

R000026 -
R000050

R000052 -
R000141

R000143 -
R0O00179



Document
#

7

10

12

13

Description

US EPA SW846 Method 1316

USEPA GW Guide 2017

Pages from Contaminant Hydrology by
Fetter et al 2017

TITLE 35: Environmental Protection,
PART 845: Standards for the Disposal of
Coal Combustion Residuals in Surface
Impoundments

Region 4 USEPA Laboratory Services &
Applied Science Division: Operating

Procedure - Pore Water Sampling

Email from Lynn Dunaway to Stefanie

Diers, Sara Terranova and IEPA staff RE:

Joppa AS

Email thread Michael Summers, Lauren
Hunt, Lynn Dunaway and 1EPA staff RE:
Joppa West Adjusted Standard
Recommendation meeting follow up

Email from Brian Voelker to
EPA.CCR.Part845 RE: Vermilion Power
Plant NEAP ASD submittal notice

Email from Josiah Seif to IEPA Staff RE:
Vermilion Power Plant New East Ash
Pond received on 12/1/2023

Vermilion Power Plant New East Ash
Pond ASD Submittal

Email from Rhys Fuller to Keegan
MacDonna, 12:15 PM [External] RE:
Groundwater Monitoring at Vermilion
Power Plant — NPDES Permit 1L0004057

Date

713172017

9/19/2017

12/31/2017

4/21/2021

4/22/2023

11/1/2023

11/1/2023

12/1/2023

12/1/2023

12/1/2023

12/5/2023
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Pages
RO0O181 -
R000200

R000202 -
R000231

R000233 -
R0O00500

R000502 -
R000641

R000643 -
R000657

R000659 -
R000660

R000662 -
RO00665

R0O00667 -
R0O00667

R0O00669 -
R000669

R0O00671 -
RO00789

R0O00791 -
R000792



Document
#
18

20

21

22

23

Description

Email from Rhys Fuller to Keegan
MacDonna, 3:01 PM [External] RE:
Groundwater Monitoring at Vermilion
Power Plant — NPDES Permit ILO004057

Email from Lauren Hunt to Josiah Seif
RE: Vermilion Power Plant New East
Ash Pond received on 12/1/2023

Email from Earth Justice to IEPA Staff
RE: PRN comments on ASD for
Vermilion

Email from Justin Bierwagon to Lynn
Dunaway, Lauren Hunt RE: Draft ASD
Vermilion Letter

Email from Justin Bierwagon to Lynn
Dunaway, Lauren Hunt RE: Draft ASD
Vermilion Letter

Vermilion Power Plant New East Ash
Pond ASD Nonconcurrence Letter

Date

12/5/2023

12/5/2023

12/19/2023

12/20/2023

12/28/2023

12/28/2023
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Pages

R000794 -
R000795

R0O00797 -
R0O00798

R000800 -
R0O00816

R000818 -
R000820

R000822 -
R000825

R000827 -
R000828
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I, Lynn Dunaway, of the Illinots EPA, hereby certify that the documents of the Record on Appeal
filed in the above reference matter and summarized in the above Index are complete to the best of my
knowledge, information, and belief.

énﬂﬁ%

Ly Dunaway
Former Environmental Protection Specialist I'V; Current Contract Employee
Illinois Environmental Protection Agency

Respectfully submitted,

KWAME RAOUL,
Attorney General of the
State of Illinois,

MATTHEW J. DUNN, Chief
Environmental Enforcement/Asbestos
Litigation Division

By: /s/Mallory Meade
Mallory Meade

/s/Samuel Henderson
Samuel Henderson

Assistant Attorney Generals
Illinois Attorney General’s Office
Environmental Bureau

500 South Second Street
Springfield, IL 62706

(217) 557-9457

(217) 720-9820
Mallory.meade(@ilag.gov

Samuel.henderson{@ilag.gov

Dated: Wednesday, July 24, 2024
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Behavior of Specific Elements 189

by organisms (nitrogen, phosphorus, sometimes carbon, potassium, and silica), biological
processes are often the dominant control in surface waters. For elements utilized in only trace
amounts (e.g., Mn, Cu, Ni, Mo, and Se), uptake by organisms in open waters such as lakes
probably affects dissolved concentrations significantly only in environments where concen-
trations are low in general. In environments where concentrations are high as, for example,
in polluted waters, the amounts taken up by organisms are likely to be small compared to the
amounts in solution or to the amounts removed by adsorption processes.

In terrestrial systems uptake by plants can have a major influence on both heavy metals
and organic compounds. One method of water treatment is to route a contaminated water
through an artificially constructed wetland—a swamp with abundant plants (e.g., Wieder,
1993). Contaminants are removed by direct plant uptake, by adsorption on solid organic
matter, and by precipitation as sulfides where the environment is anaerobic. One problem with
artificial wetlands is that their lifetime is generally finite (a decade or so), and then the mate-
rial that makes up the wetland must be disposed of.

:HAVIOR OF SPECIFIC ELEMENTS

Several specific elements are discussed here to provide an overview of their behavior and to
illustrate patterns of behavior that are common to many other elements.

Copper, Zinc, Cadmium, and Lead

These elements have several features in common. The dominant species in solution is a diva-
lent cation (free or complexed). Under oxidizing conditions, they are soluble under acid con-
ditions and their solubilities at higher pH are limited by the solubility of a carbonate or
oxide/hydroxide (Figs. 9-12 to 9-16; these and subsequent figures have been simplified by
omission of some possible complexes in solution involving sulfate, sulfide species, carbonate
species, and OH™. These omissions do not significantly change the diagrams for the conditions
commonly encountered in fresh waters). Under reducing conditions, in the presence of sulfur
all form relatively insoluble sulfides. In the absence of sulfur, copper is insoluble as the native
metal (Fig. 9-16). The others behave as they do in oxidizing environments: they are relatively
soluble at low pH and insoluble as carbonates/oxides/hydroxides at high pH. Copper, zinc,
and cadmium form anionic species at high pH. It is rare, however, for pH values in nature to
be sufficiently high for such species to be important. The response of these elements to a
change in redox conditions is determined less by redox reactions involving the elements them-
selves than by changes occurring in sulfur species, and in Fe and Mn oxyhydroxides, which
are important substrates for adsorption.

All members of the group are complexed by natural organic matter. Some binding con
stants for complexing of the M** ion with humic substances are shown in Table 9-2. These
constants give a general indication of the strength of interaction between the metal and dis-
solved organic matter. The constant for calcium is included for comparison. In general, copper
is the most strongly complexed member of the group and is very commonly influenced by
organic complexation. Lead is next, followed by zinc and cadmium. Complexing of zinc and
cadmium by organic solutes is, generally speaking, important only where concentrations of
dissolved organic carbon are relatively high.
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All members of the group are potentially affected by adsorption on iron and manganese
oxyhydroxides (Fig. 9-17), and Cd is potentially affected by adsorption on calcite. As dis-
cussed in Chapter S, adsorption is pH dependent. Lead adsorbs at the lowest pH, followed by
Cu, Zn, and Cd. The curves shown in Fig. 9-17 illustrate the results of experiments conducted
under a specific set of conditions and should not be overgeneralized.

The expected behavior of these metals in the environment can be summarized as fol-
lows: under oxidizing conditions at low pH, they are all soluble and mobile. As the pH rises,
their concentrations tend to decrease, first because of adsorption (particularly for Pb and Cu),
and then because of the limited solubility of carbonates and oxides/hydroxides. Under
reducing conditions, if sulfur is present, all should be immobilized as sulfides. If sulfur is
absent, for Zn, Cd, and Pb the solubility control will be the same as under oxidizing condi-
tions; Cu should be insoluble at all pH values. Adsorption is generally less important under
reducing conditions because the most important substrates for adsorption, Fe and Mn oxyhy-

droxides, tend themselves to dissolve.

Arsenic and Selenium

Arsenic and selenium differ strongly from the previous examples in that both elements
undergo important changes in oxidation state themselves, and both occur in solution as

anions or as neutral species rather than as cations. pe-pH diagrams are shown in Figs. 9-18 1

and 9-19. Under oxidizing conditions, the dominant form of arsenic is the +V oxidation state,
which is present as arsenic acid and its anions {arsenate), corresponding closely to phos-
phoric acid and phosphate species. For selenium, the dominant form under oxidizing condi-
tions is selenate, which is closely analogous to sulfate. As conditions become reducing,
As(V) is reduced to As(IIf)—arsenious acid and arsenite anions. When sulfate reduction
occurs, As precipitates as a sulfide; if sulfur is absent, it remains in solution as arsenious acid
or an arsenite. Elemental arsenic should be a stable species under highly reducing conditions,
but it does not occur commonly in nature. For selenium, selenite species (analogous to sul-
fite) occur at intermediate redox levels, followed by elemental selenium and hydrogea
selenide (analogous to hydrogen sulfide) species under strongly reducing conditions. Both

FIGURE %-17 Adsoiption of Cu®*, R |
Cd*, Zn*", Pb*™, C>*, and Ca®* (for
comparison) on hydrous ferric oxide

as a function of pH. Each metal g
shows an adsorption “edge”; at pH b
values below the edge. the ion is not *
adsorbed or very weakly adsorbed.

At pH values above the edge. the ion

is strongly adsorbed. Conditions cor- -—t—ﬁ—&—lﬁ‘d—{k—l—l—d—‘—l—‘—d—hﬂ-ﬁ
respond to a high ratio of hydsous p g & g L i
ferric oxide to adsorbing cation and PR
an ionic strength of 0.1 m. The edges

move towards higher pH as the ratio

adsorbing cation:hydrous ferric

oxide increases. From data in
Dzombak and Morel (1990).

2 &
FQ.SS 8




Electronic Filing: Received, Clerk's Office 07/25/2024

Behavior of Specific Elements 193
FIGURE 9-18 Simplified pe-pH e
diagram for the system As--O--H,0 10
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FIGURE9Y-19 Simplified pe--pH 20
diagram for the system Se--0--H,0 I 1.0
at 25°C and one atmosphere. 15
Solubility is defined as a dissolved
Se activity of 10, Data are fiom 10
Cowan (1988). 0.5
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arsenic and selenium may be incorporated into iron suifides under reducing conditions. The
kinetics of redox transformations involving arsenic and selenium are slow, so disequilibrium
is common (Kent et al.. 1994; Runnells and Lindberg, 1990).

Arsenate species form inner-sphere complexes at the iron oxyhydroxide surface and are
strongly adsorbed at near-neutral pH (Fig. 9-20). At high pH the strong negative charge on the
oxide surface decreases adsorption of anions. As(III) apparently does not form inner-sphere
complexes at the oxide surface. It is not strongly adsorbed at any pH value. For selenium, the
adsorption picture is reversed. The oxidized form is only weakly adsorbed (similar to sulfate),
whereas Se(IV) is strongly adsorbed under near-neutral conditions.

Organoarsenic compounds occur in nature but do not appear to be particularly impor-
tant in the overall cycle of arsenic. Organic forms of selenium are more important, particu-
larly in plants that accumulate selenium. Certain plants, notably vetches of the genus
Astragalus, can accumulate high concentrations of selenium and may cause toxicity prob-
lems for livestock.

R000004
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194 Heawy Metals and Metalloids  Chapter S

FIGURE 9-20 Adsorption of arsenate. arsenite, selenate. selenite. chromate. and sulfate (for comparison)

on hydrous ferric oxide as a function of pH. Most of the anions show an adsorption “edge”: at pH values above
the edge (for anions), the ion is not adsorbed or very weakly adsorbed. At pH values below the edge, the ion

is strongly adsorbed. The anomalous behavior of arsenite is related to the fact that AsO3  is fully protonated

to H,AsO, below pH 9 (Fig. 9-18); the symbol AsO}" is used for all As in the +11J oxidation state. Conditions
correspond to a high ratio of hydrous ferric oxide to adsorbing cation and an ionic strength of 0.1 m. The edges
move towards lower pH as the ratio adsorbing anion:hydrous ferric oxide increases. From data in Dzombak and
Morel (1990).

Chromium

Chromium (Fig. 9-21) shows some similarities to both of the groups of elements discusse:
above. Under highly oxidizing conditions, the hexavalent form (chromate) is stable as a
anion. It is not strongly adsorbed (adsorption edge at about pH 7, Fig. 9-20) and is therefor
mobile in the environment. Under interinediate and reducing conditions, Cr(IIl) is the stabl
oxidation state. It is insoluble in the neutral and alkaline pH ranges. It is soluble (largely a
Cr(OH)?*) under acid conditions. In general, Cr(III) species are strongly adsorbed (Fig. 9-17
Where dissolved chromium pollution occurs, the problem form is generally Cr(VI).

FIGURE 9-21 pe-pH diagram for e B
the system Cr--O--H,0 at 25°C and

one atm. Solubility is defined as a

dissolved Cr activity of 10™. Data

from Brookins (1988)
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FIGURE9-22 pe-pH diagram for 20
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Mercury

The chemistry of mercury in the environment is highly complex. The thermodynamically
stable forms are shown in Fig. 9-22. The common soluble form is the oxidized (mercuric)
Hg”* ion and its hydrolysis product Hg(OH)3, with the reduced (mercurous) Hg2* ion being
less important. Elemental mercury has a large stability field. The elemental form is volatile
and slightly soluble in water. The global cycle of mercury is dominated by vapor-phase trans-
port of Hg® through the atmosphere (Mason et al., 1994). Mercury is transformed by microor-
ganisms into organic forms, notably monomethyl mercury (CH;Hg) and dimethyl mercury
[(CH,),Hg]. These organic forms, in addition to being highly toxic, are volatile and tend to
accumulate in the food chain. High concentrations of Hg in fish, which are common in pol-
luted waters, generally result from accumulation of organomercury species. Pollutant Hg in
sediments is partly transformed to organomercury species and partly to the sulfide.

Most of the metals discussed above—Cu, Zn, Cd, Pb, As, Hg, and, to a lesser extent,
Se—are transformed to sulfides in anaerobic sediments. So long as conditions remain anaer-
obic and sulfur is available, they are relatively immobile. However, any disturbance, such as
dredging, that brings the sediment into contact with oxygen will cause oxidation of the sul-
fides and release of the metals into solution. Cleaning up or moving contaminated sediments
is a difficult problem because it may lead to oxidation and mobilization of these metals.

1. To understand the behavior of any trace element in natural waters, it is essential to
know the chemical form of the element in the water of interest. Anomalously high concentra-
tions are often related to the presence of stable complexes in solution.

2. The solubility of phases containing the element as a major constituent (commonly an
oxide/hydroxide, carbonate, or sulfide) provides a general upper limit to the concentration of
a specific element.
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368 Transport and Reaction Modeling

This is exactly the expression we had for a non-adsorbed solute (Eq. 16-9), but with U\_m
stituted for D (which could be either a dispersion coefficient or a diffusion coefficient).
spreading by diffusion or dispersion is retarded in an analogous manner t0 adyeg
Provided dispersion is much greater than diffusion, the geomeiry of movement and spr,
of an adsorbed solute as it moves through an aquifer will be exactly the same as that of
unadsorbed solute, but the time taken to reach a particular position and “width” will be a f;
of R longer.

Adsorption affects only non-steady-state diffusion. At steady state (e.g. a constant
centration gradient between a constant source and a constant sink), there is no net uptake
release by adsorption, so adsorption has no effect on diffusion. The diffusional flux will
given by Fick'’s first law with no correction for adsorption.

The above discussion applies only to the limiting case of rapid, reversible, linear ad
tion. Because of its mathematical convenience, the retardation equation based on the linear
is often used as an approximation even where these conditions do not hold. It should also
remembered that, in general, the numerical value of K, is specific to the solute, the substrat

and the composition of the groundwater. It is not readily transferred from one experiment
situation to another.

Example 3

Suppose the pollutantin Example 2 above is adsorbed by the sediment, and the adsorption can be

described by a constant K of 5 #/kg. How long will it now take for the pollutant to reach a depth
o:oa:.:.

If we assume a grain density of 2.6 g/cm’, the redardation factor, R, is

1+ 2226 x5) = 657
.X "v
01

The times calculated in Example 2 will be multiplied by this number. The time for | percent of the
mnitial concentration to reach 50 cm will thus be 10.97 y rather than 1.67 y. Note that, for a given
K, the retardation factor increases as the porosity decreases as a result of the factor (1 — ¢)/¢. If,
in this example, the porosity had been 10 percent rather than 70 percent, the retardation factor
would have been 118 rather than 6.57.

Reaction path calculations, or mass-transfer codes, give us the successive compositions of a
solution as a mineral (or several minerals) reacts with a solution or as some other process, such
as evaporation of the solution, proceeds. The mass of each solid phase or gas produced or con-
sumed is calculated. Such codes do not, in general, contain any kinetic information: They cal-
culate changes as a function of the amount of reaction that has taken place but do not say
anything about how long the reaction should take. The most widely available and widely used
codes are PHREEQE (Parkhurst et al., 1980), EQ3/6 (Wolery, 1979), SOLMINEQ.88
(Kharaka et al., 1988), and MINTEQA?2 (Allison et al., 1991). PHRQPITZ (Plummer et al.,
1988) is a version of PHREEQE modified to include Pitzer’s equations for calculations at high
ionic strength (see Chapter 2); PHREEQC (Parkhurst, 1995) is an updated version of
PHREEQE that includes inverse modeling analogous to NETPATH (see Chapter 12 and later
in this chapter). Each of these codes was developed for a slightly different purpose, which
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FIGURE 16-10  Concentration (m) of species in the aqueous phase (solid lines) and amounts (mol/kg H,0) of
minerals produced and destroyed (dashed lines) as K-feldspar reacts with water at 25°C and ! atm pressure. The

abscissa represents the number of moles of K-feldspar destroyed per kg H,0. The letters correspond to the points on
the reaction path shown in Fig. 16-11 {Helgeson et al., 1969).

3. Reactions involving silicates can be ignored. The justification for this assumption is that
the groundwater has been in contact with the silicate minerals surrounding the pit for a long
time and should be close to equilibrium or at least steady state.

4. Our time span and flow rate are such that evaporation and dilution by ramnfall can be

neglected. In reality these would be incorporated into the model. ‘They are omitted here for
the sake of simplicity.
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FIGURE 16-11 Path of solution
composition (ABCDE) as ﬂ.?_n.uvm-
reacts with water, plotted on a min
eral stability diagram (after Helgeson
etal., 1969). g
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TABLE 16-2 Composition of inflow Water for Example 4

As 0.05 ppm

b b w””“ Cu 0.014 ppm

¢ i 2n 1] ppm
1514 ppm

o 54.6 ppm .

iy pH 7.

« o om )

et 12.54 mealf T 20°C

Alkalinsty
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We can see from Table 16-3 that the water is supersaturated with respect to various’
luding calcite, dolomi gnesite, and a range of compounds containing ferric iron (
drite, goethite, hematite, jarosite, etc.) the high saturation indices for these phases is a
quence of our decision to specify the total Fe as Fe**. The next step is to choose which
precipitate. We shall choose ferrihydrite as the iron compound, as it is the phase most likely
cipitate. We shall also choose calcite as a phase likely to precipitate in a natural system,
shall not allow dolomite (or other Mg-carbonate phases) to precipitate because the kinetics
cipitation of these phases are generally slow (Chapter 3). Note that no phases containing
elements Cu, Zn, or As are supersaturated.

With these choices, we can now perform a second MINTEQA? run in which we:

1. Do not specify the input pH, instead allowing MINTEQAZ to calculate the pH.

TABLE 16-4 Output from the MINTEQA2 Equilib

autput file has been greatly condensed.)
—_ - —
PART 1 of OUTPUT FILE. . ———

Example 4: Equilibration with atmosphere

Temperature (Celsius):

20.00

ration Calculation for Example 4 (The

-

and solid phases

Units of concentra
Ionic strength to

1f specified, carbonate nw:nman
Do not automatically terminate

tion: MG/L
pe computed.

if charge impalance

i i e
ration represents total inorganicC carbon

exceeds 30%
cified as ALLOWED

precipitation is

allowed only for those solids spe

in the input file (if any)

The maximum numoer of

iterations is:
mpute activity co

40 )
efficients is: Da

vies equation

The method used to com
2. Specify equilibrium with a CO, gas phase at a pressure of 3.16 x 107 atm (atmos| Intermediate output file s
CO, pressure). We could also list O, at a fixed pressure of 0.2 atm, but this is unneces: I == P e R
if our input does not contain any reduced species. wmmmw.uwmv BEFORE TYPE zouHmanaHMﬂWmm LoG GUESS  ANAL TOTAL
3. Specify calcite and ferrihydrite as possible solids. A possible solid is one that is allow 1D NAME vn.—.zw.—.wocmuoq 271 00 0Ll u4°m+ww
precipitate if the solution & supersaturated with respect 1o it. Phases that are not list 330 m% n 3.548E-07 -6 Mww w.mmwmwcw
this way (or in an analogous way) will not be considered in the calculations. wa Mmﬂwo w. wmwmlww -w 170 2 '380E+01
, 180 Cl-1 . o) -6.660 1.400E-02
Part of the output from this run is shown in Table 16-4. The solution is in equilibrium with cal 231 Cu+2 wﬂwwwm\ww -4.640  1.270E+00
. . N . = 281 Fe+3 E _2.650 5.460E+01
and ferrihydrite, and has a final pH of 8.88. This output would constitute our prediction for o 2.239£-03 37360 1.700E+01
major ions in solution. Note that the solution is still supersaturated with respect to ferr WMM MMM 4.365E-04 _2.550 6.420E+01
(hydr)oxides more stable than ferrihydrite (Chapter 7), and with respect to Mg-containing 500 Na+l M.NMWMHWW _2.970 1.040E+02
bonates. 99.9 percent of the iron has been precipitated as ferrihydrite, and 98.6 percent of the 732 SO04-2 1. 698E-05 -4,770 1. poom+ow
cium as calcite, The presence or absence of calcite in the bedrock would make no difference totl 950 2n+2 9.333E-05 -4.030 7. NMW_WHWH
calculation, as calcite is precipitating and not dissolving. The main reason why so much calcit 140 Nwwln 1.000E+00 .000 0.
precipitated is the drop in P, from a valye of 107" in the inflow water to 107 in the equili- 2

brated pit lake.

Charge Balance: UNSPECIATED

= 2.906E-02
Sum of CATIONS= 2.900E-02 Sum of ANIONS

So far, the only process we have considered is precipitation of supersaturated phases.

Rece
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)
/ (ANIONS + CATIONS
g b (ANIONS - CATIONS)

P - Sl R h FERENCE = 1.065E 01

Adsorption is also likely to be a significant control on trace element concentrations, particularly. PERCENT DIF

As, Cu, and Zn in our example (Table 16-2). .>m discussed in Chapter 5, adsorption can also be Type V - POSSIBLE SOLIDS -t Lo MOL  NEW LOGK DH

modeled by use of MINTEQA?2. This calculation is performed after the major element chemistry D NAME nwwwqm 402 2.287 8.446 2.585

has been calculated. It is necessary to specify the amount and properties of the adsorption sub- 5015001 CALCITE STE M. 817E+02 2.834 -4.891 -000

strate, which requires further assumptions. The details of these calculations are not presented 2028100 FERRIHYDR

here. A reasonable set of assumptions would be that ferrihydrite is the adsorbing phase, the
amount present is equal to the amount precipitated in the previous modeling step, and its proper-
ties are the same as those of ferrihydrite used in laboratory experiments by Dzombak and Morel
(1990). The Dzombak and Morel bers are supplied as a data file with MINTEQA2.

Calculations based on these assumptions indicate that adsorption should greatly reduce the con-
centrations of arsenic, copper, and zinc.

- .. ---EQUILIBRATED MAS

PART 5 O

S DISTRIBUTION--==-~"

f OUTPUT FILE —— —————

ITATED
SORBED PRECIP
LVED PER-
ies — zowwmwo PERCENT  MOL/KG  PERCENT  MOL/KG
A 8 . s 0 0.000E-01

Application to Contaminant Transport in Groundwater 4.365E-03 100.0  0.000E-01 S ¢ 000E-01

330 :mp - 3 527807 100.0 o.wmmm.ww 0 0 o a0l
AL . . . 61 H3As ) d 100.0  0.000E- : ) .

It has become recognized in recent years that human activities are introducing contaminants 950 zn+2 M.mwww “w 1000 0.000E-0L .0 m.wmwm Mw

into groundwater systems on an enormous scale. Examples include leaching from municipal 180 Cl-1 2 206E-07 100.0 0O .ooom\ww w 0.000E-01

landfills, hazardous waste burial sites, mine tailings, and various spills, both deliberate and www PR 1 084E-03 WNM.N m.mwmwop 0 0.000E-01

accidental. Agriculture itself often causes contamination of groundwater by fertilizers 460 Mg+2 2.248E203 i .

(notably nitrate) and pesticides. A great deal of effort is currently being put into modeling the
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410 K+1 4.353E-04  100.0  0.000E-01 .0 0.000E-01
500 Na+l 2.796E-03  100.0  0.000E-01 .0 0.000E 01
281 Fe+3 1.853E-08 .1 0.000E-01 .0 2.275E-05
150 Ca+2 5.213E-05 1.4 0.000E-01 .0 3.730E-03
140 CO3-2 4.727E-03 55.9  0.000E-01 .0 3.730E-03
2 H20 9.297E-06  100,0  0.000E-01 .0 0.000E-01
Charge Balance: SPECIATED
Sum of CATIONS = 7.178E-03 Sum of ANIONS  7.239E-03
PERCENT DIFFERENCE = 4.291E-01 (ANIONS - CATIONS)/ (ANIONS + -
EQUILIBRIUM IONIC STRENGTH (m) = 1.029E-02
EQUILIBRIUM PH = 8.879

PART 6 of OUTPUT FILE
Saturation indices and stoichiometry of all minerals

ID # NAME Sat. Index Stoichiometry in [brackets]

5015000 ARAGONITE .154 [ 1.000)] 150 [ 1.000] 140

5015001 CALCITE . 000 [ 1.000) 150 [ 1.000) 140

5015002 DOLOMITE 1.654 [ 1.000) 150 [ 1.000) 460 [ 2.000)

2028100 FERRIHYDRITE 0.000 [ -3.000) 330 [ 1.000) 281 [ 3.000)

2028102 GOETHITE 4.210 [ -3.000)] 330 [ 1.000) 281 [ 2.000) =

6015001 GYPSUM -2.897 [ 1.000) 150 [ 1.000) 732 [ 2.000) .2

3028100 HEMATITE 13.405 [ -6.000) 330 [ 2.000) 281 [ 3.000] 2

5015003 HUNTITE . 812 [ 3.000) 460 [ 1.000) 150 [ 4.000] 140

6041002 JAROSITE K -7.386 [ -6,000) 330 [ 1.000) 410 [ 3.000] 281
[ 2.000) 732 [ 6.000) 2

3028101 MAGHEMITE 3.397 [ -6.000) 330 [ 2.000) 281 | 3.000) B

5046002 MAGNESITE 1.156 [ 1.000) 460 [ 1.000] 140

2023101 TENORITE -.815 [ -2.000) 330 [ 1.000) 231 | 1.000) 3

5095000 SMITHSONITE -.861 [ 1.000) 950 [ 1.000]) 140

5095001 2ZNCO3, 1H20 -.546 [ 1.000) 950 [ 1.000) 140 [ 1.000) 1

2095005 ZNO(ACTIVE} -.449 [ -2.000) 330 [ 1.000) 950 | 1.000] z

2095006 ZINCITE -.552 [ -2.000] 330 [ 1.000] 950 | 1.000] 2

5023101 MALACHITE -2.691 [ 2.000]) 231 { 2.000]) 2 | 1.000] 140
[ -2.000] 330

3028102 LEPIDOCROCIT 3.520 [ -3.000) 330 [ 1.000) 281 | 2.000] i

behavior of contaminants in the subsurface, both for predicting the fate of and designing reme-
diation strategies for existing contaminants and for designing and locating disposal sites for
future waste, particularly high-level radioactive waste.

Before any detailed geochemical modeling can be attempted, the hydrology of the area
in question, particularly groundwater flow paths and velocities, must be established. This is by
no means a trivial requirement; the information required for an adequate hydrologic model
may be greater than that required for a chemical model, and the mathematical formulation of
the hydrologic model may be extremely complex.

For modeling purposes, it is often convenient to divide the region to be studied into a
source, a mixing zone (rear field, in the terminology of radioactive waste disposal), and a rel-
atively undisturbed aquifer or aquifers (far field). This is illustrated conceptually in Fig. 16-12
for a mill tailings pile. A real example of modeling applied to a uranium mill tailings pile is
given by White et al. (1984) and Narasimhan et al. (1986). The source is the downward move-
ment of solutions from the tailings pile. These solutions are oxygenated and highly acidic
from the processing used in the mill and contain high concentrations of iron and several trace
elements such as uranium, molybdenum, and selenium.

Chemical Evolution
FIGURE 16-12  Schematic illustra:

tammants
tion of migration of con!
a uranjum mill tailings pile. ]Imn. UAIJII‘ T
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a list of phases that may dissolve, precipitate, or both. The output is a list of all the
reactions involving the listed minerals that satisfy the mass balance constraints. NE
also considers isotopic balance for *C, *C, **S, D, T, '®0 and *'Sr, and includes WATE
a subroutine to test whether the reactions deduced from mass balance are chemically r
able. It would not be reasonable, for example, to postulate that gypsum precipitates
solution that is undersaturated with respect to gypsum.

An excellent example of this type of modeling is the study by Plummer et al. (1
the chemical evolution of groundwater in the Madison aquifer as it moves several hundr
eastward from recharge areas in Montanaand Wyoming. The chemical evolution of the
was consistent with dissolution of gypsum and dolomite, precipitation of calcite, and oxi
tion of organic matter. That set of reactions explained not only the major element chemi
but also the isotopes of carbon and sulfur.

A major problem with NETPATH-type modeling, particularly of silicate weathel
reactions, is that solutions are rarely unique. Several different sets of minerals can usually
found that satisfy the constraints. Also, depending on the number of solid phases chosen, th
may be no solution or an indeterminately large number of solutions. The code is thus a tool
be used in conjunction with geologic insight and judgment: it does not provide simple, unig
answers. The inclusion of isotopes may greatly constrain the number of possible answers, pri
vided sufficient isotopic data are available.

07/25/2024
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1. Suppose you had a 1 mm wide fracture in an igneous rock, and the concentration of a contami-
nant in the fracture were kept at a constant value (say by rapid flushing). How long would it take
for a mass of contaminant equal to the mass present in the fracture at any instant to diffuse into
the rock matrix? Assume a porosity for the matrix of 0.01 and an effective diffusion coefficient

of 1 x 10 'em’s™".

2. Suppose you assume instead (Problem 1) that the fluid in the fracture were not moving. Estimate
how long it would take for half the material in the fracture to diffuse into the rock matrix. How long
would it take if the fracture width were 0.] mm?

Receive

(@)) Note: The analytical solution to this problem is by no means simple. You could (a) make an edu-

c cated guess based on example 1 above; ( b) construct a simple numerical model; or (c) (if you have

m the background) construct a finite difference model.

_I_I 3. The following analyses {from Plummer et al.. 1990) represent two wells from the Madison aquifer
in Montana that lie approximately along a flowlme. The aquifer contains limestone, dolomite, and

. Plv occasional evapontes. Use NETPATH to come up with a set (or more than one set) of reactions that

[ could account for the difference. Do you think the reactions are plausible?

U °C) pH Ca Mg Na K cl S0, sco

C Well | 11 7.58 18 115 010 0.02 0.05 1.46 331

e Well 2 32 7.08 650 3.96 344 0.31 1.89 10.32 32

>

In Example 4 above, suppose the pit lake were to stratify, forming an anoxic hypolimnion (Chapter 8).
Predict the chemical composition of the anoxic waters. Make your assumptions clear, and discuss
how reasonable these assumptions are.
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Predicting Hydrology of Fractured Rock Masses
from Geology

Paul R. La Pointe

Golder Associates, Inc., Redmond, WA 98052

Fracture network connectivity often dominates movement rate, flow volume,
and mass transport through rock masses. These networks influence the
effectiveness of petroleum reservoir development, safe disposal of nuclear waste,
delineation of water supply or establishment of well-head protection plans,
recovery from geothermal reservoirs, solution mining, construction of
underground openings, and the remediation of contaminated rock. Well tests can
provide a great deal of useful information on the hydraulic properties of fracture
systems, but they are often expensive or logistically infeasible. These tests also
may not provide an accurate description of the hydrologic properties of the rock
volume under consideration. Methods to model fractured rock can be improved
by quantifying the relation between geologic parameters and the hydrologically
conductive fractures. This study illustrates the application of four statistical and
pattern recognition methods—evaluation of correlation coefficients, contingency
table analysis, multivariate regression, and neural net analysis. The data for the
study consist of borehole and well-test information from eight boreholes used for
characterizing a proposed low-level radioactive waste repository in Wake
County, North Carolina. The analyses show that high localized flow rates are
related to the presence of increased fracture intensity, and that this intensity is
controlled by a complex interplay of structural geology and lithology. Some of
the initial hypotheses concerning the relation of geology to hydrology were not
substantiated by the data, leading to a refined conceptual model that differed in
significant ways from the initial model. Although the techniques used are of
general applicability, the precise nature of the correlation between geology and
hydrology is site dependent.

R000013

1. INTRODUCTION

1.1 Overview

Fractures are geologic features that form networks
capable of transporting fluids through rock over long

Dynamics of Fluids in Fractured Rock
Geophysical Monograph 122
Copyright 2000 by the American Geophysical Union

185

distances. The rate of movement, the volume of flow,
the amount of mass transport through the system
interconnected  fractures affect petroleum reser
development, safe disposal of nuclear waste, delineatio
water supply or establishment of well-head protec
plans, recovery from geothermal reservoirs, the efficie
of solution mining, the construction of undergro
openings, and the remediation of contaminated rock.

It is common for engineers and hydrologists to em
hydrologic testing to directly characterize fracture netw
flow parameters. However, well tests are often expen:
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or logistically infeasible. For example, the number and
spatial reach of wells drilled from an offshore oil platform
are very much restricted. This may cause direct hydrologic
test results to be very sparse for the volume of rock under
consideration. It also presents a problem because
< hydrologic heterogeneity is often quite significant, so that
and, therefore, a few tests may not provide an accurate
Q\l and, theref fi y not provid
© description of the hydrologic properties of the large
Q\l volume of rock under consideration. Such a situation
makes it necessary to infer parameters from the well or
= makes i y to infer p fi he 11
Lo boreholes to a much larger volume of rock.
Q There are two broad approaches to modeling flow and
N\ transport in fractured rock [National Research Council,
© 1996} the Discrete Fracture Network (DFN) approach and
e.—_m Stochastic Continuum (SC) approach. Both methods
have ad ges and disad 2
Plv DFEN models require the specification of the geometry,
ocation, an raulic properties of the fractures that pla
locati d hydraulic properties of the fi hat play
O a significant role in the rock permeability.
SC models need permeability and porosity values that
() reflect the local matrix and fracture systems’ effective
lk properties at the scale and shape of the numerical grid. SC
. models incorporate geology to delineate large-scale
Q@) statistically homogeneous regions, often referred to as
%~ domains or zones. Parameter values within these domains
Cnm: be assigned according to statistical distributions or
—~conditioned to geologic parameters. Often, the relation
“O between mappable geology and values of effective
@ permeability is not well understood. Parameter assignment
> within each domain is carried out using a spatial statistical
nl-v model or an inversion that matches known well test results,
Cv_.: is constrained elsewhere to statistical parameters only
Q (Zimmerman et al., 1998). Better geologic conditioning of
R:.n parameter values within zones and better definjtion of
zones can greatly improve model accuracy [La Pointe et
= =al., 1996; National Research Council, 1996].
(@) Over the past decade, DFN models [Hudson and La
m Pointe, 1980; Long et al., 1982; Dershowitz, 1984, Endo et
== al., 1984; Robinson, 1984; Smith and Schwartz, 1984]
LL_ have evolved to successfully address problems of regional
fracture network connectivity [Cacas et al., 1990a,b;
Plv Dershowitz et al., 1992; Swaby and Rawnsley, 1996]. The
C models represent fractures as polygons with flow and
Q© transport properties. However, the specification of these
UBoaa_m relies upon accurately describing the geologic
() context of the subset of fractures that contribute to large-
@) scale flow. This subset of fractures constitutes the network
== of conductive fractures. As detailed surveys of wellbores
Ev3<n. only a portion, often less than 10% ({National
Research Council, 1996] play a role in flow at the scale of
contaminant dispersal, energy production, or containment
of nuclear waste. It is the intensity, geometry, and fluid-
flow properties of this conductive subset that control the

important behavior of fracture-dominated flow systems.

Thus, better understanding of the geologic habitat of
conductive fractures could lead to improved DFN
modeling, as well as a better understanding of why some
fractures play a significant role in regional flow, while
others play a limited, or insignificant role.

The attractiveness of geologically conditioning DFN or
SC models rests on the presumption that hydrology relates
to geology. By understanding the geologic characteristics
that are associated with hydrologic variability, it is possible
to describe the conductive fracture network or assign
values of permeability (or other properties) at unsampled
locations based upon the geologic characteristics.

The geologic approach is very appealing, since it is
much more flexible in handling hydrologic variability as a
result of variability in underlying geology than any zonal
statistical model. This is because the geologic approach
need not conform to overly simplistic statistical models.
Moreover, a demonstrated connection between mappable
geology and flow modeling is important in many licensing
applications for proposed waste repositories or other
facilities. Another advantage is that the geology is often
known with reasonably high accuracy and resolution
throughout the site.

However, the attempt to relate flow in fractured rock
masses to underlying geology has proven challenging,
particularly in fracture-dominated flow systems. Fracture
network connectivity often controls flow and transport.
This means that local geologic conditions might be
affected by the properties of individual fractures and may
not correlate to the larger-scale fracture network
connectivity.

The current study attempts to understand the geologic
habitat of fractures that play an important role in regional
flow and mass transport. The focus of the study is a
preliminary site investigation of a proposed low-level
nuclear waste repository in Wake County, North Carolina.
Licensing of the site requires modeling of possible
movement of radionuclides through the rock and soil.

The goal of this work was to investigate the interrelation
of hydrologic behavior and geologic characteristics by
using multivariate analysis or other techniques, as
appropriate, to help prepare the initial site conceptual
model and support the development of the preliminary
groundwater flow simulations. The identification of key

geologic parameters was also {mportant. These parameters
needed to be measured in a manner sufficient for
subsequent hydrologic modeling and so as to identify how
data collection protocols might be altered in order to obtain
the necessary data.

The problem of relating geology to hydrology is one of
pattern recognition. Powerful and sophisticated tools to
recognize patterns and correctly classify new data into

proper groups are in common use in many disciplines.
These tools differ in mathematical assumptions and
outcomes, but all share the ability to classify data into
categories. Section 1.4 below describes the methodology
employed in this study in greater detail.

1.2 Data

A thorough data set was obtained for this study from
geochemical surveys, hydrophysical logging, packer tests,
and geologic logging. The data came from a series of eight
wells, aligned from west to east. The line formed by these
wells transects a prominent fault north-striking a normal
fault (Figure 1). Wells W206 through W208 lie to the east
of the fault in the footwall of the normal fault. Wells
W201 through W205 lie in the hanging wall. As shown in
Figure 1, well W205 cuts through the fault plane. Each of
these boreholes was carefully logged to record both the
lithologic characteristics and the attributes of any fractures
present. Subsequently, the core and the borehole imagery
was interpreted to create a data set in which fractures were
identified, and their measured depths, orientations,
apertures, and types recorded. Lithologic information was
also recorded. This included grain-size classification,
ranging from conglomerate to claystone, as well as the
orientation and measured depth of contacts separating
strata of contrasting lithology.

Hydrophysical anomalies were identified as part of the
testing and logging program carried out in the eight wells.
Such anomalies were determined as follows. First, a
borehole was filled with deionized water and a logging tool
to measure electrical conductivity is placed in the borehole.
Next, the nonconductive deionized water was slowly
pumped out, which allowed the conductive groundwater to
flow through fractures or other permeable pathways into
the borehole and be sensed by the logging tool.
Continuous recording of the conductivity made it possible
to identify locations and rate of groundwater flow into the
borehole. The term “strength,” as used in this study, refers
to the magnitude of the conductivity change between the
nonconductive, deionized water and the inflowing
groundwater. The magnitude of the anomaly is a function
of flow rate, and is used as a surrogate for fracture
transmissivity or local wellbore permeability. The tool
used in this study has a [ ft (0.3 m) resolution. Together
with 1mage logs, it is possible to relate hydrophysical
anomalies to fractures or other geologic features within the
I ft intervals. Figure 2 summarizes the interpreted
lithology, and shows the location and geometric aperture of
detected fractures, as well as the location and magnitude of
flow for hydrophysical anomalies. Figure 3 and Table }
show the directly measured and derived geologic
parameters used in this study. Parameters related to the
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a0

Figure 1. Geologic cross section along trench GM-1. Trench is
oriented along an east-west axis. The normal fault, denoted as
W8, strikes approximately north-south.

four nearest fractures were included to account for the | ft
resolution of the hydrophysical logs, and for any small
misregistration among the hydrophysical logs, the borehole
imagery, and the core.

1.3 Initial Hypotheses

A preliminary focus of efforts at the Wake County m.zn
was to clarify the role of jointing and faulting 1in :_o. site-
scale hydrology. It was thought that fracture intensity at
the site might be related to depth, weathering, structural
deformation, and structural position. Thus, the mE&
focused on evaluating some initial hypotheses concerning
the relations between site geology and conductive flow
features. These hypotheses are:

1. Hydrophysical anomalies are caused by fracture flow.

2. Fracture intensity is greater in the hanging-wall
deformation zone. )

3. Proximity to contacts between strongly ooqw:.mm::m
lithological units leads to an increase in fracturing.

4. Fracture intensity relates to lithology. )

5. Fracture intensity changes with depth/elevation
because of weathering or lithostatic effects.

6. None of the above.

1.4 Methodology

A number of statistical and pattern-recognition
techniques were applied to the data in order to investigate
possible relations between geologic parameters and
fracture flow. These studies were designed not only to test
existing hypotheses, but also to uncover other unsuspected
relations  between geologic parameters and the
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Table 1. Directly measured and derived geologic parameters.

Directly Measured Parameters Symbol Dimensions
Fracture Parameters
Measured depth to fracture MDF Feet
Fracture dip and dip direction DIP,DPDIR Degrees
Fracture type: TYPE
Shear or bedding
Fracture Aperture AP Inches
Lithologic Parameters
Lithologic classification, based on grain size, gradated LITH Grain size
from 1 to 9 (I being coarsest; 9 being finest):
Conglomerate (Cnglom) = 1
Very coarse sandstone (VCrsSS) = 2
Coarsesandstone (CrsSS) =3
Medium sandstone (MedSS)= 4
Fine sandstone (FineSS)=5
Very fine sandstone (VFineSS)= 6 -
Siltstone (SiltS) = 7
Mudstone (MudStone) = 8
Claystone (Claystone) = 9
Measured depth to contact between lithologic units MDCON Feet
Orientation of contact between lithologic units CONDIP, < Degrees
CONDPDIR
Layer (lithologic unit) thickness , distance measured vertically UTHICK Feet .
Dip of contact above anomaly DIP_A Degrees
Dip of contactbelow anomaly DIP_B Degrees

hydrophysical anomalies.
techniques were used:

1. Evaluation of correlation coefficients among all
parameters.

Contingency table analysis.

Multivariate regression.

. Neural net analysis.

Correlation coefficients are very useful in examining the
first-order relations between continuous variables such as
the strength of the hydrophysical anomaly and its
proximity to the boundary of a contrasting lithologic unit,
or between the depth of a fracture and its aperture. These
coefficients are also important in gaining an understanding
of which variables may be redundant. Identifying

The following statistical

W

redundant variables is important when data are sparse.
When there are more variables—degrees of freedom—than

hydrophysical anomalies, it is possible to predict the

anomalies with a good degree of accuracy without actually
determining any significant relations among the
parameters.

Two-way contingency table analysis is a method for
looking at the correlation among class or ordinal variables.
It is also useful for examining relations between a
parameter-like lithologic unit and a hydrophysical
anomaly.

Contingency table analysis and correlation coefficients
examine relations between pairs of variables. Multiple
regression takes into account the combined relations
among many variables. Multiple regression assumes that
the dependent variable is a linear combination of
independent (uncorrelated) variables.

Neural nets are the most complex of the methods used to
investigate the relations among dependent variables and
hydrophysical anomalies. This approach does not assume
a simple or hypothesized model among the variables, nor
does it require linear mindependence. Unlike multiple
regression, it can also include class or ordinal variables
such as lithologic type. Since the variable of interest, i.e.,
the hydrophysical anomaly flux rate, is a continuous
variable, a Generalized Regression Neural Network

Table I(continued).
Derived Parameters

(GRNN), was employed. This type of network w._,n:m.nnER
has proven very useful for this type of application [Ward,

2.1 Correlation Coefficients

Table 2 shows the correlation coefficients for all of the
independent  variables with  hydrophysical ~anomaly
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— Distance from hydrophysical anomaly to four nearest fractures

Apertures of four fractures nearest to a hydrophysical anomaly

Lithology of four nearest fractures (ranging from conglomerate to
mudstone, 1 to 8)

Depth of four nearest fractures

Lithology contrast between layer containing hydrophysical anomaly
lithology and layer above; grain-size class of layer above used for
computation

Lithology contrast between layer containing hydrophysical anomaly
lithology and layer below; grain-size class of layer above below for
computation

Absolute contrast above; computed as ABS(LCA)
Absolute contrast below; computed as ABS(LCB)

Total contrast between lithological unit containing anomaly and units

above and below; computed as LCA+LCB

Total absolute contrast between lithological unit containing anomaly
and units above and below; computed as ALCA+ALCB

Distance from anomaly to nearest upper contact; computed as distance

perpendicular to contact interface

Distance from anomaly to nearest lower contact; computed as distance

perpendicular to contact interface

Minimum distance to contact; computed as MIN(CDA, CDB
Grain size contrast with nearest unit

Apparent distance to upper contact

Apparent distance to upper contact

Apparent distance to lower contact

Angular difference between upper and lower contact; computed as
DIP_B - DIP_A

Absolute value of UNCONF
Bed thickness

D1, D2, D3, D4

W1, W2,W3,
w4

LI, L2 L3 L4

MD1, MD2,
MD3, MD4

LCA

ALCA
ALCB
TC

ATC

CDA

CDB

CMIN
C_NEAR
APCDA
TDIST_MIN
APCDB
UNCONF

ABS(UNCF)
THICK

Feet

Inches

Grain size

Feet

Dimensionless

Dimensionless

Dimensioniess
Dimensionless

Dimensionless

Dimensionless

Feet

Feet

Feet
Dimensionless
Feet
Feet
Feet

Degrees

Degrees

Feet

strength. This strength has been expressed in two ways:
the arithmetic strength, which is the actual measured value,
and the base-ten logarithm of the measured strength. The

logarithmic transformation of a variable reduces the impact

2. RESULTS

measurements.

of extreme values, which may be outlicrs or spurious

Correlation coefficients vary between -1.0 (perfect
anticorrelation) and +1.0 (perfect correlation)
staustically significant correlations at the 95% level in
Table 2 are those in which the absolute value of the

The
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W203 W2l
P 200 Feet
bove Sea
mvel
w208

L

100 Feet

Above
Sea Level

Conglomerate

Very Coarse Sandstone
Coarse Sandstone
Medwum Sandstone
Fine Sandstone

Very Fine Sandstone
Siltstone

Mudstone

Claystone

Figure 2. Summary of lithology, fractures, and hydrophysical anomalies. For each borehole, the location of
hydrophysical anomalies and fractures are shown by horizontal lines. The length of the line to the left of the borghole
is proportional to the logarithm of the hydrophysical anomaly magnitude, while the length of the line to the right of the
borehole is proportional to the logarithm of the fracture aperture. In both cases the lines represent relative, not absolute
lengths.

correlation coefficient is greater than or equal to 0.35.

This table shows that the anomaly strength and the log of
the anomaly strength are positively correlated with the
fracture width (aperture), the lithology of the unit in which
the hydrophysical anomaly occurs, and the surrounding
lithologic units, their contrast, and the dip of the contact
between lithologic units. The positive correlation with
lithology means that finer-grained lithological units have
stronger anomalies. The positive correlation with the
absolute total contrast (ATC) implies that stronger
anomalies tend to be in lithologies, unlike the units
immediately above and below. The correlation with
contact dip may reflect structural disruption in the hanging
wall of the fault, but other explanations may also be
possible. The log of the anomaly strength is negatively
correlated with the distance to the nearest fractures (in

Table 2. Correlation coefficients forflow anomaly and
logip(anomaly) with geological parameters. Absolute
values of the coefficient equal 10 0.35 or greater are
significant at the 95% level.

