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SUMMARY

This report has been prepared as a requirement of Contract 68-N2-2613,
Task 6 to document a proposed approach for the interpretation of environ-
mental assessment data and identification of additional analytical require-
ments. Volume I describes the general approach to Level 2 analysis and
Volume II, a companion to this document, is the application of the approach
to a set of samples. Addressed are the decision criteria needed to proceed
from the initial emission screening analysis phase (Level 1) to the detailed
emission characterization phase (Level 2) and the Level 2 analytical approach.
This stepwise phased approach to environmental assessment has been shown to
be significantly cost effective compared to a direct approach of obtaining
the needed information by sampling all streams and analyzing them for all
suspected poliutants (1).

In the phased approach to environmental assessment, Level 1 is the
initial survey method by which hazardous streams are distinguished from
those less hazardous or innocuous. Level 1 sampling and analysis have been
designed to generate semiquantitative (+3X) information about the organic
and inorganic elements of interest in the sampled stream so that a dominant
offender does not go undetected (2). This information can then be used to
prioritize the detailed and specific analysis required in Level 2.

The decision criteria developed in this report provide a basis which
can be used for proceeding to a Level 2 emission characterization. However,
this study has been reduced somewhat in scope by limiting the number of
specific pollutants of interest to a chemical correlation with those identi-
fied as the Multimedia Environmental Goals (MEG) (3) compounds as defined by
the EPA and detailed by Research Triangle Institute. The decision criteria
presented here consider only the available Level 1 chemical data. The
contributions from the bioassay results to the choice of Level 2 samples is
not part of this data evaluation. The possibility of negative chemical
results (that in which individual components do not exceed a toxic concen-
tration) occurring with positive biological toxicity is highly probable.
Therefore, consideration by the analysts of the bioassay results is an
important part of a Level 1 environmental assessment and could result in a
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Level 2 effort to detect synergistic agents. In recent environmental assess-
ments (4) the correlation between chemical data and bioassay tests has been
excellent though the entire biological test matrix must be conducted.

Section 2 of tris document discusses the types of field samples,
retainable samples, and chemical data avialable from a Level 1 Evironmental
Assessment which can be prioritized for the MEG based Level 2 plan. Retained
Level 1 samples are collected from each of the Source Assessment Sampling
System (SASS) components, either in the form of solids, water samples, or
methylene chloride washings. The samples collected are analyzed either in
the neat or subsequently prepared form. These retained Level 1 samples are
addressed as valid Level 2 samples. Any MEG organic categories or inorganic
elements requiring a Level 2 sampling are discussed and some preliminary
sampling recommendations made. Complete resampling, therefore, becomes
unnecessary under this Level 2 approach, providing the uncertainty in the
Level 1 sampling is tolerable for the required environmental assessment.

A feature of the Level 1 analysis is that the data can be identified by
the analyst when resampling is necessary. This is discussed in Section 4
where a logic flow is presented for establishing the need for a Level 2
sampling effort.

The sampliing procedure for Level 1 Environmental Assessment recommends
use of the Source Assessment Sampling System (SASS). This system consists
of the following components:

¢ 1, 3, and 10 micron particulate cyclones
e Filter

e XAD-2 sorbent trap resin

e XAD-2 sorbent module condensate

e Impingers

e Probe and connecting 1lines

In the case of a low amount of collected particulate matter all solids may

have been used during Level 1 activities. Therefore, Level 2 analyses can-
not be performed on those neat samples. However, it is possible to proceed
into this Level 2 approach with Level 1 retained prepared samples.
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Sectioﬁ 3 presents the transitional details which start with Level 1
data and arrive at the decision to conduct Level 2 analyses. In this deci-
sion format Level 2 is only required at the specific Level 1 reporting
points containing ug/m3 (ng/2 or ug/g) concentrations which exceed Minimum
Acute Toxicity Effluent (MATE) guidelines. The MEG compounds, decision
criteria MATE, Level 1 reporting points, and generalized Level 2 tests are
presented as usable Level 1 — Level 2 data reduction tables (Appendix A).
Level 1 reporting points are given in Table 2-5 and specifically detailed
in Table A-1. The decision to conduct a Level 2 analysis is then made based
on Level 1 data and MATE concentrations within a specific MEG category.

Section 4 presents decision criteria for Level 2 sampling. If a Level
2 sampling effort is necessary, the SASS may not be the most viable train.
This section, therefore, contains some preliminary suggested Level 2 sam-
pling methods.

In Section 5 an integrated approach to Level 2 inorganic compound
analysis, which is also being developed under Contract 68-02-2165, is pre-
sented. This identification scheme consists of:

e Initial sample characterization, where elemental composition,
sample stability, and bulk morphological structure are
determined.

e Bulk composition characterization, where qualitative and
quantitative anion, oxidation state, and X-ray diffraction
information are derived.

e Individual particle characterization, where single particle
elemental composition, X-ray diffraction pattern and mor-
phology are measured.

Detailed logic networks are also included to provide direction to the
analyst during the identification process. The analysis of solid and liquid
samples for organic compounds is discussed in Section 6. Combined gas chro-
matography and mass spectrometry is the main technique used to identify
organic compounds in this plan. Direction is provided to the analyst by
means of flow charts and written explanation on such <items as:

e Sample size ke

e Mass ranges to be scanned



o GC columns to be used
o Estimated GC conditions for complete separation

Under EPA Contract 68-02-2150 a procedures menaual (5) is being pre-
pared for Level 2 organic sampling and analysis. It should be referred
to by the Level 2 analyst as & more complete compendium on organic compound
identification methodologies.

The Level 2 approach presented here has been used to access Level 1
data reported by Battelle Columbus Laboratory from run #2 of a 6" Fluidized
Bed Combustor Unit, EPA Contract No. 68-02-1409, Task No. 33. Level 2 anal-
yses of these retained Level 1 samples has been conducted and reported (6)
under EPA Contract No. 68-01-3152, Tasks 2, 3 and 4. The report from this
analytical effort should be referred to for examples of specific method

applications.
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1. INTRODUCTION

This document has been prepared as a requirement of Task 6, Preparation
of a Draft and Final Report on a Level 1/Level 2 Analysis Scheme, of EPA
Contract 68-02-2613, Non-Personal Quick Reaction Engineering and Technical
Services. The approach presents a detailed, but preliminary, Environmental
Assessment Plan for characterization of the emissions from an energy process
based on Multimedia Environmental Goal (MEG) organic and inorganic chemical
species. The MEG compounds are potentially hazardous compounds which can
be emitted from a variety of energy conversion processes undér certain pro-
cess conditions at concentration levels which could cause an environmental
insult. The emissions characterized by compound class and elemental screen-
ing methods (Level 1) are used to identify those stream samples.which may
offer specific pollutant emission problems. The Minimum Acute Toxicity
Effluent (MATE) values are used as the concentration decision criteria for
determining whether additional detailed emissionncharacterization (Level 2)
should be performed. The Level 2 characterization is considerably more
accurate and quantifies specific MEG inorganic and organic compounds. The
Level 2 analysis plan presented here is considered to be pre]inﬁnary because
the information used to test and evaluate the decision criteria was not
based on a recommended Level 1 analysis scheme (e.g., field test data were
not obtained and provisions for stabilizing the Iow‘mblecuiér:Weight species
were not utilized). The value of the work reported here is (1) the genera-
tion of a practical reporting format, (2) the log1c path network to make
decisions for proceeding to Level 2 analysis, and (3) the 1n1t1a1 approach
at multimedia Level 2 analysis. Retained Level 1 samp1es have been the
focal point of the Level 2 approach developed. Leve] 2 on-site analysis
schemes are recommended for future programs to study the complexity of
on-site volatile and reactive species identificaiibﬁ: However, some
approaches to Level 2 on-site compound 1dent1f1cat1on are 1nc1uded as sug-
gestions to the performing analyst.

The Level 2 analysis of retained Level 1 samples is complex. Deci-
sions requiring analytical expertise follow every Level 2 data generation
effort Therefore, after each Level 2 analysis step the information
obta1ned must be evaluated and the list of MEG compounds 1dent1f1ed
quant1f1ed tabulated, and MEG list closure estab1ished The ana]ys1s is
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continued until an acceptable closure is reached and the total sample
composition is reduced to a 1ist of MEG compounds with their ug/m3 effluents.

This document is based on the currently available MEG and MATE values.
These are both evolving lists and, consequently, the data reduction and
decision tables presented in Appendix A are not fixed.



2., LEVEL 1 SAMPLES, NATURE OF RETAINED SAMPLES
AND LEVEL 1 DATA

In the phased approach to environmental assessment, Level 1 is the
initial survey method by which hazardous streams are distinguished from
those less hazardous or relatively innocuous. Level 1 sampling and analysis
have been designed to generate semiquantitative (+3X) information about the
organic and inorganic species of interest in the sampled stream so that pol-
lutants do not go undetected. Level 1 data, therefore, consist of identi-
fied organic classes of compounds and inorganic elements. These data can
then be used to prioritize the detailed and specific analysis required in
Level 2.

This section discusses the types of field samples, retained prepared
samples and data available from a Level 1 Environmental Assessment which
can be prioritized for the MEG based Level 2 plan. Retained Level 1 samples
are addressed as valid Level 2 samples. Any MEG organic categories or inor-
ganic elements requiring a Level 2 sampling are discussed. Preliminary
sampling recommendations are made in Section 4. Compiete resampling, there-
fore, becomes unnecessary under this Level 2 approach providing the Level 1
sampling effects on quantitation are tolerable for the required environ-
mental assessment.

2.1 LEVEL 1 SAMPLES

Level 1 samples can be separated into two distinct categories based
on where they are analyzed in Level 1. These analytical categories are
designated here as on-site and home-site. Logically the on-site Level 1
samples are reactive and/or volatile and are more suited for real time
analyses. Retention of these materials for complex characterization would
require special sampling equipment or a highly instrumented field laboratory.
The home-site samples can be easily retained. Table 2-1 Tists the Level 1
on-site and home-site samples and the MEG categories found in each.

The Level 1 on-site analyses, as listed in Table 2-1, lack specific
tests for some MEG compounds, e.g., ozone and speciation on the C1-C7 cate-
gory;(Section 2.2). The Level 1 home-site samples, although they contain
all MEG categories, do not contain some of the MEG compounds (Section 2.2).



Table 2-1.

Level 1 Analytical Categories

Level 1
General Category

On-Site Determinations

MEG Category
(Environmental Impact)

Air NOx 47

Cl—C7 1, 2’ 4’ 5, 7, 8, 9’
10’ 11, 13’ 15, 24’
25, 26

C0p, CO, 02, N2, 42, 47, 52, 53

Hzg, S02, H2S

H2S, S02, COS, CH3SH, 13, 53

CH3CHoSH, etc.

Total particulate, (Data recorded)

ng/md (samples retained)

Water PH, acidity, alkalinity, (Data recorded for
BOD, COD, dissolved oxy- general water quality
gen, conductivity, dis- parameters - most
solved and suspended analyses require
solids, specific anions 24 hour turnaround)
(samples retained)

Solids Total output, (Data recorded for
kg/hour (samples mass emission calcu-
retained) lations and total

particulate emissions)

Level 1 MEG Categories

General Category Home Site Samples (Environmental Impact)

Air SASS components A1l categories

Water Retained aqueous sam- A1l categories
pling, e.g., evapora-
tion pond, cooling
tower, etc.

Solids Retained bulk solid A11 categories

samples, e.g., feed
materials, overflow
bed materials, etc.




These home-site samples are fully characterized for inorganic elements and
organic functionality. Level 2 sampling and analysis are, therefore,
required for some MEG compounds (Table 2-2).

2.1.1 Level 1 Home-Site Samples

The home-site emission samples generally consist of a Level 1 catch
taken with the Source Assessment Sampling System (SASS) (shown schematically
in Figure 2-1) consisting of the following components:

e 1, 3, and 10 micron particulate cyclones
e Filter

e XAD-2 sorbent trap resin

e XAD-2 sorbent module condensate

e Impingers

¢ Probe and connecting Tine washings

These SASS components and the retained water and solid samples can, depend-
ing on the total quantities obtained from the Level 1 sampling effort, be
-retained as neat or as Level 1 prepared samples (e.g., in the case of a low

particulate catch where all solids may have been prepared as organic and
inorganic aliquots during Level 1 activities). Level 1 prepared samples
consist of:
1. Inorganic aliquots:
e SASS cyclones, filter particulates and XAD-2 sorbent and
bulk solids dissolved in an acidic media through Parr bomb
combustion over nitric acid

e SASS impingers: 'Hzoz and APS (silver catalyzed ammonium
persulfate), diluted to two liters

"® Bulk liquid samples: Cooling tower water, feed materials,
etc.

2. Organic aliquots:

e SASS cyclones, filter. particulates and bulk solids
extracted and concentrated in methylene chloride

e SASS XAD-2 sorbent extracted and concentrated in methylene
chloride T



Table 2-2. MEG Compounds Not Contained in Level 1 Samples
Category Compound Rationale for Compound LosS
1. ALIPHALIC A1l < C7 On-site analysis is not com-

HYDROCARBONS

pound specific. Butadienes,
Pentenes, Cyclohexadiene,
Acetylene, Propyne and Butyne
are reactive.

2. HALOGENATED
ALIPHALIC
HYDROCARBON

Methyl Iodide

1,1,2-Trichloro-
ethane

Carbon
Tetrachloride

Methyl bromide

1,2-Dichloro-
ethane

Methyl chloride
Dichloropropane

1,2-Dichloro-1,
2-difluoroethane

Dichlorodifluoro-
methane

Trichlorofluoro-
methane

Bromodichloro-
methane

Chloroethane
Dichloropropenes

1,1-Dichloro-
ethane

1,2-Dichloro-
ethane

On-site analysis is not com-
pound specific. These are
reported as C1-C7 species.

Hexachlorobutadiene and Hexa-
chlorocyclopentadiene are
reactive.

4. HALOGENATED
ETHERS

Chloromethyl
methyl ether

2-Chloroethyl
methyl ether

On-site analysis is not com-
pound specific. Chloromethyl
methyl ether is reactive.




Table 2-2.

MEG Compounds Not Contained In Level 1 Samples (Continued)

Category Compound Rationale for Compound Loss
5. ALCOHOLS ¢ 1-Propanol
® Methanol
e Ethanol
o o | s 1 ot con
e 2-Propanol
e Tertiary
Pentanol
7. ALDEHYDES, o Acrolein On-site analysis is not com-
KEYTONES e Formaldehyde gggggiiz?c1f1c. Acrolein is
e Propionaldehyde
¢ Butyraldehyde
o Acetaldehyde
] 3—Methy1butano1‘
e Acetone
e Butanone
8. CARBOXYLIC e Methyl This compound is reactive and
- ACIDS Methacrylate may not be present in its
emitted state.
9. NITRILES 1-Cyanoethane
" Siccinnitrite | Onete amlysis fspot con
e Butyronitrile is reactive.
Benzonitrile
e Acetonitrile
10. AMINES e Butylamines
e Ethylamine
e 3-Aminopropene
e Ethyleneimine On-site analysis is not com-
o Dimethylamine pound’ specific.
o Diethylamine
e Ethyl methyl-

amine




Table 2-2. MEG Compounds Not Contained In Level 1 Samples (Continued)
Category Compound Rationale for Compound Loss
11. AZ0 A11 compounds A11 azo compounds are reactive
COMPQOUNDS and may not be present in
their emitted states.
13. MERCAPTANS, o Perchloromethyl
SULFIDES Mercaptan
. These compounds are reactive
¢ Benzenthiol and may not be present in their
e 1-Anthranthiol emitted states.
e Methyl Disulfide
15. BENZENE e Benzene On-site analysis is not com-
SUBSTITUTED pound specific.
BENZENE
17. AROMATIC NITRO | e 1-Chloro-2- . |
. These are reactive and may not
COMPOUNDS Nitrobenzene be present in their emitted -
e 1-Chloro-4- states.
Nitrobenzene '
22. FUSED NON- e Dicyclopentadiene} This is reactive.-
ALTERNATE
POLYCYCLIC
HYDROCARBONS
24, HETEROCYCLIC ¢ Furan On-site analysis is not com-
NITROGEN pound specific.
25. HETEROCYCLIC ¢ Thiophene On-site analyéis is not com-
SULFUR pound specific.
'26. ORGANOMETALLICS| e Alkyl Mercury On-site anq]ysis is not com-
o Trimethyl Arsine p?”"d specific..

42. CARBON e = CO, Carbonyl ‘ Meta] carbonyl compounds are
not included in Level 1 on-
site samples. They will be
detected as metallic cations
only.

43. SILICON e Silane Not included in Level 1 on-

site samples.




Table 2-2. MEG Compounds Not Contained In Level 1 Samples (Continued)

Category Compound Rationale for Compound Loss

47. NITROGEN Hydrazine Not included inilevel 1

_ on-site samples.

48. PHOSPHORUS Phosphine Not included in Level 1
on-site samples. It will be
detected as total P.

49. ARSENIC Arsine, AsH, Not included in Level ‘1
on-site samples. It will be
detected as total As.

| 50. ANTIMONY Stibine, SbH, Not included in Level 1
on-site samples. It will be
detected as total Sb.

52. OXYGEN Ozone Not included in Level 1

) on-site samples.
53. SULFUR Sulfer Dioxide, SASS metallic composition
S0, catalized SO2 indeterminately
L. to S03, S04. (7) However,
Sulfer Trioxide, | S02 is measured by Field
S04 Gas Chromatograph.
54. SELENIUM Hydrogen Not included in on-site
Selenide, HZSe samples. These are determined
as total Se.
Carbon
Diselenick, CSe2

56. FLUORINE HF ' Not included in on-site
samples. Reactive with SASS.

57. CHLORINE c1, C1, and COC1p not included in

- on-site samples. HC1 is
HC1 reactive with SASS.
COC12

58. BROMINE Br2 ; Br2 and HBr are not included in

on-site samples. HBr is
HBr reactive with SASS




Table 2-2. MEG Compounds Not Contained In Level 1 Samples (Continued)

Category Compound Rationale for Compound Loss
59. IODINE ° 12 Not included in on-site
samples.
L -
68. CHROMIUM ® Chromium Not included in on-site
Carbonyl, samples. It will be
Cr(CO)6 determined as total Cr.
72. IRON ® Iron Carbonyl, Not included in on-site
Fe(CO)s, Fe(CO)g, samples. It will be
Fe3(CO?12 determined as total Fe.
76. NICKEL e Nickel Carbonyl, | Not included in on-site
N1'(C0)4 samples. Decomposed above
500C and determined as
total Ni. ‘

83. MERCURY ¢ HgCl ' Not included in on-site
. . samples. It will be
determined as total Hg.-

¢ Bulk liquid samples extracted and concentrated in methylene
chloride

e The subsequent liquid chromatographic aliquots of these
organic extracts
Level 2 environmenfa] asseésment can precede from both neat and prepared
Level 1 samples. However, the obtainable Level 2 information will vary
according to the sample's starting condition. Unprepared samples are pre-
ferred. (See the respective inorganic and organic Level 2 analytical
schemes, Sections 5 and 6.)

2.2 NATURE OF RETAINED LEVEL 1 SAMPLES

Level 1 samples retained.for any period of time can undergo species
toss, chemical rearrangement, or surface/interior changes. These can
resu]f from volatilization, decomposition, free radical initiated reactions,
and loss of surface coatings through sample agitation. - The extent of these

10



I

. — t— e— )

I

200 °C MAX,
104 3u " | cooLing
CYCLONE CYCLONE CYCLONE FILTER | (20°

PROBE

I
L

CONDENSATE[—

i

XaD-2

SORBENT

IMPINGERS

APS

APS

H,O

Figure 2-1. SASS Train Schematic




changes, their kinetics or their effect on the validity of generated Level 2
data are unknown. However, if the samples have been carefully stored (cool,
dark, sealed, limited access storage), they should be reasonably representa-
tive of the site effluents for a period up to six months.

Retained Level 1 samples do not contain some of the MEG compounds of
interest. In some cases they have not been included in the on-site sample
activity; e.g., ozone; or they have reacted with the SASS contruction mate-
rials and are not sampled, e.g., HF; and in other cases, they have been
sampled but altered in composition and their compound origin can no longer
be distinguished, e.g., AsH3. Table 2-2 lists the MEG categories, the com-
pounds in each category not present or distinguishable in retained Level 1
samples, and the rationale for their absence.

Although this 1isting of MEG compounds not distinguishable or present
in a Level 1 sampling and analysis activity is extensive, it does not
impact the validity of the phased approach. The presence of most of the
listed organic compounds, with the exception of 19 reactive species, is
detectable in the C1-C7 as a total pg/m3 concentration emitted for a specific
boiling point range. If this total quantity exceeds the most toxic MATE
value for that range, then a Level 2 sampling, followed by a compound spe-
cific analytical technique, would be initiated (Section 4). The MATE trig-
gering values for the C1-C7 on-site samples are listed in Table 2-3.

Table 2-3. MATE Level 2 Triggering Values for C1-C6

BOILING POINT RANGE MATE VALUE, ng/M3 COMPOUND
Cl 3.27 x 106 Methane
Cz 5.31 x 100 Acetylene
Cy 3.3 x 10 Ethyleneimine
4
Cq 1.8 x 10 Ethylamine
s 2.5 x 10 Acrolein
Ce 3.177 x 10 N,N-Dimethylhydrazine

12



The 19 reactive organic compounds are generally dispersed throughout
the MEG categories. Even though these reactive compounds will not be
detected, other nonreactive compounds in these categories will trigger a
Level 2 analysis because of their conservative MATE values. These 19
reactive organic compounds must have specific sampling and analysis systems
designed for Level 2 on-site use. Suggested approaches for Level 2 C1-C7
and reactive organic compounds are presented in Section 4.

0f the inorganic compounds listed, silane, ozone, hydrazine, chlorine
(C12), phosgene (COClp), iodine (I2), and bromine (Br2) are compounds not
identified by Level 1 on-site sampling analyses and not collected as inor-
ganic elements. The remaining inorganic species are detected in Level 1,
but their emitted compound origin can not be retraced in home-site samples.
If the Level 1 data indicate that a category, e.g., chlorine or antimony,
exceeds the most conservative MATE value for any compound in that category,
then Level 2 on-site activities must design protocol for these 1isted com-
pounds. Suggested approaches for Level 2 on-site tests for inorganics are
discussed in Section 4.

2.3 LEVEL 1 DATA ON HOME-SITE SAMPLES

In Level 1 methodology the inorganic elements, with the exception of
As, Sb, and Hg are determined by Spark Source Mass Spectroscopy (SSMS).
These data are comprehensive (anion and cation information is present) and
they are determined for all home-site samples. Data are reportable as ug/m3,
ug/1 and ug/g when combined with on-site sample times, flows, and total
catch data. These inorganic elemental values can easily be tabulated and
compared to the MATE concentrations presented in the tables.

In the Level 1 analysis scheme, the samples are apportioned for inor-
ganic and organic analysis. The portions for organic analysis are extracted.
An aliquot is taken for the C7-C12 GC analysis, and ene is taken for gravi-
metric and infrared (IR) analyses. If the gravimetﬁic analysis indicates
sufficient concentration of organic materiaT; analiquot of the extract is
taken so that a minimum of 50 mg of residue results. This residue is then
separated by 1iquid chromatography (LC). The eight LC fractions are analyzed
by gas chromatography for volatiles and are evaporated for nonvolatiles,”
which are reportable as ug/m3, ug/1 and ug/g and can be compared with MATE

13



values as tabulated in Section 3. If any fraction produces a residue that
is calculated (from the sample size and volume of gas sampled) to exceed
0.5 mg/m3, then a low resolution mass spectra (LRMS) is also obtained. For
the 30 m3 stack sample a fraction weight must exceed 15 mg. Data are then
reduced to ug/m3 for each organic SASS reporting point. The numerical cri-
teria, which would require that a LRMS be conducted, are 0.1 mg/1 for bulk
water samples and 1 mg/kg for bulk solid samples.

A Level 1 IR spectrum is interpreted in terms of the presence of func-
tional groups. That is, the presence of an absorption corresponding to a
carbonyl stretch is taken as indicative of the presence of a carbonyl (cate-
gories 5, 6, 7, and 8) compound. Detection 1imits vary widely since the
strengths of characteristic absorptions and ionization patterns vary widely
in both the IR and LRMS techniques. Typically, no quantitation is performed.
However, semiquantitative information is obtainable and providing that
detection limits are lower than MATE requirements, MEG categories can be
eliminated from consideration in the Level 2 analysis scheme.

A typical LRMS detection 1imit is about 1 percent of a 0.1 mg sample.
Thus, about 1 ug of material should be detectable. Again providing that the
detection limit in pg/m3 for the specific MEG category on the specific
instrument in use is Tower than the MATE requirements, then specific cate-
gories can be eliminated from Level 2 consideration. A note can be placed

on the Level 1 — Level 2 data presentation table (Appendix A) that the com-
pound was not detectable in the Level 1 IR or LRMS.

The details of Level 1 — Level 2 decision criteria are contained in
Section 3. Generally, any Level 1 reporting point (organic or inorganic)
which exceeds the most conservative MATE concentration value in a given
category will require Level 2 analysis on the particular Level 1 sample
aliquot representative of that reporting point. Figure 2-2 depicts the
Level 1 — Level 2 transition and Table 2-4 Tists in general the Level 1
reporting points.

14
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Table 2-4. General Level 1 Reporting Points

General Level 1 Level 1
Sample Classes Reporting Point
Inorganics ' ° SSMS data in ug/m3 for each element

. ‘ Hg, As, Sb data in ug/m3

Organics . e C1-C7 on site in ug/m3 for each
boiling point range

) C7-C12 in ug/m3 for each boiling
point range

) LC1-LC8 in pg/m3 for each MEG

category
LC Fraction MEG Category Present
1 1. Aliphatic Hydrocarbons (HCs)

2. Halogenated Aliphatic HCs

2 2. Halogenated Aliphatic HCs

15. Benzene, Substituded Benzene HCs
16. Halogenated Aromatic HCs

21. Fused Aromatic HCs

22. Fused Nonalternate Polycylic HCs

3 15. Benzene, Substituted Benzene HCs
16. Halogenated Aromatic HCs
21. Fused Aromatic HCs

22. Fused Nonalternate Polycyclic HCs

23. Heterocyclic Nitrogen Compounds
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Table 2-4.

General Level 1 Reporting Points (Continued)

LC Fraction MEG Category Present
4 3. Ethers
4. Halogenated Ethers
9. Nitriles
17. Aromatic Nitro Compounds
21. Fused Aromatic HCs
22. Fused Nonalternate Polycyclic HCs
23. Heterocyclic Nitrogen Compounds
25. Heterocyclic Sulfur Compounds
5 7. Aldehydes, Ketones
9. Nitriles ‘
13. .Mercaptans
17. Aromatic Nitro Compounds ’
18. Phenols
24. Heterocyclic Oxygen Compounds
6 5. Alcohols
7. Aldehydes, Ketones
8. Carboxylic Acids, Derivatives
9. Nitriles
10-  Amines
18. Phenols
19. Halophgno]s
7 8. Carboxylic Acids, Derivatives
10. Amines
11. Azo Compounds, Hydrazine Derivatives

17




Table 2-4. General Lével 1 Reporting Points (COntinugd)-“

LC Fraction MEG Category Present

7 18. Phenols
20. Nitrophenols

8* 8. Carboxylic Acids, Derivatives

14. Sulfuric Acid, Sulfoxides

*
Recent studies have shown that fraction 8 does not actu i
] v ally contain t
theoretically predicted categories, Sulfuric acid and su]fgxides may 2§§e
be removed from the samples by the original extraction process,

18



3. MEG CATEGORIES AND COMPOUNDS AT MATE CONCENTRATION
AS DECISION CRITERIA

This section presents the transitional details which start with Level 1
data and arrive at the decision to conduct Level 2 analyses. In this deci-
sion format Level 2 is only required at the specific Level 1 reporting
points containing compound concentrations which exceed Minimum Acute Toxi-
city Effluent (MATE) guidelines. The MEG compounds, decision criteria MATE,
Level 1 reporting points and generalized Level 2 tests are presented here
as usable Level 1 — Level 2 data presentation tables.

3.1 MEG CATEGORIES, COMPDUNﬁS AND ELEMENTS

The Multimedia Environmental Goals (MEG) program concept examines the
pollution potential of fossil fuel conversion processes. The results of
this examination are currently presented in a listing of compounds and ele-
ments associated with coal and oil that could, based on free energies and
the conversion conditions, be liberated to the environment. This is an
evolving data base, changing as more biological data become available.
These data include threshold 1limit values (TLV), median lethal dose (LDsO);
median lethal concentrations (LCgg), median toxic dose (TDgg), and median
tolerance limit (TLy); and carcinogenic, mutagenic and teratogenic data.
The biological data are then used to determine the elements and compounds
targeted for control technology. The Level 1 environmental assessment
methodology has been designed to identify inorganic elemental composition
and organic compound categories of the sampled stream using the combination
of Spark Source Mass Spectroscopy (SSMS), a sensitive (0.1 ppm) multi-
element analytical technique, and one element specific instrumental tech-
nique for Hg, As, and Sb. Mercury, arsenic, and antimony are volatile spe-
cies with high and indeterminant limits of detection by SSMS. Organic
functional groups are sought using methods such as gas chromatography,
gravimetric analysis, infrared, and mass spectrometry. The inorganic or
organic compounds listed in the MEG charts would not be sought by the Level
1 scheme. However, should an inorganic element or organic class exceed an
EPA concentration guideline, then in the phased approach to environmental
assessment, a Level 2 assessment would be required to identify and quan-?
tify the compound forms. Level 2 would be conducted to specifically seek

the MEG compounds.
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The MEG 1list provides a guide for the Level 2 analyst. The Level 2
plan developed (Sections 5 and 6) has as its basis the abjlity to distin-
guish MEG categories in the complex Level 1 samples and the overlapping
Level 1 sample aliquots. The MEG compounds function as a list which the
Level 2 analyst uses to produce analytical standards for verification of
procedures and constantly refers to during the Level 2 analytical effort.

3.2 MATE CONCENTRATIONS

The MEG charts, as originally constructed, do not contain information
on the concentration levels of interest. Concentration guidelines are
necessary for the decision making process. The analyst must know the con-
centration at which Level 1 data trigger the Level 2 activities and the
detection limits for each compound of interest in the Level 2 plan. The
MATE values take into consideration a variety of factors, including the
biological data Tisted in Section 3.1, half-lives, cumulative tendencies,
and relationships between human and animal toxicity data. The MATE levels
are those permissible for continuous exposure in an ambient media. Levels
exceeding the MATE are, therefore, of environmental concern. MATES will be
refined as more biological data and better models become available.

A decision to conduct a Level 2 analysis can now be made based on
Level 1 data and MATE concentrations and their presences in a specific
MEG category.

3.3 LEVEL 1 — LEVEL 2 DATA REDUCTION AND DECISION CHARTS

The data presented in Table A-1 (Appendix A) have been formulated to
function for:

e Level 1 and Level 2 reporting

o Llevel 2 decision making based on MEG categories, compounds,
and elements at MATE concentrations

e Generalizations on the applicable Level 2 techniques

The table key, which codes the amalytical methodology, expectations,
and cost requirements, was meant as a generalization (Sections 5 and 6 con-
tain the specific technical analytical information). For example, GC/MS
is the chosen analytical technique for all the organic categories; pre-
treatment, volume, GC conditions, and MS detection technique are details

20



not meant to be part of the table key. An inorganic Level 2 Test Method
example would be for soluble Fe where 1-C,A would indicate extraction (C)
followed by AAS (A); another 1-C for arsenic would indicate a colorimetric
determination for total As. These tables have been construcfed to stand
alone as decision guidelines in the Level 1 — Level 2 approach based on
MEG and MATE. They 1ist MEG compounds with their MATE in order of decreasing
toxicity in each of the MEG categories, where in the Level 1 data the MEG
compound of interest is found, the ratio of the specific Level 1 concentra-
tion to MATE value, if Level 2 is required, and generalizations on the
applicable Level 2 methodology. A decision to conduct Level 2 tests for a
specific MEG category is triggered if the Level 1 report point exceeds the
most toxic MATE for that category. Level 1 bhidassay results are not consi-
dered in this decision format.
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4. SUGGESTED APPROACHES FOR LEVEL 2 SAMPLING AND ON-SITE ANALYSES

This section contains suggested Level 2 on-site tests for the
problematic MEG compounds listed in Table 2-2. These are suggested as
starting points only. Where Level 1 data have clearly indicated the require-
ment for Level 2 sampling and analysis then a specific sampling and anaily-
tical plan must be generated. In the on-site Level 2 plan specific hard-
ware (e.g., all glass sampling systems, organic impinger systems, inorganic
glass impingers, and particulate samplers, etc.) is to be taken back to the
field along with compound specific test apparatus (e.g., nondispersive
infrared analyzers, NDIR). The planning activity at that time should in-
clude specific analysis techniques and the laboratory backup, checkout and

supportive data, e.g., the details of the total sample required for a suc-
cessful Level 2 test.

4.1 DECISION CRITERIA FOR LEVEL 2 SAMPLING

Figure 4-1 presents a decision flow diagram to be implemented after
conducting the Level 1 environmental assessment and before proceeding onto
a Level 2 sampling and analysis effort. It addresses the questions the
analysts must answer before establishing that the already acquired Level 1
samples are valid for Level 2. It has been designed to be a cost effective
approach requiring Level 2 sampling only to acquire those data necessary for
a reasonable environmental assessment. Complete resampling is not necessary.

The first criterion examines the integrity of the Level 1 tests and
gathered samples. The Level 1 sampling team, home-site analytical crew,
.and project monitor evaluate the quality of the Level 1 samples and gene-
rated analytical data. In some cases repeat Level 1 tests would be more
appropriate. Questions to be asked at this evaluation point would be:

e Was the Level 1 test statistically representative of site
operating conditions?

e Has operator or instrumental error resulted in any suspect
samples or data?

e MWas the Level 1 representative of others conducted at similar
industries and under similar conditions?
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After this data validation step, the assessment of the Level 1 chemical
results can be conducted according to the decision criteria presented in
Section 3 and contained on the appended Level 1 — Level 2 transition tables.

Once the probable MEG compound 1ist has been generated, Level 2 sampling
requirements are clearly discernible. For example, only volatile organic
compounds (-1600C to + 1000C, the C1-C6 compounds) may require Level 2
identification and quantitation and the entire Level 2 effort would consist
of a grab gas sampling followed by gas chromatography/mass spectrometry.

