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THERMOSPRAY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY/
MASS SPECTROMETRY METHODS DEVELOPMENT

L. D. Betowski, Research Chemist, Quality Assurance and
Methods Development Division, T. L. Jones, Chemist, Quality
Assurance and Methods Development Division, Environmental
Monitoring Systems Laboratory, U. S. Environmental Protection
Agency, P. O. Box 93478, Las Vegas, Nevada 89193-3478

ABSTRACT

Thermospray high performance 1liquid chromatography/mass
spectrometry (LC/MS) has proved to be a sensitive technique

for many nonvolatile, thermally labile compounds. In
thermospray LC/MS the entire effluent is delivered to the ion
source. This ensures a representative sampling of the

analytes and also maintains good sensitivities. The options
of ionization by buffer-assisted ion evaporation, filament,
or discharge are available using the thermospray technique.
Furthermore, these methods of ionization are affected very
little by surface effects within the interface so thermal
degradation is minimized. Therefore, it is a viable technique
for analyzing for fragile biochemically important compounds
(DNA adducts, glutathiones, etc.) The main problem with
thermospray LC/MS is the small amount of structural
information provided in a thermospray spectrum. Various
approaches that serve as potential solutions to this problem
are forwarded in this paper.

INTRODUCTION

There has been a recent effort in the analytical community in
general and in the Environmental Protection Agency in
particular to adapt mass spectrometry to the online
characterization of environmental samples for their
nonvolatile or thermally labile components. Historically,
this task has been complicated by the use of high performance
liquid chromatography (HPLC) to separate these intractable
compounds and the difficulty of interfacing HPLC with a mass
spectrometer because of the highly different pressure regimes
under which these two techniques operate. The moving belt

*NOTICE: Although the research described in this article has
been supported by the U.S. Environmental Protection Agency,
it has not been subjected to Agency review and, therefore,
does not necessarily reflect the views of the Agency. No
official endorsement should be inferred.
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interface and the direct liquid introduction were two early
attempts to interface HPLC to mass spectrometry. These two
techniques showed some successes, but were limited in their
applications. The moving belt interface was of 1limited
utility for reverse phase solvents, and direct 1liquid
introduction required splitting the effluent from the HPLC so
only about 10 percent of the sample was sampled into the mass
spectrometer.

The thermospray liquid chromatography/mass spectrometry
(LC/MS) interface provides both a 1liquid phase to vacuum
interface and an ionization technique for the mass
spectrometer. The use of a volatile buffer such as ammonium
acetate enables ionization in the interface by buffer-assisted
ion evaporation. Since the pressure in the thermospray ion
source is high, ion-molecule reactions follow. This provides
a mechanism for generating pseudo-molecular ions of high
intensity for many compounds. With ammonium acetate as the
buffer, the predomlnant charged species present in the ion
source are ammonium adducts, NH, (X) , Wwhere X represents the
solvent(s) used in HPLC and n 1s a "small number (usually O-
3). The ion-molecule reaction

+

NH," + B => BH" + NH; (1)

is dependent upon the proton affinity or gas phase basicity
of the compound B. If this quantity is greater than the
proton affinity of ammonia, then reaction (1) proceeds as
written and the protonated species BH' is observed. If the
proton affinity of B is less than that of ammonia (i.e.,
ammonia is the stronger base), one can still observe adduct
ions such as BNH4, but usually at lower intensities than the
protonated molecules. Since many compounds that are not
amenable to gas chromatographic methods and must be analyzed
by HPLC have a relatively high proton affinity, the
sensitivity of thermospray for these compounds is usually
good. As with any emerging technology, the thermospray
interface has advantages over what has been currently
available and some limitations. This paper will summarize
these advantages in instrument performance. In addition,
several possible techniques will be presented to generate more
structural information using the thermospray interface.

EXPERTMENTATL

The 1nstrument used was a Finnigan MAT Triple Stage Quadrupole
TSQ™45 mass spectrometer equipped with a modified Vestec
Corporation ion source and thermospray interface. The
modification in the Vestec 1ion source consisted of the
addition of a wire re?eller that has been described previously
in detail elsewhere’ This repeller was operated at a

-2
13
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voltage range of 200-250 V in the enhancement mode and at 400
V in the repeller-collision activated dissociation (CAD) mode.
Tandem mass spectrometric CAD spectra were dgenerated in
daughter ion scans with an argon pressure of 1 mT and a
collision energy of 20 eV. The discharge in the ion source
was activated for negative ion experiments.

The HPLC instrumentation consisted of a Rheodyne Model 7125
injector valve fitted with a 10-uL sample loop and a Spectra-
Physics SP8700XR solvent delivery system. A syringe pump
(ISCO LC-5000) was connected to the system to deliver the
buffer, 0.1 M ammonium acetate, postcolumn via the thermospray
interface into the ion source.

RESULTS AND DISCUSSION

The entire effluent from the HPLC is directed into the ion

source by the thermospray interface. This prevents loss of
sample due to splitting and offers the potential for optimum
sensitivity. Other criteria needed to ensure the maximum

signal per analyte are ion sampling considerations and kinetic
and thermodynamic factors involving the molecular and ionic

species in the ion source. The detection limits for many
compounds by thermospray introduction have been in the low
nanogram range (1-30 ng) in the full scan mode'3. However,

higher detection limits have been reported for compounds not
amenable to buffer-assisted ion evaporation. For example, the
chlorinated phenoxyacid class of herbicides were reported to
have detection limits of 10 ug positive-ion detection in this
mode®. To make the interface more universal in its scope of
compound classes, a modification was made to the ion source
with the addition of a wire-repeller’. Table I lists the
limits of detection (LOD) for some chlorinated phenoxyacid
herbicides and dyes that were detected under conditions of
optimal sensitivity with the new wire-repeller. The LOD's for
these compounds show enhancements from 10-1000 times over what
has been previously reported.

There are certain compounds that still show poor LOD's even
under these conditions. The phenoxyacid herbicide 2,4,5-T has
an LOD of 170 ng. However, if the discharge in the ion source
is activated and the negative-ion mode is used, the LOD for
2,4,5-T is 6.5 ng. Since this compound is chlorinated,
electron capture is an efficient mechanism for ionization.
In addition, the use of the negative ion electron capture
mechanism initiated by discharge (or by filament) promotes

3
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Table I. Limits of Detection under Buffer-Assisted 1Ion
Evaporation with a Wire-Repeller (Positive-Ion Mode).

COMPOUND IOD (nqg)

Dicamba 13

2,4-D 2.9

2,4,5-T 170

Disperse Blue 3 0.050

Solvent Red 23 5.0

Basic Green 4 0.67

additional fragmentation or dissociation. With buffer-
assisted ion evaporation the major species is (are) the
protonated molecule or the ammonium adduct or both. Very

little other fragmentation, if any, is usually observed in the
positive ion mode. In certain cases depending upon analyte,
additional fragmentation may take place because of labile
bonds or the destabilization of the protonated molecule.
However, under negative ion electron capture processes, more
dissociation is observed. In fact, dissociation electron
capture becomes a major process with some electronegative
compounds. Using the example of 2,4,5-T again, major ions
produced in the discharge negative ion spectrum of this
compound include the M°, (M-H) , (M-HCl) , (M-HCOOH),
(M-CH,COOH) ~, (M-Cl-COOH) and (M-C1-CHCOOH) ions.

The ionization used with the thermospray LC/MS interface is
affected very little by surface phenomena and wall effects
so thermal degradation is minimized. Other LC/MS interfaces
(e.g., particle beam) could be subject to surface effects and,
thus, some compounds have potential for thermal degradation
in such systenms. The thermospray system has been used to
characterize some fragile biochemically important compounds
that have some application in exposure assessment monitoring
(e.g., DNA adducts of the carcinogen, 2-acety1aminofluorene6).
The electron ionization spectra of phenoxyacid herbicides have
been shown to include thermal degradation ions under particle
beam introduction if care of the ion source surfaces is not
taken’.

A major disadvantage of the thermospray LC/MS interface that
has been mentioned above 1is that the interface usually
generates only one or two ions per compound. This results in
a lack of selectivity because 1little or no structural
information is generated. This is a serious consideration
when performing non-target analysis because a spectrum with
one or two ions per compound is not suitable for being matched

T4
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against a library of spectra. There are some approaches that
are potential solutions to this problem. Among these are use
of MS/MS techniques to deconvolute the information in the
thermospray spectra. A successful application of triple
quadrupole mass spectrometry to the thermospray introduction
for environmental samples was demonstrated for
organophosphorus pesticides?. Disulfoton was identified by
virtue of its daughter ion CAD spectrum in which the
protonated molecule at m/z 275 was subjected to collision with
argon atoms and the product ions detected. Two
chromatographic peaks containing the m/z 275 ion eluted within
1.5 minutes of each other under thermospray introduction.
Since these two peaks showed only a m/z 275 ion in both of
their mass spectra, it was only upon application of CAD
techniques that these peaks were resolved. The major product
ion from the CAD of m/z 275 from disulfoton is m/z 89; only
one of these two peaks showed an m/z 89 upon CAD.

Another possible solution to the problem of little structural
information is the use of repeller-induced fragmentation.
Application of a potential of approximately 400 V to a wire-
repeller in the ion source of a thermospray system results in
spectra with increased fragmentation compared with regular
buffer-assisted ion evaporation spectra. In fact, the spectra
produced under such an arrangement show similarities to both
the electron ionization spectra and the CAD spectra for the
same compoundsa. Both mechanisms may, indeed, be taking place
in the ion source. However, in this mode the sensitivity was
lower by two orders of magnitude than in normal buffer-
assisted ion evaporation.

For electronegative compounds the discharge negative ion mode,
as has been mentioned above, can greatly facilitate structural
interpretation. Usually, this mode generates much
fragmentation with good sensitivity.

SUMMARY

The thermospray LC/MS interface has proved to be an effective
instrument for analyzing for nonvolatile compounds. The
advantages of thermospray over other LC/MS techniques have
been the relatively high instrument sensitivity for many
compounds, the generation of ions without an external
ionization source, and the production of simple spectra which
almost always provide molecular weight information. The
disadvantages have been its selective sensitivity (compounds
with low proton affinities will often show low sensitivities)
and the absence of significant molecular fragmentation.
Efforts in developing methods using thermospray LC/MS have
concentrated on improving the instrument performance for
increased sensitivity and selectivity. Four steps were taken
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in this direction: (1) the use of a wire-repeller to enhance
sensitivity; (2) the operation of the triple quadrupole mass
spectrometer in the daughter ion mode; (3) the use of a wire-
repeller to effect CAD in the ion source; and (4) the use of
the discharge enhanced negative ion mode. The last three
steps were used to increase the selectivity of the systenm.
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INVESTIGATION OF IMPROVED PERFORMANCE IN HIGH PERFORMANCE
LIQUID CHROMATOGRAPHY/ PARTICLE BEAM/ MASS SPECTROMETRY SYSTEMS

James S. Ho, Thomas D. Behymer, Thomas A. Bellar, and William L.
Budde, U. S. Environmental Protection Agency, Office of Research
and Development, 26 W. M. L. King Drive, Cincinnati, OH 45268.

ABSTRACT

Several types of particle beam interfaces for high performance
liquid chromatography/mass spectrometry (HPLC/MS) systems are now
commercially available. During the investigation of their
performance characteristics, enhanced positive ion abundances were
observed for coeluting compounds and with the addition of ammonium
acetate to the mobile phase. The ammonium acetate enhancements are
attributed to improved chromatographic efficiency for basic
compounds, such as benzidine, and to a particle beam carrier
process for two of three particle beam interfaces. A third
particle beam interface with a universal membrane separator has no
significant carrier phenomena. This carrier process can enhance
sensitivity in particle beam HPLC/MS by improving analyte transport
through the interface, particularly at low concentrations. However,
with all three interface designs, coeluting substances may cause
strong positive bias and non-linear response which may adversely
impact quantitative analysis. In addition, ammonium acetate has
been found to cause serious column bleeding on some C18 columns.
This column bleed can contaminate the particle beam interface, and
ion source, causing sensitivity degradation over time and
therefore, poor precision in integrated ion intensities.

The different particle beam interfaces have been used to study
a variety of non-gas chromatographable compounds in order to
maximize sensitivity and to determine their capabilities in
quantitative analysis. Efforts were also made to improve system
ruggedness and reproducibility, over at least an eight hour period,
by proper column conditioning, column choice (i.e. carbon loading
of C18 packing), and mobile phase composition modification through
post column addition of non-aqueous solvents. These have all been
found to improve overall system performance with mean relative
standard deviations of signal intensities in the range of 5-15% for
most compounds.

143
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LIQUID CHROMATOGRAPHY/MASS SPECTROMETRY METHODS FOR
THE ANALYSIS OF AROMATIC SULFONIC ACIDS IN HAZARDOUS WASTE
LEACHATES AND GROUNDWATER MONITORING WELL SAMPLES

Mark A. Brown, In Suk Kim, John S. Hsu, Fassil I. Sasinos and Robert D. Stephens,
Hazardous Materials Laboratory, California Department of Health Services,
Berkeley, California 94704

ABSTRACT

A method is described for the analysis of highly polar aromatic sulfonic acid
pollutants in aqueous matrices. It is based on anion exchange liquid
chromatography with detection via both particle beam mass spectrometry
(electron impact and negative chemical ionization) and UV absorption
spectrophotometry. Anion exchange chromatography uses either Dionex
OmniPac columns with a membrane suppressor for removal of sodium salts
in the eluant, or Scientific Glass Engineering SAX columns with ammonium
acetate eluant. The method is developed and validated for six aromatic
sulfonic acid standards, and then used to characterize target and nontarget
compounds in lyophilizates from three Stringfellow hazardous waste leachates.
Leachate samples include upstream, downstream, and a charcoal treated
mixture. Lyophilization retains essentially all the organic carbon, which is
513, 46.8 and 453 ppm respectively (by total organic carbon [TOC] analysis).
Charcoal treatment removes priority pollutants but not most of the TOC,
which is primarily highly polar, nonextractable and nonpurgable material. In
addition to 4-chlorobenzenesulfonic acid (from 53 to 69% of the TOC), seven
additional major aromatic sulfonic acids are tentatively identified. All are
sulfonated and chlorinated aromatic byproducts probably from DDT
manufacture.

INTRODUCTION

A common problem in the characterization of the organic pollutants in aqueous
leachates from hazardous waste sites and ground water monitoring wells is that most
these pollutants are too polar, nonvolatile or thermally labile to be analyzed via
conventional gas chromatography based methods. Organic components in aqueous
leachate samples from the Casmalia and Stringfellow California hazardous waste
sites, and in drinking water from Santa Clara, California, have been successfully
resolved via anion exchange liquid chromatography particle beam mass spectrometry
(Brown et al, 1990 a and b). These samples had been historically difficult or
impossible to analyze using conventional analytical methods.