Variable Anomaly Log, (anomaly)
~w2 03 053
ALCA 0.31 0.48
ATC 0.20 047
w3 0.40 0.40
LITH 0.08 0.31
CONDIPB 0.47 027
CNEAR -002 027
ALCB 0.00 0.23
Wi 0.00 0.19
w4 -0.03 0.18
LCB 0.15 0.16
LCA 0.25 0.15
LITHA 0.38 0.14
LITHB -0.11 0.13
MDF 0.19 0.08
CONDIPA 0.23 0.01
APCDB -0.01 0.00
CDB 0.04 -0.02
CDA 0.17 -0.12
APCDA 0.19 -0.13
CMIN 0.08 -0.25
D1 0.12 -034
D4 0.15 -0.39
D3 0.18 -040
D2 -0.18 -0.45
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Medium
Sandstone = 3

Fine
Sandstone = 4
TC=1
ATC=3

Siltstone = 6
LcB=2
ALCB=2

Figure 3. Derived parameters used in the statistical analyses

Table 1 provides additional explanation of these and other
parameters.

other words, the closer the fractures to the anomaly and the
more there are of them, the stronger the anomaly).

2.2 Contingency Tables

Contingency tables were computed mcm various
combinations of variables. This type oﬁu:w_ww_m is useful
for determining whether a variable of ::m._.nﬁ shows up
with unusually high or low frequency in some other
variable class. For example, do siltstones have an
unusually high frequency of fractures oa.__«&om_&m_nm_
anomalies that is out of proportion (o their stratigraphic

rcentage?
wn,_,a%__nmmw_ 4, and 5 provide overall lithology and fracture
intensity data for the eight im__m. Table 3 shows __M‘_z
lithology varies among the n_m_:. wells. .E:M Table
illustrates that fine-grained lithological layers, particularly
siltstone. increase eastward from W20l to W205, where
such layers reach upwards of 45% of the total E:o_::m,
They decrease abruptly in the three wells to the east 0
W205. ) )

Tables 4 and 5 summarize the fracture intensity by
lithology and well. These tables show that m_‘wo~:mnm in the
western wells (W201 through W203) tend to reside in the
coarse sandstone, while in the wells nearer to the fault, the
fractures tend to occur in the siltstones. However, the
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Table 3 Lithology statistics by well.
Total Thickness (inches) of Lithological Layers Within Wells

Lithology
Well
Zoﬂ O:w__o:.— <OWmmw C wmm A i . ; . ; : ol
w201 5025 :qot R__waww __..mwnww <M=mwm _mq__qa_ Mg [
v . ) . . 1| 79.44
W02 = “w Mw M MWN.R 42076 209.13 | 550.51 | 147.26 _mew
o I RS 1.29 9.4l 34.18 | 3543 | 88.82 1086.74
wad | [ 4e3 10738 10736 6342 74.03 | 3264 | 29.17 722,19
Waos | 3071 1220.76 479,08 1388.54  590.14  299.59 |3403.86| 648.01 7087 [ 713156
W27 T2668T 194173 45T 81 545403 sasos Tigram T dores T s
w207 1 266 349.49 . Y Y 2] 40263
vin il e Wit oo s st e | e |
. : . g 96 2174, 160

Cotlom VeSS vmnnm_.: of Thickness of _q_.zo_o ical Layers Within im:m_ﬁ Y ooes Jaeme
waor o I_hmﬂm MedSS  FineSS  VFineSS  SiltSt  MudStone [ClayStone
2ol . % 7 25.54 12,67 8.71 2073 930
o . _m.% 2217 2159 1073 2825 756
i o 19 32.33 0.87 3.15 32,60 8.17
Mool B ool 16.25 14.87 8.78 1025 4520 4.04
waos | 043 e 672 | 1947 | 828 | 420 | 41.73 9.09 0.99
was 136 439 717 | 2148 | 1140 | 1440 1 3027 8.24 1.10
war 5353 ‘ 7.25 16.89 9.00 1132 37.63 8.35 ]

. 23 3.46 8.65 33.25 1387 28091 7.83 0.79

ater ::Ecmq. of fractures in siltstones near the faults may

%a:o to a higher proportion of siltstone in these wells
n in the western wells (Table 3), rather than a greater

@cture intensuty in siltstones near the faults.

Two series of questions have been formulated to

hydrophysical

mvnn:.n.m__z address fracture variability and hydrophysical
anomalies among the .in__w. The first series of questions
focuses on the fracturing itself. The correlation between
anomaly strength and the numb

1 er of
fractures and their closeness to the anomaly indicates that

Table4 Total num_er of fractures by lithologv within wells, independent of aperture.
Total No. of Fractures by Lithology within Wells
Litholo
«MM__ . __ <0~ . 3 4 5 6 : 7 8 9
. glom rs. CrsSS  MedSS FineSS VFineS i
“WMM : 3 o ¢ _Mn S m___ﬂmwﬁ Z:a_mo.ozo ClayStone Total
2 30 9 2 19 5
(««WMM 1 4 36 0 1 10 0 o
o uoo 6 19 11 16 37 2 _mou_
o 5 57 124 60 22 203 82 592
e 5 24 54 19 7 82 54
o . 13 27 66 34 14 55 41 o
w208 N quo 7 37 46 40 69 43 13 wMu
~ _mw 398 184 115 491 249 25 _.:um
ercent of Total Fractures by Litholo, i
- : gy within Wells
waol nglom | VCrsSS | CrsSS | MedSS [FineSS[VFineSS| SiltSt | MudStone  ClaySt
e 824 7.06 37.65 | 5.88 3.53 1882 18.82 e
o 2391 | 326! | 9.78 217 2065 10.87
e 1.89 7.55 6792 | 0.00 189 18.87 1.89
e o 0.00 1584 | 1881 | 10.89 1584 36.63 198
_— o.ﬂ Nww MWW Wo.om 1014 372 3429 13.85 0.84
A 4 : 007 | 706 632 30 ) A
S . .48 20.07
iNMM .ﬂwm 4.94 1027 | 2510 | 1293 532 20.91 1559 e
. 1.14 2,66 1407 | 1749 15.21 2624 16.35 494

Table 5 Total number of fractures b
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y lithology within wells for apertures > 003 in
Total No. of Fractures > 0.03 in. by Lithology within Wells

Lithology
Well No. 1 2 3 4 5 6 7 8 9 Total
Cnglom VCrsSS | CrsSS Medss | FineSS  VFineSS | SiltSt MudStone ClavStone
w201 2 2 4 2 0 2 6 18
w202 4 8 1 0 10 1 24
w203 0 0 5 0 0 4 0 9
w204 0 4 S 2 2 8 0 21
W205 0 3 3 9 6 | 27 9 1 59
W206 0 3 3 11 N 3 20 22 4 71
w207 4 3 7 20 9 2 7 | 70
w208 0 | 0 6 7 7 9 7 ] 38
Total 4 12 23 68 32 15 87 63 6 310
Percent of Total Fractures > 0.03 in. b Lithologv within Wells 7
Cnglom VCrsSS CrsSS MedSS  FineSS VFineSS  SiltSt 7 MudStone ClayStone

w20! 11 11l 2222 1 0.00 1. 33.33

w202 16.67 3333 4.17 0.00 4167 4.17

w203 0.00 0.00 55.56 0.00 0.00 44.44 0.00

w204 0.00 19.05 23.81 9.52 9.52 3810 0.00 _ _

w205 0.00 5.08 5.08 15.25 10.17 1.69 45.76 1525 1.69

w206 0.00 423 4.23 15.49 704 423 28.17 3099 563

w207 57 429 10.00 28.57 12.86 2.86 10.00 257

0.00 15.79 18.42 18.42 23.68 18.42 2.63

w208 0.00 2.63

the existence of multiple fractures could mean the presence
of a strong hydrophysical anomaly.

If fractures are correlated with hydrophysical anomalies,
then it is important (o determine how fractures vary
throughout the site, and what factors influence variations in
fracture intensity.  Tables 6 through 9 address the
following four questions regarding fracture intensity and
whether it varies among the wells or lithologic groups:

. Are fractures distributed uniformly within all togged
lithologic layers? If this is true, then it may imply that
fracturing is relatively independent of li hological controls
or structural position.

2. Are fractures distributed uniformly within each
lithological layer in each well? If so, then fracture
intensity may be controlled by lithology, and be relatively
unaffected by structural position.

3. Are fractures with an aperture of >0.03 in. (0.76 cm)
distributed uniformly within all lithologic layers? This
question is similar to the first, except the emphasis here is
on fractures with the largest geometric apertures. Such
fractures may represent only a small subset of the most
conductive fractures in a well, which may account for most
of the flow.

4. Are fractures with an aperture of >0.03 in. distributed
uniformly within each lithologicat layer within each well?
This question is similar ©© the second, except it focuses on
the fractures with the largest geometric apertures, which
might in turn represent the most conductive fractures.

Table 6 shows that the p-value (the probability of

observing the calculated Chi-Square statistic given that the
null hypothesis is true) is essentially 0.0, implying that
fracture intensity is not uniform among the welis. Wells
W204, W205, and W208 are the most anomalous in terms
of fracture intensity, as shown by their high Chi-Square
values. Table 7 demonstrates that the frequency of
feacture variation from well to well 1s influenced by
lithology. The high Chi-Square value for siltstone and
mudstone in well W205 shows that the fracture frequency
is anomalous in these fine-grained lithologies in the well.
The higher values for the coarser-grained layers in wells
W202 and W203 confirm that fracturing 15 anomalous in
these units. The p-values show that fracture ntensity
varies with lithology within individual wells. Tables 8 and
9 show similar results for fractures with apertures greater
than 0.03 in. In summary, these tables indicate that fracture
intensity varies among wells, and this variation 15 due not
only to differences in the proportion of different
lithologies. For example, siltstones in well W205 have a
different frequency than siltstones in well W202.
With regards to the hydrophysical anomalies themselves,
several questions arisc:
1. Does the strength of the conductivity anomaly or
number of anomalies vary by well?
2. Does the strength of an anomaly dcpend upon being
located in a particular lithology?
3. Is the strength of an anomaly influenced by the
thickness of the unit in which it occurs?
4. Is the strength of an anomaly influenced by the
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Table 6. Evaluation of the degree to which fractures are distributed uniformly among the wells.

using Chi Square criteria.

Well Total Thi i
of Layer nehes) _ Peaures ot eacses e e
w2031 854.54 85 558 15.24
w202 1948.43 92 1273 9.79
w203 1086.74 53 71.0 4.57
w204 722.19 101 472 61.37
w205 7131.56 592 466.0 34.09
w206 4248.88 269 2776 0.27
w207 4821.84 263 3150 8.60
w208 5480.03 263 358.1 25.23
Total 26294.21 1718 1718.0 159.16 4.82E-31

proximity to a contact with another lithologic unit?

5. Is the strength of an anomaly correlated to a sharp
contrast in the lithologies of units immediately above
and below the unit?

_n_m.—:m 4 shows the percent of hydrophysical anomalies
3. lithology within each well.  There is insufficient
information to carry out meaningful contingency table
analyses on these data, but the figure clearly illustrates that
the msosm:mm occur in different lithologies in a manner
__.E” is not in proportion to the relative net thickness of the
lithologic layers in the wells

mmm_.__..n S illustrates the relation of the thickness of a unit
containing a hydrophysical anomaly to the thickness of all

units found in the eight wells. There is no obvious visual
difference.

The ..évo::wm_m that lithologic contrasts are related to
anomalies was tested by comparing the anomaly strength
to:

1. The absolute strength of the contrast (parameter ATC).

2. The contrast with the nearest adjacent lithology
(parameter C_NEAR).

3. The distance to the nearést adjacent lithology.

4. Whether anomalies are predisposed to occur more
closely to lithologic unit contacts.

Figure 6 shows the relation between both tot:

t al contrast
(TC) and ATC with the strength of the anomaly. The

T . . -
able 7. _Evaluation of the degree to which fractures are distributed uniformly with lithologic layer in individual wells

Expected Number of Fractures

eRM__ ~ __o <O~ s 3 4 . 5 6 7 8 9 Total
«<~ﬁ.= glom mMo CrsSS_| MedSS | FineSS |VFineSS| SiltSt | MudStone [ClayStone
o i _%.oo 21.71 10.77 7.40 17.62 7.90 85
R i w.w_ 2040 | 19.87 | 9.87 | 25.99 6.95 92
e o,mn _m 8 17.13 0.46 1.67 17.28 4.33 53
R T _m.uu ; .AW 15.01 8.87 10.35 | 45.65 4.08 101
e a.no . 9.7 115.26 | 48.99 2487 |[28256 | 53.79 5.88 592
. 11.82 19.29 57.18 30.66 3873 | 8142 22.15 2.95 269

W207| 14.55 | 10.59 | 19.06 | 4441 | 2367

29.78 | 98.96 2196 263

W208 | 5.28 323 9.11 22.75 | 87.46

36.47 | 76.03 2059 2.08 263

g Total | 26.59 53.13 | 135.73 | 314.47 | 23075 | 159.14 | 64552 141.76 10.91 1718
| Cnglom | VCrsSS | CrsSS | M e R
— o Moo Mawm eSS |VFineSS| SiltSt | MudStone |ClavStone| Total | p-Value
e i _o. = .87 3.09 2.62 0.15 8.30 24.90 | 0.00036
o — NMG 4.52 594 6.28 1.88 1.34 39.19 | 2.18E-07
N ) k 20.78 0.46 0.27 3.07 2.56 31.41 | 0.00002
w2 0.62 0.01 1.06 0.5} 3.08 1.64 1.06 798 | 023973

Iw20s] 008 [ 17.05 | 7.47 0.66 248

033 | 2240 14.79 0.13 65.39 [4.05E-11

W206| 1.15 0.28 1.15 0.25 4.44

12.19 | 0.00 4571 5.57 70.81 |3.39E-12

W207 | 0.17 0.55 331 10.49 4.51

8.36 19.53 16.51 6342 |3.13E-11

w208 | 002 0.02 0.49 8.92 19.65

0.34 0.65 24.40 57.48 |111.96 | 1.S1E-20

figure illustrates that there is a weak trend between
increasing ATC and anomaly strength, but none between
TC and anomaly strength. Figure 6 also compares
anomaly strength to the contrast of the unit above (ALCA)
and the unit below (ALCB). There is no obvious visual
trend between these parameters and anomaly strength.

In addition, Figure 6 shows two parameters relating the
anomaly strength to the contrast between the unit
containing the anomaly (C_NEAR) and the distance to the
nearest adjacent unit (CMIN). These data suggest no
obvious trend.

The data shown in Figure 6 were tested to determine if
hydrogeologic anomalies tend to be within 1 ft of the
nearest contact. Does this imply that hydrophysical
anomalies tend to occur close to lithology changes? This
proposition was tested by selecting a random point in each
unit penetrated by the eight wells and then computing the
distance to the nearest contact. Figure 7 summarizes the
result.  Visually these two distributions appear very
similar. A Chi-Square test does not reject this hypothesis,
showing with an approximate 86% significance that these
distributions are the same. This implies that anomalies do
not appear to be preferentially located near major changes
in lithology, although lithology contrasts have some
importance.

The location and relative strength of each hydrophysical
anomaly identified in the eight boreholes are indicated in
Figure 2 by aline on the Jeft-hand side of the borehole log.
The length denotes the log of the flow rate. The figure
indicates that the strongest hydrophysical anomalies are in
W205, which intersects the fault.

2.3 Multiple Regressions

A series of step-wise multiple regressions was carried
out using a data-mining application, SAS™. The results

100

| d
W201  W202 W203 w204 w205 W206 w207 w208

M_w.:...n 4. Percent of hydrophysical anomalies by lithology for
individual E.n:@ The height of the bars represents the percent of
.__m _wmmna interval of the well comprised by each lithology.
Z__”_m__._m bars indicate the absence of a particular lithology in m._
well.
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Figure S. Bed thickness histograms. Open bars represent the
histogram of bed thickness for all beds encountered by the wells.
Black bars represent the histogram of bed thickness for only those
beds containing hydrophysical anomalies. The vertical axis
-epresents the percent of the beds belonging to a particular bed
thickness class.

are summarized in Table 10. This table contains the results
for the six multiple regressions with the highest R-square
value for diffierent numbers of independent variables.

Improvement in R-square decreased significantly after
seven variables. Those variables that produced the best R-
square values for a given number of parameters are shown
in the table and marked by an “X.”" The table demonstrates
that certain variables explain much of the variance in
anomaly strength. These variables include the distance to
the nearest fractures (D1, D2, D3), the aperture, or width of
the fractures (W3), the absolute lithologic contrast (ATC),
the dip of the unit below the anomaly (CONDIPB), and the
contrast with the unit above (ALCA).

Thus, the multiple regression results suggest that the
distances to the three nearest fractures are important, as
well as the data on a strong lithology contrast and wider
fracture  apertures.  These variables  account  for
approximately 80% of the variability in anomaly strength.

2.4 Neural Net Analyses

All neural net analyses were carried out using
NeuroShell II™ Version 3.0 [Ward, 1996). A genetic
adaptive GRNN architecture - was used (Spechr, 1991).
GRNNs are designed to predict a continuous variable.
They are memory-based feed-forward networks based on
the estimation of probability density functions. The classic
GRNN contains only one adjustable parameter, termed the
smoothing factor. The smoothing factor allows the GRNN
to interpolate between patterns in the training data set. The
genetic adaptive GRNN differs in that it has smoothing
factors for each input parameter as well as a conventional
overall smoothing factor. These smoothing factors are
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Table 8. Fractures > 0.03 in. are distributed uniformly with lithologic layer.

Well Total Total Fractures  Expected Chi Square p-value
Thickness Fractures
(inches)

4 w201 854.54 18 101 6.23

2 w202 1948.43 24 23.0 0.05

O w203 1086.74 9 12.8 1.13

Q w204 722.19 21 8.5 18.31

5 w205 7131.56 59 84.1 7.48

m w206 4248.88 7 50.1 873

N~ w207 4821.84 70 56.8 3.04

(@) w208 5480.03 38 64.6 10.96

e Total 26294.21 310 310.0 55.93 9.75E-10
O

u“an—::ina by iterative changes in the factors based on
Q_dmmém:n_m:o: to minimize the mean squared error of the
utputs over the entire test set. The genetic adaptive
(/BRNN is much more robust against noisy data and
lkon_:._._n_w:— parameters than traditional GRNNs, and is
ruw:_nc_m_._z well suited when the input parameters are of
Qiifferent types, and some may have markedly more impact
n predicting the output variable than others.
When an observation, which consists of parameter
salues for all input parameters under consideration, is
“Oresented to the GRNN, it is compared to all of the patterns
@n the training set to determine how closely this

Swbservation corresponds to those patterns. The GRNN

individual wells

essentially computes a weighting factor for each training
data-set observation, and then computes an overall output
value based upon these weights and the input training set
parameter values.

Application of a neural net to the hydrophysical anomaly
&52 would be improved if the data set were larger. This
is because a small training set and a small test set increase
—__ﬁ variability in the results. Also, with a very small
training set, it is possible that the training data would not
span the rn-dimensional parameter space and would thereby
have difficulty interpolating to new observations with
nquqmn—mq,mnmnm outside of the data training subspaces.
Likewise, it is important to have fewer degrees of freedom

Table 9. Evaluation of the degree to which fractures > 0.03 in. are distributed uniformly with lithologic layer in

Rece

All Fractures >,0.03 in. by Lithology within Wells
— e e o Expected Number of Fractyres
- om TS €s! edSS | FineSS |VFineSS| SiltSt
(@] W20l 106 309|460 | 228 | 1.57 | 3713 zc_a,mo_qo i ﬂo ﬁ
.m w202 232 | 5.32 5.18 2.58 6.78 1.81 _o.uo
o w203 0.60 1.46 | 2.91 0.08 0.28 293 0.74 S OM
_I_I w204 0.13 3.41 | 3.12 1.84 2.15 9.49 0.85 Nw:
W205) 0.25 1.83 396 | 1149 | 488 2.48 28.16 5.36 0.59 m.qu
.C w2061 1.11 3.12 5.09 | 15.25 8.09 10.22 | 2149 5.85 O.Aqw oq. Sl
m w207 3.87 2.82 5.07 | 11.82 6.30 7.93 2634 5.85 51 Nu
0 w208 | 0.76 047 1.32 | 329 12.64 5.27 10.99 2.97 0.30 _uHAm
but Total | 6.00 10.02 |25.73 ] 57.80 | 41.30 | 32.48 |109.91 25.10 1.66 172.96
+— Chi-Square Analysis
o ICnglom| VCrsSS |CrsSS [MedSS | FineSS |VFineSS| SiltSt | MudStone [ClayStone| Total Value
b w20l 0.84 039 | 0.08 0.03 1.57 0.80 11.19 14.89 MON_.H_
E &NON 1.21 1.35 3.38 2.58 1.53 037 10.40 o.hﬁm.ON
203 0.60 1.46 | 1.50 0.08 0.28 039 0.74 5.05 0.53790
w204 0.13 0.10 | 1.13 0.01 0.01 0.23 0.85 N.Aq oAmqnwu
W205| 0.25 0.75 0.23 | 0.54 0.26 0.88 0.05 247 029 m,qu 6. wmm.o_
W206 | 1.11 000 086 | 1.18 1.18 5.10 0.10 44.62 13.35 mq. 51 _.mam 11
W207| 0.00 0.0} 0.73 | 5.66 1.16 443 14.20 25.28 ] m-&q wawm.oo
W208] 0.76 0.61 1.32 | 224 2.51 0.57 0.36 5.45 1.63 _m..am m._cmHON

(ie., input variables) in the network than training cases;
otherwise, the net “memorizes” the training set without
uncovering useful relations.

The performance of a neural net is determined by how
well it predicts the strength of the anomaly of a test set as
quantified by R and R-square statistics. These statistics
vary from 0.0 to 1.0; a perfect prediction has an R and R-
square statistic of 1.0. The importance of an 1nput
parameter is quantified by its smoothing factor, which can
vary from 0.0 (no importance) to 3.0 (very important).

Because of the small (approximately 30) number of
hydrophysical anomalies available for use as training and
test patterns, the results are sensitive to the random subset
selected as the training pattern. For this reason, several
random subsets were selected and processed.

Correlation shows up in the smoothing factors as a
substitution of one correlated variable in random samples.
For example, in one run, the distance to the third nearest
fracture might be important. In a subsequent run, this
distance might have little impostance but the distance to
the second nearest fracture would now be important.
Highly correlated variables can substitute for one another
since virtually all of the information in all of the variables
can be contained in any one of the variables.

Neural net regression was much more successful for the
logarithm of the anomaly than for the anomaly itself. A
series of preliminary neural nets was constructed to look at
different components of the data—in particular, fracture-
related parameters and lithological parameters. In the
preliminary processing that focused on fractures, several
parameters played an important role. These included depth
of the fractures, width of the fractures, distance from the
anomaly to the nearest fractures, and the lithology of the

0 ——————— | *

Hydrophysical Asnomaly Strength

Figure 6. Anomaly strength vs. lithological contrast parameters.
The vertical scale on the left-hand side of the graph pertains to the
contrast parameters ATC, ALCA, ALCB, TC, and C_NEAR.
The vertical scale on the right-hand side indicates the value of the
distance parameter CMIN.
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Figure 7. Percent frequency histogram of distance to nearest
lithology change. Open bars represent distances between a
location randomly assigned in the wells and the nearest contact.
Black bars represent the distance from the locations of all
hydrophysical anomalies to the nearest contact. The frequencies
have been normalized to percentages in order to facilitate visual
comparison.

nearest fractures. Depth was probably an artifact of the
available dataset, however. Well W205, the deepest well,
had the strongest anomalies. The other wells etther were
not drilled to the depth of W205, or else did not have all of
the necessary parameters for the deeper portions of the
borehole.

The lithologies above and below the hydrophysical unit
did not appear to explain the hydrophysical anomaly.
However, the lithologies of the four nearest fractures were
quite informative. Although these lithologies correlated
very strongly, surprisingly, at least three of them always
seemed to have significant smoothing factors. This 1s
reminiscent of the results from the step-wise regression,
which showed that the distance to at least three of the four
nearest fractures was important. If the information content
in any one of these parameters were a good representation
of the information content in any other, then it would be
expected that only one of the lithology, depth, or aperture
parameters would have a significant smoothing factor. The
fact that more than one lithology parameter has a
significant smoothing factor might be evidence that
hydrophysical anomalies are in some way enhanced by the
presence of multiple fractures near the anomaly, whcther
or not these fractures actually have an anomaly associated
with them.

These preliminary runs guided the final runs in which
redundant variables and depth measures had been
eliminated. Tables 11 and 12 summarize those results.

Table 11 shows the mean of the smoothing factors for
five randomly drawn training and test sets. The lithology
of the fractures (L} and L.2), fracture width (W1 and W2),
and proximity (D1 and D2) to fractures to the anomaly are
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always important. In particular, the distance to the second
closest fracture is much more important than the distance
1o the closest fracture. Two other parameters, used only in
the neural net analysis, also were ._Buo_.ﬁmz_\lCZOOZ_u
and ABS(UNCF). These variables were introduced to
assess structural or stratigraphic disruption, an area also
important in the neural net analyses. Absolute lithology
contrast (ATC), lithology of the anomaly (LITH) and
distance to the nearest contact (CMIN), have a moderate
impact. Bed thickness (BED_TH) and the contrast between
the anomaly unit and the nearest adjacent unit (C_NEAR)
play very minor roles.

Table 12 shows the R-square and r-square statistics for
both the training and test sets. R-square is the coef’ ficient of
multiple determination, whereas r-square is the more
familiar coefficient of determination [Ward, 1996), which
is the square of the correlation coefficient. The R-square
value for the training sets averages nearly 92%, with a
variation of 81% to 100%. The R-square value for the test
sets averages nearly 77%, with a variation of 50% to 97%.
Note that the lowest R-square for the test set comes from
realization 2, which conversely has the highest value (1.0)
for the training sets. The smoothing factors for this
realization are also somewhat anomalous. The R-square
values for both the training and test sets are higher than for
the multivariate regression. This suggests that some of the
input parameters have a nonlinear relation with anomaly

strength. In general, the GRNN achieves about a 20%
improvement over the multivariate regression in terms of
R-square values.

Table 13 shows the predictions made by the neural net
method for the ten test sets of observations. In general, the
predictions are reasonably accurate, the average error being

.0.0250 and the standardized mean squared error 0.34.

Thus, the neural net analysis confirms the results of the
simpler statistical techniques and suggests that a GRNN
offers greater accuracy than multivariate regression.

3. CONCLUSIONS

The statistical results for the Wake Co. site support the

following conclusions:

. There are statistically significant correlations between
the geologic variables directly measured or derived
from core data or borehole imagery and the strength of
hydrophysical anomalies.

2. Hydrophysical anomalies do not appear to be Jocated
preferentially in particular lithologies for all eight
wells. The frequency histograms and associated
statistical test  results show that hydrophysical
anomalies are located in randomly selected subsets of
all of the lithologic units.

3. Hydrophysical anomalies are not preferentially located
near to boundaries between contrasting  lithologic

Table 11. Average smoothin factors for n
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eural net analyses.

Average of 5 Smoothing Factor
Realizations (010 3.0] N

Lithology to 1* Nearest Fracture 237
Distance to 2™ Nearest Fracture 224
Lithology to 2™ Nearest Fracture 2.09
Aperture of 1* Nearest Fracture 1.97
Absolute Value of Angular Difference 1.86
between Upper and Lower Contacts

Difference between Upper and lower 1.59
Contacts

Distance to Nearest Contact 1.28
Aperture of 2™ Nearest Fracture 1.21
Absolute Grain Size Contrast 115
Grain Size of Unit Containing 1.12
Anomaly

Distance to 1** Nearest Fracture 1.08
Minimum Apparent Distance to 0.76
Nearest Contact

Bedding Thickness 0.60

Dip of Contact with Unit Above 047

Grain Size Contrast with Nearest Unit 0.29

_Grain Size Contrast wih BeW® 7 ———

units.  Frequency histograms of the proximity of
anomalies to the nearest lithologic boundary are
statistically indistinguishable from the distance from a
random point located in every unit to its nearest
boundary.

4. There is a weak trend between the magnitude of a
hydrophysical anomaly and the strength of the contrast
between the lithologic unit containing the anomaly and
the units above and below it.

5. The trend noted in the conclusion above is
independent of whether the anomaly occurs in a fine-
grained unit surrounded by coarsc-grained units or a
coarse-grained unit surrounded by fine-grained units.

6. There is no correlation between the strength of the
hydrophysical anomaly and the strength of the contrast
with the lithologic unit above or below.

7. There is no correlation between the strength of the
hydrophysical anomaly and the distance 10 either the
upper or lower contact with the adjacent lithologic
units.

8. The strongest hydrophysical anomalies occur in the
fine-grained lithologies in  Well w205, which
intersected the fault and was drilled and logged deeper
than most of the other wells. The anomalies in well
W205 have three unique characteristics: they occur
preferentially in siltstone or mudstone lithologies,

e
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Table 12. Statistics for GRNN prediction of hydrophysical anomaly strength.

Training Set #1 #2 #3 #4 #5 Average
R squared 0.91 1.00 0.99 0.81 0.88 0.92
r squared 0.94 1.00 0.99 0.90 0.88 0.94
4 Mean squared error 0.05 0.00 0.01 0.12 0.06 005
m Mean absolute error 0.15 0.00 0.06 0.24 0.07 0.10
Min. Absolute error 0.00 0.00 0.00 0.00 0.00 0.00

AN
a Max. Absolute error 080 000 025 1.04 135 0.69
'\ Correlation coefficient r 097 1.00 0.99 095 0.94 0.97

~~
N~ Percent within 5% 45.46% 10000% 77.27% 2127% 81.50% 67.50%
o Percent within 5% to 10% 3636%  0.00% 1364% 22.73% 3.13% 15.17%
(O] Percent within 10% to 20% 13.64% 0.00% 9.09% 31.82% 6.25% 12.16%
.m Percent within 20% to 30% 0.00% 0.00% 0.00% 9.09% 0.00% 1.82%
u“ Percent over 30% 4.55% 0.00% 0.00% 9.09% 3.13% 3.35%
O Test Set # #2 #3 #4 #5 Average
n R squared 0.86 050 097 0.85 0.67 0.77
lk r squared 0.96 0.53 0.98 087 073 0.81
b Mean squared error 0.04 0.34 0.01 0.02 0.19 0.12
b Mean absolute error 0.15 0.29 0.08 0.11 020 0.17
C Min. Absolute error 0.00 0.00 0.00 0.03 000 _ 001
- Max. Absolute error 0.37 1.70 0.14 036 1.35 0.78
w Correlation coefficientr 0.98 0.73 0.99 093 0.85 0.90
. N Percent within 5% 50.00% 60.00% 50.00% 80.00% 6000%  60.00%
e Percent within 5% to 10% 10.00% 0.00% 40.00% 0.00% 10.00% 12.00%
% Percent within 10% to 20% 10.00% 3000% 10.00% 10.00% 20.00% 16.00%
R Percent within 20% to 30% 2000%  0.00% 000% 000% 0.00% 4.00%
Percentover 30% 1000% 10.00% 0.00% 10.00% 10.00% 8.00%

ng

——= which is not true for anomalies in other wells; they
._Iﬂ occur at a greater depth than in the other wells; and the
fractures nearest the anomalies have greater apertures

O than the fractures near anomalies in other wells. The

" depth correlation is probably an artifact.

m Away from faults, hydrophysical anomalies are

. smaller on average and not as strongly associated with

..Plv. siltstone and mudstone. Near faults in the hanging

o) wall, the strength of the anomalies is greater and they

— are correlated with fractures with larger aperture.

_|_E The results of our analyses confirm that a fault-related
deformation produces new fractures or enhances the
aperture of existing fractures in lithological units with
lower resistance to shear—mudstones and siltstones—
and thereby increases the strength of hydrophysical
anomalies.

4. RECOMMENDATIONS

This section offers recommendations for using the
results of this study to construct site-scale DFN and SC
flow models. The results confirm that it is not correct to
assign permeability values to grid cells or flow properties
to fractures based on lithologic type alone. The boundaries
between contrasting lithologic types do not focus strain. If
they did, then the DFN model could have reproduced this
effect by having large, bedding-parallel fractures at these
interfaces with enhanced transmissivity values. SC models
could have approximated this effect by having bedding-
parallel layers of grid cells with enhanced subhorizontal
permeability. While there is some correlation between
lithological contrasts, the correlation is second order and
should probably be ignored in preliminary flow models.
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Table 13. Companison of measured hydrophysical anomaly mznzmé with strength
predicted by GRNN for ten randomly selected anomalies not used in the GRNN

calibration.*

#1 #2 #3

Actual GRNN | Actual GRNN [ Actual GRNN | Actual GRNN Actual __GRNN

#4 #5

252 252 3.22 2.62 244
248 245 2.52 2.52 2.34
248 239 2.52 2.44 232

222 2.19 222 1.92 2.18
2.09 2.28 2.09 2.09 1.92
2.02 1.99 1.48 1.46 1.48
1.99 223 1.37 1.37 1.37
1.48 1.78 1.34 1.34 1.37
1.12 1.37 1.18 1.34 112

1.00 1.37 0.22 1.92 1.12

246 | 2.52 248 382 248
229 | 248 2.54 2.52 252
241 240 2.35 248 2.44
217 | 235 2.10 245 239
203 | 2.34 227 2.40 222
160 | 2.32 243 2.09 235
1.28 | 218 2.21 1.48 1.47
1.32 | 2.02 1.99 1.37 1.37
1.26 | 1.92 1.83 1.34 1.34
1.21 1.12 1.49 1.18 1.34

*The ten rows, corresponding to the randomly selected anomalies for each of the five test sets,
were sorted by anomaly, from largest anomaly to smallest, to ___.E.a_n :::, the GRNN tends to
overpredict the strength of small anomalies (calculations were carried outfor five runs).

Fault proximity is a first-order control in and of itself,
and lithology plays a significant role near faults.
Deformation is greatest in the hanging-wall siltstones and
mudstones within the deformation zone that extends from
the fault eastward to the fold hinge that intersects the
bottom of W204. This implies that fractures in these
lithologies and structural positions should have larger
aperatures, resulting  in higher  transmissivity.
Alternatively, the grid cells within this region of a SC
model would have higher layer-parallel permeability.
Based on the data obtained, the footwall appears to be
similar to the rock outside of the hanging-wall deformation
zone.

The fact that anomalies do exist outside of the hanging-
wall zone, but are smaller and not as strongly correlated
with lithology, suggests simple “background” fracture and
permeability models for the remainder of the rock mass.
At least for the preliminary model, the background
fracturing would be homogeneous throughout the model.
This means that the discrete fractures in the DFN model
would be distributed with the same size and orientation
distributions, the same transmissivity and transport
properties, and the same average intensity independent of
depth, lithology, or location. In the SC model, the
permeability, porosity, and transport parameter values
would be assigned as random (Monte Carlo) draws from a
single parent distribution for each parameter. Only in the
vicinity of the hanging-wall deformation zone would
properties be changed as previously described.

The next stage in refining these DFN or SC models
would be to simulate field flow or transport experiments in
order to assess whether the models are reproducing the
first-order effects, and if so, whether certain sccond-order
effects should be included to improve the modeling
forecasts. There is considerable freedom in assigning

transmissivity and transport properties either to the
fractures themselves in the DFN formulation or as effective
properties to the stochastic continuum models. Iterative
refinement of these properties to match the field-flow or
transport results is usually an important step in the
evolution of models that will be used subsequently for
forecast or design.
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DISCLAIMER

The U.S. Environmental Protection Agency's Office of Solid Waste (EPA or the Agency) has
compiled this methods manual in order to provide comprehensive guidance to analysts, data users, and
other interested parties regarding test methods that may be employed for the evaluation of solid waste
and other testing specified in regulations issued under the Resource Conservation and Recovery Act
(RCRA). Except where explicitly specified in a regulation, the use of SW-846 methods is not mandatory in
response to Federal testing requirements.

The Agency does not intend to restrict the use of new analytical techniques. Advances in
technologies applicable to the sampling and analysis of environmental media and hazardous wastes
outpace the ability of the Agency to promulgate revisions to this manual. In addition, given the large
number of manufacturers and vendors of scientific equipment, glassware, reagents, and supplies, it is not
feasible to cite all possible sources for these materials. Thus, the mention of trade names or commercial
products in this manual is for illustrative purposes only, and does not constitute an endorsement or
exclusive recommendation for use by EPA. The products and instrument settings cited in SW-846
methods represent those products and settings used during method development or subsequently
evaluated by the Agency. Glassware, reagents, supplies, equipment, and settings other than those
listed in this manual may be employed provided that method performance appropriate for the intended
RCRA application has been documented as described in Chapter Two (see Sec. 2.1).

EPA generally does not intend these methods to be overly prescriptive. The words "shall," "must,"
or "require" are used to indicate aspects of the method that are considered essential to its performance,
based on sound analytical practices (e.g., an instrument must be calibrated before use). In contrast, the
words "should," "may," or "recommend" are used to provide guidance on aspects of the method that are
useful but not essential. This flexibility does not apply to those method-defined parameters where the
analytical result is wholly dependent on the process used to make the measurement.

EPA emphasizes that the ultimate responsibility for producing reliable analytical results lies with
the entity subject to the Federal, State, or local regulation. Thus, members of the regulated community
are advised to refer to the information in Chapter Two and to consult with knowledgeable laboratory
personnel when choosing the most appropriate suite of analytical methods. The regulated community is
further advised that the methods here or from other sources need only be used for those specific analytes
of concern that are subject to regulation or other monitoring requirements.

Many of the methods include performance data that are intended as guidance on the performance
that may be achieved in typical matrices and may be used by the analyst to select the appropriate method
for the intended application. These performance data are not intended to be used as absolute QC
acceptance criteria. Rather, each laboratory should develop performance criteria as described in
Chapter Two and elsewhere in the manual.

In summary, the methods included here provide guidance to the analyst and the regulated
community in making judgments necessary to generate data that meet the data quality objectives for the
intended use of the results.
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CHAPTER ONE

Project Quality Assurance and Quality Control

For a summary of changes in this version from the previously published Chapter One, please
see Appendix A at the end of this document.

1.0 INTRODUCTION

The goal of this chapter is to provide an understanding of environmental data and the need
for quality. EPA has developed numerous guidance documents on quality assurance. This
chapter is not intended to summarize the previously developed EPA guidance. Instead, this
chapter will provide familiarity with regulations and guidance relating to QA and where to find them.

Regulations promulgated under the Resource Conservation and Recovery Act (RCRA) of
1976, as amended; require the collection and use of environmental data by regulated entities. In
addition, organizations often collect and use environmental data for decision making. Given the
significant decisions to be made based on environmental data, it is critical that the data are of
sufficient quantity and quality for their intended use and can support decision-making based on
sound science.

In response to the need for quality data, it is recommended that all parties follow a structured
system of data quality assurance and quality control (QA/QC). In addition, some of the RCRA
regulations include specific requirements for ensuring data quality.

This chapter provides general guidance intended to ensure data are of sufficient quality for
their intended use. Its intended audience is any entity, government or private party that may be
collecting environmental data. It is designed to support the efforts of those responsible for
preparing and reviewing project planning documents such as Quality Assurance Project Plans
(QAPPs), those involved in implementing and assessing data collection and generation activities in
the field or laboratory, and those who use the data for decision-making.

Due to the diversity of data collection efforts, it is not possible to provide all details necessary
to meet the needs of all members of the intended audience. However, EPA has developed a
variety of detailed QA guidance documents that are incorporated into this Chapter by reference.
This series of quality systems documents can be accessed on the EPA's Quality web site at:
http://www.epa.gov/quality. These documents describe in detail EPA policies and procedures for
planning, implementing and assessing the effectiveness of quality systems.

EPA's quality system comprises three structural levels: policy, organization/program, and
project. This document addresses quality at the project level of the system, including technical
aspects of analytical method quality assurance (QA) and quality control (QC). Entities which
desire guidance on the other two structural levels (policy and organization/program levels) can
access such guidance at the aforementioned EPA quality web site.

A project's life cycle under EPA's quality system has three phases: planning, implementation,
and assessment. This chapter is organized into these three phases. Additionally, Figure 1 is
provided, and illustrates this process.

Additionally, this chapter contains general project QC guidance to be used with the
subsequent chapters and methods in this manual. It should be noted that several methods (e.g.,
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Method 8000) also contain general QC criteria and guidance that pertain to the individual methods
referenced therein (e.g., Methods 8081, 8082, 8260 and 8270). Individual methods may also
contain QC criteria specific only to that method. The QC criteria in the general methods take
precedence over chapter QC criteria. Method-specific QC criteria take precedence over general
method QC criteria.

1.1 PLANNING

Planning, the first phase of a project’s life cycle, involves the development of project
objectives and acceptance or performance criteria using a systematic process. Data quality
objectives (DQOs) and a sampling and analysis design are established to generate data of an
appropriate type, quality and quantity to meet project objectives. The final output of this phase is
a planning document, such as a QAPP, and/or a sampling and analysis plan (SAP) or a waste
analysis plan (WAP).

This section provides guidance on activities and concepts that EPA recommends to be used
or considered during the planning phase, when appropriate to a specific project.

1.1.1  Systematic Planning

Systematic planning is a process designed to ensure that the level of detail in planning is
commensurate with the importance and intended use of the work and the availability of resources
to accomplish it. The ultimate goal of systematic planning is to ensure collection of the
appropriate type, quantity, and quality of data to support decisions with acceptable confidence.
Following is a summary of EPA’s Agency-wide guidance on systematic planning. More detail can
be found in the EPA Quality Manual for Environmental Programs (CIO-2105-P-01-0).

The systematic planning process generally involves the following elements:
) Identification and involvement of data generators and users.

o Identification of project schedule, milestones, resources (including budget), and any
applicable requirements.

o Description of the project goals and objectives (i.e., what is trying to be accomplished
by performing this project)

o Identification of the type (e.g., individual data points to be used to estimate risk at a site,
multi-point composites to be used to evaluate the average concentration in a decision
unit), quantity and quality (e.g., screening for the presence/absence of an analyte,
definitive data supported by all method specific QC results) of data needed. Be specific
on what kind of analytical result will be needed to make a decision, whether the
collected results need to be comprehensive and meet well defined DQOs or are
merely for screening purposes to make a presence/absence decision?

o Specification of acceptance or performance criteria for ensuring the data collected
meets the needs of the project.

. Description of how, when, and where the data will be obtained, and identification of any
constraints on data collection.
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o Specification of QA and QC activities needed to assess quality performance criteria
(e.g., QC samples for the field and laboratory, audits, technical assessments,
performance evaluations, etc.).

o Description of how acquired data will be analyzed (i.e., field and/or laboratory),
evaluated, and assessed against performance criteria. If statistical assumptions are
made as part of the planning process, the assessment must discuss how the
assumptions will be verified as accurate, and what actions will be taken if the statistical
assumptions are not supported by the data.

Planners should also recognize that existing data (i.e., secondary data) can be useful in supporting
decision making. Secondary data can provide valuable information to help design a plan for
collecting new data, while also lowering the cost of future data collection efforts. However, the
limitations on using any secondary data must be clearly understood and documented. For
example, secondary data must be examined to ensure that their quality is acceptable for a given
application. Combining secondary data with current data can be a complex operation and should
be undertaken with care. Sometimes, statistical expertise is necessary to evaluate both data sets
before they can be combined. If combining data sets, make sure historical data use is appropriate
in type and quality to the current project.

1.1.2 DQOs

The DQO process, discussed in detail in the Guidance on Systematic Planning Using the
Data Quality Objectives Process, EPA QA/G-4, is designed to produce scientific and
resource-effective data collection designs that will support decision making with a defined level of
confidence.

The DQO process can be applied to any study, regardless of its size. While there is no
regulatory obligation to use the DQO process, it is the recommended planning approach for most
EPA data collection activities. The depth and detail of DQO development will depend on the study
objectives. The DQO process is particularly applicable to a study in which multiple decisions must
be reached. By using the DQO process, the planning team can clearly separate and delineate
data requirements for each decision to be made or question to be answered. It consists of seven
planning steps that are summarized below.

1.1.2.1 Step 1: State the Problem

The purpose of Step 1 is to clearly define the problem that has created the need for
the study. In describing the problem, especially for more complex sites, it is often useful to
include a conceptual site model (CSM). The CSM is a three-dimensional "picture" of site
conditions at a discrete point in time that conveys what is known or suspected about the
facility, including releases, release mechanisms, contaminant fate and transport, exposure
pathways, potential receptors, and risks.

1.1.2.2 Step 2: Identify the Goals of the Study

The purpose of Step 2 of the DQO process is to identify the key questions that need
to be answered in order to resolve the problem(s) identified in Step 1. Step 2 should also
identify any actions that may be taken based on study results. The goals of the study and
the alternative actions are then combined to form decision statement(s) that will resolve the
problem. A decision statement defines which of the identified alternative actions will be
pursued depending on the outcomes of the study.
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1.1.2.3 Step 3: Identify the Information Inputs

The purpose of Step 3 of the DQO process is to identify the information needed to
resolve the decision statement. This may include, but is not limited to:

o Primary data, including sampling and analysis methods

o Secondary data, including the necessary information to ensure the data is of
known and documented quality (e.g., sampling and analysis methods used as
well as sufficient information to evaluate the quality of the data)

o Action limits to be considered

o Background information about the site or process, including known or
anticipated variability of the study parameters that may help the planning team
identify critical sampling locations

1.1.2.4 Step 4: Define the Boundaries of the Study

The purpose of Step 4 of the DQO process is to define the spatial and temporal
boundaries for the data collection design, including where samples will be collected. Spatial
boundaries describe the physical area (i.e., horizontal and vertical boundaries) of the study.
They can include geographic area or volume of material. Temporal boundaries include both
the period of time the data collection effort will represent and the timeframe to which the
decision will apply.

1.1.2.5 Step 5: Develop the Analytic Approach

The purpose of Step 5 of the DQO process is to consider the outputs from Steps 1-
4 and develop “If..., then... else” decision rules that unambiguously state which of the
alternative actions identified in Step 2 will be pursued. These if/then/else decisions should
be formulated to be dependent on how the results of the study compare to an established
action level.

1.1.2.6 Step 6: Specify Performance or Acceptance Criteria

The purpose of Step 6 of the DQO process is to set limits on decision errors, and to
document those limits. For judgmental and random samples, Step 6 should examine
consequences of making incorrect decisions, and place acceptable limits on the likelihood of
making decision errors. For random samples, Step 6 should specify any statistical
hypothesis to be considered and all applicable statistical tests that will be used to assess the
data.

1.1.2.7 Step 7: Develop the Plan for Obtaining Data

The purpose of Step 7 of the DQO process is to develop the data collection plan that
will satisfy the objectives presented in Steps 1 through 6. RCRA Waste Sampling Draft
Technical Guidance, dated August 2002, provides guidance that may be used during
sampling design development. EPA also developed a guidance document called Guidance
for Choosing a Sampling Design for Environmental Data Collection (QA/G-5S), to specifically
provide the information needed to carry out step 7 and develop a sampling design.

The proposed plan should be the most resource-effective data collection design that
meets the previously identified performance or acceptance criteria. The plan for obtaining
data is documented in detail by developing a project QAPP as per EPA Requirements for
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Quality Assurance Project Plans (QA/R-5), which presents the requirements for QAPPs, and
its companion document, EPA Guidance for Quality Assurance Project Plans (QA/G-5).

1.1.3 Development of QAPPs, Waste Analysis Plans (WAPs) and Sampling and Analysis
Plans (SAPs)

Documentation of planning processes and outcomes are critical to the:

o effective communication of planned activities to all participants in the process,
. reconstruction of completed events, and
o reconciliation of the analytical data with the project plans.

Two types of planning documents are discussed in this section. Section 1.1.3.1 discusses
QAPPs, which are a key output of the systematic planning process. Section 1.1.3.2 discusses
WAPs and SAPs.

1.1.3.1 QAPPs

All environmental data collection efforts performed by or funded by EPA (e.g.,
through an EPA contractor) must be supported by an approved QAPP. EPA also
recommends the use of QAPPs for environmental data collection efforts by other entities
(e.g., by other regulated entities in compliance with the RCRA regulations). EPA has issued
several documents to aid in preparing QAPPs, including the documents noted in Section
1.1.2.7. These documents provide suggestions for both EPA and non-EPA organizations
on preparing, reviewing, and implementing QAPPs.

The primary purpose of the QAPP is to present the data collection activities to be
implemented, including all necessary QA and QC, to ensure that all data produced are of
known and documented quality, and that the data will satisfy the stated performance criteria.

QAPPs, and any accompanying WAPs or SAPs, should be accessible to all
participants throughout the life of the project. They should provide understandable
instructions to those who must implement the QAPP, such as the field sampling team, the
analytical laboratory, modelers, and the data reviewers.

When preparing a QAPP, a graded approach should be used to determine the level of
detail needed. This will ensure that the level of information presented is consistent with the
intended use of the results and the degree of confidence needed in the quality of the results.
The QAPP should be detailed enough to provide a clear description of every aspect of the
project, from site history through assessment of the planned data collection. At a minimum,
the QAPP should provide sufficient detail to demonstrate that:

. the project technical and quality objectives are identified and agreed upon;

. the intended measurements and data generation or data acquisition methods
are appropriate for achieving project objectives;

. assessment procedures are sufficient for confirming that data of the type and
quality needed and expected are obtained; and

o any limitations on the use of the data can be identified and documented.
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As described in QA/R-5 and QA/G-5, the QAPP should be composed of standardized,
recognizable elements covering the entire project from planning through assessment.
These elements may be divided into the following four general groups:

° Project Management - The elements in this group address project organization
and management; site background and history; and project objectives. These
elements ensure that project goals are clearly defined, that the participants
understand the goals and the approach to be used, and that the planning
process is documented.

