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Cone Penetrometer Deployed Sensors

A CASE STUDY COMPARING THE USE OF LASER INDUCED FLUORES-
CENCE WITH CONE PENETROMETER TESTING TO MORE CONVENTION-
AL SCREENING METHODS

K. Earley, Unisys Corporation, Corporate Environmenial Affairs, P.O. Box 203, Paoli, PA 19301,
and Keith Rapp, Unisys Corporation, Corporate Environmental Affaurs, 3199 Pilot Knob Road,
Eagan, MN 55121

Site assessments utilizing in-situ techmques to characterize subsurface stratigraphy and contaminant
distribution are becoming more accepted and commonly used. Laser Induced Fluorescence (LIF)
spectroscopy with Cone Penetrometer Testing (CPT) is a new technology that provides data on
stratigraphy and petroleum hydrocarbons (PHCs) in the subsurface environment. This paper presents
a comparison of LIF combined with CPT to more conventional characterization methods at a manu-
facturing site in Nebraska.

Over the last two years, LIF technological advances have lead 10 LIF equipment with improved dura-
bility, reduced bulk and weight, and integrated sysiems with CPT equipment. The technology has
recently been piloted in a vanety of field and soil conditions. These advances, along with the need
for rapid in-situ information on the horizontal and venical distribution of PHCs, have resulied in
equipment that is now available for commercial applications.

The LIF equipment consists of a tunable laser located i a CPT truck which 1s connected by a fiber
optic cable 10 a small sapphire window located on the cone penetrometer probe. Light generated
from the laser is directed into the side of the borehole and onto the soil and groundwater. The hght
produced by the laser is at a wavelength which allows the PHC molecules to absorb photons, causing
PHC matenals to fluoresce. The fluorescence is retumed through the sapphire window and conveyed
by fiber optic cable 1o a detection system within the truck. The incoming data is processed and

data depicting fluorescence versus depth is continuously measured and recorded as the CPT push
proceeds.

The Nebraska technology demonstration site was formerly used to manufacture farm equipment.
Various PHCs were stored in underground storage tanks across the site. Two PHC spill areas have
been identified; one primarily consisting of xylenes, and the other a mixture of diesel fuel o1l and
kerosene. Free phase and dissolved product exist at both locations. The near surface geology con-
sists of up to 35 feet of unconsolidated silty sand and gravel overlying sandstone. The water table is
found between 5 and 10 feet below the ground surface.

In each spill area, a gnd area with about 20 equally spaced probe locations 50 feet apart was estab-
lished. Within a 3-foot radius of each grid point, the following 1est program was designed: soil gas
samples for on-site PHC analyses; LIF/CPT data o 20 feet; and hollow stem auger drilling with con-
unuous split spoon sampling, organic vapor screening, and soil sample collection for off-site PHC
analyses every 5 feet to a completion depth of 20 feet.

These data are qualitatively and quantitatively compared. Data collected suggest that each method
provides qualitatively useful site screening information. However, sigmificant variauons in time, data
interpretation, and methodology are of interest. This paper presents these findings, and also oo.:.—z:nm
test time and cost, along with the advantages and disadvantages of each method.
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DEVELOPMENT OF AN IN SITU VOLATILE ORGANIC CHEMICAL ANALY-
SIS SYSTEM

Karen F. Myers, James M. Brannon, Ann B. Strong, Stafford S. Cooper, Richard A. Karn, C ynthia B.
Price, Dan Y. Eng, U.S. Army Corps of Engineers Waterways Experiment Station, Vicksburg,
Mussissippr 39180-6199 U S.A.

Conventional subsurface contaminant mapping technology mvolving borings and laboratory analysis
of soil samples 1s time consuming and expensive and often results in inadequate descripuons of conta-
minant plumes. Application of advanced chemical techniques 10 cone penetrometer technology pro-
vides a means for real ume detection and mapping of contamination in the subsurface. Development
of an in-situ volatile organic sampler for the cone penetrometer and an analyucal system 1o detect ppb
levels of BTEX compounds and TCE has been developed at the USACE Waterways Experiment
Station. The sampler is pushed 10 a desired depth in the subsurface, an intenor rod is retracied, and a
measured volume of soil is sampled and purged in place. Volauhzed compounds are transferred to
the surface where they are trapped on tenax and desorbed on a field portable gas chromatograph. The
soil sample is then expelled, and the cone penetrometer pushed 1o a new depth where the process is
repeated. Experimental resulis for different sods and contaminants are discussed.
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Chemical Sensors