In many cases the Level 1 samples will be suitable for the Level 2 program.
Specific questions are given on Figure 4-1. When the quantity remaining
may not be sufficient, then a Level 1 sampling, if less costly, can provide
acceptable Level 2 samples. The analyst then follows the analytical
approaches given in Sections 5 and 6. As each MEG compound triggered by
Level 1 is identified and quantified, closure to the Level 1 data is
checked. When successful agreement is obtained, the Level 2 assessment is
completed. Some conjectural problems which the analyst could face in
obtaining a reasonable closure to Level 1 involve the sample's integrity
(storage changes, e.g., contamination, loses, surface oxidation)} and the
Level 1 uncertainty factor(quantitation factor +3X, e.g., some inorganic
elements are less reliably quantitied by the Level 1 ssmMs). If the sample
is contaminated to the extent that the Level 2 data obtained are scrambled,
then Level 2 sampling for a higher quality sample may be more reasonable
and cost effective than the identification of the interferring species.
Where quantitation is problematic and multiple analyses by complimentary
techniques have not resolved the closure problem, Level 2 resampling can.
By employing a more efficient sampling system for the species of interest
followed by the most precise analytical techniques, the analyst will resolve

effluent quantitation problems. The Level 2 environmental assessment can
then be reliably completed.

4.2 SUGGESTED LEVEL 2 ON-SITE TESTS FOR PROBLEMATIC MEG COMPOUNDS

The problematic MEG compounds not retained in Level 1 samples are sum-
marized as follows:

® (1-C6 compounds, e.g., methane )

® Reactive organic and inorganic compounds, e.g., acrolein and
hydrogen fluoride
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o Volatile inorganic compounds, e.g., phosgene
® Sampled but altered inorganic compounds, e.g., stibine

Two suggested approaches exist for C1-C6 nonreactive hydrocarbon com-
pounds and both are complimentary:

1. Integrated Tedlar bag (glass or stainless steel sample bomb)
for Level 2 resampling

o Collect 10 Titer bag sample
e Concentrate (condense) 0.1 — 1.0 liter in laboratory

¢ Conduct Gas Chromatography/Mass Spectrometry (GC/MS)
using: a) 6 ft ss, Poropak Q

b) 3 percent 0V-101 on Chromasorb W-AW-DMCS

c) any suitable column optimized for separation
of categories 1 and 2 specifically

2. Solid absorbent method

e Collect several 0.1 and 1.0 liter samples on a solid
absorbent capable of being thermally desorbed, e.g., Tenax

o Thermally desorb
e Conduct GC/MS using columns suggested above

Nonreactive compounds detected in the C1-C6 range are best analyzed by
direct GC/MS. Samples will need to be collected specifica]]& for this pur-
pose and shipment and storage should not exceed 24 hours. Two alternatives
are available for these materials, and it is not possible to state a prefer-
ence for one or the other at this time. (Gas sample bags and stainless
steel bombs have been successfully used for direct GC/MS analysis on EPA
Contract No. 68-02-2197.) A gas sample may be collected in a 10-liter bag
and returned to the laboratory where 0.1 — 1.0 liter of the sample can be
condensed {concentrated) in a manner similar to the Kaiser tube approach
and then introduced into the GC/MS for analysis. Alternatively, several
0.1 and 1.0 liter samples can be collected on Tenax and returned to the
laboratory for thermal desorption and GC/MS. This latter approach is
attractive in terms of the analysis, but it is uncertain as to whether the
Tenax trap is capable of retaining all of the volatile species in the C1-C6
range. Therefore, these methods are recommended as concurrent efforts.

4

25



The reactive organic compounds are best analyzed on-site as they are
emitted. Some reasonable simple tests kits are available for preliminary
screening during the Level 1 effort. MEG category 1 reactive compounds may
also be detected in the integrated bag sample. Table 4-1 1ists some reactive
organic and inorganic gases which can be sampled and analyzed by use of
Mine Safety Appliances (MSA) or other test kits and their range of detec-
tion. Although this is not a recommended Level 2 analysis method, it can
indicate if these compounds should be considered for a more suitable Level 2
analytical method, e.g., NDIR. Judgment must be exercised with the use of
these predesigned systems and interferences, reliability, and detection
Timits and conversion to ug/m3 volumes made for each kit used.

Table 4-1. Reactive Organic and Inorganic Compounds
Capable of Being Identified by Specific Test Kits (8)

Compound Category Detection Range (PPM)
Acetylene 1 3-600
Hydrazine 11 & 47 0.5-20
Mercaptans 13 0.5-100
Butanethiol 13 0.5-100
Phosphine 48 0.025-10
Arsine 49 0.025-10
Stibin 50 0.025-1.0
Ozone 52 0.05-5.0
Sulfur Dioxide 53 1-400
Hydrogen Fluoride 56 0.5-5.0
Chlorine 57 0.5-20
Hydrogen Chloride 57 2-250
Phosgene 57 0.1-10
Bromine 58 5-75
Mercury 83 0.5-2.0
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NDIR (or remote FTIR which is now under development) techniques are
applicable to metal carbonyls (categories 42, 68, 72, and 76), silane (cate-
gory 43) and halide gases (categories 56, 57, and 58). Identification of
interferences, gas conditioning requirements, and sensitivity must be
assessed in the presite activities for these techniques.

Tests for the reactive organic compounds cannot be discussed in gen-
eralized terms. In the phased approach, when a category is implicated, a
presite literature search, choice of analytical method and presite analy-
tical checkout should be conducted. In these cases, as well as some inor-

ganic areas, EPA literature and the Federal Register may contain specific
test methods.
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5. LEVEL 2 INORGANIC ANALYSES

Samples for Level 2 analysis may have either been retained from previous
Level 1 analyses, or are new samples that have been obtained specifically
in a Level 2 sampling effort. In general, the sampling systems used produce
particulate matter samples from probe, cyclones, probe washings, filters,
impingers, and the gas conditioner module and module condensate. Additional
organic or inorganic solids, such as feed materials, both solid and liquid
portions of slurries, and liquids — including leachates of selected solids,
are also possible Level 2 samples.

Level 2 inorganic analysis is primarily concerned with compound iden-
tification and consequently the emphasis is placed on the analysis of solid
materials. Analysis of liquid samples for inorganic material is concerned
with the precise elemental composition, oxidation state of free or com-
plexed elements, and the anion content of the sample. The following sec-
tions discuss the preparation, analysis, and correlation of data for Level
2 inorganic analysis. The approach presented here has been under develop-
ment on EPA contract 68-02-2165. Preliminary details were applied and
further expanded for this presentation.

5.1 INORGANIC COMPOUND IDENTIFICATION

The analysis of inorganic compounds requires the coordinated use of a
variety of analytical techniques. Some techniques, such as XRD, TEM-SAED
and ESCA, have the potential for direct compound identification, but only
for selected compounds. The approaches described in Figures 5-1 through
5-3 are of increasing analytical complexity, designed to be cost and time
effective. The identification scheme consists of:

e Initial Sample Characterization — elemental composition, sam-

ple stability, and bulk morphological structure are deter-
mined.

® Bulk Composition Characterizations — qualitative and quanti-
tative anion, oxidation state, and X-ray diffraction infor-
mation are derived.

e Individual Particle Characterization — single particle ele-

mental composition, X-ray diffraction pattern and'morphology
are measured.
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The degree to which each method can be app]ied will vary considerably
with the experience, sample quantity and equipment available to the analyst.
It is recommended that continued use of any one method be evaluated in
1ight of the information derived. In general, it is far better to use a
variety of instruments operated in the most efficient manner rather than
pushing a single instrument or technique to the limit of its capabilities.

Figures 5-4 through 5-6 describe a logic path for identification of
inorganic compounds in a solid matrix using the methods from Figure 5-1.
A similar approach for 1iquid samples is described in Figure 5-7. In both
approaches emphasis is placed on reaching an accurate closure to the MEG
compounds which exceed MATE values. After a method or series of methods
has been applied, a comparison is made of 1ists of identified to potential
MEG compounds for elements which exceed their MATE values. A satisfactory
analysis will depend upon a variety of factors:

¢ Number of compounds identified versus MEG compounds exceeding
MATE values

o Interest in identifying the remaining compounds for those ele-
ments that have exceeded MATE values

o Cost/availability of necessary equipment

The analyst must decide what method will be applied and how much more infor-
mation can be obtained by each additional analysis. In many cases some
methods can be bypassed because of results from previous tests, e.g., quan-
titative anion analysis may provide sufficient information and FTIR would
only be repetitious. In other cases efforts may direct the analyst to a
specific method when it would be best to analyze for a given compound. The
following sections provide a discussion of the proposed methodology and
information derived. By understanding the output frdm each technique, the
analyst will be better able to select the appropriate combination of tech-
niques to determine the compounds present in the environmental sample of

interest.

5.2.1 Initial Sample Characterization

Initially, information from all sources (Level 1 field and analytical
data) concerning the composition of the sample is pooled, assessed, and
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ANALYS!S PROCEDURE FLOW

SOLID
SAMPLE

LEVEL 1 SPARK SOURCE
MASS SPECTROMETRY
(SSMS) DATA

A

THERMOGRAVIME TRIC
ANALYSIS (TGA)/
DIFFERENTIAL
SCANINING
CALORIMETER (DSC)

POLARIZED LIGHT
MICROSCOPE (PLM)

» MICRO-SOLUBILITY
TESTS

—»] MICRO-SPOT TESTS

FOR BULK COMPOSITION

ANA:LYSIS CONTI!*IIUES

CHARACTERIZATION

PRINCIPLE OF OPERATION

RF POTENTIAL USED TO BREAKDOWN SAMPLE PLACED IN
TWO ELECTRODES

RESULTANT 1ONS ACCELERATED OUT OF SOURCE THROUGH
ELECTROSTATIC AND ELECTROMAGNETIC ANALYZERS
(SIMILAR TO ORGANIC MASS SPECTROMETRY)

DETERMINE MASS DISTRIBUTION IN RESULTANT ION
USE DETECTION SYSTEM THAT PROVIDES REQUIRED
SENSITlVII’Y AND PRECISION

® PHOTOGRAPHIC PLATE SYSTEM. USED FOR TOTAL
CHARACTERIZATION OF SAMPLE SINCE ENTIRE
PERIODIC TABLE IS EXAMINED AND POSSIBLE
INTERFERRING 1ONS ARE RESOLVED

® ELECTRICAL DETECTION SYSTEM. GOOD FOR SINGLE
ELEMENT DETERMINATION

TGA RECORDS WEIGHT LOSS OR GAIN A5 MATERIAL
1S HEATED

DSC MEASURES HEAT EVOLVED OR ABSORBED AS SAMPLE
iS HEATED :

PARTICLES ARE COLLECTED FROM VARIOUS SOURCES,
CRUSHED TO 0.05 MM, AND EXAMINED WITH MICRO-
SCOPE., OF SPECIAL IMPORTANCE ARE OBSERVATIONS
® REFRACTIVE INDEX (RELIEF)
* ISOTROPY oa ANISOTROPY
M BIREFRINGEN
3 HEOCHROISM
® FRACTURE

® COLOR
® CRYSTAL HABIT

VIEW SMALL AMOUNTS OF SAMPLE UNDER PLM WHILE
ADDING COLD WATER, HOT WATER, DILUTE HCI, AND
DILUTE BICARBONATE SOLUTIONS

RECORD INFORMATION ON INDIVIDUAL PARTICLE
SOLUBILITIES

ISOLATE SINGLE PARTICLES ON STAGE OF PLM:
® MICRO-SPOT TEST FOR SPECIFIC ANIONS
(03, NOZ, NO3, €03, €I7)
® COMPARE TO QUANTITATIVE STANDARDS

ATOMIC ABSORPTION
SPECTROSCOPY (AAS)

v

QUANTITATIVE
CATION

ANALYSIS

INTRODUCE SAMPLE INTO AAS AND DECOMPOSE WITH
FLAME OR HEAT OF FURNACE
ATONS ARt EORD UNTIL GASEOUS METALLIC

MAKE QUANTITATIVE DETERMINATION
METAL IN SAMPLE BY COMPARING LEVE?FO?’QE:;RE o

ABSORBANCE AT SPECIFIC WAVE
KRN ST SPEC LENGTHS WITH THAT OF
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INFORMATION DERIVED

COMPOUND IDENTIFICATION PROCEDURE

LIMITATIONS

PROVIDES ELEMENTAL CONCENTRATION DATA -
il TA ON ELE

CAN DETERMINE TRACE ELEMENTS IN QUANTITIES AS
LOW AS 0.01 PPM

ABSOLUTE SENSITIVITIES RANGE FROM 1 THROUGH 400 NG

NEED ELEMENTAL DISTRIBUTION DATA TO REDUCE
COMPOUND CHOICES

ELEMENTAL INFORMATION ESPECIALLY USEFUL IN
INTERPRETING IR AND XRD DATA

ACCURACY OF ANALYSIS TYPICALLY 100 TO 500%.
IF ONLY LEVEL 1 DATA IS USED, COULD ALLOW A
YES OR NO ANSWER TO THE PRESENCE OF POSSIBLE
COMPOUNDS

TGA PROVIDES SPECIFIC INFORMATION ON THERMAL
STAMLITY OF SAMPLE: WEIGHT LOSS CAN SOMETIMES

CORRELATED WITH DECOMPOSITION OF SPECIFIC
COMPOUN S

DSC DATA GIVES INFORMATION ON PHASE TRANSITIONS
OR CHEMICAL REACTIONS IN SAMPLE

TGA/DSC NORMALLY CANNOT DETERMINE COMPOUNDS
PRESENT IN COMPLEX MIXTURES WITHOUT INFORMATIO
ON ELEMENTAL AND ANION COMPOSITION
PRIMARY USE IN THIS IDENTIFICATION SCHEME IS TO

PROVIDE STABLE DRYING TEMPERATURES AND IDENTIFY
ANY REACTIVE OR VOLATILE MATERIALS PRESENT

SINCE SMALL SAMPLE SIZES ARE NORMALLY USED,
CHEMICAL STABILITY OF LOW CONCENTRATION
MATERIALS 1S NOT SEEN
THE MAXIMUM TEMPERATURE OF MOST INSTRUMENTS

15 1000°C, WHICH IS BELOW DECOMPOSITION POINT
OF MANY COMPOUNDS

AT LOW MAGNIFICATION, GENERAL APPEARANCE OF
SAMPLE 1S NOTED FOR QUALITY CONTROL OF SAMPLE
HANDLING /STORAGE

AT HIGHER MAGNIFICATION, CRYSTAL STRUCTURE,
COLOR, REFRACTIVE INDEX ARE MEASURED FOR
SINGLE PARTICLES

INITIAL VIEW INDICATES MINIMUM NUMBER OF DIFFER-
ENT PARTICLES AND THEIR POTENTIAL COMPOUNDS

ALL CRYSTALLINE COMPOUNDS HAVE SFECIFIC REFRACTIVE
INDEXES WHICH CAN BE USED TO IDENTIFY THE COMPOUND

AMORPHOUS MATERIALS CAN SOMETIMES BE IDENTIFIED
BY COMPARISON TO KNOWN SUBSTANCES VIA PARTICLE
ATLAS

LIMITED TO SINGLE PARTICLE ANALYSIS

TRACE CONSTITUENTS ADSORBED ON PARTICLES OR EX-
TREMELY SMALL PARTICLES (0.54) MUST BE MEASURED WITH
ANOTHER TECHNIGUE (SEM-EDX)

HOMOGENEITY IMPORTANT FOR CORRECT IDENTIFICATION
RESULTS DIFFICULT TO QUANTITATE

SOLUBILITY OF PARTICLES IN SPECIFIC SOLVENTS
INDICATE THE CLASS OF COMPOUINDS PRESENT

USE SOLUBILITY DATA TC VERIFY LATER RESULTS

USE SOLUBILITY DATA IN CONJUNCTION WITH ANION
MICRO-SPOT TESTS TO REDUCE NUMBER OF POSSIBLE
COMFPOUND CHOICES

MICRO-TESTS ON A MICROSCOPE STAGE REQUIRE GOOD
TECHNIQUE AND EXTREME CARE

RESULTS REFLECT COMPOSITION OF SINGLE PARTICLES
AND NOT THE BULK OF THE SAMPLE

REVEALS PRESENCE OR LACK OF SPECIFIC ANIONS

COMBINATION ON ANION AND SOLUBILITY INFORMA-~
TION LIMITS THE NUMBER OF CATIONS PRESENT IN
SAMPLE AND AIDS IN SINGLE PARTICLE COMPOUND
IDENTIFICATION

MICRO-TESTS ON MICROSCOPE STAGE REQUIRE GOOD
TECHNIQUE AND EXTREME CARE

RESULTS DIFFICULT TO QUANTITATE

PROVIDES CONCENTRATION DATA ON METALS

WITH FLAMELESS TECHNIQUES, DETECTION LIMITS BE- -
TWEEN 0.00) AND | NG ARE POSSILBE FOR VARIOUS
ELEMENTS

SPECIFIC CATIONS CAN BE IDENTIFIED AND QUANTITATED
THESE METALS CAN BE CORRELATED WITH SPECIFIC
PARTICLE TYPES

CATION INFORMATION CAN BE COUPLED WITH SOLU-

BILITY AND ANION CONTENT INFORMATION TO AID IN
COMPOUND IDENTIFICATION

ANALYSES OF NON-METALS AND METALLOIDS CANNOT
BE PERFORMED
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CHARACTERIZATION

ANALYSIS PROCEDURE FLOW

RESULTS OF
INITIAL SAMPLE

USING THE INFORMATION FROM THE TGA/DSC, DRY THE
SAMPLE AT A TEMPERATURE HiGH ENOUGH TO REMCVE
WATER SUT BELOW ANY DECOMPOSITION OR VOLATILI-

PRINCIPLE OF CPERATION

ZATION POINT

1NFRARED AND FAR INFRARED
QUANTITATIVE
ANION TESTS
ELECTRON SPECTROSCOPY
FOR CHEMICAL ANALYSIS
(ESCA)
QUANTITATIVE
ANION TESTS
%-RAY POWDER
DIFFRACTION
(XRD)

AND PLM DATA

ANAL Y515 CONTINUES

WITH INDIVIDUAL PARTICLE
CHARACTERIZATION

MANY INORGANIC ANIONS HAVE SPECIFIC ABSCRPTION
BANDS IN INFRARED AND FAR INFRARED, THESE BANDS
CAI; BE USED TO IDENTIFY AND QUANTIEY THE ANIONS
PRESENT

EITHER WET CHEMICAL OR QUANTITATIVE IR TECHNIQUES
DIRECTED TOWARD SPECIFIC ANIONS

SAMPLE 1S IRRADIATED WITH X-RAYS, CAUSING INNFR
SHELL ELECTRONS 1O BE EJECTED:

» ENERGY OF THESE EJECTED ELECTRONS 1S A MEASURE
OF THE BINDING ENERGY OF ELECTRONS AS MODI-
FIED BY THE CHEMICAL SURROUNDINGS OF THE
EMITTING ATOM

® ENERGY SHIFTS IN THE BINDING ENERGY OF ELEC-
TRONS EMITTED FROM SAME ELEMENT INDICATE
DIFFERENT CHEMI CAL ENVIRONMENTS

POWDER SAMPLE DIFFRACTS A PRIMARY X-RAY BEAM INTG
A SERIES: OF DIFFRACTION LINES CHARACTERISTIC OF A
GIVEN CRYSTALLINE SUBSTANCE

QUANTITATIVE COMPOUND DETERMINATIONS ARE
MADE, COMMONLY USING AN INTERNAL STANDARD
WITH SUBSEQUENT QUANTIFICATION BY COMPARISON
TO STANDARD CURVES

AT THIS POINT, THE QUANTITIES OF THE COMPOUNDS
DETERMINED SHOULD BE COMPARED TO THE SSMS, AAS,

IF THERE IS REASONABLE MEG CLOSURE (+30%) WITH
PREDICTED ELEMENTAL DATA, THE VALUE OF FURTHER
WORK SHOULD BE EVALUATED IN LIGHT OF THE POTENTIAL
USEFULNESS AND THE COST OF THE ADDITIONAL DATA
THAT COULD BE OBTAINED
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INFORMATION DERIVED

COMPQUND IDENTIFICATION
PROCEDURE

LIMITATIONS

USED TO DETERMINE PRESENCE OF SPECIFIC ANIONS
SUCH AS MnO‘, P04, OR CrO

CONFIRMATION AND QUANTITATION OF SPECIEIC
ANIONS

ONLY SMALL SHIFTS ARE SEEN IN THE SPECTRA WITH
DIFFERENT CATIONS. ANION INFORMATION 1S ESSEN-
TIAL FOR INTERPRETING XRD DATA TO ELIMINATE
POTENTIAL COMPOUNDS

RATIO'S OF ANION/CATIONS USED TO PREDICT POTEN-
TIAL COMPOUNDS

INORGANIC HALOGENS HAVE NO BANDS IN THE IR

SPECTRA CAN CHANGE DEPENDING ON MOISTURE
CONTENT OF SAMPLE

TIME CONSUMING, SINCE DIRECTED TOWARD SPECIFIC
ANION

ELEMENTAL CHARACTERIZATION DETERMINES OXIDATION
STATE OF ELEMENTS PRESENT IN SAMPLE

CAN DETERMINE BULK CONCENTRATIONS OF HOMOGEN-
EOQUS SAMPLES AT OR ABOVE 0.1%

THOUGH ESCA IS EXTREMELY SURFACE LIMITED SINCE
ELECTRONS HAVE SHALLOW (3 TO 20A°) ESCAPE DEPTH,
THIS MAKES THE ESCA A VERY USEFUL TOOL FOR
STUDYING ABSORPTION PHENOMENA SUCH AS SO,
ON SOOT OR FLYASH

MOST COMMERCIAL INSTRUMENTS HAVE FON (Ar+
BEAM FOR SEQUENTIAL REMOVAL OF ATOMIC LAYERS
FOR DEPTH PROFILE ANALYSIS

DIRECT COMPOUND IDENTIFICATION NOT NORMALLY
POSSIBLE SINCE THERE ARE USUALLY ONLY SMALL SHIFTS
IN BINDING ENERGY OF ELEMENTS IN THE SAME
g:('I'I)OAIEISON STATE ASSOCIATED WITH ANIONS CR

INTERPRETATION AND QUANTITATION OF DATA IS
ADAI:‘FIIXF)?LT AND REQUIRES STANDARDS MATCHING THE

INTERPRETATION OF DIFFRACTION PATTERN PROVIDES
QUALITATIVE INFORMATION ON CRYSTALLINE
MATERIALS PRESENT. DIFFRACTION LINES ARE MATCHED
WITH SPECTRA OF PURE COMPOUNDS IN THE ASTM
POWDER DIFFRACTION TABLES

THE DIFFRACTION LINES ARE STUDIED AND POTENTIAL
COMPOUND DIFFRACTION SPECTRA ARE COMPARED TO
LINES IN SAMPLE SPECTRA

POTENTIAL COMPOUNDS ARE ELIMINATED OR PROPOSED
BASED ON INFORMATION FROM SSMS OR AAS (ELEMEN-
TAL DISTRIBUTION), ESCA (OXIDATION STATE), AND

IR (ANIONS PRESEN

STATE OF THE ART SENSITIVITY IS LIMITED TO ~0.05%
DEPENDING ON COMPOUND AND MATRIX, ROUTINE-
SENSITURE S CLOSER TO 0.5%

ONLY CRYSTALLINE MATERIALS CAN BE SEEN
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ANALYSIS PROCEDURE FLOW

RESULTS OF BULK
SAMPLE CHARACTERIZATION,

y

SCANNING ELECTRON
MICROSCOPY (SEM)/
ENERGY DISPERSIVE

X-RAY SPECTROMETER (EDX)

IDENTIFIED

ELECTRON PROBE
MICROANALYSIS
{EPMA)

COMPOUND | _YES
IDENTIFIED

NO ¢

TRANSMISSION ELECTRON
MICROSCOPY (TEM
SELECTED AREA ELECTKON
DIFFRACTION (SAED)
ANALYSIS

COMPOUND
IDENTIFIED

NO ¢

MAGNETIC DENSITY
GRADIENT SELECTIVE
DISSOLUTION
SEPARATIONS

[*]

A
[ REPEAT ABOVE STEPS ]

PRINCIPLE OF OPERATION

INFORMATION DERIVED

IN SEM:

- THE SPECIMEN IS SWEPT BY ELECTRON BEAM

- SECONDARY ELECTRON EMISSION INTENSITY 1S
RECORDED

- THE SIGNAL MODULATES BRIGHTNESS OF
OSCILLOSCOPE BEAM, PRODUCING AN IMAGE

~ MORPHOLOG! CAL CHARACTERISTICS OF THE SPECIMEN
ARE DETERMINED FROM THE IMAGE

USING SEM IN CONJUNCTION WITH EDX:

= THE SECONDARY X-RAYS PRODUCED ARE MONITORED
AND INDIVIDUAL ELEMENTS PRESENT IN THE SAMPLE
ARE 1DENTIFIED AND QUANTIFIED

SEM SYSTEM PROVIDES HIGH RESOLUTION MORPHOLOGI-
CAL INFORMATION ON INDIVIDUAL PARTICLES

THE EDX ATTACHMENT ALLOWS IDENTIFICATION OF
INDIVIDUAL ELEMENTS {N THE PARTICLE

SPECIFIC X-RAY FLUORSCENT WAVELENGTHS CAN BE
MONITORED TO PRODUCE ELEMENTAL DISTRIBUTION
OF THE ELEMENT (NOTE: THESE PLOTS ARE ESPECIALLY
USEFUL FOR PARTICLES COMPOSED OF VARIOUS
OCCLUDED MATERIALS)

SEM INFORMATION IS A VALUABLE ADJUNCT TO THE
PLM, ESPECIALLY FOR PARTICLES <0.5u (SEM MAGNIF|~
CATIONS ARE ROUTINELY IN EXCESS OF 50,000X)

EPMA IS USED FOR ELEMENTS ABOVE ATOMIC NUMBER 6

SMALL ENERGETIC ELECTRON BEAM IMPINGES ON

CE OF SPECIMEN, CAUSING CHARACTERISTIC X-RAY
EMISSIONS WHICH ARE ANALYZED BY WAVELENGTH
DISPERSION TECHNIQUES

FOR QUALITATIVE ANALYSIS: WAVELENGTH POSITIONS
ARE USED

FOR QUANTITATIVE ANALYSIS: PEAK HEIGHTS {INTENSITY
RATIOS) ARE MEASURES ON BOTH THE UNKNOWN AND
ON A STANDARD OF KNOWN COMPOSITION

OBTAINS SINGLE PARTICULATE ELEMENTAL

COMPOSITION OF ELEMENTS FROM CARBON AND ABOVE
MANY INSTRUMENTS USE WAVELENGTH DISPERSIVE
X-RAY SPECTROMETERS AND CAN RESOLVE ELEMENTS

$ THROUGH Ni

IN TEM, ELECTRON BEAM IS IMPINGED OM A THIN FILM
OF SAMPLE AND THE RESULTANT TRANSMITTED ELECTROM
BEAM IS OBSERVED AND RECORDED

QUANTI!ATIVE ANALYSIS USING TEM § SUPERIOR TO
SEM BECAUSE
® SMALLER SAMPLES CAN BE OBSERVED AND IDENTIFIED

® CHEMICAL SPECIES SUCH AS ASBESTOS ARE MORE
RELIABLY IDENTIFIED, (TEM'S SELECTED AREA ELECTRON
DIFFRACTION ANALYSIS IS MORE DEPENDABLE THAN
SEM'S ELEMENTAL ANALYSIS)

PROVIDES HIGH RESOLUTION PHOTOGRAPHS
PRODUCES SINGLE PARTICLE X-RAY DIFFRACTION
PATTERN

AT THIS POINT, 1F ALL PARTICLES ARE NOT IDENTIF!ED,
THE ANALYST fAUST DECIDE WHETHER FRACTIONATI

OF THE SAMPLE WOULD IMPROVE THE IDENTIFlCATION
OF MATERIALS PRESENT

IF SEPARATION STEP IS EMPLOYED, EXTREME CARE MUST
E TAKEN TO PREVENT SAMPLE ALTERATION GR COM-
POUND SCRAMBLING

MAGNETIC SEPARATION IS USED TO REMOVE ANY MAG-
NETIC MATERIAL FROM REST OF SAMPLE

IN DENSITY GRADIENT SEPARATIONS, PARTICLES ARE
FLOATED IN SOLVENTS OF KNOWN DENSITY. PARTICLES
ARE SEPARATE BY DIFFERENCES IN THEIR DENSITY

SAMPLE 15 EXTRACTED USING SELECTIVE DISSOLUTION
(WITH DIFFEREINT SOLVENTS) _

DETERMINES PARTICLES SPECIFIC DENSITY, MAGNETIC
CHARACTERISTICS, AND SOLUBILITY IN SOLVENTS

MAIN USE 1S TO REDUCE COMPLEX SYSTEMS
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COMPOUND IDENTIFICATION PROCEDURE

LIMITATIONS

SEM'S HIGH RESOLUTION IMAGES OFTEN ALLOW PAR-
TICLE IDENTIFICATION

THE EDX INFORMATION CAN BE USED TO DETERMINE
ELEMENTAL RATIOS AND THE EXACT COMPOSITION OF
THE PARTICLE

RELATIVELY LONG COUNTING TIMES ARE REQUIRED FOR
TRACE ELEMENTS, BUT THE EDX INSTRUMENT STABILITY
LIMITS COUNTING TIME TO 10 OR 15 MINUTES

AT HIGH COUNT RATES, PEAKS MAY BROADEN

PARTICLES IN CLOSE PROXIMITY MAY INTERFERE AND
PRECLUDE UNAMBIGUOUS ANALYSIS

EDX DOES NOT RESOLVE ELEMENTS FROM S TO Ni
VERY WELL

QUANTITATIVE WORK DEPENDS ON HAVING SUITABLE
STANDARDS

COMPOUND IDENTIFIED BY ELEMENTAL RATIOS

EPMA ESSENTIAL WHEN ELEMENTS C THROUGH Na ARE
PRESENT SINCE SEM-EDX DOES NOT SEE THOSE
ELEMENTS

IDENTHFICATION POSSIBLE ONLY FOR PARTICLES CON~
TAINING DISCRETE COMPOUNDS RATHER THAN A
HOMOGENEQUS MIXTURE

BETTER QUANTITATIVE RESULTS WHEN STANDARDS ARE
lsJPSEEghVAVg?SE COMPOSITION CLOSELY MATCHES THE

IDENTIFIES CRYSTALLINE COMPOUNDS BY THEIR
CHARACTERISTIC DIFFRACTION PATTERNS

ONLY CRYSTALLINE MATERIAL CAN BE IDENTIFIED

SEPARATING COMPLEX MIXTURE INTO SIMPLER FRACTIONS
AIDS COMPOUND IDENTIFICATION

CAN USE INFORMATION ON PARTICLE DENSITY, SOLU-
BILITY, AND MAGNETIC PROPERTIES TO IDENTIFY
COMPOUNDS

DENSITY GRADIENT WILL ONLY SEPARATE DISCRETE
PQ:';G.ES OCCLUDED MATERIAL WILL HAVE AN AVERAGE
Df

MANY COMPOUNDS HAVE SOLUBILITIES IN ORGANIC
SOLVENTS USED I BENSITY COLUMN

SELECTIVE DISSOLUTION SCRAMBLES THE COMPOUNDS
E.JENé.gSJ SPECIFIC COMPOUND SOLVENT SYSTEMS CAN
IND
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Individual Particle



SOLID
SAMPLE

UP-DATE LIST OF

POTENTIAL
COMPOUNDS
ELEMENTAL LEVEL 1
DATA

CATION TESTS FOR

SELECTS SPECIFIC ANION
SOVENTIAL ELEMENTS

LEMENTS
NOT EXCEEDING;

MATE VALUES ‘ i
WET CHEMICAL
>MATE VALUES AAS OR INSTRUMENTAL
ANION TESTS
£ 15% ELEMENT 215% ANION
AVAILABLE COMPCSITION COMPOSITION
ANION DATA
LIST POTENTIAL
'c‘g?/\pouNDs B ggggt;‘o‘_urqos RATIO CATION/

ANION VALUES

UST UNSTABLE
‘COMPOUNDS AND,
CONDITIONS

UPDATE POTENTIAL
COMPOUND LIST
WITH WEIGHT
INFORMATION

MASS
LIST IDENTIFIED
‘CLOSURE OF
EG COMPOUND:! COMPOUNDS
EXCEEDING MATE WITH ESTIMATED
COMNCENTRATIONS

STUDY GENERAL
CHARACTERISTICS
OF PARTICLES

LIST POSSIBLE
ASSIGNED COM -

TGA/DSC
[ ] IEREEH

e S S
3 WEIGHT GAIN/ LOSS
LNDEX REACTION TEMPERATURES,
r___'____‘ PHASE CHANGES
MICROSOLUBILITY MICRO-SPOT TEST
Kgg SASE ON SPECIFIC
NEoTiaL ANIONS/CATIONS '

STABLE DRYING
TEMPERATURES, YAPOR ~
{ZATION TEMPERATURES,
DECOMPOSITION POINTS
AND AIR STABILITY

SOLUBILITY OF
SPECIFIC GROUPS
OF PARTICLES

Figure 5-4. Logic Flow Chart for Initial Sample Characterization
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STUDY BULK

CHEMICAL
COMPOSITION
ASSIGN PROBABILITY YO ALLOWS
SEE POTENTIAL COM- | | MATCH UP OF
POUNDS WITH SPEQIRC [ — — — METHOD WITH COMPOUNDS
METHOD i BASED ON CONCENTRATION
ESCA XRD
EXTRACT ALIQUOT PERFORM FAR IR SCAN FOR |  |STUDY SURFACE TRACE DIRECT ID
OF SAMPLE WITH TRANSITION ELEMENT | ELEMENT COMPOSITION OF CRYSTALLINE
AQUA REGIA ANIONS INBULKOF SAMPLE] | OXIDATION STATES, COMPOUNDS
i { CHEMICAL AT 0,1% OR GREATER
et - : ENVIRONMENT CONCENTRATION
C ‘ SUBTRACT |NSOLUBLES
SPECTRA SPECTRA FROM
IN FAR IR ‘ ORIGINAL SAMPLE
PRESENCE OF PRESENCE OF LIST OF SPECIFIC
TRANSISTION ;
ELEMENT ANIONS / ABSORDED SFECIES COMPOUNDS

1

QUANTITATE
SPECIFIC
ANIONS

!