° Data Generation and Acquisition - The elements in this group address all
aspects of project design and implementation, including the numbers, types,
and locations of all samples to be collected; the rationale for why the proposed
data collection effort will be sufficient to address the study objectives; all
sampling, subsampling and analytical procedures to be followed (i.e., both
sample preparation as well as determinative procedures); QC requirements for
all applicable field and laboratory procedures including the data quality
indicators (DQlIs) discussed below in Section 1.1.4; instrument calibration and
maintenance for both field and laboratory equipment; use of secondary data;
and data management. Implementation of these elements ensures that
appropriate methods for sampling, analysis, data handling, and QC activities
are employed and properly documented.

. Assessment and Oversight - The elements in this group address the activities
for assessing the effectiveness of project implementation and associated QA
and QC activities. The purpose of assessment is to ensure that the QA Project
Plan is properly implemented as prescribed.

. Data Validation and Usability - The elements in this group address the QA
activities that occur after data collection or generation is completed. These
elements address how data will be reviewed, verified and validated as well as
how data will be assessed and reconciled with the project objectives.

While most QAPPs will describe project- or task- specific activities, there may be occasions
when a generic QAPP may be more appropriate. A generic QAPP addresses the general,
common activities of a program that are to be conducted at multiple locations or over a long
period of time. For example, a generic QAPP may be useful for a large monitoring program
that uses the same methodology at different locations. A generic QAPP describes, in a
single document, the information that is not site or time-specific but applies throughout the
program. Application-specific information is then added to the approved QAPP, either in the
form of a site-specific QAPP, QAPP Addendum, or SAP.

1.1.3.2 WAPs and SAPs

In certain cases, WAPs or SAPs are required by a RCRA regulation. For example,
WAPs are required as part of a permit application. Where WAPs or SAPs are required by
regulation, the applicable regulations should be reviewed to ensure that the content and
format requirements for the WAP or SAP are understood. Additionally, it should be noted
that EPA has prepared various guidance documents to assist in preparing WAPs and SAPs
that meet various regulatory requirements. Examples of these guidance documents include
the following:
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o EPA guidance on the preparation of WAPs can be found in the document
entitled Waste Analysis at Facilities that Generate, Treat, Store and Dispose of
Hazardous Wastes (ECDIC 2002-011), dated April 1994.

o EPA guidance on SAPs for delisting petitions can be found in the document
entitled EPA RCRA Delisting Program Guidance Manual for the Petitioner,
dated March 2000.

o General SAP guidance can be found in EPA’'s RCRA Waste Sampling Draft
Technical Guidance, dated August 2002.

o Chapter 9 of this document (Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods - SW-846) presents additional discussion on
sampling plans.

A QAPP may also be prepared, and required, as a supplement to any WAP or SAP. It
should also be noted that if a WAP or SAP is not required by regulation, QAPPs can be
prepared such that they present sufficient detail to cover both the QAPP and WAP or SAP in
a single document. If a WAP or SAP is prepared along with a QAPP, it is common for these
documents to reference one another for necessary information. To enhance the usability of
QAPPs and WAPs/SAPs, references between the documents should be specific, providing
the full document name, section number, subsection, and page number.

1.1.4 Data Quality Indicators

As part of systematic planning, measurement performance criteria for DQIs must be
established and documented for each data collection effort. DQlIls apply to both laboratory and
field activities. At a minimum, DQIs should include precision, accuracy, representativeness,
comparability, and completeness (PARCC). The following presents a discussion of PARCC and
other DQls.

1.1.4.1 Precision

Precision measures the agreement among a set of replicate measurements. Field
precision is assessed through the collection and analysis of field duplicates. Analytical
precision is estimated by duplicate/replicate analyses, usually on laboratory control samples,
spiked samples and/or field samples. The most commonly used estimates of precision are
the relative standard deviation (RSD) and, when only two samples are available, the relative
percent difference (RPD).

1.1.4.2 Accuracy

Accuracy is the closeness of a measured result to an accepted reference value.
Accuracy is usually measured as a percent recovery. QC analyses used to measure
accuracy include standard recoveries, laboratory control samples, spiked samples, and
surrogates.

1.1.4.3 Representativeness

Sample representativeness expresses the degree to which data accurately and
precisely represents a characteristic of a population, parameter variations at a sampling
point, a process condition, or an environmental condition. It is dependent on the proper
design of the sampling program and will be satisfied by ensuring the approved plans were
followed during sampling and analysis.
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1.1.4.4 Comparability

Comparability expresses the degree of confidence with which one data set can be
compared to another. It is dependent upon the proper design of the sampling program and
will be satisfied by ensuring that the approved plans are followed and that proper sampling
and analysis techniques are applied. Further, when assessing comparability, data sets
should be of known and documented quality.

1.1.4.5 Completeness

Completeness is a measure of the amount of valid data collected compared to the
amount planned. Measurements are considered to be valid if they are unqualified or
qualified as estimated data during validation. Field completeness is a measure of the
number of samples collected versus the number of samples planned. Laboratory
completeness is a measure of the number of valid measurements compared to the total
number of measurements planned.

1.1.4.6 Bias

Bias is the systematic or persistent distortion of a measurement process that causes
error in one direction (e.g., the sample measurement is consistently lower than the sample’s
true value). Bias can be introduced during sampling, analysis, and data evaluation.
Sampling bias is best addressed through the proper selection and use of sampling tools,
uses of correct sampling and subsampling procedures to limit preferential selection or loss of
sample media, use of random sampling designs, and use of sample handling procedures that
limit the loss or gain of constituents to the sample media. Analytical bias refers to deviation
in one direction (i.e., high, low or unknown) of the measured value from a known spiked
amount. Analytical bias can be assessed by comparing a measured value in a sample of
known concentration to an accepted reference value or by determining the recovery of a
known amount of contaminant spiked into a sample (matrix spike). The planning team
should specify qualitative criteria for sampling bias and quantitative criteria for analytical bias,
typically expressed as "percent recovery."

1.1.4.7 Reproducibility

Analytical reproducibility is a quantitative indicator that is used when referring to the
uncertainty associated with the use of multiple laboratories for a specific study. The ability
of multiple laboratories to generate the same result for splits of the same sample can be
expressed as a measure of interlaboratory precision and bias. Specific indicators of
precision and bias (such as range or variance) are generated using data from replicate
samples sent to multiple laboratories.

1.1.4.8 Repeatability

Repeatability is a quantitative indicator that in used within a single laboratory (i.e.,
intralaboratory precision). It is determined when the laboratory, analyst, test method and
equipment remain constant and random aliquots of the same sample are analyzed within a
short period of time.

1.1.4.9 Sensitivity

Sensitivity is an instrument’s or method’s minimum concentration that can be reliably
measured or reported (i.e., or lower limit of quantitation [LLOQ]).
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Please note the glossary section to this chapter includes further discussion of the
DQls.

1.2 IMPLEMENTATION

Implementation is the second phase of the project life cycle. The implementation phase includes
the following steps:

1.2.1 Standard Operating Procedures (SOPs)

SOPs are written documents that describe, in detail, the routine procedures to be followed for
a specific operation, analysis, or action. Please note, in most cases, referencing a given method
or method number is not sufficient, unless the method is performed exactly as written (e.g., a
method-defined parameter). Laboratories must have an SOP to demonstrate that their procedure
meets the conditions of the referenced method. Information on how to prepare SOPs can be
found in EPA’s Guidance for the Preparation of Standard Operating Procedures (QA/G-6), dated
April 2007.

SOPs enable tasks to be accomplished reproducibly, even if there are changes in the
personnel performing them. Consistent use of an approved SOP ensures conformance with
organizational practices, reduction in the frequency of errors, and improved data comparability and
defensibility. SOPSs also serve as resources for training and for ready reference and
documentation of proper procedures.

The SOPs, and/or procedures described in the QAPP, must be followed for all project
activities from sample collection to validation. If project-specific modifications to SOPs are
needed, they must also be presented in the QAPP. Field and laboratory SOPs should be
provided for the areas discussed below, as applicable:

o Sample Custody SOPs that describe sample receipt and handling; sample storage;
sample security and tracking; and holding times

o Sample collection

Analytical Method SOPs, including subsampling, sample preparation/clean-up,

calibration, QC, and analysis

Reagent/Standard Preparation and Traceability SOPs

Equipment Calibration and Maintenance SOPs

Corrective Action SOPs

Data Reduction SOPs

Data Reporting SOPs

Records Management SOPs

Waste Disposal SOPs

As indicated above, the QC associated with each method may be provided in appropriate SOPs.
The types of QC parameters to include in the SOPs and QAPP are defined in the glossary of this
chapter. Since the QC acceptance limits are frequently adjusted more often than SOPs are
revised, it may be impractical to update SOPs as these limits change. Therefore, field and
laboratory QC limits may need to be presented in QAPP tables rather than SOPs.
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1.2.2 Conducting the Study/Experiment

The data collection effort is performed in accordance with approved plans (e.g., QAPP).
The QAPP will present all proposed methods (i.e., including sampling, subsampling, preservation,
preparation, clean-up and determinative methods), as well as a rationale for why the proposed
methods are sufficient to meet the project DQOs.

The QAPP should also indicate whether the proposed analyses include method-defined
parameters and/or whether the flexible approach to methods will be utilized. For the flexible
approach, the QAPP must also demonstrate that the proposed methods are adequate to reach the
study goals outlined in the DQOs.

1.2.2.1 Method-defined parameters

Method-defined parameters (MDP), such as the Toxicity Characteristic Leaching
Procedure (TCLP), have been written into regulations, the methods should be followed
without deviation, and should not to be modified on a project basis. For a list of
method-defined parameters, see Vol 40 CFR 260.11 references or the Methods Innovation
Rule (MIR), in Volume 70, Number 113 of the Federal Register (70 FR 34537 Table 3). Some
method-defined parameters are discussed in Chapter 8 of this manual.

1.2.2.2 Flexible Approach to Environmental Measurements

The Flexible Approach to Environmental Measurement was finalized in 2008 as
EPA'’s preferred approach for environmental monitoring except in cases where methods are
required by regulation.

The goals of the flexible approach are to:

o Provide method users flexibility when choosing sampling and analytical
approaches to meet regulatory requirements for measurements

o Develop processes for validation to confirm measurements meeting quality
requirements

o Increase collaboration with stakeholders to develop validation processes for
new measurement technology

. Ensure timely assessment of new or modified technologies, methods, and
procedures.

Chapter Two of this manual entitled, "Choosing the Correct Procedure” provides additional
guidance regarding the selection of appropriate methods and method flexibility.

1.2.3 Technical Assessments

Technical Assessments (otherwise known as audits) are systematic and objective
examinations of a program or project to determine whether environmental data generation
activities and related results comply with planning documents. Technical assessments can be
performed to evaluate all phases of a project including field sampling, laboratory analysis,
validation and data handling/management.

The QAPP should identify all personnel responsible for performing technical assessments,
the authority of the auditor (e.g., do they have the authority to stop work if significant deviations
from planning documents are found), and the planned audit frequency. Additionally, if technical
assessments are planned or required as part of a project, the QAPP should provide the applicable
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technical assessment checklists. These checklists establish and document the scope of all
proposed technical assessments. The development of these technical assessment checklists
should overseen by an independent party (i.e., someone not involved in the day to day operations
of a project), such as the organization’s QA personnel. Further, the QAPP should establish a
process for correcting technical assessment findings and confirming implementation of any
corrective actions taken as a result of the findings.

While most technical assessments will be scheduled in advance with an organization, there
may be occasions when unannounced technical assessments are needed. However, an
unannounced audit may not reveal a representative picture of project activities if it occurs when the
project is not active, or activities that are not within the scope of the technical assessment are
occurring.

Technical assessments may be planned as part of the pre-award activities, or throughout the
life of a project. For example, pre-award audits, including performance evaluation (PE) samples,
are useful tools in determining the ability of a laboratory to perform the proposed analytical work.
Additionally, technical assessments may also be used as an investigative tool where problems
may be suspected. The EPA document Guidance on Technical Audits and Related Assessments
for Environmental Data Operations (QA/G-7), dated January 2000, provides detailed information
on various types of technical audits and includes an example checklist for a technical systems
audit of a laboratory measurement system.

1.3 ASSESSMENT

Following planning (Sec. 1.1) and implementation (Sec. 1.2), assessment is the third and
final phase of the project data generation life cycle. The purpose of this phase is to evaluate
whether the data are of the type, quantity and quality needed to meet project DQOs. Assessment
can involve many different complex activities, including the use of statistical tools. This section
provides an introduction and overview of these data assessment activities.

1.3.1 Data Verification and Validation

Data verification and/or validation is the first step in the assessment process. Validation and
verification are defined in the EPA Guidance on Environmental Data Verification and Data
Validation (QA/G-8), dated November 2002. According to QA/G-8, verification is the process of
evaluating the completeness, correctness, and conformance/compliance of a data set against a
specified set of requirements. QA/G-8 defines validation as an analyte and sample specific
process that extends the evaluation of data beyond data verification to determine its analytical
quality. For the purposes of this chapter, it should be noted that the meaning of verification and
validation is often program, organization and/or system specific. Further, these terms are used
interchangeably at times, and in other cases have very different meanings. Therefore, it is critical
that the procedures for verification and/or validation be clearly documented in the approved QAPP.

In general, data verification/validation involves the examination and review of project data
(e.g., field and laboratory data for all applicable QC measurements) to confirm that the sampling
and analysis protocols specified in the QAPP (and any other planning or contractual documents)
were followed. Data verification/validation also involves examining whether the data met the
method performance and acceptance criteria established in the project QAPP. When these
criteria are not met, data verification/validation procedures should include qualification of the data
(e.g., the J qualifier is commonly used to indicate estimated data and the R qualifier is commonly
used to indicate rejected data). The reasons for any failure to meet performance criteria also
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need to be documented during this phase of assessment (e.g., in a data verification/validation
report).

In addition to QA/G-8, EPA has published several references which provide more detailed
information on what should be included in data verification and validation procedures. These
include EPA regional and programmatic validation guidance documents that may apply to
particular projects. It is also common for EPA guidance from one program or region to be
modified for use in another area. While this may be acceptable, any modifications or changes to
the established validation procedures should be included in the approved QAPP.

Data verification/validation may be performed at various phases throughout a project. As
such, the procedures for verifying and/or validating data may need to be described in laboratory
SOPs and/or QA Plans, in addition to the project documents like the QAPP. Corrective action
based on verification/validation findings may also need to be described in these documents.

Data verification/validation activities may be performed internally (e.g., when the laboratory
or data collector review their own data), or externally by an independent entity (i.e., a party that is
not associated with the data collection effort). Internal and external data verification/validation
procedures should be defined in the QAPP or other project documents.

A data verification/validation report should be generated to document the procedures
followed as well as the findings and qualifications applied during data verification/validation. The
report should include a list of the samples collected, field information about how the samples were
collected, the analyses performed on the samples, the results of the analysis and the quality of the
reported data, at a minimum. The usability of this report can be enhanced by listing the samples
and analytes affected by each QC criteria exceedance, as well as the extent of the exceedance,
and any qualifiers applied. Any other observations noted by the data reviewer that may impact
the usability of the data should also be documented.

1.3.2 Data Quality Assessment

Data quality assessment (DQA) is the second step in the assessment process. DQA is
often needed because data verification/validation alone is generally not sufficient to determine
whether a data set can be used for its intended purpose. Typically, the DQA follows the data
verification and/or validation step.

In general, the DQA should include an evaluation of overall trends or biases in the data and
associated QC results, as well as how the data may be affected. For random data sets, the DQA
should evaluate the validity of any statistical assumptions made during the planning phase. If the
statistical assumptions made during the planning phase are not supported by the data,
recommendations for corrective action should be presented. All DQA findings should be
summarized in a report.

Guidance documents available from EPA that discuss the DQA process include Data Quality
Assessment: A Reviewer’s Guide (QA/G-9R), dated February 2006, and Data Quality
Assessment: Statistical Tools for Practitioners (QA/G-9S), dated February 2006.

The DQA process described in this guidance is a five-step process.

Step 1: Review the Data Quality Objectives and Sampling Design
Step 2: Conduct a Preliminary Data Review

Step 3:  Select the Statistical Method

Step 4: Verify the Assumptions of the Statistical Method
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Step 5: Draw Conclusions from the Data

It is recommended that the data user refer to these guidance documents, because they
provide extensive information about DQA and the statistical tools that can be employed.

Although the DQA process described in QA/G-9R and QA/G-9S includes a significant
amount of statistical procedures, it should be noted that the DQA process is not only applicable to
random data sets, where statistics can be used to assess the data. A DQA should also be
performed on judgmental, or biased, data sets. The process for how any data set will be
assessed should be determined during the planning phase, and documented in the QAPP or other
site documents.
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Hazardous Wastes, ECDIC 2002-011. Office of Waste Programs Enforcement, United
States Environmental Protection Agency. April 1994,

USEPA. Guidance on Technical Audits and Related Assessments for Environmental Data
Operations, QA/G-7. Quality Staff, Office of Environmental Information, United States
Environmental Protection Agency, Washington, D.C. January 2000.

SW-846 Update V ONE - 15 Revision 2

July 2014

R000041



R000042

Electronic Filing: Received, Clerk's Office 07/25/2024

1.5. GLOSSARY

Also see the following for a glossary of quality-related terms developed by EPA:

http://www.epa.gov/fem/pdfs/Env Measurement Glossary Final Jan 2010.pdf

ACCURACY

ANALYTICAL BATCH

BIAS

SW-846 Update V

The degree of agreement between an observed value and an accepted
reference value. When applied to a set of observed values, accuracy
includes a combination of a random error (precision) and systematic
error (bias) components.

A group of samples, including quality control samples, which are
processed together using the same method, the same lots of reagents,
and at the same time or in continuous, sequential time periods.
Samples in each batch should be of similar composition and share
common internal quality control standards. For QC purposes, if the
number of samples in a batch is limited to 20; laboratory QC samples
are not included in the batch count.

Each batch should be uniquely identified within the laboratory for
tracking purposes. Samples collected from the same site would
normally be grouped together for batching purposes within the
constraints imposed by the method holding times and batch size.
Samples prepared in the same batch would normally be analyzed
together on a single instrument. However, laboratories may find it
necessary to group multiple clients’ samples into a single batch. Under
these circumstances, additional matrix QC samples (i.e., duplicates,
matrix spikes) may be needed to evaluate the effect of the matrix from
each site on method performance.

The constant or systematic distortion of a measurement process,
different from random error, which manifests itself as a persistent
positive or negative deviation from the known or true value. This can
result from improper data collection, poorly calibrated analytical or
sampling equipment, or limitations or errors in analytical methods and
techniques.

Bias can be assessed by comparing a measured value to an accepted
reference value in a sample of known concentration or by determining
the recovery of a known amount of contaminant spiked into a sample
(matrix spike). Thus, the bias (B) due to matrix effects based on a
matrix spike is calculated as:

B=Xs-X,)-K
where:

Xs = measured value for spiked sample,
Xy, = measured value for unspiked sample, and
K = known value of the spike in the sample.

Using the following equation yields the percent recovery (%R).
%R =100 (xs - xy)/ K
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Blanks are generally considered to be acceptable if target analyte
concentrations are less than %, the LLOQ or are less than
project-specific requirements. Blanks may contain analyte
concentrations greater than acceptance limits if the associated
samples in the batch are unaffected (i.e. targets are not present in
samples or sample concentrations are 210X the blank). Other criteria
may be used depending on the needs of the project. For method
specific details see methods 6010, 6020 for inorganics and Method
8000 for organics).

See also Calibration Blank, Equipment Blank, Method Blank, Reagent
Blank and Trip Blank.

A calibration blank is a sample of analyte-free media that can be used
along with prepared standards to calibrate the instrument. A
calibration blank may also be used to verify absence of instrument
contamination (e.g., initial calibration blank and continuing calibration
blank).

Calibration check analyses are used to assess calibration drift and
memory effects over time for each analytical system. These analyses
may include zero, span (low and high) to cover the full calibration
range, and mid-range checks, depending on the method.

A plot of instrument response to an analyte versus known
concentrations or amounts of analyte standards. Calibration
standards are prepared by successively diluting a standard solution to
produce working standards which cover the working range of the
instrument. Standards should be prepared at the frequency specified
in the appropriate method. The calibration standards should be
prepared using the same type of acid or solvent and at the same
concentration as the samples following sample preparation. This is
applicable to organic and inorganic chemical analyses.

A type of field duplicate where independent samples are collected as
close as possible to the same point in space and time. They are two
separate samples taken from the same source, stored in separate
containers, and analyzed independently by the same method and
laboratory. These duplicates are useful in documenting the precision
of the sampling process.

The degree to which different methods or data agree or can be
represented as similar. Comparability describes the confidence that
two data sets can contribute to a common analysis and interpolation.

A measure of the amount of valid data obtained from a measurement
system compared with the amount that was expected to be obtained
under correct, normal conditions. Percent completeness is calculated
as:

% Completeness = x 100

where:
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x = amount of valid data obtained
y = amount of data expected to be obtained

The quantitative statistics and qualitative descriptors that are used to
interpret the degree of acceptability or utility of data to the user. The
principal indicators of data quality are precision, bias, accuracy,
representativeness, comparability, completeness, and sensitivity.

Qualitative and quantitative statements derived from the DQO Planning
Process that clarify the purpose of the study, define the most
appropriate type of information to collect, determine the most
appropriate conditions from which to collect that information, and
specify tolerable levels of potential decision errors.

The process of evaluating the available data against the project DQOs
to make sure that the objectives are met. Data validation may be very
rigorous, or cursory, depending on project DQOs. The available data
reviewed will include analytical results, field QC data, laboratory QC
data, and may also include field records.

See Co-located Samples, Laboratory Duplicate, Field Duplicate, Field
Split Samples, and Matrix Spike Duplicate.

A sample of analyte-free media which has been used to rinse the
sampling equipment. It is collected after completion of
decontamination and prior to sampling at a location. This blank is
useful in documenting adequate decontamination of sampling
equipment.

See Equipment Blank.

Field blanks include any sample submitted from the field that is
identified as a blank. These include trip blanks, rinsates, equipment
blanks, etc.

Field blanks may also be obtained by the sampling organization to
measure ambient contamination in the field. If this type of field blank is
requested, a container of reagent water or a solid blank material is
opened in the field for a predefined period of time. The sample is then
sent to the laboratory for analysis.

Field duplicates are useful in documenting the precision of the
sampling process. Field duplicates are used to assess improper
homogenization of the samples in the field; reproducibility of sample
preparation and analysis; and, heterogeneity of the matrix.

See also Co-located Samples and Field Split Samples.

A type of field duplicate where the sample is homogenized and then
divided into two or more aliquots so that variability can be evaluated,
(i.e., often between laboratories or methods). Homogenization may
have an impact on sample integrity for some sample types (e.g., VOCs
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in soil), and in these cases co-located samples may be more
appropriate.

Prior to the analysis of samples an initial demonstration of method
proficiency is accomplished through the successful calibration of
method-specific instruments according to project requirements and
criteria set forth in the applicable analytical methodology. This initial
demonstration should be performed prior to independently running an
analytical method, and should be repeated if other changes occur (e.g.,
instrument repair, significant change in procedure).

Please see individual methods for additional guidance on IDP.

Internal standards may be spiked into prepared field samples and QC
samples (or sample extracts). Their recovery is generally used to
demonstrate the lack of severe matrix effect in the instrumental
analysis by setting criteria for the internal standard response in
comparison to a response in a sample with a known lack of matrix
effect (i.e., a standard). Internal standards are also used to account
for matrix effects and/or variability in instrument response by
normalizing the response of the target analytes and surrogates,
thereby decreasing measurement bias to the extent that their behavior
mimics that of the target analytes.

The Laboratory Control Sample (LCS) is analyzed to assess general
method performance based on the ability of the laboratory to
successfully recover target analytes from a control matrix. The LCS is
similar in composition to the method blank in that it is an aliquot of
analyte-free water or analyte-free solid (e.g., Ottawa sand, anhydrous
sodium sulfate, or other purified solid) to which known amounts of the
method analytes are added. LCS analyses help determine if the
system is running properly (i.e., within pre-defined limits). Although
the frequency of LCS analysis should be determined by the needs of a
project, typically one LCS is prepared and analyzed for every analytical
batch. The LCS sample is prepared and analyzed in the same
analytical batch and in exactly the same manner as the other routine
samples. The recovery of the target analytes in the LCS analysis
demonstrates whether the methodology is in control and the laboratory
is capable of making unbiased measurements. The results of the LCS
are evaluated in conjunction with other QC information to determine the
acceptability of the data generated for that batch of samples.
Acceptance criteria for LCS recovery are calculated based on
statistical treatment of historical LCS recovery data through the use of
control charts.

The analysis or measurements of the variable of interest performed
identically on two sub-samples of the same sample, usually taken from
the same container. The results from duplicate analyses are used to
evaluate analytical or measurement precision and include variability
associated with sub-sampling and the matrix, but not the precision of
field sampling, preservation, or storage internal to the laboratory.

Laboratory duplicate analysis entails removing two aliquots from the
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same sample and taking them through the same preparative and
analytical procedures to evaluate analytical precision. Laboratory
duplicates are more commonly used to assess precision for inorganic
and radiological constituents, while precision for organic analyses is
usually assessed by determining the RPD between matrix spike and
matrix spike duplicates. The frequency of laboratory duplicate
analysis will depend on project requirements.

The lowest point of quantitation which, in most cases, is the lowest
concentration in the calibration curve. The LLOQ is initially verified by
spiking a clean control material (e.g., reagent water, method blanks,
Ottawa sand, diatomaceous earth, etc.) at the LLOQ and processing
through all preparation and determinative steps of the method.
Laboratory-specific recovery limits should be established when
sufficient data points exist. Individual methods may recommend
procedures for verifying the LLOQ and acceptance limits for use until
the laboratory has sufficient data to determine acceptance limits.
LLOQs should be determined at a frequency established by the
method, laboratory’s quality system, or project.

Please see individual methods for additional guidance on implementing
LLOQ (e.g., 8000, 6020).

The material of which the sample is composed or the substrate
containing the analyte of interest, such as waste water, storm water
and biosolids. Also called medium or media.

Matrix spikes are aliquots of environmental samples to which known
concentrations of certain target analytes have been added before
sample preparation, cleanup, and determinative procedures have been
implemented. Matrix spike analysis would normally be included with
each preparation batch of samples processed. Under ideal
circumstances, the original, unspiked, field sample will be analyzed
first, to determine the concentration in the unspiked sample.

However, if this approach is not practical, the samples may be spiked
at the midpoint of the calibration range or at the same level as the LCS.

The matrix spike analysis is used to assess the performance of the
method by measuring the effects of interferences caused by the
sample matrix and reflects the bias of the method for the particular
matrix in question.

Matrix spike duplicates are additional replicates of matrix spike
samples that are subjected to the sample preparation and analytical
scheme as the original sample. A matrix spike duplicate sample
would normally be included with each preparation batch of samples
processed. Analysis of spiked duplicate samples ensures a positive
value, allowing for estimation of analytical precision.

Matrix spike duplicates are used to document the precision as well as
bias of a method in a given sample matrix. When critical decisions are
based on the matrix spike and matrix spike duplicate recoveries, the

laboratory should maintain control charts for these samples to monitor
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precision and bias for each particular matrix.

Method blanks are analyzed to assess background interference or
contamination that exists in the analytical system that might lead to the
reporting of elevated concentration levels or false positive data. The
method blank is defined as an interference-free blank matrix, similar to
the sample matrix, to which all reagents are added in the same
volumes or proportions as used in sample preparation and carried
through the complete sample preparation, cleanup, and determinative
procedures. For aqueous analyses, analyte-free reagent water would
typically be used. For soil analyses, a purified solid matrix (e.g., sand)
would typically be used, except for metals analyses. Method blank
results are evaluated in conjunction with other QC information to
determine the acceptability of the data generated for that batch of
samples. The method blank results should be below the LLOQ for the
target analytes being tested; otherwise, corrective action should be
taken. A method blank is included with the analysis of every analytical
batch of 20 samples or less or as stated in the QAPP or method,
whichever is more frequent.

All references to water in the methods refer to water in which an
interferant is not observed at the LLOQ for the compounds of interest.
Preparation of organic-free reagent water may depend on the types
of interferants of concern for the analysis and may include boiling,
sparging with an inert gas, reverse osmosis purification, distillation,
particle filtration, activated carbon filtration, ion exchange filtration,
etc.

Post-digestion spike samples are typically prepared for inorganic
analyses when pre-digestion/pre-distillation matrix spike recoveries
are outside the required control limits. They are prepared by spiking
a known amount of standard to the sample digestate. The recovery
data from the post digestion spike analyses are used to further assess
if matrix effects may be a source of measurement bias in sample
quantitation.

The agreement among a set of replicate measurements without
assumption of knowledge of the true value. Precision is estimated by
means of duplicate/replicate analyses of separate aliquots of the same
sample (not multiple runs of a single digestion/extraction). These
samples should contain concentrations of analyte at or above the
LLOQ, and may involve the use of matrix spikes. The most commonly
used estimates of precision are:

Relative standard deviation (RSD), also known as the coefficient of
variation (CV):

RSD = CV = (100)*(S/x)
where:

x = the arithmetic mean of the i measurements, and
S = the square root of the variance of i measurements; and,
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Relative percent difference (RPD) when only two results are compared:

where: x4 and x, are measurements of independently prepared aliquots
of the same sample or replicate samples.

Single or multiple data collection activities that are related through the
same planning sequence.

A sample made from standards or matrix and used to verify
acceptability of the results from preparation and/or analysis of a batch
of samples. Examples of laboratory quality control samples are
method blanks, laboratory duplicates, and laboratory control samples;
field quality control samples are field blanks, trip blanks, field
duplicates, and matrix spikes.

A formal document describing in comprehensive detail the necessary
quality assurance, quality control, and other technical activities that
should be implemented to ensure that the results of the work
performed will satisfy the stated performance criteria.

Reagent blanks are analyzed to assess background interference or
contamination that exists in the analytical system that might lead to the
reporting of elevated concentration levels or false positive data. The
reagent blank is defined as an interference-free blank matrix, to which
all reagents are added in the same volumes or proportions as used in
sample preparation but are NOT carried through the complete sample
preparation, cleanup, and determinative procedures. The purpose of
a reagent blank is to gauge contamination from chemical inputs and
instrumental factors only. A reagent blank is NOT run as part of a
digestion or preparation method.

Analytical reagent (AR) grade, ACS reagent grade, and reagent grade
are synonymous terms for reagents which conform to the current
specifications of the Committee on Analytical Reagents of the
American Chemical Society.

Water that has been generated by any method which would achieve
the performance specifications for ASTM Type |l water. For organic
analyses, see the definition of organic-free reagent water.

A material containing known quantities of target analytes in solution or
in a homogeneous matrix. It is used to document the bias of the
analytical process.

The degree of agreement between mutually independent test results
produced by the same analyst using the same test method and
equipment on random aliquots of the same sample within a short
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period of time.

A measure of the degree to which data accurately represent a
characteristic of a population, a parameter variation at a sampling
point, a process condition, or an environmental condition.

Reproducibility is defined as the closeness of the agreement between
the results of measurements of the same analyte carried out under
variable conditions of measurement.

The addition of a known amount of analyte to the sample in order to
determine the relative response of the detector to an analyte within the
sample matrix. The relative response is then used to assess either an
operative matrix effect or the sample analyte concentration.

Surrogates are most commonly used to monitor the performance of
organic analyses using methods such as high performance liquid
chromatography (HPLC), gas chromatography (GC), and gas
chromatography/mass spectrometry (GC/MS). Surrogate spikes are
added to field samples and QC samples for organic analyses at known
amounts, and their recoveries are used to assess matrix effects and, to
some extent, verify proper processing and instrument performance for
each sample. The analytes used as surrogates mimic the behavior of
the target analyte(s) throughout sample preparation and instrument
determination. Surrogates are organic compounds which are similar
to the target analytes in chemical composition and behavior in the
analytical process, but are not normally found in the environmental
samples. Surrogates added to LCS samples and blanks are used to
assess recovery in a matrix known to be free from interference. This
information can be used to determine the magnitude of matrix
interference effects on environmental sample results.

A sample of analyte-free media taken from the laboratory to the
sampling site and returned to the laboratory unopened. Trip blanks
should be prepared at a frequency of one per day of sampling during
which samples are collected for volatile organic constituents (VOCs).
Trip blanks are prepared prior to the site visit at the time sample
containers are shipped to the site. The trip blank should accompany
the sampling kits throughout all the sample collection and transport
operations. This blank will not be opened during the sampling
activities and will be used to assess sample VOC contamination
originating from sample transport, shipping, or site conditions. A trip
blank is used to document contamination attributable to shipping and
field handling procedures.
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APPENDIX A

SUMMARY OF UPDATES/CHANGES IN CHAPTER 1

1. The entire Chapter has been rewritten and reorganized to reflect changes in the EPA data
quality system approach.

The revision number was changed to two and the date published to July 2014.

This appendix was added to document changes made during the editorial process.

The document was updated to match the current SW-846 style guidelines.

Figure 1 was added based on information in EPA QA/G-8, November 2002, Figure 1.
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CHAPTER TWO

CHOOSING THE CORRECT PROCEDURE

SW-846 is not intended to be an analytical training manual. Therefore, method
procedures are written based on the assumption that they will be performed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject
technology.

In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods containing general
information on how to perform an analytical procedure or technique which a laboratory can use
as a basic starting point for generating its own detailed Standard Operating Procedure (SOP),
either for its own general use or for a specific project application. The performance data
included in these methods are for guidance purposes only, and are not intended to be and must
not be used as absolute quality control (QC) acceptance criteria for the purposes of laboratory
accreditation.

2.0 INTRODUCTION

The purpose of this chapter is to aid the analyst in choosing the appropriate methods for
sample analyses, based upon the sample matrix and the analytes to be determined. The
ultimate responsibility for producing reliable analytical results lies with the entity subject to the
regulation. Therefore, members of the regulated community are advised to refer to this chapter
and to consult with knowledgeable laboratory personnel when choosing the most appropriate
suite of analytical methods. In addition, analysts and data users are advised that, except where
explicitly specified in a regulation, the use of SW-846 methods is not mandatory in response to
Federal testing requirements.

SW-846 analytical methods are written as quantitative analytical methods, and specific
methods may be used to demonstrate that a waste does not contain analytes of concern that
cause it to be managed as a hazardous waste. SW-846 methods typically contain relatively
stringent recommended QC criteria appropriate to many levels of analyses, including trace.
However, if a particular application does not require data of this quality, less stringent QC
criteria may and should be used.

The choice of the appropriate sequence of analytical methods depends on the information
sought and on the experience of the analyst. Appropriate selection is confirmed by the usability
of data (i.e., adequate for its intended use). The use of the recommended procedures, whether
they are approved or mandatory, does not release the analyst from demonstrating the correct
execution of the method.

Sec. 2.1 provides guidance regarding the analytical flexibility inherent to SW-846 methods
and the precedence of various QC criteria. Sec. 2.2 reviews the information required to choose
the correct combination of methods for an analytical procedure. Sec. 2.3 provides useful
information on implementing the method selection guidance for organic analyses. Sec. 2.4
provides guidance on choosing procedures for characteristic analyses. Sec. 2.5 provides
guidance on the determination of analytes in groundwater. Finally, Sec. 2.6 provides
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information regarding choosing procedures for inorganic analyte analyses. Tables and figures
referenced in this chapter are sequentially located after the last page of chapter text.

2.1 GUIDANCE REGARDING FLEXIBILITY INHERENT TO SW-846 METHODS AND THE
PRECEDENCE OF SW-846 QUALITY CONTROL CRITERIA

The specific products and instrument settings cited in SW-846 methods represent those
products and settings used during method development or subsequently evaluated by the
Agency for use in the method. Glassware, reagents, supplies, equipment and settings other
than those listed in this manual may be employed, provided that method performance
appropriate for the intended application has been documented. Such performance includes
consideration of precision, accuracy (or bias), recovery, representativeness, comparability, and
sensitivity (quantitation or reporting limits, now referred to as lower limit of quantitation (LLOQ))
relative to the data quality objectives (DQOs) for the intended use of the analytical results. In
response to this inherent flexibility, if an alternative analytical procedure is employed, then EPA
expects the laboratory to demonstrate and document that the procedure is capable of providing
appropriate performance for its intended application. This demonstration must not be performed
after the fact, but as part of the laboratory’s initial demonstration of proficiency with the method.
The documentation should be in writing, maintained in the laboratory, and available for
inspection upon request by authorized representatives of the appropriate regulatory authorities.
The documentation should include the performance data as well as a detailed description of the
procedural steps as performed (i.e., a written standard operating procedure).

Given this allowance for flexibility, EPA wishes to emphasize that this manual also
contains procedures for "method-defined parameters," where the analytical result is wholly
dependent on the process used to make the measurement. Examples include: the use of the
toxicity characteristic leaching procedure (TCLP) to prepare a leachate, and the flash point, pH,
paint filter liquids, and corrosivity tests. In these instances, changes to the specific methods
may change the end result and incorrectly identify a waste as nonhazardous. Therefore, when
the measurement of such method-defined parameters is required by regulation, those methods
are not subject to the flexibility afforded in other methods.

Analysts and data users are advised that even for those analytes that are not method-
defined, different procedures may produce some difference in results. Common examples
include the differences in recoveries of phenolic compounds extracted from water by separatory
funnel (Method 3510) and continuous liquid-liquid (Method 3520) extraction techniques,
differences in recoveries of many compounds between Soxhlet (Method 3540) and ultrasonic
(Method 3550) extraction techniques, and differences resulting from the choice of acid digestion
of metals (Method 3050) or microwave digestion (Method 3051). Where practical, the Agency
has included guidance in the individual methods regarding known potential problems, and
analysts are advised to review this information carefully in choosing or modifying analytical
procedures. Chapter One describes a variety of QC procedures that may be used to evaluate
the quality of the analytical results. Additional QC procedures may be described in the
individual methods. The results of these QC procedures should be used by the analyst to
evaluate if the analytical procedures and/or any modifications are appropriate to generate data
of the quality necessary to satisfy the data quality needs of the intended application.

The performance data included in the SW-846 methods are not intended to be used as
absolute QC acceptance criteria for method performance. The data are intended to be
guidance, by providing typical method performance in typical matrices, to assist the analyst in
selection of the appropriate method for the intended application. In addition, it is the
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responsibility of the laboratory to establish actual operating parameters and in-house QC
acceptance criteria, based on its own laboratory SOPs and in-house QC program, to
demonstrate appropriate performance of the methods used in that laboratory for the RCRA
analytical applications for which they are intended.

The regulated community is further advised that the methods here or from other sources
need only be used for those specific analytes of concern that are subject to regulation or other
monitoring requirements. The fact that a method provides a long list of analytes does not mean
that each of those analytes is subject to any or all regulations, or that all of those analytes must
be analyzed each time the method is employed, or that all of the analytes can be analyzed
using a single sample preparation procedure. Itis EPA’s intention that the target analyte list for
any procedure includes those analytes necessary to meet the DQOs of the project (i.e., those
analytes subject to monitoring requirements and set out in a RCRA permit or other applicable
regulation, plus those analytes used in the methods for QC purposes, such as surrogates,
internal standards, system performance check compounds, etc.). Additional analytes, not
included on the analyte list of a particular method(s) but needed for a specific project, may be
analyzed by that particular method(s), if appropriate performance can be demonstrated for
those analytes in the matrices of concern at the levels of concern.

2.1.1 Trace analysis vs. macroanalysis

Through the choice of sample size and concentration procedures, the methods presented
in SW-846 were designed to address the problem of "trace" analyses (<1000 ppm), and have
been developed for an optimized working range. These methods are also applicable to "minor"
(1000 ppm - 10,000 ppm) and "major" (>10,000 ppm) analyses, as well, through use of
appropriate sample preparation techniques that result in analyte concentrations within that
optimized range. Such sample preparation techniques include:

Adjustment of size of sample prepared for analysis (for homogeneous samples)
Adjustment of injection volumes

Dilution or concentration of sample

Eelimination of concentration steps prescribed for "trace" analyses

Direct injection (of samples to be analyzed for volatile constituents)

o=

The performance data presented in each of these methods were generated from "trace"
analyses, and may not be applicable to "minor" and "major" analyses. Generally, extraction
efficiency improves as concentration increases.

CAUTION: Great care should be taken when performing trace analyses after the analysis of
concentrated samples, given the possibility of contamination.

2.1.2 Choice of apparatus and preparation of reagents

Since many types and sizes of glassware and supplies are commercially available, and
since it is possible to prepare reagents and standards in many different ways, the apparatus,
reagents, and volumes included in these methods may be replaced by any similar types as long
as this substitution does not affect the overall quality of the analyses.

2.1.3 Quality control criteria precedence
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Chapter One contains general QC guidance for analyses using SW-846 methods. QC
guidance specific to a given analytical technique (e.g., extraction, cleanup, sample introduction,
or analysis) may be found in Methods 3500, 3600, 5000, 7000, and 8000. Method-specific QC
criteria may be found in Sec. 8.0 of most older individual methods, in Sec. 9.0 of newer
methods, or in Sec. 11.0 of some air sampling methods. When inconsistencies exist between
the information in these locations, method-specific QC criteria take precedence over both
technique-specific criteria and those criteria given in Chapter One, and technique-specific QC
criteria take precedence over the criteria in Chapter One.

2.2 INFORMATION NECESSARY FOR CHOOSING THE CORRECT PROCEDURE

In order to choose the correct combination of methods to comprise the appropriate
analytical procedure, some basic information is necessary. This includes information on:

The physical state of the sample

The analytes of interest

The analytical sensitivity needed

The analytical objective

Whether the purpose is quantitation or monitoring

What sample containers and preservation will be used and what holding times may
apply

oOEwWN =

2.2.1 Physical state(s) of sample

The phase characteristics of the sample must be known. There are several general
categories of phases into which the sample may be categorized, including:

Aqueous Qil or other Organic Liquid
Sludge Multiphase Sample
Solid Groundwater

Stack Sampling —Volatile Organics Sampling Train (VOST) Condensate
TCLP or Extraction Procedure (EP) Extract

There may be a substantial degree of overlap between the phases listed above and it may
be useful to further divide these phases in certain instances. A multiphase sample may be a
combination of aqueous, organic liquid, sludge, and/or solid phases, and generally must
undergo a phase separation as the first step in the analytical procedure.

2.2.2 Analytes of interest

Analytes may be divided into various classes, based on the determinative methods used
to identify and quantify them. The most basic differentiation is between organic (e.g., carbon-
containing) analytes and inorganic (e.g., metals and anions) analytes.

Table 2-1 is an alphabetical list of analytes cited within the SW-846 organic determinative
methods (excludes immunoassay and other screening methods). These analytes have been
evaluated by those methods. The methods may also be applicable to other analytes that are
similar to those listed. Tables 2-2 through 2-38 list the analytes for each organic determinative
method. Table 2-39 indicates which methods are applicable to inorganic analytes.
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NOTE: Analysts should review the discussion in Sec. 2.1 of this chapter with regard to the
presence of an analyte in a method versus the need for its analysis for a given project.

2.2.3 Sensitivity

Some regulations may require a specific sensitivity or quantitation limit (LLOQ) for an
analysis, as in the determination of analytes for the Toxicity Characteristic (TC). Drinking water
quantitation limits, for those specific organic and metallic analytes covered by the National
Primary Drinking Water Regulations, are desired in the analysis of groundwater.

2.2.4 Analytical objective

Knowledge of the analytical objective is essential in the choice of sample preparation
procedures and in the selection of a determinative method. This is especially true when the
sample has more than one phase. Knowledge of the analytical objective may not be possible or
desirable at all management levels, but that information should be included in the project
planning document and transmitted to the analytical laboratory management to ensure that the
correct techniques are used during the analytical effort. Screening methods or composite
sampling may be highly beneficial for some applications in order to generate a broader view of
contaminant distribution than may be possible with a more precise and more costly method.
Table 2-46 identifies some screening methods appropriate for different classes of organic
chemicals in certain matrices.

2.2.5 Quantitation or monitoring

The strategy for quantitation of compounds in environmental or process samples may be
contrasted with the strategy for collecting monitoring data. When there is little information
available about the composition of the sample source (e.g., a well or process stream), mass
spectral identification of organic analytes leads to fewer false positive results. Thus, the most
practical form of quantitation for organic analytes is often mass spectral identification. However,
where the sensitivity requirements exceed those that can be achieved using mass spectral
methods (e.g., gas chromatography/mass spectrometry (GC/MS) or high performance liquid
chromatography (HPLC)/MS), it may be necessary to employ a more sensitive quantitation
method (e.g., electron capture). In these instances, the risk of false positive results may be
minimized by confirming the results through a second analysis with a dissimilar detector or
chromatographic column. Thus, the choice of technique for organic analytes may be governed
by the sensitivity requirements and potential interferants.

Similarly, the choice of technique for metals may be governed by the sensitivity
requirements and potential interferants.

In contrast, monitoring samples are analyzed to confirm existing and ongoing conditions,
tracking the presence or absence of known constituents in an environmental or process matrix.
In well-defined matrices and under stable analytical conditions, less compound-specific
quantitation modes may be used, as the risk of false positive results is less.

2.2.6 Sample preservation and holding times
Table 2-40 provides information regarding recommended sample preservation techniques,

sample holding times, and other information. Similar information may be found in Table 3-1 of
Chapter Three (inorganic analytes) and Table 4-1 of Chapter Four (organic analytes). Samples
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need to be extracted and analyzed within the recommended holding times for the results to be
considered reflective of native concentrations as collected. Analytical data generated outside of
the recommended holding times should typically be considered as minimum values only. Such
data may be used to demonstrate that a waste is hazardous where it shows the concentration of
a constituent to be above the regulatory threshold, but cannot be used to demonstrate that a
waste is not hazardous. However, regarding the information in Table 2-40, a longer holding
time may be appropriate if it can be demonstrated that reported concentrations are not
adversely affected from preservation, storage and analyses performed outside the
recommended holding times.

2.3 CHOOSING PROCEDURES FOR ORGANIC ANALYSES
Table 2-1 summarizes the organic analysis options available in SW-846.
2.3.1 Extraction and sample preparation procedures for organic analytes

SW-846 methods for preparing samples for organic analytes are shown in Table 2-41.
Method 3500 and associated methods should be consulted for further details on preparing the
sample for analysis.

2.3.1.1 Aqueous samples

Methods 3510, 3520, and 3535 may be used for extraction of the semivolatile
organic compounds (SVOCs) from aqueous samples. The choice of a preparative method
depends on the sample. Method 3510, a separatory funnel liquid-liquid extraction
technique, is appropriate for samples which will not form a persistent emulsion interface
between the sample and the extraction solvent. The formation of an emulsion that cannot
be broken up by mechanical techniques will prevent proper extraction of the sample.
Method 3520, a continuous liquid-liquid extraction technique, may be used for any
aqueous sample and will minimize emulsion formation.

Method 3535 is solid-phase extraction technique that has been tested for
organochlorine pesticides, phthalate esters, polychlorinated biphenyls (PCBs),
organophosphorus pesticides, nitroaromatics and nitramines, and some explosive
compounds, and may be applicable to other semivolatile and extractable compounds as
well. The aqueous sample is passed through a solid sorbent material which traps the
analytes. They are then eluted from the solid-phase sorbent with a small volume of
organic solvent. This technique may be used to minimize the volumes of organic solvents
that are employed, but may not be appropriate for aqueous samples with high suspended
solids contents.

2.3.1.1.1 Acidic extraction of phenols and acid analytes

The solvent extract obtained by performing Method 3510, 3520, or 3535
at a pH less than or equal to 2 will contain the phenols and acid/neutral extractable
organics of interest, and may contain some mildly basic compounds. The
particular pH extraction conditions needs to be defined during the project planning
process based on the desired target analytes and performance goals.

2.3.1.1.2 Basic or neutral extraction of semivolatile analytes
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The solvent extract obtained by performing Method 3510, 3520, or 3535
at a basic pH will contain the organic bases of interest, if acid extraction is
performed first. It will also contain the neutral compounds of interest, if acid
extraction is not performed. Refer to Table 1 in the extraction methods (3510
and/or 3520) for guidance on the requirements for pH adjustment prior to extraction
and analysis.

2.3.1.2 Solid samples

Soxhlet extraction (Methods 3540, 3541 and 3542), pressurized fluid extraction
(Method 3545), microwave extraction (Method 3546) and ultrasonic extraction (Method
3550) may be used with solid samples. Consolidated samples should be ground finely
enough to pass through a 1-mm sieve. In limited applications, waste dilution (Methods
3580 and 3585) may be used if the entire sample is soluble in the specified solvent.

Methods 3540, 3541, 3542, 3545, 3546 and 3550 are neutral-pH extraction
techniques and therefore, depending on the analysis requirements, acid-base partition
cleanup (Method 3650) may be necessary. Method 3650 will only be needed if
chromatographic interferences are severe enough to prevent quantitation of the analytes
of interest. This separation will be most important if a gas chromatography (GC) method is
chosen for analysis of the sample. If GC/MS is used, the ion selectivity of the technique
may compensate for chromatographic interferences.