1
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The Stringfellow U.S. EPA Superfund site in California poses specific analytical
problems common to many waste sites that may be addressed best via LC-MS
methods. Most organic compounds contained in aqueous leachates from this site are
not characterized by GC-MS based methods. Analysis of Stringfellow bedrock
groundwater shows that less than 1% of the total dissolved organic materials are
identifiable via purge and trap analysis, and are compounds such as acetone,
trichloroethylene efc., whose physical properties are ideally suited for GC-MS
separation and confirmation (SAIC Report, 1987). Most of the organic materials
contained in these leachate samples are highly polar, nonpurgable and non-
extractable compounds that have not been previous characterized. The major waste
stream originating from Stringfellow sampled at upstream and downstream locations
is shown to have 45% and 40% respectively of the total organic carbon as PCBSA
(measured by ion chromatography and UV detection). This compound, a waste
product from the manufacture of DDT, was known to be present because of a
history of disposal of "sulfuric acid" waste (Ellis ef al, 1988). Conventional reversed
phase chromatography fails to resolve or give any retention using any combination
of elution solvents of the organic materials in Stringfellow leachates (Brown et al,
1990b). PCBSA and its two isomers 2- and 3-chlorobenzenesulfonic acids have
been detected by anion exchange chromatography particle beam mass spectrometry
(Brown et al., 1990a). The utilization of inductively coupled plasma mass spectro-
metry as a detector with anion exchange chromatography of Stringfellow leachates
shows that all the major organic components contain both chlorine and sulfur, and
are consistent with being other chlorinated aromatic sulfonic acids (Brown et al,
1990a).

In response to this problem a method has been developed to resolve and confirm
aromatic sulfonic acids with six commercially available standards based on anion
exchange chromatography, electron impact (EI) and negative chemical ionization
(NCI) particle beam mass spectra and UV absorption spectroscopy. The method is
then applied to the characterization of the major organic components of the total
organic carbon contained in Stringfellow hazardous waste leachates.

MATERIALS AND METHODS

Liquid Chromatography Particle Beam Mass Spectrometry. Instrumentation consists
of a Hewlett-Packard S988A mass spectrometer equipped with a Hewlett-Packard
particle beam LC interface and 1090 HPLC (Hewlett-Packard Co., Palo Alto, CA,
USA). Ionization modes are electron impact, and negative chemical ionization with
isobutane as a reagent gas. LC methods are initially developed on a Hewlett-
Packard 1050 LC equipped with a 1040 diode array detector and 79994A "Chem
Station" for data acquisition. The diode array detector is used to produce UV
spectra of individual peaks of materials resolved via anion exchange chromatography.
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Anion exchange chromatography columns are made by Dionex (Sunnyvale,
California USA) (OmniPac -100 and -500) and Scientific Glass Engineering (SGE)
(Ringwood, Australia) (Model 250GL-SAX, 25 cm X 2 mm). Gradient elutions use
sodium carbonate or sodium hydroxide solutions and acetonitrile in the case of the
Dionex OmniPac columns, and ammonium acetate buffer and acetonitrile with the
SGE columns. The Dionex micromembrane suppressor is used to convert
nonvolatile sodium salts to the corresponding hydrogen form before introduction into
the particle beam mass spectrometry interface, e.g., NaOH -> H,O.

Six commercially available aromatic sulfonic acids are used as model compounds for
analysis by HPLC-UV and HPLC-MS because similar compounds have been
tentatively identified in groundwater monitoring well samples and hazardous waste
leachates, and because as a class they are not analyzable vig traditional chromato-
graphic methods, e.g., gas chromatography. The spiked sample volumes are chosen
based on the concentration of the final sulfonic acid solution required for analysis
(Table 1). The spiked water samples are lyophilized and the following procedure
is applied regardless of the sample volume. Seven mL of methanol and 42 mL of
acetone are added to the lyophilized residue, and the mixture is sonicated for 20
min. at room temperature. The mixture is set aside for 1 hour and filtered through
filter paper (Whatman No.1l). acetone (30 mL) is used for washing the container
and the filter paper. The solvents are removed by rotary evaporator from the
combined solution of the filtrate and the washing solution. The residue is dissolved
in 0.8 mL of methanol and the solution is transferred to a vial. This procedure is
repeated three times and the combined solution is dried under a nitrogen stream
at 30 degrees C. Methanol (250 L) of is added to the residue and the solution is
used for HPLC-UV and HPLC-PB-MS analysis.

Lyophilization (freeze drying) is used for recovery and concentration of Stringfellow
aqueous leachate samples, although the volatile fraction is sacrificed. Thus, an
aqueous sample (5 to 2,000 mL) is freeze dried (Freezemobile 12 SL, the VirTis
Co., Gardiner, N.Y. USA) over 1 to 72 hours, the residue is extracted with methanol
(2 to 200 mL), the inorganic salts are precipitated by addition of equal amounts of
acetone, and finally the filtered soluble phase is evaporated under reduced pressure.
This precipitation step may be repeated for samples containing very high levels of
inorganic salts. The final residue is redissolved in methanol (0.25 to 20 mL) for
injection.

TOC of Stringfellow leachates is determined via a Dohrman DC 180 total organic
carbon analyzer (Rosemount Analytical Division, Santa Clara, CA, USA). It is
measured initially for the whole aqueous leachate sample and then for a lyophilized
sample reconstituted to its original volume in distilled water.
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RESULTS AND DISCUSSION

Recovery of aromatic sulfonic acid standards spiked into tap water and distilled
deionized water are shown in Table 1. Method detection limits ranged from 2-20
ng injected on column. UV chromatograms of these standards using the Dionex
OmniPac 500 and the SGE SAX anion exchange columns are shown in Figure 1.
The corresponding particle beam mass spectrometry total ion chromatograms and
electron impact mass spectra for the first four eluting aromatic sulfonic acids are
shown in Figures 2 and 3 respectively.

The anion exchange chromatograms of the upstream Stringfellow lyophilizate with
UV absorption spectrophotometry (230 and 265 nm, SAX columns) along with
tentatively assigned structures of individual eight peaks are shown in Figure 4.
There are at least 14 different major peaks present in this chromatogram. UV
spectra of peaks 2-14, showing two distinct A maxima in the regions of 210-230 and
255-270 nm are consistent with the presence of aromatic benzenoid chromaphores.
Relatively stronger long wavelength absorption at the 265 nm detection window for
peaks 7, 8 and 9 (Figure 4, bottom trace) suggests that they have a-unsaturated
substitution. For example, model aromatic compounds without a-unsaturation have
nearly two orders of magnitude smaller extinction coefficients in the region of 244
to 268 nm (Sadtler, 1979).

Figure 5 shows both electron impact (EI) and negative chemical ionization (NCI)
particle beam LC-MS full scan chromatograms corresponding to the UV detection
chromatograms seen shown in Figure 4. Chromatography conditions are identical as
those used with UV absorption detection. The better peak resolution with UV
detection allows the intelligent use of software deconvolution algorithms to resolve
the mass spectra of individual peaks.

Total organic carbon (TOC) and PCBSA concentrations of the Stringfellow
upstream, downstream and charcoal treated mixture leachates samples are shown in
Table 2. The lyophilization process of these aqueous leachates does not result in a
significant loss of TOC, suggesting that these analytical methods are being applied
to the most of the organic pollutants present in these samples. Since the proportion
of the upstream and downstream leachates that are mixed for charcoal treatment is
unknown, the amount of TOC removed by the treatment cannot be precisely
determined. However, the treated leachate has 88.3% of the TOC compared to the
upstream leachate suggesting that charcoal treatment does not remove most the
aromatic chlorinated sulfonic acids present.

The EI spectrum of a standard of PCBSA with anion exchange chromatography
shows a M" ion at 192 with an isotope pattern consistent with the presence of a

o-12
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Table 2. Concentrations (ppm) of total organic carbon (TOC) and 4-chloroben-
zenesulfonic acid (PCBSA) in upstream, downstream and charcoal treated®
Stringfellow aqueous leachates.

TOC ppm + SD°* PCBSA ppm + SD®
SAMPLE (percent of upstream) (percent of TOC)
Upstream 513 + 22.7 (100) 334 + 17.2 (69)
Downstream 46.8 + 7.6 (9.1) 27.6 + 2.6 (60)
Charcoal Treated 453 + 3.0 (88.3) 241 + 7.3 (53.2)

2Charcoal treatment is used at the Stringfellow site for removal of priority poliutants from the
leachate stream.

*SD = Standard deviation based upon three samples.

I$3
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Figure 1. UV absorption anion exchange chromatography of six aromatic sulfonic
acid standards. Top trace uses the Dionex OmniPac 500 column with sodium
carbonate elution; bottom trace uses a SGE SAX column with ammonium acetate

elution. Detection is at 254 nm.
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Figure 4. UV absorption anion exchange chromatography (SGE SAX column) of
Stringfellow leachate samples with tentatively assigned structures of compounds
in peaks 3 - 10.
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Figure 5. Particle beam mass spectrometry anion exchange chromatography
(SGE SAX column) with electron impact (top trace) and negative chemical (bot-
tom trace) ionization of Stringfellow leachate samples.
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single chlorine; a small M - 17 ion at 175 (loss of OH?); a M - 64 base ion at 128
(loss of SO,); a large M - 81 ion at 111 (loss of SO,H); and large ions at 99 (m -
93) and 75 (m - 117). Under NCI conditions the spectrum of PCBSA shows a M
ion at 192 with an isotope pattern consistent with one chlorine; a small M - 1 at 191;
and a M - 36 base ion at 156 (loss of HCI). Essentially identical spectra in both EI
and NCI modes are recorded for peaks 4 and 6, which have been tentatively
identified as the 2- and 3-chlorobenzenesulfonic acid isomers of PCBSA. The
suggested relative isomer retention time is based upon comparison to the relative
retention time of the carboxylic acid analogs 4-, 2-, and 3-chlorobenzoic acids. The
relative elution order of these three standards using similar anion exchange
chromatography conditions is 4-, 2-, and 3-chlorobenzoic acid.

Tentative identification of five other chlorinated aromatic sulfonic acids in
Stringfellow leachates. Table 3 summarizes the data in EI and NCI mass spectro-
metry for the 14 major peaks present in the anion exchange chromatography particle
beam mass spectrometry of lyophilized Stringfellow leachates. Negative chemical
ionization data was particularly useful for assigning molecular weights, and electron
impact data for providing structural information based upon fragmentation patterns.
Previous data (Brown et al., 1990a) from inductively coupled plasma mass spectro-
metry had indicated that probably compounds in all 14-major peaks contain chlorine
and all except peak 2 contain sulfur atoms. The fragment ion series that occurs in
several of the spectrum of unknowns, with ions at 191, 175, 111, 99 and 75 m/e in
EI and 156 m/e in NCI is consistent with the presence of a chlorobenzenesulfonic
acid moiety (Table 3). Analysis of isotope clusters is complicated by the presence
of multiple chlorine atoms, sulfur atoms and M-1 and M-2 ions resulting from
deprotonation of the aromatic sulfonic acids. These tentatively assigned compounds
(Figure 4) as with PCBSA also may be expected to occur in the sulfuric acid waste
products from DDT synthesis.

Although the EI spectra of the tentatively identified structures shown in Figure 4 are
not available, the spectra of many of the corresponding non sulfonated analogs are
available for comparison. The EI spectra of 4,4’-dichlorobenzophenone (for
comparison to structures for peaks 7 and 8) shows a small parent ion at 250, a base
acylium ion at 139 and a large corresponding chlorophenyl ion fragment at 111 m/e.
Benzophenone itself shows the base acylium ion, and the unsymmetrical 3,4-
dichlorobenzophenone shows both possible acylium ions. The corresponding
benzophenone fragmentation pattern with the assigned structures are seen for EI
spectra of peaks 7 and 8 (Table 3).

The EI spectra for DDT (for comparison to the structure for peak 10) shows a base
ion corresponding to loss of CCl, and smaller clusters corresponding to loss of 1, 2

3%
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Figure 6. Electron impact (El) and negative chemical (NCI) ionization particle
beam mass spectra of peaks 3,9 and 10 from the total ion chromatogram shown
in Figure 5.
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and 3 chlorine atoms from the parent. The parent ion is minute. The loss of the
CCl, fragment is also seen in the EI spectra of peak 10 (Figure 6).

The EI spectra for DDE (for comparison to the structure for peak 9, Figure 6) is
distinguished from that for DDT in that for DDE the parent ion is also the base ion.
Fragmentation for DDE involves only sequential loss of 1, 2 and 3 chlorine atoms.
A parent ion is also seen for the structure assigned to peak 9 (but not for peak 10),
along with the chlorobenezenesulfonic acid moiety fragment (Table 3).
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LC/MS DATA COMPARED TO
TRADITIONAL METHODS DATA

Bradford A. Anderson, Vice President, Diane W. Anderson,
President, Agriculture & Priority Pollutants Laboratories,
Inc., 4203 W. Swift, Fresno, California 93722

ABSTRACT

ILC/MS using thermospray interface is a relatively new
analytical tool. There 1is 1little information available in
the literature regarding LC/MS for use with pesticides.

While incorporating the LC/MS for use in the laboratory it
was necessary to validate the results by comparison with
traditional methods data. The LC/MS was run in tandem with
the UV/VIS and the post column HPLC.

A review of the LC/MS method development spanning the past
two years is presented along with the comparison data
generated on the traditional instruments.

INTRODUCTION

In the State of California, assembly bill AB1803 was passed
requiring water purveyors to perform a series of pesticide
analyses including EPA method 632. The initial samples were
basically clean and the matrices posed no real problems for
identification. As the client base broadened, the types of
matrices increased to include soils, waste waters and
produce. The difficulty of the matrices increased also.
A dgreat number of the samples originated from agricultural
chemical manufacturing facilities. Frequently these samples
contained a mixture of chlorinated pesticides,
organophosphorous pesticides, carbamate pesticides, urea
pesticides and chlorophenoxy acid herbicides all at varying
concentrations. The sample preparation and clean up became
very involved, and positive identification became a critical
issue.

Examining technological alternatives, the LC/MS held the
most pronise for solving some of the problems being
encountered. As a result, an LC/MS was installed in March
of 1988. 1Initially, the majority of analytes incorporated in
the screening were those 1listed in EPA method 632.

EXPERIMENTAL

Thermospray was designed for a 1 ml/min flow rate. Previous
chromatography as prescribed by 632 used flow rates of
2ml/min. To compensate, the 632 flow rate was cut by one
half and the gradient rate was increased by a factor of two.
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A methanol/water gradient was used mainly due to the cost
difference between methanol and acetonitrile.