WEY CHEMICAL OR
INSTRUMENTAL
ANION TESTS

LIST POSSIBLE NEW
COMPOUNDS
FOUND

HAVE
ALL MEG
COMPOUNDS
EXCEEDING MATE
VALUES BEEN

UST IDENTIFIED
COMPOUNDS WITH

ESTIMATED
CONCENTRATION

LIST ASSIGNED
ELEMENTS EXCEEDING
MATE VALUES

i

ASSIGN PROBABILITY
OF IDENTIFICATION

1S FURTHER
ANALYSIS COST
JUSTIFIED FOR
UNASSIGNED
ELEMENTS

Figure 5-5. Logic Flow for Bulk Composition Characterization
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PERFORM SINGLE
PARTICLE ANALYSIS

1

SEM-EDX

!

OBTAIN DETAILED MORPHOLOGICAL
INFORMATION_ SINGLE

PARTICLE ELEMENTAL

SCAN AND ELEMENTAL RATIOS

i

ESTABLISHED ELEMENTAI
RATIOS FOR SINGLE
PARTICLE

LIST COMPOUNDS *
WITH CONCENTRATION
ESTIMATE BASED ON
ELEMENTAL VALUES _

)
FURTHER
ANALYSIS COST
JUSTIFIED FOR
UNASSIGNED
ELEMENTS

EPMA

ELEMENTAL
RATIOS ESTABLISHED
FOR SINGLE PARTICLES
FOR ELEMENTS 2 C

CAN
UNAS—
SIGNED MATE

LIST COMPOUNDS

IS THERE
UNIDENTIFIED
CRYSTALLINE
MATERIAL

1

TEM-SAED

1

DETERMINE XRD SPECTRA
OF SINGLE PARTICLE OR
AREA IN PARTICLE

] ELEMENTAL
SPECIFIC COMPOUNDfem — — — -4 DATA USED TO
IDENTIRED QUANTIFY

LIST UNASSIGNED
FRACTION OF
KNOWN ELEMENTAL
COMPOSITION

IS
FURTHER

Figure 5-6.

BASED ON SOLUBILITY
AND ELEMENTAL DATA

7 — — - SELECT SEPARATION
SCHEME
DENSITY SELECTIVE
e GRADIENT DISSOLUNION
SEPARATION SEPARATION
| ]
LESS COMPLEX
MATRIX
SSMS
OF FRACTIONS
DOES ’
FRACTION
STORE CONTAIN
FRACTION UNASSIGNED
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Pheochroism, fracture, color, and crystal habit. Microspot tests for com-
mon anions and tests of the solubility of the particles in water, acid, and
base can be performed directly on the sample as it is being examined under
the microscope. These microtests will alert the analyst to perform quanti-
tative analyses for the anions detected and they will also provide infor-
mation about the potential success of full scale dissolutions and separation.

At this stage in the analysis, quantitative analysis of anions identi-
fied in the microspot tests will most probably be performed using classical
wet test methods, e.g., titrimetric, colorimetric, or specific ion electrode
tests. A summary of the Level 1 and 2 analytical methods used for the more
common anions is presented in Table 5-1. It is meant to serve as a starting
point for the analyst, as other methods may be substituted for those sug-
gested. Level 2 anion methods can be chosen by the analyst from Standard
Methods (Water and Wastewater), ASTM, or other EPA procedures.

Also, during this initial sample characterization, the analyst may
choose to supplement the SSMS semiquantitative cation data by analyzing
fractions of the samples using such quantitative techniques as atomic
absorption spectrometry (either flame or flameless), Induction Coupled
Plasma Optical Emission Spectroscopy (ICPOES), Proton Induced X-Ray Emission
(PIXE), or X-ray fluorometry.

In conjunction with the PLM work a TGA/DSC scan of the sample should
be made. This test is used primarily to determine 1) the stability of the
sample, and 2) an appropriate temperature at which to dry samples to be used
in later tests. In a few cases it is possible to determine the compounds
present by the weight loss at specific temperatures. Elemental information
from SSMS and anion information from PLM (and later IR) can be combined to
give a Tist of potential compounds that exhibit decomposition points at the
weight loss points in the TGA or the exotherms and endotherms of the DSC.

At the end of the initial sample characterization, information will
have been obtained in the following areas:

1. General appearance of a sample
2. Number of different particles present
3. Index of refraction and crystal structure

41



A

technique.

total carbonate
presant. ASTM

method.

ing and heating the
sample in a closed
system, CO07 is
absorbed in a barium
hydroxide solution.
Excess barium hydrox-
ide is titrated with
0.04 N HCI.

Table 5~1. Summary of Recommended Procedures for Anion Analysis
LEVEL 1 LEVEL 2
RECOMMENDED SPECIAL SAMPLING RECOMMENDED SPECIAL SAMPLING
ANALYSIS | ANALYTICAL SELECTION AND ANALYTICAL | REFER~| ANALYTICAL SELECTION AND ANALYTICAL REMARKS
AREA METHGD RATIONALE REQUIREMENTS ENCES METHOD RATIONALE REQUIREMENTS ASTM {LEVELS 1 AND 2)
Ammonia Color- Rapid and simple | As specified by Color- Method provides an| Sample is buffered at [D1426| Volatile organic
imetric method. reagent test kit imetric accurate technique | pH 9.5 and distilled alkaline compounds may
(0.05~1 for analysis of into a solution of cause an off color in
ppm) ammonia in water, | boric acid, The the nesslerization
Titri-~ EPA method, ammonia in the dis- procedure.
. metric Standard Method tillate can be deter-
1.0325 132. mi?ﬁd §o1orim$trj-
cally by nessleriza-
Pem tion (Hgl2, KI, NaOH)
or titrimetrically
with H2804 using a
mixed indicator
(methyl red/
methylene blue).
Arsenate/ | SSMS/AAS Elemental anal- | Aqueous samples: Spectro- Method provides an] 25 ml of sample is 02972 | Measurement of arsenic
Arsenite ysis provides slurry with metric accurate, fairly acidified with HC1, by AAS is also an
upper concen- graphite and rapid technique mixed with KI and acceptable technique
tration 1imit briquette. Solid for measuring snCi2. 3 g of zinc and may be subject té
for anions. samples: see arsenic. ASTM { are added and the fewar interferences.
SSMS has multi- | element anal- method. arsine generated is
component ysis, Llevel 2 bubbled through a
capability. technique is silver diethyldithio~
applied to carbamate-pyridine
most Level 1 solution. Absorbance
samples, is measured at 540 nm
within 30 minutes.
" Bromide SSMS As for arsenate | As for arsenate Titri- Method provides an| Sufficient NaCl is D1246| This method measures
i metric accurate, fairly acgded to 100 ml of the bromide and icdide:
rapid technigque sample %0 produce a 3g thus, this method is
for measuring chloride content, to be used in conjunc-
bromide, ASTM KC10 s added to tion with iodide .,
method, oxidize bromide to determination. Fe =,
bromine (excess is Mn*2 jnterfere, but
destroyed with may be removed by
NaCHO2). KI is added treatment with Cal.
and liberated [2 is
titrated with 0.01N
) Na25203.
Carbonate | Titri- Method provides | As specified by Titri- Method provides an| Apparatus is described | BS13 | Sulfides, {HpS)
(Bicar- metric a rapid, and reagent test kit metric accurate technigue| in reference., C02 is interfered but are
bonate) simple analysis for measuring Tiberated by acidify- removed by scrubbing

with fodine solution;
other interferences
are removed by scrub-
bing with chromic acid.

From pH megsuregsnt
HzC03, HCO3, CO3
concentrations may be
estimated.
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Table 5-1. Summary of Recommended Procedures for Anion Analysis (Continued)
LEVEL 1 LEVEL 2
RECOMMENDED SPECIAL SAMPLING RECCMMENDED SPECIAL SAMPLING
ANALYSIS | AMALYTICAL SELECTION AND ANALYTICAL | REFER-| ANALYTICAL SELECTION AND ANALYTICAL REMARKS
AREA METHOD RATIONALE REQUIREMENTS ENCES METHOD RATIONALE REQUIREMENTS ASTM {LEVELS 1 AND 2)
Chloride | SSMS As for arsenate. | As for arsenate. Titri- Method provides ani 50 m1 sample is titra-| D512 | Phosphates (>250 ppm)
metric accurate technique] ted with 0,025 N sil- interfere. lodine and
for measuring ver pitrate to a bromide may also inter~
chloride content potassium chromate fere with visual end-
of industrial endpoint, Sulfites point; potentiometric
wastewater. are oxidized to sul- titration may solve
ASTM method. fates by H202 this problem.
addition,
Cyanide Colori- Method provides | As specified by Titri- Method provides an| 500 ml of sample is Dz036 [ Titration method
metric a rapid, simple | reagent test metric/ accurate technique | refluxed under acidic applies when cyanide
analysis kit, Spectron~ for measuring conditions with CuClz. concentration >1 ppm;
technique. metric cyanide, ASTM HCN Tiberated is spectrometric method
method, absorbed in NaOH, for <1 ppm.
Titration: titration
with AgNO3 to rhoda-
mine endpoint.
Spectrometric:
neutratize absorption
solution with acetic
acid to pKk 6.5 ~ 8,0
0.2 m1 &f chloramine
T soTution #s added.
Absorbance measured
at 620 sm after
20 minutes.
Fluoride | SSMS As for arsenate.{ As for arsenate, Specific Method provides an| pH is adjusted to SIE Selective jon electrode
on accurate, rapid, 5.2 - 5,5 with 0,5 N g (SIE) is more accurate
Electrode simple technique HnS04., €Oz is . and simpler than distil-
{SIE) for analysis of removed by heating Tation - spectrometric
flugride, on a hot water bath, method (SPADNS).
Buffar is added (pH
6.3, IM sodium
citrate - citric
acid - 0.2 M KNO3)
and flueride is mea-
sured by known addi-
tion method.
lodide SSMS As for arsenate. | As for arsenate. Spectro~ Method provides an| Iodide is determined D1246 | Effects of Fe+3. Mn+2,
metric accurate technique | by oxidation to iodate and organic matter are

for analysis of
jodide. ASTM
method.

with saturated bromine
water in acid solution,|
Excess bromine is de-
stroyed by addition of
sodium formate, Sam-
ple is titrated with
0.01 N sodium thio-
sutfate solution.

removed by treatment
with Cal,

This method is used in
canjunction with bro-
mide determination.
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Table 5-1. Summary of Recommended Procedures for Anion Analysis {Continued)
LEVEL 1 LEVEL 2 )
RECOMMENDED SPECIAL SAMPLING RECOMMENDED SPECIAL SAMPLING
ARALYSIS | ANALYTICAL SELECTION AND ANALYTICAL | REFER-] ARALYTICAL SELECTION AND ANALYTICAL ) REMARKS
AREA METHOD RATIONALE REQUIREMENTS ENCES |- METHOD RATIONALE REQUIREMENTS | ASTM {LEVELS 1 AND 2) +
Nitrate Color- Method provides |-As specified by Spectro- Method provides an |5 ml of sample is D992 1 Color does not follow
imetric a rapid and reagent test kit, metric accurate technique |mixed with brucine- Beer-Lambert relation;
simple analysis for analysis of- sulfanilic acid y however, plotting
technique. nitrate. ASTM solution then mixed absorbance vs. concen-
method, with 10 ml of. 15.6 M tration yields a smooth
H2504. Color is curve. Turbid or
developed for 10 colored samples inter-
- %1 minute in a dark fere, but may be
area; absorbance is removed by filtration
measured at 410 nm, and treatment with
A1203 and activated
carbon,
Nitrite Color- Method. provides | As specified by Spectro= Method provides an | pH is adjusted to 7 D1254 | Mercury (II) causes
imetric a rapid, simple | reagent test kit, metric accurate techmique |with CH3COOH. If high results while cop-
analysis for analysis of sampie has appreci-~ per (II) catalyzes the
technique. nitrite., ASTM able color, filter decomposition of the
method, with A1{0H)3 gel. diazonium salt and thus
EDTA is added to com- Teads to Tow results.
plex cations. 2 mil Certain bacteria uti-
of sulfanilic acid lize nitrites in their
solution and 2 ml of metabolism. Storage
o naphthylamine at low temperature
hydrochloride are minimizes this effect.
.added to the sample, '
solution is buffered
at pH 2.0 - 2.5 with-
Na2€2H302 solution,
allowed to stand
30 minutes, and
absorbance measured
at 515 nam,
Ortho- Color- Method provides | As specified by Spectro- Method provides an | If pH >7, sample is D515 | Color intensity s
Phosphate | imetric a rapid, simple | reagent test kit. metric accurate technique | neutralized with time and temperature
analysis for analysis of HpS0z. Molybdate dependent. Solution
technique. phosphate, reagent and stannous may be extracted with
: chloride reagent are benzene- i sobutanol
added. Absorption solvent to remove
ts measured at 690 nm interferences and
between 10-12 minutes increase sensTtivity.
after réagent
addition.
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Table 5-1.

Summary of Recommended Procedures for Anion Analysis (Continued)

LEVEL 1 LEVEL 2
RECOMMENDED SPECTAL SAMPLING RECOMMENDED SPECIAL SAMPLING
ANALYSIS ANALYTICAL SELECTION AND ANALYTICAL |REFER-| ANALYTICAL SELECTION AND ANALYTICAL REMARKS
AREA METHOD RATIONALE REQUIREMENTS ENCES METHOD RATIONALE REQUIREMENTS ASTM (LEVELS 1 AND 2)
Sulfide SSMS As for arsenate, | As for arsenate, Titri- Method provides a | Sample is acidified 06745 .
metric rapid agd accurate | and stripped with an g::galigosfcaggzﬁa]
technique for inert gas and col- nd %aste Water
measurement of lected in a zinc a
sulfide, acetate solution,
Iodine solution is
added to collection
vessels, acidified
with HC1 and back
titrated with
0,025 N sodium
thiosulfate solution.
Sulfite Color~ Method provides | As specified by Titri- Method provides a | Air is excluded D1139| Starch indicator may
imetric a rapid, simple | reagent test kit, metric rapid and accurate | while sample is be used,
analysis technique for being taken by use
technique. measurement of of apparatus
sulfite, ASTM described in refer-
method, ence. HC1, KI and
K103 are added.
Excess iodine
chloride formed is
titrated with 0,01 N
Na25203 using a dead
stop endpoint -
indicating
apparatus,
Sulfate Turbid- Method provides | As specified by Gravi- Method provides an| Sample is filtered, 0516 | A titrimetric method
imetric/ a rapid, simple | reagent test kit. metric .accurate technique | pH adjusted to 4.5 may also be used
Color- analysis for measurement of | with HC1, hot BaClz with BaCl,,
imetric technique. sulfate, ASTM added, allowed to titrating in an
method. stand for 2 hours, alcoholic sotution

filtered and ignited
at 800cC,

to a therin endpoint.




4. Individual particle anion composition
5. Individual particle solubilities

6. Weight loss with respect to temperature
7. Bulk elemental distribution

Having completed the initial elemental and anion screening tests, primary
compound identification methodology can now be applied.

5.2.2 Bulk Composition Characterization

It is expected that the samples will have to be dried to a constant
water content to improve both IR and XRD spectra. Information from the
TGA/DSC step will be used to select a drying temperature that provides water
removal without sample decomposition. Further sample preparation will vary
with the requirements of the specific analysis method.

For IR analysis, the KBr pellet technigue for qualitative analysis is
not recommended due to ion exchange possible during the pelletizing process.
It is recommended that a Nujol mull of the sample and AgCl (1333-400 cm'l)
and polyethylene (600-45 cm'l) windows be used. Interpretation of the
infrared spectra on the basis of characteristic frequencies can provide the
identity of specific anions and some individual compounds. General absorp-
tion regions for several anions are given in Table 5-2, and specific absorp-
tion bands, which have been observed in particulate samples, are listed in
Table 5-3.

Several investigators have done extensive work with inorganic com-
pounds and have been able to produce specific correlations between observed
spectra and individual compounds. Tables 5-4 and 5-5 1ist the characteris-
tic bands for several nitrates and sulfates which could be present in envi-
ronmental samples. There are definite analytical frequencies which can be

used to identify compounds, particularly when supporting elemental analysis
information is available.

Electron spectroscopy for chemical analysis (ESCA) will be performed

on both loose particulates and particles collected on filters. Loose
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Table §-2. Useful IR Bands

Anion | Absorption Bands (cm™')
50, 610 - 690 (m)
1080 - 1130 (s)
N 610 - 640 (m, sp)
1350 - 1370 (s)
cog‘ 650 - 680 (m)
1430 - 1450 (s)
$i05 n900 - 1100 (vs)

particulate samples can be attached to a sample holder using an approach
called the "sticky gold" technique. This technique was devised to over-
come the conductivity problem and securely mount the sample. It sandwiches
the sample between two layers of sputtered go]H: The first layer applied
to the scotch tape does not change the tackiness of tape, which allows
Toose particles to be stuck to the surface. Another layer of gold is
deposited to assure that all the particles are near a conductive surface.
Filter pieces can be clamped directly onto the sample holder after the

the bottom layers of the filter have been peeled off.

47



Table 5-3. Listing of Assigned Infrared Bands Observed
in Particulate Samples

Frequency, em”! Species
3140 NHg "
3020 NH,
2920 HYDROCARBON (C-H)‘
2860 HYDROCARBON (C-H)
2800 NH, *
1768 NO, " (BULK)
1720 NH," (HALIDE)
1620 H,0
1435 : co32‘
1400 NH4+
1384 | NO;™ (SURFACE)
1360 NO,” (BULK)
1190 p043'(2)
1140 p043‘(2)
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Table 6-3. Listing of Assigned Infrared Bands Observed

in Particulate Samples (Continued)

Frequency, cm"1

Species

1120 P043'(2)
1110 50,

1035 510,
980 5042'

880 0032'

840 NO-(BULK)
800 510,
780 51'044-

728 C032'

670 P043'

627 Po43‘

620 5042'

600 P043'

470 Si 044-
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Table 5-4. Infrared Bands of Some Common Nitrates (cm'])
Band Category(a)

Compound VW W M S VS
“NaNQ, 2428 836 sp 1358
1790
KNO3 824 sp 1380
1767
Ca(NO3)2‘XH20 1044 820 sp 1430 1350

1640
Fe(N03)3'9H20 835 sp 1615 1361
n1785
Ca(NO3)2'3H20 2431 836 sp 1587 1378
1790
.Pb(NO3)2 807 726 1373

836 sp
W = Weak, M = Medium, S = Strong, V = Very, SP = Sharp, B = Broad
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Table 5-5. Infrared Bands of Some Common Sulfates (cm_])

Band Category(a)

Compound VW W M S A
NaZSO4 645 620 1110
K2504 1110

620
Ca504'2H20 1010 (sh) 318 603 1130 (vb)
1670 2200 (b) 667
1630 (sp)
3410 (b)
MnSO4'2H20 510 (vb) 660 825 1135 (vb)
607 1025 3225 (b)
FeSO4'7H20 990 1150 (sh) 1625 611 (vb) 1090 (vb)
3330 (b)
CuSO4 1020 (sp) 680 1200 1090 (vb)
1600 (sh) 805 23300 (b)
860
PbSO, 592 (sp)
623 (sp)
(a) V = Very, W = Weak, M = Medium, S = strong, SH = shoulder, B = Broad, SP = sharp




ESCA is employed in this step of the analysis to provide information
on the oxidation state of the elements present on the surface of the sample,
as well as on the change in elemental composition as various monolayers of
sample material are removed through ion etching.

Knowing the oxidation state of elements such as Ci1, S, V, Mo, and Si
provides indications to the presence or absence of specific compounds. Once
ESCA has qualitatively established the presence of a species, specific
quantitative wet chemical tests can be made. In some cases the chemical
shift information has been correlated with specific compounds.(lo) In this
case direct determination of a compound is possible. It should be noted
that ESCA is Timited to bulk concentrations of 0.1 percent or more. How-
ever, it is an extremely sensitive surface technique which is capable of
seeing a monolayer of a given element. Art etching can be used to verify
the homogeneous composition of the sample, or to perform elemental depth
profile analysis.

The performance of specific anion tests, IR analysis, and ESCA estab-
lishes substantial information on the concentrations of a variety of cations
and anions in the sample. This information simplifies interpretation of
the XRD spectra, and provides an independent quantification of the species
present. In X-ray diffraction (XRD) analysis, approximately 100 mg of
material are ground in an agate mortar, ultrasonically dispersed with a
1:4 mixture of collodion with alcohol and then evenly spread over a glass
support. Mounting in this fashion will produce the highest sensitivity at
Tow 20 values. The major disadvantage of XRD as an analytical tool is its
inability to detect noncrystalline materials. In many environmental sam-
ples, the crystal structure of a compound could be grossly affected by the
conditions at the source or those during sampling. For example, A5203 can
be amorphous or crystalline depending on its temperature history. Further-
more, the sensitivity of XRD is normally limited to 1 percent or higher
although new computer averaging techniques enable materials to be detected
in concentrations as Tow as 0.05 percent.
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Having completed these analyses, information will have been obtained
on the following:

1. Anions present

2. Valence state of elements present
3. Elemental depth profile

4. Major compounds present

At this point the analyst must correlate all data and determine if a
reasonable (based on the analyst's judgment) agreement has been reached
with the MEG elements exceeding their MATE values. If there is reasonable
agreement between the elemental data obtained from quantitative techniques
and the compounds determined in this characterization, further work should
be carefully evaluated in terms of potential needs and end use.

5.2.3 Individual Particle Characterization

It should be emphasized that this phase of the analysis should be
carried out at the analyst's discretion, The analyst should consider the
sample, its source, the information already available, the type of informa-
tion which is lacking, the instrumental techniques available, and analysis
cost before proceeding,

Analytical techniques which are suggested for identification of
individual particles include Scanning Electron Microscopy with Energy
Dispersive X-ray spectrometry (SEM-EDX), Electron Probe Microanalysis
(EPMA) and Transmission Electron Microscopy with Selected Area Electron
Diffraction (TEM<SAED),

In SEM the sample specimen is swept by an electron beam and the vari-
ation of the secondary electron emission intensity is recorded. This sig-
nal simultaneously modulates the brightness of an oscilloscope beam,
producing an image of the sample surface on the oscilloscope screen. Since
the secondary electron beam is localized in the area impacted by the
incident radiation, images of relatively high resolution are achieved which
can provide morphological characteristics of individual particles. When
SEM is used in conjunction with an energy dispersive X-ray spectrometer
(EDX), the secondary X-rays produced can be monitored, thereby allowing
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identification and quantification of individual elements present in the
sample. Determining the elemental distribution of a particle is particu-
larly useful for those particles composed of various occluded materials; the
high resolution and magnification of the SEM can produce images distinctive
enough to identify the particle. As such, the SEM information is a valu-
able adjunct to the PLM, especially for particles smaller than 0.5u.

In order to reduce the mounting time for both SEM and EPMA (electron
probe microanalysis), particles should be mounted on a gold stage to pro-
vide a conductive surface. Normally, a carbon film would be deposited on
the sample to ensure its conductivity. If the sample is reasonably conduc-
tive and long analysis times are not necessary, then the carbon film may
be omitted. Mounting samples in this fashion will not interfere with later
EPMA analysis.

Disadvantages of the method include the inability of SEM-EDX to detect
the elements in the periodic table between carbon and sodium. Also,
resolution of the elements between sulfur and nickel is limited. Although
relatively long counting times are required for elements present in trace
amounts, the stability of the EDX instrument limits counting time to 10 to
15 minutes. Peak broadening, interference from neighboring particles and
difficulties in obtaining suitable matching standards can also 1imit the
certainty of an analysis. The result is generally a bulk composition cor-

related with each particle type present in the sample matrix.

In EPMA a small energetic electron beam 1mpinges the surface of the
particulate specimen and produces characteristic X-ray emissions. EPMA can
be used to qualitatively and quantitatively determine the elemental com-
position of particles ranging in size from 20u down to about 0.2u for most
of the elements of atomic numbers above that of carbon. Instruments using
wavelength dispersive X-ray spectrometers can resolve spectra of elements
sulfur through nickel in atomic number. Using this detection, qualitative
analyses are possible. Peak heights, or intensity ratios, are measured on
samples and standards to provide a quantitative analysis.
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To achieve the best accuracy, it is necessary to do a considerable
amount of sample preparation, In most cases it is necessary to have stan-
dards similar in particle size and composition to the sample being analyzed.
Further, identification is possible only for particles containing discrete
compounds rather than a homogeneous mixture,

Transmission Electron Microscopy with Selective Area Diffraction
(TEM~SAED) also involves the impingement of an electron beam on a thin
film (~1500X) cf sample. The resulting single particle X-ray diffraction pat-
tern permits identification of crystalline compounds. The qualitative and
quantitative data obtained are excellent because 1) individual particles
and fibers can be observed and identified, and 2) the use of selected area
electron diffraction is a dependable technique for identification of such
chemical species as asbestos and silica,

Combining the information derived from TEM-SAED and EPMA can aid the
analyst in assembling the total nature of the various species present.
Many substances which appear essentially identical in elemental composition
as measured with the electron probe, will be determined by TEM-SAED to have
a unique morphology and, therefore, their emitted nature and source clearly
indicated,

At this point, if all the compounds for MEG elements exceeding their
MATE values have not been found, then the analyst might choose to reduce
the sample matrix into simple mixtures, He can either run magnetic density
gradient, or selective dissolution studies. In magnetic separation, mag-
nets are used to remove the magnetic fraction from the sample. In density
gradient separation, particles are floated in organic solvents of known
density, Considerable care must be used in selecting solvents because
many compounds could be soluble in the solvents, This procedure can be
used to obtain gross separations by density or can be used to determine
individual particle densities. Selective dissolution uses a variety of
solvents to remove more and more of the sample and in the process simplify-
ing the composition of the residue.

In all these techniques care must be taken to. avoid contamination
and scrambling of compounds. Also, reasonably large quantities of sample
are necessary. The end result of these separations is to provide less
complex fractions which can be studied starting at the bulk characteriza-

tion Tevel.
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6. LEVEL 2 ANALYSIS OF RETAINED SASS SAMPLES FOR ORGANIC COMPOUNDS

This Level 2 organic analysis plan is based on Level 1 analysis data
and is intended for use on retained SASS samples. The plan assumes that
Level 1 analysis has been completed and that this information is available.
The techniques discussed should be implemented by a skilled mass spectrom-
etrist, since at several points in the analysis, judgement and even modi-
fications may have to be made to the procedures, depending on sample source
or what compounds are identified during the course of the analysis.

Combined gas chromatography and mass spectrometry (GC/MS) is central
to this analysis plan. GC/MS combines the separation power of the gas
chromatograph with the unexcelled identification potential of the mass
spectrometer. The incorporation of a computer based data handling system
with the GC/MS provides the most powerful compound identification tech-
nique available to the analyst. The technique is cost effective but
requires an experienced spectrometrist to suitably apply it to environ-
mental samples and analyze the data generated. Judgements as to sample
size, depending on instrument sensitivity, and mass range to be scanned,
depending on instrument resolution, as well as selection of an alternate
GC column for a specific sample, are at the discretion of the analyst.
General direction is given in this report; however, a total analysis to
identify every compound present in a complex mixture requires on-the-spot
modification of procedures. The molecular weights and necessary M/e values
for most of the MEG organic compounds are given in Appendix C.

The most cost effective Level 2 analysis scheme would be a specific
analysis based on category data obtained from Level 1. This information
would provide data for GC column selection and would generally simplify
the overall analysis. The analysis scheme as outlined is for all cate-
gories of compounds on the MEG 1ist with the exception of those compounds
which are volatile and are analyzed by the field GC technique and those
which are reactive and chemically modified by sampling or storage.

This Level 2 analysis plan incorporates wet chemical separations,
including sample extractions and liquid chromatography, and instrumental
analysis using primarily GC/MS. Other techniques are discussed which may
be applied in special cases but require further research into their
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application. These include high resolution mass spectrometry (HRMS),
chemical ionization mass spectrometry (CIMS), gas chromatography, with
selective detectors, and capillary column GC/MS. The proposed analysis
plan is patterned after Level 1. It was designed to provide information
on total compound identity and yet ease the total sample burden imposed by
the analysis of every Level 1 organic sample fraction. Specific GC col-
umns are described together with appropriate conditions for their use in
identifying the appropriate MEG compounds sought in each fractionated sam-
ple extract. If a category is known to be absent in a specific sample,
based on information from Level 1, it is expected that this knowledge will
be used to modify the analysis. If specific compounds are expected at very
Tow concentrations, they should be analyzed separately since, in general, low
levels of materials will be Tost in the analysis plan as outTined. Typical
sensitivites for various analysis steps are given as a part of the overall
method discussion. It is important that the analyst implementing this
Level 2 plan have a working knowledge of Level 1 organic analysis since

it is not intended to be a step-by-step workbook but rather a logical
sequence of experiments to achieve the goal of compound identification.

The approach presented here has been specifically developed for Task 6
of EPA Contract 68-02-2163. Under EPA Contract 68-02-2150 a procedures
manual is being prepared for Level 2 organic sampling and analysis (5). It
should be referred to by the Level 2 analyst as a more complete compendium
on organic compound identification methodologies.

6.1 HARDWARE REQUIREMENTS AND OPTIONS FOR LEVEL 2 ANALYSIS

The primary tool for Level 2 analysis is a high sensitivity GC/MS
instrument. A discussion of corollary GC/MS techniques, expected to be
useful during the course of this analysis, is given as well as where their
use is appropriate. Other instrumental methods are briefly discussed,
however, further work is needed before they may be routinely applied.

6.1.1 GC/MS ‘

In order to apply GC/MS and obtain reliable data it is necessary to
have a spectrometer which is capable of high speed scanning (i.e., record-
ing a full mass spectrum in 3 seconds or less) with resolution that will

57



allow separation nominal mass peaks to at least mass 600. The gas
chromatograph should be capable of using glass columns since many of the
materials to be analyzed are sensitive to metal surfaces. The mass spec-
trometer should be capable of chemical jonization with a variety of reagent
gases such as methane or isobutane. The ability to use capillary columns
may be useful in many of the analyses which are anticipated. The incor-
poration of a computer based data handling system lessens the labor involved
in acquiring mass spectral data, and reduces the time for data reduction and
interpretation. The computer does not eliminate the need for an experienced
mass spectroscopist; it merely provides a more cost effective means of
handling large columns of mass spectral data.

6.1.2 Chemical Ionization (CI) Mass Spectrometry

Normal mass spectrometry is accomplished by bombarding the sample with
70 eV electrons. The ionization process produces a spectrum which contains
characteristic fragment ions from the molecule under study. In most cases
a molecular ion is produced (i.e., the ion representative of molecular
weight) and its identification is unambiguous; however, in some cases, no
molecular ion is produced or it is present at such a low level that it
cannot be identified. The most important peak in any mass spectrum is the
molecular ion since a knowledge of molecular weight reduces the total num-
ber of organic compound possibilities by a substantial amount. Electron
ionization does provide a great deal of compound structure information, but
when the molecular ion is absent much information is lost, making spectral
interpretation difficult.

Chemical ionization incorporates a reagent gas to perform the ioniza-
tion process. The use of methane or isobutane for the chemical ionization
process is most common. When these reagent gases are used, the energy of
ionization is reduced from 70 to about 7 eV. The result is jonization of a
sample without sufficient excess energy to cause significant fragmentation
and, in most cases, the pseudomolecular ijon dominates the spectrum yield-
ing molecular weight information. The CI process involves a transfer of a
proton from the reagent gas to the sample when ionization occurs. The
resulting spectrum is a pseudomolecular ion at 1 mass unit higher than the
molecular weight of the compound. Chemical ionization should always be
used in conjunction with electron ionization for spectral interpretation.
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As is true with most analytical techniques, chemical ionization is not
without its difficulties. The jonization of some materials such as alco-
hols, causes a protonation of the hydroxyl group followed by a loss of water

from the pseudomolecular ion by a thermal process. An example of this type
of ionization is given below:

CH CH CH
3
He-0H + CH * (Reagent Gas)——-—}g OH, + CH A—Rﬁ* + H,0
/ ’ 5 / 2 4 / 2
CHy CHg CH3

The loss of water from the pseudomolecular ion is primarily dependent on
source temperature, and is increased with higher temperatures. This frag-
mentation process may not take place when electron ionization is used and
in many cases causes confusion in the interpretation of the molecular
weight. Similar occurrences take place when amines are being studied,
showing a loss of ammnonia from the pseudomolecular ion, and to a les-

ser extent acids, ethers, esters, and halogenated compounds. Hydro-
carbon samples are typically not sensitive to chemical ionization. This
is especially true of normal hydrocarbons. Under CI ccnditions, straight
chain hydrocarbons often show a loss of 1 from the molecular ion rather
than an addition, together with a significant reduction in overall sensi-
tivity. Materials which contain heteroatoms such as nitrogen, oxygen, and
sulfur, generally show an increase in sensitivity relative to their
electron ionization spectra. This variation in sensitivity is useful in
identifying heteroatom structures in complex hydrocarbon samples using
chemical ionization. Other reagent gases are available (e.g., ammonia,
nitrous oxide, and hydrogen), however, less work has been done with these
reagent gases and their use should be limited to those experienced in their
application.

6.1.3 Multiple Ion Detection Mass Spectrometry

~ Multiple ion detection mass spectrometry (MID) is a technique to
improve the sensitivity and selectivity of the mass spectrometer as a GC
detector. To use MID the GC retention time of the compound of interest
must be known in advance and this, together with the appearance of a peak
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at that retention time, is used as confirmation of the presence of a material.
To use the technique, the mass spectrometer is set up to monitor a specific
set of masses, typically a number from 1 to 8. The sensitivity of the mass
spectrometer is increased by increasing. the amount of time spent on selected
mass peaks. The signal to noise is improved as a square root of 2 for every
doubling of the time spent at a given mass number. This specifically is
achieved by selecting only a small number of mass peaks to be monitored
specifically for the compound of interst. The resultant data is a chroma-
togram for a specific set of masses. When an inflection occurs at a point
consistent with the retention time of the compound of interest, that mate-
rial has been identified and can be quantified providing standards are
available. It is not practical to perform multiple jon detection for
several components in a single mixture, however, if a particu]arAcombound
such as a nitrosoamine is suspected to be present in a sample at very low
levels, the technique can be invaluable. Standards should be run to deter-
mine the retention time on the column used for the analysis. Any inter-
ferences should also be noted.