There are three extraction procedures for solid samples that employ supercritical
fluid extraction (SFE). Method 3560 is a technique for the extraction of petroleum
hydrocarbons from various solid matrices using carbon dioxide at elevated temperature
and pressure. Method 3561 may be used to selectively extract polynuclear aromatic
hydrocarbons (PAHs) from solid matrices using supercritical carbon dioxide and
appropriate modifiers, based on the determinative procedure to be used. Method 3562
may be used to selectively extract organochlorine pesticides or PCBs from solid matrices
using supercritical carbon dioxide.

2.3.1.3 Oils and organic liquids

Method 3580, waste dilution, may be used to prepare oils and organic liquid
samples for analysis of semivolatile and extractable organic analytes by GC or GC/MS.
Method 3585 may be employed for the preparation of these matrices for volatiles analysis
by GC or GC/MS. To avoid overloading the analytical detection system, care must be
exercised to ensure that proper dilutions are made. Methods 3580 and 3585 give
guidance on performing waste dilutions.

To remove interferences for semivolatiles and extractables, Method 3611 (alumina
cleanup) may be performed on an oil sample directly, without prior sample preparation.

Method 3650 is the only other preparative procedure for oils and other organic
liquids. This procedure is a back extraction into an aqueous phase. It is generally
introduced as a cleanup procedure for extracts rather than as a preparative procedure.
Oils generally have a high concentration of semivolatile compounds and, therefore,
preparation by Method 3650 should be done on a relatively small aliquot of the sample.
Generally, extraction of 1 mL of oil will be sufficient to obtain a saturated aqueous phase
and avoid emulsions.
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NOTE: The use of traditional extraction techniques (i.e., 3510, 3520, 3535, 3540, 3541,
3545, 3546, and 3550), is neither suitable nor recommended for use in these
matrices due to a high potential for hydrocarbon interferences and decreased
determinative method sensitivity (i.e., poor analytical performance).

2.3.1.4 Sludge samples

Determining the appropriate methods for analysis of sludges is complicated
because of the lack of precise definitions of sludges with respect to the relative percent of
liquid and solid components. There is no set ratio of liquid to solid that enables the analyst
to determine which of the three extraction methods cited is the most appropriate. Sludges
may be classified into three categories: liquid sludges, solid sludges, and emulsions, but
with appreciable overlap.

If the sample is an organic sludge (solid material and organic liquid, as opposed to
an aqueous sludge), the sample should be handled as a multiphase sample.

2.3.1.4.1 Liquid sludges

Method 3510 or Method 3520 may be applicable to sludges that behave
like, and have the consistency of, aqueous liquids. Ultrasonic extraction (Method
3550) and Soxhlet-type (Method 3540 series) procedures will, most likely, be
ineffective because of the overwhelming presence of the liquid aqueous phase.

2.3.1.4.2 Solid sludges

Soxhlet extraction (Methods 3540 and 3541), pressurized fluid extraction
(Method 3545), microwave extraction (Method 3546), and ultrasonic extraction
(Method 3550) will be more effective when applied to sludge samples that
resemble solids. Samples may be dried or centrifuged to form solid materials for
subsequent determination of semivolatile compounds.

Using Method 3650, Acid-Base Partition Cleanup, on the extract may be
necessary, depending on whether chromatographic interferences prevent
determination of the analytes of interest.

2.3.1.4.3 Emulsions
Attempts should be made to break up and separate the phases of an
emulsion. Several techniques are effective in breaking emulsions or separating the

phases of emulsions, including:

1. Freezing/thawing -- Certain emulsions will separate if exposed to
temperatures below 0 °C.

2. Salting out -- Addition of a salt to make the aqueous phase of an emulsion too
polar to support a less polar phase promotes separation.

3. Centrifugation -- Centrifugal force may separate emulsion components by
density.
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4. Addition of water or ethanol -- Emulsion polymers may be destabilized when a
preponderance of the aqueous phase is added.

5. Forced filtering through glass wool -- Many emulsions can be broken by
forcing the emulsion through a pad of Pyrex glass wool in a drying column
using a slight amount of air pressure (using a rubber bulb usually provides
sufficient pressure).

If techniques for breaking emulsions fail, use Method 3520. If the
emulsion can be broken, the different phases (aqueous, solid, or organic liquid)
may then be analyzed separately.

2.3.1.5 Multiphase samples

Choice of the procedure for separating multiphase samples is highly dependent on
the objective of the analysis. With a sample in which some of the phases tend to separate
rapidly, the percent weight or volume of each phase should be calculated and each phase
should be individually analyzed for the required analytes.

An alternate approach is to obtain a homogeneous sample and attempt a single
analysis on the combination of phases. This approach will give no information on the
abundance of the analytes in the individual phases other than what can be implied by
solubility.

A third alternative is to select phases of interest and to analyze only those selected
phases. This tactic must be consistent with the sampling/analysis objectives or it will yield
insufficient information for the time and resources expended. The phases selected should
be compared with Figure 2-1 and Table 2-41 for further guidance.

2.3.2 Cleanup procedures

Cleanup procedure selection is determined by the analytes of interest within the extract.
Each analyte type in Table 2-42, Cleanup Methods for Organic Analyte Extracts, corresponds to
one or more of the possible determinative methods available in the manual. However, the
necessity of performing cleanup may also depend upon the matrix from which the extract was
developed. Cleanup of a sample may be done exactly as instructed in the cleanup method for
some of the analytes. There are some instances when cleanup using one of the methods may
only proceed after the procedure is modified to optimize recovery and separation. Several
cleanup techniques may be possible for each analyte category. The information provided is not
meant to imply that any or all of these methods must be used for the analysis to be acceptable.
Extracts with components which interfere with spectral or chromatographic determinations are
expected to be subjected to cleanup procedures.

The analyst, in consultation with the regulator, customer, and other project planning
participants as necessary, must determine the necessity for cleanup procedures, as there are
no clear-cut criteria for indicating their use. Method 3600 and associated methods should be
consulted for further details on extract cleanup.
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2.3.3 Determinative procedures

In Table 2-43, the determinative methods for organic analytes are divided into four
categories, specifically: GC/MS (this category includes single quadrupole MS, triple quadrupole
(MS/MS), and time-of-flight instruments); GC with electromagnetic spectrometric (ES) detectors
(i.e., Fourier Transform infrared (FT-IR) or atomic emission (AES)); specific quantitation
methods (i.e., GC with specific non-MS detectors); and HPLC, including any HPLC-MS
methods. This division is intended to help an analyst choose which determinative method will
apply. Under each analyte column, SW-846 method numbers are indicated, if appropriate, for
the determination of the analyte. A blank has been left if no chromatographic determinative
method is available.

Generally, the MS procedures are more specific but less sensitive than the appropriate
gas chromatographic/specific quantitation or ES method.

Method 8000 gives a general description of the techniques of GC and HPLC. Method
8000 should be consulted prior to application of any of the GC or HPLC methods.

Method 8081 (organochlorine pesticides), Method 8082 (PCBs), Method 8141
(organophosphorus pesticides), and Method 8151 (chlorinated herbicides), are preferred over
GC/MS because of the combination of selectivity and sensitivity of the flame photometric,
nitrogen-phosphorus, and electron capture detectors.

Method 8260 is a GC/MS method for volatile analytes. A variety of sample introduction
techniques may be used with Method 8260, including Methods 5021, 5030, 5031, 5035, 5041,
and 3585. A GC with a selective detector is also useful for the determination of volatile organic
compounds in a monitoring scenario, as described in Sec. 2.2.5.

Method 8270 is a GC/MS method for semivolatile analytes. Method 8410 is another GC
method for semivolatile analytes which uses a FT-IR detector. Method 8085 is a GC method for
pesticides which uses an AES detector.

Table 2-43 lists several GC and HPLC methods that apply to only a small number of
analytes. Methods 8031 and 8033 are GC methods for acrolein, acrylonitrile, and acetonitrile.
Methods 8315 and 8316 are HPLC methods for these three analytes. Method 8316 also
addresses acrylamide, which may be analyzed by Method 8032. Method 8325 is an HPLC
coupled with particle beam MS for the determination of benzidines and
nitrogen-containing pesticides in water and wastewater. Method 8520 measures formaldehyde
in ambient air primarily for non-occupational exposure monitoring. Method 8540 is used for
field-testing of soil samples for pentachlorophenol (PCP).

HPLC methods have been developed for other types of analytes, most notably N-methyl
carbamates (Method 8318); azo dyes, phenoxy acid herbicides, carbamates, and
organophosphorus pesticides (Method 8321); PAHs (Method 8310); explosives (Methods 8330,
8331, and 8332); and some volatile organics (Methods 8315 and 8316).

Method 8430 utilizes a FT-IR spectrometer coupled to a gas chromatograph to determine
bis(2-chloroethyl) ether and its hydrolysis products. The sample is introduced by direct aqueous
injection. Method 8440 may be employed for the determination of total recoverable petroleum
hydrocarbons (TRPH) in solid samples by infrared (IR) spectrophotometry. The samples may
be extracted with supercritical carbon dioxide, using Method 3560.
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2.4 CHOOSING PROCEDURES FOR CHARACTERISTIC ANALYSES

2.41 Figure 2-2 outlines a sequence for determining if a waste exhibits one or more of
the characteristics of a hazardous waste.

2.4.2 SPLP, EP and TCLP extracts

The leachate obtained from using either the Synthentic Precipitation Leaching procedure
(SPLP), EP (Figure 2-3A) or the TCLP (Figure 2-3B) is an aqueous sample, and therefore,
requires further solvent extraction prior to the analysis of semivolatile compounds.

The SPLP or TCLP leachate is solvent extracted with methylene chloride at a pH <2 and
at a pH >11 by either Method 3510 or 3520. The leachate may also be extracted as received
for organochlorine pesticides and semivolatiles and at pH <1.0 for phenoxyacid herbicides using
the solid phase extraction (SPE) disk option in Method 3535. The best recoveries are usually
obtained using either Method 3520 or Method 3535.

The solvent extract obtained by performing either Method 3510 or 3520 at an acidic pH will
contain the acid/neutral compounds of interest. Refer to the specific determinative method for
guidance on the pH requirements for extraction prior to analysis. Method 5031 (azeotropic
distillation) may be used as an effective preparative method for pyridine.

Due to the high concentration of acetate in the TCLP extract, it is recommended that
purge-and-trap be used to introduce the volatile sample into the gas chromatograph.

The SPLP, EP and/or TCLP extracts can also be digested using acids (Method 3010, 3015, or
3020) and analyzed for metals using a 6000 or 7000 series method (Figures 2-3A and 2-3B).

2.5 CHOOSING PROCEDURES FOR GROUNDWATER ANALYSES

Appropriate analysis schemes for the determination of analytes in groundwater are
presented in Figures 2-4A, 2-4B, and 2-4C. Quantitation limits (LLOQs) for the inorganic
analytes should correspond to the drinking water limits, where such limits are available.

2.5.1 Special techniques for inorganic analytes

All atomic absorption (AA) analyses should employ appropriate background correction
systems whenever spectral interferences could be present. Several background correction
techniques are employed in modern AA spectrometers. Matrix modification can complement
background correction in some cases. Since no approach to interference correction is
completely effective in all cases, the analyst should attempt to verify the adequacy of correction.
If the interferant is known (e.g., high concentrations of iron in the determination of selenium),
accurate analyses of synthetic solutions of the interferant (with and without analyte) could
establish the efficacy of the background correction. If the nature of the interferant is not
established, good agreement of analytical results using two substantially different wavelengths
could substantiate the adequacy of the background correction.
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To reduce matrix interferences, all graphite furnace atomic absorption (GFAA) analyses
should be performed using techniques which maximize an isothermal environment within the
furnace cell. Data indicate that two such techniques, L'vov platform and the delayed
atomization cuvette (DAC), are equivalent in this respect, and produce high quality results.

All GFAA analysis should be carried out using the best matrix modifier for the analysis.
Some examples of modifiers are listed below. (See also the appropriate methods.)

Element(s) Modifier(s)

As and Se Nickel nitrate, palladium

Pb Phosphoric acid, ammonium phosphate, palladium
Cd Ammonium phosphate, palladium

Sb Ammonium nitrate, palladium

Tl Platinum, palladium

Inductively coupled plasma (ICP), AA, and GFAA calibration standards need to match the
acid composition and strength of the acids contained in the samples. Acid strengths of the
calibration standards should be stated in the raw data. When using a method which permits the
use of internal standardization, and the internal standardization option is being used, matrix
matching is not required.

2.6 CHOOSING PROCEDURES FOR INORGANIC ANALYSES

Methods for preparing different sample matrices for inorganic analyses are shown in Table
2-44. Guidance regarding the use of leaching and digestive methods for inorganic analysis is
provided in Table 2-45.

2.7 REFERENCES

1. M. J. Barcelona, "TOC Determinations in Ground Water," Ground Water 1984, 22(1), 18-
24.
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Publication Offices of Center for Environmental Research Information; Cincinnati, OH,
1984; EPA-600/4-84-008.

3. G. McKee, et al.; Determination of Inorganic Anions in Water by lon Chromatography
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600/4-79-020); U.S. Environmental Protection Agency; Environmental Monitoring and
Support Laboratory; ORD Publication Offices of Center for Environmental Research
Information; Cincinnati, OH, 1984; EPA-600/4-84-017.
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TABLE 2-1

DETERMINATIVE METHODS FOR ORGANIC ANALYTES

Analytes are listed in alphabetical order and alternative analyte names are in parenthesis.
The applicable method listing does not include immunoassay or screening methods.

Analyte

8100, 8270, 8275,
............................................................................. 8100, 8270, 8275,
........................................................................................... 80 15 8260
8015, 8033,

Acetophenone
2-Acetylaminofluorene
1-Acetyl-2-thiourea
Acifluorfen
Acrolein (Propenal)

........................................................................ 8015, 8260, 8261,
ACTYIAMIAE ...t
e Y4 o] o1 4 1= 8015, 8031, 8260,
Y =T | o PR
Aldicarb (Temik)
Aldicarb sulfone
Aldicarb sulfoxide
Aldrin
Allyl alcohol
Allyl chloride
Ametryn
2-Aminoanthraquinone
Aminoazobenzene
4-Aminobiphenyl
AMUNOCAID ... it e e e et e e et e e e e et e e e et aas
2-Amino-4,6-dinitrotoluene (2-Am-DNT)
4-Amino-2,6-dinitrotoluene (4-Am-DNT)
3-Amino-9-ethylcarbazole
t-Amyl alcohol (TAA)
t-Amyl ethyl ether (TAEE, 4,4-Dimethyl-3-oxahexane)
t-Amyl methyl ether (TAME)
Anilazine
Aniline
o-Anisidine
Anthracene
Aramite
Aroclor-1016 (PCB-1016)
Aroclor-1221 (PCB-1221)
Aroclor-1232 (PCB-1232)
Aroclor-1242 (PCB-1242)
Aroclor-1248 (PCB-1248)
Aroclor-1254 (PCB-1254)

8081,

SW-846 Update V

Applicable Method

8310, 8410
8310, 8410

8261, 8315
8260, 8261

8085, 8151
8315, 8316
8032, 8316
8261, 8316
8081, 8085
8318, 8321
8318, 8321

8085, 8270
8015, 8260

8082, 8270
8082, 8270
8082, 8270
8082, 8270
8082, 8270
8082, 8270
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Aroclor-1260 (PCB-1260).........cciiiiiiiiiiiiieeeeeeeeeeee ettt e e 8082, 8270
=3 oo o PPt 8141
NS ] =T o o PP 8321
N 1 = 1 (o] o SR 8085
ALFAZINE......coiiiieeeeeeeeeeeee e 8041, 8085, 8141
Azinphos-ethyl (Ethyl QUtRION).........cooiiiiii e 8085, 8141
Azinphos-methyl (GUEhION)..........oooiiiiiii e 8085, 8141, 8270
7= 1 oY= o [N 8270, 8321
=)o o] T (0] 0o ) (U ) PP 8318, 8321
=TT aTo ooz o o J R SPSRRRRN 8141, 8318, 8321
7= LY T o PP 8091
BeNTIUrAlIN ... ..o e e e raa 8085
7= o T o 2 1Y 8321
7= 01 = o ) o 1 8151
7= aV= | Il o] (o] o [P 8121
BENZAIAENYAE ...ttt n et n et e nnnnne 8315
Benz(a)anthraCene ...............uuuueeuiiiiiieiiiiiiiieiiiieiiiiieeeeeeeeeeeeeeeenennees 8100, 8270, 8275, 8310, 8410
BENZENE....... et ————————————————————————————————— 8015, 8021, 8260, 8261
Benzenethiol (ThIOPNENOI) .........u i e eeeeneennee 8270
LY a4 o 1 = PPt 8270, 8325
Benzo(b)fluoranthene..............oouiiiiiiiiic e 8100, 8270, 8275, 8310
BenzZO()fIUOrANTNENE.......eiiiiiiie bbb 8100
Benzo(K)fluoranthene.............oouuoiiiii i 8100, 8270, 8275, 8310
(21T g Vo] (3= o [« E TP 8270, 8410
Benzo(g,h,i)Perylene ..........ueeiiiiiiiiiiiiiie e 8100, 8270, 8275, 8310
BENZO()PYIENE ... 8100, 8270, 8275, 8310, 8410
o = 1Y g V(o Yo |8 11 ] 1= 8270
7= g Vo 15 o o] (o Ty o 1= N 8121
BENZOYIPIOP EENYI ... nnne 8325
512 4V =1 (oo o o ) 8270
Benzyl ChIOFIde. .........ueiiiie e 8021, 8121, 8260
a-BHC (a-HexachlorocycloheXane)...........ooovvveeiiiiiiiiiiiiiieeecceee e 8081, 8085, 8121, 8270
B-BHC (B-Hexachlorocyclohexane)..........cccccoiiiiiiiiiiiiiiiiii e 8081, 8085, 8121, 8270
0-BHC (8-Hexachlorocyclohexane) ...........cccoovveiiiiciiiiiiiiieiecee e 8081, 8085, 8121, 8270
y-BHC (Lindane, y-Hexachlorocyclohexane)............cccooeeeiiiiiiiiieeeeeen 8081, 8085, 8121, 8270
Bis(2-n-butoxyethyl)phthalate.............ooooiiiii e 8061
Bis(2-chloroethoxy)methane ..., 8111, 8270, 8410
Bis(2-chloroethyl)ether ..........oooueiiiiiii e, 8111, 8270, 8410, 8430
Bis(2-Chloroethyl)SUIfIe .............uuiieieieee e 8260
Bis(2-chloro-1-methylethylether ..., 8021, 8111, 8270, 8410
Bis(2-ethoxyethyl)phthalate...........ccoooiiiiiii e 8061
Bis(2-ethylhexyl)phthalate.............oooiii e 8061, 8270, 8410
Bis(2-methoxyethyl)phthalate ...........cooo e 8061
Bis(4-methyl-2-pentyl)phthalate ... e 8061
BOIStar (SUIPIOfOS) .....uuiiiiiiiiiiii e aaaaaaasassansssssssassnssssnnnes 8085, 8141
2] (0] 0 0 1= T3 | T 8085, 8321
Brominal (BromOXYNil).........ooooiiiiiiiiieee e 8085, 8270
BrOMOAGCEIONE. ... e e e e e 8021, 8260
T T o] g TeY=T a1 T T 8131
BrOMODBENZENE. ... e 8021, 8260
Bromochloromethane............cooeuiiiiiie e 8021, 8260, 8261
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2-Bromo-6-Chloro-4-nitro@niliNe..........coouuiiiiniii e eaaas 8131
Bromodichloromethane ....... oo 8021, 8260, 8261
2-Bromo-4,6-diNitroaniliNe ...........oouiiniii e e aaas 8131
(ST 0] 1 gT0] 0] 10 o U 8021, 8260, 8261
Bromomethane ..........ooveii e 8021, 8260, 8261
4-Bromophenyl phenyl ether ... 8111, 8270, 8275, 8410
Bromoxynil (BrominNal).............ueueeeeeeeiiiiiiiiiiiieiieiieieieeeeieeeeeeeeeeeeeeeesssaesenssnsnseensnnsensnnnnnes 8085, 8270
[ S]01 7= (] o] Lo TR 8085
[ ST01 7= o =1 TR 8315
n-Butanol (1-Butanol, n-Butyl @lCOhOl) ..o 8260
2-Butanone (Methyl ethyl ketone, MEK) ..., 8015, 8260, 8261
BULIFOS (DEF) ...eetttiieeitttittetttt ettt ssssssssssssssssssssssnnnsnnnnnnnnnn 8085
201> ] T 8091
F-BULYL @ICONON ... e e e e e e e eeaans 8015, 8260
Butyl benzyl phthalate .............uuuiiiiiiiiiii e 8061, 8270, 8410
BULYIATE ...ttt a———aaaanannannnnntannnnnnnnnnn 8085, 8141, 8321
N-BULYIDENZENE .. .ot e e e e e e 8021, 8260, 8261
SEC-BULYIDENZENE ... e 8021, 8260, 8261
tert-BULYIDENZENE ... 8021, 8260, 8261
2-sec-Butyl-4,6-dinitrophenol (DNBP, Dinoseb) ............cccvvvueeen... 8041, 8085, 8151, 8270, 8321
CapLafol ... .o 8081, 8085, 8270
1071 o] -1 o 1SRRI 8085, 8270
Carbaryl (SEVIN) ....uuee i 8270, 8318, 8321, 8325
LOF= 1 01T Lo F= 4 1 o T 8321
Carbofuran (FUFaden) ... 8270, 8318, 8321
L0714 o o) 1] =1 N 1 1= Uo S 8321
(0= oYo o e [101 1 1 o [T 8260, 8261
Carbon tetrachloride ...........oieeiie e 8021, 8260, 8261, 8535
Carbophenothion ..., 8081, 8085, 8141, 8270
LOF= 1 0 To 11U 1 7= 1 o 8321
LOF= 1 0T )41 T 8085
Casoron (DIChIODENI). ... 8085
(01 o1 loT =1 I 0)Y/o | = (= TSP 8260
L0 0] (o T =1 0101 0 1= o 8151
(07 01 Lo] o b= T L= (N 1) 8081, 8270
(o) 1O 41 (0] (o =1 1 [T 8081
=11 O g1 (o] (o F= T o 1= XA 8085, 8081
(01 01 o7y =Y 1Y/ 0T o] oo 1= J OO PUPPPRRPIN 8141, 8270
(01 0] (o]0 = (1=] (o) g 11 (1[I 8260
J O] o100 T (o Y=g 11 11 TS 8131
B O 1 [o 0 = 1 1111 (= 8131
F R @ o1 o] oY= a1 1T a L= TR 8131, 8270, 8410
(071 [o] (0] o 1= g V4=] o 1= TP TR TR 8021, 8260, 8261
L0 0] (o7 0] 01T gV | F= 1 (= 8081, 8270
2-Chlorobiphenyl ... 8082, 8275
2-Chloro-1,3-butadiene (Chloroprene) ........coooveeiiiiiiiii e, 8021, 8260
O] o100 T o] o1V 7= a1 8260
Chlorodibromomethane (Dibromochloromethane)...........cccoovviiceiiiiieciiieiiinenn. 8021, 8260, 8261
2-Chloro-4,6-AiNitroaniliNeE ........couniieeeiee et e e e et e e e e e e e e et e e eaaa s 8131
1-Chloro-2,4-diNitrODENZENE. .........coeeeee e e s 8091
1-Chloro-3,4-AiNitrODENZENE. .........coeeeee e e e 8091
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ChlOrOBNANE ... e e e 8021, 8260, 8261
2-Chloroethanol ..., 8021, 8260, 8430
2-(2-ChloroethoxXy) thanOL...........oiiiiiiiii e 8430
2-Chloroethyl VINYl €ther ..........oooo i 8021, 8260
(@7 11T o) (o T o ¢ 1T 8021, 8260, 8261
1-ChIOrONEXANE ... 8260
ChIOrOMEtNANE ... .o 8021, 8260, 8261
5-Chloro-2-methylaniliNng ... 8270
Chloromethyl methyl €ther ...... ..o 8021
2-Chloro-5-methylphenol.........ccooiiiiii 8041
4-Chloro-2-methylphenol.... ..o 8041
4-Chloro-3-methylphenol..........cooooi i, 8041, 8270, 8410
3-(Chloromethyl) pyridine hydroChlOride.........ccooeiiiiieieeeeeeeeeee e 8270
1-Chloronaphthal€ne..............coooiiiiii e 8270, 8275
2-Chloronaphthalene...........c..oiiiiiiiii e 8121, 8270, 8410
L0 o1 oo o =1 o P 8081
2-Chloro-4-nitro@niline..........coooii i 8131
@ o1 (o] Yo By o1 1o =1 o 1111 = 8131
1-Chloro-2-NItrODENZENE ... e e e e e e et s e e e e e e eeeenes 8091
1-ChIOro-4-nitrobDENZENE ........cooiie i 8091
2-Chloro-6-NitrotOIUENE ..o 8091
@ o1 (o] Yo By a1 10} (o] [ T=T o = RN 8091
4-Chloro-3-NitrotOIUENE ..o 8091
2-Chlorophenol ...........oooiiiiiii e 8041, 8270, 8410
K @ o1 o] ] o] =T T | 8041
L @4 o1 (o] o] o] 1T oL R 8410
2-Chlorophenyl 4-nitrophenyl €Ther ...........cooo i 8111
3-Chlorophenyl 4-nitrophenyl €ther ... ..o 8111
4-Chlorophenyl 4-nitrophenyl ether ... 8111
4-Chlorophenyl phenyl €ther ..o 8111, 8270, 8410
0-Chlorophenyl thiOUrEa...........cooiiiiiiee e 8325
4-Chloro-1,2-phenylenediaming ............ooi oo 8270
4-Chloro-1,3-phenylenediaming ............coiiiiiiiiiiie e 8270
Chloroprene (2-Chloro-1,3-butadi€ne) ..........ccooeeeiiiiiiiiiiie e 8021, 8260
(@7 01007 o] o] o] o] 0 F= o [P 8085, 8321
(07 01 lo] o] o] o] 0}/ F=1 {= TR 8081
ChIOrOtNAIONIL ... . e 8081
2-ChIOFOtOIUBNE ... 8021, 8260, 8261
R @] o1 (o] (o] (o] (V1= o (=T UUT TR 8021, 8260, 8261
CRIOTOXUION .. 8321
(07 01 00Ty o) 410 TSP 8085, 8141
ChIOrpyrifos MELNYI ... et e e e e e e e e e e e 8141
ChIorthalonil (DACONII) .......eee ittt e e e e e e e e e e e e e e e e aans 8085
CRMYSENE . 8100, 8270, 8275, 8310, 8410
COUMAPNOS ..ot et 8085, 8141, 8270
0RO (=TT [ 1 T PP 8270
0-Cresol (2-Methylphenol)........ oo e 8041, 8270, 8410
M-Cresol (3-Methylphenol)..........coo oo, 8041, 8270
P-Cresol (4-MethylphenOl).........cooiiiiiiiee e 8041, 8270, 8410
Crotonaldenyde. .........ooo e ——— 8015, 8260, 8315
L0701 (0)74Y/ ] 1 o1 70 8141, 8270
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m-Cumenyl methylcarbamate ..............ccooiiiiiiii s 8318, 8321
(V7= T =4 L= PP 8085
(037 (0T (= TP 8085
(037 (o] g1 = 1 - PP 8260
(@372 (o] g T= 3= 1 o] o = TR 8315
2-Cyclohexyl-4,6-dinitrophenol............cooooiiiiii 8041, 8270
2 4D s 8151, 8321
A B - Tor o ) 8085
2,4-D (butoxyethanol €STer).......cooo oo 8321
2,4-D (ethylnexXyl @StEr) ....ccooiiii e 8321
(D= ToTo] o 1 I (@ a1 o] a1 g F=1 1] o1 ) S 8085
DACNAI (DCPA) ...ttt ss s assssssssssssssssssssnsnssnnnnnnnnn 8081, 8085
D721 F= T Lo o TN 8151, 8321
24-DB ... 8151, 8321
A ] S - Tor o | 8085
DBCP (1,2-Dibromo-3-chloropropane) ...........cccceeeeeveeeevvnnnnn. 8011, 8021, 8081, 8260, 8261, 8270
DCM (Dichloromethane, Methylene chloride)................uuuveieiiiiiiiiiiiiiiiiiiiiiiiieens 8021, 8260, 8261
D10 N (B = Tox 1 F- ) ISP SPUPPRRPPRRt 8081, 8085
D10 o N o [ F= Vo7 T OO PRRPPRPRRPPRRPRPN 8151
24 DDD ... 8085
3 | 1 | 8081, 8085, 8270
24 -DDE ... 8085
3 | I | 8081, 8085, 8270
2 A D DT 8085
B4 DT .o 8081, 8085, 8270
DDVP (Dichlorvos, DIChlOFrOVOS) ......ccceeviiiiiiiiieee e 8085, 8141, 8270, 8321
2,2',3,3'4,4'5,5',6,6'-Decachlorobiphenyl ... 8275
DECANAL ... .. et e e e et 8315
DEF (BULIfOS) ...vvtttttttttitiiititttttttittetee ettt ssssssssssssssssssnsssnnnnnnnnnnnnns 8085
Demeton-0, and Demeton-S........coo i 8085, 8141, 8270
D1 E= = - SRR 8081, 8085, 8270
D2 B 1= 1 011 g T0) (o] 10 1= [T T 8270
Diamyl Phhalate ...........iiii e 8061
(DI T=V41 1[0 o [T 8085, 8141
DIDENZ(8,7)ACTIAINE ... ettt nnnee 8100
DIbeNZ(@,/)aCHIAINE ......eeeiieeeieee et 8100, 8270
Dibenz(a,h)anthracene...............uuiiiiiiiiiiiiic e 8100, 8270, 8275, 8310
TH-DIbenzo(C,g)Carbazole ..........coooeiiiiiiee e ————— 8100
(D)1 0= g 4o ] 101 =1 o I TR 8270, 8275, 8410
D ]| o L= aVdo = =) o)L= ] 41 TP 8100, 8270
D] oT= aVdo = 0 4 ] o)L= ] 01 TP 8100
D] oT=T g V4o T = )]0} (=] a1 TP PPPPP 8100
D] oT=Y g Vo) { a1 o] o] 1= 1= 1 8275
Dibromochloromethane (Chlorodibromomethane)..............cccoevviieiiiiieiiieeiinnee, 8021, 8260, 8261
1,2-Dibromo-3-chloropropane (DBCP)...........ccccccoeeeee. 8011, 8021, 8081, 8260, 8261, 8270
DIibromOMETNANE ..... oo 8021, 8260, 8261
1,2-Dibromoethane (EDB, Ethylene dibromide).............ccccviiiiiiiiiicee 8011, 8021, 8260
2,6-Dibromo-4-NItrO@NiliNe.......coneeeee e 8131
2,4-Dibromophenyl 4-nitrophenyl €ther ... 8111
[ ]1 o104 LT e e o] o] [ L= 8323
Di-n-butyl phthalate...............ovueiiiiiiii s 8061, 8270, 8410
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[ Tor=1 0 1 o 7= TR 8085, 8151, 8321
(D] Tedq] (0] o 1T a1 I (@2=F<To] Co] o ) PP 8085
[ o7 o1 {0 o [ 8081, 8270
(o o] (o] =1 o 1A RPN 8081
3,4-DiChlOrO@niling .........coouniiieiiie e e eaas 8131
1,2-DichlorobeNzZENE..........ccvvieeieieeeeee e 8021, 8121, 8260, 8261, 8270, 8410
1,3-DichlorobeNnzZENe..........ccvueieiieiieeeieee e 8021, 8121, 8260, 8261, 8270, 8410
1,4-Dichlorobenzene...........c.ueiiiiiiiiiiiieee e 8021, 8121, 8260, 8261, 8270, 8410
ICTRC I 1 (o1 o1 o] o] o 1=T 0 a [o [T [ 8270,8325
K ][] ]e] f0] oT=1 g Vo1 (3= o (o [P 8085, 8151
2,3-Dichlorobipnenyl ... ..o 8082
3,3"-DiIChlOrODIPNENYL. ... 8275
CiS-1,4-DiChlOrO-2-DULENE .......oeeeeeeee e 8260, 8261
trans-1,4-DiChlOro-2-DULENE ...... oo e e 8260, 8261
DichlorodifluOromMeEthaNEe ...........oveieee e 8021, 8260, 8261
1,1-DiIChlOorOBthane. ...........oieeii e 8021, 8260, 8261
(2 B 1] o] (o] £0 =Y { g T=1 0 1= T 8021, 8260, 8261
1,1-Dichloroethene (Vinylidene chloride)...........cccoiiiiiii 8021, 8260, 8261
CiS-1,2-DiChIOrOBINENE ... .ceeieeeeeeeee e 8021, 8260, 8261
trans-1,2-DiChlOrOTNENE. ... ..o e a e 8021, 8260, 8261
[ o g1 {0 T o) =T 0] (g1 o] o [N 8141
Dichloromethane (DCM, Methylene chloride)................uuueviiiiiiiiiiiiiiiiiiiiiiiiiiiees 8021, 8260, 8261
A S B To] o] (o] Ko Br< B oY1 o Y= a 1111 0 1= 3PP 8131
AR E B Te] o1 [o] £o] ali (0] o1=] g VA =] [ TP 8091
2,4-DichloronitroODENZENE .........ooeeeeee e 8091
2,5-DichloronitroODENZENE .........oeeeeee e 8091
I (o] a1 {e] f0) a1 (0] o T=T V=] o [P 8091
3,5-DiChlOrONitrODENZENE ... ... 8091
2,3-DiChlOrOpRENOL.... ... e e e 8041
2,4-DichlorophENO0l........cooviiiii i 8041, 8270, 8410
RSt (o1 a1 (o] o] o] a1=T o o] HA PSP 8041
2,6-DiChlorophenol....... ... e 8041, 8270
3,4-DiChlOrOPNENOL.... ..o e 8041
3,5-DiChIOrOPNENOL..... .o e e 8041
2,4-Dichlorophenol 3-methyl-4-nitrophenyl ether.............oo e, 8111
2,3-Dichlorophenyl 4-nitrophenyl €ther............ooooo i 8111
2,4-Dichlorophenyl 4-nitrophenyl ther............ooooiiiiiiiii e 8111
2,5-Dichlorophenyl 4-nitrophenyl ther............ooooiiiiiiiiii e 8111
2,6-Dichlorophenyl 4-nitrophenyl €ther............oooooi 8111
3,4-Dichlorophenyl 4-nitrophenyl €ther............coooiiiiiiii e 8111
3,5-Dichlorophenyl 4-nitrophenyl €ther............coooiiiiii e 8111
Dichloroprop (DIiChIOIPrOP) .......eeeeeeeeeueeeeeeeieeeeeeeeeeeaaasaneeeeessaeeneesenensssnnnnnnnnnnnnnnnes 8085, 8151, 8321
1,2-DiIChIOrOPrOPaANE ........eiiiii it e et e e e et e e e era e e e 8021, 8260, 8261
1,3-DiChlOrOPrOPANE .....ccoviiiiii e 8021, 8260, 8261
A B I 1ol p] (o] fo] o] o] o1 g L= USRI 8021, 8260, 8261
1,3-DiChlOro-2-proPanol ...........cooeuuiiiieee e et e e e e e e e e e 8021, 8260
(I B o1 g Te] fo] o] o] o=] 1= NP 8021, 8260, 8261
CiS-1,3-DiChlOrOPropPENE ......cooiiiee e 8021, 8260, 8261
trans-1,3-DiChIOrOPrOPENE .....cc.ueiiiiii e 8021, 8260, 8261
Dichlorovos (DDVP, Dichlorvos) ......ccoooeeiiieiiiiiiiii e 8085, 8141, 8270, 8321
Dichlorprop (DIiChlOroprop) .......ceeeiueoiiieee e eeeeans 8085, 8151, 8321
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(D] Tod (o] (o] I C=T 11 g =T a =) TP 8085
T3 (o] o] o3 4 1= 1 1 ) PP 8085
3]0} {0 R 8081
[ Toi o] (o] o] o Lo TP 8141, 8270
Dicyclohexyl Phthalate ................uuueiiiiiiiiiii bbb eenseeeaeenennnee 8061
D11 L [ PR 8081, 8085, 8270
1,2,3,4-DIEPOXYDULANE ..ot e e e et eeeeeenees 8260
Diesel range organiCS (DRO) .......uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiieiie e beaeaeaeesenesseessnsnennnnes 8015
DIethyYl €TNET ... .eeeieieeeiee e aaaranaaaaa 8015, 8260, 8261
Diethyl phthalate ............oeeeiieii e eneeeeeeenees 8061, 8270, 8410
[T ()Y T U = (= 8270
1 ()Y o TS oo ) 8430
DiethyIStIDESIIOL........ .. e e e e e e e e eeeenans 8270
Dihexyl phthalate .........ooo o e e e eeeenns 8061
DiiSObUtYl PRENAIALE.........eeiiiiiiiie bbb 8061
DiisOpropyl €ther (DIPE) .........uuuuiiiiiiiiiiiiiiiiiiiiiiieiiiiisieeseeeeeeeeeeeseeesseeeeeeeeeeeaeneeees 8015, 8260, 8261
D1 g1 1 o = L= 8141, 8270, 8085, 8321
3,3'-DimethoXYbENZIAINE .......uveeii i e e e eeeees 8270, 8325
Dimethyl phthalate ............euveiiiiiiiiii e eaanrananeees 8061, 8270, 8410
DimethylaminOazobeNZENE ......... oo e 8270
2,5-Dimethylbenzaldenyde............. i 8315
7,12-Dimethylbenz(a)anthraCene ........ ..o 8270
3,3"-DIimethylDENZIAINE ... 8270, 8325
4,4-Dimethyl-3-oxahexane (t-Amyl ethyl ether, TAEE) .............cooiieiiiiiinn, 8015, 8260, 8261
a,a-Dimethylphenethylamine............ooo 8270
2,3-DIMethylpNenol ........coo i 8041
2,4-DIMethylphenol ... 8041, 8270
2,5-DImMeEthyIPRENOL ... ..ot e e 8041
2,6-DIimethyIPRENOL ... ..ot 8041
3,4-DIMethyIPNENOL ... ... e 8041
D1 1= 0 11 = TP 8091
2,4-DINIrOANIIING ... et e e e e e e e e e e e eaas 8131
TS B I o Vi (oY= 11110 = TSR 8095, 8330
1,2-DINItrODENZENEG. ... et 8091, 8270
1,3-Dinitrobenzene (1,3-DNB).........oo 8091, 8095, 8270, 8330
1,4-DINIETODENZENE. ... et e e e e e e e e e eans 8091, 8270
4,6-Dinitro-2-methylphenol..........oooiiii s 8270, 8410
2,4-DinitroPheNO0L.... ..o ————— 8041, 8270, 8410
RS B I a1 o] o] a1=T o T ] I 8041
2,4-Dinitrotoluene (2,4-DNT) .....ccooeiiiiiiiiieeen 8091, 8095, 8270, 8330, 8410
2,6-Dinitrotoluene (2,6-DNT) ......coooeiiiiiiiiin 8091, 8095, 8270, 8330, 8410
3T oY== T o J 8270
DINONYI PEN@IATE ... 8061
Dinoseb (2-sec-Butyl-4,6-dinitrophenol, DNBP) ................uvvviviennes 8041, 8085, 8151, 8270, 8321
Di-n-octyl phthalate ...............uuueiiiiiiiiii e neenennennees 8061, 8270, 8410
D10 )= Vo= T o TSRS 8318
1,4-DIOXANE ..o 8260, 8261
13T )= 11 1 o PP 8085, 8141
DIPE (DiisOPropyl €ther) ..........ueeeiiiiiiii e 8015, 8261
D ]T0] 1Y aF=T a1 o RSO UURUPPPPN 8085
D] g =T 0377 = o 41T PP 8270
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5,5-Diphenylnydantoin ............oi i e 8270
1,2-DiIiphenylNYArazing ..........ccooiiiiiiiii e e e e e e e e e aaaae 8270
Diphenyltin diChIONIAE ......coiiiiiiiiiiiiiiieeiee ettt 8323
Di-n-propyl Phthalate....... ..ot 8410
DISPEISE BIUE 3.ttt ettt ettt ettt et et et e e e et et e e e e e e aaaaaes 8321
DISPEISE BlIUE M4 ... ettt e e e e e e et et e e e e e e e e e e e nett e e e aeeaanane 8321
1Y o =T E=T = =T o o T SRR 8321
DI o1 =T @ = g T [T PP 8321
DiIiSPErse Orange 30 .......ceeeiiiiiiiiiiiiiiiiiiiiiieeeee ettt ettt e et e e e et e e e et e et e e e aaaaaaas 8321
[T 01T = T= T = o e R 8321
DISPErSE REA S ...ttt ettt 8321
1] 01T 7= =T 1 S PP 8321
[T oL = T= T = e 1 1O 8321
D] oL =TI =1 1[0 1T A T 8321
D101 o) (o] o PP 8085, 8141, 8270, 8321
D18 o o TP 8085, 8321, 8325
1,3-DNB (1,3-Dinitrobenzene)...........ccccoviiiiiiiii 8091, 8095, 8270, 8330
DNBP (2-sec-Butyl-4,6-dinitrophenol, Dinoseb) ...........ccccvvueeeennn. 8041, 8085, 8151, 8270, 8321
2,4-DNT (2,4-Dinitrotoluene) ..., 8091, 8095, 8270, 8330, 8410
2,6-DNT (2,6-Dinitrotoluene) ... 8091, 8270, 8330, 8410
EDB (1,2-Dibromoethane, Ethylene dibromide)...........cccccceeiiiiiiiiiiiiiiiei e, 8011, 8021, 8260
[y aTe [ 11011 2= o T I 8081, 8085, 8270
= To o 1] =T o T | PR 8081, 8085, 8270
ENdOSUIFAN SUIFALE ..o et 8081, 8085, 8270
= o | 5 T o PP 8081, 8085, 8270
ENdrin @ldeNYde .......oomiiiieee e 8081, 8085, 8270
= aTo T I (=] (0] [ 8081, 8085, 8270
[T o] o1 0] o] o] ) [ 4T 8021, 8260
e N PP 8141, 8085, 8270
0] 2= . T (= K TR 8085, 8141, 8321
e e IO = o) = o 1 TP 8085, 8141, 8321
ETBE (Ethyl tert-butyl €ther) .........coooviiiiiiiiiiieee e 8015, 8261
Ethalfluralin (SON@IaN)..........cooo i a e 8085
(= 1 o )PP 8015, 8260, 8261
L T o TP 8085, 8141, 8270
[ (gL o] ] o J 8085, 8141
Ethyl @Cetate......ccooiie e 8015, 8260, 8261
Ethyl benzene ........ooooviiiiiiiiiiieeeee 8015, 8021, 8260, 8261
Ethyl t-butyl ether (ETBE) .....cooviiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 8015, 8260, 8261
Ethyl carbamate ........oooveei e 8270
Ethyl cyanide (Propionitrile).............coiiiiiiiiiice e 8015, 8260, 8261
Ethyl guthion (AZINPhOS-€thyl).......coooo e 8085, 8141
Ethyl methacrylate ... 8260, 8261
Ethyl methanesulfonate...........oooiiiiii e e e eeaaes 8270
Ethylene dibromide (EDB, 1,2-Dibromoethane)...........cccccccovvvviiiiiiiiiiiiiiiiiee 8011, 8021, 8260
ETNYIENE GIYCOL ...ttt 8430
EINYIENE OXIAE ...t e e 8015, 8260
(o 1= 0 PP 8081
=T 001 o] T PP 8141, 8270, 8321
(=T =10 0] o] oL 1= PO SUPPPPN 8085
(=T =14 T o o ) PO URUPPPPN 8085
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F NIt N ON ... e 8085, 8141
FenSUIfOthioN ........coounii e 8085, 8141, 8270, 8321
=Y 011 a1 10T o [T 8085, 8141, 8270
=Y 10 ] (o] o 8321
(= (0T a1 o =111 o H TP 8270
[ 180 g 01T 00 o) o 8321
FIUOranth@Ne.... ... e 8100, 8270, 8275, 8310, 8410
FIUOTENEG. ... e e 8100, 8270, 8275, 8310, 8410
(o (U o (o) o T YT 8085
o] o] o] o (o = J 8085, 8141
o] 4= 1[0 (=1 0 Yo = PP 8315
Formetanate hydroChlOride ...........cooeiiiiiiiiiiiiiiiiiieeeee e 8318, 8321
(VL= To =T O (0= o o) {11 =T o ) 8270, 8318, 8321
Gardona (Tetrachlovinphos, Stirophos)........ccoooieiiiiiiiie, 80858141, 8270
(CT= Ty (o] I (1 I T (o o )Y/ o) TR 8085
Gasoline range organics (GRO) ... ..o 8015
Guthion (AZINPhOS-MELNYI) ... 8085, 8141, 8270
[ P21 012 3 G 1001 LT 8081
[ P21 0122 3G 100 T 8081
[ P21 (011122 D 0 1 TR 8081
[ P21 (011172 O TR 8081
[ P21 01V D G 1 0 X T 8081
[ P21 (011122 D 0L TR 8081
[ [T 0] = T3 ] Lo T 8081, 8085, 8270
Heptachlor @POXIAE .........iiiiiieeeee e 8081, 8085, 8270
2,2',3,3',4,4' 5-Heptachlorobiphenyl ... e 8082, 8275
2,2',3,4,4',5,5'-Heptachlorobiphenyl ... 8082, 8275
2,2',3,4,4' 5',6-Heptachlorobiphenyl ..........cooo oo 8082
2,2',3,4' 5,5, 6-Heptachlorobiphenyl ............ooooiiiiiiiii e 8082, 8275
(=T 2= = | PO PPR PPN 8315
HexachlorobDENZENE ..........oeeeeeeee e 8081, 8085, 8121, 8270, 8275, 8410
2,2',3,3,4,4"-Hexachlorobiphenyl ....... ... e 8275
2,2',3,4,4' 5'-Hexachlorobiphenyl..............coooiiiiii e, 8082, 8275
2,2',3,4,5,5'-Hexachlorobiphenyl ...t 8082
2,2',3,5,5',6-Hexachlorobiphenyl ........ ... e 8082
2,2',4,4' 5 5-Hexachlorobiphenyl........ ... 8082
2-ex0,3-endo,6-ex0,8,9,10-Hexachlorobornane (Hx-Sed) .........cc.ccooviiiiiiiiiiiiiiiiice e, 8276
Hexachlorobutadiene (1,3-Hexachlorobutadiene) ................ 8021, 8121, 8260, 8261, 8270, 8410
a-Hexachlorocyclohexane (a-BHC)...........ccooeeiiiiiie 8081, 8085, 8121, 8270
B-Hexachlorocyclohexane (B-BHC).......cooovviiiiiiiiice e, 8081, 8085, 8121, 8270
O-Hexachlorocyclohexane (6-BHC) ........ccoooiiiiiiiiiiii e, 8081, 8085, 8121, 8270
y-Hexachlorocyclohexane (y-BHC, Lindane)............cccceeeiiiiiiii. 8081, 8085, 8121, 8270
Hexachlorocyclopentadiene ..o 8081, 8085, 8121, 8270, 8410
HeXachloroBthane........ oo 8121, 8260, 8270, 8410
[ (oY= Yo g1 (o] roT o] g =T o 1R 8270
(=)= Tt 1 (o] o] o] yo] 011 o 1O 8141, 8270
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) ........cccvvmmiiiiiiiiiiieeieee e 8095, 8330, 8510
Hexamethyl phosphoramide (HMPA) ... , 8270
[ [0 = 1= R 8315
2-HEXANONE ... s 8260, 8261
[ ()= P | g T0) o [ WU R 8085
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Hexyl 2-ethylhexyl phthalate .............coiiiiiii e, 8061
HMPA (Hexamethyl phosphoramide).............uoiiiiiiiiiiiiiici e 8141, 8270
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocing)............ccccevvvvvviviiiiiiiiiiiiiieeee 8095, 8330
1,2,3,4,6,7,8-HPCDD......ccoii 8280, 8290
[ [o @B IR (o] - | PP PPPPRPPP 8280, 8290
1,2,3,4,6,7,8-HPCDF ... 8280, 8290
1,2,3,4,7,8,9-HPCDF ... 8280, 8290
[ [ @ B (o] - | PP 8280, 8290
1,2,3,4,7,8-HXCDD. ... 8280, 8290
1,2,3,6,7,8-HXCDD......cco oo 8280, 8290
1,2,3,7,8,9-HXCDD. ... 8280, 8290
[ (011 B IS (o) - | PP 8280, 8290
1,2,3,4,7,8-HXCDF ... 8280, 8290
1,2,3,6,7,8-HXCDF ... 8280, 8290
1,2,3,7,8,9-HXCDF ... 8280, 8290
2,3,4,6,7,8-HXCDF ...t 8280, 8290
(I P 8280, 8290
[ 176 [ (0T U1 T ] o1 8270
3-HydroxXyCarDOTUraN. ... 8318, 8321
S-HYdroXydiCAMDA ... ..o e e e r e rraa 8151
IGran (TerDULIIYN) ..o e e e et e e e e e e e e e e e et e e eaeeeeenens 8085
Imidan (Phosmet)........oooiiiiiiiiii 8085, 8141, 8270
INAENO(1,2,3-CA)PYIENE......ieeiieeeeee e 8100, 8270, 8275, 8310
lodomethane (Methyl iodide)...........coiiiiiiiiiii e 8260, 8261
10314/ PP 8085
Isobutyl alcohol (2-Methyl-1-propanol) ...........coooiiiiiiiiiiiiie e 8260, 8261
£ o | o 8081, 8270
[Yo] o] aTo] o] o1 SO 8270, 8410
(1=T0] o] o] 0 7= 11 o 1RSSR 8091
Isopropyl alcohol (2-Propanol) .........coooeeiiiiiiiiiie e 8015, 8260
[Yo] o1y ] o) ] o =1 b-d=Y o1V PR OTR R 8021, 8260
o E=To] o] o] )Y/ 1 (o] 11 1= o 1= X 8021, 8260, 8261
LYo 1S o ][ 8270
ISOVAlEraldenYde........coooveeii i e aeaan 8315
Kelth@ne (DICIOFOI)........ueiiiiiiiiiiiiee st nnnee 8085
=T oo o 1= S 8270
Kerb (Pronamide) ........cii i 8085, 8270
Lannate (MethOMYI) .......o i 8318, 8321
=T 0] (o] o] o T 1= S 8141, 8270
Lindane (y-Hexachlorocyclohexane, y-BHC)..........cccovieeiiiiiiiieiiiee e, 8081, 8085, 8121, 8270
U]y o g T Ia] {0 )" TSP 8321, 8325
(o] o) QI o T0 o] o TP RTTT P 8321, 8325
1V F= 1= 11 T ISR 8085, 8141, 8270
=1 LT Togr=T oL )Y e 4 o = PP 8270
V= (o] o) 71 {1 8260
IO P A ettt sa e s nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 8151, 8321
11 N =T o | 8085
IVICPP ettt sttt s e nnnnnnnnnnen 8151, 8321
L = = = T o | R 8085
MEK (Methyl ethyl ketone, 2-Butanone).............ccooevveeiiiiiiiiiiiceee e, 8015, 8260, 8261
Y 1=T4 o] o T 1SS RRRRRRRSPRRPRRRPPPN 8085, 8141, 8321
SW-846 Update V TWO - 22 Revision 5