Thermospray sensitivity seems to drop as the organic
composition of the gradient increases. To maintain the
greatest sensitivity for the late eluters, the gradient is
held at a 10% water solution for a period of time instead of
ramping to 100% methanol. Spectra of the analytes were
generated from single injections of high concentration
standards. The resultant peaks were large enough to be seen
in a total ion chromatogram. As a matter of protocol it was
necessary to obtain quantitation values from historical
techniques in order to check the capabilities of the
LC/MS with the thermospray unit.

Apparatus and Materials

(2) Liquid Chormatograph (Hewlett Packard 1090L) equipped
with a 250 ul injection loop, a 7mm guard column packed with
37-53 230 um Pellicular ODS Whatman, and a 250 x 4.6 mm
Zorbax ODS 10 u column.

(b) Mass Spectrometer (Hewlett Packard 5988A) equipped with
new thermospray source.

(c) Data system (Hewlett Packard RTE-A)

(d) Ligquid Chromatograph (Hewlett Packard 1090L) equipped
with a 250 ul injection loop, a 7mm guard column packed with
37-53 230 um Pellicular ODS Whatman, and a 250 x 4.6 mnm
Zorbax ODS 10 g column.

(e) Filter Photometric UV/VIS detector (Hewlett Packard)
(f) Liquid Chromatograph (Hewlett Packard 1090L) equipped
with a 250 gl injection loop, a 7 mm guard column packed with

37-53 230 um Pellicular ODS Whatman, and a 250 x 4.6 mn
Licrosorb 10 u column.

(g) Programmable Flouresence Detector (Hewlett Packard 1046 A)
(h) Rotary evaporator (Buchi RE1l1l1)

(i) Glassware as specified in EPA Methods 632 and 3540.
Reagents

(a) LC solvents: Methylene Chloride, HPLC Grade (Burdick &
Jackson):; Water, HPLC Grade (Burdick & Jackson); Methanol,

HPLC Grade (Burdick & Jackson); Ammonium Acetate, Reagent
Grade (Mallincrodt)

0-24
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Samples used were delivered from outside sources as blind
samples. Spike samples were made in the laboratory from
laboratory pure water.

HPLC Conditions for LC/MS-

The mobile phase, consisiting of methanol and water containing

0.1 molar ammonium acetate with 1% acetic acid, was solvent

programmed with linear gradients as follows: internal mixture

5 percent methanol/ 95 percent water to 90 percent methanol/

10 percent water with a 10 minute ramp; held for 5 minutes; to

100 percent methanol/0 percent water with a 1 minute ramp; held
4 minutes; to a final mixture of 5 percent methanol/ 95 percent
water with a 5 minute ramp; held for 5 minutes. The flow rate

was 1 ml/ minute. The run was isothermal at ambient

temperature with a total run time of 30 minutes.

Interface Conditions
The thermospray probe conditions were survey dependent.
MS Conditions

A 50 ppm solution of polypropylene glycol was used to tune the
system. The source temperature was 276°C and the stem
temperature was 114°C. . The electron energy was 1000 volts.

HPLC Conditions for UV/VIS

The mobile phase, consisting of acetonitrile fixed with 0.1%

phosphoric acid and water was solvent programmed with linear

gradients as follows: initial mixture of 10 percent

acetonitrile/ 90 percent water to 100 percent acetonitrile with
a 45 minute ramp; held for 5 minutes; to 10 percent

acetonitrile/ 90 percent water; held for 5 minutes. The flow

rate was 1 ml/min. The wavelength was 254 nm.

HPLC Conditions for Fluorecence Detector

The mobile phase consisting of water and methanocl was solvent
programmed with linear gradients as follows: initial mixture
of 20 percent methanol/ 80 percent water with a 15 minute
gradient; held for 3 minutes; to 100 percent methanol with a 1
minute ramp; held for 5 minutes; to 20 percent methanol/ 80
percent water with a 5 minute gradient; held for 5 minutes.
The flow rate was 1 ml/min, the excitation wavelength was
230 nm, the emission wavelength was 465 nm.

Sample Preparation
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One 1liter aliquots of aqueous samples were extracted in

accordance with EPA Method 5310 and concentrated to a volume of
1 ml. Twenty gram aliquots of soil were extracted using

methylene chloride for 16 hours and the extracts were taken to

dryness. The samples were reconstitued to a final volume of 1

ml. Internal standards were added at a concentration of lug/ml.
Injection size per sample was 100 uL.

RESULTS AND DISCUSSION

Originally the method was developed as a screening tool for
low 1level confirmation. The chromatography was not an issue
since the data system was being used to extract ion profiles
for a specified number of possible chemicals. A series of
method spikes were prepared containing eight urea pesticides
at three, ten and twenty times the detection levels. The
detection level of interest was 0.1 ug/L. The results were
generated on both the LC/MS and the UV/VIS detector. The
comparison between the two methods was acceptable and a field
validation using this method was attempted.

Fifty-five water samples were submitted for analysis. These
samples contained on the average of two to three urea
pesticides. The samples also contained two to three triazine
herbicides. Upon analysis of these samples several problems
arose. Fluometuron, diuron, and siduron all have similar
primary ions. In addition, the elution pattern for these
compounds using the original chromatography was very close.
Diuron eluted between fluometuron and siduron. Some of the
samples were spiked with fluometuron and/or siduron at
concentrations five times that of diuron. As a result, the
Diuron was not seen in the extracted ion profiles. The
presence of the triazine herbicides also caused interfences.

Two steps needed to be taken to optimize the method and make
it applicable under real world conditions. The
chromatography had to be improved and the sensitivity at the
low ends needed to be increased. The chromatography was
improved by extending the analytical run time and modifying
the gradient. A new thermospray source was introduced by
Hewlett Packard making the desired detection levels
achievable.

Utilizing the new and improved method, ten real world samples
were submitted for analysis. Two sets of quality control
spikes were analyzed along with the samples. The spiking
levels were at the detection levels for the first set and at
five times the detection 1levels for the second set. The
quality control results are tabulated in Tables 1 and 2.

1126
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The sample results are given in Table 3. Good quantitation
was achieved as well as excellent spectra.

The samples contained some interesting information that was
discovered using the spectral information. Appendix 1 is a
UV scan of one of these samples. From the mass spectrometer
data, the extracted 1ion profiles and the spectra confirmed
the presence of diuron. Note the peak at retention time 13.2
looks as if there 1is a shoulder present. The mass spectral
information identified the shoulder as monuron. The main
peak 1is simazine. The monuron present 1is actually below
reporting levels. The LC/MS was able to identify this barely
discernable peak.

A significant amount of data was generated for comparison of
LC/MS and UV/VIS data. The data 1is excellent in comparison
and in most instances meets the percent reproducibility
criteria for replication in a single analysis.

Post column data using fluoresence detection was also compared
to LC/MS generated data. The results are presented in Table 4.

SUMMARY

HPLC/MS using the thermospray interface provides a versatile
technique capable of identifying multiple classes of compounds
in a wide variety of matrices, eliminating some of the need for
sample cleanup.

Thermospray 1liquid chromatography mass spectrometry has
proven to be a powerful tool for the identification and
quantitation of compounds when the target analyte 1list is
known and the standards are available.
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COMPARISON SPIKE RECOVERIES

TABLE 1

Analyte Actual Uv-VIs Per Cent LC/MS Per Cent

ug/L ug/L Recovery ug/L Recovery
Fluometuron 0.513 0.4404 85.9% 0.4633 90.3%
Diuron 0.515 0.4856 94.3% 0.6316 122.6%
Siduron 0.500 0.4726 94.5% 0.6241 124.8%
Neburon 0.504 0.4914 97.5% 0.5445 108.0%
Monuron 1.485 1.157 77.9% . 1.2394 83.4%
Linuron 1.022 0.8587 84.0% 1.2818 128.2%
Chloroxuron 0.500 0.368 73.6% 0.3989 79.8%
Tebuthiuron 0.252 0.2133 84.6% 0.3043 120.8%

TABLE 2

COMPARISON SPIKE RECOVERIES
Analyte Actual Uv-vis Per Cent LC/MS Per Cent

ug/L ug/L Recovery ug/L Recovery
Fluometuron 0.513 0.4756 92.7%1— 0.4669 91.0%
Diuron 0.515 0.5058 98.2% 0.5842 113.4%
Siduron 0.500 0.5360 107.2% 0.4739 94.8%
Neburon 0.504 0.5084 100.9% 0.6324 125.5%
Monuron 1.485 1.2165 81.9% 1.4698 99.0%
Linuron 1.022 0.9302 91.0% 1.1015 107.2%
Chloroxuron 0.500 0.4585 91.7% 0.505 101.0%
Tebuthiuron 0.252 0.2177 86.4% 0.2237 88.8%

11-28
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TABLE 3
COMPARISON OF REAIL WORLD SAMPLES RESULTS
Compound LC/MS Results UV/VIS Results
Diuron 0.1840 ug/L 0.1466 ug/L
Diuron 0.7681 ug/L 0.8199 ug/L
Diuron 1.2803 ug/L 1.222 ug/L
Diuron 1.2474 ug/L 1.4684 ug/L
Diuron 0.1285 ug/L 0.1206 ug/L
Diuron 1.002 ug/L 1.2857 ug/L
Diuron 0.3967 ug/L 0.1746 ug/L
Diuron 1.2903 pg/L 1.2903 ug/L
Diuron 0.6629 ug/L 0.6180 ug/L
Diuron 0.9719 ug/L 1.130 ug/L
Diuron 0.3717 ug/L 0.3988 ug/L
Linuron 0.59 ug/L 0.43 Lg/L
Monuron 0.63 ug/L 0.46 Lug/L
Linuron 0.75 ug/L 0.45 pg/L
Monuron 0.56 Kg/L 0.56 kg/L

11539
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TABLE 4
COMPARISON OF REAL WORLD SAMPLE RESULTS
Compound LC/MS Results Post Column Results
Carbaryl 0.0075 ug/g 0.008 ug/g
Carbaryl 0.0183 ug/g 0.015 ug/g
Carbaryl 0.458 ug/g 0.58 ug/g
Carbaryl 0.0119 ug/g 0.0075 ug/g
Carbaryl 1.84 ug/g 1.35 rg/g
Aldicarb 13.6 kg/L 12.4 pg/L
Carbofuran 3.5 ©g/L 3.3 ®g/L
Aldicarb 12.74 kg/L 9.6 ug/L
Carbofuran 3.39 ug/L 2.64 ug/L
Aldicarb 34 kg/L 16.4 bg/L
Carbaryl 0.101 pug/L 0.06 ug/L
Carbaryl 0.12  ug/L 0.09 ug/L
Carbaryl 0.064 ‘ug/L 0.049 pug/L
Methiocarb 1.86 ug/L 1.6 kg/L
Carbaryl 0.359 ug/L 0.15 ug/L
Carbaryl 0.09 ug/L 0.03 krg/L
Carbofuran 7.6 Kkg/L 3.21  ug/L
Carbaryl 2.79 kg/L 2.81 ug/L
Methomyl 1.5 Kkg/L 0.63 pg/L
Aldicarb 28 pg/L 15 pg/L
Carbofuran 3.76 ug/L 3.0 ug/L
Aldicarb 27.4 pg/L 17 ug/L
Carbofuran 3.97 ug/L 4.0 ug/L
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ANALYSIS OF ENVIRONMENTAL SAMPLES FOR POLYNUCLEAR AROMATIC
HYDROCARBONS BY PARTICLE BEAM HIGH PERFORMANCE LIQUID
CHROMATOGRAPHY/MASS SPECTROMETRY
M. R. Roby, C. M. Pace, Lockheed-ESC, 1050 E. Flamingo Rd., Las
Vegas, NV 89119, and L. D. Betowski, P. J. Marsden, U. 8.
Environmental Protection Agency, P. O. Box 93478, Las Vegas, NV
89193-3478

Polynuclear aromatic hydrocarbons (PAH) comprise a class of
potentially hazardous compounds of environmental concern. Method
8310 is used to determine the concentration of PAH's in ground
water and wastes and 1is the only high performance liquid
chromatography (HPLC) method currently available in the SW-846 Test
Methods Manual. To extend the detection of these compounds to mas§
spectrometric-based methods, the PAH's were selected for a study
to evaluate applications of particle beam HPLC/MS. Initial studies
with PAH standards indicated that lower molecular weight PAH's
(M. W. < 210 daltons) cannot be accurately measured, but that
heavier PAH's can be characterized, including those with molecular
weights greater than 300 daltons. Thus, particle beam HPLC/MS
exhibits the potential to analyze for heavy PAH's not included in
current EPA methods. Comparison of chromatograms from the HPLC/UV
system with the total ion current traces from the particle beam
HPLC/MS shows that the chromatographic integrity was maintained
through the mass spectrometer. Statistical optimization techniques
were incorporated into the design of the experiments used to test
the method. Method detection 1limits, precision, accuracy,
ruggedness, and spectral quality will be discussed. The method was
evaluated with standard reference materials.

NOTICE: Although the research described in this article has

been supported by the U. S. Environmental Protection *7jency through

Note: This paper is referenced as paper number 82, Vol. II.
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contract 68-03-3249 to Lockheed-ESC, it has not been subjected to
Agency review, and , therefore, does not necessarily reflect the

views of the Agency, and no official endorsement should be

inferred.
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Current Status of Infrared and Combined I
I nfrared/Mass
Spectrometry Techniques for Environmental Analys{s

Dongld F. Gurka, Office of Research and Development, U.S.
Environmental Protection Agency, 944 East Harmon Ave.,
Las Vegas, NV 89119

Background. Currently, the Environmental Protection Agency
monitors a few hundred extractable, GC-volatile organic compounds
by gas chromatography/mass spectrometry (GC/MS). This approach
characterizes only a small subset of volatile organics, uses
quadrupole GC/MS alone, and is dependent on the availability of
authentic standards for GC retention time confirmation,
quantitation, and user created reference spectra. Gas
chromatography/Fourier transform infrared spectrometry (GC/FT-
IR) is a viable alternative, or a supplementary technique, to
GC/MS for environmental analysis. The isomer discrimination and
functional group capability of this technique provide useful
information which is often unobtainable from GC/MS.

GC/FT-IR Until 1986, the GC/FT-IR technique did not have the
sensitivity to monitor weak infrared absorbers at the low
nanogram range, but newer FT-IR systems can identify very weakly
absorbing polynuclear aromatics (PAH's) at the 25-50 ng level,
thereby ensuring the capability to routinely monitor most
environmental contaminants at low ppb.

Recent standards-based GC/FT-IR work indicates quantitative
precision comparable to that of total and single ion chromatogram
GC/MS. Preliminary results on the infrared absorption
coefficient approach indicates quantitation capability to within
+25% of the true concentration when a reference spectrum of the
unknown compound is unavailable. Such a "semiquantitation"
approach, used in conjunction with the FT-IR group frequencies in
method 8410, could be the basis of an environmental screening
approach.