CHEMILUMINESCENT CHEMICAL SENSORS FOR INORGANIC AND
ORGANIC VAPORS

G.E. Collins and S L. Rose-Pehrsson, Naval Research Laboratory, Chemisiry Division, Code 6113,
Washington D.C. 20375-5342

Chemilummescence techniques have been successfully applied 1o the detection of numerous chermcal
analytes, including metals, polycyclic aromatic hydrocarbons, and various oxidizing and reducing
agents. The fundamental anractions of chemiluminescence are its high sensitivity, wide dynamic
range, and simplicity of instrumentation. Typically, chemiluminescent reagents are incorporated into
flow injection analysis schemes which enable the detection of photons anising from chemical reac-
tions with oxidants or reductants. Because of the continuous generation of waste that arises from
these systems, and because of the increasing demand for simple, remote chemical sensors, we have
begun investigating the possibilities inherent with incorporating chemiluminescent reagents within
hydrogels and polymeric thin films for the detection of inorganic and organic toxic chemicals. By
careful consideration of the chemiluminescence reagent, metal catalyst, polymeric support fum and
pH of these thin films, some selectivity can be tailored into the chemical sensors. Instrumentally, the
detection cell consists simply of a small cavity supporting the polymenc thin film behind a glass win-
dow. A photomultiplier tube is positioned directly in front of the window, while a small, hand-held
vacuum pump is used to sample the air directly across the surface of the film. Current efforts are
being made 1o extend this technology to fiber optics for remote sensing.

2,4,6-Trichlorophenyloxalate (TCPO), in the presence of a strong fluorescer such as perylene, 1s a
highly sensitive and selective chemiluminescent monitor for F~O~ levels in solution. Unlike other
chemiluminescent reagent schemes, the nature of the mechanism lends itself to this high degree of
selectivity. We have found that the incorporation of TCPO and perylene within a polymeric thin film,
such as poly(ethyleneimine), also permits the detection of low ppm levels of NO, n air. The use of
3-aminophthalhydrazide (luminol), while being much less selective, is significantly more sensitive to
centain toxic chemicals. The incorporation of luminol and Fe(IlI) within a polyvinylalcohol hydrogel
gives a film with superior sensitivity toward NO, (detection limit of 0.46 ppb and a response ume on
the order of seconds). The hydrogel serves as an effective means for ehminaung humidity problems
associated with other polymeric films. By substantially increasing the concentration of KOH con-
tained within the film, the sensor becomes responsive 1o trace levels of O,. A detection limit of <2
ppm oxygen in nitrogen (signal/noise = 3:1) was obtained with response umes of less than a second.
Other 1oxic gases which we have formulated chemiluminescent thin films for include SO, and
hydrazine, N,H,. Recenty, we have investigated the use of a heated Pt filament as a pre-oxidauve
step prior to passage of the gas siream across the film surface. This has permutted the sensitive detec-
tion of CCl,, CHCL, and CH,Cl, in the low ppm regime. The advantage is that the filament can be
casily umed on or off, depending upon the sensing needs of the user. Discussions will center about a
complete analytical characterization of the capabilities and shonfalls of these chemiluminescent
chemical sensors.

"y
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FIBER OPTIC SPECTROELECTROCHEMICAL SENSING OF
TRICHLOROETHYLENE

J. Bello, M. Carrabba, R. Forney, and J. Haas, EIC Laboratories Inc., 111 Downey St., Norwood,
MA 02062

The necessity of techniques for in situfreal-ime sensing and monitoring of chlonnated hydrocarbon
solvents is becoming increasingly apparent because of the ubiquitous presence of these contaminants
n groundwater. Traditonal jaboratory samphing methods have several disadvantages such as long
tumnaround time, expense, manpower, and doubts about sample integnty, particularly for volaule
compounds. In addition, traditional techniques are also not capable of providing early waming of the
presence of these contaminants. The combination of opucal fiber technology, originally developed in
the telecommunication industry, with spectroscopy, however, has led 1o the continuing development
of new sensing techniques which address the drawbacks of tradiional methods.