July 2014

R0O00076



Electronic Filing: Received, Clerk's Office 07/25/2024

MESEIANON ...ttt e e e e e e e e e e e e e e e e 8270
Mesurol (MethioCarh) ..........ooouiiiii e 8141, 8318, 8321
MethacCrylONIFIlE ... . ... e 8260, 8261
IVIEEAIAXY L. ... 8085
1YL= 1 =T o Lo 8015, 8260
LY (g E=T 0}V 1= = P 8270
[T ToTor=T g o I (1Y (= T ] o] R 8141, 8318, 8321
MEthOMYI (LANNGTE) .....uueiiiiiiiiiiiitiit e eeeeesnnnnnes 8318, 8321
MEhOXYCRION ... e 8081, 8085, 8270
LY (gL = Yo o = 1 (= S 8260
Methyl-t-butyl ether (MTBE) .........ueiiiiiiiiii e 8015, 8260, 8261
MELNYI CRIOTPYIITOS ...ttt snssnnnee 8085
Methyl ethyl ketone (MEK, 2-Butanone).................euuuvieiiiimiiiiiiiiiiiiiiiiiiiiiinnineeens 8015, 8260, 8261
Methyl iodide (I0dOMEthANE)............uiiiiiiiiiiiii e eeeeeaeneees 8260, 8261
Methyl isobutyl ketone (MIBK, 4-Methyl-2-pentanone) ...........ccccccceiiiiiiiiiceiiiceen e, 8260, 8261
Methyl MEthACIYIAte .........ueiiiiiii e eeanee 8260, 8261
Methyl methanesulfonate .............eiiiii e 8270
1= 1Y o T= T = To ) (o] o 8085
Methyl parathion (Parathion, methyl).................uuiiiiiiiiiis 8085, 8270, 8141, 8321
3-Methylcholanthrene..........ccouun i e e 8100, 8270
Y =Y 4 )Y (o3 Yo (o] aT= = o L= TS 8270
2-Methyl-4,6-diNitrophenol ..........oooi i 8041
Methylene chloride (Dichloromethane, DCM).........ccccccceeiiiiiiiiiiiiiee e, 8021, 8260, 8261
4,4'-Methylenebis (2-Chloroaniling)............ooooiiiiiiiiiiii e eeaens 8270
4,4'-Methylenebis (N,N-dimethylaniling) ... 8270
1-Methylnaphthalene...........co 8261
2-Methylnaphthalene...........co. i e 8261, 8270, 8410
4-Methyl-2-pentanone (MIBK, Methyl isobutyl ketone) ...........cccccovviiiiiiiiiiiiiiin. 8260, 8261
2-Methylphenol (0-Cresol)........oooveie i 8041, 8270, 8410
3-Methylphenol (M-CreSol)....... oo oo e e e e eeaens 8041, 8270
4-Methylphenol (P-Cresol)........coouuiiiiiiii e 8041, 8270, 8410
2-Methyl-1-propanol (Isobutyl @lconol) ... 8260, 8261
2-Methyl-2-propanol (t-Butyl alCohOl) ............cooummiiiiiii e, 8015, 8260
2-Methylpyridine (2-Picoling).........ccouuuiiiiiiiiice e, 8015, 8260, 82618270
Methyl-2,4,6-trinitrophenyl-nitraming (Tetryl)..............ueimiiiiiiiii e 8330
/=1 (] =T | (o} U 8085
1Y/ [=] (0] [o7= Tt o J TR 8318, 8321
MEEIIDUZIN ..ttt e e e e e e e e e e e e e e e e e e e e e e aaaaes 8085
Y LNV T T o] Lo 1= ST 8085, 8141, 8270
MEXACAIDALE ...t 8270, 8318, 8321
YL G 7 8085
MIBK (Methyl isobutyl ketone, 4-Methyl-2-pentanone) ...........cccccoooiiiiiiiiiiiiiiiiiiiiiee, 8260, 8261
T2 PP PPR S UPUPPPPRRRT 8081, 8085, 8270
1[0 )T =1 (S 8085, 8141, 8321
Monobutyltin trChIOMAE ............eii e 8323
MONOCIOIOPRNOS ... .o e 8141, 8270, 8321
Monophenyltin trichlOrde .............oii i 8323
1Y [ o 1UT o) o VTR 8321, 8325
MTBE (Methyl-t-butyl €ther) ...........ooooiiii e 8015, 8260, 8261
I = 1T 8141, 8270, 8321
Naphthalene .............ccccovveiiiiiiiiiiiiiiiiee 8021, 8100, 8260, 8261, 8270, 8275, 8310, 8410
SW-846 Update V TWO - 23 Revision 5

July 2014

R0O00077



Electronic Filing: Received, Clerk's Office 07/25/2024

N F=T o] o] o =10 0] (o [T PP 8085
1,2-NaphthOQUINONE .......oeee e e e et e e e e e eeaees 8091
1,4-NaphthOqQUINONE ... e eeaaas 8270, 8091
1-Naphthylamine ... 8270
2-Naphthylamine ... 8270
NB (NitrODENZENE) ......evveiiiiiiiiiiiiiiiiiiiieiiiiieeeeeeaeeees 8091, 8095, 8260, 8270, 8330, 8410
V=T 0101 (o] o 1 8321
[\ TTeTo) {1 L= TR PR 8270
5-NiItroaCeNaPNtNENE. ... 8270
2 1 { o F=T 11T =TT 8131, 8270, 8410
B N[ (o =T 111 =TT 8131, 8270, 8410
B N 1 (o = (11 [ (=TT 8131, 8270, 8410
LR N\ [ o R0 =T 1] o 11 [ 8270
Nitrobenzene (NB) .......cooovviiiiiiiiiiiii 8091, 8095, 8260, 8270, 8330, 8410
4-NIFODIPNENYI ... 8270
L1 (0] 1= o T 8081, 8270
[N TR oYY o7 =T | o 8095, 8330, 8332
2-NItFOPRENOL ..ot 8041, 8270, 8410
B N 1] o] 1= T | U SP 8041
4-Nitrophenol .........coooiiiie e 8041, 8085, 8151, 8270, 8410
4-Nitrophenyl phenyl €Hher..... ..o e 8111
B 11 o] o] o] o= 1 1= PR 8260
NItrOQUINOINE=-T-0XIAE ... .ceeiii i e e e et e e e e et e e e e et e e e e aaa s 8270
N-Nitroso-di-n-butylamine (N-Nitrosodibutylaming) ............cccccceennl. 8015, 8260, 8261, 8270
N-Nitrosodiethylamine............uiiii i e e e e e eeeees 8261, 8270
N-Nitrosodimethylamine............ccoooi i 8070, 8261, 8270, 8410
N-Nitrosodiphenylamine.............ooiiiiii i 8070, 8270, 8410
N-Nitroso-di-n-propylaming ............cooo oo 8070, 8261, 8270, 8410
N-Nitrosomethylethylamine ... 8261, 8270
FAY N [ o ETo] T o] T [T = 8270
VR N L1 gotTo] o] oT=T 4 o L1 = TP 8270
IN-NTFOSOPYITONAINE ... 8270
2-Nitrotoluene (o-Nitrotoluene, 2-NT) .......coeiiiiiiiicce e, 8091, 8095, 8330
3-Nitrotoluene (m-Nitrotoluene, 3-NT) ......ccooiiiiiiiii e, 8091, 8095, 8330
4-Nitrotoluene (p-Nitrotoluene, 4-NT) ... 8091, 8095, 8330
LR N\ [ o R0 o] (U] (o 1 o 1= TP 8270
=105 N [0 F= T 1 o T 8081
2,2'3,3'4,4'5,5'6-Nonachlorobiphenyl ..., 8082, 8275
2,2,5,5,8,9,9,10,10-Nonachlorobornane (P62) ..........cccoeeeiiieieeeeeeeeee 8276
2-endo, 3-ex0,5-endo,6-ex0,8,8,9,10,10-Nonachlorobornane (P50)...........ccccceeiviiiiiiiieneeene. 8276
N[0T F= g = 8315
[N (01§ (8T = Vo] o I U TP 8085
2-NT (2-Nitrotoluene, o-Nitrotoluene) .........ccooeeeeeiiieei e, 8091, 8095, 8330
3-NT (3-Nitrotoluene, m-Nitrotoluene) ...........ccooviiiiii i, 8091, 8095, 8330
4-NT (4-Nitrotoluene, p-Nitrotoluene) ..., 8091, 8095, 8330
(6107 5] 5 TP 8280, 8290
L 101 15 8280, 8290
2,2',3,3',4,4'5,5'-0ctachlorobiphenyl...........cooo i 8275
2-endo,3-exo0,5-endo,6-ex0,8,8,10,10-Octachlorobornane (P26) ............cccceeeveeiiiiiiiiiinenenn. 8276
2-endo, 3-ex0,5-endo,6-ex0,8,9,10,10-Octachlorobornane (P40) .........cccccceeiiiiiiiiiiiiiiceeeeee, 8276
2-ex0,3-endo,5-ex0,8,9,9,10,10-Octachlorobornane (P41) ......ccccoooeviiiiiiiiieiiiieeeeee e, 8276
SW-846 Update V TWO - 24 Revision 5

July 2014

R000078



Electronic Filing: Received, Clerk's Office 07/25/2024

2-ex0,5,5,8,9,9,10,10-Octachlorobornane (P44) ............oooiiiiii e 8276
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX)........c.ooveeiiiiiiiiiiiiicii e, 8095, 8330
Octamethyl pyrophosphoramide .........cccooooiioiiiiiee e 8270
(O o} v=] o 1= | IS T 8315
OXAIMY | e 8318, 8321
4.4 -OXYdIaniliNe ...ccooeeiiiiieee e 8270
(0 14 110 o 1= o TR 8085
=T ir= 1[0 1= Yo = 8015, 8260
Parathion ........oooeii e 8085, 8270
Parathion, ©thyl........ . e e e et e e e e e e e eeeeenns 8141
Parathion, methyl ... 8085, 8270, 8141, 8321
PCB-1016 (ArOCIOr-1016).......uuuuuueieeriieeriieeeaeaseaeseasseseaaeeaaaeaaeaaaaaaaaa—aaaa——————————————————————— 8082, 8270
O = T D I N o Yo (o o 12 1 T 8082, 8270
O = T D2 (N o Yo (o] o 22 5 TP 8082, 8270
PCB-1242 (ArOCIOIr-1242).......euuueeeeeieiuueeieeeieeataaesaaasaaeaaaaasaassssasasassasassssssssssssnsssnsssnsnnnes 8082, 8270
PCB-1248 (ArOCIOr-1248).......uuuueueieieiiiieiieeeiiateaeeaaeaaaeaaaaaeaaasesaaaasasasssssasaassssanrssssssnsnnnes 8082, 8270
O = T D7 (N o Yo (o] o 2 8082, 8270
PCB-1260 (AroCIOr-1260).........uuuuueeereeuuriuereeeeeeeeraaesaeesaeeaeaeaaesea—————————a———————————————————————. 8082, 8270
O T TS oo o =T o T= < PP 8082
PCNB (Pentachloronitrobenzene) .............couuuuiiiiiiiiiiiiiccc e 8081, 8091, 8270
(=Y o1 | F= (T 8085, 8141, 8321
1,2,3,7,8-PECDND ... oo 8280, 8290
(L TO ] IR o] ¢ TR 8280, 8290
1,2,3,7,8-PECDF ... 8280, 8290
2,3,4,7,8-PECDF ... e 8280, 8290
[RL107 ] S (o] = | ISR 8280, 8290
Pendimethaline (PenoXalin) ...........ccoiiiiiiiiiiiiiie e 8085, 8091
Penoxalin (Pendimethaling) ..........coooiiiiiiiiiiiiiiiiiieeeeee e 8085, 8091
PentachlOrObDENZENE ..... ... e 8121, 8270
2,2',3,4,5"-Pentachlorobiphenyl ... 8082
2,3",4,4' 5-Pentachlorobiphenyl ..............oiiii i 8275
2,2'4,5,5-Pentachlorobiphenyl ........ ..o 8082, 8275
2,3,3",4',6-Pentachlorobiphenyl ..............ooiiiiiii e 8082
PentachlOorOBtNANE ... ... e 8260, 8261
Pentachloronitrobenzene (PCNB) ........cooooiiiiiiiii e 8081, 8091, 8270
Pentachlorophenol ... 8041, 8085, 8151, 8270, 8410
Pentaerythritol tetranitrate (PETN) .......cooooimiii e 8095, 8330
PentaflUOrODENZENE ... e e e e e e e e 8260
Pentanal (Valeraldehyde)............ooo i 8315
2P ENTANONE ... 8015, 8260
Perchloroethylene (Tetrachloroethene, Tetrachloroethylene)............................ 8021, 8260, 8261
Permethrin (CiS + 1rans).......c..uuieeeeeee et 8081
[ (= 1= 2 8081
[ 0T = To =Y 1o TR 8270
Phenanthrene ..o e 8100, 8270, 8275, 8310, 8410
[od aT=T 010 o T=1 o o] =1 T 8270
[ 1Y o o ) N 8041, 8270, 8410
1,4-Phenylenediaming ..........ccooiiiiiiiiii e e e e e e e e e e e e aeann 8270
1,2-Phenylenediamine (0-Phenylenediaming)............ccccciiiiiiiiiiiiiieiniiiiiieeee e 8141, 8321
[ 1 = | (=N 8085, 8141, 8270, 8321
P OSAIONE ... 8270
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Phosmet (IMidan)........cooooeiiiiiiee e 8085, 8141, 8270
Phosphamidon............ooiiiiiiii e 8085, 8141, 8270
L a1 (g F= T oa= 1o )Y o 4 o = RS 8270
PRYSOSHGMINE. ...ttt nnnnnne 8321
Physostigmine SAlICYIAte ..............uuuiiiiiiiiiiii e 8321
[ d o7 (o) =1 o [T 8085, 8151
2-Picoline (2-Methylpyriding) ... 8015, 8260, 8261, 8270
LT 7= 0] Y IS0 | o (Lo [ 8270
Polychlorinated biphenyls (PCBs), as Aroclors or CONgeNners .................eeeveveeeeeeeennnnns 8082, 8270
L= Lo T (o ST o I o]0 0= (o] o) 8085
0 10T = 11 8085, 8091
0] gT=Tor=1 o o 8318, 8321
o] e =y (o T (=T o 411 (o] T o) 8085
[ (0T 0 0 1= 1 Y/ o TP 8085
Pronamide (KEID)..........u e 8085, 8270
(ol oT=Ted o] (o] gl (=T g1 oo ) RPN 8081, 8085
Propanal (Propionald@nyde)..............uuuuuueueiiiiiiiiiiiiiieiiiiiiieeiiieeeeeeeeeeeaeeeaeeneeseseenesnessnnnsnnnne 8315
1-Propanol (n-Propyl @lCOnOl)...........cooiii 8015, 8260
2-Propanol (Isopropyl @lCONOI) ......coooeeiiiiieeee 8015, 8260
Propargite (S-181) ...uue i e ra 8085
g ro] =10 Y/ IF=1 (o] o P 8260
L (0T 0 T= V4 o 1= Y PPS 8085
Propenal (ACIOl€IN) ......coiieeiiiiiieee e 8015, 8260, 8261, 8315, 8316
g ro] 1= = 1 41T (o o] T 1= 0P 8085
PrOPNAIM .o 8141, 8321
(L e ro] o] o] F= ot (o] o 1= TSP 8260
Propionaldehyde (Propanal)..........cccooo oot 8315
Propionitrile (Ethyl CYanide).............uuuuiuiiiiiiiiiiiiiiieiiiiieeeeeeees 8015, 8260, 8261
PrOPOXUI (BYGON) ...ttt nnnes 8318, 8321
n-Propyl alcohol (1-Propanol)...........oooiiiiii e, 8015, 8260
N-PrOPYIAMINE ..o et e e e e et e e e e e e e e e a b e 8260
Lo 0] 0} o= =T o1 8021, 8260, 8261
[0 o), 11 ] (0] U] = Lo | RO 8270
PrOSUIOCAID. ... e 8141, 8321
Prothiophos (TOKULNION) ........eeiiiiiiiiiiii e nennnee 8141
=) 0 1= TP 8100, 8270, 8275, 8310, 8410
PYFIAINE ...t nnnnnnnnnnnes 8015, 8260, 8261
RamMrod (Propachlor)..........ccoo it e e e e e e e e e e e e eenanes 8085
RDX (Hexahydro-1,3,5-trinitro-1,3,5-triazine) ...........ccoevviiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee 8095, 8330
=TT o1 o ) PP 8270
RONNE ... e e e e 8085, 8141
(0] (=T o o 1= TSRS 8325
S-181 (PrOPargite) ...ttt e e e e e r e e e e e e e e e e e s 8085
ST O s 8270
Sevin (Carbaryl) ... 8270, 8318, 8321, 8325
Yo [T o) o NPT 8321, 8325
SN AZINE oo 8085, 8141
SHIVEX (2,4, 5T P ) e 8085, 8151, 8321
SOIVENT REA 3 .. 8321
SOIVENT REA 23 .. 8321
Sonalan (Ethalfluralin ... 8085
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Stirophos (Tetrachlorvinphos, Gardona)..............cceuvieeiiiieeiiicecee e, 8085, 8141, 8270
SO AN . 8081
(Y7o 0] 11 = PP 8270
S0/ 1 U, 8021, 8260, 8261
10117211 =) (TP 8270
T 0 1= o] o 1 8085, 8141
S TU (o] o] {0 TSR (= To L] =T 8085, 8141
2 A DT 8151, 8321
2,4,5-T (ACIA) oo, 8085
TAA (FFAMYL AICONOI) ... 8015
TAEE (t-Amyl ethyl ether, 4,4-Dimethyl-3-oxahexane) ...........ccccooeeii, 8015, 8261
TAME (t-Amyl methyl ether) ..., 8015, 8261
A e I = 8085
2,3,7,8-TCDD ... 8280, 8290
TCDD, t0tal ... 8280, 8290
2,3, 7, 8-TCDF ... 8280, 8290
IO ] o - | 8280, 8290
BIK=T 01U 10T o] o 1R 8085, 8321
Temephos (ADALE) ....coo oo 8085
Temik (AldICarD) ... 8318, 8321
TEPP (Tetraethyl pyrophosphate).........ccoooeiiiiiiiiiiiii e, 8141, 8270
JLIE=11 o 7= od | RSP 8085
=T 1 o1V 1o 1T 8141, 8270
TerbULIYN (IGFaN) ... e et e e e e et e e e e e e e e e e b e e e 8085
1,2,3,4-TetraChlorODENZENE .........coneee e 8121
1,2,3,5-TetraChlorODENZENE ........coeiee e e e 8121
1,2,4,5-TetraChlOrODENZENE ... e 8121, 8270
2,2',3,5"-Tetrachlorobiphenyl ... e 8082, 8275
2,2',4,5-Tetrachlorobiphenyl ... 8275
2,2',5,5'-Tetrachlorobiphenyl ...........oo i 8082, 8275
2,3",4,4'-Tetrachlorobiphenyl ... e, 8082, 8275
1,1,1,2-Tetrachloroetha@ne...........ooe e 8021, 8260
1,1,2,2-Tetrachloroethane .. ..o 8021, 8260, 8261
Tetrachloroethene (Perchloroethylene, Tetrachloroethylene)...........cccc..ccco.. 8021, 8260, 8261
2,3,4,5-TetrachloronitroDENZENE ..........ou oo 8091
2,3,5,6-TetrachloronitroDENZENE ..........ouiiei e 8091
2,3,4,5-Tetrachlorophenol ..........ccooiiiiii e 8041, 8085
2,3,4,6-Tetrachlorophenol ...........coooiiiiiiiii e 8041, 8085, 8270
2,3,5,6-TetrachlorOphEnOl .........ccouun i e e 8041
Tetrachlorvinphos (Stirophos, Gardona)...............ceeiiiieiiiiciiicie e, 8085, 8141, 8270
Tetraethyl dithiopyrophoSphate............oveiiiiii i e 8270
Tetraethyl pyrophosphate (TEPP).........ooo e 8141, 8270
Tetrahydrofuran (THEF) ... e e e e e 8261
TOITAZENE. ... 8331
Tetryl (Methyl-2,4,6-trinitrophenylnitramine) ..., 8330
THF (Tetrahydrofuran) ...........ooo e e e e e as 8261
ThIiodIiCarD ... 8318, 8321
TRIOFANOX ... 8321
ThioNazin (ZINOPNOS) ... ..t e e e e e e e e e e e 8141, 8270
Thiophanate-methyl ... e e 8321
Thiophenol (Benzenethiol) ... 8270
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1,3,5-TNB (1,3,5-TrinitrobENZENE)......uuueiiiieieeeec e 8095, 8270, 8330
2,4,6-TNT (2,4,6-TrinitrotolUENE).......vueeiiii e 8095, 8330
TOCP (Tri-0-CresylphosSphate) ...........uuiiiiiiiii e 8141
TOKULhION (PrOthiOfOS ). 8141
M-TOIUAIAENYAE ... 8315
O-TOIAIAENYAE ... 8315
P-TOIUAIAENYAE ...ttt nnnnnnnnes 8315
e [U1=) o L= TR 8015, 8021, 8260, 8261
Toluene diiSOCYANALE .......oooee e 8270
Lo o] V1o |19 1= 8015, 8260, 8261, 8270
02 =1 ] 1 1= 1= PSPPI 8081, 8270, 8272, 8276
2,4,5-TP (SIVEX) oo, 8085, 8151, 8321
Treflan (Trifluralin)........oooooiii 8081, 8085, 8091, 8270
IR L 1o L=T 0 01 (o) o TR T 8085
A L= 11 =Y (TR 8085, 8141, 8321
TrDULYIIN CIOTIAE ... 8323
1o} a1 (] 5 (o) o F R 8141, 8321
N I o a1 (o1 (0 T= 1 a1 [ =TT 8131
2,4, 6-TrIChIOrOANIINE. .. ... e e e e e et e e e e e ens 8131
1,2,3-TriChIOrODENZENE ... ..o 8021, 8121, 8260, 8261
1,2,4-Trichlorobenzene .............cooviiiiiiiiiiiiieeee, 8021, 8121, 8260, 8261, 8270, 8275, 8410
1,3,5-TTIChIOMODENZENE ...t e e et e e e e aaas 8121
2,2',5-Trichlorobiphenyl........... i e 8082, 8275
2,3",5-TriChlOrObIPNENYI ... ..o e e e e e e e s 8275
2,4' 5-TrichlorobIipheNYl.........oo i 8082, 8275
1,1, 1-Trichloroethan@..... ... e 8021, 8260, 8261
(I 2 g o o] (o] o T=1 { = 1 [ 8021, 8260, 8261
Trichloroethene (Trichloroethylene)...........coooviviiiiiiiiiice e, 8021, 8260, 8261, 8535
TrichlorofluOroMEthaNE ...... ... 8021, 8260, 8261
BN (o] 1 o T 0] F= (= T 8141
1,2,3-TriChlOro-4-NitrODENZENE ... 8091
1,2,4-TrichlOoro-5-NItrODENZENE .........ceeeie e a e aaaas 8091
2,4,6-TriChlOrONItrODENZENE ... ... et 8091
2,3,4-Trichlorophenol ............. i e 8041
2,3,5-TriChIOrOPNENOI ... .. e e e 8041
2,3,6-TriChIOrOPNENOI ....... e e eaa s 8041
2,4,5-Trichlorophenol ............c.coooo i 8041, 8085, 8270, 8410
2,4,6-Trichlorophenol ..............ooooiiiiiii e 8041, 8085, 8270, 8410
2,3,4-Trichlorophenyl 4-nitrophenyl ether............... e 8111
2,3,5-Trichlorophenyl 4-nitrophenyl ether...............ii i, 8111
2,3,6-Trichlorophenyl 4-nitrophenyl ether...............oiiiiii e, 8111
2,4,5-Trichlorophenyl 4-nitrophenyl ether.............. 8111
2,4,6-Trichlorophenyl 4-nitrophenyl ether.............. 8111
3,4,5-Trichlorophenyl 4-nitrophenyl ether..............ooiiiiii e, 8111
1,2,3-TriChIOrOPIOPANE.......coveiieeeeee et e e 8021, 8260, 8261
LI [0] o) g (C = 14 (o] o) TP PRSPPI 8085
Tri-o-cresylphosphate (TOCP) ... ..o e 8141
0,0, O-Triethyl phosphorothioate ............coooeiiiiiiii e, 8270
THEtNYIAMINEG ... 8015
Trifluralin (Treflan).........ooovuiiii e 8081, 8085, 8091, 8270
TrRAIOMEINANES ... .o e 8535
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Trimethyl PhoSPRAte ... e 8270
2,4,5-Trimethylaniline........cooun i e e e 8270
1,2,4-TrimethylDENZENE .......iiiii e 8021, 8260, 8261
1,3,5-TrimMethyIDENZENE ......eiieee e 8021, 8260, 8261
1,3,5-Trinitrobenzene (1,3,5-TNB).....cooorrriii e 8095, 8270, 8330
2,4,6-Trinitrophenylmethylnitraming ............ooo i 8095
2,4,6-Trinitrotoluene (2,4,6-TINT )...oeiiiiiii e e e e e e ee s 8095, 8330
Triphenyltin ChIOFIAE ....... oo e e e e e s 8323
Tris-BP (Tris(2,3-dibromopropyl) phosphate) ........ccooeeiiiiiiiiiiiiiieccce e, 8270, 8321
Tris(2,3-dibromopropyl) phosphate (Tris-BP) ..., 8270, 8321
Tri=p-tolyl PhOSPRALE . ..o e 8270
Valeraldehyde (Pentanal)............ooooiiiiiiiiiii e 8315
VEINOIALE ...ttt e e e e e e e et e e et e e e et e e e eaaanas 8085
VINYLACELAE ... 8260
ViYL ChIOTIAE oo 8021, 8260, 8261
Vinylidene chloride (1,1-Dichloroethene).............ceeiiiiiiiiiiiiiciiee e, 8021, 8260, 8261
IN=XYIBNE. .. 8015, 8021, 8260, 8261
O~ XYL 8015, 8021, 8260, 8261
P-XYIBNE...coiiiiiiiiieeiee s 8015, 8021, 8260, 8261
ZIiNOPhOS (TRIONAZIN) ... e e e e e e e e e 8141, 8270
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TABLE 2-2

METHOD 8011 (MICROEXTRACTION AND GAS CHROMATOGRAPHY)

1,2-Dibromo-3-chloropropane (DBCP)
1,2-Dibromoethane (EDB)

TABLE 2-3

METHOD 8015 (GC/FID) - NONHALOGENATED VOLATILES

Acetone
Acetonitrile
Acrolein
Acrylonitrile
Allyl alcohol

t-Amyl alcohol (TAA)

t-Amyl ethyl ether (TAEE)
t-Amyl methyl ether (TAME)
Benzene

t-Butyl alcohol
Crotonaldehyde

Diesel range organics (DRO)
Diethyl ether

Diisopropyl ether (DIPE)
Ethanol

Ethyl acetate
Ethyl benzene
Ethyl tert-butyl ether (ETBE)

Ethylene oxide

Gasoline range organics (GRO)
Isopropyl alcohol

Methanol

Methyl ethyl ketone (MEK, 2-
Butanone)

N-Nitroso-di-n-butylamine
Paraldehyde
2-Pentanone

2-Picoline

1-Propanol (n-Propyl alcohol)
Propionitrile

Pyridine

Toluene

o-Toluidine

m-Xylene

o-Xylene

p-Xylene

Triethylamine

R000084

TWO - 30 Revision 5

July 2014

SW-846 Update V



R000085

Electronic Filing: Received, Clerk's Office 07/25/2024

TABLE 2-4

METHOD 8021 (GC, PHOTOIONIZATION AND ELECTROLYTIC

CONDUCTIVITY DETECTORS) - AROMATIC AND HALOGENATED VOLATILES

Allyl chloride
Benzene
Benzyl chloride

Bis(2-chloro-1-methylethyl) ether

Bromoacetone
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
Bromomethane
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-Chloroethanol
2-Chloroethyl vinyl ether
Chloroform
Chloromethane
Chloromethyl methyl ether
Chloroprene
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
Dibromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

cis-1,2-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
1,3-Dichloro-2-propanol
1,1-Dichloropropene
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Epichlorhydrin
Ethylbenzene
Hexachlorobutadiene
Isopropylbenzene
p-lsopropyltoluene
Methylene chloride
Naphthalene
n-Propylbenzene
Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene

Dichlorodifluoromethane Vinyl chloride
1,1-Dichloroethane o-Xylene
1,2-Dichloroethane m-Xylene
1,1-Dichloroethene p-Xylene
SW-846 Update V TWO - 31 Revision 5

July 2014



R000086

Electronic Filing: Received, Clerk's Office 07/25/2024

TABLE 2-5

METHODS 8031 AND 8033 (GC WITH NITROGEN-PHOSPHORUS DETECTION)
AND METHOD 8032 (GC WITH ELECTRON CAPTURE DETECTION)

Method 8031: Acrylonitrile
Method 8032: Acrylamide
Method 8033: Acetonitrile

TABLE 2-6

METHOD 8041 (GC) - PHENOLS

2-Chloro-5-methylphenol
4-Chloro-2-methylphenol
4-Chloro-3-methylphenol
2-Chlorophenol
3-Chlorophenol
4-Chlorophenol
2-Cyclohexyl-4,6-dinitrophenol
2,3-Dichlorophenol
2,4-Dichlorophenol
2,5-Dichlorophenol

2,6-Dichlorophenol
3,4-Dichlorophenol
3,5-Dichlorophenol
2,3-Dimethylphenol
2,4-Dimethylphenol
2,5-Dimethylphenol
2,6-Dimethylphenol
3,4-Dimethylphenol

2,4-Dinitrophenol

2,5-Dinitrophenol

Dinoseb (2-sec-butyl-4,6-dinitro phenol)
2-Methyl-4,6-dinitrophenol
2-Methylphenol (o-Cresol)

3-Methylphenol (m-Cresol)
4-Methylphenol (p-Cresol)

2-Nitrophenol
3-Nitrophenol
4-Nitrophenol
Pentachlorophenol
Phenol
2,3,4,5-Tetrachlorophenol

2,3,4,6-Tetrachlorophenol
2,3,5,6-Tetrachlorophenol
2,3,4-Trichlorophenol
2,3,5-Trichlorophenol
2,3,6-Trichlorophenol
2,4,5-Trichlorophenol

2,4,6-Trichlorophenol
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TABLE 2-7

METHOD 8061 (GC/ECD) - PHTHALATE ESTERS

Bis(2-n-butoxyethyl) phthalate Diethyl phthalate
Bis(2-ethoxyethyl) phthalate Dihexyl phthalate
Bis(2-ethylhexyl) phthalate Diisobutyl phthalate
Bis(2-methoxyethyl) phthalate Di-n-butyl phthalate
Bis(4-methyl-2-pentyl) phthalate Dimethyl phthalate
Butyl benzyl phthalate Di-n-octyl phthalate
Diamyl phthalate Dinonyl phthalate
Dicyclohexyl phthalate Hexyl 2-ethylhexyl phthalate
TABLE 2-8

METHOD 8070 (GC) - NITROSAMINES

N-Nitrosodimethylamine
N-Nitrosodiphenylamine

N-Nitrosodi-n-propylamine
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TABLE 2-9

METHOD 8081 (GC) - ORGANOCHLORINE PESTICIDES

Alachlor

Aldrin

a-BHC

B-BHC

0-BHC

y-BHC (Lindane)
Captafol
Carbophenothion
Chlordane (NOS)
cis-Chlordane
trans-Chlordane
Chlorobenzilate
Chloroneb
Chloropropylate
Chlorothalonil
Dacthal (DCPA)
DBCP

4,4'-DDD

4,4'-DDE
4,4'-DDT
Diallate
Dichlone
Dichloran
Dicofol

Dieldrin
Endosulfan |
Endosulfan Ii
Endosulfan sulfate
Endrin

Endrin aldehyde
Endrin ketone
Etridiazole
Halowax-1000
Halowax-1001
Halowax-1013
Halowax-1014

Halowax-1051
Halowax-1099
Heptachlor
Heptachlor epoxide

Hexachlorobenzene

Hexachlorocyclopentadiene

Isodrin
Methoxychlor
Mirex
Nitrofen

trans-Nonachlor

Pentachloronitrobenzene (PCNB)

Permethrin (cis + frans)
Perthane

Propachlor

Strobane

Toxaphene

Trifluralin
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TABLE 2-10

METHOD 8082 (GC) - POLYCHLORINATED BIPHENYLS

Aroclor 1016 2,2'.3,4,5,5'-Hexachlorobiphenyl
Aroclor 1221 2,2'.3,5,5',6-Hexachlorobiphenyl
Aroclor 1232 2,2'4.4' 5 5'-Hexachlorobiphenyl
Aroclor 1242 2,2'3,3'4,4'5,5',6-Nonachlorobiphenyl
Aroclor 1248 2,2',3,4,5'-Pentachlorobiphenyl
Aroclor 1254 2,2'4,5,5'-Pentachlorobiphenyl
Aroclor 1260 2,3,3',4'.6-Pentachlorobiphenyl
2-Chlorobiphenyl 2,2',3,5'-Tetrachlorobiphenyl
2,3-Dichlorobiphenyl 2,2'5,5'-Tetrachlorobiphenyl
,2',3,3',4,4' 5-Heptachlorobiphenyl 2,3'4,4'-Tetrachlorobiphenyl
2,2'3,4,4'5,5'-Heptachlorobiphenyl 2,2' 5-Trichlorobiphenyl
2,2'3,4,4'5' 6-Heptachlorobiphenyl 2,4' 5-Trichlorobiphenyl

2,2',3,4',5,5',6-Heptachlorobiphenyl
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TABLE 2-11

METHOD 8085 (GC/AED) — PESTICIDES

Abate (Temephos)
Acifluorfen

Alachlor

Aldrin

Ametryn

Atraton

Atrazine

Azinphos ethyl (Ethyl guthion)
Azinphos methyl (Guthion)
Benfluralin

a-BHC

B-BHC

5-BHC

y-BHC (Lindane)
Bromacil

Bromoxynil (Brominal)
Butachlor

Butylate

Captafol

Captan
Carbophenothion
Carboxin
trans-Chlordane
Chlorpropham
Chlorpyrifos
Chlorthalonil (Daconil)

Cyanazine
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Cycloate
Coumaphos
2,4-D acid
2,4-DB acid
DCPA (Dacthal)
2,4'-DDD
4,4'-DDD
2,4'-DDE
4,4'-DDE
2,4'-DDT
4,4'-DDT
DEF (Butifos)
Demeton-O
Demeton-S
Diallate
Diazinon
Dicamba

Dichlobenil (Casoron)

3,5-Dichlorobenzoic acid

Dichlorprop
Dichlorvos (DDVP)
Diclofol (Kelthane)
Diclofop-methyl
Dieldrin
Dimethoate
Dinoseb

Dioxathion
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Diphenamid
Disulfoton (Disyston)
Diuron

Endosulfan |
Endosulfan I
Endosulfan sulfate
Endrin

Endrin aldehyde
Endrin ketone

EPN

Eptam (EPTC)
Ethalfluralin (Sonalan)
Ethion

Ethoprop
Fenamiphos
Fenarimol
Fenitrothion
Fensulfothion
Fenthion

Fluridone

Fonofos

Gardona (Tetrachlovinphos)
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Hexachlorocyclopentadiene

Hexazinone
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TABLE 2-11 (continued)

Imidan (Phosmet)
loxynil

Malathion

MCPA acid
MCPP acid
Merphos
Metalaxyl
Methoxychlor
Methyl chlorpyrifos
Methyl paraoxon
Methyl parathion
Metolachlor
Metribuzin
Mevinphos
MGK-264

Mirex

Molinate
Napropamide

4-Nitrophenol

Norflurazon
Oxyfluorfen

Parathion

Pebulate
Pendimethalin
Pentachlorophenol (PCP)
Phorate

Phosphamidon
Picloram

Profluralin

Prometon (Pramitol 5p)
Prometryn

Pronamide (Kerb)
Propachlor (Ramrod)
Propargite (S-181)
Propazine
Propetamidophos
Ronnel

Simazine

Sulfotepp

Sulprofos (Bolstar)

Silvex

2,4,5-T acid

2,45-TB

Tebuthiuron

Terbacil

Terbutryn (Igran)
2,3,4,5-Tetrachlorophenol
2,3,4,6-Tetrachlorophenol
Triademefon

Triallate
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
Triclopyr (Garlon)
Trifluralin (Treflan)

Vernolate
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TABLE 2-12

METHOD 8091 (GC) - NITROAROMATICS AND CYCLIC KETONES

Benefin

Butralin
1-Chloro-2,4-dinitrobenzene
1-Chloro-3,4-dinitrobenzene
1-Chloro-2-nitrobenzene
1-Chloro-4-nitrobenzene
2-Chloro-6-nitrotoluene
4-Chloro-2-nitrotoluene
4-Chloro-3-nitrotoluene
2,3-Dichloronitrobenzene
2,4-Dichloronitrobenzene
2,5-Dichloronitrobenzene
3,4-Dichloronitrobenzene
3,5-Dichloronitrobenzene
Dinitramine
1,2-Dinitrobenzene
1,3-Dinitrobenzene

1,4-Dinitrobenzene

2,4-Dinitrotoluene
2,6-Dinitrotoluene

Isopropalin

1,2-Naphthoquinone
1,4-Naphthoquinone
Nitrobenzene

2-Nitrotoluene

3-Nitrotoluene

4-Nitrotoluene

Penoxalin [Pendimethalin]
Pentachloronitrobenzene
Profluralin
2,3,4,5-Tetrachloronitrobenzene
2,3,5,6-Tetrachloronitrobenzene
1,2,3-Trichloro-4-nitrobenzene
1,2,4-Trichloro-5-nitrobenzene
2,4,6-Trichloronitrobenzene

Trifluralin

TABLE 2-13

METHOD 8095 (GC) - EXPLOSIVES

2-Amino-4,6-dinitrotoluene
4-Amino-2,6-dinitrotoluene
3,5-Dinitroaniline

1,3-Dinitrobenzene

2,4-Dinitrotoluene

2,6-Dinitrotoluene
Hexahydro-1,3,5-trinitro-1,3,5-triazine
Nitrobenzene

Nitroglycerine

2-Nitrotoluene

3-Nitrotoluene

4-Nitrotoluene
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
Pentaerythritoltetranitrate

1,3,5-Trinitrobenzene
2,4,6-Trinitrophenylmethylnitramine
2,4,6-Trinitrotoluene
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TABLE 2-14

METHOD 8100 - POLYNUCLEAR AROMATIC HYDROCARBONS

Acenaphthene Dibenz(a,h)anthracene
Acenaphthylene 7H-Dibenzo(c,g)carbazole
Anthracene Dibenzo(a,e)pyrene
Benz(a)anthracene Dibenzo(a,h)pyrene
Benzo(b)fluoranthene Dibenzo(a,i)pyrene
Benzo(j)fluoranthene Fluoranthene
Benzo(k)fluoranthene Fluorene
Benzo(g, h,i)perylene Indeno(1,2,3-cd)pyrene
Benzo(a)pyrene 3-Methylcholanthrene
Chrysene Naphthalene
Dibenz(a,h)acridine Phenanthrene
Dibenz(a,j)acridine Pyrene

TABLE 2-15

METHOD 8111 (GC) - HALOETHERS

Bis(2-chloroethoxy)methane
Bis(2-chloroethyl) ether
Bis(2-chloro-1-methylethyl) ether
4-Bromophenyl phenyl ether
4-Chlorophenyl phenyl ether
2-Chlorophenyl 4-nitrophenyl ether
3-Chlorophenyl 4-nitrophenyl ether
4-Chlorophenyl 4-nitrophenyl ether
2,4-Dibromophenyl 4-nitrophenyl ether

2,5-Dichlorophenyl 4-nitrophenyl ether
2,6-Dichlorophenyl 4-nitrophenyl ether
3,4-Dichlorophenyl 4-nitrophenyl ether
3,5-Dichlorophenyl 4-nitrophenyl ether
4-Nitrophenyl phenyl ether
2,3,4-Trichlorophenyl 4-nitrophenyl ether
2,3,5-Trichlorophenyl 4-nitrophenyl ether
2,3,6-Trichlorophenyl 4-nitrophenyl ether
2,4,5-Trichlorophenyl 4-nitrophenyl ether

2,4-Dichlorophenyl 3-methyl-4-nitrophenyl ether  2,4,6-Trichlorophenyl 4-nitrophenyl ether

2,3-Dichlorophenyl 4-nitrophenyl ether
2,4-Dichlorophenyl 4-nitrophenyl ether

3,4,5-Trichlorophenyl 4-nitrophenyl ether

SW-846 Update V

TWO -39 Revision 5
July 2014

R000093



R000094

Electronic Filing: Received, Clerk's Office 07/25/2024

TABLE 2-16

METHOD 8121 (GC) - CHLORINATED HYDROCARBONS

Benzal chloride

Benzotrichloride

Benzyl chloride
2-Chloronaphthalene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Hexachlorobenzene
Hexachlorobutadiene
a-Hexachlorocyclohexane (a-BHC)

B-Hexachlorocyclohexane (B-BHC)

0-Hexachlorocyclohexane (6-BHC)
y-Hexachlorocyclohexane (y-BHC)
Hexachlorocyclopentadiene
Hexachloroethane
Pentachlorobenzene
1,2,3,4-Tetrachlorobenzene
1,2,3,5-Tetrachlorobenzene
1,2,4,5-Tetrachlorobenzene
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene

1,3,5-Trichlorobenzene

TABLE 2-17

METHOD 8131 (GC) - ANILINE AND SELECTED DERIVATIVES

Aniline

4-Bromoaniline
2-Bromo-6-chloro-4-nitroanilne
2-Bromo-4,6-dintroaniline
2-Chloroaniline
3-Chloroaniline
4-Chloroaniline
2-Chloro-4,6-dinitroaniline
2-Chloro-4-nitroaniline

4-Chloro-2-nitroaniline

2,6-Dibromo-4-nitroaniline
3,4-Dichloroaniline
2,6-Dichloro-4-nitroaniline
2,4-Dinitroaniline
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
2,4,5-Trichloroaniline

2,4 ,6-Trichloroaniline
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TABLE 2-18

METHOD 8141 (GC) - ORGANOPHOSPHORUS COMPOUNDS

Aspon

Atrazine
Azinphos-ethyl
Azinphos-methyl
Bendiocarb
Bolstar (Sulprofos)
Butylate
Carbophenothion
Chlorfenvinphos
Chlorpyrifos
Chlorpyrifos methyl

Coumaphos
Crotoxyphos
Demeton-0O, and -S
Diazinon
Dichlorofenthion
Dichlorvos (DDVP)
Dicrotophos
Dimethoate

Dioxathion

Disulfoton
EPN

EPTC

Ethion
Ethoprop
Famphur
Fenitrothion
Fensulfothion
Fenthion
Fonophos

Hexamethyl phosphoramide
(HMPA)

Leptophos
Malathion
Merphos
Methiocarb
Mevinphos
Molinate
Monocrotophos
Naled
Parathion, ethyl

Parathion, methyl
Pebulate
o-Phenylenediamine
Phorate

Phosmet
Phosphamidon
Propham
Prosulfocarb

Ronnel

Simazine

Stirophos (Tetrachlorvinphos,
Gardona)

Sulfotepp

Terbufos

Tetraethyl pyrophosphate (TEPP)
Thionazin (Zinophos)

Tokuthion (Prothiofos)

Triallate

Trichlorfon

Trichloronate

Tri-o-cresyl phosphate (TOCP)
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TABLE 2-19

METHOD 8151 (GC USING METHYLATION OR PENTAFLUOROBENZYLATION
DERIVATIZATION) - CHLORINATED HERBICIDES

Acifluorfen Dicamba MCPP
Bentazon 3,5-Dichlorobenzoic acid 4-Nitrophenol
Chloramben Dichloroprop Pentachlorophenol
2,4-D Dinoseb Picloram
Dalapon 5-Hydroxydicamba 2,4,5T
2,4-DB MCPA 2,4,5-TP (Silvex)
DCPA diacid
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TABLE 2-20

METHOD 8260 (GC/MS) - VOLATILE ORGANIC COMPOUNDS

Acetone

Acetonitrile

Acrolein (Propenal)
Acrylonitrile

Allyl alcohol

Allyl chloride

t-Amyl ethyl ether (TAEE)
t-Amyl methyl ether (TAME)
Benzene

Benzyl chloride
Bis(2-chloroethyl)sulfide
Bromoacetone
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
Bromomethane
n-Butanol

2-Butanone (MEK)
t-Butyl alcohol
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon disulfide
Carbon tetrachloride
Chloral hydrate
Chloroacetonitrile
Chlorobenzene
1-Chlorobutane
Chlorodibromomethane
Chloroethane
2-Chloroethanol
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2-Chloroethyl vinyl ether
Chloroform
1-Chlorohexane
Chloromethane
Chloroprene
2-Chlorotoluene
4-Chlorotoluene
Crotonaldehyde
Cyclohexane
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
Dibromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
cis-1,4-Dichloro-2-butene
trans-1,4-Dichloro-2-butene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
cis-1,2-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
1,3-Dichloro-2-propanol
1,1-Dichloropropene
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
1,2,3,4-Diepoxybutane
Diethyl ether
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Diisopropyl ether (DIPE)
1,4-Dioxane
Epichlorohydrin

Ethanol

Ethyl acetate

Ethyl t-butyl ether (ETBE)
Ethyl methacrylate
Ethylbenzene

Ethylene oxide
Hexachlorobutadiene
Hexachloroethane
2-Hexanone
lodomethane

Isobutyl alcohol
Isopropylbenzene
p-Isopropyltoluene
Malononitrile
Methacrylonitrile
Methanol

Methyl acrylate
Methyl-t-butyl ether (MTBE)
Methyl methacrylate
Methylcyclohexane
Methylene chloride
4-Methyl-2-pentanone (MIBK)
Naphthalene
Nitrobenzene
2-Nitropropane
N-Nitroso-di-n-butylamine
Paraldehyde
Pentachloroethane
Pentafluorobenzene
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TABLE 2-20 (continued)

2-Pentanone

2-Picoline

1-Propanol

2-Propanol

Propargyl alcohol
3-Propiolactone
Propionitrile (Ethyl cyanide)
n-Propylamine
n-Propylbenzene

Pyridine

Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene

o-Toluidine
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane

1,1,2-Trichloroethane

Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,3,5-Trimethylbenzene
Vinyl acetate

Vinyl chloride

o-Xylene

m-Xylene

p-Xylene
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TABLE 2-21

METHOD 8261 (VD/GC/MS) - VOLATILE ORGANIC COMPOUNDS

Acetone
Acetonitrile
Acetophenone
Acrolein
Acrylonitrile
Allyl Chloride

t-Amyl ethyl ether (TAEE)
(4,4-Dimethyl-3-oxahexane)

t-Amyl methyl ether (TAME)
Aniline

Benzene
Bromochloromethane
Bromodichloromethane
Bromoform
Bromomethane
2-Butanone
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
Chloroform
Chloromethane
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-chloropropane
Dibromomethane
1,2-Dichlorobenzene
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1,3-Dichlorobenzene
1,4-Dichlorobenzene
cis-1,4-Dichloro-2-butene
trans-1,4-Dichloro-2-butene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane

1,1-Dichloroethene
cis-1,2-Dichloroethene
trans-1,2-Dichloroethene
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Diethyl ether

Diisopropyl ether (DIPE)
1,4-Dioxane

Ethanol

Ethyl acetate

Ethyl t-butyl ether (ETBE)
Ethyl methacrylate
Ethylbenzene
Hexachlorobutadiene
2-Hexanone
lodomethane

Isobutyl alcohol
Isopropylbenzene
p-lsopropyltoluene
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Methacrylonitrile

Methyl t-butyl ether (MTBE)
Methyl methacrylate
Methylene chloride
1-Methylnaphthalene
2-Methylnaphthalene
4-Methyl-2-pentanone

Naphthalene
N-Nitrosodibutylamine
N-Nitrosodiethylamine
N-Nitrosodimethylamine
N-Nitrosodi-n-propylamine
N-Nitrosomethylethylamine
Pentachloroethane
2-Picoline

Propionitrile
n-Propylbenzene

Pyridine

Styrene
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Tetrahydrofuran

Toluene

o-Toluidine
1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
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TABLE 2-21 (continued)

1,2,3-Trichloropropane Vinyl chloride p-Xylene
1,2,4-Trimethylbenzene o-Xylene
1,3,5-Trimethylbenzene m-Xylene

TABLE 2-22

METHOD 8270 (GC/MS) - SEMIVOLATILE ORGANIC COMPOUNDS

Acenaphthene
Acenaphthylene
Acetophenone
2-Acetylaminofluorene
1-Acetyl-2-thiourea
Aldrin
2-Aminoanthraquinone
Aminoazobenzene
4-Aminobiphenyl
3-Amino-9-ethylcarbazole
Anilazine

Aniline

o-Anisidine
Anthracene

Aramite

Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
Aroclor-1254
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Aroclor-1260
Azinphos-methyl

Barban

Benz(a)anthracene
Benzidine
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzoic acid
Benzo(g,h,i)perylene
Benzo(a)pyrene
p-Benzoquinone

Benzyl alcohol

a-BHC

B-BHC

6-BHC

y-BHC (Lindane)
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl)ether
Bis(2-chloro-1-methylethyl)ether
Bis(2-ethylhexyl)phthalate
4-Bromophenyl phenyl ether
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Table 2-22 (continued)

Bromoxynil

Butyl benzyl phthalate

Captafol

Captan

Carbaryl

Carbofuran

Carbophenothion

Chlordane (NOS)
Chlorfenvinphos
4-Chloroaniline
Chlorobenzilate
5-Chloro-2-methylaniline
4-Chloro-3-methylphenol
3-(Chloromethyl)pyridine hydrochloride
1-Chloronaphthalene
2-Chloronaphthalene
2-Chlorophenol
4-Chloro-1,2-phenylenediamine
4-Chloro-1,3-phenylenediamine
4-Chlorophenyl phenyl ether
Chrysene

Coumaphos

p-Cresidine

Crotoxyphos
2-Cyclohexyl-4,6-dinitrophenol
4,4'-DDD

4,4'-DDE

4,4'-DDT

Demeton-O
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Demeton-S

Diallate (cis or trans)
2,4-Diaminotoluene
Dibenz(a,j)acridine
Dibenz(a,h)anthracene
Dibenzofuran
Dibenzo(a,e)pyrene
1,2-Dibromo-3-chloropropane
Di-n-butyl phthalate
Dichlone
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
3,3'-Dichlorobenzidine
2,4-Dichlorophenol
2,6-Dichlorophenol
Dichlorovos

Dicrotophos

Dieldrin

Diethyl phthalate

Diethyl sulfate
Diethylstilbestrol
Dimethoate
3,3'-Dimethoxybenzidine
Dimethyl phthalate
Dimethylaminoazobenzene
7,12-Dimethylbenz(a)anthracene
3,3'-Dimethylbenzidine

a,a-Dimethylphenethylamine
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Table 2-22 (continued)

2,4-Dimethylphenol
1,2-Dinitrobenzene
1,3-Dinitrobenzene
1,4-Dinitrobenzene
4,6-Dinitro-2-methylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Dinocap

Dinoseb

Di-n-octyl phthalate
Diphenylamine
5,5-Diphenylhydantoin
1,2-Diphenylhydrazine
Disulfoton

Endosulfan |
Endosulfan II
Endosulfan sulfate
Endrin

Endrin aldehyde
Endrin ketone

EPN

Ethion

Ethyl carbamate

Ethyl methanesulfonate
Famphur
Fensulfothion

Fenthion
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Fluchloralin

Fluoranthene

Fluorene

Heptachlor

Heptachlor epoxide
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Hexachlorophene
Hexachloropropene
Hexamethylphosphoramide
Hydroquinone
Indeno(1,2,3-cd)pyrene
Isodrin

Isophorone

Isosafrole

Kepone

Leptophos

Malathion

Maleic anhydride

Mestranol

Methapyrilene
Methoxychlor

Methyl methanesulfonate
Methyl parathion
3-Methylcholanthrene
4,4'-Methylenebis(2-chloroaniline)

TWO - 48

Revision 5
July 2014

R000102



Electronic Filing: Received, Clerk's Office 07/25/2024

Table 2-22 (continued)

4,4'-Methylenebis(N,N-dimethylaniline)

2-Methylnaphthalene
2-Methylphenol
3-Methylphenol
4-Methylphenol
Mevinphos
Mexacarbate

Mirex
Monocrotophos
Naled

Naphthalene
1,4-Naphthoquinone
1-Naphthylamine
2-Naphthylamine
Nicotine
5-Nitroacenaphthene
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
5-Nitro-o-anisidine
Nitrobenzene
4-Nitrobiphenyl
Nitrofen
2-Nitrophenol
4-Nitrophenol

Nitroquinoline-1-oxide

N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosodi-n-propylamine
N-Nitrosomethylethylamine
N-Nitrosomorpholine
N-Nitrosopiperidine
N-Nitrosopyrrolidine
5-Nitro-o-toluidine
Octamethyl pyrophosphoramide
4,4'-Oxydianiline

Parathion
Pentachlorobenzene
Pentachloronitrobenzene
Pentachlorophenol
Phenacetin

Phenanthrene
Phenobarbital

Phenol
1,4-Phenylenediamine
Phorate

Phosalone

Phosmet

Phosphamidion

Phthalic anhydride
2-Picoline (2-methylpyridine)

Piperonyl sulfoxide

R000103

N-Nitrosodi-n-butylamine Pronamide

N-Nitrosodiethylamine Propylthiouracil
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Table 2-22 (continued)

Pyrene

Resorcinol

Safrole

Strychnine

Sulfallate

Terbufos
1,2,4,5-Tetrachlorobenzene
2,3,4,6-Tetrachlorophenol
Tetrachlorvinphos
Tetraethyl dithiopyrophosphate
Tetraethyl pyrophosphate
Thionazine

Thiophenol (Benzenethiol)

Toluene diisocyanate
o-Toluidine

Toxaphene
1,2,4-Trichlorobenzene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
0,0,0-Triethylphosphorothioate
Trifluralin

Trimethyl phosphate
2,4,5-Trimethylaniline

1,3,5-Trinitrobenzene

Tris(2,3-dibromopropyl)phosphate

Tri-p-tolyl phosphate
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TABLE 2-23

METHOD 8275 (TE/GC/MS) - SEMIVOLATILE ORGANIC COMPOUNDS

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene
Benzo(k)fluoranthene
Benzo(b)fluoranthene

Benzo(g, h,i)perylene
Benzo(a)pyrene

4-Bromophenyl phenyl ether
2-Chlorobiphenyl
1-Chloronaphthalene

Chrysene

2,2',3,3'4,4',5,5',6,6'- Decachlorobiphenyl
Dibenz(a,h)anthracene
Dibenzofuran

Dibenzothiophene
3,3"-Dichlorobiphenyl

Fluoranthene

Fluorene

2,2',3,3',4,4' 5- Heptachlorobiphenyl
2,2',3,4,4'5,5'- Heptachlorobiphenyl

2,2'3,4'5,5',6- Heptachlorobiphenyl
Hexachlorobenzene

2,2'3,3',4,4'- Hexachlorobiphenyl
2,2',3,4,4' 5'- Hexachlorobiphenyl
Indeno(1,2,3-cd)pyrene

Naphthalene

2,2'3,3'4,4' 5,5',6- Nonachlorobiphenyl
2,2'3,3',4,4'5,5'- Octachlorobiphenyl
2,2',4,5,5'-Pentachlorobiphenyl
2,3',4,4' 5-Pentachlorobiphenyl
Phenanthrene

Pyrene

2,2'3,5'-Tetrachlorobiphenyl
2,2'4,5'-Tetrachlorobiphenyl
2,2',5,5'-Tetrachlorobiphenyl
2,3',4,4'-Tetrachlorobiphenyl
1,2,4-Trichlorobenzene
2,2',5-Trichlorobiphenyl
2,3',5-Trichlorobiphenyl

2,4' 5-Trichlorobiphenyl
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TABLE 2-23A

METHOD 8276 (GC-NICI/MS) - TOXAPHENE AND TOXAPHENE CONGENERS

2-endo,3-ex0,5-endo,6-ex0,8,9,10-Heptachlorobornane (Hp-Sed)
2-ex0,3-endo,6-ex0,8,9,10-Hexachlorobornane (Hx-Sed)
2,2,5,5,8,9,9,10,10-Nonachlorobornane (P62)
2-endo,3-ex0,5-endo,6-ex0,8,8,9,10,10-Nonachlorobornane (P50)
2-endo,3-ex0,5-endo,6-ex0,8,8,10,10-Octachlorobornane (P26)
2-endo,3-ex0,5-endo,6-ex0,8,9,10,10-Octachlorobornane (P40)
2-ex0,3-endo,5-ex0,8,9,9,10,10-Octachlorobornane (P41)
2-ex0,5,5,8,9,9,10,10-Octachlorobornane (P44)

Toxaphene

TABLE 2-24

METHODS 8280 (HRGC/LRMS) AND 8290 (HRGC/HRMS) - POLYCHLORINATED DIBENZO-
p-DIOXINS (PCDDs) AND POLYCHLORINATED DIBENZOFURANS (PCDFs)

1,2,3,4,6,7,8-HpCDD 2,3,4,6,7,8-HxCDF
HpCDD, total HxCDF, total
1,2,3,4,6,7,8-HpCDF OCDD
1,2,3,4,7,8,9-HpCDF OCDF TCDF, total
HpCDF, total 1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD PeCDD, total
1,2,3,6,7,8-HxCDD 1,2,3,7,8-PeCDF
1,2,3,7,8,9-HxCDD 2,3,4,7,8-PeCDF
HxCDD, total PeCDF, total
1,2,3,4,7,8-HxCDF 2,3,7,8-TCDD
1,2,3,6,7,8-HxCDF TCDD, total
1,2,3,7,8,9-HxCDF 2,3,7,8-TCDF
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TABLE 2-25

METHOD 8310 (HPLC) - POLYNUCLEAR AROMATIC HYDROCARBONS

Acenaphthene Chrysene
Acenaphthylene Dibenzo(a,h)anthracene
Anthracene Fluoranthene
Benz(a)anthracene Fluorene
Benzo(b)fluoranthene Indeno(1,2,3-cd)pyrene
Benzo(k)fluoranthene Naphthalene
Benzo(g, h,i)perylene Phenanthrene
Benzo(a)pyrene Pyrene

TABLE 2-26

METHOD 8315 - CARBONYL COMPOUNDS

Acetaldehyde Decanal Octanal
Acetone 2,5-Dimethylbenzaldehyde  Pentanal (Valeraldehyde)
Acrolein Formaldehyde Propanal (Propionaldehyde)
Benzaldehyde Heptanal m-Tolualdehyde
Butanal (Butyraldehyde) Hexanal (Hexaldehyde) o-Tolualdehyde
Crotonaldehyde Isovaleraldehyde p-Tolualdehyde
Cyclohexanone Nonanal
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TABLE 2-27

METHOD 8316 (HPLC)

Acrolein
Acrylamide
Acrylonitrile

TABLE 2-28

METHOD 8318 (HPLC) - N-METHYLCARBAMATES

Aldicarb (Temik) Dioxacarb Mexacarbate
Aldicarb sulfone Formetanate hydrochloride Oxamyl
Bendiocarb 3-Hydroxycarbofuran Promecarb
Carbaryl (Sevin) Methiocarb (Mesurol) Propoxur (Baygon)
Carbofuran (Furadan) Methomyl (Lannate) Thiodicarb
m-Cumenyl methylcarbamate Metolcarb
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TABLE 2-29

METHOD 8321 (HPLC/TS/MS) - NONVOLATILE ORGANIC COMPOUNDS

Azo Dyes

Disperse Brown 1
Disperse Orange 3
Disperse Orange 30
Disperse Red 1
Disperse Red 5
Disperse Red 13
Disperse Yellow 5
Solvent Red 3
Solvent Red 23

Anthraquinone Dyes

Disperse Blue 3
Disperse Blue 14
Disperse Red 60

Chlorinated Phenoxyacid Compounds

2,4-D

2,4-D, butoxyethanol ester
2,4-D, ethylhexyl ester
Dalapon

2,4-DB

Dicamba

Dichlorprop

Dinoseb

MCPA

MCPP

SW-846 Update V
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Organophosphorus Compounds

Asulam
Dichlorvos (DDVP)
Dimethoate
Disulfoton
Famphur
Fensulfothion
Merphos
Methomyl
Monocrotophos
Naled

Parathion methyl
Phorate
Thiofanox
Trichlorfon

Tris(2,3-dibromopropyl) phosphate (Tris-BP)

Silvex (2,4,5-TP)

2,45-T

2,4,5-T, butyl ester

2,4,5-T, butoxyethanol ester
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Table 2-29 (continued)

Carbamates
Aldicarb
Aldicarb sulfone
Aldicarb sulfoxide
Aminocarb
Barban
Bendiocarb
Benomyl
Bromacil
Butylate
Carbaryl

Carbendazim

Carbofuran

Carbofuran phenol
Carbosulfan

Chloropropham

Chloroxuron

m-Cumenyl methyl carbamate
Diuron

EPTC

Fenuron

Fluometuron

Linuron
Methiocarb
Methomyl
Metolcarb
Mexacarbate
Molinate
Monuron
Neburon
Oxamyl
Pebulate

o-Phenylenediamine

Physostigmine
Physostigmine salicylate
Promecarb

Propham

Propoxur

Prosulfocarb

Siduron

Tebuthiuron

Thiodicarb
Thiophanate-methyl

Formetanate hydrochloride Triallate
3-Hydroxycarbofuran
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TABLE 2-29A

METHOD 8323 (MS) - ORGANOTINS BY MICRO-LIQUID CHROMATOGRAPHY-
ELECTROSPRAY ION TRAP MASS SPECTROMETRY

Dibutyltin dichloride
Diphenyltin dichloride

Monobutyltin trichloride

Monophenyltin trichloride
Tributyltin chloride
Triphenyltin chloride

TABLE 2-30

METHOD 8325 (HPLC/PB/MS) - NONVOLATILE ORGANIC COMPOUNDS

Benzidine 3,3'-Dimethylbenzidine
Benzoylprop ethyl Diuron
Carbaryl Linuron (Lorox)
o-Chlorophenyl thiourea Monuron
3,3'-Dichlorobenzidine Rotenone
3,3'-Dimethoxybenzidine Siduron

TABLE 2-31

METHOD 8330 (HPLC) - NITROAROMATICS AND NITRAMINES

2-Amino-4,6-dinitrotoluene (2-Am-DNT)
4-Amino-2,6-dinitrotoluene (4-Am-DNT)
3,5-Dinitroanaline (3,5-DNA)
1,3-Dinitrobenzene (1,3-DNB)
2,4-Dinitrotoluene (2,4-DNT)

2,6-Dinitrotoluene (2,6-DNT)
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)
Methyl-2,4,6-trinitrophenyl-nitramine (Tetryl)
Nitrobenzene (NB)

2-Nitrotoluene (2-NT)
3-Nitrotoluene (3-NT)
4-Nitrotoluene (4-NT)
Nitroglycerin

Octahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine (HMX)

Pentaerythritol tetranitrate (PETN)
1,3,5-Trinitrobenzene (1,3,5-TNB)
2,4,6-Trinitrotoluene (2,4,6-TNT)
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TABLE 2-32

METHOD 8331 (HPLC)

Tetrazene

TABLE 2-33

METHOD 8332 (HPLC)

Nitroglycerine

TABLE 2-34

METHOD 8410 - SEMIVOLATILE ORGANIC COMPOUNDS

Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene

Benzoic acid
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl)ether
Bis(2-chloro-1-methylethyl)ether
Bis(2-ethylhexyl) phthalate
4-Bromophenyl phenyl ether
Butyl benzyl phthalate
4-Chloroaniline
4-Chloro-3-methylphenol
2-Chloronaphthalene
2-Chlorophenol
4-Chlorophenol
4-Chlorophenyl phenyl ether
Chrysene

Dibenzofuran

Di-n-butyl phthalate

SW-846 Update V

1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
2,4-Dichlorophenol
Diethyl phthalate
Dimethyl phthalate
4,6-Dinitro-2-methylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Di-n-octyl phthalate
Di-n-propyl phthalate
Fluoranthene

Fluorene
Hexachlorobenzene
1,3-Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Isophorone
2-Methylnaphthalene
2-Methylphenol
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Table 2-34 (continued)

4-Methylphenol N-Nitrosodiphenylamine
Naphthalene N-Nitroso-di-n-propylamine
2-Nitroaniline Pentachlorophenol
3-Nitroaniline Phenanthrene
4-Nitroaniline Phenol

Pyrene
2-Nitrophenol 1,2,4-Trichlorobenzene
4-Nitrophenol 2,4,5-Trichlorophenol
N-Nitrosodimethylamine 2,4,6-Trichlorophenol

TABLE 2-35

METHOD 8430 (GC/FT-IR) - BIS(2-CHLOROETHYL) ETHER AND ITS HYDROLYSIS
PRODUCTS

Bis(2-chloroethyl) ether
2-Chloroethanol
2-(2-Chloroethoxy) ethanol
Diethylene glycol
Ethylene glycol

TABLE 2-35A

METHOD 8440 - TOTAL RECOVERABLE PETROLEUM HYDROCARBONS BY INFRARED
SPECTROPHOTOMETRY

This method does not give a specific compound list but is applicable to total recoverable
petroleum hydrocarbons.
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TABLE 2-36

METHOD 8510 (COLORIMETRIC SCREENING) - RDX AND HMX

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX)

TABLE 2-36A

METHOD 8520 (CONTINUOUS MEASUREMENT OF FORMALDEHYDE IN AMBIENT AIR)

Formaldehyde

TABLE 2-37

METHOD 8535 (COLORIMETRIC SCREENING) - VOLATILE ORGANIC HALIDES

Carbon tetrachloride
Perchloroethylene (Tetrachloroethene)
Trichloroethylene

Trihalomethanes

TABLE 2-38

METHOD 8540 (UV-INDUCED COLORIMETRY) - PENTACHLOROPHENOL

Pentachlorophenol
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TABLE 2-39

DETERMINATIVE METHODS FOR INORGANIC ANALYTES

Analyte Applicable Methods
YN (810011 a 10T o PR PR 6010, 6020, 7000, 7010
ANLIMONY ..o 6010, 6020, 6200, 6800, 7000, 7062
YN 1] 31T TR 6010, 6020, 6200, 7010, 7061, 7062, 7063
B AU <. 6010, 6020, 6200, 6800, 7000, 7010
BerylliUM ..ottt 6010, 6020, 7000, 7010
27 0] (o) o H TP 6010, 6800
ST 0]0 0110 [T TR 6500, 9056, 9211
(0F=To [0 41U T o o [P 6010, 6020, 6200, 6800, 7000, 7010
(0F=1 (110 [ o FA T 6010, 6020, 6200, 6800, 7000
(0105 (o [ T 6500, 9056, 9057, 9212, 9250, 9251, 9253
CRFOMIUM <. 6010, 6020, 6200, 6800, 7000, 7010
Chromium, hexavalent ...........cccooeiiiiiiiiiiieee e, 6800, 7195, 7196, 7197, 7198, 7199
(070] 071 | AF TR 6010, 6020, 6200, 7000, 7010
(0707 o] o 11 PP OPP RSP 6010, 6020, 6200, 6800, 7000, 7010
Cyanide. . ..o o 9010, 9012, 9013, 9014, 9015, 9016, 9213
[ (U0 ) T [= T 6500, 9056, 9214
(o] o TR 6010, 6020, 6200, 6800, 7000, 7010
I=Y= Lo TR TP TRUPTURTR 6010, 6020, 6200, 6800, 7000, 7010
I g 11U s o AT TR 6010, 7000
MAGNESIUM .. e e e e e e e e as 6010, 6020, 6800, 7000
MANGANESE ...t 6010, 6020, 6200, 7000, 7010
MEICUNY ..ottt 6010, 6020, 6200, 6800, 7470, 7471, 7472, 7473, 7474
MOIYDAENUM ... 6010, 6200, 6800, 7000, 7010
NICKEI ... 6010, 6020, 6200, 6800, 7000, 7010
N[z (TP 6500, 9056, 9210
I T (=TT 6500, 9056, 9216
(0 1] 0 110 o o T 7000
[ el 0] o] =1 (YT 6850, 6860
PROSPRNALE.... .o e 6500, 9056
PROSPNOIUS. ...ttt e e e e e e e e e e e e e e e e e e e e et b e e e aaeaeaaaaa 6010
PROSPhOIUS, WHIte ..ot e e e e e e e e e e eeeaees 7580
0] 7= 151110 o R 6010, 6020, 6200, 6800, 7000
(U o] T |11 g o P 6200
SEIENIUM ... 6010, 6020, 6200, 6800, 7010, 7741, 7742
Y1 [To= TR 6010
ST V=) TR 6010, 6020, 6200, 6800, 7000, 7010
ST o Yo 11T o P 6010, 6020, 7000
5] (o] 01400 IO 6010, 6200, 6800, 7000
101 7= 1 (T 6500, 9035, 9036, 9038, 9056
RS 1o [ 9030, 9031, 9215
THAIlIUM .. e 6010, 6020, 6200, 6800, 7000, 7010
B 8 Lo 10 1 PR 6200
B N PRSP 6010, 6200, 7000
B 122111011 o SRR 6010, 6200
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TABLE 2-39 (cont)

Vanadium.........oooooiiiiii 6010, 6020, 6200, 6800, 7000, 7010
ZiNC..ooeeeeeeee e, 6010, 6020, 6200, 6800, 7000, 7010
A | (o7 o111 o ¢ I 6200
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TABLE 2-40A

RECOMMENDED SAMPLE CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES FOR ORGANIC CHEMICALS?

(Note: Footnotes are located on the last page of the table.)

VOLATILE ORGANICS

Sample Matrix Container Preservative' Holding Time'
Concentrated waste Method 5035: See the method. Cool to 0 - 6 °C. 14 days
samples Method 5021: See the method.
Methods 5031 and 5032: See the methods.
Use PTFE-lined lids for all procedures.
Aqueous samples with no Methods 5030, 5031, and 5032: 3 x 40-mL Cool to 0 - 6 °C and adjust pH to less than 2 14 days
residual chlorine present vials with PTFE-lined septum caps with H2SO4, HCI, or solid NaHSO4
If carbonaceous materials are present, or if
MTBE and other fuel oxygenate ethers are
present and a high temperature sample 7 days
preparative method is to be used, do not acid
preserve the samples.
If the reactive compound 2-chloroethyl vinyl
ether® is an analyte of interest, collect a
second set of samples without acid 7 days
preservatives and analyze immediately.
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TABLE 2-40A (continued)

RECOMMENDED SAMPLE CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES FOR ORGANIC CHEMICALS?

VOLATILE ORGANICS (continued)

Sample Matrix Container

Preservative'

Holding Time'

Aqueous samples WITH Methods 5030, 5031, and 5032: 3 x 40-mL
residual chlorine present vials with PTFE-lined septum caps

Acrolein and acrylonitrile Methods 5030, 5031, and 5032: 3 x 40-mL
in aqueous samples vials with PTFE-lined septum caps

Solid samples Method 5035: See the method.
(e.g., soils, sediments, Method 5021: See the method.

sludges, ash) Methods 5031 and 5032: See the methods.

Collect sample in a 125-mL container which
has been pre-preserved with 4 drops of 10%
sodium thiosulfate solution. Gently swirl to
mix sample and transfer to a 40-mL VOA vial.
Cool to 0 - 6 °C and adjust pH to less than 2
with H2SO4, HCI, or solid NaHSOa.

If carbonaceous materials are present, or if
MTBE and other fuel oxygenate ethers are
present and a high temperature sample
preparative method is to be used, do not acid
preserve the samples.

If the reactive compound 2-chloroethyl vinyl
ether® is an analyte of interest, collect a
second set of samples without acid
preservatives and analyze immediately.

Adjust to pH 4-5. Cool to 0 - 6 °C.

These compounds are highly reactive and
should be analyzed as soon as possible.

See the individual methods.

If vinyl chloride, styrene, or 2-chloroethyl vinyl
ether are analytes of interest, collect a second
set of samples without acid preservatives and
analyze as soon as possible.

14 days

7 days

7 days

7 days

14 days

7 days
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TABLE 2-40A (continued)

RECOMMENDED SAMPLE CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES FOR ORGANIC CHEMICALS?

SEMIVOLATILE ORGANICS/ORGANOCHLORINE PESTICIDES AND HERBICIDES

Sample Matrix Container Preservative' Holding Time'
Concentrated waste 125-mL wide-mouth glass with PTFE-lined None Samples extracted
samples lid within 14 days and

extracts analyzed
within 40 days
following extraction.

Aqueous samples with no 4 x 1-L amber glass container with PTFE- Cool to 0 - 6 °C. Samples extracted
residual chlorine present lined lid, or other size, as appropriate, to within 7 days and
allow use of entire sample for analysis. extracts analyzed

within 40 days
following extraction.

Aqueous samples WITH 4 x 1-L amber glass container with PTFE- Add 3 mL 10% sodium thiosulfate solution per Samples extracted
residual chlorine present lined lid, or other size, as appropriate, to gallon (or 0.008%). Addition of sodium within 7 days and
allow use of entire sample for analysis. thiosulfate solution to sample container may extracts analyzed
be performed in the laboratory prior to field within 40 days
use. following extraction.
Coolto 0 -6 °C.
Solid samples 250-mL wide-mouth glass container with Coolto 0 -6 °C. Samples extracted
(e.g., soils, sediments, PTFE-lined lid within 14 days and
sludges, ash) extracts analyzed

within 40 days
following extraction.
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TABLE 2-40A (continued)

RECOMMENDED SAMPLE CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES FOR ORGANIC CHEMICALS?

POLYCHLORINATED BIPHENYLS, POLYCHLORINATED DIBENZO-p-DIOXINS, AND POLYCHLORINATED DIBENZOFURANS

Sample Matrix Container Preservative' Holding Time?
Concentrated waste 125-mL wide-mouth glass with PTFE-lined None None
samples lid
Aqueous samples with no 4 x 1-L amber glass container with PTFE- Cool to 0 - 6 °C. None
residual chlorine present lined lid, or other size, as appropriate, to
allow use of entire sample for analysis.
Aqueous samples WITH 4 x 1-L amber glass container with PTFE- Add 3 mL 10% sodium thiosulfate solution per None
residual chlorine present lined lid, or other size, as appropriate, to gallon (or 0.008%). Addition of sodium
allow use of entire sample for analysis. thiosulfate solution to sample container may
be performed in the laboratory prior to field
use.
Coolto0-6°C
Solid samples 250-mL wide-mouth glass container with Cool to 0 - 6 °C. None
(e.g., soils, sediments, PTFE-lined lid.

sludges, ash)

2 The information presented in this table does not represent EPA requirements, but rather is intended solely as guidance. Selection of containers,
preservation techniques, and applicable holding times should be based on the stated project-specific DQOs.

' The exact sample, extract, and standard storage temperature should be based on project-specific requirements and/or manufacturer's
recommendations for commercially available standards. Furthermore, alternative storage temperatures may be appropriate based on demonstrated
analyte stability in a given matrix, provided the stated DQOs for a project-specific application are still attainable.

2 A longer holding time may be appropriate if it can be demonstrated that the reported analyte concentrations are not adversely affected from
preservation, storage, and analyses performed outside the recommended holding times.
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TABLE 2-40B

RECOMMENDED CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES FOR INORGANIC AND

OTHER ANALYTES IN AQUEOUS MATRICES

(SEE CHAPTER THREE FOR MORE DETAILED GUIDANCE, INCLUDING REGARDING SOLID MATRICES)

(Footnotes are located on the next page.)

Name Container’ Preservation? Holding Time3
Inorganic Tests:
Chloride P, G None required 28 days
Cyanide, total and P,G Cool to 0 - 6 °C; if oxidizing agents present add 5 mL 0.1N NaAsO: 14 days
amenable per L or 0.06 g of ascorbic acid per L; adjust pH>12 with 50% NaOH.
to chlorination See Method 9010 for other interferences.
Hydrogen ion (pH) P,G None required As soon as possible
Nitrate P, G Coolto 0 -6 °C. 48 hours
Sulfate P, G Coolto 0 -6 °C. 28 days
Sulfide P, G Coolto 0 - 6 °C, add zinc acetate, NaOH to pH >9 7 days
Metals:
Chromium VI P, G Coolto 0 -6 °C. 24 hours
Mercury P, G HNOs to pH<2 28 days
Mercury (soil/sediment) P, G Coolto 0-6"°C. 28 days
Mercury Species in soil/sediment P, G Coolto 0-6°C. 5 days
All Other Metals P, G HNOs3 to pH<2 6 months
Hexane Extractable Material G Cool to 0 - 6 °C,HCI or H2SO4 to pH<2 28 days
(HEM; Qil and grease)
Organic carbon, total (TOC) P, G Cool to 0 - 6°C, store in dark; HCI or H2SO4 to pH<2 28 days
Radiological Tests:
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Name Container’ Preservation? Holding Time?®
Alpha, beta and radium P, G HNOs to pH<2 6 months
a The information presented in this table does not represent EPA requirements, but rather is intended solely as guidance. Selection of

containers, preservation techniques and applicable holding times should be based on the stated project-specific DQOs. See Chapter
Three, Chapter Four, or the individual methods for more information.

1 Polyethylene (P) or glass (G)

2 The exact sample, extract, and standard storage temperature should be based on project-specific requirements and/or manufacturer's
recommendations for commercially available standards. Furthermore, alternative storage temperatures may be appropriate based on
demonstrated analyte stability in a given matrix, provided the stated DQOs for a project-specific application are still attainable.

8 A longer holding time may be appropriate if it can be demonstrated that the reported analyte concentrations are not adversely affected
by preservation, storage, and analyses performed outside the recommended holding times.
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TABLE 2-41
PREPARATION METHODS FOR ORGANIC ANALYTES
(Note: Footnotes are located on the last page of the table.)

Matrix
Organic
Sludges and Liquids,
Analyte Type Aqueous'’ Solids Emulsions’-2 Tars, Oils
Acid Extractable 35103520 3540 3520 3650
(pH<2) 3541 (pH = 2) 35803
354213
3545
3546
3550
Acrolein'2, Acrylonitrile'?, and 5031 5031 5031 3585
Acetonitrile 503212 503212 503212
Acrylamide 80324
Aniline and Selected 3510 3540 3520 35803
Derivatives 3520 3541 (pH >11)
(pH >11) 3545
50311 3550
Aromatic Volatiles 5021 5021 5030 3585
5030 5032 5032
5032 5035
Base/Neutral Extractable 3510 3540 3520 3650
3511 3541 (pH >11) 35803
3520 354213
(pH >11) 3545
3546
3550
Carbamates 83185 83185 83185 83185
8321 8321
Chlorinated Herbicides 3535 3545 81516 35803
(pH<1) 3546 (PH=<2)
81516 81516
(pH<2) 8321
8321
Chlorinated Hydrocarbons 3510 3540 3520 35803
3520 3541 (pH as
(pH as 3550 received)
received)
Dyes 3510 3540
3520 3541
3545
3550
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TABLE 2-41 (continued)
PREPARATION METHODS FOR ORGANIC ANALYTES

Matrix
Organic
Sludges and Liquids,
Analyte Type Aqueous'’ Solids Emulsions’-2 Tars, Oils
Explosives 3535 83307
83307 83318
83318
Formaldehyde 8315° 8315°
Haloethers 3510 3540
3520 3541
3545
3550
Halogenated Volatiles 5021 5021 5030 5021
5030 5032 (methanol extr)
5032 5035 5035 /5030
(methanol extr)
5032
3585
Nitroaromatics 3510 3540 3520 35803
and Cyclic Ketones 3520 3541 (pH 5-9)
(pH 5-9) 3545
3535 3550
Nitrosamines 3510 3540
3520 3541
3545
3550
Non-halogenated Volatiles 5021 5021 5021 5021
5030 5031 5031 (methanol extr)
5031 5032 5032 5035 /5030
5032 5035 (methanol extr)
5032
3585
Organochlorine Pesticides 3510 3540 3520 35803
3520 3541 (pH 5-9)
3535 3545
(pH 5-9) 3546
3550
3562
Organophosphorus 3510 3540 3520 35803
Pesticides 3520 3541 (pH 5-8)
(pH 5-8) 3545
3535 3546
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TABLE 2-41 (continued)
PREPARATION METHODS FOR ORGANIC ANALYTES

Matrix
Organic
Liquids,
Sludges and Tars, Oils 3650
Agueous’ Solids Emulsions™2 35803
Phenols 3510 3540 3520 3650
3520 3541 (pH = 2) 35803
(pH = 2) 3545
3535 3546
3550
3562
Phthalate Esters 3510 3540 3520 35803
3520 3541 (pH 5-7)
3535 3545
(pH 5-7) 3546
3550
Polychlorinated Biphenyls 3510 3540 3520 35803
3520 3541 (pH 5-9)
3535 3545
(pH 5-9) 3546
3562
PCDDs and PCDFs 82801 3545 828010 828010
829010 3546 829010 829010
828010
829010
Polynuclear Aromatic 3510 3540 3520 35803
Hydrocarbons 3511 3541 (pH as
3520 3545 received)
(pH as 3546
received) 3550
3561
Volatile Organics 5021 5021 5021 5021
5030 5031 5030 (methanol extr)
5031 5032 5031 5035 /5030
5032 5035 5032 (methanol extr)
5032
3585
Wipes (Chemical Agents 3572

only)

The pH at which extraction should be performed is shown in parentheses.

1

2 If attempts to break an emulsion are unsuccessful, these methods may be used.

3 Method 3580 is only appropriate if the sample is soluble in the specified solvent.

4 Method 8032 contains the extraction, cleanup, and determinative procedures for this analyte.
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Method 8318 contains the extraction, cleanup, and determinative procedures for these analytes.

Method 8151 contains the extraction, cleanup, and determinative procedures for these analytes.

Method 8330 contains the extraction, cleanup, and determinative procedures for these analytes.

Method 8331 is for Tetrazene only, and contains the extraction, cleanup, and determinative

procedures for this analyte.

9 Method 8315 contains the extraction, cleanup, and determinative procedures for this analyte.

10 Methods 8280 and 8290 contain the extraction, cleanup, and determinative procedures for these
analytes.

" Method 5031 may be used when only aniline is to be determined.

2 Method 5032 may be used for acrolein and acrylonitrile.

3 Method 3542 is used for extraction of semivolatiles from stack samples collected using Method

0010.

© N O O
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TABLE 2-42

CLEANUP METHODS FOR ORGANIC ANALYTE EXTRACTS

Analyte Type Method
Acid Extractable 3650, 3640
Base/Neutral Extractable 3650, 3640
Carbamates 83181
Chlorinated Herbicides 81512
Chlorinated Hydrocarbons 3620, 3640
Haloethers 3620, 3640
Nitroaromatics & Cyclic Ketones 3620, 3640
Nitrosamines 3610, 3620, 3640
Organochlorine Pesticides 3620, 3630, 3640
3660
Organophosphorus Pesticides 3620
Phenols 3630, 3640, 3650
80413
Phthalate Esters 3610, 3611, 3620
3640
Polychlorinated Biphenyls 3620, 3630, 3640
3660, 3665
Polychlorinated Dibenzo-p-Dioxins and Polychlorinated Dibenzofurans 82804
82904
Polynuclear Aromatic Hydrocarbons 3610, 3611
3630, 3640,
3650

Method 8318 contains the extraction, cleanup, and determinative procedures for these analytes.

Method 8151 contains the extraction, cleanup, and determinative procedures for these analytes.

Method 8041 includes a derivatization technique followed by GC/ECD analysis, if interferences are encountered using GC/FID.
Methods 8280 and 8290 contain the extraction, cleanup, and determinative procedures for these analytes.
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DETERMINATIVE METHODS ORGANIC ANALYTES

TABLE 2-43

GC/MS Specific GC HPLC
Analyte Type Method Method® Method
Acid Extractable 8270 84108
Acrolein, Acrylonitrile, Acetonitrile 8260, 8261 8015, 8031, 83152, 8316
80331
Acrylamide 8260 8032 8316
Aniline and Selected Derivatives 8270 8131
Aromatic Volatiles 8260, 8261 8021
Base/Neutral Extractable 8270 84108 83254
Carbamates 8318, 8321
Chlorinated Herbicides 82703 8151 8321
Chlorinated Hydrocarbons 8270 8121
Diesel Range Organics (DRO) 8015, 84407
Dyes 8321
Explosives 8095 8330, 8331, 8332
Formaldehyde 8315
Gasoline Range Organics (GRO) 8015
Haloethers 8270 8111, 8430
Halogenated Volatiles 8260, 8261 8011, 8021
Nitroaromatics and Cyclic Ketones 8270 8091 8330°
Nitrosoamines 8270 8070
Non-halogenated Volatiles 8260 8015 8315
Organochlorine Pesticides 82703, 8276 8081, 80856
Organophosphorus Pesticides 82703 8141, 80856 8321
Phenols 8270 8041, 8410°
Phthalate Esters 8270 8061, 84108
Polychlorinated Biphenyls 82703 8082
PCDDs and PCDFs 8280, 8290
Polynuclear Aromatic Hydrocarbons 8270 8100, 8410°¢ 8310
Volatile Organics 8260, 8261 8011, 8015, 8315, 8316
8021, 8031,
8032, 8033
' Of these analytes, Method 8033 is for acetonitrile only.
2 Of these analytes, Method 8315 is for acrolein only.
3 This method is an alternative confirmation method, not the method of choice.
4 Benzidines and related compounds.
5 Nitroaromatics (see "Explosives").
8 Includes GC/ES methods, e.g., Methods 8085 and 8410.
7 FT-IR determinative method only. Does not use GC.
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TABLE 2-44

PREPARATION METHODS FOR INORGANIC ANALYSES''

Matrix

Method

Surface water
Groundwater

Extracts

Aqueous samples containing suspended solids

Oils

Oil sludges
Tars

Waxes

Paints

Paint sludges
Petroleum products
Sediments
Sludges

Soil samples
Ashes

Biological tissues

3005, 3010, 3015, 3020
3005, 3010, 3015, 3020
3010, 3015, 3020
3010, 3015, 3020
3031, 3040, 3051, 30522
3031, 30522

3031, 30522

3031, 3040, 30522
3031, 30522

3031, 30522

3031, 3040, 30522

3050, 3051, 30522, 30603, 3200*

3050, 3051, 30522, 3060°

3050, 3051, 30522, 3060°, 3200*

30522
30522

"It is the responsibility of the analyst to refer to each analytical method to determine applicability
of the chosen method to a specific waste type and target analyte.

2For total decomposition analysis ONLY.

3For the analysis of samples for hexavalent chromium ONLY.

4For the analysis of samples for mercury or mercury species ONLY.
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TABLE 2-45

USE OF LEACHING, EXTRACTION AND DIGESTION METHODS

FOR INORGANIC ANALYSIS (In order of increasing strength)

Method Method Name Reagents & Conditions Use
1310 Extraction Procedure (EP) Toxicity Test Dilute acetic acid Simulate leaching that would result
Method and Structural Integrity Test from codisposal of a solid waste and
municipal waste in a sanitary landfill"
1311 Toxicity Characteristic Leaching Procedure Extraction Fluid # 1 -- Dilute glacial acetic Simulate leaching that would result
acid and NaOH, pH 4.93 £ 0.05 from codisposal of a solid waste and
Extraction Fluid # 2 -- Dilute glacial acetic municipal waste in a sanitary landfill"
acid, pH 2.88 + 0.05
1312 Synthetic Precipitation Leaching Procedure Dilute H2SO4 and HNOs (synthetic acid rain) Simulate acid rain leaching of a waste
1313 Liquid-Solid Partitioning as a Function of Dilute HNO3, KOH Industrial wastes, soils, sludges,
Extract pH Batch Extraction Procedure combustion residues, sediments,
stabilized materials, construction
materials, and mining wastes
1316 Liquid-Solid Partitioning as a Function of None Industrial wastes, soils, sludges,
Liquid-to-Solid Ratio in Solid Materials Using combustion residues, sediments,
a Parallel Batch Procedure stabilized materials, construction
materials, and mining wastes
1320 Multiple Extraction Procedure Dilute H2SO4 and HNOs (synthetic acid rain) Simulate long-term acid rain leaching of
a waste
3005 Acid Digestion of Waters for Total HNOg3, heat Surface water and groundwater
Recoverable or Dissolved Metals Analysis by
FLAA or ICP Spectroscopy
3010 Acid Digestion of Aqueous Samples and HNOs, HCI, heat Aqueous samples and extracts
Extracts for Total Metals for Analysis by FLAA
or ICP Spectroscopy
3015 Microwave Assisted Acid Digestion of HNO:g or alternatively HNO3s and HCI, Aqueous samples and extracts

Aqueous Samples and Extracts
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TABLE 2-45 (continued)

USE OF LEACHING, EXTRACTION AND DIGESTION METHODS

FOR INORGANIC ANALYSIS (In order of increasing strength)

Method Method Name Reagents & Conditions Use
3020 Acid Digestion of Aqueous Samples and HNOs3, heat Agueous samples and extracts for
Extracts for Total Metals for Analysis by GFAA work only
GFAA Spectroscopy
3031 Acid Digestion of Qils for Metals Analysis by Potassium permanganate, H2SO4, HNOs3, Qils, oily sludges, tars, waxes, paint,
Atomic Absorption or ICP Spectrometry HCI, heat paint sludge, and other viscous
petroleum products
3040 Dissolution Procedure for Qils, Greases, or Solvent (e.g., xylene, kerosene, or MIBK) Dissolution of oils, oily wastes, greases
Waxes and waxes
3050 Acid Digestion of Sediments, Sludges, and HNO3 and H202, heat Sediments, soils, and sludges
Soils (for GFAA or ICPMS)
HNOs3, H202, and HCI, heat (for ICP-AES or
FLAA)
3051 A Microwave Assisted Acid Digestion of HNOs3, or alternatively HNO3 and HCI, Sludges, sediments, soils and oils
Sediments Sludges, Soils, and QOils microwave assisted (pressure, heat)
3052 Microwave Assisted Acid Digestion of HNO3, HF, HCI (optional) H202 (optional), Siliceous, organic and other complex
Siliceous and Organically Based Matrices heat, pressure matrices for total sample decomposition
3060A Alkaline Digestion for Hexavalent Chromium Na2C0Os/NaOH, heat Soils, sludges, sediments and some

industrial wastes for the analysis of
hexavalent chromium only.

T As described in the respective background documents developed in support of the rulemakings, which added required use of these methods to
the Toxicity Characteristic regulation (Method 1311 replaced Method 1310 for Toxicity Characteristic determinations on March 29, 1990, 55 FR

11862).
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TABLE 2-46
SCREENING METHODS FOR ORGANIC ANALYTES

Matrix
Organic
Sludges and Liquids,
Analyte Type Aqueous Solids Emulsions Tars, Qils
Chlordane 4041
2,4-Dichlorophenoxyacetic 4015 4015
acid
Hexahydro-1,3,5-trinitro- 4051
1,3,5-triazine (RDX) 8510
Octahydro-1,3,5,7-tetranitro- 8510
1,3,5,7-tetrazocine (HMX)
Pentachlorophenol 4010 4010 4010
8540
Petroleum Hydrocarbons 4030
Poly-Chlorinated Biphenyls 4425 4020 4020
(PCBs) (coplanar) 4425 (non-aqueous)
(coplanar)
Polychlorinated 4425 4425
Dibenzodioxins
Polychlorinated 4425 4425
Dibenzofurans
Polynuclear Aromatic 4425 4035
Hydrocarbons (PAHs) 4425
Toxaphene 4040
Triazine Pesticides 4670
(quantitative)
1,1,1,-Trichloro-2,2- 4042
bis(chlorophenyl)ethane
(DDT) and breakdown
products
Trinitrotoluene (TNT) 4050
8515
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FIGURE 2-1
ORGANIC ANALYSIS OPTIONS FOR SOLID AND LIQUID MATRICES

H

Is sample
to be analyzed for

Volatile otractablos or Dioxin? ¥ 8280 or 8290
— volatiles? /_\
Physical No
Aqueous Liquid ™| characteristic of gy or sIudge 1
sample.
Physical Organic Liquid Does the
_ Aqueous Sample —] characteristic of —— ol sample need
Organic E_nr;n or Oil sample. Sxtraction? No.
[
mowm.ﬂmﬂwﬂwmm.mm. Sample Prep: Sample Prep: mD:_a <_mw
2011 3585 5021, 2032, 5035 -
Extraction
Extraction Procedure: Extraction
Procedure: 3540, 3541, 3545, Procedure:
3510, 3520, 3535 3546, 3550, 3560, 3650 or 3580
3561, 3562, 3580
I I I
Analysis GC/MS Anaylsis
HPLC Procadure? Gc/ms Procedure: Is cleanup
8260, 8261 ————— No neoded s
Yes
Gc L
Cleanup Procedures
Alumina Column: 3610
Alumina Column for Petroleum Wastes: 3611
EDB and DBCP: 8011 il Column: 3620
Nonhalogenated Volatile Compounds: 8015 Gel Column: 3630
Halogenated Volatile Compounds: 8021 Permeation 3640
Acryloni 8031 Acid Base Partitioning: 3650
Acryl 8032 Sulfure: 3660
Acetonitrile: 8033 Sulfuric Acid Cleanup: 3665 : s041
I Phthalate Esters: 8061
Nitrosamines: 8070
Organochlorine Pesticides: 8081, 8085
HPLC Analysis Procedures H PLC Analysis Procedures ‘Analysis PCBs: 8082
L Acrolein, Acrylonitrile, Acrylanide: 8316 8310, 8318, 8321, 8325, HPLC Procodure? c Nitroaromatics and Cyclic Ketones: 8091
Carbaryl Compounds: 8315 8330, 8331, 8332 Explosives: 8095
Polynuclear Aromatic Hydrocarbons: 8100
Haloethers: 8111
Gcc/Ms Chlorinated Hydrocarbons: 8121
L Organophosphorus Pesticides: 8085, 8141
Chlorinated Herbicides: 8151

Gc/Ms
Procedure:
8270, 8275

For illustrative purposes only.
See the disclaimer and Sec. 2.1 for information on the flexibility inherent in SW-846 methods.

NOTE: Not all clean-up methods are applicable to all listed methods. Consult the individual methods for further information on what
clean-up methods are applicable and appropriate.
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FIGURE 2-2
SCHEMATIC OF SEQUENCE TO DETERMINE
IF AWASTE IS HAZARDOUS BY CHARACTERISTIC

SW-846 Update V TWO - 80 Revision 5
July 2014



R000135

Electronic Filing: Received, Clerk's Office 07/25/2024

FIGURE 2-2 (continued)

1. Users can find information regarding the corrosivity characteristic for samples in a gel matrix
at:http://yosemite.epa.gov/osw/rcra.nsf/0/7D5S73EA3EQOF1576D8525670F006BEASF/$file/11719.pdf.