Directly-Linked gas chromatography/Fourier transform infrared
(GC/FT-IR/MS). Although GC/FT-IR is a powerful tool when used

alone, it is more powerful when linked to a mass spectrometer
creating the technique of GC/FT-IR/MS. Such a technique provided
confirmed qualitative information (identification or compound
class) on 41 percent of the jointly detected analytes found in
six real environmental samples.

Computer Software for Hyphenated FT-IR Techniques. No integrated
commercial software is currently available to acquire and process
the data generated by linked GC/FT-IR/MS systems. Preliminary
versions of such software have been reported but much remains to
be accomplished. Needed work includes the optimization of
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reference spectral databases (separate volatile and nonvolatile
compound spectra, elimination of research chemical spectra (over
80 percent of CIS-NIH-NBS mass spectra), and the addition of new
reference spectra from FT-IR and MS users.

Current Status. The current status of the EMSL-LV in-house and
extramural GC/FT-IR and GC/FT-IR/MS programs will be discussed,
with emphasis on qualitative and quantitative aspects and their
implication for the Agency's tentatively identified compounds
(TIC) effort.

Notice: This article has not been subjected to Agency review and
therefore does not necessarily reflect the views of the Agency.

a:drive:Current:Gurka
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METHOD PERFORMANCE DATA FROM EMSL-LV

Paul Marsden and the Methods Research Branch, U.S. Environmental
Protection Agency, Environmental Monitoring and Systems
Laboratory, 944 E. Harmon, Las Vegas, Nevada 89119

The Environmental Monitoring and Systems Laboratory at Las Vegas
(EMSL-LV) is evaluating a variety of methods, primarily for OSWER
monitoring programs, with the support of our on-site contractor,
Lockheed Engineering Services Corporation. Our laboratory
activities range from short-term method performance studies to
long term research projects. Several long-term projects, off-
line supercritical extraction (SFE), infrared spectrometry
(GC/FT-IR), preconcentration for trace level metals analysis,
inductively coupled plasma/mass spectrometry (ICP/MS), and liquid
chromatography/mass spectrometry (LC/MS), are being presented as
separate papers at this symposium. This presentation will
provide a sampling of results from EMSL-LV performance studies of
useful monitoring techniques; description of experimental design
will be minimal.

(1) Table-top mass spectrometers are now available that offer
lower detection limits than standard "floor model" quadrupole
instruments. Data will be presented on the calibration linearity
and the performance of ion trap and mini-quad systems for the
analysis of complex waste extracts. (2) On-line SFE has been
applied to analysis of fly ash for PAH's, dioxins, and
dibénzofurans. Although on-line SFE is a more difficult
technique to apply routinely than the off-line method, it can
give useful information rapidly with little sample preparation

and requires no solvents. (3) The Turbovap is a commercial
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device that allows evaporation of organic extracts without the
attention of a technician. Data will be presented on the
recovery of CLP target compounds using the Turbovap. (4) GC
retention gaps may be used routinely in the laboratory to make
large volume injections of solvent or to allow determination of
polar analytes. Performance data, analyte lists, and matrix
suitability will be provided for these modified GC injectors.

(5) The electron capture detector (ECD) is used to provide the
requisite sensitivity for halogenated toxicants. Unfortunately,
the ECD also responds to non-halogenated chemicals causing methoé
interferences and elevated chromatographic baselines.

Performance data for the more selective electrolytic conductivity
detector (Hall) will be provided. Suitability of the Hall
detector for routine analysis of organochlorine pesticides in
water and solid samples will also be discussed.

NOTICE: Although the research described in this article has been
supported by the United States Environmental Protection Agency,
it has not been subjected to policy review and does not
necessarily reflect the views of the Agency. Therefore, no
official endorsement of specific techniques should be inferred.

Mention of trade names or commercial products does not constitute
endorsement nor recommendation for use.
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SUPERCRITICAL FLUID EXTRACTION

W.F. BECKERT, ENVIRONMENTAL MONITORING SYSTEMS LABORATORY, U.S.
EPA, LAS VEGAS, NEVADA, AND V. LOPEZ-AVILA, ACUREX CORPORATION,
MOUNTAIN VIEW, CALIFORNIA

The driving force behind the use of supercritical fluids is
a combination of the properties of the supercritical fluids and
the increased availability of both off-line and on-line equipment
for supercritical fluid extraction. Supercritical fluids have low
viscosities and thus the solute diffusivities are much higher in
supercritical fluids than in the common solvents currently used in
conventional extraction techniques. Consequently, extraction
efficiencies are much higher, the extraction conditions can be
adjusted to separate analytes selectively, and the solvent and the
extract can be completely separated in the release step by reducing
the pressure to ambient pressure. We are in the process of
developing-an efficient extraction technique for soil and sediment
matrices using supercritical fluids. 1Initial efforts were directed
at supercritical fluid extraction using carbon dioxide with and
without modifiers. The effects of pressure, temperature, sample
moisture content, sample size, analytes concentration, and matrix
were investigated for various classes of compounds including
polynuclear aromatic hydrocarbons, polychlorinated biphenyls,
organochlorine pesticides, chlorinated benzenes, phthalate esters,
organophosphorus pesticides, etc. All experiments were performed
using a Suprex Model SE-50 supercritical fluid extractor. Extracts
were analyzed off-line by gas chromatography with either an
electron capture, a flame ionization, or a flame photometric

detector. A generic protocol on the use of supercritical fluid
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extraction in the analysis of environmental and hazardous waste
samples has been drafted.

NOTICE: Although the research described in this abstract has been
supported by the United States Environmental Protection Agency, it
has not been subjected to Agency review and therefore does not
necessarily reflect the views of the Agency, and no official
endorsement should be inferred. Mention of trade names or

commercial products does not constitute endorsement or

recommendation for use.
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THE UTILIZATION OF QUANTITATIVE SUPERCRITICAL FLUID EXTRACTION FOR
ENVIRONMENTAL APPLICATIONS

J.M. Levy, A.C. Rosselli, D.S. Boyer, and K. Cross, Suprex Corporation, 125 William Pitt Way,
Pittsburgh, PA 15238

ABSTRACT

The usefulness and ease of utilizing supercritical fluid extraction (SFE) directly coupled to
capillary gas chromatography (GC) as quantitative or qualitative analytical problem-solving tools
will be demonstrated. As an alternative to conventional liquid solvent extractions, SFE presents
itself as a means to achieve high extraction efficiencies of different compounds in complex solid
matrices in very rapid time frames. Moreover, SFE has an additional advantage of being able to
achieve distinct extraction selectivities as a function of the solubilizing power of the supercritical
fluid extracting phase. For on-line SFE/GC, the extraction effluent is directly transferred to the
analytical chromatograph. On-line SFE/GC involves the decompression of pressurized extraction
effluent directly into the heated, unmodified split capillary split injection port of the GC. In this
respect, SFE introduction into GC can be used as an alternative means of GC injection, compara-
ble to such modes of injection as pyrolysis and thermal desorption.

INTRODUCTION

Supercritical fluids have been used successfully for years for different industrial applications (1).
A large scale application of supercritical fluld extraction (SFE), for example, is to increase crude
oil recoveries from porous rocks in oil flelds by pumping in gases such as carbon dioxide and
nitrogen. In this environment, the pressures and temperatures are high enough that
supercritical conditions exist and contribute to enhanced recoveries. Extractions using
supercritical fluids are attractive when compared to conventional liquid extractions for a number
of reasons. While supercritical fluids have solvent strengths that approach those of liquid
solvents, they have lower viscosities (10-4 N-sec/m2 versus 10-3 N-sec/m2) and higher solute
diffusivities (10-4 ¢/m2/sec versus 10-2 cm2/sec). These properties improve mass transfers
from solid or liquid matrices and thus significantly decrease the overall Hme needed for
supercritical fluid extractions. By increasing the density, the solvent strength of a supercritical
fluid increases. Therefore, conditions can be optimized for the extraction of a specific solute or
class of solutes from a complex matrix by changing the extraction pressure or temperature.
Close to the critical point of the supercritical fluid, temperature or pressure changes can change
solute solubilities by a factor of 100 or even 1000. By using different supercritical fluids for
extractions, such as carbon dioxide, nitrous oxide, and sulfur hexafluoride, preferential
extraction can be achieved for different solutes. Moreover, the use of fluids that have low critical
temperatures (i.e. COg and N5O) allow extractions under thermally mild conditions, thereby
protecting thermally labile components. Since supercritical fluids, such as COg, NoO and SFg
are gases at room temperature, off-line component collection or concentration is greatly
simplified. Because supercritical fluids undergo expansive (Joule-Thompson) cooling upon
decompression, even volatile components can be quantitatively and efficiently collected into
solvents off-line after extractions. It is also possible to directly interface supercritical fluid
extraction with analytical chromatography, such as capillary gas chromatography (GC) and,
supercritical fluid chromatography (SFC). Recent reports have demonstrated the potential of
using SFE as an alternative to time consuming, less efficient and less quantitative conventional
lquid solvent extraction techniques. Specific solutes ranging from environmental priority
pollutants to spices and fragrance components have been qualitatively and quantitatively
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extracted using supercritical fluids from a variety of liquid and solid sample matrices (2-10).
Direct interfaces of SFE to capillary GC and SFC (7-20) have been also demonstrated.

The benefits of directly coupling SFE to GC are that no sample handling is required between the
extraction step and the GC separation step and that extraction effluents can be quantitatively
and reproducibly transferred for on-the-fly analyses. When employing flame ionization detectors,
no detector responses (l.e. solvent peaks) appear for reasonably pure supercritical fluid grade
COg or NoO. This permits the determination of volatile solutes which are often masked by liquid
solvents when using conventional extraction techniques. Moreover, when modiflers such as
methanol or propylene carbonate, are used to augment the solubilizing power of primary super-
critical fluids, they elute as distinct peaks in respective GC or SFC separations. The limitations
of coupling SFE to GC are defined by the volatility constraints of higher molecular weight solutes
in complex matrices that may not necessarily completely elute from GC columns.

This paper will demonstrate the applicability of SFE/GC techniques towards the quantitative and
qualitative characterization of some environmental matrices.

EXPERIMENTAL

On-line SFE/GC was performed on a Suprex Model SFE/50 stand-alone extractor equipped with
an electronic Valco four-port high pressure selector valve and a Hewlett-Packard Model 5890 gas
chromatograph equipped with a split/splitless capillary injection port and flame lonization
detector. Figure 1 shows a schematic diagram of the SFE/GC interface. The Suprex SFE/50
extractor consists of a 250ml syringe pump with pressure limits up to 500 atm. The oven of the
extractor was large enough to accommodate multiple extraction vessels or extraction vessels up
to 50 ml in volume. The electronically actuated Valco four-port selector valve was used to
perform the static and dynamic extractions and to divert the extractor effluent flow into the
injection port of the GC. The controlling software of the Suprex SFE/50 permitted the automatic
operation of the four-port selector valve and automatically initiated the run on the GC after
dynamic transfer of the extractor effluent. Both 1/32 inch O.D. X 0.007 inch 1.D. stainless steel
and 15 or 25 micron 1.D. fused silica tubing have been used as transfer lines between the
SFE/50 and the 5890 gas chromatograph. When stainless steel tubing was used, it was
necessary to restrict the flow by crimping to allow a flow of 40-80 ml/minute of expanded
decompressed gas at the specified extraction pressure. The transfer line tubing was inserted 35-
40 mm directly into the split/splitless capillary injection port which was kept at 225°C to
minimize the Joule-Thompson cooling which occurred when the supercritical fluid phase
decompressed. For purposes of solute focusing, it was also necessary to cryogenically cool the
gas chromatographic oven. The oven was kept cool long enough to allow the dynamic transfer of
the respective vaporized solutes onto the head of the capillary gas chromatographic column. The
level of cooling depended on the volatility of the solutes of interest. Generally, the GC oven was
never cooled below -50°C. which would cause freezing of the decompressed carbon dioxide.

RESULTS AND DISCUSSION

The use of SFE on a quantitative analytical scale presents a number of distinct advantages when
compared to conventional solvent extractions. Depending on the sample matrix, the nature of
supercritical fluids allows for rapid extractions in usually less than one hour with high extraction
efficiencies. Moreover, the ability to transfer the SFE effluent to a GC or SFC in an automated
fashion permits sensitive quantitative or qualitative determinations of solutes in different solid or
liquid matrices.
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The quantitative reproducibility of on-line SFE/GC was Investigated by performing comparative
triplicate analyses using SFE with split GC and flame ionization detection and conventional
syringe split GC injections of methylene chloride extracts of the spiked clay shown in Figure 2.
The operating conditions for SFE included 400 atm pressure of supercritical CO9 at 60°C for 20
minutes using 650mg quantities of clay in a 500 microliter SFE vessel. A 50 meter X 0.2 mm LD.
methyl silicone (PONA) capillary GC column was used to provide the separation. The SFE
effluent was transferred directly to the capillary GC injection port using a fused sflica 15 micron
I.D. transfer line. All peak identities were confirmed using a mass spectrometer. Table I lists the
peak area reproducibility results for selected priority pollutants in the clay.

Table 1. Comparison of Peak Area Reproducibility for Priority Pollutants in Spiked Clay with On-
Line SFE/GC and Conventional GC Split Injections.

% RSD* % RSD* Concentration

Priority Pollutant SFE/GC Split GC (ng/ul)

2-chlorophenol 1.8 2.0 50
Naphthalene 2.1 4.6 200
1-chloronaphthalene 5.6 8.1 60
Hexachlorobenzene 5.8 7.8 50
Phenanthrene 4.0 3.8 300
Pyrene 4.2 5.6 200
Benzo(a)pyrene 5.5 6.4 20

*Based upon raw peak areas resulting from an average of three replicates.

As can be seen, the SFE/GC results compared favorably with those obtained by conventional
syringe GC injections. Moreover, the percent relative standard deviations for the SFE/GC-FID
results include contributions from sample inhomogeneity, weighing, and technique errors as
opposed to only injection and integration errors for the methylene chloride extract injections. It
was also very important to thoroughly grind the clay sample before loading the SFE vessel to
obtain consistent results. Certain matrices, such as some clays, have sufficient density to trap
certain solutes for longer periods of time thereby disrupting the efficiency of the extraction
process. Figure 3 shows a SFE/GC-FID chromatogram of another environmentally important
sample matrix namely, marine sediment. Approximately 1 gram of this sediment was extracted
in a 5 milliter vessel at 300 atm using supercritical COy at 60°C for 40 minutes. The same 50
meter PONA column was used to provide the GC separation. As can be seen, the sediment was
contaminated with a mixture of aroclors at 5 to 10 ppm levels (as determined by external
standard calibration standards and retention times). If an electron capture detector would have
been used, significantly more sensitivity and selectivity could have been provided for the aroclors.
Since this particular sample contained significant amounts of water (_30%), approximately 1
gram of sodium sulfate was added to the sediment in the extraction vessel as an adsorbent. In
general, on-line SFE with a split GC injector is more capable of handling wet samples without
restrictor plugging as opposed to on-line SFE with an on-column GC injector (18). The
conventional sample preparation procedure for this marine sediment generally involves 6-8 hours
of multi-solvent extractions and 2 hours of concentration before injection into a GC-MS as
opposed to a total sample preparation and analysis time of 80 minutes for the SFE/GC
technique. Another example of using on-line SFE/GC for quantitative analyses is shown in
Figure 4 with the determination of aromatics and chlorinated aromatics in contaminated soil
which was taken from a spill site. Approximately 170 mg of the soil was extracted in a 0.5 mi
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vessel at 375 atm using supercritical CO2 at 500C for 30 minutes. A 30 meter x 0.25 mm L.D.
DB-Wax capillary column was used to provide the GC separation. Hexachlorobenzene was used
as an internal standard which was spiked directly into the soil before extraction. Table II lists the
quantitative results for replicate analyses of the solil.