Our approach to monitonng and sensing of chlorinated hydrocarbon contaminants, particularly
trichloroethylene (TCE), incorporates spectroscopy and electrochermistry with fiber-oplic sensing
techniques. Spectroclectrochemical fiber optic sensing or SEFOS is, in principle, a controllable
chemical sensing technique which can be adapied to fiber-optic sampling applications such as
groundwater monitoring in wells or site analysis/assessment via cone penetrometers. With SEFOS,
an electrochemical method is used to reduce TCE into a reactive intermediate. The TCE reacuve
intermediate then reacts with the relevant funcuonal groups of a “trapping” reagent resulting in
changes in the spectroscopic behavior of the reagent. The spectral changes can be used to sense TCE
at levels approaching regulatory limits.

This paper will describe recent developments of the SEFOS technique for the detection of TCE and
will discuss the advantages of SEFOS over present methods of monitoring chlorinated hydrocarbons.
The optimum conditions needed for SEFOS as well as relevant analyucal data will be presented.
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Portable Gas Chromatography

DESIGN CONSIDERATIONS FOR A NOVEL MINJATURIZED TANDEM GC
METHOD FOR FIELD SCREENING APPLICATIONS

Sue Anne Sheya, William H. McClennen, Henk L.C. Meuzelaar and Neil S. Arnold*, Center for Micro
Analysis and Reaction Chemistry, University of Utah, Salt Lake City, UT 84112, *FemtoScan
Corporation, Salt Lake City, UT 84105

A rapid, automated gas and vapor sample injection lechnique for capillary columns reported by
Amold et al. {1} enables operation of iwo GC columns in tandem (GC/GC) in such a way that a two-
dimensional gas chromatogram can be obtained. This requires rapid repeutive injections of the eluent
from the first column onto the second column. Typically the first column 1s operating in an isother-
mal or temperature programmed mode with a total run time of 100-1000 seconds and average peak
widths in the 10-25 second range whereas the second column operates at the same temperature as the
first but with repetitive injections at 2-5 second intervals and average peak widths in the 50-250 mal-
lisecond range (also depending on the type of detector used).

The power of this type of two-dimensional GC analysis has been convincingly demonstrated by Liu
and Phillips {2] using a rapid thermal desorption device in combination with cryotrapping of eluent
from the first column. A disadvantage of their method, however, is the high power usage level asso-
ciated with the cooling and desorption cycles. Also, the associated contraction and expansion of the
carrier gas flow may complicate the chromatographic conditions. Finally, only a limited range of
compounds can be analyzed due to the specific vapor pressure requirements for successful operation
of trap-and-desorb schemes. Highly volatile species run the risk of being incompletely trapped
whereas low volatile, and particularly polar, species may become immeversibly adsorbed.

None of these problems is inherent in the approach chosen by us. However, compared 1o the Phalhps
method, our technique is potentially less sensitive due to the lack of a “cryocentration” step. Between
the sampling intervals of the second column the effluent of the first column is vented. On the other
hand, proper design of the GC separation conditions, permits the analyte concentrations within the
column effluent to remain relauvely close to those in the onginal sample. As long as a concentration
sensitive detector is used with sufficiently low dead volume and signal response time to match the
operating requirements of the second column, the loss of effluent due to the low duty cycle of the lat-
ter does not have a major effect on overall sensitivity. Design considerations as well as prehminary
performance data will be presented. The choice of the detector, a particularly critcal area in ultrahigh
speed GC, will be discussed in detail.

1. Amold, N.S., McClennen, W.H., Meuzelaar, H.L.C., Anal. Chem., 63 (1991), 299.
2. Lau, Z., Phillips, J.B., J. Chromatogr. Sci., 29 (1991) 227.
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DETERMINATION OF BTX AND BUTADIENE IN AIR BY HAND-HELD GAS
CHROMATOGRAPHY

P A. David and R. E. Pauls, Amoco Corporation, P.O. Box 3011, MS F-5, Naperville, IL 60566

The need for rapid, cost-effective and actionable field analytical data has fueled the development of
portable instrumentation. In the last few years, we have successfully utilized “transportable or lug-
gable” field gas chromatographs for remedianon and worker health and safety apphcations. Recently,
a hand-held porable gas chromatograph has become commercially-available. Our general approach
for new field analytical technology 1s to validate instrument performance under laboratory conditions
using simulated field samples prior 10 field tesung the instrament under “real-world” conditions.

This presentation wall discuss laboratory validation and field implementation of the Photovac
Snapshot hand-held gas chromatograph for determination of benzene, toluene and xylenes (BTX) and
butadiene in air. Interaction between the vendor, research and development and field operators was
essential in successful implementation of this technology. Reliable porable GC data has been
obtained from field applications such as soil vapor, fugative emissions and general area monitoring.
In the initial field tests, laboratory GC analyses were utilized to validate field GC results.