2. Biphasic or multiphasic waste can present a unique challenge. More information can be found on this topic in the
Federal Register (Dec 21, 1995 FR (page 66389). This can be found online at:
http://nepis.epa.gov/Exe/ZyNET.exe/10001E3Y.txt?ZyActionD=ZyDocument&Client=EPA&INdex=1995%20Thru%2019
99&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&Q
FieldMonth=&QFieldDay=&UseQField=&IntQFieldOp=0&ExtQFieldOp=0&XmIQuery=&File=D%3A\ZYFILES\INDEX%?2
ODATA\95THRU99\TXT\00000000\10001E3Y.txt& User=ANONYMOUS&Password=anonymous&SortMethod=h|-
&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r7598/x150y150916/i425&Display=p|f&DefSeekPage
=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=48
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FIGURE 2-3A
RECOMMENDED SW-846 METHODS FOR ANALYSIS OF EP LEACHATES

Sample

Leach Methods 1310

Prep. Methods | 3010, 3015, 3510/3520/3535
3020 Neulral

Determinative 6010
Methods £020 7470 8151/8321
7000 7472 8081 Herbicides
7010 Hg Pesticides
7061
7062
7083
7196
7741
742
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FIGURE 2-3B

RECOMMENDED SW-846 METHODS FOR ANALYSIS OF TCLP LEACHATES
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SW-846 Update V

GROUNDWATER ANALYSIS - ORGANIC ANALYTES

FIGURE 2-4A

Organic Sample

VOA Semivolatiles Pesticides Herbicides Dioxins
5021 3510 3510 8151
5030 3520 3520 8321 8280
oag 3535 3535 8325 8290
8041 3620
8015 8061 3640
8021 8070 3660
8031 8082
8032 5091
8033 8095
8260 8100
8261 8111
8121
8131 8081
8270 8085
8310 8141
8315 8318
8316 8321
8321 8325
8325
8330
8331
8332

For illustrative purposes only.
See the disclaimer and Sec. 2.1 for information on the flexibility inherent in SW-846 methods.
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FIGURE 2-4B
GROUNDWATER ANALYSIS - INDICATOR ANALYTES

Indicator
Analyte(s)

1
POC
Field
TOC: Tests
9060
POX:
2021 Specific H:
- p :
Consuctance: a040/3041
TOX: 8050
9020
Br-: 6500,
9056, 8211
Ci-: 6500,
9212, 92561,
9253, 9056
S0,%: 6500,
9035/9036
9038/9058
NO,/NO,:
6500, 9056,
9210, 8216,
2
MNE,:
9210
CN-:
9213,
2010/9012
F-: 8500,
90586, 5214
Phenolics:
2088, 8087

1- Barcalona 1884, (Sea Reference 1)
2- Riggln, 1984, (See Refsrence 2)

For illustrative purposes only. See the disclaimer and Sec. 2.1 regarding the flexibility inherent in SW-846 methods.
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FIGURE 2-4C

GROUNDWATER ANALYSIS - INORGANIC ANALYTES

GROUND WATER'
SAMPLE

. ¢

SAMPLE PREPARATION SAMPLE PREPARATION
3005 OR 3015 3015 OR 3020
¢ Y Y Y ¢
6010 6020 7000 7010 7061,
7062, or
7063 As
v v L
Ag, Al, As, Ba, Ag, Al, Ba, Be, Ag, Al, Ba, Be, Ag, Al, Ba, Be,
Be, Ca, Cd, Co, || Ca, Cd, Co, Cr, || Ca, Cd, Co, Cr, Ca, Cd, Co, Cr, 7470 or
Cr, Cu, Fe, K, Mg, Cu, Fe, K, Mg, Cu, Fe, K, Li, Cu, Fe, Mn, Mo, 7472 Hg
Mn, Na, Ni, Pb, Mn, Ni, Pb, Sb, Mg, Mn, Na, Ni, Na, Ni, Pb, Sb,
Sb, Se, TI, V, Zn Se, TI, V, Zn Os, Pb, Sh, Sn, Se, T, V, Zn
Sr, T, V, Zn ¢
7741 or
7742 Se

For illustrative purposes only. See the disclaimer and Sec. 2.1 regarding the flexibility inherent in SW-846 methods.
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Appendix A: Summary of Updates/Changes in Chapter 2

Improved overall method formatting for consistency with new SW-846 methods style
guidance. The entire document was reformatted in Microsoft Word.docx format from the
original WPD and .PDF files.

2. The revision number was changed to five and the published date to July 2014.

3. A Table of Contents was compiled and added to make finding information easier.

4. Minor editorial and grammatical changes (e.g., removing extra spaces between words,
adding commas, etc.) were made throughout Sections 1.0 to 2.7. The disclaimer
statement in Section 1.0 was numbered to keep the format consistent, as it started at
Section 2.0 originally.

5. Graphics in the Figures Section were modified from Corel Drawing Objects V.10 to .jpg
graphical images where needed to remove artifacts from the conversion process. The
text titles of each figure was centered and formatted.

6. This appendix was added to document non-significant changes made during the editorial
process.

7. Bis(2-chloroisopropyl) ether was corrected to Bis(2-chloro-1-methylethyl) ether in Tables
2-1, 2-4, 2-15, 2-22, and 2-34.

8. Revised Table 2-40A to reflect current sample preservation guidance for styrene and
vinyl chloride in aqueous samples (i.e., deletion of previously recommended practice of
collecting a second set of samples without acid preservatives and analyze immediately,
if styrene and vinyl chloride are analytes of interest).

9. Revised Table 2-41.

10. Revised Table 2-45 to include Methods 1313 and 1316.
11. Added Table 2-46.
12. Added Figure(s) for new leaching procedure(s).
13. Revised Table 2-40B to include Mercury Speciation hold times in addition to totals.
14. All other tables were updated with the target compound list in the current published
methods.
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METHOD 13151

MASS TRANSFER RATES OF CONSTITUENTS IN MONOLITHIC OR COMPACTED GRANULAR
MATERIALS USING A SEMI-DYNAMIC TANK LEACHING PROCEDURE

SW-846 is not intended to be an analytical training manual. Therefore, method procedures are
written based on the assumption that they will be performed by analysts who are formally trained in at
least the basic principles of chemical analysis and in the use of the subject technology.

In addition, SW-846 methods, with the exception of required methods used for the analysis of
method-defined parameters, are intended to be guidance methods that contain general information on
how to perform an analytical procedure or technique, which a laboratory can use as a basic starting
point for generating its own detailed standard operating procedure (SOP), either for its own general use
or for a specific project application. Performance data included in this method are for guidance
purposes only and must not be used as absolute quality control (QC) acceptance criteria for purposes
of laboratory QC or accreditation.
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1 This method has been derived from the MT001 and MTO002 procedures (Ref. 12). The method is
analogous to the monolithic mass transfer methods NEN 7345 (Ref. 9) developed under Dutch regulation and
CEN/TS 15863 (Ref. 13) developed for the Comité Européen de Normalisation (CEN).
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1.0 SCOPE AND APPLICATION

1.1 This method is designed to provide the mass transfer rates (release rates) of inorganic
analytes contained in a monolithic or compacted granular material, under diffusion-controlled release
conditions, as a function of leaching time. Observed diffusivity and tortuosity may be estimated through
analysis of the resulting leaching test data.

1.2 This method is suitable to a wide range of solid materials which may be in monolithic form
(e.g., cements, solidified wastes) or may be compacted granular materials (e.g., soils, sediments and
stacked granular wastes) which behave as a monolith, in that the predominant water flow is around the
material and release is controlled by diffusion to the boundary. The method is not required by federal
regulations to determine whether waste passes or fails the toxicity characteristic as defined at 40 CFR
261.24.

1.3 This leaching characterization method provides intrinsic material parameters for release of
inorganic species under mass transfer controlled leaching conditions. This test method is intended as a
means for obtaining a series of eluents which may be used to estimate the diffusivity of constituents
and physical retention parameters of the solid material under specified laboratory conditions.

1.4 This method is not applicable to characterize the release of organic analytes with the
exception of general dissolved organic carbon.

1.5 This method is a characterization method and does not provide a solution considered to
be representative of eluate under field conditions. This method is similar in structure and use to
predecessor methods such as MT001.1 (see Ref. 12), NEN 7345 (see Ref. 9), ANSI/ANS 16.1 (see
Ref. 15), and ASTM C1308 (see Ref. 11). However, this method differs from previous methods in that:
1) leaching intervals are modified to improve QC; 2) sample preparation accounts for mass transfer
from compacted granular samples; and, 3) mass transfer may be interpreted by more complex release
models that account for physical retention of the porous medium and chemical retention at the pore wall
through geochemical speciation modeling.

1.6 The geometry of monolithic samples may be rectangular (e.g., bricks or tiles), cubes,
wafers or cylinders. Samples may also have a variety of faces exposed to eluent, forming anything
from 1-dimensional (1-D) through 3-dimensional (3-D) mass transfer cases. In all cases, a minimum
sample size of 5 cm in the direction of mass transfer must be employed and the liquid-surface-area
ratio (L/A) must be maintained at 9 + 1 mL/cm?.

Monolithic samples should be suspended or held in the leaching fluid such that at least 98% of
the entire sample surface area is exposed to eluent and the bulk of the eluent (e.g., a minimum of 2 cm
between any exposed surface and the vessel wall) is in contact with the exposed sample surface.
Figure 1 provides examples of appropriate sample holders and leaching configurations for 3-D and 1-D
cases.

1.7 Compacted granular materials are granular solids, screened to pass through a 2-mm
sieve, compacted following a modified Proctor compaction effort (see Ref. 10). The sample geometry
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must be open-faced cylinders due to limitations of mechanical packing. However, the diameter and
height of the sample holder may be altered to correspond appropriately with the diameter and volume
of the leaching vessel. In all cases, the sample size of at least 5 cm in the direction of mass transfer
must be employed and the L/A must be maintained at 9 = 1 mL/cm?.

The sample should be positioned at the bottom of the leaching vessel with a minimum of 5 cm
of distance between the solid-liquid interface and the top of the vessel. The distance between the non-
leaching faces (i.e., outside of the mold surfaces) and the leaching vessel wall should be minimized to
< 0.5 cm, such that the majority of the eluent volume is on top of the sample. Figure 2 shows an
example of a holder and leaching configuration for a compacted granular sample.

1.8 The solvent system used in this characterization method is reagent water. Other systems
(e.g., groundwater, seawater, and simulated liquids) may be used to infer material performance under
specific environmental conditions. However, interaction between the eluent and the solid matrix may
result in precipitation and pore blocking, which may interfere with characterization or complicate data
interpretation.

1.9 Prior to employing this method, analysts are advised to consult the base method for each
type of procedure that may be employed in the overall analysis (e.g., Methods 9040, 9045 and 9050,
and the determinative methods for the target analytes) for additional information on QC procedures,
development of QC acceptance criteria, calculations, and general guidance. Analysts also should
consult the disclaimer statement at the front of the manual and the information in Chapter Two for: 1)
guidance on the intended flexibility in the choice of methods, apparatus, materials, reagents, and
supplies; and, 2) the responsibilities of the analyst for demonstrating that the techniques employed are
appropriate for the analytes of interest, in the matrix of interest, and at the levels of concern.

In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to federal testing requirements.
The information contained in this method is provided by the Environmental Protection Agency (EPA or
the Agency) as guidance to be used by the analyst and the regulated community in making judgments
necessary to generate results that meet the data quality objectives for the intended application.

1.10 This method is restricted to use by, or under supervision of, properly experienced and
trained personnel. Each analyst must demonstrate the ability to generate acceptable results with this
method.

2.0 SUMMARY OF METHOD

This method comprises leaching of continuously water-saturated monolithic or compacted
granular material in an eluent-filled tank with periodic renewal of the leaching solution. The vessel and
sample dimensions are chosen such that the sample is fully immersed in the leaching solution.
Monolithic samples may be cylinders or parallelepipeds, while granular materials are compacted into
cylindrical molds at optimum moisture content using modified Proctor compaction methods (see Ref.
10). In either case, the exposure of a regular geometric area to the eluent is recommended. Samples
are contacted with reagent water at a specified L/A. The leaching solution is exchanged with fresh
reagent water at nine pre-determined intervals (see NOTE below). The sample is freely drained and
the mass is recorded to monitor the amount of eluent absorbed into the solid matrix at the end of each

leaching interval. The eluate pH and specific conductance is measured for each time interval and
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analytical samples are collected and preserved accordingly based on the determinative methods to be
performed. Eluate concentrations are plotted as a function of time, as a mean interval flux, and as a
cumulative release as a function of time. These data are used to estimate mass transfer parameters
(i.e., observed diffusivity) for each constituent of potential concern (COPC). A flowchart for performing
this method is shown in Figure 3.

NOTE: The leaching schedule may be extended for additional exchanges with individual intervals of 14
days to provide more information about longer-term release.

3.0 DEFINITIONS

3.1 Constituent of potential concern (COPC) — A chemical species of interest, which may or
may not be regulated, but may be characteristic of release-controlling properties of the sample
geochemistry.

3.2 Release — The dissolution or partitioning of a COPC from the solid phase to the aqueous
phase during laboratory testing (or under field conditions). In this method, mass release is expressed
in units of mg COPC/kg dry solid material.

3.3 Liquid-to-surface area ratio (L/A) — The ratio representing the total liquid volume used in
the leaching interval to the external geometric surface area of the solid material. L/A is typically
expressed in units of mL of eluent/cm? of exposed surface area.

3.4 Observed mass diffusivity — The apparent, macroscopic rate of release due to mass
transfer from a solid into a liquid as measured using a leaching test under conditions where mass
transfer controls release. The observed diffusivity accounts for all physical and chemical retention
factors influencing mass transfer and is typically expressed in units of cm?/s.

3.5 Effective mass diffusivity — The intrinsic rate of mass transfer in a porous medium
accounting for physical retention. The effective mass diffusivity is typically expressed in units of cm?/s.

3.6 Physical retention factor — A mass transfer rate term that describes the retardation of
diffusion due to intrinsic physical properties of a porous medium (e.g., effective porosity, tortuosity).

3.7 Chemical retention factor — A mass transfer rate term that describes the chemical
processes (e.g., dissolution/precipitation, adsorption/desorption, complexation) occurring at the pore
water interface with the solid mineral phases within the porous structure of the solid material.

3.8 Eluent — The solution used to contact the solid material in a leaching test. The eluent is
usually free of COPCs but may contain other species used to control the test conditions of the
extraction.

3.9 Eluate — The solution collected as an extract from a leaching test that contains the eluent
plus constituents leached from the solid phase.

3.10 Refer to Chapter One and Chapter Three, and the manufacturer's instructions for
definitions that may be relevant to this procedure.
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4.0 INTERFERENCES

4.1 Solvents, reagents, glassware, and other sample processing hardware may yield artifacts
and/or interferences to sample analysis. All of these materials must be demonstrated to be free from
interferences under the conditions of the analysis by analyzing method blanks. Specific selection of
reagents and purification of solvents by distillation in all-glass systems may be necessary. Refer to
each method to be used for specific guidance on QC procedures and to Chapters Three and Four for
general guidance on glassware cleaning. Also refer to Methods 9040, 9045, and 9050 and the
determinative methods to be used for information regarding potential interferences.

4.2 The reaction of atmospheric gases can influence the measured concentrations of
constituents in eluates. For example, reaction of carbon dioxide with eluents from highly alkaline or
strongly reducing materials will result in neutralization of eluate pH and precipitation of carbonates.
Leaching vessels, especially those used when testing highly alkaline materials, should be designed to
be airtight in order to minimize the reaction of samples with atmospheric gases.

4.3 Use of certain solvent systems may lead to precipitation at the material surface boundary,
which may reduce mass transport rates. For example, exposure of cement-based materials to
seawater leads to sealing of the porous block (see Ref. 8).

5.0 SAFETY

5.1 This method does not address all safety issues associated with its use. The laboratory is
responsible for maintaining a safe work environment and a current awareness file of Occupational
Safety and Health Administration (OSHA) regulations regarding the safe handling of the chemicals
specified in this method. A reference file of safety data sheets (SDSs) should be available to all
personnel involved in these analyses.

5.2 During preparation and processing of extracts and/or eluents/eluates, some waste
materials may generate heat or evolve potentially harmful gases when contacted with acids and bases.
Adequate prior knowledge of the material being tested should be used to establish appropriate personal
protection and workspace ventilation.

6.0 EQUIPMENT AND SUPPLIES

The mention of trade names or commercial products in this manual is for illustrative purposes
only, and does not constitute an EPA endorsement or exclusive recommendation for use. The products
and instrument settings cited in SW-846 methods represent those products and settings used during
the method development or subsequently evaluated by the Agency. Glassware, reagents, supplies,
equipment, and settings other than those listed in this manual may be employed provided that method
performance appropriate for the intended application has been demonstrated and documented.

This section does not list common laboratory glassware (e.g., beakers and flasks) that might be
used.

6.1 Sample holder
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6.1.1 Monolithic samples

6.1.1.1 A mesh or structured holder constructed of an inert material such as
high density polyethylene (HDPE) or other material resistant to high and low pH is
recommended.

6.1.1.2 The holder should be designed such that at least 98% of the external
surface area of the sample may be exposed to eluent.

6.1.1.3 The holder should be designed to match the geometry of the mass
transfer such that the bulk of the eluent may be in contact with the sample and the
exposed surfaces of the sample centered within the leaching fluid.

NOTE: In the case of 1-D mass transfer from the axial face of a cylindrical sample, the
outer diameter (OD) of the holder should be matched as closely as possible to
the inner diameter (ID) of the leaching vessel so that the majority of the eluent is
above the sample (e.g., in contact with the exposed material surface), while
allowing for easy placement and removal of the holder in the leaching vessel

(see Figure 1).
6.1.2 Compacted granular samples

6.1.2.1 A cylindrical mold constructed of an inert material such as HDPE or
other material resistant to high and low pH is recommended.

6.1.2.2 The holder should be capable of withstanding the compaction force
required to prepare the sample (see Sec. 11.3) without breaking or distorting.

NOTE: The outer diameter of the holder for a compacted granular sample should be
matched as closely as possible to the inner diameter of the leaching vessel so
that the majority of the eluent is above the sample (e.g., in contact with the
exposed material surface) while allowing for easy placement and removal of the
holder in the leaching vessel.

6.2 Leaching vessel

6.2.1 A straight-sided container constructed of a material resistant to high and low pH
is recommended. Jars or buckets composed of HDPE, polycarbonate (PC), polypropylene
(PP), or polyvinyl chloride (PVC) are recommended when evaluating the mobility of inorganic
species.

6.2.2 The leaching vessel should have an airtight seal that can sustain long periods of
standing without gas exchange with the atmosphere.

6.2.3 The container must be of sufficient volume to accommodate both the solid
sample and an eluent volume based on an L/A of 9 + 1 mL /cm? sample surface area. Ideally,
the vessel should be sized such that the headspace is minimized within the tolerance of the L/A.

6.3 Leaching setup
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Example photos of three possible leaching equipment arrangements for monolithic and
compacted granular samples are shown in Figures 1 and 2, respectively. The equipment used in the
each of these cases is described below.

6.3.1 Figure 1a shows a monolithic sample 3-D configuration with the following
accessories:

¢ Sample holder — PP sink washers, 43-mm OD, 37-mm ID, 6-mm high, with four holes
drilled at the quadrants to accept 2-mm OD nylon string knotted at the top

e Sample stand — PVC pipe, 47-mm OD, 51-mm high, cut to have four legs approximately
8-mm wide and 30-mm high

e Leaching Vessel — PP bucket, 140-mm ID at top, 120-mm ID at bottom, 200-mm high
(Berry Plastics #T51386CP3, VWR Scientific, or equivalent)

6.3.2 Figure 1b shows a monolithic sample 1-D configuration with the following
accessories:

o Sample holder — Polyethylene (PE) mold, 54-mm OD, 100-mm high
(MA Industries, Peach Tree City, GA, or equivalent), with the test sample cured in mold
and cut to 51-mm high

e Leaching vessel — 250-mL PC jar, 60-mm ID, 100-mm high (Nalgene #2116-0250,
Fisher Scientific, or equivalent)

6.3.3 Figure 2 shows a compacted granular sample 1-D Configuration with the
following accessories:

e Sample holder — PE mold, 100-mm OD, 200-mm high, (MA Industries, Peach Tree City,
GA, or equivalent) cut to 63-mm high with three tabs drilled for 0.7-mm fishing line
knotted at the top

e Leaching vessel — 1000-mL PC jar, 110-mm ID at top, 130-mm high (Nalgene #2116-
1000, Fisher Scientific, or equivalent)

e Glass beads, borosilicate — 2-mm diameter

6.4 Filtration apparatus — Pressure or vacuum filtration apparatus composed of appropriate
materials to maximize the collection of extracts and minimize the loss of COPCs (Nalgene #300-4000
or equivalent)

6.5 Filtration membranes — Composed of hydrophilic polypropylene or equivalent material with
an effective pore size of 0.45 um (e.g., Andwin Scientific GH Polypro 28143-288 or equivalent)

6.6 pH meter — Laboratory model with the capability for temperature compensation (e.g.,
Accumet 20, Fisher Scientific or equivalent) and a minimum resolution of 0.1 pH units

6.7 pH combination electrode — Composed of chemically resistant materials
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6.8 Conductivity meter — Laboratory model (e.g., Accumet 20, Fisher Scientific or equivalent),
with a minimum resolution of 5% of the measured value

6.9 Conductivity electrodes — Composed of chemically resistant materials

6.10 Proctor compactor (for compacted granular samples only) — Equipped with a slide
hammer capable of dropping a 4.5-kg weight over a 0.46-m interval (see Ref. 10 for further details)

7.0 REAGENTS AND STANDARDS

7.1 Reagent-grade chemicals, at a minimum, should be used in all tests. Unless otherwise
indicated, all reagents should conform to the specifications of the Committee on Analytical Reagents of
the American Chemical Society (ACS), where such specifications are available. Other grades may be
used, provided the reagent is of sufficiently high purity to permit its use without lessening the accuracy
of the determination. Inorganic reagents and extracts should be stored in plastic to prevent interaction
of constituents from glass containers.

7.2 Reagent water — Reagent water must be interference-free. All references to water in this
method refer to reagent water unless otherwise specified.

7.3 Other reagents may be used in place of reagent water on a case-specific basis.

8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 See Chapter Three, "Inorganic Analytes," and Chapter 4, "Organic Analytes," for sample
collection and preservation instructions.

8.2 Both plastic and glass containers are suitable for the collection of samples. All sample
containers must be prewashed with a metal-free detergent and triple-rinsed with nitric acid and reagent
water, depending on the history of the container. For further information, see Chapter Three.

9.0 QUALITY CONTROL

9.1 Refer to Chapter One for guidance on quality assurance (QA) and quality control (QC)
protocols. When inconsistencies exist between QC guidelines, method-specific QC criteria take
precedence over both technique-specific criteria and Chapter One criteria, and technique-specific QC
criteria take precedence over Chapter One criteria. Any effort involving the collection of analytical data
should include development of a structured and systematic planning document, such as a quality
assurance project plan (QAPP) or a sampling and analysis plan (SAP), which translates project
objectives and specifications into directions for those who will implement the project and assess the
results.

Each laboratory should maintain a formal QA program. The laboratory should also maintain
records to document the quality of the data generated. Development of in-house QC limits for each
method is encouraged. Use of instrument-specific QC limits is encouraged, provided such limits will
generate data appropriate for use in the intended application. All data sheets and QC data should be
maintained for reference or inspection.
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9.2 In order to demonstrate the purity of reagents and sample contact surfaces, method
blanks should be tested for each leaching interval. Refer to Chapter One for specific QC procedures.

9.3 The analysis of extracts should follow appropriate QC procedures, as specified in the
determinative methods for the COPCs. Refer to Chapter One for specific QC procedures.

9.4 Initial demonstration of proficiency (IDP)

Leachate methods are not amenable to typical IDPs when reference materials with known
values are not available. However, prior to using this method an analyst should have documented
proficiency in the skills required for successful implementation of the method. For example, skill should
be demonstrated in the use of an analytical balance, the determination of pH using Methods 9040 and
9045 and the determination of conductance using Method 9050.

10.0 CALIBRATION AND STANDARDIZATION

10.1 The balance should be calibrated and certified, at a minimum, annually or in accordance
with laboratory policy.

10.2 Prior to measurement of eluate pH, the pH meter should be calibrated using a minimum
of two standards that bracket the range of pH measurements. Refer to Methods 9040 and 9045 for
additional guidance.

10.3 Prior to measurement of eluate conductivity, the meter should be calibrated using at least
one standard at a value greater than the range of conductivity measurements. Refer to Method 9050
for additional guidance.

11.0 PROCEDURE

A flowchart of this method is presented in Figure 3. Microsoft Excel® data templates are
available to aid in collecting and archiving of laboratory and analytical data.?

11.1 Preparatory Procedures — Determination of solids and moisture content

The moisture and solids content of the sample material are used to relate leaching results to
dry-material masses. When preparing compacted granular samples for testing, the moisture content or
solid content is used to determine the optimum moisture content following the modified Proctor test.
This method calculates moisture content on the basis of the "wet" or "as-tested" sample.

WARNING: The drying oven should be contained in a hood or otherwise properly ventilated.
Significant laboratory contamination or inhalation hazards may result when drying heavily
contaminated samples. Consult the laboratory safety officer for proper handling procedures
prior to drying samples that may contain volatile, hazardous, flammable, or explosive materials.

2 These Excel® templates form the basis for uploading method data into the data management program,
LeachXS Lite™. Both the data templates and LeachXS Lite™ are available at http://vanderbilt.edu/leaching.
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11.1.1 Place 5 - 10 g of solid sample material into a tared dish or crucible. Dry the
sample to a constant mass at 105 + 2 °C. Check for constant mass by returning the dish to the
drying oven for 24 hours, cooling to room temperature in a desiccator and re-weighing. The two
mass readings should agree within the larger of 0.2% or 0.02 g.

NOTE: The oven-dried sample is not used for the extraction and should be properly disposed of
once the dry mass is determined.

11.1.2 Calculate and report the solids content as follows:

M
SC = 9y
M

test

Where: SC = solids content of "as-tested" material (g-dry/q)
Mary = mass of dry material specified in the method (g-dry)
Meest = mass of "as-tested" solid equivalent to the dry-material mass (g)

11.1.3 Calculate and report the moisture content (wet basis) as follows:
M. —M
wet =T

test

test dry

MC

Where: MCuyet = moisture content on a wet basis (g,0/9)

Mary = mass of dry material specified in the method (g-dry)
Miest = mass of "as-tested" solid equivalent to the dry-material mass (g)

11.2 Preparation of monolithic samples

11.2.1 If the material to be tested is granular, disregard this section and proceed to
Sec. 11.3.

11.2.2 A representative sample of monolithic material should be obtained by molding
material components in place (e.g., cementitious media) or by coring or cutting a sample from a
larger existing specimen.

11.2.3 The geometry of monolithic samples may be rectangular (e.g., bricks or tiles),
cubes, wafers, or cylinders. Samples may also have a variety of faces exposed to eluent
forming 1-, 2-, or 3-D mass transfer cases. Examples of monolithic sample leaching setups are
shown in Figure 1.

11.2.4 A minimum sample size of 5 cm in the direction of mass transfer must be
employed and the L/A must be maintained at 9 + 1 mL/cm?.

NOTE: Since the sample holder and leaching vessel must correspond to the specifications in
Sec. 6.1, it is often easier to modify the sample size and geometry rather than the holder
and vessel dimensions.

11.2.5 Proceed to Sec. 11.4.

11.3 Preparation of compacted granular samples
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Compacted granular materials, in most cases, must be open-faced cylinders due to the
limitations of mechanical packing. However, the diameter and height of the sample holder may be
altered to work appropriately with the diameter and volume of the leaching vessel. In all cases, a
minimum sample size of 5 cm in the direction of mass transfer must be employed and the L/A must be
maintained at 9 + 1 mL/cm?.

Granular samples are compacted into the sample holder using a variation on the modified
Proctor compaction (see Ref. 10) to include the use of 6-cm high-test molds. Shorter or taller molds (or
packing depths) may be used as long as the compaction effort of 56,000 ft-Ib¢/ft® is achievable. The
number of packing layers should be maintained at the five layers specified in Ref. 10. However, the
number of blows per layer in a 4-in diameter mold may be changed according to the follow formula:

— 2
0.3
”( 4&) XMt 65 2% hblow

S5layer layer

56,000ft-1b;|  blow
f>  |1.5ftx10lb,

Where: h is the measured height of the sample mold (ft).

Thus, for the mold height of 4.584 in (0.382 ft) specified in the ASTM procedure, 25 blows per
each of 5 layers are required. When a 6-cm (0.196 ft) mold height is used (as suggested in this
method), 13 blows per each of 5 layers are required to obtain the same compaction effort.

The granular sample should be compacted at a moisture content corresponding to 90% of the
modified Proctor optimum packing density in order to provide a uniform approach to obtaining a sample
density that approximates field conditions. Optimum moisture content refers to the amount of moisture
or fractional mass of water (gn,0/g material) in the granular sample that is present at the optimum

packing density (g-dry material/cm?). Optimum packing density is defined in Ref. 10. The optimum
moisture content of the test material is determined from a pre-test that measures the packing density of
granular materials compacted at different levels of moisture content.

11.3.1 Pre-test to determine optimum moisture content

The pre-test is conducted as a series of five batch-wise packing trials with consecutive
increases in moisture content until the maximum packing density has been surpassed. The
optimum moisture content is determined as the maximum of a third-order polynomial fit through
the graph of dry-packing density as a function of moisture content (wet basis).

11.3.1.1 Place 1500 g of "as received" material into a pail or bowl and mix well
by hand to homogenize. As an alternative to hand mixing, a mechanical paddle mixer
may be used.

NOTE: The pre-test may be conducted from a bulk supply of solid material (e.g., 10 kg
total for five batches) as long as the starting mass for each trial is recorded and
incremental water additions are used.

11.3.1.2 Mix a known amount of tap water with the bulk material in the pail or
bowl until homogenized based on visual inspection. For the first point in the pre-test, no
water needs to be added.
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NOTE: The amount of water added should be enough to increase the moisture content
in approximately 3 - 5% increments. Smaller additions may be needed in order
to provide finer resolution of the packing density as a function of the moisture
content curve.

11.3.1.3 Calculate the new moisture content (wet basis) for the trial as follows:

MC! _M

(wet) —

test x MC + Wadded
Mtest + Wadded

wet

Where: MCi(W,et) = moisture content on a wet basis of the pre-test trial (gn,0/g)

Mtest = mass of "as-tested" solid equivalent to the dry-material mass (g)
MCwer = moisture content on a wet basis of the "as-tested" material (gw,0/Q)

Wadded = mass of water added to the "as-tested" material (gn,0/9)

11.3.1.4 Compact approximately 1000 g of material into a tared 10-cm diameter
mold into three consecutive layers of material. The compacted mass should have a
level, flat surface as a top face.

11.3.1.5 Measure and record the height, diameter, and mass of the resulting
compacted material.

11.3.1.6 Calculate and record the packing density (dry basis) as follows:

~mxsSC(2)°
ppack mtxh d

Where: ppack = packing density (dry basis) (g-dry/cm?)
m = mass of the compacted sample (g)
SC = solids content of "as-tested" granular material (g-dry/g)
d = measured diameter of the compacted sample (cm)
h = measured height of the compacted sample (cm)

11.3.1.7 Repeat Sec. 11.3.1.1 - 11.3.1.6 for four subsequent trials until the
value of the calculated packing density decreases.

11.3.1.8 Plot the packing density as a function of moisture content. Figure 4
shows an example of a packing density curve.

11.3.1.9 Determine the optimum moisture content at the maximum of the
packing density curve. This value may be read directly from the graph or determined by
the maximum of a third-order polynomial fit through the five pre-test data points (see the
Microsoft Excel® spreadsheet template available at
http://www.vanderbilt.edu/leaching/downloads/test-methods/).

11.3.2 Compacted granular test sample preparation
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11.3.2.1 Using the optimum moisture content determined in Sec. 11.3.1.9,
calculate the amount of "as-received" material that is required to pack the sample holder
to within 3 mm of the rim of the holder.

_popt><1T><(h—0.3)(dj2

test — sC E

M

Where: Meest = mass of "as tested" solid equivalent to the dry-material mass (g)
Popt = Optimal packing density (dry basis) (g-dry/cm?) — determined in Sec.
11.3.1.9
h = measured height of the sample mold (cm)
SC = solids content of "as-tested" granular material (g-dry/g)
d = measured diameter of the sample mold (cm)

11.3.2.2 Adjust the moisture content of the "as-received" material to the
optimum moisture content using reagent water and mix until homogenized.

11.3.2.3 Pack the sample material into the sample holder using the modified
Proctor compaction as described in Ref. 10.

11.3.2.4 Place a monolayer of borosilicate glass beads (Sec. 6.3.3) on the
exposed sample surface to minimize scouring and mass loss during testing.

11.3.2.5 Begin the leach test procedure promptly or cover the sample with
plastic wrap to minimize moisture loss to the atmosphere.

11.4 Leaching procedure

This protocol is a semi-dynamic, tank-leaching procedure (see schematic in Figure 5) where the
sample is exposed to eluate for a series of leaching intervals interspersed with eluent exchanges. The
chemical composition of each eluate is determined and mass transfer from the bulk solid is determined
as a function of cumulative leaching time. The schedule of leaching intervals for this method is shown
in Table 1.

11.4.1 Pre-test measurements — For the surface area calculation, measure and record
the dimensions of the test specimen. This should include the diameter and height for a cylinder;
length, width, and depth for a parallelepiped; or diameter of exposed surface for a compacted
granular sample.

11.4.2 Measure and record the mass of the specimen. This value should be monitored
for each eluent exchange.

11.4.3 If a holder is used, place the specimen in the monolith holder.
11.4.4 Measure and record the mass of the specimen and holder, if applicable.

11.4.5 The recommended temperature for conducting this method is room temperature
(20 = 2 °C). When conducted at temperature readings or variations other than those
recommended, record the ambient temperature at each eluent renewal.

1315-13 Revision 1
July 2017



R000156

Electronic Filing: Received, Clerk's Office 07/25/2024

11.5 Eluent exchange

11.5.1 Fill a clean leaching vessel with the required volume of reagent water based on
an L/A of 9 £ 1 mL/cm?. Record the amount of eluent used.

11.5.2 Carefully place the specimen or the specimen and holder in the leaching vessel
(Eigure 6a) so that the sample is centered in the eluent (see Figure 6b). Submersion should be
gentle enough so that the physical integrity of the monolith is maintained and scouring of the
solid is minimized.

11.5.3 Cover the leaching vessel with the airtight lid and place in a safe location until
the end of the leaching interval. Table 1 shows the schedule of leaching intervals and
cumulative release times for this method.

NOTE: Eluates of alkaline materials may be susceptible to neutralization through reaction with
carbon dioxide. Precautions (e.g., ensuring airtight vessels or purging headspace)
should be taken to minimize the effect of carbonation on eluates that may sit stationary
for more than one week.

11.5.4 Prior to the end of the leaching interval, repeat Sec. 11.5.1 in order to prepare a
vessel for the next leaching interval.

11.5.5 At the end of the leaching interval (see Table 1), carefully remove the specimen
or the specimen and holder from the vessel (Eigure 6¢). Drain the liquid from the surface of the
specimen into the eluate for approximately 20 sec.

11.5.6 Measure and record the mass of the specimen or the mass of the specimen and
holder (Eigure 6d).

NOTE: The change in sample mass between intervals is an indication of the potential
absorption of eluent by the matrix (mass gain) or erosion of the matrix (mass loss). In
the case where a holder is used, moisture may condense on the holder during the
leaching interval and sample absorption may not be evident.

NOTE: Mass gain may also be indicative of carbonate precipitation if the vessel is not tightly
sealed and carbon dioxide is absorbed from the atmosphere.

11.5.7 Place the specimen or the specimen and holder into the clean leaching vessel
filled with new eluent as prepared in Sec. 11.5.4.

11.5.8 Cover the new leaching vessel with the airtight lid and place in a safe location
until the end of the leaching interval.

11.6 Eluate processing

11.6.1 Measure and record the pH, specific conductivity, and oxidation reduction
potential (ORP) of the eluate of the decanted eluate from the previous leaching interval (see
Methods 9040, 9045, and 9050).
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NOTE: Measurement of pH, conductivity, and ORP should be taken within 15 minutes of eluent

exchange (Sec. 11.5) to avoid neutralization of the solution due to exposure to carbon
dioxide, especially when alkaline materials are tested.

NOTE: The measurement of ORP is optional, but strongly recommended, especially when

testing materials where oxidation is likely to change the chemistry of COPCs.
11.6.2 Filter the remaining eluate through a 0.45-um membrane (Sec. 6.5).

11.6.3 Immediately preserve and store the volume(s) of eluate required for chemical

analysis. Preserve all analytical samples in a manner that is consistent with the determinative
chemical analyses to be performed.

11.6.4 Collect all subsequent eluate by repeating the eluent exchange and eluate

processing procedures in Secs. 11.5 and 11.6.

12.0 DATA ANALYSIS AND CALCULATIONS

12.1 Data reporting

12.1.1 Figure 7 shows an example of a data sheet which may be used to report the

concentration results of this method. At a minimum, the basic test report should include the
following:

a)
b)
c)
d)
e)
f)

9)
h)
)

)

K)

Name of the laboratory

Laboratory technical contact information

Date and time at the start of the test

Name or code of the solid material

Material description (including monolithic or compacted granular)
Moisture content of material used (gn,0/g)

Dimensions (cm) and geometry of sample used
Mass of solid material used (g)

Mass of sample and holder at start of test (g)
Eluate type (e.g., reagent water)

Eluate-specific information (see Sec. 12.1.2 below)

12.1.2 The minimum set of data that should be reported for each eluate includes:

Eluate sample ID

Target eluent exchange date and time
Actual eluent exchange date and time
Volume of eluent used (mL)

Mass of sample and holder (g)
Measured eluate pH
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g) Measured eluate conductivity (mS/cm)
h) Measured ORP (mV) (optional)
i) Concentration of all COPCs

i) Analytical QC qualifiers as appropriate
12.2 Data presentation
12.2.1 Interval concentrations

12.2.1.1 At the conclusion of the schedule of leaching intervals (see Table 1),
the concentration of COPCs in each eluate may be plotted as a function of cumulative
leaching time. An example of this is shown in Figure 8 for mass transport from a
monolithic field sample of fixated scrubber sludge and lime.

12.2.1.2 If data is available from Method 1313, interval concentrations and
Method 1313 data may be plotted on the same graph as a function of eluate pH. This
QC step is conducted in order to determine whether the concentration of COPCs
approached equilibrium in any leaching interval (i.e., the driving force for mass transport
from the matrix may not be constant, which is a common assumption of dynamic-tank
leach testing). Figure 9 shows this type of graph for the release from a field sample of
fixated scrubber sludge and lime.

12.2.2 Interval mass release

At the conclusion of the schedule of leaching intervals (see Table 1), the interval mass
released can be calculated for each leaching interval as follows:
G xV,
‘ A

Mt

Where: M. = mass released during the current leaching interval, i (mg/m?)

Ci = constituent concentration in the eluate for interval i (mg/L)
V; = eluate volume in interval i (L)
A = specimen external geometric surface area exposed to the eluent (m?)

12.2.3 Mean interval flux

The flux of a COPC in an interval may be plotted as a function of the generalized mean
of the square root of cumulative leaching time (/t). An example of a flux graph is show in

Figure 10 for the release from a field sample of fixated scrubber sludge with lime. This graph
may be used to interpret the mechanism of release (see Ref. 5 for further details).

12.2.3.1 The flux across the exposed surface of the sample can be calculated
by dividing the interval mass release by the interval duration as follows:
M.

F, - i
t-t
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Where: Fi = flux for interval, i (mg/m?-s)
M; = mass released during the current leaching interval, i (mg/m?)
ti = cumulative time at the end of the current leaching interval, i (s)
ti.1 = cumulative time at the end of the previous leaching interval, i-1 (s)

12.2.3.2 The time used to plot each interval mass is the generalized mean of
the square root of the cumulative leaching time using the cumulative time at the end of
the it interval, t;, and the cumulative time at the end of the previous interval, t; .

- Joor e )
S I L
2

Where: t; = generalized mean leaching time for the current interval, i (s)

ti = cumulative time at the end of the current leaching interval, i (S)
ti.1 = cumulative time at the end of the previous leaching interval, i-1 (s)

NOTE: If the concentrations of a COPC in the eluates approach that shown in Method
1313 for liquid-solid equilibrium, the flux curve will show the pattern in Figure 10
with intervals of the same duration having the same flux value. When the eluate
concentration approaches saturation, the driving force for mass transfer
approaches zero, interval flux is limited, and intervals with like durations will
display similar flux limitations.

12.2.4 Cumulative release

12.2.4.1 The interval release calculated in 12.2.2 can be summed to provide the
cumulative mass release as a function of leaching time. Figure 11 shows the cumulative
release curves for a field sample of fixated scrubber sludge with lime.

12.2.4.2 Interpretation of the cumulative release of constituents is illustrated
using the analytical solution for simple radial diffusion from a cylinder into an infinite bath
presented by Crank (see Ref. 8).

Dobs t %
M, = 2pC,| —

Where: M; = cumulative mass released during leaching interval i (mg/m?)
p = density of the "as-tested" sample (kg/m?3)
o = concentration of available COPC in the solid matrix (mg/kg)
Debs = observed diffusivity (m?/s)
t = leaching time (s)

When transformed to a log-log scale, the analytical solution presented by Crank
becomes linear with the square root of time.
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DObS A 1
log[Mt]:log 2pCO( j + =t
T 2

Thus, under the assumptions of the analytical solution presented by Crank, the
mass release should be proportional to the square root of time. A line showing the
square root of time is plotted in Figure 11 along with the data. Since flux is the derivative
of release, a similar treatment of flux as a function of leaching time using the simple
diffusion model would be proportional to the negative square root of time as shown in

Figure 10.

Models other than the simple diffusion model presented by Crank may also be
used to interpret mass release. For example, the Shrinking Unreacted Core Model (see
Ref. 2) and the Coupled Dissolution-Diffusion Model (see Ref. 7) incorporate chemical
release parameters (e.g., as derived from Method 1313 data) into the model to better
estimate release mechanisms and predictions (see Ref. 5 for further details).

12.2.5 Observed diffusivity

An observed diffusivity for each COPC can be determined using the logarithm of the
cumulative release plotted versus the logarithm of time. In the case of a diffusion-controlled
mechanism, this plot is expected to be a straight line with a slope of 0.5. An observed diffusivity
can then be determined for each leaching interval where the slope is 0.50 £ 0.15 (see Ref. 1
and Ref. 14) by the following:

obs __

Where: Di"bs = observed diffusivity of a COPC for leaching interval i (m?%/s)
M,, = mass released during leaching interval i (mg/m?)

ti = cumulative contact time at the end of the current leaching interval, i (s)

t.1 = cumulative contact time at the end of the previous leaching interval, i-1 (S)
p = sample density (dry basis) (kg-dry/m?)

Co = initial leachable content (i.e., available release potential) (mg/kg)

The mean observed diffusivity for each COPC is then determined by taking the average
of the interval observed diffusivities. It should be reported with the computed uncertainty (i.e.,
standard deviation).

NOTE: Since the analysis presented above assumes a diffusion process, only those interval
mass transfer coefficients corresponding to leaching intervals with slopes of 0.50 £+ 0.15
are included in the overall average mass-transfer coefficient.

12.3 Data representation by constituent

A concise representation of all relevant data for a single constituent may be presented as shown
in Figure 12 for arsenic from a field core of fixated scrubber sludge with lime (FSSL) material. The data
shows eluate pH generation as a function of leaching time (Eigure 12a), comparison between eluate
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concentrations and Method 1313 data as a function of eluate pH (Figure 12b), constituent flux as a
function of generalized mean cumulative leaching time (Eigure 12c¢), and constituent release as a
function of cumulative leaching time (Figure 12d).

12.4 Interpolation/extrapolation to target time values

The collected time dependence data may be interpolated or extrapolated to the nearest target
cumulative time (Zt) value for purposes of comparing different data sets (e.g., test replicates of the
same or different materials). The most transparent and straightforward method is linear
interpolation/extrapolation of data after log.o transformation.

12.4.1 Logio transformation

Collected concentration values are transformed by taking the logio of the measured
concentration at each test position, i:

C; =logy,(c;)

Where: C; = logio-transformed concentration at test position i (logio[mg/L])
¢i = the concentration measured at test position i (mg/L)

12.4.2 Linear interpolation/extrapolation

Given a set of coordinate data sorted by increasing order according to Xt value (e.g., Xt
<t < .- < Zty), an interpolated/extrapolated logie-transformed concentration at a known Xt
target is calculated as:

C;=a;+b; D t;

Where: Cr = the concentration at target Xt value, Xtr (Iogio[S])
ar and br are coefficients of the linear interpolation/extrapolation equation
Ztr = a target cumulative time value

Depending on the values of observed Xt values relative to target Xt values, the
calculations of the coefficients ar and br in the equation may differ according to the following
algorithm:

o If Ity < Xty, then br = (C, — Cy1) / (Zt2 — Zt1) and ar = C, — br-Xt2 (extrapolation from the
two points with closest Xt values)

o If Xty 2 Xty then br =(Cy, = Ch-1) / (Ztn — Zto-1) and ar = Cy, — br-Xt, (extrapolation from the
two points with closest Xt values)

o If Xtiq < Xty < Xtj, then by = (Cj — Cj-1) / (2t — Zt-1) and ar = y; — br-Xt; (interpolation from
the two closest points surrounding Xtr)

NOTE: Interpolation or extrapolation of data should only be conducted within a distance of
+20% of the target Xt value. Since the allowable L/S tolerance about a target L/S value
is variable (see Table 1), interpolation/extrapolation should not create data at a target Xt
value where collected data is missing.
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13.0 METHOD PERFORMANCE

13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance. The data do not represent required performance criteria for users of the
methods. Instead, performance criteria should be developed on a project-specific basis, and the
laboratory should establish in-house QC performance criteria for the application of this method.
Performance data must not be used as absolute QC acceptance criteria for laboratory QC or
accreditation.

13.2 Interlaboratory validation of this method was conducted using a solidified waste analog
(material code SWA) and a contaminated smelter site soil (material code CFS). Repeatability and
reproducibility was determined for mean interval flux excluding the first wash-off interval (see Table 2)
and for cumulative mass released after 63 days of leaching (see Table 3). More details on the
interlaboratory validation may be found in Ref. 4.

13.3 Ref. 5 and Ref. 12 may provide additional guidance and insight on the use, performance,
and application of this method.

14.0 POLLUTION PREVENTION

14.1 Pollution prevention encompasses any technigue that reduces or eliminates the quantity
and/or toxicity of waste at the point of generation. Numerous opportunities for pollution prevention exist
in laboratory operations. The EPA has established a preferred hierarchy of environmental
management techniques that places pollution prevention as the management option of first choice.
Whenever feasible, laboratory personnel should use pollution prevention techniques to address their
waste generation. When wastes cannot be feasibly reduced at the source, the Agency recommends
recycling as the next best option.

14.2 For information about pollution prevention that may be applicable to laboratories and
research institutions consult Less is Better: Laboratory Chemical Management for Waste Reduction, a
free publication available from the ACS, Committee on Chemical Safety,
https://www.acs.org/content/dam/acsorg/about/governance/committees/chemicalsafety/publications/les

s-is-better.pdf.

15.0 WASTE MANAGEMENT

The EPA requires that laboratory waste management practices be conducted consistent with all
applicable rules and regulations. Laboratories are urged to protect air, water, and land by minimizing
and controlling all releases from hoods and bench operations, complying with the letter and spirit of any
sewer discharge permits and regulations, and by complying with all solid and hazardous waste
regulations, particularly the hazardous waste identification rules and land disposal restrictions. For
further information on waste management, consult The Waste Management Manual for Laboratory
Personnel available at: http://www.labsafetyinstitute.org/FreeDocs/WasteMgmt.pdf.
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17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA

The following pages contain the tables and figures referenced by this method.

TABLE 1

SCHEDULE OF ELUATE RENEWALS

Interval Duration Interval Duration Cumulati\(e
Interval Label Leaching Time
(h) (d) @
TO1 2.0+ 0.25 - 0.08
T02 23.0+0.5 - 1.0
TO3 23.0+0.5 - 2.0
TO4 - 5.0+0.1 7.0
TO5 - 7.0+0.1 14.0
TO6 - 14.0+0.1 28.0
TO7 - 14.0+0.1 42.0
TO8 - 7.0+0.1 49.0
TO9 - 14.0+0.1 63.0

NOTE: This schedule may be extended for additional 14-day contact intervals to
provide more information regarding longer-term release.
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TABLE 2

METHOD PRECISON FOR MEAN INTERVAL FLUX (2" — 9" Intervals)

Analyte Symbol | Reapeatability — | Repeatability — | Reproducibility — | Reproducibility —
SWA %RSD, CFS %RSD, SWA %RSDg CFS %RSDr

Aluminum Al 7.3 13.3 25.3 25.3
Antimony Sh 9.2 14.8 21.8 23.8
Arsenic As 19.9 - 31.1 -
Barium Ba 13.2 7.5 44.8 18.3
Boron B 10.8 7.2 27.3 27.1
Cadmium Cd - 7.6 - 23.2
Calcium Ca 8.1 6.6 28.7 26.0
Chromium Cr 10.2 - 23.8 -

Lead Pb - 4.3 - 19.8
Potassium K 12.4 10.8 28.8 40.1
Selenium Se 10.9 13.3 30.8 32.4
Vanadium V 8.5 11.3 22.3 30.6

Material | Reapeatability — | Repeatability — | Repeatability — | Reproducibility — | Reproducibility — | Reproducibility —
SWA %RSD; CFS %RSD; Overall SWA %RSDr CFS %RSDr Overall
Mean 11% 10% 11% 29% 27% 28%
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Data taken from Ref. 4.

