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Background

¢ Many of the Mixed Hazardous Wastes at DOE sites
are complex mixtures contamning volatile and semi-
volatile organic solvents, heavy metals, and
radionuclides. Characterization of mixed wastes 1s
necessary for developing suitable remediation
strategies (1.€., storage, treatment, and disposal).

@ MIMS 1s currently well-established for the on-line
analysis of VOCs 1n air and water. We are
developing MIMS for a broad range of organics and
heavy metal contaminants in a variety of matrices
and effluents to address the problems at DOE sites.
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Project Goal

¢ Many DOE sites would benefit from the
implementation of MIMS as a near real-time, on-line
analytical method. We seek to expand the real-time
monitoring capabilities of Membrane Introduction Mass
Spectrometry to the problem of Mixed Hazardous Waste,
with secondary emphasis on monitoring incinerator stack
gases for both organics and toxic metals.

¢ The MIMS methodology could also be applied to other
environmental and effluent monitoring problems that
require rapid detection of contaminants including both

VOCs, SVOCs, and heavy metals.

CST-98-0274-3



Potential Applications of MIMS

g INERIP=SAdvanced ViixedWaste Tircatment Project
ProductionnOperations

imitialicharacternzation and post=treatment analysis and
MonItoring oltwaste

@ OakRidge Reservation, Y=1Zrast Horks Poplar Creck
RemediialFAction

——on=-lmeimomitoring olfsroundwater: surace water: and
sprngstat Chestnut RidgeSecurity Pitsiand vieltons Valley,
Watershed torestablish the elicctiveness ofitreatment
Systems

o Nevada Test Site; Industrial Sites

=SSt SuEveystmonitormg wellsy eliluent Streams:
maimtenance oifremedial systemsslong termmonitoring and
survenllance
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MIMS Analysis of
Mixed Hazardous Wastes

@ Samplec cantbereturned tor thewaste
Strcame==nomew: gencration oifhazaxdous
WASLE:

@ TheimassiSpectrometer canremaint iee ol
contamimasionintheranalysis oliorsanicsyin
Aradioacuyewaste matrse
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1995 O cctives

& Design, builds and test'a rare=gas supported
discharge ionization seurce; associated ion
injection opucs; and ion trap mass Spectrometer:
Toyjullyrurilizexdie:browd capabilitiestof IS, ar
aliermanye ionization souy.ceto) electiorn impact may),
besmoressuimablefortieanalysisiof bonlroyeanics
and meral=conimmg compoundsyyonnd i complex
Mixed HazardoustWastes:

& lixtend VILIVIS torsemiEvolatilercompounds:

& lixplore ion chemistry ol these compounds:

Fhie St tworobjectives haye been mets werare
currenutly inyestisating ion chemistry:
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Advantagesioiithe WVILIVIS Viethodoelogy,

o Near real-time.

& No samplepreparation {0x oxganics: minumal
sample prep expected o heavy metals:

& Analysis time takes seconds to minutes.
@ Broad dynamic range; minimalimemoxy: eliects:

& Hlow injection allows continuous;sequenizal
analysis ol blanks; standarxds; and samples:

& Sample can bereturned to the waste stream=-no
new: generation ofthazaxdous waste.

& Theion trap mass spectrometer can be kept iree ofi
radioactive contamination by the membane
interiace.

& Applicabletorsimvlancons detection ol VOIS,
SVOCS; and organometals:
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Analysis of Air or Water by Membrane
Introduction Mass Spectrometry
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Plasma Sourcelon Trap

¢ Designed and tested the microwave plasma source ion
trap mass spectrometer. We are investigating operating
conditions for both elemental and molecular analysis.

A paper describing this instrument and the analysis of rare
atmospheric gases has been accepted by Int. J. Mass Spectrom.
lon Proc.
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Detection of identifying elemental and molecular
ions for CCl, with the microwave plasma source
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MIMS
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Demonstrated the detection of 15 VOCs, 25 SVOCs, and 5 organometallics by
MIMS including:

* chlorinated and oxygenated solvents
* phenols and chlorophenols

* lead, nickel, and tin compounds
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Compounds Detected by MIMS

VOCs SVOCs Organometallics
Acetaldehyde Acenaphthene 4-hydroxy-4-methyl- | Ferrocene
2-pentanone

Acetone Acetophenone Malathion Molybdenum hexacarbonyl
Benzene Aniline Methyl salicylate Lead acetylacetonate
Carbon 2-chlorophenol I-methyl- Nickel acetylacetonate
tetrachloride naphthalene
Chlorobenzene 3-chlorophenol Naphthalene Triphenyl tin chloride
Hydroxy acetone Cyclohexanol Nitrobenzene
1-hydroxy-2- 1,3-dichloro- Phenol
butanone benzene
Isopropyl alcohol 1,4-dichloro- Pyruvic acid

benzene
Methyl ethyl ketone | 2,4-dichloro-phenol | 1,2,4-trichloro-

benzene

Methyl isobutyl 2-(diethylamino)
ketone ethanol
3-pentanone Diethyl malonate
Propanal Diisopropyl

aminoethanol
Toluene Dimethyl methyl-

phosphonate
Trichloroethane 2,4-dimethylphenol
Trichloroethylene Dimethyl sulfoxide
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Simultaneous Detection oif VOLE., SVOLC.
and OrganometallicCompoundbhy- VILIVES

& Our prelimmary studies have centered on model
compounds; not necessarily environmentally,
Signilicant contaminants:

& We have alisting ofithe VOESs; SVOECs; and metal
compounds we have detected by Milivisravailable i a
handout:

& Hox our next phase oiinyvestisation we are secking
IHpur onreleyant compoyndspertinent to; current
mixed waste problcms:
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Simultaneous detection of 870 ppb benzene, 150 ppb naphthalene,

and 180 ppb ferrocene in aqueous solution
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Simultaneous detection of 660 ppb methyl ethyl ketone,
7 ppb toluene, methylnaphthalene, and 700 ppb ferrocene in air
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AyenuestioriinErher i cchmcal ixploration

We have opservedinterestinguonization
phcnomenajiorsome organometallicss e
Organic substituentisiseeniin thie mass
Spectiums butmetal=containmg iragment
10NS are missing.  Wespeculate that thisiis
due to thie presence o oxysen, one oithe
predominating Speciesjnithe ion trap
cnyironment:

CST-98-0274-16




FY99 Goals

& ocus on semivolatile compounds
—— jon chemistry i discharge souxce

== SVOC transport and membrane
properties.

& Begin parallel workewithrorganometallics:

& Hivaluation ol the discharge Source.

& Obhtain customer mput on analyticalinecds
and releyvanit compounds:
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Conclusion

& Plasma sourxce-ion trap combination looks like =
productive marriages operating conditions need
lursher study:

& Detection 01825 SV OCS rom: varous compound
classest by MIIIVIIS was accomplished:

& Demonstration off sSimultaneous deétection o1 VOIEC,
SVOC; and organometallic by MIMS S very
promising 1oy eventual on=lincanalysissoirViixed
Waste.
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