The quality of the field data is hughly dependent on proper training of field operators. The knowledge
of instrument operation is important but generation of reliable field data requires the implementation
of field QC protocols. Minimum field QC protocol consists of calibration with a cerufied gas blend,
calibrauion checks and blank analyses. This strategy has been used by instrument operators with a
vanety of skill levels to obtain rehable field GC data.
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Air Monitoring Technologies

OPEN-PATH ATMOSPHERIC MONITORING WITH A LOW-RESOLUTION FT-
IR SPECTROMETER

Peter R. Griffiths, Robert L. Richardson and Changjiang Zhu, Department of Chemistry, University of
ldaho, Moscow, ID 83844-2343

Contemporary approaches to open-path atmospheric monitonng by Founer transform infrared (FT-
IR) spectrometry involve measurements that are usually made at relauvely high resoluton with
expensive mnstrumentation. These instruments can be heavy and difficult to move. Therr performance
18 also limited by excessive absorption of water vapor across much of the mid-infrared spectrum. In
this paper, we will demonstrate the feasibility of construcung a less expensive system that is designed
10 operate at significantly lower resolution than contemporary instrumentation, thereby reducing the
cost and weight. Measurement ai low resolution also enables measurements of some components
absorbing at wavelengths that are usually masked by absorption due to water vapor to be observed at
short pathlengths.

In the system 10 be described, radiation from a conventional infrared source is passed through a small
cube-corner interferometer to a nonstandard retroreflector. The return beam 1s collected at unusually
high efficiency and focused onto the detector for measurement of the interferogram. The efficency
of this opucal arrangement is sufficiently high that liquid mitrogen cooled mercury cadmium tellunde
(MCT) detectors are no longer needed and either an ambient temperature deuterated triglycine sulfate
(DTGS) pyroelectric bolometer or a Peltier-cooled Zn-doped MCT detector can be used.

The data processing requirements for interferograms measured using this system include the use of
optimized apodization functions to maintain Beer's law Lineanty for major atmospheric components
(especially water vapor). Muluivanate algorithms for multicomponent quantitauve analysis have been
compared, with partial least squares regression proving to have the best performance for vapor-phase

species.

Afier a description of the mstrument that has been constructed 1n our laboratory, the relauve perfor-
mances of the DTGS and Zn-doped MCT detectors will be compared. In addiuon, the performance
of the prototype version of this instrument and a conventional open-path FT-IR spectrometer will be
described.

e
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FTIR OPEN-PATH ABSORPTION MEASUREMENTS OF HAZARDOUS COM-
POUNDS ON AN INDUSTRIAL SITE AND A WASTE SITE IN GERMANY

K. Weber, T. Lamp, J. Weidemann, G. van Haren, Fachhochschule Dusseldorf, FB04, Labor fur
Umweltme Pechnik, Josef-Gockeln-Str. 9, 40474 Diisseldorf, Germany

FTIR open-path absorpion measurements found different applications as a screeung method for haz-
ardous compounds. Important advantages are:

. Several compounds can be measured.

. On-line measurements are possible in pnnaple.

. Remote measurements can often be made where the access is otherwise not possible.
. No poisoning of the sensor occurs.

This method has been applied by our laboratory to measurements at an industnal site and a waste site.
Recent results will be presented. Some quahity assurance 1ssues will be addressed.
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Sampling and Sample Handling

TECHNIQUES FOR PREPARATION OF FIELD STANDARDS FOR VOA
ANALYSIS OF WATER, SOILS AND AIR

T M. Spittler, USEPA Regional Lab, 60 Westview St., Lexington, MA 02173 and S. Stepenuch, Keene
State College, 229 Main St., Keene, NH 03431

With the widespread use of field methods 1o assess contamination of the environment anses a need to
prepare accurate standards for field analysis that are suited 10 the swdy at hand. The use of typical
laboratory standards (1000pg/cc MeOH solutions) is very unsatisfactory because of the complex mix-
tures typically used in these standards. Where a sile investigauon has shown the need to measure
accurately one or two chlorinated solvents or a few aromatic solvents (e.g. BTEX) i is counterpro-
ductive 1o send into the field a complex mixture containing ten 1o thirty solvents. This paper will dis-
cuss three methods for preparing standards for VOA analysis of water, soil and air samples n the
field.