6.1.4 High Resolution Mass Spectrometry (HRMS)

The techniques discussed to this point require that the compound of
interest be amenable to gas chromatography. Many materials, of course, can
not be chromatographed and therefore do not lend themselves to GC/MS. High
resolution mass spectrometry is a technique by which one can analyze low
volatility residual materials. Total compound identification may not be
possible in all cases depending on mixture complexity; however, functional
groups and heteroatoms can generally be identified unambiguously. The
technique as discussed employs the direct insertion probe which is used to
introduce the sample into the ion source of the mass spectrometer. The use
of a high resolution data system, tagether with the high resolution mass
spectrometer, is important in obtaining useful data in a reasonable time.
Full spectra should be recorded and the computer used to reduce the data to
element maps for selected mass peaks. The element maps will give the
elemental composition for mass peaks and an experienced mass spectrometrist
can use this information to determine the compound types in the sample.

The sophistication of a high resolution mass spectrometer is much greater
than GC/MS and the sophistication of the operator must also be greater.
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This technique should be applied when it is evident that significant
quantities of organic compounds have not been chromatographed and, there-
fore, are unidentified through the application of GC/MS.

6.1.5 Infrared Spectroscopy

Infrared spectroscopy is useful in determining compound functionality.
The technique is not applied directly in this Level 2 plan since it is
assumed that IR spectra have previously been recorded on all liquid
chromatography fractions in Level 1. It is also assumed that this infor-
mation is available and is used by the analyst to select appropriate GC
columns and to ensure that he has analyzed all materials which are present
in Level 1 by this Level 2 plan.

6.1.6 High Pressure Liquid Chromatography (High Resolution Liquid
Chromatography, HPLC)

High pressure liquid chromatography is not discussed in detail in this
analysis plan. This is not tc say the technique is not useful; in fact, it
may be the most important technique to be ultimately used for Level 2
analysis. HPLC does not suffer from the need for volatility of a sample as
is true with gas chromatography. It is a very powerful separation tool,
superior to the extraction techniques which are used in this plan to gross]y
separate organic compounds. It may be possible through research to use
HPLC as a screening tool to provide compounds class information.

Further work must be done before the technique can be universally
applied to a Level 2 analysis scheme. In the future, it may be possible to
take fractions from a high resolution 1iquid chromatograph for direct probe
analysis and mass spectrometer identification or ultimately an interface
between the 1iquid chromatograph and the mass spectrometer in much the same
way as a gas chromatogaph. Until further work is done using HPLC on
Level 2 type samples, it remains a highly probable technique rather than a
highly useful one.

6.1.7 Capillary GC/MS

-

It may be found in many cases, that packed columns cannot provide the
chromagraphic resolution necessary to obtain good mass spectral data. It
is expected that this will be especially true in the direct analysis of the
extracts prior to concentration or 1iquid chromatographic fractionation.
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A wide variety of capillary columns are available, including standard open
tubular wall coate¢ columns, SCOT columns, and micropacked columns. For
the beginner, the use of a SCOT column is recommended since it is more
tolerant of temperature and sample size while providing increased resolu-
tion over its packed column counterpart. The liquid phase chosen for a
capillary column is generally based on information obtained using packed
columns. A wide variety of liquid phases are available, however, due to
their expense, only a selected few columns are expected to be used
routinely. For general application in Level 2 analysis, it is recommended
that a laboratory have available an OV - 17 SCOT column and a Carbowax 20M
SCOT column, which are between 50 and 100 feet in length. These two

columns will satisfy 90 percent of the requirements for capillary column
GC.

6.2 SAMPLE PREPARATION AND EXTRACTION PROCEDURES

The preparation and extraction procedures described in this section
are very similar to those used in the Level 1 analysis plan. For those
analysts familiar with Level 1 analysis, the only modification is in the
extraction of the condensate of the XAD-2 sorbent trap. Level 1 prepared
sampies should be used where possiblie without further work.

6.2.1 Probe Wash, Cyclones, and Filter SASS Train Samples

The probe wash, cyclones, and filter samples should be analyzed as
shown in Figure 6-1 starting with a methylene chloride extraction. The
extractions should be made using a Soxhlet apparatus for 24 hours. For
particulate samples, the Soxhlet cup should have been previously extracted
following the established procedures outlined for Level 1 analysis to remove
contamination which would lead to erroneous results.

6.2.2 XAD-2 Sorbent Trap

The XAD-2 resin from the sorbent trap should be extracted with
methylene chloride using a glass cup and a large Soxhlet apparatus.
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6.2.3 Extraction of the Condensate

The condensate from the sorbent trap should first be extracted with
methylene chloride after the pH has been adjusted to 11 or greater with 6N
sodium hydroxide. This base/neutral extract should be set aside for sub-
sequent analysis. The solution pH is then adjusted to less than 2 using 6N
hydrochloric acid and the extraction with methylene chloride repeated. This
division of the condensate sample into two extracts may eliminate the need
for the liquid chromatographic (LC) separation step making the overall
analysis less expensive.

6.3 ANALYSIS OF THE EXTRACTS FOR VOLATILE COMPONENTS

Concentration of extracts prior to analysis causes the loss of most
materials with boiling points below about 220°C (C12). To obtain data on
low boiling extracted compounds from the SASS train samples, GC/MS analysis
is run on the sample prior to concentration. A 2 ml aliquot of the extract
should be saved for this analysis. One GC/MS run on each sample is made
using a general purpose column, e.g., OV - 17. If specific classes of
compounds were found to be present from the Level 1 data for a given
extract, a repeat analysis of the uncondensed extract may be necessary
to determine if more volatile materials in the same compound class are
present. Column selection for the rerun of a sample should be based on
the categories identified from the GC/MS analysis of the LC fractions.

6.3.1 GC/MS Analysis of the Probe Wash, Cyclones, and Filter Extract

The GC/MS analysis of the probe wash, cyclones and filter extracts
should be run using chromographic conditions given below:

Liquid phase: 0V-17

Liquid loading: 3 percent

® Solid support: Chromasorb W - AW - DMCS
e Column type: glass

® Column size: 2 mm ID x 2 meters long

® Temperature program: 50°C for 5 minutes, 50°-280°C at 6°C
per minute
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o Hold at maximum until all peaks elute
e Injector temperature: 280°C

e Detector and transfer line to separator temperature: 280°C
e Flow rate of helium: 30 cc per minute

® Sample size: 1 to 5 ul
e Sensitivity: approximately 30 nanograms per ul injected

This set of chromatographic conditions is very general and is designed
to separate and quantify most organic compounds suspected to be present in
a sample. Specific categories and concentrations determined from the LC
fractionation step may dictate the use of an alternate column and/or
modification of the conditions for this column. This judgement can be made
only by the analyst based on his ability to interpret the GC/MS data. The
complexity of this extract is expected to vary widely depending on the
source. When a sample is highly complex, the use of chemical ionization
mass spectrometry is recommended, chemical ionization may aid in the inter-
pretation of individual mass spectra especially if no molecular ion is
present in the EI spectrum. The application of chemical ionization was
described in Section 6.1.2.

When problems of chromatographic resolution are present due to sample
complexity the use of capillary GC/MS may aid compound identification.
Liquid phase selection should be made based on the LC fraction data. A
good starting column would be a 50-foot Q0V-17 SCOT column. The application
of capillary GC/MS is discussed in Section 6.1.7.

6.3.2 GC/MS Analysis of the XAD-2 Module Extract

The procedure outlined for the probe, cyclones, and filter extract,
Section 6.3.1, is adequate for the methylene chloride extract of the XAD-2
sorbent material. No special precautions other than those discussed above
are necessary. The sensitivity of this analysis is also expected to be
30 nanogram per pl injected.
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6.3.3 GC/MS Analysis of the Condensate Extract

The condensate extract consists of two parts, a base/neutral fraction
and an acid fraction. The GC/MS analysis of these fractions.is based on
the polarity of compounds expected to be present. The separation of the
condensate into two parts may possibly eliminate the need for an LC
fractionation step on this sample. The base/neutral fraction may be some-
what complex but the acid fraction should be relatively clean. If the
chromatograms are not too complex, it is advisable to concentrate the
samples hundredfold and repeat this analysis to increase the overall sensi-
tivity without the necessity of LC fractionation. A probe HRMS run on the
residue of the sample will provide information on the compounds which are
not amenable to GC/MS (see Section 6.1.4 for high resolution mass spectrom-
etry techniques). If both fractions are complex, the samples should be
blended prior to LC fractionation, however, if only one fraction is complex,
only that fraction need be submitted for further workup.

GC/MS Analysis of the Base/Neutral Fraction of the Condensate

The same procedure outlined for the probe, cyclones, and filter
extracts is applied to the base/neutral fraction of the condensate. Sensi-
tivity of this analysis is expected to be 30 nanograms per microliter
injected.

GC/MS Analysis of the Acid Fraction of the Condensate __ _

Due to the polarity and the acidic nature of the acid fraction a
polar column is used for this analysis. The exact column to be used
requires some additional information or the use of two columns for
analysis. If phenols are expected, for instance, a Tenax GC column would
be chosen. If carboxylic acids are expected, a phosphoric acid treated
carbowax 20M column would be the best choice. The use of both Tenax and
phosphoric acid treated carbowax will give results on all acidic species
which could be present in the sample. When using the carbowax column,
phosphoric acid treated glass wool should be used to plug the column ends.
This will minimize adsorption of acidic species. The gas chromatographic
procedure for each of the columns is given below:

e Column type: Tenax GC
o Column material: glass

66



Column size: 2 mm ID x 2 meter long

Temperature program: 50°C for 5 min, 50°-300°¢ at 6° mins hold
at maximum until all peaks elute

Injector temperature: 280°¢C

Detector and transfer line to separator temperature: 280°C
Flow rate of helium: 30 cc per minute

Sample size: 1 to 5 pl

Sensitivity: 100 nanograms per pl injected

Tenax GC is a gas-solid chromatographic material. It does not contain
a liquid phase and has very good temperature stability. It tends to elute
polar materials with ease, however, nonpolar compounds are likely to be
retained on the column. The ultimate sensitivity achieved with this
column is somewhat Tower than many others due to its absorbtive character.

The following chromatographic conditions ave for the phosphoric acid
treated carbowax 20M column:

Liquid phase: 3 percent phosphoric acid and 10 percent carbowax
20M '

Solid support: Chromasorb W-AW

Column type: glass

Column size: 2 mm ID x 2 meter long

Temperature program: 50°C for 5 minutes; 50°-180° at 4°C
per minute. Hold at maximum until all
peaks elute

Injector temperature: 190°¢C

Detector and transfer line to separator temperature: 190°C

Flow rate of helium: 30cc per minute

Sample size: 1-5 pl

Sensitivity: 50 nanograms per pl injected

Alternate column for acid fraction of condensate extract:

Liquid phase: FFAP (Free Fatty Acid Phase)

Liquid loading: 10 percent
67



® Solid support: Chromasorb W-AW
e Column type: glass
e Column size: 2 mm ID x 2 meter long

e Temperature program: 50°C for 5 minutes, 500-230? at 6° per
minute; hold at maximum until all peaks
elute

e Injector temperature: 240°C

¢ Detector and transfer line to separator temperature: 240°C
o Flow rate of helium: 30cc per minute

e Sample size: 1-5 pl

e Sensitivity: variable with sample from 30 to 100 nanograms per
pl injected
The conditions specified for the various columns may be modified to improve
a specific analysis. When extracts are found to be relatively clean, a
faster temperature program will result in less analysis time per sample.
This judgement must be made by the operator at the time of analysis.

6.4 LIQUID CHROMATOGRAPHIC (LC) SEPARATION

Once the preliminary GC/MS work has been completed on the extracted
samples, a general idea of compound type or class is available. The next
step is to separate the various extracts after they have been condensed
to identify specific compounds by GC/MS. The purpose of this LC procedure
is to separate the samples into approximate classes based on polarity
using a gradient elution LC technique. The detailed procedure for the LC
fractionation is given in Appendix B. The LC separation is not a high
resolution technique therefore overlap in the compound classes in many of
the fractions is common. The procedure for Level 1 is followed even
though several of the fractions are blended after separation prior to
analysis. The blending of fractions is due to compound class similarity
and allows a more cost effective GC/MS analysis. Table 6-1 gives the
blending of the fractions following the LC separation using the solvent
gradient outlined in Table 6-2. (Unblended aliquots can be analyzed if
the analyst decides complexity warrants it.)
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Table 6-1. LC Fraction Blending

LC Fraction Blend
1 A
2
B

3

4
C

5

6
== )

7
.8 E

Table 6-2. Solvents Used in Liquid Chromatographic Separations

Fraction No. Solvent Composition

1 Pentane

20% Methylene Chloride in Pentane

50% Methylene Chloride in Pentane

Methylene Chloride

5% Methanol in Methylene Chloride

20% Methanol in Methylene Chloride
50% Methanol in Methylene Chloride

00 ~N OO0 0 BboWwN

5/70/30, Conc. HC1/Methanol/Methylene Chloride
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6.5 GC/MS ANALYSIS OF LC FRACTIONS

Each of the blended LC fractions are concentrated to a volume of less
than 10 m1 using an air drying technique. Once this has been achieved,
1 ml of the internal standard is added and diluted to exactly 10 ml using
methylene chloride in a volumetric flask. In specific cases, where sensi-
tivity is very important, a smaller volume may be used-as long as it is
known exactly. The GC analysis of the individual fraction blends is dis-
cussed below.

6.5.1 Fraction A (1)

Fraction A contains the compounds that generally fall in categories
1 and 2 of the MEG list (see Table 2-5). These include aliphatic hydro-
carbons and alkyl halides. These are the least polar compounds to be
analyzed and are well-suited to low polarity silicon 1iquid phase GC
columns. The column conditions given below provide complete analysis of
this fraction.

® Liquid phase: 0V-101

® Liquid loading: 3 percent

e Solid support: Chromasorb W-AW-DMCS

o Column type: glass

e Column size: 2 mm x 2 ﬁeters long

o Temperature program: 50°C for 5 minutes, 50°-280° at 6° per
minute. Hold at maximum until all peaks
elute

¢ Injector temperature: 290°C

e Detector and transfer 1ine to separator temperature: 290°¢C

e Flow rate of helium: 30 cc per minute

e Sample size: 1-5 i

e Sensitivity: 30 to 50 nanograms per pl injected

Because of the nature of the compounds found in fraction A, the use
of chemical ionization is not recommended to improve sample identification.
The Toss in sensitivity and the confusion resulting from a mixed ionization
process suggests that electron ionization is the method of choice.
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6.5.2 Fraction B (2 and 3)

Fraction B has been blended and contains categories 2, 15, 16, 21,
and 22 as outlined in Figure 6-1. These compounds can normally be classi-
fied as unsaturated hydrocarbons and halogenated species. In general,
these classes produce strong molecular ions in the electron ionization mode
of operation resulting in spectra which are easy to interpret.

The GC separation is best conducted on a high temperature nonpolar
chromatographic column such as Dexil 300. The conditions for a typical
analysis are given below.

e Liquid phase: Dexil 300

e Liquid loading: 3 percent

® Solid support: Chromasorb W-AW-DMCS

@ Column type: glass

® Column size: 2 mm ID x 2 meters long

e Temperature program: 50°C for 5 minutes, 50°-300°C at 6° per
minute. Hold at maximum until all peaks
elute

® Injector temperature: 300°C

® Detector and transfer line to separator temperature: 290°C

¢ Flow rate of helium: 30 cc per minute

¢ Sample size: 1-5 pl

® Sensitivity: 10-30 nanograms per pl injected

The compounds generally found in LC fractions 2 and 3 are also not
amenable to chemical ionization, and electron ionization spectra of these
materials should be sufficient for compound identification.

If the mixture is exceedingly -complex such that chromatographic
resolution is insufficient, the use of a silicon liquid phase 0V-17
capillary column is recommended.
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6.5.3 GC/MS Analysis Fraction C (4 and 5)

Fraction C represents classes of compounds with increased polarity
over the previous fractions. Several intermediate polarity nitrogen,
sulfur, and oxygen containing compounds elute in these fractions. Analy-
sis of this material is best suited to an intermediate polarity silicon
column of which any one of several can be chosen. The chromatographic
conditions given below represent a compromise for this class of materials.

e Liquid phase: 0V-17

e Liquid loading: 3 percent

¢ Solid support: Chromasorb W

e Column type: glass

e Column size: 2 mm ID x 2 meters long

o Temperature program: 50°C for 5 minutes; 50°-290°¢ at 6°C
per minute. Hold at maximum until all
peaks elute

e Injector temperature: 290°C

¢ Detector and transfer lines to separator temperature: 290°C

e Flow rate of helium: 30 cc per minute

e Sample size: 1 to 5 ul

o Sensitivity: 20 to 50 nanograms per microliter injected

Due to the nature of these classes of compounds and the fact that they
generally contain heteroatoms, chemical ionization is recommended as a
supplemental technique to aid in the interpretation of the mass spectral
data.

6.5.4 GC/MS Analysis of Fraction D (6 and 7)

LC fractions 6 and 7 represent complex mixtures of compounds which
are rather polar in nature and have widely varying acidities. In these
two fractions both basic and acidic compounds elute together, and such
mixtures are not amenable to a single gas chromatographic column.

Without previous information as to the nature of compounds present, it
is necessary to run this fraction on at least three different GC columns
in order to ensure that all materials in the sample have been identified.
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The columns selected for these analyses, given below, include an inter-
mediate polarity silicon column, a column designed to elute free fatty
acids and glycols and another to elute free amines. A class of compounds
known as nitrosoamine elute in this fraction. These materials are very
toxic even at low concentrations. An attempt to analyze for nitrosoamines
in this mixture, without special care would be virtually impossible. If
nitrosoamines are expected, special precautions should be taken;
specifically designed cleanup steps should be used followed by chromato-
graphic analysis with a column such as carbowax 20M which is especially
good for nitrosoamines at low concentration. The use of multiple ion
detection mass spectrometry for the determination of nitrosocamines would
be logical for this type of sample. The three columns used for the analysis
of fractions 6 and 7 are given below together with chromographic
conditions:

® Liquid phase: 0V-17

¢ Liquid loading: 3 percent

e Solid support: Chromasorb W

e Column. type: glass

e Column size: 2 mm ID x 2 meters long

e Temperature program: 50°C for 5 minutes, 50°-300°C at 6°
per minute. Hold at temperature maximum
until all peaks elute

® Injector temperature: 290°¢C

® Detector and transfer line to separator temperature: 290°¢C

o Flow rate of helium: 30cc per minute

e Sample size: 1 to 5 microliters

® Sensitivity: 20 to 50 nanograms per microliter injected

This column is designed to elute those compounds with intermediate
polarity such as esters, ketones, and nitrogen heterocycles. The more
polar materials are better suited to an FFAP column described below.

e Liquid phase: FFAP (Free Fatty Acid Phase)

e Liquid loading: 10 percent
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® Solid support: Chromasorb W-AW

e Column type: glass

¢ Column size: 2 mm ID x 2 meters long

e Temperature program: 50°C for 5 minutes; 50°-230°C at 6° per
minute. Hold at temperature maximum until
all peaks elute

® Injector temperature: 240°C

® Detector and transfer line to separator temperature: 250°C

® Flow rate of helium: 30 cc per minute

® Sample size: 1 to 5 pl

® Sensitivity: 50 to 100 nanograms per microliter injected

The basic compounds, such as amines, are better suited to columns
specific for basic materials. The following set of conditions will provide
good chromatographic separations for basic compounds.

Liquid phase: 10 percent carbowax 20M-3 percent KOH

® Solid support: Chromasorb W

® Column type: glass

¢ Column size: 2 mm ID by 2 meters long

® Temperature programs: 50°C for 5 minutes 50°-180°C at 6°c per
minute. Hold at temperature maximum
until all peaks elute

® Injector temperature: 180°¢C

® Detector and transfer line to separator temperature: 190°¢

o Flow rate of helium: 30 cc per minute

o Sample size: 1 to 5 pl

® Sensitivity: 50 to 100 nanograms per microliter injected

The use of these three columns should provide compound identification
on fractions 6 and 7. Alternate columns may be used if information from
the GC/MS analysis of the original extracted material shows specific cate-
gories present. One alternate column would be Tenax GC, which is
especially suited for analysis of glycols and amides, while Chromasorb
103 can be used as a substitute for the amine column KOH-carbowax.
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6.5.5 GC/MS Analysis of Fraction E (8)

LC fraction 8 contains the most polar materials in the sample such as
carboxylic acids and sulfonic acids. These compounds are not particularly
well-suited to chromatographic analysis. Specific columns such as FFAP
or phosphoric acid treated carbowax (SP-216-PS) can be used to run the
Tower boiling acidic species. However, the high boiling materials can
only be analyzed by direct insertion probe mass spectrometry, preferably
using high resolution. The GC-analysis conditions using FFAP have prev-
fously been given and conditions for the other acid column are given below.

e Liquid phase: 10 percent Carbowax 20M-3 percent H.PO
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e Solid support: Chromasorb W AW
e Column type: glass
o Column size: 2 mm ID x 2 M long

e Temperature program: 50°C for 5 minutes; 50°-180°¢C at GOC/min.
Hold at temperature maximum until all peaks
elute ‘

o Injector temperature: 190°C

e Detector and transfer line to separator temperature: 190%
e Flow rate of helium: 30cc/min

o Sample size: 1-5 i

Acid fraction 8 is particularly well-suited for chemical ionization
and, if high resolution mass spectrometer is not available for running the
solids probe on the residue, a solids probe analysis using chemical jon-
ization may aid in identification of some components.

An alternative to direct analysis of acidic species is derivation.
Several methods of derivation are available. However, the two most common
are the formation of trimethylsilyl esters of the acids or methylation to
form the methyl esters. The trimethylsilyl esters are the easiest to
form, although GC/MS identification of these materials can be quite diffi-
cult. GC/MS analysis of this derivative generally results in the TMS
fraction of the molecule dominating fragmentation such that the spectrum is
a function of the derivation rather than the molecule itself. The result
is a confusing, uninformative spectrum that is difficult to interpret.
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Chemical ionization is not particularly well-suited to any TMS
derivative.

The formation of methyl esters of carboxylic acids and sulfonic acids
is a more tedious process requiring considerably more chemistry and care.
The derivatization is usually conducted with diazomethane which is a rather
explosive substance. However, once the derivatives are formed, chromato-
graphic separation is trivial and mass spectral identification is usually
positive. Chemical ionization is well suited for mass spectral analysis
of methyl esters. If trimethylsilyl derivatives or methyl esters are
formed, the GC separation should be performed using a 0V-101 column and
the conditions outlined in Section 6.5.1.

6.6 LEVEL 2 ANALYSIS OF WATER SAMPLES

This Level 2 plan for analysis of water samples is taken from the
"Sampling and Analysis Procedures for the Survey of Industrial Effluents
for Priority Pollutants," published by the Environmental Protection Agency,
Cincinnati, Ohio. Figure 6-2 is a schematic diagram of the plan. The
analysis is divided into three parts, the first is a direct injection of
the aqueous sample for the determination of very high concentrations of
ordanic materials and those compounds which are not amenable to the
Bellar purge and trap technique. The second step is the purge and trap
technique where an aqueous sample is purged with an inert gas and the
water immiscible volatile organic compounds are trapped on a Tenax solid
adsorbent prior to GC/MS analysis. Finally the sample is extracted, first
at an alkaline pH followed by an acidic pH extraction to separate the
higher boiling and water miscible organics both basic and acidic.

6.6.1 Direct Aqueous Injection GC/MS

When impurities in the water are present at very high concentration, they
can be most easily determined both qualitatively and quantitatively by direct
aqueous injection of the water sample. Typically a 5 microliter sample
of the water is injected onto an appropriate column such as Tenax for
polar compounds and Porapak Q for nonpolar compounds using the conditions
given below. The direct injection technique is also useful for the analy-
sis of extremely volatile impurities which cannot be determined by the
purge and trap technique.
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Tenax GC
GC conditions for Tenax have been previously given.

Porapak Q

Porapak Q is a porous polymer which is a gas solid absorbent, and
will elute most nonpolar compounds with good resolution.

e Column type: Porapak Q

o Column length: 4 mm ID by 2M long

o Temperature program: Room temperature to 240°C at 6°C per
minute. Hold at maximum until all peaks
elute.

e Sample size: 3 to 10 ul

e Sensitivity: 100 nanograms per pl injected.

6.6.2 Purge and Trap Concentration Technique

The purge and trap technique is designed to concentrate those organic
compounds from water which are immiscible and having a boiling range up to
about 130°C, very low boiling immiscible materials are not trapped by this
technique. The apparatus used for this analysis consists of a purging
chamber in which the sample is placed. The chamber -is purged with an
inert gas such as helium at a flow rate of 40 cc per minute. The purge
time is approximately 12 minutes and the organic vapors are trapped on a
Tenax and silica gel column which is subsequently heated and the desorbed
gases injected into a gas chromatograph followed by separation on a carbo-
wax 1500 column.

e Liquid phase: 0.2 percent Carbowax 1500
e Solid support: Carbopak C
e Column type: glass

¢ Column size: 2 mm ID by 3 meters long proceeded by a short column
of 3 percent Carbowax 1500 on Chromasorb W

o Helium flow rate: 30 cc per minute

® Temperature program: room temperature during trap desorption
followed by rapid heating to 60°C hold for
4 minutes then program at 89C per minute to
1709C, and hold for 12 minutes or until all
compounds have eluted.
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e Sensitivity: ‘variab!e depending on trapping efficiency, must be
determined daily when analysis technique is used.

The column used in this analysis has very high resolution for nonpolar

materials which are low boiling. These include categories 1, 2, 15, and

16. If the sample is highly contaminated and chromatographic resolution
is insufficient for compound identification, a capillary column, either
QV-17 or Carbowax 20M, may be used as a substitute in this analysis.

When using the purge and trap technique, it is necessary to run blank
water samples between each analysis sample. It is also necessary to bake
the trap during the course of the GC run to remove all possible inter-

fering organic substituents which may cross over from one sample to the
next due to insufficient trap heating.

6.6.3 Extraction of Water Sample for GC/MS Analysis

The extraction of water samples for subsequent analysis by GC/MS is
identical to the procedure outlined for the condensate sample from the
SASS train. If the chromatographic analysis of the extracts is complex

and incomplete compound analysis results, the LC fractionation step should
be implemented as outlined in Figure 6-1.
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APPENDIX A:
LEVEL 1 DATA REDUCTION AND DECISION CHARTS
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Level 1 Data Reduction and Decision Charts
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A, ALKANES AND [™0 s hevane 1,05 x 106 (300) 1 1.58 x 107 | 1.0 x 104 5.2 x 108 | 2.0 a5, FIELD, C6 :
cralc Butanes 1.4 x 106 (600) | 2.1 % 107 [ ~1.0 2 105 | 6.2 x 104 |>2.0 x 102 | @S, FIELD, €8 ‘
ALKARES Gctanes T.45 x 100 (300) | 2.18 x 107 3 1.4 x 108 N SASS, LAB, CB '
Heptanes 1.6 x 106 (400) ! 2.4 x 107 [ 1.0x 105 | 4.8 x 108 2.0 x 162 | GAS, LAB, C7
Pentanes 1.8 x 106 (600) | 2.7 x 107 | 1.0x 103 ] 5.4 x 104 2.0 BAS, FIELD, C5 .
Methane 3.3 x 106 (5000} | 4.91 x 107 |~1.0 x 105} 9.8 x 104 [>2.0 x 102 | GAS, FIELD, §) ;
Ethane 6.12 x 105 (5000) | 9.18 x 107 N 1.8 x 10% N GAS, FIELD, £2 L
Propane 9.0 x 106 {5000) | 1.35 % 108 {>1.0 x 105 | 7.8 x 10% |52.0 x 107 | GAS, FIELD, C3 ‘
Cyclopetane N ] 210 % 105 | 1.1 x 104 12,0 x 102 | 6AS, FIELD, €5 i
Alkanes (C-9) N N [ [ N SAS, LAS, C10- !
L e e e e e e e e e e LBl e e e e e o e | — ]
Cyctopentadienes 2.0 x 305 {75) 3.0 x 106 N 6.0 x 103 N GAS, FIELD, €5 N
Cyclohexene 1.0 x 108 (300} | 1.5 x 107 N 3.0 x 10 N GAS, FIELD, C6 |
B. ALKENES, Henenes .02 x 106 (300} | 1.53 x 107 N N N GAS, FIELD, (6 -
cree Butadienes 2.2 x 106 {1000) | 3.3 x 307 | 1.0 x 103 | 6.6 x 104 2.0 GAS, FIELD, C3 1
Alkenes and [~Cor ene 5.71 x 106 (5000) | .57 x 107 | 1.0 x 104 | 1.7 x 105} 2.0 x 10__| GAS, FIELD, C) T
Dienes Propylene 8.59 x 100 (5000) | 1.29 x 108 | 1.0x 105 | 2.6 x 105 | 2.0 x 102 | @As, FIELD, €2 !
Butylenes [ 3 N N 4 GAs, FIELD, C2 §
Pentenes [] N K [ N GAS, FIELD, C5 T
Lyclohexadiene N N N N N GAS, FIELD, C5
[ Meptenes TN __ P FToxiedl W "lzoal? Yes rmeoed T 1 L T
Propyme 1.65 x 106 {1000} | 2.48 x 107 N 5.0 x 104 N 6AS, FIELD, C3
Acetylene 5.3 x 106 {5000} | 7.97 x 107 ] 1.6 % 10% ] GAS, FIELD, €2
€. MKVNES Butyne N ] W N ] GAs, FIELD, €3
HALOBENATED
AL, e caone) | 50 %102 7.50 x 103 | 1.0 % 162 | 1.5 x 100 | 2.0 x 10°1 | sass, a8, €11
A it;:rjtmo Methyl iodide B.54 x 102 1.28 x 108 N 2.6 x 101 N 6AS, FIELE, (5
HALIDES

o

TABLE KEY:

- TEST METHOO

STARDARD
DEVELOP-
MENTAL
UNKNOWN

1.

2.

3.