TABLE II. Replicate SFE/GC-FID Determinations of Aromatics and Chlorinated Aromatics in
Contaminated Soil

CONCENTRATION (PPM)*

COMPOUND 1 2 3 4
ethylbenzene 44 40 42 43
cumene 30 30 32 34
2-chloronaphthalene 51 50 51 48
1,2,4 trimethylbenzene 25 26 29 24

*Based upon internal standard calculations

CONCLUSIONS

The use of directly coupled SFE/GC as an analytical techniques has shown excellent potential for
the quantitative and qualitative characterization of different solutes in different matrices of
environmental significance Using on-line SFE/GC, an entire analysis which includes the extrac-
tlon, concentration, clean-up, and analytical separation steps, can be accomplished in usually
less than one hour. Selective extractions can also be performed by varying parameters such as
pressure, temperature, and type of supercritical fluid extracting fluid. Moreover, the analytical
versatility and flexibility of the technique can be further enhanced by the utilization of such

chromatographic detectors as mass spectrometry, electron capture, nitrogen-phosphorus, and
sulfur-specific.
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Figure 3. SFE/GC-FID Analysis of aroclors in marine sediment at low ppm levels. GC
temperature program: -16°C (8 minutes) programmed to 300°C at 16°C/minute.
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QUANTITATIVE SUPERCRITICAL FLUID EXTRACTION
(SFE) AND COUPLED SFE-GC ANALYSIS OF ENVIRONMENTAL
SOLIDS AND SORBENT RESINS

Steven B. Hawthorne-Research Supervisor, David J. Miller-Research Associate, and John
J. Langenfeld-Chemist, University of North Dakota, Energy and Environmental Research
Center, Campus Box 8213, Grand Forks, North Dakota 58202

ABSTRACT

The extraction and concentration of organic pollutants from environmental solids
and sorbent resins is often the slowest and most error-prone step of an entire analytical
scheme. Liquid solvent extractions take several hours to perform, and result in a diluted
sample that often must be concentrated prior to analysis. In contrast, supercritical fluid
extraction (SFE) can yield quantitative recovery of organic pollutants from soils,
sediments, air particulates and sorbent resins in a few minutes. SFE is simple and
inexpensive to perform, and generates no liquid solvent waste. Since many supercritical
fluids are gases at room temperature, analyte concentration steps are simplified, and the
SFE step can be directly coupled with capillary gas chromatography (SFE-GC) using
conventional split or on-column injectors. On-column SFE-GC yields maximum
sensitivity since all of the extracted analytes are quantitatively transferred into the
capillary GC column for cryogenic trapping prior to conventional GC analysis. With
SFE-GC, quantitative analysis of environmental solids including extraction,
concentration, and GC separation can be completed in less than one hour. Excellent
quantitative agreement with National Institute of Standards and Technology (NIST)
certified standards has been achieved. The use of SFE and coupled SFE-GC for the
rapid and quantitative extraction and analysis of PCBs, PAHs, heteroatom-containing
PAHs, and pesticides from a variety of matrices including soils and sediments (including
the new standard marine sediment from NIST), and Tenax and polyurethane foam (PUF)
sorbent resins will be described. Multiple extractions, spike recoveries, and the
extraction and analysis of certified standard reference materials will be described to
support quantitative claims for SFE and SFE-GC.
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INTRODUCTION

The development of methods for extracting organic pollutants from environmental
samples has received relatively little attention from analytical chemists, particularly when
compared to the level of research effort that has been focused on separating and
identifying organic pollutants after they have been extracted from the solid sample.
While analytical methods such as GC/MS have been developed that can separate and
identify hundreds of compounds per hour, the preparation of environmental samples still
commonly uses extraction techniques (e.g., liquid solvent extraction in a Soxhlet
apparatus) that were in routine use when Tswett first reported chromatographic
separations in 1906. Interest in developing sample extraction methods that do not require
large volumes of liquid solvents has been fueled by desires to increase sample throughput
at a lower cost, to reduce the personnel exposure and waste disposal problems associated
with liquid solvents, to selectively extract target analytes, to develop extraction methods
that are field-portable, as well as to develop extraction methods that can be directly
coupled with conventional chromatographic instrumentation (1-17).

Supercritical fluids have several characteristics which make them attractive for extracting
organic pollutants from environmental solids and sorbent resins. Since mass transfer in
a supercritical fluid is ca. two orders of magnitude faster than in liquid solvents,
quantitative SFE extractions can often be performed in 10 to 30 minutes. The solvent
strength of a single supercritical fluid can be controlled by simply changing the extraction
pressure (and to a lesser extent, the temperature), which allows the solvent strength to
be optimized for particular compounds of interest. Frequently-used supercritical fluids
such as CO, and N,O are gases at ambient conditions, which simplifies concentration
steps and allows the SFE step to be directly coupled with capillary gas chromatography
(SFE-GC). The use of supercritical CO, is particularly attractive since it is non-toxic,
relatively inert, and inexpensive (on a per extraction basis). The venting of CO, into the
atmosphere during sample concentration steps is also much less objectionable than present
methods which result in the emission of huge quantities of liquid solvents. (For example,
a chemist that uses a gallon of gasoline to drive to work causes ca. 10 kg of CO, to be
emitted. The same 10 kg of CO, would allow several hundred SFE extractions to be
performed.)

As for any newly emerging analytical technique, the generation of qualitative results
using SFE has been much simpler than the generation of quantitative results. This paper
focuses on the use of SFE and SFE-GC to perform quantitative extractions and analyses
of environmental samples ranging from soils and marine sediments to air particulates to
pollutants collected on sorbent resins. The quantitative abilities of SFE and SFE-GC will
be demonstrated by multiple extractions, spike recoveries, and the analysis of certified
reference materials.
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EXPERIMENTAL

Supercritical fluid extractions were performed using syringe-type supercritical fluid
pumps (Suprex and ISCO) and either CO,, N,O, or CO, with added methanol modifier.
Supercritical pressures were maintained inside the extraction cells (0.1 to 10 mL
depending on sample size) with 20, 25, or 30 um i.d. X 150 um o.d. fused silica
capillary tubing for outlet restrictors. Temperature was maintained during extraction by
inserting the cell into a thermostatted tube heater. For non-coupled SFE, the extracted
species were collected by inserting the outlet restrictor into a vial containing ca. 2 mL
methylene chloride (3,8). GC/FID and GC/MS analyses of these extracts were
performed in a normal manner. The direct coupling of the supercritical fluid extraction
step with gas chromatography (SFE-GC) was achieved by inserting the SFE outlet
restrictor directly into the capillary gas chromatographic column through the on-column
injection port (on-column SFE-GC, refs 4,13) or by inserting the restrictor into a
split/splitless injection port through an SGE septumless injector (split SFE-GC, refs
9,15). Extracted species were cryogenically trapped in the capillary GC column which
was held at -30 to 5 °C. After the extraction was completed, the restrictor capillary was
withdrawn from the injector and gas chromatographic analysis was performed in a
normal manner. For further experimental details on the methods used for the samples
described in this study, see references 3, 8, and 14 (for off-line SFE) and references 4
and 13-15 (for on-line SFE-GC).

RESULTS AND DISCUSSION

Proving quantitative recovery of analytes is difficult since spiked samples do not
necessarily represent the native matrix, and the exact concentration of a pollutant cannot
be known in a real-world sample. Three general approaches have been used in our
laboratory to investigate the ability of SFE to yield quantitative recovery of organic
pollutants from environmental solids and sorbent resins. These approaches, and
representative results are discussed below.

Multiple Extractions of Native Analytes

A simple method to estimate the ability of SFE to obtain quantitative extraction is to
extract the same sample multiple times. This approach assumes that quantitative
recovery has been achieved when no more analyte can be extracted. While this
assumption is probably valid when an analyte is associated with only one type of site on
the sample matrix, it is possible that the target analyte is bound to several different sites
in an environmental matrix, and that a particular extraction condition only recovers
analytes associated with "weak" sites. Nonetheless, multiple extractions do provide a
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simple way to estimate when an extraction is completed. This is demonstrated in Figure
1 by multiple SFE-GC extractions and analyses of pesticides from an agricultural soil
sample. As can be seen by the atomic emission detector (AED) chromatograms for
chlorine at 479 nm, the second 10-minute extraction had no significant peaks, indicating
that the first 10-minute extraction was sufficient to quantitatively recover the aldrin and
dieldrin pesticides.

Multiple extractions (using SFE-GC/MS) of a polyurethane foam (PUF) sorbent that had
been soaked in a coal gasification wastewater are shown in Figure 2. Note that the first
10-minute extraction (top) had high concentrations of the phenols and N-heterocycles,
while the second 10-minute extraction yielded no significant species indicating that the
first 10-minute SFE step was sufficient to quantitatively recover the pollutants from the
PUF sorbent.

For many environmental matrices, the largest quantity of pollutants are extracted very
rapidly, but smaller quantities of the same pollutants continue to be found in extracts
collected after "quantitative” recovery was thought to have been achieved. This is
demonstrated in Figure 3 by extraction rate plots for PAHs from soil collected from a
railroad bed. This 1-gram sample was extracted off-line using ca. 1 mL/minute of
supercritical CO, (400 atm). Several fractions were collected throughout the extraction
and analyzed by capillary GC to allow the extraction rate curves to be constructed
(percent recovery data is based on the total quantity of each analyte extracted in 100
minutes). As shown in Figure 3, fluorene, phenanthrene, and pyrene were recovered
better than 90% during the first 15 minute extraction indicating that not much additional
time would be needed to achieve quantitative extraction. However, traces of all these
species were still found in the extract collected from 70 to 100 minutes. Also note that
the extraction rates are slower as the molecular weight of the PAH increases. While the
oxygen-containing PAHSs (e.g., dibenzofuran) showed extraction rates like those of the
PAHs having similar molecular weights, the N-containing PAH (carbazole) was among
the slowest species to extract.

Spike Recoveries

Spike recoveries are also utilized to determine the ability of SFE and SFE-GC techniques
to yield quantitative results. Spikes have the advantage that the analyst knows what
quantity of the test analytes has been added to a test matrix, and thus can know when
quantitative recovery has been achieved. However, the use of spike recoveries is always
hampered by the question of how representative the spike compounds are of the "real”
organic pollutants found in a particular matrix. Spike recoveries may be most valid for
determining extraction efficiencies from sorbent resins, since samples collected on
sorbents are normally extracted relatively soon, and do not have the chance to "age" like
solids such as soil and air particulate matter. The use of spike recoveries is demonstrated
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in Figures 4 and 5 by the off-line SFE of PAHs from Tenax-GC resin; and alkanes,
PAHs, heteroatom-containing PAHs, and PCBs from a PUF sorbent plug. Note that
PAHs ranging from naphthalene (M=128) to coronene (M=300) were quantitatively
recovered from the two sorbent resins in 15 to 20 minutes. Interestingly, carbazole was
not quantitatively recovered from the PUF sorbent with a 20-minute extraction and was
also the slowest extracting species from the railroad bed soil (Figure 3). However, PCBs
extract readily from the PUF and were quantitatively recovered in 10 minutes.

Extraction of Certified Standards

Perhaps the most convincing demonstration of the abilities of SFE to yield quantitative
recoveries results from the extraction and analysis of certified standard reference
materials. The National Institute of Standards and Technology (NIST) has three native
environmental matrices for which they have certified the concentrations of several PAHs
based on 16 to 48 hour Soxhlet extractions. We have determined the concentrations of
the individual PAHs on each of these standards using off-line SFE (for the diesel exhaust
particulate, SRM 1650), on-column SFE-GC (for the urban dust, SRM 1649), and split
SFE-GC (for marine sediment, SRM 1941). A comparison of the results obtained based
on conventional liquid solvent extractions (NIST certified concentrations) and our SFE
techniques are shown in Figures 6, 7, and 8. SFE gave excellent agreement with the
certified concentrations for all of the matrices and PAHs, yet SFE required only 10 to
30 minutes per extraction (compared to 16-to 48-hours for the liquid solvent extractions
used by NIST). Also note that both the on-column and split SFE-GC analyses (urban
dust and marine sediment) required less than one hour per sample including sample
extraction, concentration, and GC separation. In addition, SFE required either no liquid
solvent (for SFE-GC) or reduced the amount of liquid solvent used from ca. 500
mL/sample to ca. 2 mL/sample (for off-line SFE).

SUMMARY

Quantitative extraction and analysis of a variety of organic pollutants from a range of
environmental solids has been demonstrated by spike recoveries, multiple sequential
extractions, and the analysis of certified standard reference materials. Although SFE and
SFE-GC techniques are undergoing rapid development, we have found some general
comments that are useful to consider before attempting to develop and utilize quantitative
analytical-scale SFE methods:

1) The most widely used supercritical fluids such as CO, lack sufficient polarity to

extract polar and high molecular weight analytes from most matrices. Unless very
non-polar analytes (e.g., n-alkanes) are being extracted, extraction efficiencies are
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better at high pressures (e.g., 400 atm) than relatively low pressures (e.g., 200 atm).
As a very general rule-of-thumb, organic pollutants that can be analyzed using
conventional capillary GC techniques are likely to be quantitatively extracted with
pure CO, or N,0O at pressures around 400 atm, although the addition of a solvent

polarity modifier may be necessary, particularly for highly sorptive matrices such as
fly ash (2,6).

2) The flow rate (and total volume) of the supercritical fluid used for an extraction
is very important to monitor. Higher flow rates make it more difficult to collect the
extracted analytes since the volume of the supercritical fluid expands greatly when
depressurized to ambient pressure (e.g., 1 mL/min supercritical CO, expands to ca.
500 mL/min of gaseous CO,). In our experience, analytes can be efficiently collected
using off-line SFE with supercritical fluid flows of up to ca. 1.5 mL/min, while on-
line SFE is limited to flows of ca. 0.2 to 0.5 mL/min.