1315-23

NOTE: First interval is removed from mean interval flux because of variances associated with wash-off of surface contaminants that
do not pertain to the method precision.
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TABLE 3

METHOD PRECISON FOR CUMULATIVE RELEASE AFTER 63 DAYS

Analyte Symbol Repeatability — | Repeatability — | Reproducibility — | Reproducibility —
SWA %RSD, CFS %RSD, SWA %RSDgr CFS %RSDr

Aluminum Al 5.4 5.3 23.6 22.9
Antimony Sh 6.9 5.9 19.7 14.4
Arsenic As 15.9 - 31.0 -
Barium Ba 7.5 3.9 35.6 16.5
Boron B 8.4 3.7 22.6 25.7
Cadmium Cd - 4.8 - 18.4
Calcium Ca 4.6 3.2 23.9 24.6
Chromium Cr 7.7 - 17.7 -

Lead Pb - 1.6 - 12.0
Potassium K 10.8 6.3 24.8 44.4
Selenium Se 8.7 3.6 26.7 20.5
Vanadium V 5.7 4.2 21.1 22.8

Material | Repeatability — | Repeatability — | Repeatability — | Reproducibility — | Reproducibility — | Reproducibility —
SWA %RSD; CFS %RSD; Overall SWA %RSDr CFS %RSDr Overall
Mean 8% 4% 6% 25% 22% 23%
Data taken from Ref. 4.
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FIGURE 1

EXAMPLES OF MONOLITHIC SAMPLE HOLDERS
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FIGURE 2

EXAMPLE COMPACTED GRANULAR SAMPLE HOLDER AND SETUP

1315 - 26 Revision 1
July 2017



R000169

Electronic Filing: Received, Clerk's Office 07/25/2024
FIGURE 3

METHOD FLOWCHART
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FIGURE 4

EXAMPLE CURVE OF PACKING DENSITY AS A FUNCTION OF MOISTURE CONTENT
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FIGURE 5

SCHEMATIC OF SEMI-DYNAMIC MASS TRANSFER TEST PROCESS

Figure obtained and modified from Ref. 1.
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FIGURE 6

EXAMPLE LEACHING PROCEDURE STEPS
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FIGURE 7

EXAMPLE DATA REPORTING FORMAT
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FIGURE 8

EXAMPLE INTERVAL CONCENTRATION GRAPHS

NOTE: Orange lines represent cumulative release if all eluate extracts were at the quantitation limit
(dashed) and detection limit (solid). Chemical analyses below the detection limit are shown at %2
the detection limit value.
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FIGURE 9

EXAMPLE OF SATURATION CHECK BETWEEN INTERVAL CONCENTRATIONS AND
METHOD 1313 DATA

NOTE: Orange lines represent cumulative release if all eluate extracts were at the quantitation limit
(dashed) and detection limit (solid). Chemical analyses below the detection limit are shown at ¥2
the detection limit value.
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FIGURE 10

EXAMPLE INTERVAL FLUX GRAPHS

NOTE: Orange data represent cumulative release if all eluate extracts were at the quantitation limit
(dashes) and detection limit (solid line).
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FIGURE 11

INTERVAL FLUX AT ELUATE SATURATION
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NOTE: This figure assumes that the concentration in the eluate approaches saturation
during the leaching interval (i.e., the driving force for diffusion approaches zero).
When the leaching solution is saturated, the resulting mass release and interval
flux is constant for intervals of the same duration.
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FIGURE 12

EXAMPLE CUMULATIVE RELEASE GRAPHS

NOTE: Orange data represent cumulative release if all eluate extracts were at the quantitation limit
(dashes) and detection limit (solid line).
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FIGURE 13

DATA REPRESENTATION BY CONSTITUENT (QUAD FORMAT)

NOTE: Orange data represent cumulative release if all eluate extracts were at the quantitation limit
(dashes) and detection limit (solid line).
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METHOD 13161

LIQUID-SOLID PARTITIONING AS A FUNCTION OF LIQUID-TO-SOLID RATIO IN SOLID
MATERIALS USING A PARALLEL BATCH PROCEDURE

SW-846 is not intended to be an analytical training manual. Therefore, method procedures are
written based on the assumption that they will be performed by analysts who are formally trained in at
least the basic principles of chemical analysis and in the use of the subject technology.

In addition, SW-846 methods, with the exception of required methods used for the analysis of
method-defined parameters, are intended to be guidance methods that contain general information on
how to perform an analytical procedure or technique, which a laboratory can use as a basic starting
point for generating its own detailed standard operating procedure (SOP), either for its own general use
or for a specific project application. Performance data included in this method are for guidance
purposes only and must not be used as absolute quality control (QC) acceptance criteria for purposes
of laboratory QC or accreditation.

TABLE OF CONTENTS

1.0 SCOPE AND APPLICATION. ...ttt ettt e e e e e e e e e e e e e e e e e e e eees 2
2.0  SUMMARY OF METHOD .....cooiiiiiiiiiii ettt 3
3.0 DEFINITIONS ...t 4
4.0 INTERFERENCES ... .. oot e e et e e e e e e e e n e 4
5.0 S AR T Y 5
6.0 EQUIPMENT AND SUPPLIES ... ..ot e e e e e e e eennne 5
7.0 REAGENTS AND STANDARDS ... .o 6
8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE............ccooiiiii, 7
9.0  QUALITY CONTROL ... 7
10.0 CALIBRATION AND STANDARDIZATION ...t eeeenees 8
11.0 PROCEDURE ... 8
12.0 DATA ANALYSIS AND CALCULATIONS (EXCEL® TEMPLATE PROVIDED)........cccccevuvenuneene. 12
13.0 METHOD PERFORMANCGE .......oiiiiieiiiieii e e e e e e e e nnn e e e e 13
14.0 POLLUTION PREVENTION.....coiiiiiiii e 14
15.0 WASTE MANAGEMENT ...ttt e e e e e e e e e e e e e e nrrnan e e e e eees 14
16.0 REFERENCES. ... .. 14
17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA ... 15

! This method has been derived from the SR003 procedure (Ref. 4) using Environmental Protection
Agency-reviewed and accepted methodologies (see Ref. 3, Ref. 6, and Ref. 7). The method is analogous to
batch L/S-dependence method EN12457 (Ref. 5) developed for the Comité Européen de Normalisation (CEN).
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1.0 SCOPE AND APPLICATION

1.1 This method is designed to provide the liquid-solid partitioning (LSP) of inorganic
constituents (e.g., metals, radionuclides) and non-volatile organic constituents (e.g., polycyclic aromatic
hydrocarbons (PAHS)), dissolved organic carbon) at the natural pH of the solid material as a function of
liquid-to-solid ratio (L/S) under conditions that approach liquid-solid chemical equilibrium. Table 1
shows the range of target L/S values tested under this method.

1.2 The eluate concentrations at a low L/S provide insight into pore solution composition either
in a granular bed (e.g., soil column) or in the pore space of low-permeability material (e.g., solidified
monolithic or compacted granular fill). In addition, analysis of eluates for dissolved organic carbon and
of the solid phase for total organic carbon allow for evaluation of the impact of organic carbon release
and the influence of dissolved organic carbon on the LSP of inorganic constituents.

1.3 This method is intended to be used as part of environmental leaching assessment for the
evaluation of disposal, beneficial use, treatment effectiveness and site remediation. The method is not
required by federal regulations to determine whether waste passes or fails the toxicity characteristic as
defined at 40 CFR 261.24.

1.4 This method is suitable for assessing the leaching potential of a wide range of solid
materials. Examples of solid materials include: industrial wastes, soils, sludges, combustion residues,
sediments, stabilized materials, construction materials, and mining wastes.

1.5 This method is a leaching characterization method used to provide intrinsic material
parameters that control leaching of inorganic species under equilibrium conditions. This test method is
intended as a means for obtaining an extract (i.e., the eluate) of a solid material which may be used to
estimate the solubility and release of inorganic constituents under the laboratory conditions described in
this method. Extract concentrations may be used in conjunction with information regarding
environmental management scenarios to estimate anticipated leaching concentrations, and release rate
and extent for individual material constituents in the management scenarios evaluated. Extract
concentrations may also be used along with geochemical speciation modeling to infer the mineral
phases that control the LSP in the pore structure of the solid material.

1.6 This method is not applicable to characterize the release of volatile organic analytes (e.g.,
benzene, toluene and xylenes).

1.7 This method provides solutions that are considered to be indicative of leachate under field
conditions only where the field leaching pH and L/S ranges are encompassed by the laboratory extract
final conditions and the LSP is controlled by agueous-phase saturation of the constituent of interest.
When LSP is controlled by the amount of the constituent present in the solid that may dissolve (i.e., for
highly soluble species), the mass released (mg/kg), rather than the concentration, is indicative of field
conditions.

1.8 The solvent used in this method is reagent water.

1.9 Analysts are advised to take reasonable measures to ensure that the sample is
homogenized to the extent practical prior to employment of this method. Particle size reduction may
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provide additional assurance of sample homogenization. Table 2 designates a minimum dry equivalent
mass of sample to be added to each extraction vessel and the associated extraction contact time as a
function maximum particle diameter. If the heterogeneity of the sample is suspected as the cause of
unacceptable levels of precision in replicate test results or is considered significant based on
professional judgment, the sample mass used in the test procedure may be increased to a greater
minimum dry equivalent mass than shown in Table 1 with the amount of extractant increased
proportionately to maintain the designated L/S.

1.10 In the preparation of solid materials for use in this method, particle size reduction of
samples with large grain size is used to enhance the approach towards liquid-solid equilibrium under
the designated contact time interval of the extract process. The extract contact time for samples
reduced to a finer maximum particle size will be shorter.

1.11 Prior to employing this method, analysts are advised to consult the base method for each
type of procedure that may be employed in the overall analysis (e.g., Methods 9040, 9045, and 9050)
for additional information on QC procedures, development of QC acceptance criteria, calculations, and
general guidance. Analysts also should consult the disclaimer statement at the front of the manual and
the information in Chapter Two for: 1) guidance on the intended flexibility in the choice of methods,
apparatus, materials, reagents, and supplies, and 2) the responsibilities of the analyst for
demonstrating that the techniques employed are appropriate for the analytes of interest, in the matrix of
interest, and at the levels of concern.

In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to federal testing requirements.
The information contained in this method is provided by the Environmental Protection Agency (EPA or
the Agency) as guidance to be used by the analyst and the regulated community in making judgments
necessary to generate results that meet the data quality objectives (DQOs) for the intended application.

1.12 This method is restricted to use by, or under supervision of, properly experienced and
trained personnel. Each analyst must demonstrate the ability to generate acceptable results with this
method.

2.0 SUMMARY OF METHOD

This method consists of five parallel extractions of a particle size-reduced solid material in
reagent water over a range of L/S values from 0.5 to 10 mL eluent/g dry material (see Table 1). In
addition to the five test extractions, a method blank without solid sample is carried through the
procedure in order to verify that analyte interferences are not introduced as a consequence of reagent
impurities or equipment contamination. If multiple materials or replicate tests are carried out in parallel,
only one set of method blanks is necessary. In total, six bottles (i.e., five test positions and one method
blank) are tumbled in an end-over-end fashion for a specified contact time based on the maximum
particle size of the solid (see Table 2). Atthe end of the contact interval, the liquid and solid phases are
roughly separated via settling or centrifugation. Extract pH and specific conductance measurements
are then taken on an aliquot of the liquid phase. The bulk of the eluate is clarified by pressure or
vacuum filtration in preparation for constituent analysis. Analytical aliquots of the extracts are collected
and preserved accordingly based on the determinative methods to be performed. The eluate
constituent concentrations are plotted as a function of L/S and compared to QC and assessment limits.
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3.0 DEFINITIONS

3.1 Constituent of potential concern (COPC) — A chemical species of interest, which may or
may not be regulated, but may be characteristic of release-controlling properties of the sample
geochemistry.

3.2 Release — The dissolution or partitioning of a COPC from the solid phase to the aqueous
phase during laboratory testing (or under field conditions). In this method, mass release is expressed
in units of mg COPC/kg dry solid material.

3.3 Liquid-solid partitioning (LSP) — The distribution of COPCs between the solid and liquid
phases at the conclusion of the extraction.

3.4 Liquid-to-solid ratio (L/S) — The fraction of the total liquid volume (including the moisture
contained in the "as used" solid sample) to the dry mass equivalent of the solid material. L/S is typically
expressed in volume units of liquid per dry mass of solid material (mL/g-dry).

3.5 "As-tested" sample — The solid sample at the conditions (e.g., moisture content and
particle-size distribution) present at the time of the start of the test procedure. The "as-tested"”
conditions will differ from the "as-received" sample conditions if particle-size reduction and drying were
necessarily performed.

3.6 Dry-mass equivalent — The mass of "as-tested" (i.e., "wet") sample that equates to the
mass of dry solids plus associated moisture, based on the moisture content of the "as-tested" material.
The dry-mass equivalent is typically expressed in mass units of the "as-tested" sample (g).

3.7 Eluent — The solution used to contact the solid material in a leaching test. The eluent is
usually free of COPCs but may contain other species used to control the test conditions of the
extraction.

3.8 Eluate — The solution collected as an extract from a leaching test that contains the eluent
plus constituents leached from the solid phase.?

3.9 Refer to Chapter One, Chapter Three, and the manufacturers' instructions for definitions
that may be relevant to this procedure.

4.0 INTERFERENCES

Solvents, reagents, glassware, and other sample processing hardware may yield artifacts
and/or interferences to sample analysis. All of these materials must be demonstrated to be free from
interferences under the conditions of the analysis by analyzing method blanks. Specific selection of
reagents may be necessary. Refer to each method to be used for specific guidance on QC procedures

2 The definition of "eluate" is used in this method to differentiate the output solution of a leaching
test from the "leachate" solution collected from, or measured in, the field. The distinction between
terms is made to minimize confusion when comparing laboratory results to field data (Ref. 5).
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and to Chapters Three and Four for general guidance on glassware cleaning. Also refer to Methods
9040, 9045, and 9050 for a discussion of interferences.

5.0 SAFETY

This method does not address all safety issues associated with its use. The laboratory is
responsible for maintaining a safe work environment and a current awareness file of Occupational
Safety and Health Administration (OSHA) regulations regarding the safe handling of the chemicals
specified in this method. A reference file of material safety data sheets (MSDSs) should be available to
all personnel involved in these analyses.

6.0 EQUIPMENT AND SUPPLIES

The mention of trade names or commercial products in this manual is for illustrative purposes
only, and does not constitute an EPA endorsement or exclusive recommendation for use. The products
and instrument settings cited in SW-846 methods represent those products and settings used during
the method development or subsequently evaluated by the Agency. Glassware, reagents, supplies,
equipment, and settings other than those listed in this manual may be employed provided that method
performance appropriate for the intended application has been demonstrated and documented.

This section does not list all common laboratory glassware (e.g., beakers and flasks) that might
be used.

6.1 Extraction vessels

6.1.1 Six wide-mouth bottles (i.e., five for test positions plus one for a method blank)
constructed of inert material, resistant to high and low pH conditions and interaction with the
constituents of interest, as described in the following sections.

6.1.1.1 For the evaluation of inorganic COPCs, bottles made of high density
polyethylene (HDPE) (e.g., Nalgene #3140-0250 or equivalent), polypropylene (PP), or
polyvinyl chloride (PVC) are recommended.

6.1.1.2 For the evaluation of non-volatile organic and mixed organic/inorganic
COPCs, bottles made of glass or Type-316 stainless steel are recommended.
Polytetrafluoroethene (PTFE) is not recommended for non-volatile organics, due to the
sorption of species with high hydrophobicity (e.g., PAHS). Borosilicate glass is
recommended over other types of glass, especially when inorganic analytes are of
concern.

6.1.2. The extraction vessels must be of sufficient volume to accommodate both the
solid sample and an extractant volume based on the schedule of L/S values shown in Table 1.
For example, a 500-mL bottle is recommended when 100 g dry equivalent mass is contacted
with 200 mL of eluent (see T03 in Table 1).

6.1.3 The vessels must have a leak-proof seal that can sustain end-over-end tumbling
for the duration of the designated contact time.

1316 -5 Revision 1
July 2017


https://www.epa.gov/hw-sw846/chapter-three-sw-846-compendium-inorganic-analytes
https://www.epa.gov/hw-sw846/chapter-four-sw-846-compendium-organic-analytes
https://www.epa.gov/hw-sw846/sw-846-test-method-9040c-ph-electrometric-measurement
https://www.epa.gov/hw-sw846/sw-846-test-method-9045d-soil-and-waste-ph
https://www.epa.gov/hw-sw846/sw-846-test-method-9050a-specific-conductance

R000186

Electronic Filing: Received, Clerk's Office 07/25/2024

6.1.4 If centrifugation is anticipated to be beneficial for initial phase separation, the
extraction vessels should be capable of withstanding centrifugation at 4000 = 100 rpm for a
minimum of 10 + 2 min. Alternately, samples may be extracted in bottles that do not meet this
centrifugation specification (e.g., Nalgene I-Chem #311-0250 or equivalent) and the solid-liquid
slurries transferred into appropriate centrifugation vessels for phase separation as needed.

6.2 Balance — Capable of 0.01 g resolution for masses less than 500 g

6.3 Rotary tumbler — Capable of rotating the extraction vessels end-over-end at a constant
speed of 28 + 2 rpm (e.g., Environmental Express, Charleston, SC or equivalent)

NOTE: The holding capacity of tumblers may vary and modifications (e.g., packing or bottle-holding
inserts) may be necessary to accommodate the extraction vessels.

6.4 Filtration apparatus — Pressure or vacuum filtration apparatus composed of appropriate
materials to maximize collection of extracts and minimize loss of COPCs (e.g., Nalgene #300-4000 or
equivalent) (see Sec. 6.1)

6.5 Filtration membranes — Composed of polypropylene or equivalent material with an
effective pore size of 0.45 pm (e.g., Gelman Sciences GH Polypro #66548 from Fisher Scientific or
equivalent)

6.6 pH meter — Laboratory model capable of temperature compensation (e.g., Accumet 20,
Fisher Scientific or equivalent) with a minimum resolution of 0.1 pH units

6.7 pH combination electrode — Composed of chemically resistant materials

6.8 Conductivity meter — Laboratory model (e.g., Accumet 20, Fisher Scientific or equivalent),
with a minimum resolution of 5% of the measured value

6.9 Conductivity electrodes — Composed of chemically resistant materials

6.10 Adjustable-volume pipettor — Oxford Benchmate series or equivalent.

The necessary delivery range will depend on the buffering capacity of the solid material and
acid/base strength used in the test.

6.11 Disposable pipettor tips

6.12 Centrifuge (recommended) — Capable of centrifuging the extraction vessels at a rate of
4000 %= 100 rpm for 10 = 2 min

7.0 REAGENTS AND STANDARDS

7.1 Reagent-grade chemicals, at a minimum, should be used in all tests. Unless otherwise
indicated, all reagents should conform to the specifications of the Committee on Analytical Reagents of
the American Chemical Society (ACS), where such specifications are available. Other grades may be
used, provided the reagents are of sufficiently high purity to permit use without lessening the accuracy
of the determination. Inorganic reagents and extracts should be stored in plastic to prevent interaction
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of constituents from glass containers. Organic reagents should be stored in glass to prevent leaching
of contaminants from plastic containers.

7.2 Reagent water must be interference free. All references to water in this method refer to
reagent water unless otherwise specified.

7.3 Consult Methods 9040 and 9050 for additional information regarding the preparation of
reagents required for pH and specific conductance measurements.

8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE

8.1 See Chapter Three, "Inorganic Analytes," and Chapter Four, "Organic Analytes," for
sample collection and preservation information.

8.2 All solid samples should be collected using an appropriate sampling plan.

8.3 All containers should be composed of materials that minimize interaction with solution
COPCs. For further information, see Chapters Three and Four.

8.4 Preservatives should not be added to samples before extraction.

8.5 Samples can be refrigerated, unless refrigeration results in an irreversible physical change
to the sample.

8.6 Analytical extracts or leachates should be preserved according to the guidance given in
the individual determinative methods for the COPCs.

8.7 Extract holding times should be consistent with the holding times specified in the individual
determinative methods for the COPCs.

9.0 QUALITY CONTROL

9.1 Refer to Chapter One for guidance on quality assurance (QA) and quality control (QC)
protocols. When inconsistencies exist between QC guidelines, method-specific QC criteria take
precedence over both technique-specific criteria and Chapter One criteria, and technique-specific QC
criteria take precedence over Chapter One criteria. Any effort involving the collection of analytical data
should include development of a structured and systematic planning document, such as a quality
assurance project plan (QAPP) or a sampling and analysis plan (SAP), which translates project
objectives and specifications into directions for those who will implement the project and assess the
results.

Each laboratory should maintain a formal QA program. The laboratory should also maintain
records to document the quality of the data generated. Development of in-house QC limits for each
method is encouraged. Use of instrument-specific QC limits is encouraged, provided such limits will
generate data appropriate for use in the intended application. All data sheets and QC data should be
maintained for reference or inspection.
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9.2 In order to demonstrate the purity of reagents and sample contact surfaces, a method
blank (e.g., a bottle without solid material but with eluent carried through the extraction, filtration and
analytical sample preparation process) should be tested.

9.3 The analysis of extracts should follow appropriate QC procedures, as specified in the
determinative methods for the COPCs. Refer to Chapter One for specific QC procedures.

9.4 Solid materials should be tested within one month of receipt unless the project requires
that the "as-received" samples are tested sooner (e.g., the material is part of a time-dependent study or
the material may change during storage due to oxidation or carbonation).

9.5 Initial demonstration of proficiency (IDP)

Leachate methods are not amenable to typical IDPs when reference materials with known
values are not available. However, prior to using this method an analyst should have documented
proficiency in the skills required for successful implementation of the method. For example, skill should
be demonstrated in the use of an analytical balance, the determination of pH using methods 9040 and
9045 and the determination of conductance using method 9050.

10.0 CALIBRATION AND STANDARDIZATION

10.1 The balance should be calibrated and certified, at a minimum, annually or in accordance
with laboratory policy.

10.2 Prior to measurement of eluate pH, the pH meter should be calibrated using a minimum
of two standards that bracket the range of pH measurements. Refer to Methods 9040 and 9045 for
additional guidance.

10.3 Prior to measurement of eluate conductivity, the meter should be calibrated using at least
one standard at a value greater than the range of conductivity measurements. Refer to Method 9050
for additional guidance.

11.0 PROCEDURE

A flowchart of the method is presented in Figure 1. Microsoft Excel® data templates are
available to aid in collecting and archiving of laboratory and analytical data.?

11.1 Particle size reduction (if required)

11.1.1 In this method, particle size reduction is used to prepare large-grained samples
for extraction so that the approach toward liquid-solid equilibrium is enhanced and mass
transport through large particles is minimized. A longer extract contact time is required for
larger maximum particle size designations. This method designates three maximum particle
sizes and associated contact times (see Table 2). The selection of an appropriate maximum

3 These Excel® templates form the basis for uploading method data into the data management program,
LeachXS Lite™. Both the data templates and LeachXS Lite™ are available at http://vanderbilt.edu/leaching.
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R000189

Electronic Filing: Received, Clerk's Office 07/25/2024

particle size from this table should be based on professional judgment regarding the practical
effort required to size reduce the solid material.

11.1.2 Particle size reduction of "as received" sample may be achieved through
crushing, milling, or grinding with equipment made from chemically inert materials. During the
reduction process, care should be taken to minimize loss of sample and potentially volatile
constituents in the sample.

11.1.3 If the moisture content of the "as-received" material is greater than 15% (wet
basis), air drying or desiccation may be necessary. Oven drying is not recommended for
preparation of test samples due to the potential for mineral alteration. In all cases, the moisture
content of the "as received" material should be recorded.

NOTE: If the solid material is susceptible to interaction with the atmosphere (e.g., carbonation,
oxidation), drying should be conducted in an inert environment.

11.1.4 When the material seems to be of a relatively uniform particle size, calculate the
percentage less than the sieve size as follows:

% Passing = M sievea = 100 %

total

Where: Msieves = mass of sample passing the sieve ()
Mot = mass of total sample (g) (e.g., Msieves + Mass not passing sieve)

11.1.5 The fraction retained by the sieve should be recycled for further particle size
reduction until at least 85% of the initial mass has been reduced below the designated
maximum particle size. Calculate and record the final percentage passing the sieve and the
designated maximum particle size. For the uncrushable fraction of the "as received" material,
record the fraction mass and nature (e.g., rock, metal or glass shards, etc).

11.1.6 Store the size-reduced material in an airtight container in order to prevent
contamination via gas exchange with the atmosphere. Store the container in a cool, dark and
dry place prior to use.

11.2 Determination of solids and moisture content

11.2.1 In order to provide the dry mass equivalent of the "as-tested" material, the solids
content of the subject material should be determined. Often, the moisture content of the solid
sample is recorded. In this method, the moisture content is determined and recorded on the
basis of the "wet" or "as-tested" sample.

WARNING: The drying oven should be contained in a hood or otherwise properly ventilated.
Significant laboratory contamination or inhalation hazards may result when drying
heavily contaminated samples. Consult the laboratory safety officer for proper handling
procedures prior to drying samples that may contain volatile, hazardous, flammable or
explosive materials.

1316 -9 Revision 1
July 2017



R000190

Electronic Filing: Received, Clerk's Office 07/25/2024

11.2.2 Place a 5 to 10-g sample of solid material into a tared dish or crucible. Dry the
sample to a constant mass at 105 + 2 °C. Check for constant mass by returning the dish to the
drying oven for 24 hours, cooling to room temperature in a desiccator and re-weighing. The two
mass readings should agree within the larger of 0.2% or 0.02 g.

NOTE: The oven-dried sample is not used for the extraction and should be properly disposed of
once the dry mass is determined.

11.2.3 Calculate and report the solids content as follows:

Where: SC = solids content of "as-tested" material (g-dry/g)
Mary = mass of dry material specified in the method (g-dry)
Miest = mass of "as-tested"” solid equivalent to the dry-material mass (g)

11.2.4 Calculate and report the moisture content (wet basis) as follows:

Mtest - l\/Idry

MCwet = M

test

Where: MCwey = moisture content on a wet basis (gn,0/g)

Mary = mass of dry material specified in the method (g-dry)
Mtest = mass of "as-tested" solid equivalent to the dry-material mass (g)

11.3 Extraction setup schedule (Microsoft Excel® spreadsheet template available at
http://www.vanderbilt.edu/leaching/downloads/test-methods/).

An Excel® template accompanies this method and may be used to set up the extraction

schedule. If using the provided template, disregard Sec. 11.3 and proceed to the extraction procedure
Sec. 11.4.

11.3.1 Using the schedule shown in Table 1 as a guide, set up five test extractions and
one method blank. The mass of solids in an extraction may be scaled to minimize headspace in
each extraction vessel. However, the volume of eluent should always be based on the target
L/S in Column B of Table 1.

11.3.2 Calculate and record the amount of "as-tested" material equivalent to the dry
mass in Column D of Table 1 as follows:

I\/Idry
SC

Where: Meest = mass of "as-tested" solid equivalent to the dry-material mass (g)
Mary = mass of dry material specified in the method (g-dry)
SC = solids content of "as-tested" material (g-dry/g)

M test —

11.3.3 Calculate and record the volume of moisture contained in the "as-tested" sample
in Column E of Table 1 as follows:

1316 - 10 Revision 1
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_ Mtest X (1_ SC)
,sample
Puw
Where: Vwsample = VOlume of water in the “as tested” sample (mL)
Mtest = mass of "as-tested" solid equivalent to the dry-material mass (g)

SC = solids content of the "as tested" sample (g-dry/g)
pw = density of water (1.0 g/mL at room temperature)

VW

11.3.4 Calculate and record the volume of reagent water required to bring each
extraction to the target L/S in Column F of Table 1 as follows:

Vew = Mgy % LS - Vw sample

Where: Vgrw = volume of reagent water required to complete L/S (mL)
Mary = mass of dry material specified in the method (g-dry)
LS = liquid-to-dry-solid ratio (10 mL/g)
Vw sample = VOlume of water in "as tested" sample (mL)

The size of the extraction bottle should be sufficient to contain the combined volume of
solid material and eluent, ideally with a minimum amount of headspace.

11.4 Extraction procedure

11.4.1 Label five bottles with test position numbers and an additional bottle as a
method blank according to Column A in Table 1.

11.4.2 Place the dry-mass equivalent (+ 0.1 g) of "as-tested" sample as shown in
Column D in Table 1 into each of the five test position extraction vessels.

NOTE: Do not put solid material in the method blank extraction vessel.

11.4.3 Add the appropriate volume (x 0.5 mL) of reagent water to both the test position
and method blank extraction vessels as specified in Column F of Table 1.

11.4.4 Tighten the leak-proof lid on each bottle and tumble all extractions (i.e., test
positions and method blanks) in an end-over-end fashion at a speed of 28 + 2 rpm at room
temperature (20 £ 2 °C). The contact time for this method will vary depending on the maximum
particle size as shown in Table 2.

NOTE: The length of the contact time is designed to enhance the approach toward liquid-solid
equilibrium. Longer contact times are required for larger particles to compensate for the
effects of intra-particle diffusion. See Table 2 for required contact times based on the
maximum patrticle size.

11.4.5 Remove the extraction vessels from the rotary tumbler and clarify the extracts
by allowing the bottles to stand for 15 £ 5 min. Alternately, centrifuge the extraction vessels at
4000 + 100 rpm for 10 + 2 min.

NOTE: If clarification is significantly incomplete after settling or centrifugation, eluate
measurements for pH, conductivity, and oxidization-reduction potential (ORP) may be
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taken on filtered samples. In this case, perform the filtration in Sec. 11.4.8 prior to eluate
measurement in Sec. 11.4.6 and note the deviation from the written procedure.

CAUTION: Following separation from the solid phase, eluate samples lack the buffering
provided by the solid phase and therefore may be susceptible to pH change resulting
from interaction with air.

11.4.6 For each extraction vessel, decant a minimum volume (approximately 5 mL) of
clear, unpreserved supernatant into a clean container.

11.4.7 Measure and record the pH, specific conductivity, and ORP of the extracts (see
Methods 9040, 9045, and 9050).

NOTE: Measurement of pH, conductivity, and ORP should be taken within 15 minutes of eluate
processing (Sec. 11.4.8) to avoid neutralization of the solution due to exposure to carbon
dioxide, especially when alkaline materials are tested.

NOTE: The measurement of ORP is optional, but strongly recommended, especially when
testing materials where oxidation is likely to change the LSP of COPCs.

11.4.8 Separate the solid from the remaining liquid in each extraction vessel by
pressure or vacuum filtration through a clean 0.45-um pore size membrane (Sec. 6.5). The
filtration apparatus may be exchanged for a clean apparatus as often as necessary until all
liquid has been filtered.

11.4.9 Immediately, preserve and store the volume(s) of eluate required for chemical
analysis. Preserve all analytical samples in a manner that is consistent with the determinative
chemical analyses to be performed.

12.0 DATA ANALYSIS AND CALCULATIONS (EXCEL® TEMPLATE PROVIDED)
12.1 Data reporting

12.1.1 Figure 2 shows an example of a data sheet that may be used to report the
concentration results of this method. This example is included in the Excel® template. At a
minimum, the basic test report should include:

a) Name of the laboratory

b) Laboratory technical contact information

c) Date and time at the start of the test

d) Name or code of the solid material

e) Particle size (85 wt% less than designated particle size)
f) Ambient temperature during extraction (°C)

g) Extraction contact time (h)

h) Eluate-specific information (see Sec. 12.1.2 below)
12.1.2 The minimum set of data that should be reported for each eluate includes:
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a) Eluate sample ID
b) Target L/S (mL/g-dry)
c) Mass of "as tested" solid material used (g)

d) Moisture content of material used (gn,0/g)

e) Volume of eluent used (mL)

f) Measured final eluate pH

g) Measured eluate conductivity (mS/cm)
h) Measured ORP (mV) (optional)

i) Concentrations of all COPCs

i) Analytical QC qualifiers as appropriate

12.2 Data interpretation and presentation (optional)
12.2.1 LSP curve

12.2.1.1 A constituent LSP curve can be generated for each COPC after
chemical analysis of all extracts by plotting the constituent concentration in the liquid
phase as a function of L/S used for each extraction. The curve indicates the equilibrium
concentration of the COPC as a function of L/S at the natural pH.

12.2.1.2 The lower limit of quantitation (LLOQ) for the analytical technique for
each COPC may be shown as a horizontal line. COPC concentrations below this line
indicate negligible or non-quantitative concentrations.

NOTE: The LLOQ is highly matrix-dependent and should be determined as part of a
QA/QC plan.

12.2.1.3 Figure 3 provides example LSP curves as a function of L/S for a coal
combustion fly ash and a coal combustion flue gas desulfurization filter cake.

13.0 METHOD PERFORMANCE

13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance. The data do not represent required performance criteria for users of the
methods. Instead, performance criteria should be developed on a project-specific basis, and the
laboratory should establish in-house QC performance criteria for the application of this method.
Performance data must not be used as absolute QC acceptance criteria for purposes of laboratory QC
or accreditation.

13.2 Interlaboratory validation of this method was conducted using a coal combustion fly ash
(material code EaFA), a contaminated smelter site soil (material code CFS) and a solidified waste
analog (material code SWA). The median values and inner quartile ranges (IQRs) for repeatability and
reproducibility were determined for eluate concentration results across all study materials and pH target
values (see Table 3). More details on the interlaboratory validation may be found in Ref. 2.
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13.3 Ref. 1 and Ref. 4 may provide additional guidance and insight on the use, performance
and application of this method.

14.0 POLLUTION PREVENTION

14.1 Pollution prevention encompasses any technique that reduces or eliminates the quantity
and/or toxicity of waste at the point of generation. Numerous opportunities for pollution prevention exist
in laboratory operations. The EPA has established a preferred hierarchy of environmental
management techniques that places pollution prevention as the management option of first choice.
Whenever feasible, laboratory personnel should use pollution prevention techniques to address their
waste generation. When wastes cannot be feasibly reduced at the source, the Agency recommends
recycling as the next best option.

14.2 For information about pollution prevention that may be applicable to laboratories and
research institutions consult Less is Better: Laboratory Chemical Management for Waste Reduction, a
free publication available from the ACS, Committee on Chemical Safety,
http://portal.acs.org/portal/fileFetch/C/WPCP_012290/pdf/WPCP_012290.pdf.

15.0 WASTE MANAGEMENT

The EPA requires that laboratory waste management practices be conducted consistent with all
applicable rules and regulations. Laboratories are urged to protect the air, water, and land by
minimizing and controlling all releases from hoods and bench operations, complying with the letter and
spirit of any sewer discharge permits and regulations, and by complying with all solid and hazardous
waste regulations, particularly the hazardous waste identification rules and land disposal restrictions.
For further information on waste management, consult The Waste Management Manual for Laboratory
Personnel available from ACS at the web address listed in Sec. 14.2.
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17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA

The following pages contain the tables and figures referenced by this method.
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TABLE 1

EXAMPLE SCHEDULE FOR EXTRACTION SETUP

A B C D E F G
Test Target Minimum Dr Mass of "As- Moisture in Volume of | Recommended
Position Lg Mass (g-drygl Tested" "As-Tested" Reagent Bottle Size
Sample (g) Sample (mL) | Water (mL) (mL)
TO1 10.0 20 22.2 2.2 198 250
T02 5.0 40 44.4 4.4 196 250
TO3 2.0 100 111.1 11.1 189 500
TO4 1.0 200 222.2 22.2 178 500
TO5 0.5 400 444.4 44.4 156 1000
BO3 QC - - - 200 250
Total - - 844.4 - 1120 -
NOTE: 1) This schedule assumes a target liquid volume of 200 mL.

2) This schedule is based on "as tested" solids content of 0.90 g-dry/g.
3) Test position marked B01 is a method blank of reagent water.

Table data modified from Ref. 4.

TABLE 2

EXTRACTION PARAMETERS AS FUNCTION OF MAXIMUM PARTICLE SIZE

Particle Size
(85% less US Sieve | Minimum Contact Recommended
than) Size Dry Mass Time Vessel size
(mm) (g-dry) (h) (mL)
0.3 50 20 £ 0.05 24 + 2 250
2.0 10 40+0.1 48 + 2 500
5.0 4 80+0.1 72+2 1000
1316 - 16
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MEDIAN METHOD PRECISION ACROSS STUDY MATERIALS

TABLE 3

Repeatability - | Repeatability - | Reproducibility - | Reproducibility -

Analyte Symbol Median IQR Median IQR

%RSD; %RSD; %RSDr % RSDr
Antimony Shb 12% 8-13% 21% 17-27%
Arsenic As 15% 12-28% 31% 23-34%
Barium Ba 7% 5-9% 16% 13-30%
Boron B 7% 5-10% 13% 9-34%
Calcium Ca 6% 3-7% 8% 7-19%
Molybdenum Mo 7% 6-9% 18% 11-31%
Selenium Se 8% 4-9% 20% 13-24%
Vanadium Y, 6% 4-12% 16% 13-26%
Median of - 7% 3-28% 17% 7-34%
Medians

Data taken from Ref. 2.
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FIGURE 1

METHOD FLOWCHART
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FIGURE 2

EXAMPLE DATA REPORTING FORMAT
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FIGURE 3

EXAMPLE CONCENTRATON RESULTS FROM A COAL COMBUSTION FLY ASH AND
FLUE-GAS DESULFURIZATION FILTER CAKE
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1.0 USE OF TERMS

Equipment blank: The equipment blank shall include the pump and the pump's tubing. If tubing
is dedicated to the well, the equipment blank needs only to include the pump in subsequent
sampling rounds. If the pump and tubing are dedicated to the well, the equipment blank is
collected prior to its placement in the well. If the pump and tubing will be used to sample
multiple wells, the equipment blank is normally collected after sampling from contaminated
wells and not after background wells.

Field duplicates: Field duplicates are collected to determine precision of the sampling procedure.
For this procedure, collect duplicate for each analyte group in consecutive order (VOC original,
VOC duplicate, SVOC original, SVOC duplicate, etc.).

Indicator field parameters: This SOP uses field measurements of turbidity, dissolved oxygen,
specific conductance, temperature, pH, and oxidation/reduction potential (ORP) as indicators of
when purging operations are sufficient and sample collection may begin.

Matrix Spike/Matrix Spike Duplicates: Used by the laboratory in its quality assurance program.
Consult the laboratory for the sample volume to be collected.

Potentiometric Surface: The level to which water rises in a tightly cased well constructed in a
confined aquifer. In an unconfined aquifer, the potentiometric surface is the water table.

QAPP: Quality Assurance Project Plan

SAP: Sampling and Analysis Plan

SOP: Standard operating procedure

Stabilization: A condition that is achieved when all indicator field parameter measurements are
sufficiently stable (as described in the “Monitoring Indicator Field Parameters” section) to allow
sample collection to begin.

Temperature blank: A temperature blank is added to each sample cooler. The blank is

measured upon receipt at the laboratory to assess whether the samples were properly cooled
during transit.

Trip blank (VOCs): Trip blank is a sample of analyte-free water taken to the sampling site and
returned to the laboratory. The trip blanks (one pair) are added to each sample cooler that
contains VOC samples.
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20 SCOPE & APPLICATION

The goal of this groundwater sampling procedure is to collect water samples that reflect the
total mobile organic and inorganic loads (dissolved and colloidal sized fractions)
transported through the subsurface under ambient flow conditions, with minimal physical
and chemical alterations from sampling operations. This standard operating procedure
(SOP) for collecting groundwater samples will help ensure that the project’s data quality
objectives (DQOs) are met under certain low-flow conditions.

The SOP emphasizes the need to minimize hydraulic stress at the well-aquifer interface by
maintaining low water-level drawdowns, and by using low pumping rates during purging
and sampling operations. Indicator field parameters (e.g., dissolved oxygen, pH, etc.) are
monitored during purging in order to determine when sample collection may begin.
Samples properly collected using this SOP are suitable for analysis of groundwater
contaminants (volatile and semi-volatile organic analytes, dissolved gases, pesticides,
PCBs, metals and other inorganics), or naturally occurring analytes. This SOP is based on
Puls, and Barcelona (1996).

This procedure is designed for monitoring wells with an inside diameter (1.5-inches or
greater) that can accommodate a positive lift pump with a screen length or open interval
ten feet or less and with a water level above the top of the screen or open interval
(Hereafter, the “screen or open interval” will be referred to only as “screen interval”). This
SOP is not applicable to other well-sampling conditions.

While the use of dedicated sampling equipment is not mandatory, dedicated pumps and
tubing can reduce sampling costs significantly by streamlining sampling activities and
thereby reducing the overall field costs.

The goal of this procedure is to emphasize the need for consistency in deploying and
operating equipment while purging and sampling monitoring wells during each sampling
event. This will help to minimize sampling variability.

This procedure describes a general framework for groundwater sampling. Other site
specific information (hydrogeological context, conceptual site model (CSM), DQOs, etc.)
coupled with systematic planning must be added to the procedure in order to develop an
appropriate site specific SAP/QAPP. In addition, the site specific SAP/QAPP must
identify the specific equipment that will be used to collect the groundwater samples.

This procedure does not address the collection of water or free product samples from wells
containing free phase LNAPLs and/or DNAPLs (light or dense non-aqueous phase
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liquids). For this type of situation, the reader may wish to check: Cohen, and Mercer
(1993) or other pertinent documents.

This SOP is to be used when collecting groundwater samples from monitoring wells at all
Superfund, Federal Facility and RCRA sites in Region 1 under the conditions described
herein. Request for modification of this SOP, in order to better address specific situations
at individual wells, must include adequate technical justification for proposed changes. All
changes and modifications must be approved and included in a revised SAP/QAPP before
implementation in field.

3.0 BACKGROUND FOR IMPLEMENTATION

It is expected that the monitoring well screen has been properly located (both laterally and
vertically) to intercept existing contaminant plume(s) or along flow paths of potential
contaminant migration. Problems with inappropriate monitoring well placement or
faulty/improper well installation cannot be overcome by even the best water sampling
procedures. This SOP presumes that the analytes of interest are moving (or will potentially
move) primarily through the more permeable zones intercepted by the screen interval.

Proper well construction, development, and operation and maintenance cannot be
overemphasized. The use of installation techniques that are appropriate to the
hydrogeologic setting of the site often prevent "problem well" situations from occurring.
During well development, or redevelopment, tests should be conducted to determine the
hydraulic characteristics of the monitoring well. The data can then be used to set the
purging/sampling rate, and provide a baseline for evaluating changes in well performance
and the potential need for well rehabilitation. Note: if this installation data or well history
(construction and sampling) is not available or discoverable, for all wells to be sampled,
efforts to build a sampling history should commence with the next sampling event.

The pump intake should be located within the screen interval and at a depth that will
remain under water at all times. It is recommended that the intake depth and pumping rate
remain the same for all sampling events. The mid-point or the lowest historical midpoint of
the saturated screen length is often used as the location of the pump intake. For new wells,
or for wells without pump intake depth information, the site’s SAP/QAPP must provide
clear reasons and instructions on how the pump intake depth(s) will be selected, and
reason(s) for the depth(s) selected. If the depths to top and bottom of the well screen are
not known, the SAP/QAPP will need to describe how the sampling depth will be
determined and how the data can be used.

Stabilization of indicator field parameters is used to indicate that conditions are suitable for
sampling to begin. Achievement of turbidity levels of less than 5 NTU, and stable
drawdowns of less than 0.3 feet, while desirable, are not mandatory. Sample collection
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may still take place provided the indicator field parameter criteria in this procedure are
met. If after 2 hours of purging indicator field parameters have not stabilized, one of three
optional courses of action may be taken: a) continue purging until stabilization is
achieved, b) discontinue purging, do not collect any samples, and record in log book that
stabilization could not be achieved (documentation must describe attempts to achieve
stabilization), ¢) discontinue purging, collect samples and provide full explanation of
attempts to achieve stabilization (note: there is a risk that the analytical data obtained,
especially metals and strongly hydrophobic organic analytes, may reflect a sampling bias
and therefore, the data may not meet the data quality objectives of the sampling event).

It is recommended that low-flow sampling be conducted when the air temperature is above
32°F (0°C). If the procedure is used below 32°F, special precautions will need to be taken
to prevent the groundwater from freezing in the equipment. Because sampling during
freezing temperatures may adversely impact the data quality objectives, the need for water
sample collection during months when these conditions are likely to occur should be
evaluated during site planning and special sampling measures may need to be developed.
Ice formation in the flow-through-cell will cause the monitoring probes to act erratically.
A transparent flow-through-cell needs to be used to observe if ice is forming in the cell. If
ice starts to form on the other pieces of the sampling equipment, additional problems may
occur.

40 HEALTH & SAFETY

When working on-site, comply with all applicable OSHA requirements and the site’s
health/safety procedures. All proper personal protection clothing and equipment are to be
worn. Some samples may contain biological and chemical hazards. These samples should
be handled with suitable protection to skin, eyes, etc.

5.0 CAUTIONS

The following cautions need to be considered when planning to collect groundwater
samples when the below conditions occur.

If the groundwater degasses during purging of the monitoring well, dissolved gases and
VOCs will be lost. When this happens, the groundwater data for dissolved gases (e.qg.,
methane, ethene, ethane, dissolved oxygen, etc.) and VOCs will need to be qualified.

Some conditions that can promote degassing are the use of a vacuum pump (e.g., peristaltic
pumps), changes in aperture along the sampling tubing, and squeezing/pinching the
pump’s tubing which results in a pressure change.

When collecting the samples for dissolved gases and VOCs analyses, avoid aerating the
groundwater in the pump’s tubing. This can cause loss of the dissolved gases and VOCs in
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the groundwater. Having the pump’s tubing completely filled prior to sampling will avoid
this problem when using a centrifugal pump or peristaltic pump.

Direct sun light and hot ambient air temperatures may cause the groundwater in the tubing
and flow-through-cell to heat up. This may cause the groundwater to degas which will
result in loss of VOCs and dissolved gases. When sampling under these conditions, the
sampler will need to shade the equipment from the sunlight (e.g., umbrella, tent, etc.). If
possible, sampling on hot days, or during the hottest time of the day, should be avoided.
The tubing exiting the monitoring well should be kept as short as possible to avoid the sun
light or ambient air from heating up the groundwater.

Thermal currents in the monitoring well may cause vertical mixing of water in the well
bore. When the air temperature is colder than the groundwater temperature, it can cool the
top of the water column. Colder water which is denser than warm water sinks to the
bottom of the well and the warmer water at the bottom of the well rises, setting up a
convection cell. “During low-flow sampling, the pumped water may be a mixture of
convecting water from within the well casing and aquifer water moving inward through the
screen. This mixing of water during low-flow sampling can substantially increase
equilibration times, can cause false stabilization of indicator parameters, can give false
indication of redox state, and can provide biological data that are not representative of the
aquifer conditions” (VVroblesky 2007).

Failure to calibrate or perform proper maintenance on the sampling equipment and
measurement instruments (e.g., dissolved oxygen meter, etc.) can result in faulty data
being collected.

Interferences may result from using contaminated equipment, cleaning materials, sample
containers, or uncontrolled ambient/surrounding air conditions (e.g., truck/vehicle exhaust
nearby).

Cross contamination problems can be eliminated or minimized through the use of
dedicated sampling equipment and/or proper planning to avoid ambient air interferences.
Note that the use of dedicated sampling equipment can also significantly reduce the time
needed to complete each sampling event, will promote consistency in the sampling, and
may reduce sampling bias by having the pump’s intake at a constant depth.

Clean and decontaminate all sampling equipment prior to use. All sampling equipment
needs to be routinely checked to be free from contaminants and equipment blanks collected
to ensure that the equipment is free of contaminants. Check the previous equipment blank
data for the site (if they exist) to determine if the previous cleaning procedure removed the
contaminants. If contaminants were detected and they are a concern, then a more vigorous
cleaning procedure will be needed.
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6.0 PERSONNEL QUALIFICATIONS

All field samplers working at sites containing hazardous waste must meet the requirements
of the OSHA regulations. OSHA regulations may require the sampler to take the 40 hour
OSHA health and safety training course and a refresher course prior to engaging in any
field activities, depending upon the site and field conditions.

The field samplers must be trained prior to the use of the sampling equipment, field
instruments, and procedures. Training is to be conducted by an experienced sampler
before initiating any sampling procedure.

The entire sampling team needs to read, and be familiar with, the site Health and Safety
Plan, all relevant SOPs, and SAP/QAPP (and the most recent amendments) before going
onsite for the sampling event. It is recommended that the field sampling leader attest to the
understanding of these site documents and that it is recorded.

7.0 EQUIPMENT AND SUPPLIES
A. Informational materials for sampling event

A copy of the current Health and Safety Plan, SAP/QAPP, monitoring well construction
data, location map(s), field data from last sampling event, manuals for sampling, and the
monitoring instruments’ operation, maintenance, and calibration manuals should be
brought to the site.

B. Well keys.
C. Extraction device

Adjustable rate, submersible pumps (e.g., centrifugal, bladder, etc.) which are constructed
of stainless steel or polytetrafluoroethylene (PTFE, i.e. Teflon®) are preferred. PTFE,
however, should not be used when sampling for per- and polyfluoroalkyl substances
(PFAS) as it is likely to contain these substances.

Note: If extraction devices constructed of other materials are to be used, adequate
information must be provided to show that the substituted materials do not leach
contaminants nor cause interferences to the analytical procedures to be used. Acceptance
of these materials must be obtained before the sampling event.
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If bladder pumps are selected for the collection of VOCs and dissolved gases, the pump
setting should be set so that one pulse will deliver a water volume that is sufficient to

fill a 40 mL VOC vial. This is not mandatory, but is considered a “best pra