Ao AAS

B. XRD

C. WET
CHEMICAL
D. ESCA

E. GC/MS

. EXPECTED TEST

SUCCESS:

1. HIGH
2. MODERAYE
3. UNKNDWN

. TEST COST

1. REASON-
ABLE

2. WODERATE

3. HIGH

. SAMPLE

AL1qUOT
1. ADEQUATE
2. MARGINAL
3. INADEQUATE
4. RESAMPLE
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WATE MATE MATE MATE MATE SAMPLE | RATIC | LEVEL 2 ]
AlR HATE? h‘ﬂ'ﬂl | LAND LAND HHERE FOUND kg /m3 REQUIRED TEST |
1g 19, +9/9 /g 1 / pe | y=vES | TEST EXPEC- | TEST, i SAMPLE
CATEGORY COMPOUND ugfed {ppm) HEALTH ECOLOGY | HEALTH ECOLOGY LEVEL 1 :S/? % | NeNo' | MeTHQD! | TATIONS? | cosT3 ' ALlQUOT® | TABLE XEY:
Tribrosomethane 5.0 x103 (0.5) | 7.5 x 304 N 1.5 x 162 [ SASS, LAB, C10 | . 1. TEST METHOD
Hexachloroethane | 1.0 x 109 (1] 1.5 x 105 N 3.0 x 102 N SASS, LAB, Cil “ 5 3{:’;‘%?9
Ll2Trichlore- | g5 0% (10) | 6.75 %105 | 10103 |14 ar03] 20 &S, FIELD, C5 ! 5, MEMTAL
Carbon tetra- 5.98 x 10t 8.97 x 105 | 1.0x 103 | 1.8 x103| 2.0 F ! : A M
ehiorids . .97 x 0% 8 x . cAS, FIELD, 5 i : 8 X0
Hethyl bromide 6.0 x 104 (15} 5.0 x 105 |s1.0 x 105 [ 1,8 x 10| 72.0 x 102 ] GAS, FIELD, {4 ‘ e cHIju]tAL
Chierofors 1.2 %105 {26y | 6.0 x 105 N 1.2 x 103 X GAS, FIELD, L6 D. ESCA
1,2-Dichloreethane | 2.0 x 105 {50) 3.0 x 106 | 1.0 x 109 [ 6.0 x 103 | 2.0 « 100 | GAS, FIELD, €5 : E. GL/MS
Methyl chioride 2.1 x 105 (100) | 3.15 x 10° [>1.0 x 105 [ 6.4 x 103 | 2.0 x 102 | GAS, FIELD, 3 . 2. ;é;%”fn'?rr
Dichlorgpropanes _ | 3.5 x 109 (75) 5.25 x 106 | 1.0 x 103 | 1.1 x 108 2.0 GAs, FIELD, C6 : 1. HIgH
Dichlaromethane 7.2 x 105 (200) | 1.08 x 107 | 4.5 x 103 SASS, LAB, C8 ; 2. MOBERATE
7 d : :
;Ir:m;:::::ur::h;ne 1.0 x 106 (200) | 1.7 x 10 N 3.4 x 10 N GAS, FIELD, CB : 3. TEST CosT
22~ .2- : 1. REASON-
Gifluoraethane | 4-9% x 106 (1000} | 7.43 x W07 n 1.5 % 108 U GAs, FIELD, €5 s
2. MODERATE
Dichloradifluoro- | 4 95 x 106 (1000) | 7.45 x 107 [>1.0 x 105 | 1.5 x 105 | 72.0 x 102 | GAs, FIELD, €3 . 3. HIgn
- t 4. SAMPLE
Trichlorofluoro- | 56 x 106 8.4 x106| M 1Ix105 @S, FIeLD, co i AL1queT
Sramodichlors- ; ADEQUAK
: . MARGIN
wethane N N N K 8 GAS, FIELD, C6 . 3 INAGEQUATE
Dibromadichloro- - 4. RESAMPLE
methane N L] L N ] s, FIELD, (A
Bromobutanes N N N K N SASS, LA3, C7
i-Chlorogctape —_— SASS, LAB, Cl1 1
o v e o we i | ] i s B | o o o e et e | it ] e e e g — et w— i e —
B. UNSATURED Hexachlerocyclo- 3 3 h
ATl cadiony 11 x 102 (0.00) [ 1.65x 1D N 3.5 N SASS, LAB, LCZ
HALIDES Chioroethene 2.85 x 103 (1) 3.83 x 104 7.0 x 105 7.6 x 101 | 2.0 x W0? | eAs, FIEWD, C3
Hexachlorc- 3
atadiene 4.0 z 10 6.07 x 108 N 1.2 x 162 [ SASS, LAB, LCZ
Dichloropropenes 1.2 x 104 1.68 x 105 | 1.0 x 103 | 3.4 x 102 2.0 GAS, FIELD, (6
1,1-Dichlorosthene | 2.58 % 10° 3.88 x 106 | 4.5 x 103 ] GAS, FIELD, €S
Tetrachloroethene | 6.7 x 105 {100} | 1.01 x 107 | 1.0 x 103 [2.0x 104 | 2.0 $ASS, LAB, C8
7,2-Dichloroethene | 7.0 = 105 (200} | 1.70 x 107 [ 1.0 x 708 [ 2.2 x 104 | 2.0 x 107 | gAS, FIELD, €5
ETHERS 2-Ethyl-4-Methy)- od 5 2
1 P Dtoxotancs | 2B x1 3.38 x 10 N 6.8 x 10 ] SASS, LAB, (8
1,3-Dioxane 1.8 x 109 {50) 2.7 x 106 N 5.4 x 103 | 2.0 x 101 | 5ASS, LAB, €7
1,4-Dioxans 1.8 x 105 2.7 108 11.0 x 108 | 5.4 x 103 [ z.0'x 107 _ [ sass, LAB, C7
1sopropy) ether 1,05 x 105 (250) | 158 x 107 [ 1.0 x 108 | 3.2 x10%] 2.0 x 101 | sass, LB, 7
2-Methorybiphenyl [ ] ] K [ SASS, LB, C7
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! =T T -
wre | mate T T SAMPLE | RATIO [ LEVEL 2
nm m\ﬁ)\ NATEF‘t w/w i LAND | WHERE FOUND | wg/m REQUIRED fest 'éi:T st | smeLe
19, wg/ u9/g ! 19/g 4] 2/ SAMPLE Y=YES EC- |
CATEGORY COMPOUND ug/m3 (ppm) HEALTH ECOLOGY | WEALW ! ECOLOGY :  LEVEL I g/l MATE NeNg | METHOD! | TATIONSZ | CosT3 ; ALiouoTt TABLE KEY:
4. HALOGENATED 1,1-Dichlorodi- ! ! i 1. TEST METHOD
ETHERS athy! ether 3.0 x 104 (5) 4.5 x 10% N 9.0 x 107 N SASS, LAB, (7 i i 1. STARDARD
1,2+-Dichloro- 3.0 10t 5 3 i | & agﬁkg?-
ethyl ether -0 % 107 (5} 45 w107 ] 45010 LA T | 3. UNKHOKN
B et 3.0 x 0t (5) [ 45 x 105 [ Loaet a0 x 102 [20x 000 [ osass, s, cio A s
Chloromethy] 2 { 1 ! C. WET
methy] ether 3.68 x 10 5.52 x 105 [ 4.5 103 . 1.1 x 307 | 5.0 [ GAS, FIELD, €5 | CHEMTCAL
} D. ESCA
Tohee, | 2 A B AT a 1 ‘e
- 2. EXPECTED
e | o L e | | e g
2-Chioroathy) i 2. MODERATE
rethyl ether N N [ [ N 6AS, FIELD, C6 1 3. UNKKOWN
t-Chloro-1,2- T 3. TEST COST
polbebas N N N [ N SASS, LAB, C7 ; i :,E‘“o"'
- LE
Chloroethylethy! N N N N N SASS, LAB, C7 2. MOUERATE
3.
e ety N N N N N SASS, LAB, €3 ‘- s
T
a~Chiorobutyl- 1. ADEQUATE
ethyl ether N ¥ ¥ [ N SASS, LAB, £10 . MARGINAL
{1-Chloros 3. INADEQUATE
D oreaso- N N N X N SASS, LAB, CIt 3. RESAMPLE
Bromapheny!
pheny] ather N N N N N SASS, LAB, LC4 |
5, ALCOHOLS a-Hydroxytholyene | 5.5 x 104 8.3 x 109 ] 1.0 x 10% | 1.7 x 103 | 2.0 x 10V | "sass, vLaB, Ci2
A. PRIMARY Isobutylalcohol 1.5 x 109 {50} 2.3 x 106 | 1.0 x 104 [ 4.5 x 103 | 2.0 x 107 | sAss, LAB, 7
MLCOHOLS | Pentanols (Primary)| 3.6 x 105 (100) | 5.4 x 0% [ 1.0 x 108 | 1.1 x 10 | 2.0 x 107 | sass, LaB, 8
1-Propanol 5.0 x 108 7.5 x« 1081 1.0x10% | 1.5 x 104 | 2.0 x 10T | GAS, FIELD, C6
Butanals (Primary) {15 y 105 (50) | 2.2 x 106 [+1.0x 105 | 4.5 x 103 | 2.0 ¢ 207 | sass, e, ca
Methaaol 2.6 x 10° (200) | 3.9 x 106 [>1.0 x 105 | 7.8 x 107 | 2.0 x 102 | GaAS, FIELD, C6
|_ Fthano} 1.9_x 10% (1000} [ 2.88 x 107 [>1.0x 105 | 5.8 x ta% | 2.0 x 102 | gaS, FIELD, U6
thanod | o L3 ¢ 0 (10001) 2.85 x 10 _folDx W L X e A A N, e b e e b e e e e e -
8. SECONDARY | Phenyl Ethanol 1.8 x 10 2.7 x 108 K 5.4 x 102 N SASS, LAB, LL6
ALCONOLS | Benzyl -5.54 x 10t 8.31 x 105 1 1.0 x 10¢ SASS, LAB, LC6
Borneol 9.6 x10% - 1.35 x 106 N 4.8 x 103 N SASS, LAB, LC6
3-;"3{::;‘;"“' 1.6 x 105 2.4 x 106 N 4.8 2 103 N sSASS, LAB, C6
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MATE MATE MATE MATE SAMPLE | RATIO | LEVEL 2
ngs :A}sk unrﬂe w;n u;m uuenfuruuuu ng/m% REQUIRED TEST
CATEGORY COMPOUND uglmg {ppm} HEALTH Fchtoey | WEALH Ecoromy LEVEL 1 ﬂﬁi‘i‘ MATE ;:;v'gs ngfagn] Ti%ﬁﬁ %ila Amls"
P ary) 3.6 x 105 (100) | 5.8 x 106 M 1.1 x 104 ¥ SASS, LAB, €8
Z-Butanol 4.8 x 10° {150} | 6.75 x 106 [>1.0 x 105} 1.4 x 109 | 2.0 % 102 GAS, FIELD, C§
| -Propanol | 9.8 x 10° (400) | 1.47 x 107 | 1.0 x 10% | 3.0 x 16%] 2.0 x 10| ks, FIELD, C5
C. TERTIARY Tertiary Pentangl | 4.5 % 108 | 6.75 x 105 | 1.0 x 105 1.4 x 103 | 2.0 x 107 | @s, FIlED, 6] - T —— T — 1=~ ~—7T—~ — ]
ALCOHOLS a-Terpineo! 1.95 x 107 2.89 x 100 K 5.8 x 103 [ SASS, LAB, LC6
Tertiary Butanol 3.0 x 105 (160) | 4.5 x 105{>1.0 x 105] 9.0 x 103 | 2.0 x 102
Isobornen] N L] N L3 N SASS, LAB, LC6
GLYCOLS,
EFOXIDES
A, GLYCOLS Ethylene glycol 1.0 x 104 1.5 21051 1.0 x 0% 3.0 %102 | 2.0 x 100 | sass, 148, ci
Propylene giycol | 3.6 x 105 (100) J 5.4 x 106 j-1ox 0] tixedf2oxte [, me o] 4 1 L L T ]
B. EPOXIDES "ggl;:;f”;g;e 1.63 x 104 245 %105 | 1.0 x103| 2.8 x 102 | 2.0 SASS, LAB, €B _
2-3;5::,’}5“ 1.5 x 0% (50) | 2.3 x 108 N 5.2 x 10% W SASS, LAE, C10
ALDEHYDES ,
KETONES
A. ALDEHYDES Acrotein 2.5 xi02 (0.1) | 3.75 x 103 [<l.ox 108 | 7.5 2.0 x 10-7 | @S, FIELD, ¢S5
Formaldahyde 1.6 x 103 2.6 x 109 1ox1w03[aax10t{ 2.0 GRS, FIELD, €3
Propionaldehyde 3.6 x 10% 5.4 w105 1.oxtwf]| 1.1 x 103 2.0x 10 BAS, FIELD, G5 I
Benzaldehyde 5.83 x 104 8.77 x 10% N 1.8 x 103 N SASS, LAB, C10 i
Butyre) dehyde 1.12 x 100 1.6 x 105 ) 1.0 x 102 ] 3.3 x 103 ] 2.0 x 107 | was, FIELD, 6 !
Acetaldehyde 1.8 x 105 (100) | 2.7 x 108 [l 5.4 x 103 N BAS, FIELD, C4 ‘
3-Methylbutanatl 3,86 x 10° 5.7 x 105 [ 1.ox103] 1.2 104 | 2.0 GAS, FIELD, C6 |
3. KETONES | Camphor 1 1.2 x100(2) | 0.8 x305] N [3Exwf] " N [ sAss, M, 4] | et m— === =
sophorone 2.5 x 10% 3.75 x 10° N 7.5 x 102 N 5ASS, LAB, LC4 |
A 4.05 x 107 6.07 x 10° N 1.2 x 103 N SASS, LAB, LCA
Acetone 2.4 x 105 (1000) | 3.6 x 107 |>1.0 % 105 | 7.2 x 10% [>2.0 x 102 | GAS, FIELD, C5
Butanone 5.9 x 10° (200) | 8.85 x 105 [>7.0 x 10° | 1.8 x 10% |>2.0 x 102 | GAS, FIELD, C6
Tetrachioro- N N N N N 5455, LAB, €11 I
t
“;g;‘z’m:‘;ge N N N N N $ASS, LAB, LC4 '
§:6 Benzo-3- N ] N N X SASS, LAB, LC4 : 1
Dihydro(d)carvone N N N N N SASS, LAB, LC4 N I

w

. EXPECTED

TEST SUCCESS:
1. HIGH

2. MODERATE
3. UNKNOWN

- TEST COST

1. REASON~
ABLE

2. MDDERATE

3. HIGH

- SAMPLE

ALIqUOT

1. ADEQUATE
2. MARGINAL
3. INADEQUATE
4. RESAMPLE
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~

MATE MATE MATE MATE
mTE WATER HATER LAND LAND WHERE FOUND
AIR #9/1 g/l ] 9/g IN
CATEGORY CONPOUND ug/m? {ppm) HEALTH ECOLOGY | HEALTH ECOLDGY LEVEL |
CARBOXYLIC ACIDS | Maleic 1.0 x 103 (0.25) | 1.5 x 104 N 3.0 x 101 N SASS, LAB, (8
CARBOXYLIC Phthalic x 103 {1.0) x 108 N 1.8 x 102 N SASS, LAB,
ACIDS LC7 &8
formic  10° (5.0) x 105 N 2.7 % 102 [ SASS, LAB, C8
- hcetic x 10% {10 w105 102103 | 7.6 x 102 2.0 SASS, LAB,
L7 s
Benzoic x 105 x 106 N 4,2 x 103 N SASS, LAB, (8,
8 4Ly
Long Chain 1 N 1 N [ SASS, LAB, CB,
3 & LE7
b et e e e fem o ——— e e e b e _ I S
| Fivdroxypropanaic | 5 49 4 192 476 %103 [1ox10t | 86 | z0xt0 | sass, i, cr0
ROOITIONAL s-Propiolactone | 3.2 x 102 1.6 x 103 [ 3.2 N
FUNCTIONAL Hydroxybenzoic Acid] 4.01 x 108 6.01 x 105 N 1.2 x 103 N SASS, LAB, €7
oS Uhvdroyscetio Acig [ 878 0% " 113 %106 [ W Taeawd [ v st e, 1o
AMIDES -Hevanelactam 1.0 x 103 1.5 x 10t N 3.0 N SASS, LA, C7
Formamide 3.0 »10% (20) 145 x10° ¥ 9.0 x 102 N $ASS, LAB, 107
Acetamide 4.5 x10° 6.75 x 108 N 1.4 x 108 § SASS, LAB, LLT
§-Aminohexanoic 2.33 % 108 15 x 107 N " 5 SASS, LAB, 108
. Acid - — ——— e e s e oy e e [ o e
ESTERS Phthalates 5.0 x 103 7.5 x 164 1.5 1.5 x 10¢ [-3.0 x 10-3| SASS, LAB, LC6
Methyl Methacry- x 105 (100) | 6.2 » 108 {1.0x 10t | Tzxt0d | 2010 | SASS, LAB. €7
Adipates x 104 2.83 % 105 N 5.6 x 102 SASSiDLAB, 8,
9 &
Methyl Benzoate x 105 2.25 % 108 ] 4.6 x N SASS, LAB, €10
Pheny] Benzoate N N ] [ [ SASS, LAB, LC6
Pi-2~ethylhexyl
hthalate [ [ N % ¥ SASS, LAB, L6
Lang chain esters N ] N N L} SASS, LAB, LC6
NITRILES 1-Cyanoethane x 103 2.64 x 10% N 5.4 x H GAs, FIELD, (6
Tetramethyl- ]
suecinonitrile x 107 (0.5) | 4.5 w10t N 2.0 x N SASS. LAB, LCA
Butyronitrile x 104 3.37 % 105 [ 6.8 « N SASS. LAB. LCA
Benzonitrile x od 4.86 x 10° N 1.4 2 2.0 SASS, LAB
Acrylonitrile x 104 (200 6.8 x 10° 2108 | 1.4 x . SASS, LAB, {11
Acetonitriie x 10% {a0) 1.06 x 106 105 | 2.1 x 2.0 x 102 | 6As, fFIELD, C6
Naphthonitriles ® i % N ] ] SASS, LAB. LCA

TABLE KEY:

. TEST METHOD
1.

g
-]
&
-
]
o
1)
%
T

. UNKNOWN
ARS
XRD

. WET
CHEMICAL

0. ESCA
E. GC/MS

e m o ow

. EXPECTED

TEST SUCCESS:
1. HIGH

2. MODERATE
3. UNKNOWN

. TEST COST

1. REASONABLE
2. MODERATE
3. HiGH

. SAMPLE

AL1QuOT

1. ADEQUATE
2. MARGINAL
3. INADEGUATE
4. RESAMPLE
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5 MATE MATE MATE MATE ] w;ss RATIC | LEVEL 2 :
WTE wfn :’;ﬁ“ wo LA:’ID | WHERE FOUND ug// spre | IO | Expee. | TEST. | sapLE
CATEGORY COMPOUND ug/m3 {ppm) HEALTH ECOLOGY | HEALTH Featocy P LEWEL I :3/? “WATE | weno | METHOD! | TATIONSZ | €OSTY | ALlouoT TABLE KEY:
10. AMINES 1-Aminonaphtalene | 5.5 x 102 85 x 103 | 1.0 x 102 ;Tsnss. LAB, LCT 1. TEST METHOD
A, PRIMARY Methylamine 1.81 x 103 2.72 x 108 N 3.6 x 10 2.0 | SASS, LA8, LU6 ! ! i ;'. é?é’é[”&’éf
4-Aninibiphenyl 1.2 x 103 (i0) 1.8 x 108 ] 1.0 x 108 §AS, FIELD, 6 I 1 MENTAL
Ethanolamine 6.0 x 109 (3) 9.0 x10° [ 1.0x109] 1.8x 10¢] 2.0 x 10| SASS. LAB, C1D : 3. UNKNOWN
{ hd kL
Butylamines 1.5 x 105 (5) 2.25 x 10% [>1.0 x 105 | 4.5 x 10¢ | 2.0 x 10° | gAg, FIELD, C6 A. AAS
Ethylamine 1.8 x10% (10) | 2.7 x10° | 3.0x103 } 5.4 x 102 2.0 | As, FIEWD, ©4 ‘é; :2?
1,2-Diaminoethane | 2.5 x10% (10) | 3.75x10° | 1.0x103 | 7.6 x 102 2.0 SASS, LAB, C8 CHEMICAL
tyclohexylamine 4.0 x 104 (19) 6.0 x105 | 1.0x04 | 1.2x108] 2.0x 0 SASS, LAB, C8 ?j ey
Propanclanine 1.27 x 105 1.9 x 18 N 3.8 x 163 N SASS, LAB, €9 : N 2. EAPECTED
Shmngpropene [ oW __ T w_ [ v gow l_x esepecesl Ly 1o L] s success:
B. SECONDARY Ethyleneimine 3.33 x 102 5.0 x 103 N 1.0 x 16 N GAS, FIELD, €37 ; 2. WODERATE
Dimethy!anine 1.8 x 10% (10) 2.7 x 105 | Lox10% 0 5.4 x 102 2.0 GAS, FIELB, C3? i i 3. UNKNOWN
Morpholine 7.0 x 104 (20) .05 x 105 [ 1.0 x 10% | 2.1 3031 2.0 % 10 SASS, LAB, LCE? | 3. TEST COST
Diethylamine 7.5 x 104 {25) 1,13« 106 [ 10x103§ 2.2 x 103 2.0 GAS, FIELD, C37 ! ;I MODERATE
EthyImethylamine N N N GAs, FIELD, C42 3. HIGH
. TERTIARY | winotoluemes | Tl %1% _ |0 w63 ] h 1 e | w Jssuweal T T T Tt T oo Y e
. . . X , LAB, )
AMINES 2-Aminonaphthalene | 1.7 x 102 2.5 x 108 1.0 x 102 5.0 2.0 x 10-1 | sASS, LAB, LCE i ?E‘ﬂ};ggm
4,41 Methylene- " 3 i § migégﬁ:“
:1:;23‘:}.1‘;.-0— 2.18 1 10 3.27 x 10 [ 6.0 N SASS, LAB, LC7 3 Duadequ
Anistdines 5.0 x 102 (0.1) [ 7.5 = 103 N 1.5 x 10 ] SASS, LAB, LT
4-AminibiphenyT 1.3 x 103 2.0 x 0% N 2.0 N 5455, LA, LLG
1, 4-Diaminobenzens | 4.5 2 103 6.75 x WA [ IEERE N SASS, LAB, LEE .
3,3 -Dichlora- 6.6 x10% 9.9 x 10 N 2.0 x 102 N sASS, LAB, LCT ;
Benzidine .4 x 08 . 21 x 105 | 1.0 x 102 | 4.2 x 102 2.0 x 1077 | sass, LR, LCT |
Aniline 1.9 x 108 (5) 2.85 x 105 [ 1.0 x 107 [ 6.0 x 102 2.0 SASS, LAB, CiT I
Diwethylanil ine 2.5 x 104 (5) 3.75 x 105 ] 7.5 x 102 N SASS, LAB, CI1
Hl-Digethy]- 2.5 x 0% (5) 3.83 x 105 n 7.5 x 102 N SASS, LAB, LCG
-, "-"! abinethyl- L7 x 10 4,76 x 102 ] 1.0 X 6AS, FIELD, (6
1-nydrazine| 3.5 x 102 (0.2) | 5.25 x 103 " 11x10 N GAS, FIELD, CF
Diazomethane 4.0 x 102 (0.2) | 6.0 x 103 N 1.2x 10 K GAS, FIELD, C3
“-:;31’::}:{" 1.0 x10% (0.5) | 1.5 x 104 ] .0x10 N sAsS, LAY, (8
Hydr 1.35 x 164 2.02 x 108 N GAS. FIELD. C6
Diphenylhydrazimes | 1.4 x 104 2.0 x 108 N 2.0 x 10¢ N SASS, LAB, LC7
Hydrazine [] N N SA3S, LAB, C8
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MATE MATE W | MATE SAMPLE ! RATI0 | LEVEL 2 ! ‘T |
MATE WATER |  WATER LAND LAND |  WHERE FOUND wgfm3 | REQUIRED PoTEST | ;
AR T ] N O va/g | SAMBLE | ¥eYES | TEST, . EXPEC- | TEST. | SAWRLE,
CATEGGRY COMPOLND vg/m3 (ppm) HEALTH | ECOLOGY HEALTH  ; ECDLOGY ! LEVEL 1 ug/l ; WATE N=NQ METHOD' * TATIONS €osT3 5 ALIQUOT
12. NITROSAMIES N-Nitroso- } i T ; :
Dime thylamine 1.2 1.8 x 10 i [ 3.6 x 10 Zi N SASS, LAB, C9 i i
N-Nitroso- 3 ! ! :
Diethylamine 1.21 x 102 1.82 x 16 2 3.6 N SASS. LAS, C10 i i
N-Methyl-K- 3 | [ ;
Nitroso-fmiling | 1:29 % 10 1.94 x 108 ] 3.8 x 10 N i SASS, LAB, LCS ! I
H-Hitroso-Bi- SASS, LAB, C12 T 1
propylaime 2.41 x 103 3.62 x 109 N 7.2 10 N T ;
N-Nitrose-D1~ {
shanylamine 7.4 x 0% 1.1 x 108 & 2.2 x 103 L] SASS, LAB, LCS J : ;
I~ ¥-Nitroso-Difsa- 2 3 i
propy amine 3.83 x 10 5.75 x 105 N 1.2 x 10 l N SRSS, LAB, C1) ! j
N-Nitrosp-0i- J : "
pentylamine N N N N i N sass, LAB, LC5 !

13. MERCAPTARS, H | ;
SULFIDES
A.  MERCAPTANS Perchloromethyl 2 H !

Mercaptan 8.0 x 102 (0.1) | 1.2 x i0% N z.4 010 N SASS, LAS, LC6 :
Methy) Mercaptan 1.0 x10% (0.5) 1.5 x 08 N 3.0 x 10 N GAS, FIELD, $6C i
Ethy! Mercaptan 1.0 x 103 (0.5) {1.5 x10¢ N 3.0 x 10 [ GAS, FIELD, S6C !
Butyl Mercaptans 1.5 x 103 (0.56) 2.25 x 104 N 4.5 x 16 A GAS, FIELD, SGBC ; 1
Benzenthiot 2.07 x 103 3.10 x 104 N 5.2 x 10 [ SASS, LAB, LC6 : i
Propyl Mercaptans | 8.06 x 104 1.21 x 108 " 2.4 x 703 N GAS, FIELD, SGC T ]
| VAntheanthiol | N e N _ L & NN SASSILAB, LG ] e e e ]
B. SULFIDES Dimethy! Sulfide 2.41 x 104 3.61 x 108 L] 7.2 x 102 N GAS, FIELD, S56C |
DISULFIDES Phenyl Sulfide 9.63 x 10% 1.44 x 106 N 2.9 N :ASS. LAB, C9 i
LCS :
Diethyl Sulfide [ N N N N BAS, FIELD, S&C !
Methyl Disulfide & N N & N SASS, LAB, C8 !

V. SULFONIC ACIDS, i
. SULFOXIDES |
A. SULFONIC Benzensulfonic 3 .

ACIDS Acid 4.01 x 108 6.01 x 10° N 1.2 x 10 N SASS, LAB, LC8 |
9,10-Anthragui-
none-Bisul fonic L] ] N N N SASS, LAB, 108
T S VA s KU (SIS I SRS AN DU SN NI SN U S,
8. SULFOXIDES Dimethyl Sulfoxide | 6.14 x 102 1.22 x 10 [ 2.4 $ASS, LAB, CT1
.

~

TABLE KEY:

TEST METHOD
1. STANDARD
2. DEVELOP-
MENTAL
3. UNKNOWN

A. AAS

8. XRD

C. WET
CHEMECAL

D. ESCA

E. GC/MS

. EXPECTED

TEST SUCCESS:
1. HIGH

2. MODERATE
3. UNKNOWN

. TEST COST

1. REASON-
ABLE

2. MODERATE

3. HIGH

. SAMPLE

ALTOUOT

1, ADEQUATE
7. MARGINAL
3. INADEQUATE
4. RESAMPLE
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Level 1 Data Peduction and Decision Charts (Continued)
MATE MATE MATE MATE SAMPLE | RATIO | LEVEL 2 TEST
;ms w?n WATER LAND LAND HHERE FOUND ¥ ug/m3 sawpye | REQUIRED | TEST | EXPEC- SaLE
R ug/ wq/1 va/q /g [ va/g PLE | ¥=YES | METHOD! | TATIONS TEST .
CATEGORY COMPOUND ug/md (ppm) HEALTH ECOLOGY | HEALTH ECOLOGY LEVEL 1 ugn TWATE | N=NO cost? | ALlQuoT? TABLE KEY:
15. BENZENE, Bipheny 1.0 x10d 0.2y 115 x 0t N 3.0x 10 N SASS, LAB, LC2 1. TEST METHOD:
SUBSTITUTED 3 @ 1. STANDARD
Benzene 3.0 x 103 (10) 45 «10% [10x10% [9.0x10 2.0 A3, FIELD, C6 2. DEVELOP-
BENZENE Terphenyls 9.0 x 109 (1} 1.35 x 10° [ 2.8 % 102 [ SASS, LAB, LC3 R 'L'"E‘thu
Indene 4.5 x10% (0) 6.8 x 105 [ 1.0 x 103 1.4 N SASS, 1AB, LC3 '
Isopropyl Benzene | 6.3 x 10% 9.45 x 105 | 4.5 x 102 | 1.9 x 103 2.0 SASS, LAB, C9 :~ Q:g
Trimethyl Benzenes | 1.2 x 105 {25) 1.8 x 108 [ 3.6 x 103 H SASS, LAB, C10 C. WET
" CHEMICAL
Dibydronaphtha 1.27 % 108 191108 [ 10x10% | 40a 103 2.0 SASS, LAB, LC2 D. ESCA
E. BC/MS
Tetrahydro- 5 6 SASS, LAB, C12
naphthalenes 1.29 % 10 1.94 x 10° | 1.0 x 103 | 4.0 x 103 2.0 et e 2. EXPECTED TEST
Propy! Benzeme 2.17 » 108 3.25 x 106 | 1.0 x 103 | 6.6 x 103 2.0 SASS, LAB, (% §U55§§‘31
Dialkyl Banzene 2.25 x 105 3.38 x 106 | 1.0 x 103 [ 6.8 x 103 2.0 SASS, LAB, C10, 2. MODERATE
i, 12 3. UNKNOWN
Butyl Benzene 2.25 x 105 3.38 x 106 N 6.8 x 103 N SASS, LAB, CH
. 3. TEST LOST
Indane 2,3 x 10 3.4 x 106 N 6.8 x 103 L] SASS, LAB, LC2 1. REASON-
Toluene 2,75 x 105 (300} | 5.63 x 106 [ 1.0 x 103 | 1.1 x 198 2.0 SASS, LAB, CB 2 ﬁléng
Styrene 4.2 x 108 (100} | 6.3 x 106 [ .o x 103 | 1.3 x 0% 2.0 SASS, LAB, 9 3. HIGH
Ethy! Benzene 4.35 x 105 (100} | 6.53 x 106 | 1.0 x 103 { 1.3 x10% 2.0 SASS, LaB, 8 4. sAmLE
Xylenes 4.35 x 10° (00} | 6.53 x 106 | 1.0 x 103 | 1.3 x 10¢ 2.0 SASS, LAB, C9 " t1glor
1. - SASS 2 1. ADEQUATE
‘.;ipa::yh:nyl N A N K ¥ i 2. WARGINAL
! 3. INADEQUATE
T‘i""*"'l" ] N 1.0 x 10t ¥ 2.0 x10 | sAss, LB, 11 4. RESAMPLE
16. HALOGENATED
ARDMATIC
HYDROCARBONS ‘
RING Polychlorinated . . SASS, LAB, LCZ .
SUBSTITUED| * miohanyls 5.0 x 102. 7.5 x 103 | 5.0 x 10-3 Fir e '
ARGMATICS [ Folychiorinated 4 5 2 3 .1 | SASS, LAB, (C2
banzenes 3.4 x 10 5.1 x10% £ 1.0 x 107 }1.0x 103 | 2.0 x 1077 | B .
Chloronaphthalenes | 6.93 x 10% 1.04 x 108 N 1,5 x 10 ] 1,0 x 18-5 | SASS, LAB, LC2
53 .
2-Chloroto] uene 2.5 x 105 (50) | 3.75 x 106 N 7.5 x 103 N SASS. iAB. C9 |
1,2-Dichlors- 3.0 x105(50) | 4.5 x 105 [1.0x 102 | 9.0 x 103 | 2.0 x 10°1 | sAss, LAB, CI0
Chlorobenzene 3.5 x 0% (75) 5.26 x 106 | 1.0 x 102 | 1.1 x 10% | 2.0 x 10-1 | sAsS, LAB, CB
1.4-Dichiaro- 475 x 105 (76) | 6.6 x 105 | 1.0x 102 | 1.4 x 108 | 2.0 x 16-1 | sAsS, LAB, Cl0

benzens
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Level 1 Datz Reduction and Decision Charts (Continued}

+ T
MATE WATE MATE . MATE SAPLE | RATIO LEYEL 2
MATE WATER WATER LAND LAND WHERE FOUND | wg/m REQUIRED TEST
9
AR .g/1 g/l agly | s9/9 0] ugfg | SAMPLE | YYES | TEST . EXPEC-, TEST. | SAMPLE,
CATEGORY COMPOUND ug/m3 {ppm) HEALTH £COLOGY HEALTH | ECOLOGY LEVEL ! wg/1 HATE N=NO METHOD! | TATIONS? | COST® | ALIQUOT'
Y
Bromo and i SASS, LAB, €9,
Dibromobenzenes ¥ N " N i " 2, Aice }
Brg:ach!nro- N " N N L N §“i§é (AR, €12
RIEnes
L eharo- K N " N, N ssS, LA8, C10 :
denzene L e e e - USRS O (g A VU OV SOV (G U UG [ -
B. AROMATICS a-Chiarotoluene 5.54 x 10 8.31 2105 | 1.0 x 102 Sass, LAB, C1i {
WITH HALO- Bis-{chloromethyl)
GENERATED enmene N N N N N SASS, LAB, LCZ
ALKYL SIDE
CHAINS ; ,
17. AROMATIC 4-Nitrehiphenyl 1.2 x 10l 2.0 x 10t N 2.0 x 10 [ SASS, LAB, LC4 ;
NITRO Dinitrototuenes 1.50 x 103 2.25 x 104 | 1.0 x 103 | 4.5 x 10 2.0 SASS, LAB, LCS
Nethoxynitro- 45 x 108 6,75 x 103 N v.4x 102 N SASS, LAB, 105 ;
barzene . i
Nitrobenzene 5.0 x10% (1.0) | 2.5 x10% | 1.0x103 | 1.5x 107 z.0 SASS, LAB, €12 { i
s LC4
vOlore- 2 e T3 x 0 1.95 % 105 | 1.0 10% | 4.0 %102 f 2.0x 10 | sass, LeB, 108 ‘
t-thloro-d- 1.89 x 108 2.80 x 105 N 5.8 x 162 N sass, LAB, Lo ;
Kitrotoluenes 3.0 x 104 (5} 4.5 x 105 | 1.0 x 103 | 8.0 x 102 2.0 SASS, LAB, LCS ;
18. PHENOLS |
A, WONOHYDRICS Z-ﬁiaﬂ:ggg""‘ 6.75 x 103 5.0 5.0x 12 | 1.0x 102y SAss, LAB, LC6 g
Polyalyl 1.49 x 104 5.0 5.0 2102 | 1.0 x102] 1.0 SASS, LAB, LC6 i
Phenci 1.9 x 104 (5) 5.0 5.0 % 108 | 1.0 x 10°2 1.0 SASS, LAB, €11
Cresols 2.2 x 10% (5) 5.0 5.0 x 102 | 1.0 x 10-2 1.0 infﬁé LAB, €12
Pheny! Phenols 2.3 x 10t 5.0 5.0 x 102 { 1.0 x 102 .0 SASS, LAB, LCE
Alkyl Cresols 2.30 x 100 5.0 5.0 x 102 | 1.0 x 107] 1.0 SASS, LAB, C12
5 LC6
2-Methoxy Pheno) 3.26 x 10% 5.0 5.0x 102 [ 1.ox 102 1.8 SASS, LAB, LCE
Xylenols 1.3 x 0% 5.0 5.0x102 | 1.0 x10-2[ 1.0 SASS, LAB, LC6 :
Ethylphendls [ 5.0 5.0x 102 [ 1.0 % 102 1.0 SASS, LAB, LCE i L

TABLE KEY:

. TEST METHOD
1. STANDARD

. LINKNDWN

ARS

XRD

WET
CHEMICAL
ESCA

Mmoo oawmB W N

. GCsMS

2. EXPECTED TEST

SUCCESS:
1. HIGH
2. MODERATE
3. UNKNOWN

4, TESY COST

1. REASON-
ABLE

2. MODERATE

3. HIGH

4. SAMPLE

ALIQUOT

1. ADEQUATE
2. WARGINAL
3. INADEQUATE
4. RESAMPLE
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tevel 1 Data Reduction and Decision Charts {Continued)

RATE MATE MATE MATE SAMPLE | RATIO { LEVEL 2
MgE HA‘/r‘ER mﬂ? L-\?D LA;ID WHERE FOUND | na/md REQUIRED TEST —_— SOPLE
ug, ¥y w3/g wa/g ] vg/g | SAMPLE |  YeYES TEST EXPEC-
CATEGORY COMPOUND ug;r--s (ppm) HEALTH ECOLOGY | HEALTH ECOLOGY LEVEL I ugfl | MATE | WeNO METHOC! | TATIONs2 | COST® | ALIqQUOTA
B. DIHYDRICS, - -
POLYHYDRIES | |fanonvdrosy 2.0 x163 5.0 5.0x102 | 1,0x302} 1.0 SASS, LAB, LCG
Catehsl 2.0 x 108 (5) 5.0 5.0 %102 ] 1.0 x 102 1.0 SASS, LAB, LC6
Vo3 Tribydrony- | 355 x 108 5.0 5.0%x102 | 1.0xW2| 1.0 SASS, LAB, LCE
1,3-Dihydroxy- -
Lbengene (45 xR Q0 | S0 S0k nexiet] to | osesuweoof L L ol
€. FUSED RING 1-Naphthol 1.7 x 105 5.0 5.0 x 102 | 1.0 x W02 1.0 SASS, LAB, LCB
HYDROXY Z-Naphthol 1.09 x 108 5.0 5.0 x 102 | 1.¢ x 10-2 1.0 SASS, LAB, LCB
COMPOUNDS Indanols 1.46 x 10% 5.0 5.0 x 102 | 1.c x 102 1.0 SASS, LAB, LCE
Phenanthrols N 5.0 5.0 x102] 1.0 x 1072 1.0 SASS, LAB, LCE
Acenaphthenols N 5,0 5.0 x 1021 1.0 x 102 1.0 SASS, LAB, LGB
2-Hydroxyfluorene N 5.0 5.0 x 102§ 1.0 x W2 1.0 SASS, LAB, LC6
z'ﬁzﬂ;:"\"’"'e"‘“' N 5.0 5.0x102] 1.6 x102| 1.0 SASS, LAB, LC6
19, HALOPHENOLS Pentachlorophenol | 5.0 x 107 5.0 5.0 x 102§ 1.6 x 10-2 1.0 SASS, LAB, LC7
Chlorinated Crescls | 2.25 x 10 5.0 5.0 x 102 ¢ 1.0 x 10-2 1.0 SASS, LAB, LCE
2.4-Dichlorophenol [ 7.0 x 103 5,0 5.0 x 102 5ASS, LAB, C12
2-Chlgrophengl 3.02 x 108 5,0 5.0 x 102§ 1.C x 10-2 1.0 SASS, LAB, C10
20. NITROPHENDLS Trinitrophenol 1.0 x 102 {0,011} 5.0 5.0 x 102 1 1.0 x 12 1.0 SASS, LAB, LCT
Dinttro-o-crasol 2.6 x 102 {0.025) 5.0 5.0 x 10¢ 1.0 x j0-2 1.0 SASS, LAB, LCT
Dinitro-p-cresol 6.8 x 10¢ 5.0 5.0 x 102 ; 1.0 x 10-2 1.0 5ASS, LAB, LC7
Dinitrophenols 1.35 x 103 5.0 5.0 x 102 ] 1.0 x 10-2 1.0 SASS, LAB, LC7 :
a-Njtrophenol 1.58 x 104 5.0 5.0 x 102§ 1.0 x 10~ 1.0 SASS, LAB, LC7 i
3-Nitrophenal 2.01 x 104 5.0 5.0 x 102 ] 1.¢ x 102 1.0 iAES. LAB, €1 ! ‘
c7 : :
t :
2-Anino-4,6- 4 2 - -2 ! :
Nitrophenol 4.64 x 10 5.0 5.0 x 102 | 1.C x 0 i SASS, LAB, LCT :
2-Nitrophenol 5.8 x104 5.0 50x102{10x10¢ ] 1.0 EAES. LB, C12 L |
h 7 . !
21. FUSED Benzo{a}pyrene f2.11 x 1072 3.17 x 101 N _ ;j60x10? % SASS, LAB, LC3 .
AROMATIC Dibenzo{a.h} s, - 1 - ‘
HYDROCARBONS anthracene [ 9-27 x 10°2 1.3 N 3.0x10-3 N SASS, LAs, LC3 i !
- e e e T i T
7,12-Dimethybenz- -1 -3 ‘ :
ey e 12.6 x 10 3.91 N 8.0 x 0 N SASS, LAB, 103 | ; 1
Dibenzo{a,i)pyrene 14.3 x 10 6.5 x 102 N T3 L] SASS, LAB, LC3 ] ]
; .