3) Because of the flow and analyte collection considerations described above, SFE
works best with smaller samples (<10 gram for off-line SFE, and <1 gram for
coupled SFE-GC), simply because the total volume of the cell (and associated dead
volumes between the individual particles of sample) can be smaller. Larger samples
can be quantitatively extracted, if necessary, but will normally require longer
extraction times, and more elaborate extraction cells. In addition to using smaller
samples, extraction times can also often be shortened by completely filling the
extraction cell (to reduce void volume), particularly when cells larger than 1 mL are
used.
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Figure 1: Sequential SFE-GC/AED (atomic emission detector) analyses of a 100 mg soil
contaminated with ca. 40 ppm of pesticides. The chromatograms show the emission line
for chlorine. Each extraction was for 10 minutes using 400 atm CO, (45 °C). The oven
was held at 5 °C during the extraction step, then rapidly heated to 70 °C, followed by a
temperature program at 15 °C/min to 320 °C. Separations were performed with a 20 m
DB-5 x 250 pm i.d. (0.25 um film thickness) column.

735



Total lon Current

Sixth Annual Waste Testing and Quality Assurance Symposium Vol. Il, Washington D.C, July 16 — 20, 1990

I\ @ SWENNdCa

H
CN

@ 1

\

1.
| d}ll’ll fl,‘,] \\ﬁ-,‘l Il, ; I\"s" l'l' Ill ", “ ,]l.ﬁl,ll‘.kj,t,\{\_ UI‘ O ,', n‘i‘( il

.',
<
e
¥
Z .
=
%
L
=
==
5
hY
=
p
=

"\ 1{L A ‘ I||| o

3 | ool

i
.

o

Vo

2nd Extraction

di

1

5 10 15
Retention Time (min)

Figure 2: Sequential split SFE-GC/MS analyses of a wet PUF sorbent plug that had been
soaked in a coal gasification wastewater. Each extraction was performed with 400 atm
CO, (50 °C) for 10 minutes. The oven was held at 5 °C during the extraction step, then
rapidly heated to 70 °C, followed by a temperature program at 8 °C/min to 320 °C.

Separations were performed with a 20 m DB-5 x 250 um i.d. (0.25 um film thickness)
column.
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Figure 3: Extraction rates of PAHs from railroad bed soil. A l-gram sample was
extracted off-line at ca. 0.5 mL/min CO, (400 atm, 50 °C). The recoveries for each
PAH was based on the assumption that quantitative recovery was achieved in 100
minutes.
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Figure 4: Recovery of PAHs from Tenax-GC using a 15-minute off-line extraction with
CO, at 200 atm (45 °C). Adapted from reference 3.
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Figure 5: Recovery of organic pollutant spikes from poiyurethane foam (PUF) using off-
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Diesel Exhaust Particulate
(NIST SRM 1650)
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Figure 6: Comparison of NIST certified concentrations of PAHs from diesel exhaust
particulate matter (SRM 1650) using conventional liquid solvent extraction (NIST) and
off-line SFE. Adapted from reference 3.
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Urban Dust (NIST SRM 1649)
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Adapted from reference 13.

H+61



Sixth Annual Waste Testing and Quality Assurance Symposium Vol. Il, Washington D.C, July 16 — 20, 1990

Marine Sediment (NIST SRM 1941)

$.0.0.6.06.08000000.
070, 0%%6%%%%6%%% % %%

A

9.00.000 00000000
T070%0% 0 6% %0 %0 0% % e %

A/ /A,

-.D...b..'...Q.'...'....'..............‘.o
0707070 000000000000 %0 %0 %0 0000 00000006 %0700 %0 %0 % 0% %0 %0 e e %0 e %0 %

(/L /LS LI LA

".6.........’........
07070 0% %00 % %% %0 %% % % %0 % %

G/ /SN,

.0 0.0.¢.0.06.9.08.0.46.0.06.0.1
BOGOOOOOOODOOOOOC
070 0.0 000000006066

0.0 0.0 000606060 0.9 0. 0.0.0.0.00.0. 0000066000060 0.4
XXX
T0l0 0 0. 000000 00000 00000000 %070 0 %0 %0%0 %0 %0 % 0 %0 %% % e %0 e %%

S22 /AN A/ /A7

.0, 0.0.6.0.0.0.0.000.060.0.000008000600000000000000.
0....0u0w0W’W.WOW’W’WQW.WQWQW’W’WG@O@'@.W.W.W.W’J’J.W’W’W’W’W‘J’W’W’W’W‘W’WG‘.

: YA LA VL LS LA

0,0.9.0.0.0.0.0.90.0.9.0.0.0.4¢
570°0%%6%%6%6%%% % % %"

1.4 |
1.2 |
0
.8
6
4
0.2 |

6/6n ‘uopbinussuo)

Benzo[ghi]perylene

Indeno[1,2,3—cd]pyrene

Benzo[b]— and Benzo[k]-
fluoranthene

Chrysene

Benz[a]anthracene

Pyrene
Fluoranthene
Anthracene

Phenanthrene

Figure 8: Com.parison of NIST certified concentrations of PAHs from marin
(SRM 1941) using conventional liquid solvent extraction

Extractions were performed_for 10 minutes with 400 at

for the N,O extractions represent SFE-

reference 15.

e sediment
(NIST) and split SFE-GC/MS.

m N,O (50 °C). The error bars

GC/MS analyses of three samples. Adapted from

-62



Sixth Annual Waste Testing and Quality Assurance Symposium Vol. ll, Washington D.C, July 16 — 20, 1990

83



61

Sixth Annual Waste Testing and Quality Assurance Symposium Vol. Il, Washington D.C, July 16 — 20, 1990

THE DETERMINATION OF SELECTED PRIORITY POLLUTANTS IN SOIL BY
SUPERCRITICAL FLUID EXTRACTICN AND GAS CHROMATOGRAPHY/MASS
SPECTROMETRY (SFE-GC/MS)

Richards, M., Environmental Analysis Research Laboratory,
Campbell, . M., Analytical Sciences Laboratory, Dow
Chemical, Building 734, Midland, Mickigan 48667.

ABSTRACT

The supercritical fluid extraction (SFE) of semivolati.e
organic compounds of environmental significance was studied
and compared to conventional liquid extraction methods of
soxhlet ard sonication. A soil matrix was used as the test
substrate and the extracts were analyzed by gas
chromatography/mass spectrometry.

Supercritical fluids are attractive as extraction solvents
for semivolatile and high molecular weight organic compounds
due to the unique properties of these fluids. These include
low viscosity, high diffusion coefficients, low toxicity and
low flammability. The high vapor pressure of carbon dioxide
allows for easy solvent removal and efficient recovery of
semivolatile solutes. 1In addition, solvent power .s roughly
correlated with pressure so that a certain amount of
selectivity may be obtained in the extraction by varying the
p-essure. SFE may also be coupled with chromatographic
systems to take advantage of existing analytical methods.

A set of e:ghteen environmentally significant compounds,
including chlorinated benz=nes and phenols, was used in this
study. These were spiked on soil at 10-25 ppm levels. SFE
v s performed with 2% methanol in carbon dioxide at 390 atm.
¢ 1 806°C. The soxhlet extractions were performed with a 1::
mixture of acetone and hexane, while a 1:1 mixture of
acetone and methylene chloride was used for the sonicaticn
extractions. Recoveries of these compounds by SFE averaged
80.2% with a range of 70.4 to 95.1%, while by soxhlet the
average recovery was 66.4%, ranging from 53.8 to 81.2%. B
sonication the average <recovery was 58.6%, and ti
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individual values ranged from 46.4 to 75.3%. The recovery
value for zach compound was the average of nine
determinaticns. SFE was found to Dbe more rapid and
convenient than the soxhlet or sonication methods.

INTRODUCTION

Soxhlet and sonication techniques have been widely uzed for
extracting semivolatile organic compounds from solids.
Recently, however, supercritical fluid extraction (SFE) has
cenerated considerable interest as a viable analytical
tachnique for extracting semivolatile and high molecu.ar
weight organic compounds from a variety of solid matrices.
The fundamental concepts o0f supercritical fluid extraction
have been ex-ensive.y discussed in the literature, therefore
this discussion will focus only on those applications which
are of environmental importance.

Schantz and Chester (1) reported the extraction of PCBs and
PAHs from urban particulate mat.er and sediments wusing
supercritical COp at 40 ©C and 345 atm. The extracts were
collected on Cig-bonded phase packed column. Comparable
amounts of PCBs and PAHs (except indo(l,2,3-c¢,d]pyrene and
benzo(g, h, i]perylene) were extracted by soxhlet and by SFE.
The SFE however required less time for completion than did
soxhlet extraction and the values obtained for these two
compouinds by SFE were 30% and 18% higher than the certified
values respectively.

Hawthorne and co-workers (2-4) used supercritical fluids to
extract PAHs from urban dust, flyash, and river sediments.
They reportad that supercritical nitrous oxide modified with
5 percent methanol gave recoveries of 100% for fluoranthene
and benzo[alanthracene, 85% for benzo(aljpyrene, and slightly
more than 50% for indeno (1,2, 3-¢c,d]pyrene and
benzo[g, h, ilperylene from urban dust.

Smith et. al. (5-7) used supercritical fluids to extract
high molecular weight organics from a variety of absorbent
and particulate matrices. They found that polar organic
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compocunds were extracted more efficiently with supercritical
carbon dioxide containing methanol as a modifier whereas
isobutane was more efficient for higher molecular weight
and less polar compounds.

Several investigators have reported the extraction of
pesticides and other pollutants from soils using
supercritical carbon dioxide with or without modifiers (8-
11).

Alexandrou and Pawliszyn (12), extracted polychlorizated
dibenzo-p-dizsxins and dibenzofurans in Municipal Incinerator
Fly ash using supercritical nitrous oxide. They obtained
better than 90% recovery after one hour of extracti a at 30
atm. and 40°C. They reported that pure carbon dio:xide does
not extract dioxins, therefore it can be used effectively in
the cleanup step to remove weakly absorbed organic material.

In this study supercritical fluid excraction was evaluated
as an alternative to soxhlet and sonication techniques for
the determination of eighteen neutral/acidic pollutants and
surrogates 1in soil. The goal was to establish optimum
extraction conditions such as temperature, pressure, solvent
composition to recover all of the extracts with minimum
losses by volatilization and/or aerosol formation.

EXPERIMENTAL

APPARATUS

The supercritical fluid extraction apparatus used in this
study has been previously described (13). Briefly, the
system consisted of a Varian 8500 syringe pump, a Fiatron
CH-30 column heater, and a Lauda RM3 cooling bath. A
schematic diagram of the extraction system is shown 1in
Figure 1. An Apple Ile microcomputer was used to control
the pump. A micrometering valve (Autoclave Eng.) was placed
at the end of the extraction vessel to control the flow to
the collection vessel. To 1improve recoveries of the
volatile solutes, a cryogenic trap was installed at the
outlet of the collection flask. A 30-cm length of 1/8" o.d
stainless steel tubing was placed at the mouth of the
collection flask through a rubber stopper. This tube was

s
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“icketed with a 1/4" copper :ube through which technical
crade carbon dioxide w.s passed (after expansion from
liquid) to achieve cooli g temperatur=s of =-50 to =-30°C.
The tube was c¢riented downward and condensed extractables
and solven frcom the collection flask were collected in a
small vial a2t the tube outlet.

Extraction vessels of 1.67- and 10.4-mL capacities were
purchased from Keystone Scientific.

Gas chromatography/Mass spectrometry was performed with a HP
5970B model interfaced o a HP-1000 data system for data
proces:sing. A 30-m, ".25-mm ID DBS capillary column was
used.

A HP model 7673A autosampler was used for injecting the
samples.

A Computer Chemicals System (CCS) model 3100 Extractor was
used for the guality control sample.

MATERIALS

Analytical reference standards were obtained from Chem.
Service , Aldrich Chemical Company and Supelco. Stock
solutions of 5000 MHg/ml of each compound were prepared in
acetone. Working calibration standards were prepared 1in

methanol by serial dilution of a composite stock solution
prepared from the individual stock solutions.

SFC-grade carbon dioxide was obtained from Scott Speciality
Gases.

Soil samples were obtained from Midland county, Michigan.

Quality Control sample was obtained from Environmental
Resource Associates.

Glass Beads (80 um) were obtained from Potters Industries.

11-66
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PROCEDURE
SFE

SFE extractions were performed with a 1.67-mL or a 10.4-mL
extraction vessel. Sample weights ranged from 2 to 10 g of
soil, Glass beads were placed at the bottom of the vessel
before the soil was loaded. After the soil was loaded into
the extraction vessel the appropriate volume of the stock
solution described above was added and followed by the
addition of another layer of glass beads. The vessel was
immediately closed and extracted. The glass beads helped
prevent plugging of the extraction vessel outlet frit. For
the precision studies, all extractions were perfcrmed with a
1.67-mL vessel. After evaluating several collection
devices, the one shown in Figure 1 was adopted.

A total of 20 mL of 2% methanol/carbon dioxide (measured as
a liquid by pump displacement) was used 1in a typical
extraction of 2 g of spiked soil. The extraction was
performed at 80°C and 390 atm. The temperature of the
micrometering valve was kept at 35°C during the extraction
experiments. Extraction times for this sample size were
typically 30 to 40 minutes. After the extraction was
complete, the system was vented by opening the micrometering
valve and the extraction vessel was removed from the system.
The lines and valve were then rinsed with several mL of
methyiene chloride. The contents of the two collection
flasks were combined with the rinsate and the solvent was
removed under gentle nitrogen purge until 1 mL rerained. A
1-uL aliquot of this solution was injected into the GC/MS.

Soxhlet:

The soxhlet experiments were performed according to EPA
method 3540. Ten grams of so0il were loaded and extracted
for 16 hours with a 1:1 mixture of acetone and hexane. he
spiking level was 100 pg per compound.

Sonication:
A Heat Systems- Ultrasonics Inc., Model W-385 sonicator was

used. The erperiments were performed according to EPA
method 3550. Ten grams of soil was used, and the spiking

-89
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level was 100 Hg per compound. The solvent was a 1:1
mixture of acetone and methylene chloride.

RESULTS AND DISCUSSION

The results of these experiments are summarized a1 Tables 1-
4, Recoveries of the listed compounds by SFE av-:raged 80.2%
with a range from 70.4% to 95.1%, while by soxhlet the

average recovery was 66.4% ranging from 53.8 to 81.2%. By
sonication it was 58.6%, and the individual values ranged
from 46.4 to 75.3%. The rec~-very value for each compound

was the average of nine determinations.

Table 1 shows the recovery as a function of time. In
general, most compounds were more than 50% extracted after
15 minutas. Maximum recovery required 30 to :J minutes.
Better flow control would be expected to decrease the
extraction times. Carbon dioxide modified with 2% methanol
was used after initial studies with unmodified CO; showed
low recoveries for the phenols.