The first method 1s simply 10 prepare methanol concentrates from neat standards using a very simple
technigue that requires no analytical balance or other complicated laboratory equipment. Accurate
standards can be prepared in minutes using a graduated cylinder or pipet and a ten-microliter synnge.
Standards can be prepared singly for later mixing or as simple mixtures in methanol which maich the
expected complexity of the field contamination.

The second method is to prepare liqud-liquid equlibrium solutions of individual solvents of interest
which are then held for future use. These standards are constantly at solubility equilibrium and it 1s
only necessary to know the solubility of each solvent at room temperature. Dilutions can be made
rapidly from the saturated aqueous phase of these solutions for subsequent headspace analysis of
water or soil-water mixtures. It is also possible to prepare volaule-in-air standards from these saturat-
ed agueous solutions with a high degree of accuracy in just minutes in the field.

A third procedure is to simply make up a dilute solution of any solvent in water, taking care 10 keep
the mixiure under the solubility limit. While these standards require special care in preparauon, and
have a much shorter useful life than the first two methods, they are readily prepared and can often
serve a special need (e.g. an unusual solvent not often encountered 1n the field, and for which no
readily available standards exist).

Preparation techniques will be discussed and some of the pitfalls which could prevent accurate resulls
will be examined.
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SOIL MOISTURE VARIABILITY AS AN INDICATOR OF SOIL VOC VARI-
ABILITY

MM. Minnich and J.H. Zummerman, Lockheed Environmental Systems and Technologies Co., Las
Vegas, NV 89119, B A. Schumacher, USEPA Environmental Monitoring Systems Laboratory, Las
Vegas, NV 89193-3478

The main objective of this study was 1o determine the effect of the soil sample size on the precision
of volatile organic compound (VOC) measurements. EPA’s high-level screeming procedure (included
n SW-846 Method 5030/5035) was used to measure VOCs mn 2, 20, and 100-g soil samples. The
tugh-level procedure extracts soif VOCs into methanol and analyzes an aliquot of methanol by purge-
and-trap/gas chromatography. To increase the sensitivity of the procedure, the soil:methanol rauo
was modified from 1:10 to 1:1 (g:mL) and the extracuon ume was lengthened from 2 min to several
days. Extraction into a liquid permits subsamphing vanable amounts from a more homogeneous
media. Use of an opumum/larges sample size to minumize shont-range variability, can himit the num-
ber of samples needed to characterize a site and provide better, more representative data.

Shori-range vanabibty in soil VOC concentrauons are effected by (but not kmited t0) soil texture and
organic carbon content. Likewise, shor-range vanabulity in the soil moisture content is effected by
soil texture and organic carbon content. Replicates of soil VOC concentrations and soil moisture con-
tents were measured as funcuons of sample size. The study was performed at VOC-contaminated
field sites 1n New York and Nevada 1o provide data in widely varying sous and climates. Correl-
ations of the variability in VOC concentrauons and soil moisture with sample size were generated.
Variabality 1n soil moisture content with sample size can be used 1o esumate an appropriale sample
size for measunng soil VOCs.

The U.S. Environmental Protection Agency (EPA), through its Office of Research and Development
(ORD), prepared this abstract for an oral presentation. It does not necessarily reflect the views of the
EPA or ORD.



€1 S661 ‘€T Areruqa ‘Aepsiny],

‘35N JOJ UOTIBPUIIOIAS JO JUIWISIOPUD IININSUOD IoU S0P snpoad (eI

-wo0 10 s3ulvy IpEA) JO UONUIN ‘uones1Iqnd Joj pascidde pur ma1adl Adualy 01 parddfgns udaq sey
[ -AImNsU] [EUOWDIA [aNRY 01 (- [0-7907T8 WD) Wweunasdy aaneradoo)) sapun £3uady UOTIdIANOL]
[BwuswuoIIAug S 1) Yy Aq ued ut 0 A[JOym papunj uNq SBY UIWNDOP STY] UT UOTIBULIOJUT Y|,

*$351A3p 9y} Jo Auanisuas pue Kip1dads ayl saosdun 01 parednsaam Suraq e 1By saunseAw
aqudsap s uonwuasad sy SDOA Jejod pue rejoduocu jo uondIRp awm-jeal Iy UO AUPIUmY AN
-g[as JO $1091J9 pue ‘awn asuodsal ‘ANansuas ‘A1OYIoads A I1eN[EAS 03 pauuoprad aam suewuadxy