~

w

TABLE KEY:

- {EST METHDD:

STANDARD
. DEVELOP-

me oEr oM
=
x5
=3

. TEST COST

1. REASON-
ABLE

2. MODERATE

3. HIGH

. SAMPLE

ALIGUOT
T. ADEQUATE

2. MARGINAL
3. INADEQUATE
4. RESAMPLE
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Level 1 Data Reduction and Decision Charts {Continued)

T
MaTE | MATE | maTE MATE SAMPLE | RATIO | LEVEL 2 !
MATE WATER , WATER | LAND | LAND WHERE FOUND | ug/nm3 REQUIRED * 1ES7 ]
ATk vg/l oy we/l G wele »9/9 so/g | SMPLE | YeYES | TEST | EXPEC. | TEST, . SAMPLE,
CATEGORY COMPOLIND sg/m? {ppm) HEALTH  « ECOLOGY | HEALTH ECOLEGY LEVEL I e/l WATE | NeN0 | METKOD! | TATIONS? § COSTY , ALIQUOT
. L
- 1 ¥ T
9,10-Dimethyt-1,1 5 i i ! 1.
2-benzanthracene | 2796 x 10 4.48 x 305 N SASS, LAB, LC3 | ;
1 N
Benz{a)anthracene |4.45 x 10 6.72 x 102 N 1.3 N SASS, 188, LC3 i | :
L Il
Dibenzolb def) 3.32 x 102 4.58 x W3 8 8 SASS, LAB, LCI ; i
1
genzo(g.h,1) . T i

peryiene 5.43 x 102 BIS x 108 | N " N SASS, LA8, LC3 i !
ibenzofa,e)pyrene ;1.08 x 103 ez x10d 1 N 3.2x10 N 5ASS, LAB, LC3 i '
Phenanthrens 1.59 x 103 239 %104 | N 4.8 x 10 " SASS, LAB, LC3 :

Methylchrysenes 1.79 x 103 2.69 » 10t N 5.4 x 10 N SASS, LAB, LC3 ! 2
Chrysene 2.2_x 1088 3.3 x 10 [ 6.6 x 10 [ SASS, LAB, LC3 f

Picene 2.5 x 103 375 x 104 N 7.5 % 10 N SASS, LAB, LC3 !

Benza{e)pyrene 3.04 x 103 4.56 x 104 N 9.1 x 10 N SASS, LAB, LC3 )
Dibenzo(a,h)pyrene | 3.68 x 103 5.52 x 104 N 1.1 x 192 [ SASS, LAB, LC3 | 3
Dibenz{a,c) 3 5 10 |

anthracene 9.9 x10 1.6 x 10 N 3.0 x 10 3 SASS, LAB, LC3 w
1,2:3,3-Dibenzo- 4 5 )

" nthracene 1.0 x 16 1.5 x 10 N SASS, LAB, LC3 1
Benza[g)chrysene 1.63 x 108 2.45 x 10% ] 4.8 x 102 N SASS, LAB, L3 ’g A
Benzo(c)phen- (] - 2

kel 2.69 x 10t 4,06 x 10 N 8.2°x 10 ] $ASS, LAB, LC3 T‘
Mathylphen-anthrenes| 3.04 x 104 4.56 x 108 N 9,1 x 102 N SASS, LAB, LC3
Naghthalene 5.0 x 104 7.5 x 105 (1.0 x 3102 1.5 x103] 2.0 x 16-1; SASS, LAB, C11

& LC2

Anthracene;Methyl

bbbt o 156 x 10t 8.4 x 108 N 1.7 x 103 N SASS, LAB, LC3
Monoalkyl 3

Naghthalenes 2.25 x 108 3.38 x mf N 6.8 x 10 [ SASS, LAB, LC2
Dimethyl 6

Nephthelenes 2,25 x 109 3.38 x 10/ N 6.8 x 109 N SASS, LAB, LC2

Pyrene 2.33 x 108 3.5 x 108 Ll 6.9 x 103 L] SASS, LAB, LCI
Pheny’ Naphtha-

Tones 3 N N N ] SASS, LAB, LC3 |

Acenaphthene;

‘Acenaphthylene N N K N N $ASS, LAB, LC3 i
2,7-Dimethyl-

tmthracese N N N % ] SASS, LAB, LC3
L Rap N [ N N ] SASS, LAB, LC3 |
Triphenylena [ [ [ [ N SASS, LAB, LC3

TABLE KEY:

TEST METHOD
1. STANDARD
. DEVELOP-
MENTAL
. UNKHOWN

2

3

A, AAS

B. XRD

C. WET
CHEMICAL
D. ESCA

E. GC/MS

. [XPECTED TEST

SUCCESS:
1. HIGH
2. MODERATE
3, UNKNOWN

. TEST LOST

3. INADEQUATE
1. RESAMPLE
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Level 1 Data Reduction and Decision Charts {Continued)

26

WATE MATE MATE MATE SAMPLE | RATIO LEVEL 2
MATE WATER WATER LAND LAND WHERE FOUND ug/ns REQUIRED TEST
AIR ug/t ua/e wg/g ug/q ] ng/e SAMPLE Y=YES TEST EXPEC-_ | TESY SAMPLE
CATEGORY COMPOUND varn? (ppm) HEALTH ECOLOGY HEALTH ECOLOE LEVEL T verl HATE H=ND NETHOD TaTIONS? | cosT3 { avLtouot TABLE KEY:
f 1. TEST METHOD;
1-Methy) Fyrene N N ] N L] SASS, LAB, LC3 R 1. STANDARD
Divethy? Pyrenes [ N N N SASS, LAB, LC3 , ; Z. DEaELoP-
1,2 Benzoaphtha- N M 3. UNKNOWN
cene N L] ] N N SASS, LAB, LCI [ m
Perylene N N N N N SASS, LAB, LC3 ! ;: xué
Coronene N N N N X 5ASS, LAB, LC3 | C. WET
FUSED NON- 3-Methy)- o 1 b, HEMICAL
ALTERNATE Cholanthrene 3.75 5.63 x 10 N 1.1 x 10 N SASS, LAB, LC3 U Geows
BOLYCYCLIE  [gor ™ .
HYDROCARBONS fluoranthene 5.97 x 10 1.35 x 10* " 2.8 x10 N SASS, LAB, LC3 2. EXPECTED TEST
8enzo{k} 3 2 ) T
fluoranthene 1.63 % 10° 2.45 x 10 ] 4.9x 10 N SASS, LAB, LC3 e
Indeno(1,2,3.c.d) 3 4 3. UNKNOWN
pyrene 1.63 x 10 2.45 x 10 ] 4.8 x 10 N SASS, LAB, LC3
Honzotl) 3. TEST COST
fluoranthene 6.98 x 10° 9.72 x 10 X 2.0 x 167 % SASS, LAB, LC3 1. ReAsow-
1,2:5.6-Dibenzo- 4 s ; 2. MODERATE
fluorene 1.32 x 10 1.98 x 10 N 4.0 x 10 N SASS, LAB, LC3 3. HIGH
Dicyclopentadiene 1.59 x 10 2.39 x 10° | 1.0x10° | 4.Bx10° | 2.0x 107" | SASS, LAB, C10 R—
Indane, Indene 4.5 x10° (10) | 6.75x 10° N N N 5ASS, LAB, C11. ALIQUOT
Fluoranthene, % xﬁﬁﬁf
{Tetrahydro- 4 5 3 3. INADEQUATE
Fluor ) 9.0 x 10 1.35 x 10 N 2.8 x 10 ® SASS. LAB, LC3 oy
Fluorene N N N N N SASS, LAB, LCZ
Cyclopentano- -
naphthalene N ] ] " W SASS, LAB, LCZ
2,3-8enzofluor-
ane N N ¥ N W SASS, LAB, LC3
1,2-Benzofiuorene N N N [ N SASS, LAB, LC3
Cyclopenta{def}-
phenanthrene N X N N W SASS, LAB, LC3
Truxene{Tribenzyl-
ene Benzene) N .| N N N SASS, LAB, LC3
M J
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Level 1 Data Reduction and Decision Charts {Continued)

; WATE MATE MATE MATE SAMPLE | RATIO | LEVEL 2
; WATE WATER WATER LAKD LAND WHERE FOUND | ug/m REQUIRED TEST
| AlR ug/ ug/1 ug/g v0/G wgfg | SAMPLE ¥=1ES TEST | | EHPEC- TEST SAMPLE,
CATEGORY COMPOUND i ug/m (ppm) HERLTH ECOLOBY |  WEALTH ECOLOGY LEVEL 1 vaft 3 N0 | METHOD' | TATIONSZ | cosT3 | ALTquoT!
23, HETEROCYCLIC ] ! ’
NITROGEN ! ;
A. PYRIDINE & Pyridine [ 15 x 10t (s} 2.25 x 165 11,0 x 104 4.5 x 102 [ 2.0 x 10 | sass, Lae, 8 I :
aﬁ?;};gm Di & polysubsti- | 2 2 5 P ) R T
tuted wyroatnes | 27 x 10 4.05 x 10 N 8.2 x 10 N SASS, LAB, €10 ;
Picolines 3.56 x 104 5.34 x 105 N 1.1 x 103 N | SASS, LAB, L6 : ;
Chlorapyridine 4.82 x 103 7.23 x 108 N 1.4 % 102 N i SASS, LAB, €9 . i
3 10 i :
Collidines 5.9 x 10 Lo x 106 N 2.0 x 103 N | sass, LAB, C8 ! :
13103 ! i
Monosubstituted I ¥
Alkyl Pyridines N N N N ] | sASS, LAB, LC3 ! i
B. FUSED Dibenz{a,h} )
6-MEMBERED acridine 2.24 x 102 3.36 x 107 N 6.7 N SASS, LAB, LCE ;
RING - ‘
Dibenz(s.J) 2.47 x 102 3.71 x 103 N 7.8 u SASS, LAB, LCB l l
Benz(clacridine | 1.1 x 10 L6 x 105 N 3.2 x 102 $ASS, LAB, LC6 | i
- 1
e ine 1.8 x 108 2.37 x 165 N 4.7 x 102 N $ASS, LAB, LC6 i
Dibena(c.n) 2.32 % 10t 3.5 % 105 N 5.9 % 107 ] SASS, LAB. LC6
Methylguinolines | 5.54 x 100 8.31 x 105 ] 1.7 x 103 N SASS, LAB, LC6 :
Acridine 9.0 x To% 1.4 x 108 N 2.7 x 108 N 'SASS, LAB, LC6 |
Dimethylquinolines H N N ] N SASS, LAB, LC6
Dihydroacridine [ N N N N SASS, LAB, LCE
Benzol(c)quinglin L] N ¥ N N SASS, LAB, LC6
Benzo{ flquinoline N N ] N N SASS, LAB, LC6
Benza{h)quingline K N N N N SASS, LAB, LU6
Benzo{a}acridine N N N N N SASS, LAB, LC6
Ditenz K-Indeno W N N N % SASS, LAB, LG
(1,2-b)quinaline » LAB,
‘"mu‘im;k"ﬂ N N ¥ ) % SASS, LAB, LC6
Ofbenzo{c,d} '
c. :¥=20LE AND i o 1.05 x 103 1.58 x 103 N 3.0 N SASS, LAB, LC6
DERIVATIVES Pyrrole 2.75 x 103 4.3 x 104 ] 8.1 x 10 N SASS, LAB, LC6
“‘:gg:i:;g) 6.03 % 103 9.05 x 108 W 1.8 x 102 N SASS, LAB, LC6
indole 1.1 w0 1.7 x w0’ [ 3.3 %02 [ SASS, LAB, LC6

TABLE KEY:

TEST METHOD:
1. STANDARD
2. DEYELOP-
MENTAL
3. UNKNOWN

me nw»
=
q

SUCEESS:

TEST COST
1. REASON-
ABLE
2, MODERATE

3. HIGH

. SAMPLE

ALTQUOT

1. ADEQUATE
2. MARGINAL
3. INADEQUATE
4, RESAMPLE
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RATID ]LEV[L 2

MATE MATE MATE MATE SAMPLE
MATE WATER | WATER LAND LAHD WHERE FOUND Lg/ REGUIRED Test
AIR ug/] ug/1 ug/g s3/g ™ ug/9 | samMpie ¥=YES TEST EXPEC-, | TEST SAMPLE
CATESORY COMPOURD wg/m3 {ppm} HEALTH ECOLOGY HEALTH ECOLOGY LEVEL T wa/l | THETET | N=NO HETHOD! | TATIONS? § cosT3 [ Actquort
Dibenzala, 1) 1.15 x 104 1.73 x 108 ¥ 3.6 x 102 N SASS, LAE, LC6
Benzola) o 1,89 x 108 2.84 x 105 * 5.6 x 102 N SASS, LAB, LC6
Carbazole 2.25 x 108 3.38 x 105 [ 5.8 x 102 N SASS, LAB, LCE
Methylindoles 4.5 x 108 6.75 x 105 [ 1.4 1 103 N 5ASS, LAB, LC6
D. NITROGEN Benzothiazole 4.28 x 103 |
HETEROCYCLES - 6.42 x 104 N 6.4 x 104 N SASS, LAB, LC6 Tl
containini
o ELEROATOMS Beuzthiazoles 4.73 x 103 7.10 x 104 [ 1.4 102 N 5ASS, LAB, LC6 !
24. HETEROCYCLIC Tetrahydrofuran 5.9 x 105 (200} 8.85 x 106 [ 1.8 x 104 N SASS, LAB, LCS
NITROGEN Furan N N X ] N GAS, FIELD, €5
" Benzafuran ] N ] N N SASS, LAB, C10
pibenzofuran K [] 3 N N SASS, LAB, LCB
Methyldibenzo- t
furanes N Ll L N N SASS, LAB, LCS !
Kaphthofurans N N N N N SASS, LAB, LES i
Benzo(b)naphto ]
(2 3-dyruran N ] N N N SASS, LA, LCS |
Phenoanthro{9
i N N N N N SASS, LAB, LCS N
1+9-Benzox- !
anthene A N N N N SASS, LAB, LC5 !
. HETI Benzonaphtho- 2 4 ' ;
2. '&Eﬁcmlc thiopene 9.86 x 10 1.48 x 10 N 3.0x 10 N SASS, LAB. LC4 :
Thiophens 4.5 x 103 6.75 x 104 N 1.4 x 102 [ GAS, FIELD, C5 :
Methylthi 2.25 x 108 3.38 x 108 N 7.0 x 102 N SASS, LAB, CB
Benzo(b)thiophene | 2.30 x 10% 3.45 x 10% N - 7.0 x 102 N SASS, LAB, LC4 !
Dimethyl- " N N W N 5ASS, LAB, €9 :
Tri; Tetramethyl
thicphenes W N N K B SASS, LAg, €10
2,2-Bithiophene N N N N N SASS, LAB, LC&
Dibenzthiophene ] N N N N SASS, LAB, LC4
26. ORGANO-METALLICS Alky) Mercury 1.0 x 18 (.081) P 1.5 k102 ]2.0x 3074 3.0 x10-1] 4.0 x 10-5[ @AS. FIELD, C6
A. BLKYL or Yetracthyl Lead 1.0 x 102 {.0075)] 1.5 x 10? [<4.5 x 10! SASS, LAB, €12
ARYL . and LC1
Organotin 1.6 x 102 1.0 x 103 N 3.0 N GAS, ETELD,CE _
Tetramethy! Lead 1.5 x 102 {.014) } 2.26 x 03 N 4.5 N 855, LAB, C7
Grganogermanes 3.15 x 10° 4.73 x 108 N 9.4 x 102 N GAS, FIELD, C6
Trimethyl Arsine N N N N GAS, FIELD, C5

~

TABLE KEY:

. TEST METHOD:

. STANDARD
. DEVELOP-
MENTAL

+ UNKNOWR

AAS
XRD

WET
CHEMICAL
£5CA

. GC/MS

mME O®P W M=

- EXPECYED TEST
SUCCESS:

1. KIGH
2. MODERATE
3. UNKNOWN

. TEST COST

1. REASON-
ABLE

2. MODERATE

3. HIEH

. SAMPLE

AL1QUaT

1. ADEQUATE
2. MARGINAL
3. INADEQUATE
4. RESAMPLE
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tavel 1 Data Reduction and Decision Charts {Continued)

1 E

MATE MATE MATE MATE SAMPLE | RATIO | LEVEL 2 i i I

MATE WATER WATER LAND LAND WHERE FOUND ug/m3 REQUIRED POTEST | !

ALR 29/ w9/ ug/g 49/9 " wg/g | SAMPLE YeYES TEST | EXPEC. 4 TEST | SMMRLE,
CATEGORY COMPOUND ug/ad (ppm) HEALTH ECOLOGY HEALTH ECOLOGY LEVEL | wg/l | MRTE | N=NO WETHOD! | TATIONSZ ; COST | ALTOUOT

1

B. SANDWICH Nickelocene 3.5 x 103 5.25 x 104 N 1.0 x 192 N SASS,LAB,LCA ‘ i

TYPE Ferrocane 5.94 x 109 8.91 x 105 N 1.8 x 103 K IGAS,FIFLD,CE h !

Dibenzene ) | !

chromium H I N N & | & { :

i ! ’ ! : ;

a1 - R 3.52 x 10 5,28 « 104 N 9.0 x 10 e | ] ;
AND OTHER Caplened | ;
CHELATES Nickel N ] N N LI i
Complexed Iron N [ N % "I :

Complexed Tin L] ' L3 H 1 [} 3 {

ut
Complexed Zinc N N N N L} \
T

TABLE KEY:

1, TEST METHOD:
1. STANDARDL

2. DEVELOP-
MENTAL

3. UNKNOWN

R. AAS

€. XRO

C. WET
CHEMICAL

0. ESCA

E. GL/MS

2. EXPECTED TEST
SUCCESS:
1. HIGH
2. MODERATE
3. UNKNOWN

3. TEST COST
3. REASON-
ABLE
2. MOBERATE

3. HIGH

4, SAMPLE
ALIQuoT

3. INADEQUATE
3. RESAWPLE
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96

| H i
foMaTE waTE | MAtE § MaTe SAMPLE | RATIQ | LEVEL 2
MATE | WATER WATER | LAND | LAND g/ REQUIRED TEST
glR 1 wefl g | N R wo/9 | SAMPLE ¥=YES TEST EXPEC-, | TEST SAMPLE
CATEGORY COMPOUND ua/m3 {ppm} . HEALTH ECOLOGY |  HEALTH ., EECOLOGY | w9/l MATE NeNG | METHOD! ; TATIONSZ | cosT3 | AL1quoTé TABLE KEY:
27. LITHIUN Li 2.2 %10 133 x 102 [ 3.8x 102 | 7.0% 101 §7.5x10°) 1. TEST METHOD
¥ 1. STANDARD
Li 2.2 x 10 3.3 %102 | 3.8 x 102 2. DEVELOP-
LiF (as Li) 2.2 » 0 3.3 x102 { 3.8x 102 MENTAL
(72003 (as Li) 2.7 x 10 3.3 %102 ] 3.8 % 102 3. UNKNOWt:
LiH 2.5 x 10 38 x 107 L] A. AAS
78, SODILN N 5300 8.0 x 105 N 1.6 % 103 N B
NaOH 2.0 x 103 1.0 x 104 N 6.0 x 10 N ; ESERICAL
T 0.
29. POTASSILM KOH 2.0 x 103 3.0 x 0% N 5.0 x 10 N B GLIHS
K [ % ] N N
K* (as K) ! N 2.3 x 108 ] 4.6 x 10 z gsgggg'} TEst
30. RUBIDIUM Rot! 1.21 x 105 1.82 x 106 N 3.64 x 103 N 1. HiGH
o 2. MODERATE
31, CESIUM cst 8.19 x 10% 1.23 x 106 N 2.46 x 103 N 3. UNKNOHH
32. BERYLLIUM Be 2.0 3.0 x 10 | 5.5 x 10 6.0 x10-2 1 1.1 x10-1 .
+ " - 3. TEST €OST
Be 2.0 3.0 x10 [855x10 | 60x102 [ 1.0 x 103 1 REASONABLE
8ol {as Be) 2. MODERATE
Bal-A1305: 510, 2.0 3.0 x10 | 55x10 | 6.0x 102 | 1.1 % 1071 3. HIGH
{as Be 4, SAMPLE ALIQUDT
33. MAGNESIUM Hagnesium, Mg 6.0 x 103 9.0 x10% [87x10® [ 1ext02 [1.7x10° 1. ADEQUATE
Magnesfun Ton, Mg7* | 6.01 x 103 9.0 x 100 ] 8.7 x10F | 1.8 102 |1.7x 102 i ;’“ﬁ'&ﬁéiiﬁhrs
mg"@"“" Oxide. |4 gy ¢ 108 1.5 x 105 | 1.0x105 | 3.0 x 107 |2.0x 102 4. RESAMPLE
Magresium Fluoride, 2
Moo (as M) 6.0 x 103 9.0 x10% [8.7x104 | 1.8x 10 1.7 x 102
Magnesium Sulfate, 3 vl
MgDe (2s Mg} 6.0 x 10 9.0 x 104 | B.7x 10 1.8 x 102 1.7 x102
Magnesite, MgCO3 3 4 4 2 2
(i ¥a) 6.0 x 10 9.0 x10% | 8.7 » 10 1.8 x 10 1.7 % 10
Dolomite, MgCO3: 3 4 4 2
Cacty (a8 M) 6.0 x 10 9.0 x 104 | 8.7 x 10 1.8 x 10 1.7 % 102
Ashestos (as Mg) 6.0 x 103 9.0 x10% | 8.7x w04 [ .8x 102 |1.7x102
. CALCILY Caicium Ion, Ca** { 1.6 x 10% 2.4 x105 [1.6x 10 [ 4.8x102 [3.2x 10
Calcium Fluoride
Cafy . N N N N [
Caleium Carbonate :
%3 ’ N N N N N
-Calcfum Sulfate
Casts ' N N R N N
Dolomite, MgCO3-
cacty N N N N N
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MATE MATE MATE MATE SAMPLE | RATIO gg& ED rist
MATE WATER HATER LAND LAND o "
wgm ug/1 vg/1 ug/g ] ugg.‘g SAMPLE Y<YES TEST EXPEC-, | TEST SAMPLE,
CATEGORY COMPOUND wo/u {ppm) HEALTH Ecolosy HEALTH EcOLOGY | wosi WATE N METHODY | TATIONS? | COST3 | ALIQUOT
35, STRONTIUM Strontium 3.1 x 108 4.6 x 108 M 9.2 x 10 N
Strontium Ion,
{as sr 31w Ted 4.6 08 N 9.2 x 10 y
Strontium Flucride 3
&%y {as 5r) * 3.1 x w0 4.6 x 104 N 9.2 x 10 N
Strontium Sulfate, 3 4
Srs0g {as Sr) 1 x g 4.6 x 10 N 9.2 x 10 N
36. BARIUM Barium, Ba 5.0 x 10Z 50 x103 [2.5x163[ 1.0x10 : 5.0
" oy 1
fariun, ton, B 5.0 xR 5.0 x103 [25x103] L.6x10 i 5.0
Barium Sulfide 2
BaS (as Ba) 5.0 x 10 6.0 » 103 [2.5x103 | 1.6 x10 5.0
Barium Thia- 5
r.amnate BaCs3 5.0 x 10 5.0 x 103 | 2.5 x 103 ] 1.0x10 5.0
{as Ba) .
Barium Fluoride 3 3
varp (s By - |50 102 $.0 2103 :2.5x 10 1.0x10 5.0
‘Barium Carbonate 03
1 satng (as ney |50 % 102 5.0 x103 [8.5x 103 | 10x10 5.0
Barium Sulfate V) 3 3
BaSOy (as Ba) | 5.0 x 10 5.0 x 103 | 2.5 x 10 1.0 % 10 5.0
37. BORDN Boron, B 3.1 x 103 4.7 x 10% [ 2.5 x 10 9.3 x 10 5.0 x 10
Borate, BO3 {as 8) 3.1 x 103 4.7x 104 25200 9.3x 0 5.0x 10
fetaporate, Bozm 3.1 %103 7 x10%|25x10% | 3x10 ]5.0x10
Boron Oxide, B,0; [1.0 x 108 1.5 x 105 & 3.0 x 102 K
38, ALUMINUM Aluminum, Al 5.2 x 105 8.0 x 109 | 1.0 x 16 1.6 % 102 2.01
Alyginem Ton, 5.2 x 163 8.0 x 108 { Lox 03| 1.6« 102 N
Bauxite, Aly03- 3 k] 2 .
0 (a5 Aﬁ 5.2 x 10 8.0 x4 [ 10x10 1.6 x 10 2.0
Hydrated Aluminum 3 2
Si1tcate (as A1) 5.2 x W0 B0 x 108102103 1.6 x 10 2.0
Alums [M A1 (50g)p]- 3 4 3 2
{420} (as A1} 2882 x 10 8.0 x 0% | .o %10 1.6 x 0 2.0
Aluminym Oxtde ; 4 3 2
Rig03 ' 1.0 x 10 1.5 x 10 N 3.0 x 10" N
39. GALLIM | Galtium, Ga 5.0 x 10° 7.4 x 0% N 1.5 x 10¢ N
Elemental Species: 5.9 x 103 7.4 x 104 " 1.5 x 102 N
+1
Gallous, Ga 3
fas oa) 5.0 % 10 7.4 x 104 N 1.5 % 107 '

~

w

TABLE KEY:

. TEST METHOD

. STANDARD

2. DEVELOP-
MENTAL

3. UNKHOWH

A MS

B. XRD

€. WET
CHEM]CAL

D.

£ GC/ MS

EXPECTED TEST

SUCCESS:

1. MIGH

- 2. MODERATE

3. UNKHOWH

. TEST COST

1. REASOMABLE
2. MDDERATE
3. HIGH

. SANPLE ALIQuOT

1. ADEQUATE
2. MARGINAL
3. INADEQUATE
4, RESAMPLE
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MATE MATE MATE | MaTE SAMPLE | RATIO | LEVEL 2
MATE WATER WATER LAND LAND ug/m: REQUIRED TEST
1R ug/1 ug/1 v8/g ud/g va/g | SAMPLE | Y=YES | TEST | EXPEC-. | TEST SAMPLE,
CATEGORY COMPOUND vo/md (ppm) WEALTH | ecolocy HEALTH ECOLOGY | g/l | WATE . N«nO | METHOD! | TATEONSZ | cosT3 [ ALIQUOT TABLE KEY:
Gallic, Ga*3 3 4 i 1. TEST METHOD
(as Ga] 5.0 %190 7.4 x 04 N 1.5 x 102 N . 1. STANDARD
! 2. DEVELOP-
Gallium Sesqui- ! !
oxide, Sag0 5.0 x 103 7.4 x 10 oo x 102 ¥ ‘ MENTAL
{as Ga) 3 H | H 3. UNKNOWN
40. INDIUM Indium, In 1.0 % 2 1.5 x 104 N : 3.0 N A ARS
Indium lon, IntJ 1.0 x 102 [ 1.5 x 103 N 1 3.0 N | 3 ,’,}2?
41, THALLIUM Thaltiym, T1 1.0 x 102 1.5 x 03 ] 1 3.0 % | CHEMTCAL
Thaltous, TI¥T 1.0 x 162 1.5 x 103 " 3.0 5 e aerms
Thaitic, T1%3 1.0 x 102 1.5 x 103 L] 3.0 %
42. CARBOK Elerental Carbon 3.5 x 103 5.3 x 100 N 1.6 x 102 % 7. EXPECIED TRST
Coat N [ N N I 1. HIGH
Carbide, C- n i N 1 N 2. e
Carbonate, C03-2 W 3 1 N ]
Bicarbonate, HCO3 [] [ N N ] N 3 ﬁsézf\gﬂnu
Carbonyl, €0= [] N N N N 2. MODERATE
Carben Monoxide 4.0 x 103 {35) 6.0 x10% [6.0x10 /A /A 3. HIGH
Carbon Dioxide 9.0 x 10f (5000} N N N/A NA 4. SAMPLE
43. SILICON Silane, it 7.0 x 10° 1.0 x 108 N N Z.1x 10 Q“gggum
Stlicon, §i .o x 10! 1.5 x 108 N 3.0 x 107 N 2. MARGINAL
3. INADEQUATE
{rthesilicate
S104-2 ' N 5 N X N 8. RESRMPLE
Metasilicate
Si05-¢ * N A L] L] L
é}:é;“‘" Dloxide, 1y o x 30! 1.5 x 108 N 3.0 x 102 N
Silfcon Disulfide
R ' N N N N '
silicon Carbide, $it[1.0 x 104 1.5 x 10% b} 3.0 x 102 )
a4, GERMANTUM Germanium, Ge 5.6 x 102 8.4 x 103 N 1.2 x 10 N
Germanous, Ge*Z 3
(as e 5.6 x 102 8.4 x 10 N 1.7 x 10 [l
Garmanic, ce** 3
(e 60) 5.6 x 102 8.4 x 10 N 1.7 x 10 El
Germanous Sulfide, 3
o (ae Be] 5.6 x 102 8.4 x 10 N 1.7x 10 A
Germanic Sulfice, 2 3
BeSs (a5 Ge) 5.6 x 10 8.4 x 10 N 17210 't
Germane, Getig 2 3
(ae5e)’ 5.6 x 10 8.4 x 10 N 1.7x 10 L
Germanium Oxide, 2 3
o0z (25 6e) 5.6 x 10 8.4 x 10 N 1.7 x 10 N
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i MATE MATE MATE MATE SAMPLE | RATIO | LEVEL 2
MATE 1 WATER WATER EAND LAND wg/m3 REQUIRED TEST
AIR ! 3:9/1 g/ w3/9 wg/y | SAMPLE Y=¥ES TEST | | EXPEC-, | TEST. | SAMPLE,
CATEGORY COMPOUND ag/m3 (ppm) ! HEALTH ECOLOGY HEALTH ECOLOGY we/1 WATE NeR)  § METHOD' | TATIONS® | COST3 | ALIqUOT
7 -
45. TIN Tin Oxida, Sn0p 1.0 x 104 1.5 x 108 N 3.0 ! [
Tin, Sn N : N N [] | [
Stannous, Sn*2 N j Ll N N f N
Stannic, sn*4 N N H N | [
46, LEAD Lead, Pb 1.5 _x 10¢ 2.5 x 10¢ [ 5.0 x 10 5.0 x 10°1 | 1.0 x 1071
flemental Led, Pb | 1.5 x 102 2.5 x 107 {5.0x10 5.0 x 1071 1.9 x 107!
Plumbous, Pb*e 1.5 x 108 2.5 x 102 {50x10 5.0 x 1011 1.0 x 10-1
i 4
famhiss P 1.5 x 102 25 x102]50x10 | 60x101] 1.0 ¢ 10°] ; E
Lead Honoxide 2 2 ~1 H -1 : H
P63 (as Bb) 1.5 x 10 2.5 x102{5.0x10 | 6.0x10 1.0 x 10 i i
Lead Sulfate 2 2 -1 - j !
PbS0q {as b} 1.5 x 10 2.6 x 102 {5.0x10 | 5.0x107 | 1.0x 10
';g;“é:‘f,g;" 1.5 x 102 2.5 x102 | 56x10 | 5.0x10-1] 1.0 10!
Lead Carbonate 2 " -
PoC03 (as Pb) 1.5 % 102 2.6 x 102 { 5.0 10 5.a x 10*1 | 1.0 x 10°1
Lead Phosphate, 2 2 =1 -1
Po3(POglz (as bp) | 15 2 10 2.5 x 102 | 5.0x10 | 5.0x 10 1.0 x 10
Lead Chromate 2 -1 -1
PbCr0g (as Pb) 1.5 x 10 25 x102150x10 | 5.0x107 ] Lox 10
Lead Molybdate 2 1 -1
Pl (2 Pb)’ 1.5 %102 2.6 x102 | s.0x10 | 5.0x101]1.0x10
Lead Arsenate, 2 2 o1 -1
PhiAsD4 {85 Pb) 1.6 x 10 2.8 x 10 5.0 x 10 5.0 x 107 1.0 x 10
47. NITROGEN Hydrazine 1.5 x 10¢ (.1) 2.3 N 4.5 N
ALkt Gyanides, 50 1103 5.0 x 102 | 2.5 10 1.0 5.0 x 102
s .
Nitric Acid, HNOg 5.0 x 103 1.5 5108 ] 4.6 %102 | 1.5« 103 | 9.0 x 10-)
Nitrogen Oxides,
H20, NO2, Ny0g, 9.6 x 107 1.4 x 108 N WA N/A
W20z, Nplg
:{ﬁ"’w“ Cyanide, | 33 0% (10) | 6.0 x102] 25x10 1.0 5.0 x 10-2
Ammonia, NHy 1.8 x 10 (26} 2.5 x 103 | 5.0 x 10 5.0 1.0 x 10t
Cyanogen, CaNz [ 2.0 x 108 1.0 x103{ 2.5 x 10 2.0 5.0 x 10-2
Nitride, Ke N [ N N N
Nitrate, Nog- N N N [ [
Nitrite, Nog- N N N N [
Ammonium, MHy* [ [] N N ]