After some initial work the cryotrap was added to the SFE
system. This significantly improved the recovery of the
volatile chlorinated benzenes as shown in Table 2. The off-
line format was preferred in this study because larger
sample sizes could be better accommodated in this way to
reduce potential errors from sample inhomogeneity.

Recovery precision and range data for the SFE samples are
shown in Table 3. Standard deviations averaged
approximately 5%, absolute, with few exceptions. This
result 1is typical for determinations of these types of
compounds at this level.

The various extraction methods are compared in Table 4. SFE
was more efficient than either Soxhlet or sonication for
these materials in soil. SFE was also more rapid and
conver:ient than the conventional methods.

The quality control standard was mixed with 80-pm glass
beads to prevent plugging of the outlet frit of the
extracticn vessel. Of the neutral compounds, shown in Table
5, only Dbenzo(b)fluoranthene was not recovered, and th.s
could be attributed to its low concentration. Dibenzofuran
was not in the calibration standard, therefore it was not

11-68
89




Sixth Annual Waste Testing and Quality Assurance Symposium Vol. Il, Washington D.C, July 16 — 20, 1990

determined. None of the acidic compounds were recovered,
partly because they were at or below the detection limit of
the method. These are preliminary results and this sample

will be investigated further.

CONCLUSION

Supercritical carbon dioxide modified with 2% methanol was
found to be a more efficient than soxhlet or sonication for
extracting these compounds from soil. SFE was also more
rapid and convenient than conventional methods. Up to 10%
moisture did not adversely affect the extraction. More work
needs to be done with different types of soils containing
varying amounts of moisture. Finally, the <collection
technology could be improved to minimize 1losses due to
aerosol formation and/or voiatilization.

49
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Table 1. PRECENT RECOVERY OF NEUTRAL/ACIDIC COMPOUNDS FROM
SOIL WITH SUPERCRITICAL CARBON DIOXIDE/METHANOL
AS A FUNCTION OF TIME

COMPOUND PERCENT RECOVERY!
15 min 26 min 34 min

Bis (2-chloroethyl)ether 64 66 86
Phenol 62 66 78
2-Chlorophencl 60 64 82
1,3-Dichlorobenzene 64 68 82
1,4-Dichlorobenzene 62 66 84
1,2~Dichlorobenzene 66 66 80
2,4-Dichlc-oph=nol 66 70 82
1,2,4-Trichlorobenzene 72 78 96
Naphthalene 66 68 82
1,2,4,5-Tetrachlorobenzene 74 78 90
2,4,6-Trichlorophenol 78 82 92
Hexachlorobenzene 60 86 90
SURROGATES

2-Fluorophenol 74 76 88
d5-Phenol 76 76 90
d5-Nitrobenzene 76 76 92
2-Fluorobiphenyl 88 92 100

lgxtractions were performed at 390 atm. and 80°C.

The 2-g soil sample was spiked at the 25 ppm level with each
compound. A 1.67-mL extraction vessel was used, and
collection was done in 10 mL of methylene chloride with
cryogenic trap.

0-70
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Table 2. PERCENT RECOVERY OF NEUTRAL/ACIDIC COMPOUNDS FROM
SOIL WITH AND WITHOUT CRYOGENIC TRAPPING

COMPQUND PERCENT RECOVERY
Ambient Cryo. Trap

Bis (2-chloroethyl) ether 67.2 75.8
Phenol 70.4 70.4
Z2-Chlorophenol 65.6 74.9
1,3-Dichlorobenzene 61.5 73.8
1,4-Dichlorobenzene 45.7 76.0
1,2-Dichlorobenzene +4.9 74.9
1,2,4-Trichlorobenzene 58.4 82.0
1,2,4,5-Tetrachlorobenzene 75.6 79.1
Hexachloroben:zene 89.2 86.2
Naphthalene 62.4 74,2
2,4-Dichlorophenol 74.8 76.4
2,4,6-Trichlorophenol 80.4 83.1
Pentachlorophenol (me’d) 1 -—- 84.3
SURROGATES

2-Fluorophenol 72.0 82.8
d6-Phenol 83.6 80.4
2,4,6-Tribromophenol (me’d) ! -——= 95.1
d5-Nitrobenzene 65.2 85.3
2-Fluorobiphenyl 73.6 88.90

1Pentachlorophenol and 2,4, 6-Tribromophenol were analyzed as

t e methylated derivatives.

2These numbers represent averages of 9 determinations.

Extraction was performed at 390 atm.

supercritical carbon dioxide/2% methanol.
= not determined. A 2-g soil sample was spiked at the

25 ppm level.

and 80°C with
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Table 3 PERCENT RECOVERIES OF NEUTRAL/ACIDIC COMPOUNDS
FROM SOIL WITH SUPERCRITICAL CARBON DIOXIDE
MODIFIED WITH 2% METHANOL

COMPOUND RECOVERY! RANGE  SD
Bis(2-chloroethyl)ether 75.8 66-86 6.2
Phenol 70.4 64-78 4.1
2-Chlorophenol 74.9 64-82 5.2
1,3-Dichlorobenzene 73.8 68-82 4.1
1,4-Dichlorobenzene 76.0 66-84 5.3
1,2-Dichlorchenzene 74.9 66-80 4.4
2,4-Dichlorophenol 76.4 70-82 4.0
1,2,4-Trichlorobenzene §2.0 76-92 4.9
Naphthalene 74,2 68-82 4.6
1,2,4,5~-Tetrachlorobenzene 79.1 74-90 5.1
2,4,6-Trichlorophenol 83.1 74-92 5.1
Hexachlorobenzene 86.2 80-90 4.3
Pentachlorophenol (me’d)? 84.5 76-90 5.4
SURROGATES
2-Fluorophenol 82.8 76-88 6.4
d6-Phenol 80.4 72-90 5.6
2,4,6-Tribromophenol (me’d)2 95.1 82-110 9.9
d5-Nitrobenzene 85.3 76-92 7.0
2-Fluorobiphenyl 88.0 80-100 6.6

lpata represent average of 9 determinations.

All extractions were perforned at 390 atm. and 80°cC.
Sp.king level was 25 ppm per compound on 2 g of soil.
Extracts were collected in 10 mL methylene chloride with
cryogenic trap.

2Analyzed as the methylated derivatives.
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TABLE 4. PERCENT RECOVERIES OF NEUTRAL/ACIDIC COMPOUNDS
FROM SOIL WITH SOXHLET, SONICATION AND SFE

COMPOUNDS

PERCENT RECOVERY!
Soxhlet Sonication SFE

Bis (2-chloroethyl)ether
Phenol

2-Chlorophenol
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2-Dichlorobenzene
1,2,4-Trichlorobenzene
1,2,4,5-Tetrachlorobenzene
Hexachlorobenzene
Naphthalene
2,4-Dichlorophenol
2,4,6-Trichlorophenol
Pentachlorophenol (me’d)2

SURROGATES

2-Fluorophenol
d6-Phenol

2,4,6-Tribromophenol (me’ d) 2

d5-Nitrobenzene
2-Fluorobiphenyl

67.2
69.0
73.2
53.8
54.2
56.0
59.2
68.8
73.0
57.8
8.2
6.8

62.8
72.4
70.4
74.6

50.4
60.0
63.8
46.4
49.1
50.1
53.4
62.7
3.3
53.0
73.2
69.0

56.3
60.6

53.3
60.4

75.8
70.4
74.9
73.8
76.0
74.9
82.0
79.1
86.2
74.2
76.4
83.1
84.3

82.8
80.4
95.1
85.3
88.0

lpata represent average of 9 determinations.

Spiking level was 25 ppm per compound on 2 g soil.

2Analyzed as the methylated derivatives.

= not determined.
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Table 5 RECOVERIES OF PRIORITY POLLUTANT/CLP
ORGANICS IN SOIL
QUALITY CONTROL SAMPLE LOT NUMBER 302

COMPOUND ERA CERTIFIED RECOVE}RY1 ADVISORY
VALUE (Lg/kg) RANGE

BASE/NEUTRALS
Acenaphthene 4200 2000 900-5600
bis(2~ethylhexyl)phthalate 3930 2000 1100-6200
Nitrobenzene 9410 7000 2800-15000
Dibenzofuran 2110 -—- 630-3200
1,2,4-Trichloroktenzene 7460 6200 2800-10000
Benzo (b) fluoranthene 3140 ND 650-4900
Naphthalene 8060 8800 2800-11000
Isophorone 10500 8000 2200-12000
SURROGATES RECOVERIES (%)
2-Fluorophenol 98
d5-Nitrobenzene 86
2-Fluorobiphenyl 100
d4-Terphenyl 74

14.2 g QC sample was mixed with 2 g of glass beads.

Extraction time was 1 hr.

Surrogates were spiked at 25 ppm per compound.

--- = Not analyzed.
ND = Not detected.
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Figure 1. Schematic Diagram of the Supercritical Fluid
Extraction Apparatus used in this study.
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THE APPLICATION OF SUPERCRITICAL FLUID CHROMATOGRAPHY-
MASS SPECTROMETRY TO THE ANALYSIS OF
APPENDIX-VIII AND IX COMPOUNDS

DR. PETER A. POSPISIL Manager Methods Development, CHARLES HECHT Senior
Chemist Methods Development, MATT A. KOBUS Chemist Methods Development,
DR. MARK F. MARCUS Director of Analytical Programs, Chemical Waste
Management, Inc. 150 West 137" Street Riverdale, I1linois 60627

ABSTRACT

Supercritical fluid chromatographic and mass spectroscopic technology, was
used to successfully chromatograph and confirm 200 Appendix VIII and IX
compounds on a single column. Chromatographic data, EI quality spectra,
mass spectrometer response factors and calibration curves are presented
for selected RCRA compounds. The quality of the chromatography and the EI
mass spectra clearly show the applicability of SFC-MS as an alternate
approach to GC-MS and LC-MS for the quantitative analysis of the broad
range of Appendix-VIII and IX organic compounds.

The Appendix VIII and IX lists define the compounds of major regulatory
importance in a broad range of solid wastes and groundwater. They include
upwards of several hundred organic substances, covering a broad
compositional, polarity, volatility, thermal and hydrolytic stability
ranges. Some of the entries are mixtures such as coal tar, creosote,
cresols, PCB’S, and dioxins, which may contain hundreds of individual
components. Significant numbers of these compounds can be difficult to
determine by existing analytical techniques because of their lack of
volatility and low thermal stability. The application of SCF-MS technology
will both cost reduce and streamline existing practices and open new
avenues of analytical research in the areas of improved calibration and
confirmatory analysis.

INTRODUCTION

In July 1982, the Environmental Protection Agency issued interim RCRA
requlations setting permit procedures and operating standards for
hazardous waste land disposal facilities. The regulations require disposal
facility owners to analyze hazardous wastes and ground water for a broad
range of materials of major regulatory importance.

The Appendix VIII and IX lists include upwards of several hundred organic
and inorganic substances, of prime interest to the EPA. The organic
compounds cover a broad compositional, polarity, volatility, thermal and
hydrolytic stability range. Additionally, there are broad compositional
entries such as coal tar, creosote, cresols, PCB’S, and dioxins, which may
contain hundreds of individual components. The following presents the
predominant organic compound types encountered in the Tists.
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Major Orqanic Compound Types on Appendix VIII and IX Lists

Chloro, nitro, methyl, amine and hydroxy substituted single ring
aliphatics and aromatics

Low carbon number halogenated and oxygenated aliphatics, olefinics and
amines.

Fused aromatic ring hydrocarbon and nitrogen compounds. PNA’S, PCB’s,
acridines, including some having halogen substitution.

Phthalates, ethers, ketones, alcohols

Nitrosoamines, nitriles

Organo - arsenic, mercury and selenium compounds

Carbamates, ureas, thioureas, hydrazides

Biochemicals, and biologically derived materials

SW-846 1is the principal document for the analysis of these materials,
containing 12 GC and 4 GC-MS procedures. The methods are primarily based
on compound volatility producing methods for volatiles, semi-volatiles,
non-volatiles etc. To analyze these diverse analyte types in their broad
matrix ranges requires extensive sample preparation and a variety of
analytical procedures. The organic component methods may require Soxhlet
extraction, sonication or purge and trap procedures to separate the
analytes from their matrices and prepare them for analysis. Packed and
capillary column, gas chromatographic and 1liquid chromatographic
procedures are used to obtain a separation and mass spectrometry for
confirmation.

In 1989 supercritical fluid chromatographic technology, was used to
successfully chromatograph over 270 Appendix VIII and IX compounds using
one method, one column, and one eluant within one hour. The work was used
as a springboard to mass spectrometric confirmation. Accordingly, an SFC
was linked to a mass spectrometer in order to pursue confirmatory
analysis.

PURPOSE

The implementation of the third third RCRA reauthorization requires that
a large number of the Appendix VIII and IX compounds be analyzed. The
purpose of this work is to show the applicability of supercritical fluid
chromatography mass spectrometry as an alternate approach to GC-MS and LC-
MS for the analysis of the broad range of Appendix-VIII and IX organic
compounds. The broad benefit will be the introduction of new technology
to the environmental analytical community. The more direct goal is the
analysis of a wider range of compounds than currently practical, and the
reduction of the run time enabling more samples to be run daily.

The approach to this work was to use supercritical fluid chromatographic
and mass spectrometric instrumentation to generate mass spectra and
calibration curve data for a large number of the Appendix VIII and IX
materials.
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SCF_THEORY

Supercritical fluid chromatography combines the best qualities of gas and
liquid chromatography into one technique and is well suited for the
separation of complex mixtures, whose components cover an extensive
physical, volatility and thermal stability range,

Supercritical mobile phases are comprised of non-associated molecules and
have unique physical properties intermediate between those of liquids and
gases,. Their 1lower viscosities and higher diffusion coefficients
approximate those of gases, resulting in low column pressure drops and
rapid mobile/liquid phase equilibration, an improvement compared to HPLC.
Supercritical fluid densities and solvencies approach those of liquids,
allowing analyte dissolution, and thus partition, between the mobile and
stationary phase.

Chromatographic efficiencies approach those of gas chromatography, but the
technique is not thermally driven making the technology ideal for the
analysis of higher molecular weight, thermally labile, and polyfunctional
compounds, insufficiently volatile or too polar for gas chromatography.
Both packed and capillary columns can be used with a variety of detectors.

The solvency of the mobile phase is a function of its density, which has
the same effect on an SFC separation as temperature and solvent
composition have in gas and liquid chromatography. The relation between
fluid pressure and density is usually not linear, and when utilizing
density programming, the system controller must vary the pressure to
linearize the density.

EXPERIMENTAL

REFERENCE MATERIALS AND MOBILE PHASE

The reference materials were acquired from the Aldrich Co., Chem Service
Inc., Sigma Chem Co. and the Quality Assurance Branch of the EPA located
in Cincinnati Ohio.

The reference materials were prepared, at a varying concentrations in
appropriate solvents including methanol, acetone, water, toluene, and
acetonitrile.