—

~

TABLE KEY:

. TEST METHOD
1

. STANDARD
2. DEVELOP-
MENTAL
3. UNKNOWN

A. AAS

B. XRD

C. WET
CHEMICAL

0. ESCA

E. GC/MS

. EXPECTED TESY

SUCCESS
1. HEBH
2. MODERATE
3. UNKHOWN

. TEST COST

1. REASONABLE
2. MODERATE
3. HIGH

- SAMPLE ALTQUOT

1. ADEQUATE
2. MARGIMAL
3. INADEQUATE
4. RESAMPLE
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001

| X T T i T
I MATE MATE | MATE MATE SAMPLE | RATIC | LEVEL 2 ! !
! MATE TOMATER ¢ WATER LAND LAND ug/m3 | REQUIRED { TEST
{ AR . -g/1 : N TA ug/g wa/g w9/g  SAMPLE ¥=YES TEST £XPEC- TEST SAMPLE
CATEGORY COMPOUND { s9/md (ppm) | HEALTH . ECOLORY ' HEALTH ECoLdny Sl | TWRTE | heNO wmeTHOO! | TATIONS? | cOST? | ALTQUOT® TABLE KE¥:
48. PHOSPHORUS Phosphorus, 1.0 x 102 11.5 x 108 0 6.0 10-1 3.0x10 1.0 x 10-3 ! | ; 1. TEST MET:0D
Phosphite, PO33 1 o 2 1.5 x 108 L 5.0 161 2.0x 10 : 1.0 10-3 : i E i 2" BEVELOR
(as P) 1 : : ' L ! MENTAL
e Lash) 10 x 102 15 %108 | 5.0 101 20 %10 | 1.0x 103 ¥ O
) . ! :
Phosphine, PH3 3.0 x 102 {0.3) | 6.0 x 103 N WA T WA X ! Qf 223
¥ H B ' C. WET
papeprorie Actds | 5.0 103 1S 2108 ' 45 x103 3010 9.0 } | cunicn
+ D. ES
Phasphorus X
Pentasul fide 1.0 x 103 15 3.6 %10 N | ! €. G5/Ms
Phosphate, POg~3 : I 2. EXPECTED TEST
b N ] N ; SUCEESS :
49, ARSENIC Arsenic, As 2.0 2.5 5.0 x 10°1] 1.0 x 10-! ! H ; gggws
Metallic Arsenic | 2.0 2.5 D 5.0 x 1071 | 1.0 x 10T ! i 3. UNKHO4N
Arsenous, Astd 2.0 x 10 2.5 5.0 x 107} 1.0 x 10-1 : 2 Test cost
Arsenic, As*S 5 2.0 x10 2.5  5.0x 10Ty 1.0 10T ! " 1. REASONABLE
frasare. M0 120 x10 2.5 x 102 {5.0x10 | 505107 1050 : | < JnERATE
~3 H H
fraeniye, Ast 2.0 x10 2.5 x102 [ 5.0x 100 1 s5.0x10t | 1.0 % 107 ! 1 4. SAMPLE ALIQUOT
. ; ‘ 1. ADEQUATE
Arsenide, As™ - _ [ . MARGINAL
{25 As) 20 x 10 2.5 x 102 | 5.0x 100 |5.0x107| 1.0x 107 3. INADEQUATE
Arsine, AsH3 2.0 2.5 x 102 | s0xy0! ! 5.0x107{ 1.0 x 107} 4. RESAMPLE
Arsenic Trioxide, | ;4 2.5 102 [ 5.0x 107 | 5.0 x 1077 1.0 x 107
As04
§0. ANTIMORY Antimony Tri- 1 5 | 2.0 x 102 4.0 x 10°7
axide, Sbaly 5.0 x10 7.5 x 102 | 05 1.5 tie )
Antimony Metal, 5b | 5.0 x 10¢ 7.5 x w3 J20x102 ! 1.5x% 107 [ 4.0x 10-T
Antimonous. 2 3 2 ¥ -1
{stibnous) sb*3 5.0 x o 7.5 x 10 2.0 x 10 ; 1.5 x 10 4.0 x 10
ngjmontc {stibnfcl| 5 o , 4q2 7.5 2103 [ 2.0x 102 § 152100 | 40 x 107
f:‘s“’;gj Shitg 5.0 x 102 7.5 x 103 | 2.0 x 102 E 1,5 x 107 | 4.0 x 107
Antimonous Sul- 3 13 -1
Fide, SbzSy 5.0 x10¢ 7.5 x 103 | 2.6 % 102 | 1.5 x 100 | 4.0 % 10
. Antimony, Sb 5.0 x 102 7.5 x 103§ 2.0x102 | 1.5x100 [ 4.0 x107
5. BISWITH Bfsmuth, Bi 4.1 x 10 6.1 x 103 [ 1.2 x 10! N
Eiemental Bis. ' 3 1
muth. 84 4.1 x 102 6.1 x 10 N 1.2 10 &
Bismuthous, Bi+3 2 3 1
s eh) 41 x10 6.1 x 10 N 1.2x 10 ®
Bismuthic, BI*S 2 3 1
s Bt 41 x10 6.1 x 18 N 1.2x 10 N
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H T !
e e | oo [l Temel |
€ ! OWATER WATER | : i £y | i
!‘ mam Poe1 ‘r—‘g:l f ~g/a ) g/ "gé/g : SAMPLE ! ?avss i TEST . Em’l:t:-2 H 75513 SRHPLg,
CATEGORY COMPOUND : -gied (ppm) i MEALTH | ECOLOGY | MEALTH | ECOLOGY | .o/l | WATE NeHO | METHOD' | TATIONS® | CCST | ALIQUD
T p T ! 4 : !
52. OXYGEN Gzone, Oy P20 102 (a0 D WA ah L w7 nA ; ; :
53, SULFUR Rhombic Sulfur. Sg N ' M ! \
Sulfice. 52 ] : I
Sulfate, 50472 N N ;
Sulfite, 5032 [
Thiccyanate, SCN™ - N .
Sutfur Trioxide, N
503 .
a;;(f’:ric Reid, 1.0 x 103 £15 x10%; 85102 ! 3.0 x 100 | 9.0 x 102 : E i
: ! i i
Soafur Dioxides, | 1.3 x 108 p2.0 x1051 N i Eoow | | _ i
e e} e R T et = o emand
ns Sulfide, |45 w10d (101 123 %08 1.0xt00 T wR | wa i i
: i
M T T + E—
%’2""’" Disulfide, | g0 x10% (200 9.0 x%0f | 10k 0t wa b i
Corbony] Sulfide, | 44 4 105 b WA N/ WA
54. SELENIUM Seleniun, Se 2.0 x 10° P50 %101 ] 2.5 %101 1.0 x 10-1] 5.0 x 10-2
Elemental Selenium.| 5 5 4 102 1 6.0 x 101 2.5 x 100 § 1.0 x 1077 | 5.0 x 10°2
Selenide, Se-2 2.0 x10? 5.0 x10' | 28x100 18000 | 5.0 %002 i
fﬂem“ 50037 | ag x 102 5.0 x 10V | 2.5 100 § 1.0 x 1071 |-5.0 x 10-2 ! i
i
= H
tortetess S04 | 50 x 007 s0 x| 28x10 | tex10l| 5.0x102 i !
Hydrogen Selenide 5.0 ¢10V | 2.5 x 101 | 5.0 x 101 | 5.0 x 102 ; I
HzSe f] 2o x10f 05) {as se {as Se} (as e} (as Se) ! :
- 1
g;:“z‘g;:}‘"‘*- 2.0 x 102 5.0 16! | 2.5 x 16! | 1.0 x 10! | 5.0 x 10-2 :
5"’“::"" gi‘;’ﬁ‘“- 2.0 x 108 5.0 x10' | 2.5 x 10" [ 1ox 10l 5.0k 102
55, TELLURIUM Tellurium, Te 1o 102 1.5 x 103 K 3.0 N
Telluride, Te~2 1.0 x 102 1.5 %103 K 3.0 N
Tellurite, Te03-?
fas Tay " 103 1o x 108 1.5 x 103 x 3.0 N
Tellurate, TeQs o2 3 ;
Tas T} 1.0 x 10 5 x 10 % 3.0 N
6. FLUORIDE Fluoride fon, F~ | 2.5 x 10 3.8 x 109 N 7.5 x 10! N
Hyarogen Fluoride, | 5 5 x 163 3.0 x4 n L N

TABLE KEV:

. TEST METHOD
1. STANDARD
Z. DEVELOP-
MENTAL

. UNKHOWY

—

BAS
XRC
WET
CHEMICAL

mo oaoR W

ESCA
. GS/MS

~

. EXPECTED TESY
SUCLESS
i, HIGH
2. MODERATE
3. UNKNO#N

3. TEST COST
“1. REASORABLE
2. MODERATE
3. HIGH

4. SAMPLE ALIQUOT
1. ADEQUATE
2. MARGIMAL
3. INADEQUATE
4. RESAMPLE
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1 i - - 1
1 MATE MATE MATE MATE SAMPLE RATIO LEVEL 2 1
MATE WATER WATER LARD LARD va/ad REQUIRED TEST
AlR g1 g/l ugty 1a/q valg | SAMPLE Y=YES TEST | | EXPEC- I TEST, | SAMPLE
CATEGORY | COMPOUND ug/m3 (ppm} HEALTH £COLOGY HERLTH - | EcoLoeY | wgrl | TeRTE W-No ¢ METHOD! | YATIONS? [ cost® | aLquor

57. CHLORINE Chloride lon, €1° N 1.3 x 10° ; 3 2.6 x 103 [ '

g{s_och!nrite, N N ¥ M " N

Chicrite, €105 ) N ] [ !

fhlorate, C103 N ] [] [

g']l;:rine Dioxide, N § N N N

Carbonyl Chloride

ég:?sgcnc). 4.0 x102 6.0 x 103 N N/A N/A

2

Hydrogen Chloride. | 75 x 13 11 5105 N NiA N/A i
%8. BROMINE Eromide Ton, Br- N N N n ]

Bromide Ion, Br~ ¥ N N N N

Hydrogen Bromide, | g 08 1.5 108 N WA WA
59, TODINE Todide lon, 1~ [ ] [ N [
60. SCANDIUM Scandium; Sc 5.3 x 109 8.0 x 10° N 1.6 x 1073 )

Scandium lon, 5¢*3 | 5.3 x 108 8.0 x 10° N 1.6 23077 W
§1. YTTRIUM Yttrium Ion, Y43 1.0 x 103 1.5 x 104 N 3.0 x 10} [
62. TITANIUM Titaniym, Ti 6.0 x 103 9.0 x10% ?‘z x102 | 1.8x16¢ [ 1.6

as
Ti{504)2)

'{;:‘?‘i"," T 6.0 x 103 9.0 x304 [8.2x102| 1.8x102 |1.6x10

g:“?:‘)’ Tit4 6.0 x 103 9.0 x10% [8.2x102| 1.8x102 |1.6x10

ng‘"‘!:’: 2:‘)”"‘" 6.0 x 103 9.0 x10% | B2x10?] 18x102 |1.65x10
63. 1IRCONIUR Lirgonium lon. 5.0 x 103 7.5 x 109 N 1.6 x 10! "

§‘mz"°"'(':s""zﬂ;°’”“' 5.0 x 103 7.5 x 108 " 1.5 x 10! "
64. HAFNIUM Hafnium lon, HF* [ 5.0 x 102 7.5 x 104 N 1.5 x 10 N
65. VANADTLN Vanadium, ¥ 5.0 x 102 2.5 x 109 | 1.5x102] 5.0x10 | 3.0 x 107

Elemnta) 5.0 x 102 2.5 109 {15 102| s.0x10 [ 3.0x10°"

) .
vanadic, ¥*3 (as v}] 5.0 x 102 2.5 x103 [1.5x102| 5.0x10 3.0 x 1071
i
{::'g{'- ¥ot2 5.0 x 102 2.6 x 13 1.5x102] 5.0x10 | 3.0x107
m"{::‘w' 5.0 x 102 25 x109 [1.5x102| 50x10 [3.0x100

'y

TABLE KEY:

. TEST METHOD

1. STANDARD
. DEVELOP-

Y
>
x
=

. GL/MS

. EXPECTED TEST

SUCCESS:
1, HiGH
2. MODERATE
3. UNKNOWN

. TTEST £OST

1. REASONASLE
Z. MCDERATE
3. HIGH

. SAMPLE ALIQUOT
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Leve! 1 Uata Reduction and Decision Charts (Continued)

€01

T T ! {
[ POMATE T maTE MATE SHPLE P aario ,LML 2 I i
MTE ! OWATER | WATER LAND LAND vaimd ! Requinep | 1TEST
AR i w9/1 ! g/t 19/g  ulfg ug/g ' SAMPL i YeYEs ,  TEST EXPEC- TEsT3 SAMPLE
CATEGORY COMPOUND g/ (pem) . WERLTH | ECOLOGY ,  WEALTH ECOLOGY | wo/l  MATE | meN0 ! METHOD! | TATIONSZ | cosT3 | ALTquoT TABLE KEY
N . T " M " M
fotavanadate. Y05 | 5,0 x 102 fas x03 Lsx |sg 3.0 x 10°) ! ; : ! : R v
. : : } 2. DEVELOP-
{ausdytic, v0 P olso ww? 25 103 1sxt? 50 3.0 x 1) ; : : , L
Yo lhy reneniee | 50 w02 f26 xtw3l Lsx2 5.0 3.6 2 10 ; ! A MRS
- ; : E. XRD
Vanadium Trioxide, 2 ! 3 N N i
: 5.0 x 10 125 xt 1.5x 12 5.0 3.0 x 10-) ! i €. MET
¥203 {as V) * H il i * . * ; : CHEMICAL
Vanadium Tetra- N ! - i ' D. ESCA
oxide, ¥20q, (as v} 50 * 102 v2s w103 18 .02 | 5.0 3.0 x 1071 ! i E. GUMS
T M T
::1::1'125;"5;5 w | 50 x0f {28 x103! 150102 | 5.0 3.0 x 1071 ' i i 2. ERPECTED TEST
» H ) UCCESS:
Vanadium. Carbide. ! ¥ _ : i ‘ Y. HIGH
Ve (a5 V) * | 50 x02 P25 x 103 1.5 x 102 5 3.0 x 107! f ; i 2. MODERATE
" T + + T + 3. UNKNOWN
e Mo v | 50 x 102 125 x10%] 1.5 x 102 | 5.0 3.0 % 1071 ; i i
: : 3. TEST €OST
< Vanadiun Nitride, 2 ; 3. " 1 j 1. REASONABLE
et 5.0 x 10 bas xerl s |oso 3.0 %10 b e
- 3. HIGH
Vanadyl Sulfate, | 55 392 zs %1031 L5 x 102 | 5.0 3.0 % 1071
¥USDg-5HaD {25 V) . i ‘ ; : a
. SAMPLE ALIOUOT
66, NI0AIUM Kiobus, Nb+d 2.2 x 0t 3.3 x 105 N 6.5 x 102 N 1. RDEQUATE
Nigbic, No*S 2.2 x 108 3.3 x 105 W 6.5 x 102 ] 2 mgéwfm
o M taa' ey | 22 x 104 .3 » 103 N 6.5 x 102 N . 4. RESAWPLE
67. TAKTALIM Tegpatm Lon, 5.0 x 103 7.5 10t N 1502 |° K
£8. CHROMIUM Chromiym, Cr 1.0 2.5 x 102 | 2.5 x10% | 5.0 x 10-1{ 5.0 x 10-!
]
m“'c‘g')“ Cr 1.0 2.5 x102| 2.5 x102 | 50 x 107V | 5.0 x 10-1
n
3
Chromis. o 1.0 2.5 x302 | 2.5x 102 | 5.02107) | 5.0 x 10°)
fhromates, e ? [ g 2.5 x102] 2.5 x 102 | 5.0 x 107 | 5.0 x 107
=7 ~
f:‘;"al?"- €202 | 10 2.5 x102 | 2.5x 102 | 5.0 x 10-) | 5.0 x 10-
g:;g;‘_’rf;':-m 1.0 2.5 %102 | 2.5 x 102 | 5.0 x 10-1 | 5.0 x 10°7
E"!{g'.ﬂz'"(gg"g:’)‘"- 1.0 2.5 x102 | 2.5 1102 | 5.0 x 1077 | 5.0 x 107!
g“rz“g';“"" Sulfide, | ¢ ¢ 2.5 x102 | 2.5 % 162 | 6.6 x 1071 | 6.0 x 101
E"rz'g;‘flg"éﬁ- 1.0 2.5 x102 | 2.5 %102 | 5.0 x 10" | 5.0 x 1071
E"w""::"'_z‘ga"‘(::'g:; 1.0 25 x102 ) 25x102 | 5.0x10°1 | 5.6 x 101
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i

i T
Cowre D owmare MATE  ©  MATE SAMPLE I arto | LEVEL 2
M{; | "'““? | WATER LD | LAND ,.g,'-} l | REQUIRED | E;Eg test S
9/ H +9/1 ug/g vo/g u9/g  SAMPLE | YxVES -
CATEGORY COMPOUND +g/m3 (ppm) _ HEALTW | EcLoGY HEALTH | colLsy | wo/i ! WtEs | wews | memhoo! | TATIONS? | c0sT3 | ALlguott TABLE KEY:
Hydrous Chromium ] [ | H - 1. TEST_METHOD
Phasphate, Crply 1.0 V25 x 108 2.5 %102 S0 x 107t ] 50 x 107 ! ' T. STANDARD
XH30 (as Cr) | . : z. agr‘%ﬂw
Feoroy oetes 0 125 X102 1 2.5%10% | 5.0 %707 | 5.0 107 5 ' 3. URKHOHN
59. MOLYBDEN Molybdenum, Mo 5.0 x 103 175 x10% 1 7.0x 103 T 15108 1.4 x 10! j i A :33
Molybdenous, Mo*2 5.0 x 103 P75 10770003 0 1.5k 107 1.4 x 100 : i lé‘_ T
Holybdic, Mo*3 5.0 x103 P75 x 18 702103 1.5x102 (14230 ! ] o, CHEmICAL
folyndate, Wi 5o x 108 P75 110870 w103 LSk 02 D dx 0l ; : E. GO/
; ; i :
- Molybdenum Salfide ! ! 1 j H 2. EXPECTED TEST
MoS? (25 Ho) '} 5.0 x 102 |75 T4 7.0 x 103 DhEx 102 | 1.4 x10) ; s"‘ﬁié&’
Molybdenum frioxide, 3 ' ! 3 T .
. a0 (as Mo} 5.0 x10 7.5 x 108 ;7.0 x 10 1.5 02 | e ’ : 2. MODERATE
70. TUNGSTEM Tungsten, W 1.0 x 199 1.5 x 108 1 ] 3.0 x 101 [ : | 3. TEST COST
Tungsten lons, W2, ' : : H
: N & i 1 % N i 1. REASONABLE
W, W, Wb, wis-2 ! ; 2 H{)DERATE
Tungsten Pisulfide 3 & 1 H 3. HIGH
WSz (as ¥} r il x L5 x 10 E ;3.0 x 10 N .. swpLe ALIT
Holframite Mineral ] : .
FeNDa Mkdg tas W) | 170 * 13 1.5 x 10% 'l 3.0 100 b . ;: ;ADS‘G?%E
71. MANGARESE ™ 5.0 x 109 25 x 107 [ 1.0x10¢ | 5.0 x W01 { 2,010} : 3. TNADEQUATE
T W? 5.0 x 109 25 %107 L 1.0 x 102 | 6.0 x 10-T | 2.0 x 101 A. RESAMPLE
Manganic, Wn*3 5.0 x 103 2.5 x 102 [ 1.0x 182 | 5.0 x10°T [ 2.0 x 10-T
'(’:;“‘;h" anate, W04~ | 5 g x 103 2.5 x102 {1,007 | 501071 ] 2.0 x 10-
Manganous Dxide
wo sy 5.0 x 107 2.5 x108 [ 1.0 x102 | 5.0x10°1 ] 2.0 x 107!
Manganese Dioxide 3 2 i
WDz (a5 Mn) ' 5.0 x 10 2.5 x102 | 1.0x 10 5.0 101 ) 2.0 % 10
Manganese Carbonate 3 2 2 1
WeCo (ae M) *] 5.0 x 16 2.5 x102 11,0210 | 5.0 21071 | 2.0 x 10°}
Manganous Sulfate 1 -
ns0g (as M) 5.0 103 2.5 x10Z [ 1.0 21082 | 5.0x10°7 | 2.0 x 10-1
Manganese Sutfide 3 2 2 - -1
WiSs (a5 ) » 150 x16 2.5 2102 | 1.0x102 | 5.8 x1877 | 2.0 x 10
72. IRON Tron Carbonyls,
re(copi. Fe{C0)9, 7.0, x 102 1.1 x4 N 2.1 x 10! N
FE3(CO)12 .
Ferrous, FetZ 1.0 x 103 1.5 x 103 25x102 | 3.0x 10 5.0 x 10°1
Ferric, fetd 1.0 x 103 1.5 %103 12,5x102 [ 3.0x10 | 5.0x]1e]!
Ferrous Oxide, Fed | 5.0 x 103 7.5 x 104 [ 1.5 x 192 N
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| H
oomE | mne MATE  { WATE SaupL E RATIO | LEVEL 2
T I R S O - R Lo T O S g
g/ i =9/ ug/ i _w/9 ug/y =¥ -
CATEGORY COMPOUND sarmd (ppm) | MEALT . ECOLOGY WEAL ; £coibsy | wg/t 1 RATE neNp | METHDDY | 7ATIONSZ | cosT3 [ ALIquOT® TABLE KEY
Yagnatite, 9.3 x 103 6z x103i sexi0l . N 1. TEST HETHOD
Fe0-Feala : ! i J STANDARD
ferrocyanide, ) i : ; . DEVELOP-
FelCNig-S N vV N i : HENTAL
Ferricyanide, " ! " N i T ! 3. UNKNOWN
Fa(CN}g-? L ; H ! A MRS
Ferric Oxide, Fepl3 L] N i R N 3 [] H B. XRD
Ferric Hydroxide € Mfea
hydrated) N ] N A N 0. Foen
Fe03-XH20 i Ei 6C/MS
Tron Suifides, Fes,
FezSy n N " N N 2. EXPECTED TEST
Pyrite, Fesz N N x| R L ZaxI® j Success:
Potassium Iron Sili- 2 N N N i M 2. MODERATE
cate, KFeSiz0g { 3. UNKNOWN
73. RUTHENIUM Ruthenium fon, fut3 N L] L] N H ] 3. TEST COST
74, COBALY Cobalt, Co 5.0 x 101 7.5 x 102 2.5 x102 | 1.5 [ 5.0 x 101 | 1. REASONABLE
Tobaltous, Co*e 5.0 x 10 7.5 x 102 | 2.5x 102 | 1.5 1 5.0 x 107 ' g ;‘[’gfmf
Cobaltic, Cotd 5.0 x 100 7.5 x 102 2.5% 102 | 1.5 76,0 x 1077 ‘
t 4. SAMPLE ALIQUOT
Cobaltous Carbonate, :
hydrated, CoC03:Hz0 | 6.0 x 10! 7.5 x 02| 252102 | 1.8 5.0 x 107! 1. ADEQUATE
e ;i
Cobalt Carblde, 5.0 x 109 7.5 x102 | 25102 | 15 5.0 x 1071 4. RESAMPLE
Co3C {as Co)} - : . . >0 x
%;;‘(i‘s"g')‘“- 08 5.0 x 10 7.5 x102] 2.5x102 | 1.5 5.0 x 10°1
Cobalt Arsenic
Suifide, CoAsS 5.0 x 101 7.5 x 102 | 252102 | 1.5 5.0 » 10-)
(as Co} .
%;'(::‘g;g“' 5.0 x 10! 7.5 x102 | 2.5 2102 | 1.5 5.9 x 107
gg?g;gﬁ::‘g; 5.0 x 1) 7.5 x102] 2.5x 102 | 1.5 .0 « 107!
%‘}:‘;"a‘i‘“"' 5.0 » Wl 7.5 x102] 25102 | 1.5 5.0 x 10!
8‘;'(“0"4‘)‘”“? “Y‘c;')’""" 5.0 x 10} 7.5 x102 [ 2.5x102 | 1.5 5.9 x 10-!
2 (as |
75. RHODIUM Rhodfum Ton, Rh*3 1.0_x 10 1.5 x 1l [N 3.0 x 10-Z N
76. MICKEL Nickelous, Ni*2 1.5 x 10! 2.3 x 1021 1.0x 100 | 4.5 %1011 2.0 x 102
Hickelic, Ni*3 V.5 x 101 2.3 x 102! rox 0 | 4.5x1071 2.0 x 10°2
:}g“g‘s‘“m""“‘- 1.5 x 10! 2.3 x102 [ 1.0x 10" | 4.5 %107 2.0 x 102
:}i,“}!:"m')'"e- 1.5 x 10! 2.3 x102 | 1.ox 100 | 45 %107 | 2.0 x 102
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901

1 J ¢ N |
| ) e |owa ;o owm saie E T !
i PowAtER L owaiER | Lew L Lade eS| R | et wr | ot
R ! /1 . wqf1 H P : ! SAMPLE ; Y=YES : TES XPEC-, [ T
CATEGORY COMPOUND cg/md (ppm) ' HEALTH | ECOLOGY | s T acﬁ/)ﬁv o | ' weno FoweTHOD! | TATIONSZ | cosT3 | aLtquor TABLE KEY:
N N 7 ! 1 g T T Y -
fackal xide. W0 iy ) f2.3 w102 vawtal |45 cr0l | 2000002 : \ ; ; N A
‘ . + 4 2. DEVELOP-
Nicke! Antimonide : : J
fiSh (as BE) V-8 x0T x 1021 10w 100 as o) 2.0 007 ; ) 1 i L
Nickel Arsenic Sul- ' 1 T RN N [ v i
fide, NiAss (as M) ;1% * 10 x 102 1.0 x 10 4.5 x0T 2010 2 : ) ) ; i ; QSS
Mickel Carhonyl, ) 21 Loxiol S 7 i ] ' ' . T WET
Hi(C0)g a3 x 0 : #I0%0 (g w10 x107 -2.0x20 : : ; | ¢ Hiemca
77. PLATINUM ] Elemental Platinum I P | 2 o ! D. ESCA
i P20 x 10 © 3.0 x 10 N feoxm?l w ! 3 | £ GE/MS
78. COPPER Copper 2.0 x 102 - 5.0 %107 5.0x16 ; 1ox 100 1.0x 107! ; ; i ! 2. EXPECTED TEST
Cuprous, Cu* 2.0 x 102 .50 x 103 5.0 x 101 1.0 % }01“{!‘3}_"3,'_'_ | ' : i ! ?UCCESS:
Cupric, Cu*? 2.0 x 102 T 50 x 03] 5.0 x 101 | 1.0 %100 . 1.0 x 1g-1 i i | : 1 1 :gg}gm\rz
Copper Fluoride 2 ; 3 1 ' a I 3. UNRNOWN
e tuy 2.0 x 10 [ 50 5103} 50x00 | 1.0x10 ; [l -
Capper Oxides, Cul, 2 ‘ 3 i 1 -5 ‘ * 1. REASOMABLE
o Tas ) 2.0 x 10 1 5.0 x10305.0x100 [ 1.0x%00 10410 1 ) | ) Reasoup
¢ i 1 H
Copper fate. 2.0 x 102 5.0 x103] s.0x100 | roxtol Drowio? i ! ) 3. e
Copper Sulfides, Cus '3 : 3 1 1 : 1 { i i 4. ?kMPAIﬁE AL%WOT
' vz i 5, . . S - : H . E
Can® fas o) 2.0 s 10 [ 50 x103 | 5.0x%00 [ 1oxi0! f10x0 : i z.mg’i':m
Copper Carbonate, : " 3. INADEQUATE
i 2.0 x 102 S50 %103 [ soxtol {roxi0) f1ox100) | . RPLE
: — L
Malachite Mineral 2 H 1 1 t + 1g-1 : \
TuCD3-Culoi)z (as tuy | -0 % 10 j 5.0 x 103y s.ox el | 1ox 0! | 1.0x 10 ; '
Chalcopyrite ] '
Mineral, Cufes? N ; N N N N :
79. SILVER silver, Ag 1.0 x 10 i 2.5 x102] 5.0 5.0 x 1077 |30k 16" !
Silver lon, Ag* 1 2 1 -2 .
Tes a0} 1.8 x 19 2.5 x 102 | 5.0 5.0x 1071 | 1.0x 10 J|
Silver Chloride 1 2 1 -2
v i 1.0 =10 |25 xw2} 50 5.0%x 1071 110 x 10
Sitver Cyanide, AgCH [ 5 o 3g) 2.5 x 102 | 5.0 5.0x 101 ! Lox 102
[as Ag)
Silver Sulfide, 1 2 -1 -2
Razt (as AQ) 1.0 =z 10 2.5 x 102 5.0 5.0 x 1071 11.0 x 10
80, GOLD Elemental Gold [ ] N " A N
81, ZINE Zinc, In 4.0 z 1l 2.5 x 108 frox302 | 5.0 %180 {2.0x 100
Elemental Zinc, In_ | 4.0 x 103 25 x| 1.0x102 | 6,0x 300 2.0 x 10-)
Zinc fom, Int2 9.0 x 103 2.5 x 108 [ 1,0x102 § 5.0x 101 [2.0x10
ﬁ:‘lg’)““" n0 4.0 103 2.5 x 104 | 1,0 x 302 |'5.0x 10" |2.0x 107
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101

. R T T T T T
. MATE : MATE ATE  , MATE SAMPLE : RATIO « LEVEL 2 | ? !
Wt PowaTiR b waTeR (TR Y ug/m3 RECOIRED TEST :
) 4/ Ll 474 1 uefy wafg | SAMPLE Y=YES TEST EXPEC-, ' TEST. . SAMPLE
CATEGORY COMPOUND ~g/md (pom) ' HEALTH | ECOLOGY wialTn  eciLdev .g71 T TATE NaE0  METROD' | varions? o cosT? ¢ avinuoT? TABLE KEY:
Zinc Sulfste, Zn30g : s ; i H H ' 1. TEST METHOD
(as ) o 4.0 x103 c25 x10d 1o xi2 50000 2.0 x 1o b 1. STAYDARD
T e T T - — 2. DEVELOP-
Finc Suifide, In5 14 p 109 P2 x 104 [1.0x102 504000 ¢ 2.0 tg-) ! ! : MENTAL
H 5 i f 1. L
82. CADMILM Cadmium, Cd 1.0 x 10 L 5.0 x 10t 1 1.0 1.0 x 10-1; 2.0 x 19-3 i . ,
T H ! y T t A, MRS
Elomental Cadmivm, 1 g o 10! 5.0 x10! |10 T1.0x107 ] 2.0 x 1073 i ' : ! B. ARD
; ] H ‘ ; : ¢ Wet
Cadmlum lon, Cd*2 1.0 x 10 i 5.0 x0 j1.0 j 1.0x10°1 0 2.0 x 103 : i i CHEMICAL
; : T : . 0. ESCA
‘('-::"m Sulfide, G5 |y 4 5100 50 2100 1o P Lot 20 x 103 ; . ! ! : £ 6L/
— H
H H T i - T H
faduium Dcide, S0 2 1p 4 10! L'so x| Lo 10 x70-1 20« 103 : ; : 7. EpELIED Test
e - —— F N
83. MERCURY Nercury, Hg 15.0 100 3.0 x100 ) 2.5 %102 ' 2.0 x 10-7 ; 5.0 x 10} - ; i ] j b eeare
Elemental Mercury, Hg!5.0 x 100 L 1.0 x 10 1 2.5 %102 . 2.0 x 102, 5.0 x 18-} . ; i ] . 3. UNKNOWS:
Y + 6. 1 1] . 2 2, =2 ' g, -1 : i
Mercurous, Hyp 5.0 x 10 .0 x 10 2.5 2 10 ; 2.0 x10°7 | 5.0 x 10 , - " 3 [ l 3. TEST COST
Mercuric, Hgt* 5.0 x 10 1.0 x 1ol |25 x 102 . 2.0 2102 5.0 x T0-] . ] f j 1. REASOMABLE
- + : t ; ; . 2. MODERATE
1":;;‘""" Sulfide, 5.0 x 101 10 k300 2.5 0762 . 2.0 x 102 | 5.0 x 107} : i i : 3. Hlen
.
- + } + :
“"';Ef:"“ Chloride, |54 4 101 1.0 x 100 12,5 x 302 | 2.0 x10°2 { 5.0 x 10-1 ; : ; ; ! 4. f"":‘dguak{,gw
b e s .
. —a 2. WARGIMAL
84. CERIN '(’VD;BS‘)’"“‘- oy 9.3 x 103 2.3 x 105 N Pagw a2 N H ! ; 3. INADEQUATE
e 4, RESAMPLE
T t
g,'}':“éeggsgc"’- 3.7 x 108 5.5 x 108 N ax10d N !
- ' H
'(’;:gggw% Pr 6.9 x 108 7.7 108 103 N o :
Samarium, So (sw*3)  135.3 x 10F 7.9 x 108 103 T T ’
Lanthanum, La 1.1 x 10° 1.7 _x wE 103 N J
Heodymium, Né (Ma*d) W N 3
85, URANITUM Uraniumm, U {U*6) 9.0 x I 6.0 x 109 | 5.0 x 102 1.2 x 102 1.0 i
86, THORIUM Thorium, Th (Th*1} 4.2 x 107 6.3 x 103 [ 1.3 10 [ T
] i




APPENDIX B
LIQUID CHROMATOGRAPHY SEPARATION PROCEDURE

Column: 200 mm x 10.5 mm ID, glass with Teflon stopcock.

Adsorbent: Divison Silica Gel, 60-200 mesh, Grade 950 (Fisher Scientific
Company). This adsorbent is activated at 100°C for two hours
just prior to use., Cool in a desiccator.

B.1 PROCEDURE FOR COLUMN PREPARATION

Dry pack the chromatographic column, plugged at one end with glass
wool, with 6.0 grams of freshly activated silica gel, A portion of prop-
erly activated silica gel weighing 6.0 +0.2 g occupies 8 ml in a 10 ml
graduated cylinder. Vibrate the column for a minute to compact the gel
bed. Pour pentane into the solvent reservoir positioned above the column
and let the pentane flow into the silica gel bed until the column is homo-
geheous throughout and free of any cracks and trapped air bubbles.* The
total height of the silica bed in this packed column is 10 cm. The solvent
void volume of the column is 2 to 4 m1. When the column is fully prepared,
allow the pentane level in the column to drop to the top of the silica bed
so that the sample can be loaded for subsequent chromatographic elution.

B.2 PREPARATION OF THE SAMPLE

At room temperature evaporate the solvent from an aliquot of solution
containing the sample, The preferred sample weight is 100 mg. Weigh this
sample in a glass weighing funnel. In order to facilitate transfer of the
sample, add 0.5 to 1.0 g of activated silica gel to the sample and care-
fully mix this with the sample using a micro-spatula,

Table B-1 shows the sequence for the chromatographic elution. In
order to ensure adequate resolution and reproducibility, the column elution
rate is maintained at 1 ml per minute.

A convenient device for the elimination of gel bed cracks and air bubbles
is acetone coolant, which is subsequently referred to as the ACE B method.
It consists of a paper towel wound loosely around the glass column along
the region of the crack or bubble; the paper towel is periodically moist-
ened with acetone. The acetone evaporation cools the region and dissi-
pates the bubble or crack.

108



Table B-1. Liquid Chromatography Elution Sequence

 Fraction 'Solvent Composition Collected
1 Pentane 25 ml
2 20% Methylene chloride in pentane 10 ml
3 50% Methylene chloride in pentane 10 ml
4 Methylene chloride 10 mi
5 5% Methanol in methylene chloride 10 ml
6 20% Methanol in methylene chloride 10 ml
7 50% Methanol in methylene chloride 10 m¥
8 Conc., HC1/Methanol/Methylene
chloride (5 + 70 + 30) 10 ml

B.3 LOADING SAMPLE ON THE COLUMN

Quantitatively transfer the sample into the column via the weighing
funnel used for sample preparation; a micro-spatula can be used to aid in
the sample transfer. Rinse the funnel® with a few ml of pentane to com-
plete the quantitative sample transfer. (Note: Do not rinse with methy-
lene chloride because this solvent will cause the aromatics to elute with
the paraffins.) Add the solvent slowly to minimize disturbing the gel bed
and eliminate the trapped air bubbles, particularly in the zone of the
sample-containing silica gel, by using the ACE B approach (see foatnote,
preceding page). The chromatographic system is now ready for sample
fractionation.

B.4 CHROMATOGRAPHIC SEPARATION INTO 8 FRACTIONS

The volume of solvents shown in Table B-1 represents the solvent vol-
ume collected for that fraction. If the volume of solvent collected is

*Save this weighing funnel for subsequent additional rjnsing with the sol-
vents used at interim fractions up to methylene chloride.
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less than volume actually added due to evaporation, add solvent as neces-
sary. In all cases, however, the solvent level in the column should be at
the end of the collection of any sample fraction.

After the first fraction is collected, rinse the original sample
weighing funnel with a few ml of the fraction number 2 solvent (20% methy-
lene chloride/pentane) and carefully transfer this rinsing into the column,
Repeat as necessary for fractions 3 and 4,

B.5 PREPARATION OF XAD-2 RESIN

The XAD-2 resin to be used in the SASS train sorbent trap must be
cleaned prior to use, The resin as obtained from Rohm and Haas is soaked
with an aqueous salt solution, This salt solution plus residual monomer
and other trace organics must be removed before the resin can be used for
samp]ing trace organics,

Transfer the resin to a large Soxhlet extractor with a 1.5-1iter
dumping volume. This requires 2 to 2.5 liters of solvent in the 3-liter
supply flask. The XAD-2 resin is then extracted in sequence with the
following solvents and times:

® Water - 22 hrs

e Methanol - 22 hrs

® Anhydrous ether - 8 hrs
e Pentane -~ 22 hrs

The water removes the salt solution and any water soluble organic
material. Methanol removes the residual water from the resin and ether
removes the majority of the polar organic material., Pentane is used as
the final stage because it is the solvent used in the actual extraction
of collected material from the resin.

After the final pentane extraction, transfer the XAD-2 resin into a
clean flask and dry it under a vacuum for 18 hours using mild heat from
a heat Tamp.
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APPENDIX C
MFG. ORGANIC/MAJOR MASS PEAKS
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Table C-1.

MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
Aliphatic Hydrocarbons
A. Alkanes and Cyclic Alkanes
Methane 16 16(100), 15(86), 14(16), 13(8)
Ethane 30 28(100), 27(33), 30(26), 26(23)
Propane 44 29(100), 28(62), 44{(40), 43(34)
Butanes N-Butane 58 43(100), 29(41), 27(31), 28(30)
Pentanes N-Pentane 72 43(100), 42(60), 41(40), 27(35)
Cyclopentane 7 70 42(100), 70(30}, 41(29), 55(29)
Hexanes N-Hexane 86 57(100), 43(82), 41(74), 29(63)
Cyclohexane 84 56(100), 84(73), 41(57), 55(34)
Heptanes N-Heptane 100 . 43(100), 41(52), 57(48), 29(46)
Octanes N-Octane 114 43(100), 41(33), 29(34), 57(34)
Nonanes N-Nonane 128 43(100), 57(67), 41(40), 29(37)
Alkanes (C>9) N-Decane 142 43(100), 57(82), 41(43), 29(38)
B. Alkenes, Cyclic Alkenes and
Dienes
Ethylene 28 28(100), 27(54), 26(50), 25(7)
Propylene 42 41(100), 42(69), 39(61), 27(25)
Butylenes Cis 2-Butene 56 41(100), 56(48), 39(36), 27(33)
Butadienes 1,3 Butadiene 54 54(100), 39(91), 53(66), 27(46)
Pentenes 1-Pentene 70 42(100), 55(58), 41(45), 39(35)




Table C-1. MEG Organic/Major Mass Peaks

el

Compound Molecular .

Category Detail Weight M/e Values (RI)
Cyclopentadienes 1,3 Cyclopentadiene 66 66(100), 65(65), 39(50), 40(41)
Hexenes 1-Hexene 84 41(100), 56(86), 42(75), 27(68)
Cyclohexene 82 67(100), 54(77), 82(40), 41(37)
Cyclohexadiene 1,3 Cyclohexadiene 80 79(100), 80(57), 77(38), 39(23)
Heptenes 1-Heptene 98 41(100), 56(87), 29(71), 55(60)
Alkynes
Acetylene 26 26(100), 25(20), 13(6), 24(6)
Propyne . 40 40(100), 39(92), 38(36), 37(28)

Butynes 2-Butyne 54 54(100), 27(45), 53(45), 39(26)
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
Alkyl Halides
A. Saturated Alkyl Halides

Methyl bromide 94 94(100), 15(47), 93(21), 91(7)

Methyl chloride 50 50(100), 15(83), 52(32), 49(10)

Methyl iodide 142 142(100), 127(38), 141(14),
15(13)

Dichloromethane (methylene 84 49(100), 84(58), 86(36), 51(30)

chloride)

Bromodichloremethane 162 83(100), 85(64), 47(23), 48(16)

Dibromochloromethane 206 129(100), 127(78), 131(25),
208(14)

Tribromomethane (bromo- 250 .173(100), 171(50), 175(49)

form) 93(22)

Dibromodichloromethane 240 163(100), 161{62), 165(45),
79(22)

Dichlorodifluoromethane 120 85(100), 87(33), 50(12), 101(9)

Trichlorofluoromethane 136 101(100), 103(60), 35(16),
66(15)

Carbon tetrachloride 152 117(100), 119(97), 121(32),
82(19)

1,2-dichloroethane 98 62(100), 27(93), 49(37), 64(32)

(ethylene .chloride)

1,1,1,-trichloroethane 132

97(100), 99(64), 61(50),
117(19)
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
1,2-dichloro-1,2-difluoro 02012F2 134
Hexachloroethane 234 117(100), 119(96), 201(80),
203(51)
Dichloropropanes 1,2-Dichloro- 112 63(100), 62(71), 27(57), 41(48)
propanes
Bromobutanes 1-Bromobutane 136 57(100), 41(49), 29(34), 27(20)
Hexachlérocyclohexane 288 181{100), 183(83), 217(66),
(1indane) 219(65)
1-chlorooctane 148 91(100), 43(54), 55(39), 41(39)
Unsaturated Alkyl Halides
Chloroethene (viny! 62 62(100), 27(67), 64(31), 26(19)
chloride) _
1,2-dichloroethene 96 61(100), 96(73), 98(47), 63(32)
1,1-dichloroethene (vinyl- 96 61(100), 96(61), 98(32), 63(32)
idine chloride)
Tetrachloroethene (per- 164 166(100), 164(79), 129(69),
chloroethylene) ’ 131(66)
Dichloropropenes 2,3 Dichloropene 110 75(100), 39(67), 71(32),
110(23) ‘
1,3-Hexachlorobutadiene 258 225(100), 227(65), 223(63),
190(42)
Hexachlorocyclopentadiene 270

237(100), 235(64), 239(63),
95(42)
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
Ethers
2,2'-0Oxy bis propane 102 45(100), 43(39), 47(24), 59{(11)
(Diisopropylether)
2-Ethyl1-4-methyl-1,3- 130
Dioxolane
1,3-Dioxane 88 28(100), 31(81), 29(79), 87(58)
1,4-Dioxane 88 28(100), 29(37), 88(31), 58(24)
2-Methoxy biphenyl 184 184(100), 169(46), 141(24),

(0-phenylanisole)

115(10)
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Table C-1.

MEG Organic/Major Mass Peaks

Category

Compound

Molecular

Detail Weight

M/e Values (RI)

Halogenated Ethers

Chloromethyl methyl ether
1,1'-Dichloromethyl ether

2-Chloro-1,3-epoxypropane
(Bepichlorohydrin)

2-Chloroethylmethyl ether
1-Chloro-1,3-oxetane
Chloromethylethyl ether
Chloro ethyl ethyl ether
1.1'-Dichlorodiethyl ether
1.2-Dichlorodiethyl ether
1,2-Dichloroethyl ethyl
1,2-Dichloroethyl ethyl ether
2,2'-Dichlorodiethyl ether
a-Chlorobutylethyl ether
bis-(1-chloroisopropyl) ether
1,2-Dichlorodiisobutyl ether
Bromophenyl phenyl ether

80
114
92

94
92
94
108
142
142
142

142
136
170

248

45(100), 29(43), 15(39), 49(14)
79(100), 49(47), 81(33), 51(16)

93(100), 63(98), 27(75), 95(32)
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Table C-1.

MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
Alcohols
A. Primary Alcohols
Methyl alcohol 32 31(100), 32(72), 29(42), 28(9)
Ethyl alcohol 46 31(100), 45(35), 29(27), 27(24)
1-propanol 60 31(100), 27(19}, 29(18), 59(12)
1-butanol 74 31(100), 56(90), 41(74), 43(64)
1-pentanol 88 42(100), 55(74), 41(60), 70(56)
B. Secondary Alcohols
2-propanol 60 45(100), 43(19), 27(17), 29(12)
2-butanol 74 1 45(100), 27(22), 31(22), 59(20)
2-pentanol; 3-pentanol 2 pentanol 88 " 45(100), 43(16), 55(16), 27(13)
a-hydroxytoluene (m-cresol) ' 108 108(100), 107(94), 79(35)
39(32)
2,6-dimethyl-4-heptanol 144 69(100), 87(49), 45(43), 43(42)
Borneol 154 95(100), 41(30), 27(20), 43(18)
C; Tertiary Alcohols
2-methyl propanol (tert- 74 59(100), 31(28), 41(18), 43(12)
butyl alcohol)
c-methyl- hydroxytoluene 122 ;;%gé?o), 107(83), 121(38),




Table C-1. MEG Organic/Major Mass Peaks

611

' Compound Molecular
Category Detail Weight M/e Values (RI)
a-terpineol 154 59(100), 43(74), 93(72),
121(52)

Isoborneol 154 95(100), 41(42), 27(25), 43(24)
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular _
Category Detail Weight M/e Values (RI)
Glycols, Epoxides
A. Glycols
Ethylene glycol 62 31(100), 33(32), 29(14) 32(10)
(1.2-Ethanediol)
Propylene glycol 76 45(100), 43(14), 31(12), 27(9)
(1.2-Propanediol)
B. Epoxides
2,3-epoxy-1 propanol 74 44(100), 43(89), 31(59), 18(44)
(glycidol)
1-chloro-2,3-epoxy propane 92 57(100), 27(39), 29(31), 49(25)

(a-Epichlorohydrin}
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
Aldehydes, Ketones
A. Aldehydes
Formaidehyde 30 29(100), 30(88), 28(31), 14(4)
Acetaldehyde 44 29(100), 44(88), 43(50), 42(15)
Propionaldehyde 58 29(100), 28(69), 27(58), 58(27)
Acrolein 56 27(100), 56(65), 26{59), 28(53)
Butyraldehyde 72 44(100), 43(79), 72(73), 41(60)
Bromoform butanol ? Improper Name?
3-Methylbutanol 88 41(100), 29(98), 57(83), 31(72)
Benzaldehyde 106 77(100), 106(91), 105(89),
. 51(58)
B. Ketones
Acetone 58 43(100),58(37), 42(7), 27(5)
Tetrachloroacetone 194 83(100), 85(65), 111(21),
113(14)
Butanone 72 43(100), 72(21), 29(17), 27(9) -
Isophrone (Isophorone) 138 82(100), 39(88), 138(17),
41(13)
Camphor (d) 152 126(100), 95(97), 41(79),
81(71)
Acetophenone 120

105(100), 77(83), 51(30),
120(25)




(448

Table C-1. MEG Organic/Major Mass Peaks

= Compound Molecular
Category Detail Weight M/e Values (RI)
Chlorohydroxy benzophenone 232 155(100), 232(58), 105(57),
157(32)
5,6-Benzo-9-anthrone ? Unknown
152 81(100), 67(70), 41(59), 39(46)

Dihydro(d)carvone
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Table C-1. MEG Organic/Major Mass Peaks
Compound Molecular
Category Detail Weight M/e Values (RI)
Carboxylic Acids and
Derivatives
A. Carboxylic Acids
Formic acid 46 29(100), 46(61), 45(48), 28(17)
Acetic acid 60 43(100), 60(99), 45(98), 44(34)
Maleic acid 116 18(100), 26(99), 54(77), 25(24)
Benzoic acid 122 105(100), 122(78), 77{75),
51(46)
Phthalic acid 166 149(100), 121(25), 166(18),
105(16)
Long chain acids Cl2 200 73(100), 60(93), 41(42), 43(59)
B. Carboxylic Acids with
Additional Functional
Groups
Hydr?xyacetic acid (glylolic 76 18(100), 31(79), 32(24), 17(22)
acid
Hydroxybenzoic acids (p) 138 28(100), 121(26), 37(14),
138(21)
3-hydroxypropanoic acid, 72 47(100), 28(93), 26(28), 43(78)
(B-lactone)
C. Amides
Formamide 45 18(100), 45(56), 28(44), 29(30)
Acetamide 59 44(100), 59(93), 43(75), 15(48)
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Table C-1. MEG Organic/Major Mass Peaks

(e-caprotactam)

Compound Molecular
Category Detail Weight M/e Values (RI)

6-aminohexanoic acid 131 44(100), 59(93), 43(75), 15(48)

(6-aminocaproic acid)

Esters

Methyl methacrylate 100 41(100), 69(68), 39(38),
100(31)

Phthalates (Diethyl 222 149(100), 177(28), 150(13),

phthalate) 176(9)

Adipates (Diethyl adipate) 202 29(100), 55(57), 111(52),
27(50)

Long chain esters - Too vague -

Methyl benzoate 136 105(100), 71(68), 51(38),
136(28)

Phenyl benzoate 198 +105(100), 77(29), 106(8), 51(7)

Di-2-ethylhexyl phthalate 392 149(100), 167(41), 57(40),

(Dop) 43(34)

6-Aminohexanoic acid 113
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Table C-1. MEG Organic/Major Mass Peaks
Compound Molecular
Category Detail Weight M/e Values (RI)
Nitriles
Acetonitrile 41 41(100), 40(54), 39(18), 15(1)
1-Cyanoethane (acrylonitrile) 53 26{100), 53(99), 52(75), 51(32)
1,4-Dicyano-1-hydroxy butane 124
Benzonitrile 103 103(100), 76(32), 50(17),
51(10)
Naphthonitriles 153
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Table C-1. MEG Organic/Major Mass Peaks

Compound

Molecular

Category Detail Weight M/e Values (RI)
Azo Compounds, Hydrazine, and
Derivatives
Diazomethane 42
Hydrazine 32 32(100), 31(44), 29(40), 30(31)
Dimethyl hydrazines 60 60(100), 42(98), 28(52), 45(52)
Diphenylhydrazines 184 169(100), 168(56), 167(32)

51(26)




Table C-1. MEG Organic/Major Mass Peaks

Lel

Compound Molecular
Category Detail Weight M/e Values (RI)
Amines
A. Primary Amines
Ethylamine 45 30(100), 28(29), 44(20), 45(19)
Ethanolamine 61 42(100), 61(78), 43(49), 44(29)
3-Aminopropene 57 30(100), 56(80), 28(76), 57(32)
Propanolamine ( i50) 75 44(100), 42(14), 58(5), 41(5)
1-Aminobutane 73 30(100), 28(9), 41(6), 27(5)
2-Aminobutane 73 44(100), 18(15), 58(11), 41(11)
Cyclohexylamine 99 56(100), 43(30), 28(15), 30(14)
1,2-Diaminoethane 60 30(100), 18(13), 42(6), 43(5)
Aniline 93 ‘93(100), 66(33), 65(18), 39(18)
2-Aminotoluene .. ) , 107 28(100), 106(84), 107(66),
' 77(24)
Dimethytaniline . 121 é%?(I?O)’ 121(70), 77(25),
Anisidines (p-) 123 %g?(u))o) . 123(68), 80(41),
Aminodipheny! o 169 168(100), 167(56), 51(53),
, 169(52)
Aminonaphthalenes (2-) 143 143(100), 115(36), 144(13),
116(13)




Table C-1. MEG Organic/Major Mass Peaks

821

! Compound Molecular
; Category Detail Weight M/e Values (RI)
{
j 1,4-Diaminobenzene 108 108(100), 80(82), 52(39),
28(38)
4,4'-Diaminodiphenyl 184
3,3'-Dichlorobenzidine : 252 252(100), 254(67), 126(16),
77(15)
; 4,4'-Methylene bis ? ?
g (2-chioroaniline)
E Secondary Amines
: Ethyleneimine 43 42(100), 28(79), 43(55), 15(36)
i Dimethylamine 45 44(100), 28(68), 45(51), 15(20)
i Ethylmethylamine 59
' Diethylamine 73 58(100), 30(98), 28(37), 27(29)
! Morpholine 87 57(100), 29(99), 87(69), 28(69)
i
: 121 120(100), 121(70), 77(25),
51(16)
Tertiary Amines
N,N-Dimethylaniline 121 120(100), 121(68), 77(25),
105(13)
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
Nitrosamines
Dimethylamine-N-Nitroso 74 42(100), 74(88), 43(52), 44(21)
- Diethylamine-N-Nitroso 102 42(100), 44(98), 102(74),
57(48)
Dipropylamine-N-Nitroso 130 43(100), 42(66), 70(66), 41(47)
Diisopropylamine-N-Nitroso 130 43(100), 70(33), 42(32), 41(31)
Dipentylamine-N-Nitroso 158
Aniline, N-Methyl-N-Nitroso 136 136(100), 107(56), 77(54),
105(38)
Diphenylamine-N-Nitroso 198 169(100), 168(72)}, 167(50),

51(19)




0€1

Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
Mercaptans, Sulfides and
Disulfides
A. Mercaptans
Methyl mercaptan 43 47(100), 48(90), 45(47), 46(12)
Ethyl mercaptan 62 62(100), 29(90), 47(80), 27(80)
Propyl mercaptans 76 47(100), 76(88), 43(80), 42(74)
Butyl mercaptans 90 56(100), 41(92), 27(57}, 90(51)
Benzenethiol 110 110(100), 66(38), 109(25),
51(22)
l-anthrathiol 210
Perchloromethyl mercaptan 150
B. Sulfides, Disulfides
Dimethyl sulfide 62 47(100), 62(83), 45(59), 46(34)
Diethyl sulfide 90 75(100), 47(82), 20(72), 29(63)
DiPhenyl sulfide 186 186(100), 185(46), 51(26),
184(23)
DiMethyl disulfide 94 94(100), 45(63), 79(59), 46(38)




1€l

Table C-1. MEG Organic/Major Mass Peaks

Compound

Molecular
Category Detail Weight M/e Values (RI)

Sulfonic Acids, Sulfoxides
A. Sulfonic Acids

Benzenesulfonic acid 158 158(100), 77(85), 94(74),

51(39)

9,10-Anthraquinone- 368

disulfonic acids
B. Sulfoxides

Dimethyl sulfoxide 78 63(100), 78(68), 15(40), 45(35)




Table C-1. MEG Organic/Major Mass Peaks

PN

Compound Molecular
Category Detail Weight M/e Values (RI)

Benzene, Substituted Benzene

Hydrocarbons -

Benzene 78 78(100), 52(17), 51(16), 77(15)

Toluene 92 91(100), 92(76), 39(19), 65(13)

Ethyl benzene 106 91(100}, 106(31), 51(13),
39(10)

Styrene 104 104(100), 103(39), 98(32),
51(30)

N-Propyl benzene 120 91(100), 120(24), 92(11),
65(9)

Isopropyl benzene (cumene) 120 10?(1?0), 120(26), 77(88),
51(10

N-Butyl benzene 134 " 91(100), 92(55), 134(24),
27(12)

Biphenyl 154 154(100), 153(32), 152(24),
76(18)

4,4'-diphenylbiphenyl (P-P, ' 306 306(100), 307(26), 153(26),

quaterphenyl) 152(6)

Xylenes 106 91(100), 106(62), 105{30),
77(12)

Dialkyl benzenes : - Vague description

Tetrahydronaphthalene ‘ 132 104(100), 132(64), 91(50),

(Tetralin) 13(17)
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Table C-1. MEG QOrganic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)

Dihydronaphthalene 130 128(100), 130(95), 129(78),
115(70)

Terphenyl 230 230(100), 231(19), 115(15),
228(12)

Trimethyl benzene: 120 105(100), 120(59), 119(16),
39(14)

134 119(100), 134(58), 43(23),

Tetramethyl benzene

42(17)
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
Halogenated Aromatic Compounds
A. Ring Substituted Aromatics

Chlorobenzene 112 112(100), 77(48), 114(32),
51(16)

dibromobenzenes 234 236(100), 234(51), 238(49),
155(30)

Bromochlorobenzenes 190 192(100), 190(76), 111(57),
75(28) ,

1,2-dichlorobenzene 146 146(100), 148(64), 111(36),
75(20)

1,3-dichlorobenzene 146 146(100), 148(65), 111(32),
75(17)

1,4-dichlorobenzene 146 " 146(100), 148(65), 111(32),
75(19)

Polychlorinated benzenes - Strong molecular ion - loss of
C1

Chloronaphthalene 162 162(100), 126(13), 77(10),
63(10)

Polychlorinated biphenyls - S%rong molecular ion - loss of
C

Bromo benzene 156 77(100), 156(77), 158(76),

51(42)




Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular

SE1

Category Detail Weight M/e Values (RI)
Aromatics with Halogenated
Alkyl Side Chain
a-chlorotoluene (benzyl 126 91(100), 126{28), 65(9), 63(6)
chloride)
bis-(chloromethyl)-benzene 174 139(100), 141(32), 174(21),

103(18)
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)

Aromatic Nitro Compounds

Nitrobenzene 123 77(100), 51(59), 123(42),
50(25)

4-nitrobiphenyl; nitrobiphenyls 199

Chloronitrobenzenes 157 111(100), 157(73), 75(52),
113(32)

Methoxynitrobenzenes 153

Dinitrotoluenes 182
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Table»C-l.

MEG Organic/Major Mass Peaks

(hydroqu1none)

Compound Molecular
Category Detail Weight M/e Values (RI)
Phenols
A. Monohydrics
Phenol 94 94(100), 66(28), 39(28), 65(22)
Methyl phenols (cresols) 108 107(100), 108(75), 77(30),
(p-cresol) 79(26)
2-methoxyl phenol 124 124(100), 94(57), 81(39),
39(31)
Ethylphenols (0-ethyliphenol) 122 IOZ(}OO), 122(40), 77(18),
79(9
Hydroxybiphenyls 170 170(100), 169(60), 141(24),
115(15)
Dimethyiphenols (Xylenols) 122 122(100), 107(87), 121(43),
(2,5) 77(30)
Polyalkylphenols - Too vague
B. Dihydrics, Polyhydrics
2,2'-dihydroxydiphenyls 186 186(100), 157(28), 158(23),
131(22)
1,2- dxhydroxybenzene 110 110(100}, 64(39), 63(22),
(catechy]) 52(15)
1,3-dihydroxybenzene 110 110(100), 81(22), 39(22),
(resorc1no1) 53(19)
1,4-dihydroxybenzene 110

110(100), 5
55(( S ), 53(27), 81(22),
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Table €-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
1,2,3-trihydroxybenzenes 126 126(100), 108(33), 80(30),
, 52(22)

Fused ring hydroxy

compounds

a-naphthanol 144 144(100), 115(74), 116(37),
145(10)

3-naphthanol 144 144(100), 115(63), 116(28),
57(15)

Phenthrols (Phenanthrols) 194 43(100), 194(94), 165(78),
39(22)

Indanols 134

Acenaphthenols 170

2-hydroxyfluorene 182

2-hydroxydibenzofuran 184
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Table C~1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI}

Halophenols

2-chlorophenol 128 128(100), 64(35), 130(32),
63(14)

2,4-dichlorophenol 162 162(100), 164(63), 63(30),
98(27)

Pentachlorophenol 264

Chlorinated cresols 144
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)

Nitrophenols

2-nitrophenol 139 139(100), 65(36), 64(22),
63(22)

3-nitrophenol 139 65(100), 39(88), 139(74),
93(70)

4-nitrophenol 139 139(100), 65(35), 64(20),
63(21)

Dinitrophenols 184

o-cresol, dinitro 198

p-cresol, dinitro 198 198(100), 182(36), 77(35),
51(27)

2-amino-4,6-dinitrophenol 199

Trinitrophenol 229
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Table C-1. MEG Organic/Major Mass Peaks

_ Compound Molecular
Category Detail Weight M/e Values (RI)
Fused Polycyclic Hydrocarbons
Naphthalene 128 128(100), 51(12), 129(11),
64(11)
Monoalkyl naphthalenes - Too vague
Phenyl naphthalenes (o) 204 204(100), 203(68), 202(47),
101(34)
Dimethyl naphthalenes 156 156(100), 141(26), 155(30),
. 153(14)
- Acenaphthene; acenaphthylene 154 154(100), 153(95), 152(53),
' ' 76(26)
Anthracene 178 178(100), 176(16), 179(16),
2,7-dimethylanthracene 206
Phenanthrene 178 178(100), 179(15), 176(15),
89(14)
Methylphenanthrenes 192 '
Naphthacene 228 228(100), 229(30), 114(29),
226(21)
1,2-benzanthracene 228 228(100), 229(19), 226(19),
114(18)
9,10-dimethyl-1,2-benzanthra- 256 256(100), 241(40), 239(37).
cene 240(24 ) '
Benzo(c)phenanthrene 228 228(100), 226(45), 227(34),
118(31)
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Table C-1. MEG Organic/Major Mass Peaks
Compound Molecular
Category Detail Weight M/e Values (RI)
Chrysene 228 228(100), 226(22), 229(19),
114(16)
Methylchrysenes 242 242(100), 239(20), 243(20),
241(17)
Triphenylene (9,10 benzphen- 228 228(100), 226(22), 229(21),
anthracene 113(17)
Pyrene 202 202(100), 101(26), 208(17),
100(17) .
1-methyl pyrene 216 216(100), 215(61), 94(26),
217(18)
1,2-benzonaphthacene 278
Benzo(b)chrysene 278 278(100), 276(81), 138(25),
' 279(22)
1,2:3,4-dibenzanthracene 278 278(100), 139(24), 279(24),
276(15)
1,2:5,6-dibenzanthracene 278 278(100), 139(24), 279(24),
276(16) )
Benzo[alpyrene 252 252(100), 126(23), 253(21),
250(16)
Benzo[e]pyrene 252 252(100), 126(23), 252(21),
- 250(16)
Perylene 252 252(100), 253{22), 126(21),
250(21)
Picene (dibenzo(a,i)phenan- 278

threne)
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
Dibenzo[a,h]pyrene 302
Dibenzofa,i]pyrene 302
Dibenzo[a,% ]pyrene 302
Benzo[g,h,i]perylene 276 276(100), 138(37), 277(55)
300 300(100), 150(78), 149(66),

Coronene

148(37)
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)

Fused Non-Alternant Polycyclic

Hydrocarbons

Idene and derivatives (alkyl) Indene 116 116(100), 115(84), 63(14),
39(11)

- Dicyclopentadiene 130

Fluorene and derivatives (alkyl) Fluorene 166 166(100), 165(81), 163(15),
164(14)

Cyclopentanonaphthalene

2,3-benzofluorene 216 216(100), 215(78), 217(18),
107(16)

Fluoranthene 202 202(100), 101(22), 203(17),
200(14)

1,2-benzofluorene 216 216(100), 215(62), 107(21),
217(19)

4-H-cyclopenta(def)phenanthrene

Benzo(k)fluoranthene 252 252(100), 253(23), 125(16),

Benzo(e)fluoranthene 252 Similar to (k)

Benzo(j)fluoranthene 252 Similar to (k)

1,2:5,6-dibenzofluorene 266

3-methyl cholanthrene 268 268(100), 252(39), 253(39),
267(24)

Indeno (1,2,3,c,d}pyrene 276 276(100), 138(28), 277(27)
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
Truxene (tribenzylene benzene) ? .
Tetrahydrofluoranthene 206 178(100), 206(67), 89(28),

76(19)
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)
Heterocyclic Nitrogen Compounds
A. Pyridine and Substituted

Pyridines

Pyridine 79 79(100), 52(74), 51(36), 50(26)

Monosubstituted alkyl 93 93(100), 66(41), 39(31), 92(20)

pyridines

phenyl pyridines 155

Chloropyridine 113 113(100), 78(49), 115(32),
18(24)

Disubstituted, poly- 107 107(100), 106(65), 39(32),

substituted pyridines 79(29)

(dimethyl pyridine) .

| B. Fused 6-membered Ring

Heterocycles

Quinoline, isoquinoline 129 129(100), 102(22), 51(18),
128(16)

Methylquinolines, 143 143(100), 142(43), 28(24),

methylisoquinelines 115(16)

Dimethylquinolines, 157 157(100)}, 156(33), 158(13),

dimethylisoquinolines 115(10)

~ Acridine 179 179(100), 178(14), 180(14),

89(12)

Dihydroacridine 181




Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular

At

Category Detail Weight M/e Values (RI)
Benzo(c)quinoline 179 179(100), 178(24), 180(16),
? 151(12)
Benzo(f)quinoline 179 179(100), 178(24), 151(17),
76(16)
Benzo(h)quinoline 179 179(100), 178(24), 180(14),
151(11)
Benz(a)acridine 229
Benz(c)acridine 229
Dibenz(a,j)acridine 279
Dibenz(a,h)acridine 279
Dibenz{c,h)acridine 279
Indeno(1,2-b)quinoline
Indeno(1,2,3,1,j)isoquino-
line
Pyrrole and Fused Ring
Derivatives of Pyrrole
Pyrrole 67 67(100), 41(58), 39(58), 40(51)
Indole 117 117(100), 90(40), 89(24),
63(14)
Methylindoles . 131 130(100), 131(59), 77(14),
: 65(19)
Carbazole - 167 '1572100), 166(18), 83(14),
‘ . 168(13)
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Table C-1. MEG Organic/Major Mass Peak

Compound Molecular
Category Detail Weight M/e Values (RI)
Methylcarbazoles (9-) 181
Benzo(a)carbozole 231
Dibenzo(a,g)carbozole 281
Dibenzo(a,i)carbozole 281
Dibenzo(c,g)carbozole 281
Nitrogen Heterocycles
containing additional
Heteroatoms
Benzothiazole 135 135(100), 108(35), 69(27),
63(13)
149 148(100), 108(32), 69(29),

Methyl benzothiazoles

1149(17)
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Table C-1. MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)

Heterocyclic Oxygen Compounds

Furan 68 39(100), 68(71), 37(18), 29(16)

Benzofurans 118 - 118(100), 90(30), 89(29),
63(13)

Dibenzofuran 168 168(100), 139(23), 169(13),
84(11)

Methyldibenzofurans 182

Naphthofurans 168

Benzo[b]naptho[2,3-d]furan 218

Phenanthro[9,10-b]furan 218

1,9-benzoxanthene 232
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Table C~-1, MEG Organic/Major Mass Peaks

Compound Molecular
Category Detail Weight M/e Values (RI)

Heterocyclic Sulfur Compounds

Thiophene 84 84(100), 58(65), 45(55), 39(28)

Methylthiophenes 98 97(100), 98(55), 45{21), 39(17)

Dimethylthiophenes 112 111(100}, 112(78), 97(58),
59(22)

Trimethyl Thiophene 126 111(100), 126(12), 125(58),
45(27)

2,2'-Bithiophene 166 166(100), 121(29), 45(26),

, 69(16)

Benzo[b] thiophene 134 134(100), 89(10), 135(10),
63(8)

Dibenzothiophene 184 1184(100), 185(14), 139(12),
92(11)

Benzonaphthathiphene 234 234(100), 235(18), 117(18),
232(9)

Tetramethylthiophenes 140
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