Carbon dioxide was selected as the mobile phase because of its low
critical temperature, inertness, safety (it’s nontoxic, nonflammable,
nonexplosive), ease of purification, lack of response in an FID, and
column compatibility.
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INSTRUMENTATION

A Lee Scientific, Model-601 SFC, was used for this work consisting of a
system controller, syringe pump, chromatograph, biphenyl column, 20
meter, 50 micron, 0.15 micron film thickness, 50 micron frit, and mass
spectrometer interface.

A Finnigan INCOS-50 instrument was used for all work.

EXPERIMENTATION

Appendix VIII and IX Compound Chromatography

The initial SFC work focused on the generating retention times and
response factors for many RCRA compounds on an individual basis. The work
is now directed toward generating high quality chromatography for large
numbers of RCRA compounds in single injections. Two chromatographic
reference blends were prepared containing 130 of the most commonly
encountered compounds described in the first four entries of the table on
page 1.

SFC Operating Conditions

Injector Temperature 0°C. Detector Temperature 325°C
Time split injection duration - 0.1 seconds
Injection volume - 40 nanoliters

Time (min) Pump Conditions Oven
density ramp rate Temperature
q/mL g/mL/min °Celsius
0.0 0.0700 75
2.0 0.0700 0.005
28.0 0.2000 0.02
49.0 0.625 0.0000 ramp @ 2.5°C
66.0 0.625 ramp @ 7.5°C
71.0 stop @ 150°C
90.00 Density and pressure reset to values at time zero within 3
minutes.

Appendix VIII and IX Compound Mass Spectrometry

The initial SFC-MS work focused on instrument setup and generating spectra
comparable to existing EI spectral libraries, which are used for current
GC-MS work. The initial work was directed toward determining the quality
of the fit between SFC-MS spectra and those in the existing GC-MS library.
About 200 reference RCRA compounds were injected, as groups, into the SFC-
MS and the resultant spectra compared with those in the GC-MS libraries.

To determine the effectiveness of injecting mixtures, two chromatographic
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reference blends were prepared containing 130 of the most commonly
encountered RCRA compounds described in the first four entries of the
table on page 1.

SFC-MS Pesticide Calibration Curves

SFC-MS calibration curves were prepared for six pesticides, heptachlor,
heptachlor epoxide, lindane, chlordane, endrin and methoxychlor.
covering the range of 25 to 350 PPM.

The retention gap technique was used to focus the sample, through the
removal of the volatile solvent, to improve the detection limits. One
meter of uncoated fused silica tubing was linked in series between the
injector and the analytical column. The volatile solvent was swept through
the system, leaving the non-volatile analytes in place. Initiating the SFC
run transfers the analytes to the column for analysis.

SFC-MS Operating Conditions

Scan Range 45 - 450 AMU
Scan Rate 1 scan/2seconds
Source Temperature 200°C

Interface Temperature 120°C

Transfer Line Temperature 120°C

Nozzle (Tip) Temperature 350°C

Instrument Tuned to PFTBA
Instrument tuneable to DFTPP or BFB
criteria

RESULTS AND DISCUSSION
APPENDIX VIIT AND IX COMPOUND CHROMATOGRAPHY

Figures 1 and 2 present the SFC chromatograms of the high and low
volatility mixtures used to develop the chromatographic program. This
method covers the volatility range of almost all of the Appendix VIII and
IX compounds, while representing a broad compound type distribution. In
both cases the chromatographic quality is high and baseline resolution of
most of the components in the mixture can be obtained. This work
represents a significant improvement in the chromatography quality
compared to the earlier work presented at the 1989 OSW meeting.

SFC MASS SPECTRA OF APPENDIX VIII AND IX COMPOUNDS

Figures 3 to 5 present typical SFC-MS total ion chromatograms for three
groups of the 200 compounds analyzed on the SCF-MS instrument. The
chromatographic quality is high. The peaks are sharp and there is no
tailing for polar compounds such as phenols. The quality of fit falls into
the range of 800 to 900 for all of the compounds evaluated, demonstrating
the instruments confirmatory capabilities. SFC-MS clearly has the ability
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to identify a wide variety of RCRA compounds while retaining the
chromatographic integrity.

Unique specific ions were generated for all of the 130 RCRA compounds in
the mixture represented in Figures 1 and 2. In all cases the primary ion
was identical to that ion used for GC-MS analysis, except for those
compounds producing a primary ion below a mass of 45. Peak shapes
approximated a 20 second peak width, which falls between the 5 and 30
second peak widths experienced with GC-MS and LC-MS respectively. Again,
the SFC-MS quality parallels the data quality of currently utilized mass
spectroscopy confirmatory techniques.

SFC MASS SPECTRA OF PCB’S

PCB’s are of particular interest because of their occurrence in a broad
range of matrices. A1l eight Arochlor reference materials were analyzed.
The total ion chromatogram of a mixture of Arochlors 1232 and 1260. is
presented in Figure 6.

A comparison of the SFC-MS heptachlorobiphenyl isomer spectrum and the GC-
MS library spectrum is presented in Figure 7. The fitting quality is 976
showing a very good comparison between the actual spectrum and the library
reference spectrum, which is equal to that of GC-MS techniques.

Of particular interest is the constancy of the isotope ratios in the
chlorine cluster patterns between the reference material and library
spectra. This pattern constancy denotes the quality of the SCF-MS spectra
and the ease of library matching.

SFC MASS SPEC CALIBRATION CURVES

The ability to generate calibration curves is illustrated by the response
factor data presented in Figure 8. The response factor data clearly show
the calibration curve quality. The per cent deviation for the six
compounds is about 5%, which is comparable to that obtained by GC-MS. The
detection limits for the six pesticides meet the requirements of the
regulations, but need to be improved by about a factor of 10 to compare
with GC-MS.

CONCLUSION

The authors feel that the demonstrated separatory power of supercritical
fluid chromatography Tlinked to the confirmatory ability of mass
spectrometry will cause this technology to have a very Targe impact in the
area of environmental pollution analysis. This work clearly shows the
applicability of SFC-MS as an alternate approach to GC-MS and LC-MS for
the analysis of the broad range of Appendix-VIII and IX organic compounds.
It is a technology where the phrase "one method fits all", may have real
meaning and application.
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FIGURE 2
SUPERCRITICAL FLUID CHROMATOGRAM
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FIGURE 8

SFC—MS RESPONSE FACTORS
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AZEQTRQPIC DISTILLATION - A CONTINUING EVALUATION FOR THE
DETERMINATION OF POLAR, WATER - SOLUBLE ORGANICS

Paul H. Cramer and Jay Wilner, Midwest Research Institute
James W. Eichelberger, USEPA, Environmental Monitoring Support - Cincinnati

ABSTRACT. The determination of volatile organic compounds (VOCs) is an
important step in the assessment of water quality. Methods for the determination
of water-soluble compounds such as ketones, aldehydes, nitriles, and alcohols
have not been developed for routine use because of the difficulties in removing and
concentrating these compounds from the aqueous matrix. Azeotropic distillation
has been evaluated as a possible method for determining the aqueous
concentration of selected compounds from the RCRA Appendix VIII, Michigan,
and BDAT analytes lists.

An aqueous binary azeotrope is a mixture of an organic compound and water
which produces a vapor with the same composition as the liquid when boiled. A
minimum boiling azeotrope boils at a lower temperature than either the water or
the organic compound, and as such, can be removed from the aqueous sample by
careful distillation. Thus, azeotropic distillation can be a viable method for
determining the concentration of those compounds which form binary azeotropes
with water.

The objectives of this continuing program were to: (1) determine the number of
target analytes that could be successfully concentrated by azeotropic distillation,
(2) determine the maximum number of analytes that could be chromatographed
simultaneously by direct aqueous injection HRGC and (3) determine the overall
method performance for each compound. Data from two distillation methods will
be presented, namely, trap-to-trap distillation under low vacuum (<0.1 mm Hg)
and atmospheric distillation using a modified Nielsen-Kryger distillation head.

The anaytes were tested individually for chromatographic performance on a
selection of wide-bore fused silica columns. Direct ageuous injection was
performed since the sample would be in aqueous solution after distillation. Gas
chromatographic conditions were optimized to resolve the greatest number of
analytes simultaneously. The analytes that could be successfully
chromatographed were tested for their ability to azeotropically distill. Recoveries
were determined from the distillation, investigations were made into suitable
surrogates and internal standards, and precision and accuracy were collected at
three concentrations levels. Method performance and method detection limits
were determined using "real-world" samples. Stability of the analytes in
chlorinated and dechlorinated waters was also determined over a 14-day holding
time. '
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A METHOD FOR THE CONCENTRATION AND ANALYSIS
OF TRACE METHANOL
IN WATER BY DISTILLATION AND GAS CHROMATOGRAPHY

Mark L. Bruce, Richard P. Lee, Marvin W. Stephens,
Wadsworth/ALERT Laboratories, Inc.,
4101 Shuffel Dr. N.W., North Canton, Ohio 44720.

ABSTRACT

Under the land disposal restriction (40 CFR part 268.41) for spent solvents, methanol
has a treatment standard of 0.25 mg/L for wastewaters containing spent solvents and 0.75
mg/L for all other spent solvent wastes in the waste extract using zero headspace
extraction. This paper presents the development of an aqueous sample concentration,
cleanup and analysis method that surpasses these regulatory treatment standards for
methanol. The total sample handling time from the start of distillation to the completion
of analysis is less than one hour. The initial experimental parameters were derived from a
method for the azeotropic distillation of water soluble volatile organic compounds (1,2).
This method uses the principles of distillation and steam stripping. Several modified
Nielson - Kryger condenser designs were developed to enrich (relative to the original
sample) the resulting distillate in methanol. The distillate is then analyzed by gas
chromatography using a DB-WAX capillary column and flame ionization detection. For
this application the instrument detection limit was 0.15 ng in a 2 pL injection. With a 40
mL sample, the method detection limit was 0.026 mg/L for reagent water and 0.031
mg/L for ZHE extract.

INTRODUCTION

The Hazardous and Solid Waste Amendments of 1984 amended RCRA by banning all
land disposal of untreated hazardous waste within five and one-half years after passage
(May 8, 1990). The basic purpose of the land disposal restrictions is to discourage
activities that involve placing untreated wastes in or on the land when a better treatment
or destruction alternative exists. Under the land disposal restrictions (40 CFR part
268.41) for spent solvents, methanol has a treatment standard of 0.25 mg/L for
wastewaters containing spent solvents and 0.75 mg/L for all other spent solvent wastes in
the waste extract using zero headspace extraction (ZHE). The proposed treatment
standard for multi-source leachate wastewaters is 0.033 mg/L for methanol. To date there
are no EPA approved methods for methanol that have detection limits below these
treatment standards. The effect of this situation is that residues from the treatment of
solvent wastes and multi-source leachate wastewaters cannot at present be certified to
meet the corresponding treatment standards and thus be landfilled.

This paper presents the development of an aqueous sample concentration, cleanup and
analysis method with a detection limit lower than the spent solvent treatment standards
for methanol. The method also shows promise for meeting the detection limit required
for the proposed treatment standard for multi-source leachate wastewaters. The total
sample handling time from the start of distillation to the completion of analysis is less
than one hour. The initial experimental parameters were derived from a method for the
azeotropic distillation of water soluble volatile organic compounds (1,2). This method
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uses the principles of distillation and steam stripping. When distilling a 40 mL aqueous
sample, or ZHE extract, actual distillation time from the start of visible boiling is 10
minutes or less. GC run time is approximately 17 minutes. A significant advantage is
that the distillate is free from nonvolatile organic and inorganic interferences. These
nonvolatile components may degrade chromatographic performance and shorten the life
of the GC column.

INSTRUMENTATION, EQUIPMENT AND SUPPLIES

Gas Chromatograph/Data System
Hewlett Packard 5890 equipped with a flame ionization detector, Macintosh Ilci
(Apple) with LabView (National Instruments) and GC Integrator & Workmate
(WillStein) software.
Columns
Quantitation: DB-Wax 30m X 0.53mm I.D. 1.0 micron film thickness
Confirmation: DB-1 30m X 0.53mm L.D. 1.5 micron film thickness
Glassware
Modified Nielson - Kryger condenser; Ace Catalog # 6555-07, Shamrock Catalog #
6170
Vigrex columns
200 mm column (350 mm overall) 24/40 joint Shamrock Catalog # 23202-102
130 mm column (200 mm overall) 14/20 joint Shamrock Catalog # 23242-106
Round bottom flasks
2L, 500mL, 100 mL
Glas-Col Heating Mantles
2 L flask, 500 watts, Catalog # 04100
500 mL flask, 270 watts Catalog # TM106
100 mL flask, 230 watts Catalog # STM400
Fisher burner
Prototype Volatile Organic Compound Concentrating Condensers (VOC3)
Shamrock Glass, Seaford, Delaware
Methanol, B&J Brand Catalog # 232-1, purity 99.9%
Reagent water, deionized, (methanol content must be less than practical quantitation
limit)
Glass beads, 5 mm diameter
Boiling chips, VWR Scientific, Inc. Porous Boiling Chips Catalog # 26397-409
Cold water supply, Neslab Coolflow CFT-25

DISTILLATION PRINCIPLES

Methanol is volatilized from the aqueous sample by boiling. The steam is enriched in
methanol relative to the original sample. As the steam passes up through the Vigrex
fractionation column it is further enriched in methanol with each plate. The steam is then
condensed and collected in a small volume collection chamber in the concentrating
condenser. Figure 1 shows the overall distillation system. Once the collection chamber
is filled it overflows and methanol enriched water flows back through the lower part of
the condenser and the Vigrex column toward the flask. This methanol enriched water
comes in contact with additional rising steam. The steam revolatilizes most of the
methanol and carries it back to the condenser. When equilibrium is reached most of the
methanol has been trapped in the collection chamber. The methanol concentration
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enhancement factor is equal to the ratio of the sample volume divided by the collection
chamber volume. Figure 2 is a cross section of the main section of the condenser.

A A
£
£ <€4—Condenser
3
g ©
Ha
8l V[ |
(aV] .
T <4—Vigrex column
] 2 L Flask

Heating Mantle

Figure 1
Nielson - Kryger Condenser/Vigrex/Flask/Mantle

|- 14— Cooling water

4——— Condensed Steam
- Collection Chamber
(Volume = 20 mL)

Overflow tube
(4 mm ID)

Overflowing Water

e

A< Stopcock

Figure 2
Main section of Modified Nielson - Kryger Condenser
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For efficient steam stripping of methanol the overflowing condensed water must flow in a
thin layer. If the overflow water layer is thick, methanol is not be able to diffuse to the
surface and be revolatilized efficiently by the steam. This situation will occur if large
drops form or a wave of water is released from the collection chamber. See Figures 4 and
5 for an illustration of this phenomenon. The overflow mechanism must account for this
or poor recoveries will result. If the drop or wave i