-saogpaut Juridwes Jte 19uIp 0m1 31 Jo safeiurapesip pue sadeiusape 41 awautjap ot padjay
aagy waisks den uol/IN.1/3utjduses ITe 10AITp UOTIBINGLIOD I YliM PIUTEIQO SI[NSad ATRUTUI[IL]

“JTB UL SDOA PII02{3s JO IUSLLIAINSEIW 311 JOJ

221005 uonEZIUO! 331eydsip mo[d Surgdwes ousydsoune ue pue surIqUIIW JE[NgM J]qeduwiadnuds €
yim umsAs uOnBUIQLIOS Y1 Jo UONIAAO AYI PIAIBNIBAY IABY A\ P3N 2y u1 pakojdap Ajised aq ued>
pue ‘y3ram1y31y pue [ews st wownnsw ay], Audiydads pue Anantsuas Y3y yum spunodwios fenpia
-1put JO uUOTIEZLERIBYD snondiquipun situuad ‘apow SW/SIAL 2y W paresado usym ‘pue Suuonuow
UOl 3ATID3[3S U1 Jo I[qeded ‘Auojasay ‘51 1] ‘samxtwl xajdwoo w spunodwios 123181 [enpiatpul Sune|
-0s1 Ajsnodurijnuns Jo suedaw anbrun e saplacid osfe 1| “sdesy uot \pim poaredosse Ajeunou Surdieys
2ovds 01 9np 5139))0 a3 saznumuiw A3ojouyd>an (IN-I) PIeYJ 3sou pasaiy jo uonedstddy -dexn uol
ajodrupenb [eUOISUSWITP-2AIY 1y; K1240951(] D¢ IPRIS-youwasal s auLpaja] uo paseq st UIsAS ay],

“(301nos uonezuor 3d1eydstp mo[8 duriquidw ajqeaunadiuids) saoepaun Surdures

1re panp om tm £8ojouydar den uor 3y1 Fuisn ‘S[AAI[ 0EN ® (SDOA) Spunoduiod dtuedio Iffejoa
1ejod pue 1€j0duoU JO IPBIL AUSM FIUIWUNSEIJN “SUOTIRIIUIIUCS UMOWY I8 sumxiw punodwos 1die
91 JO DUINOS Y} S€ PISNH SBA JIQUILYD 153} [FIUSUILGIIAUD UY “SUONIPUOD PITjoJIund Japun A101RI0GE]
31 T PaEN{EA U33q Sey 1awondads ssew des uot Jurdures Jie AP v “aum-[e W swenfjod sre
1X01 1011UOW 01 5113wos0ads ssews Ijqeuod pRY jo WAWDO[AIP Y UL I5ANUT Julseauour ST Y],

T14LZ DN V404 218upri] youvasay “TyHNY ‘Kouady wondraloid pprawuostauy s ()
“Cuuag oW 'V M PuP p2ld " [P0 ‘[OZEP HO ‘Snqumio) ‘aminsu] joriowaly 2oy K3ojouysa ]
patpddy puv aaunag Nimydsowry ‘Kuuay A piovo(q puv ‘uvyolv)) [ Y104 ‘wop109 “ | Kauphs

SATALA ASION AAUALTEA
HLIM JALIW0ALIAAS SSYIN dVIL NOI IT8VAOIdAG-ATILA V DNIS))
AIV NI SANNOJINOI DINVOIO TTILVTOA 40 SISATTVNY HOVEL LOA¥IA

*sisAjeuE K101RI0GR]

puE p[al §iog J0] 231a3p Jurie;uaduod sup jo AiMiqeotidde i alensuowap pue suonipuco uondios
3uiliea sopun spunodwiod jo K13UBA € 1O SI01D8] UOIIBIIUIIUOD SB [[am 5B SIAIND UONKI0SIp enlead
[T uonriuasaid oy “1omod [eoupala jo (ead) suem (g uelp ssaf Funsn s[aa3] qdd qns ® SDOA

0 23ues apim e 9zK|eue o1 syder3orewosyo> sed csonu 1uasasd sajqeus ssacoud sryj, -den oudtw § wilf
pueq uondiossp mouel & 01Ul pasndoj Apuanbosqns pue des 1usqi0s 921¥] B UO PARIIUIOUOD 3G O1 118
RIqWE Jo aumjoa adse[ v moffe suaquospe oyidads jo uoneuquiod Y| ‘sHF) doiyouaq se [[am se
s7y0) diyoosdtus ajqeqreae Apuasaid [e13a3s i SuprpAIUT Jo S[qeded S AP JR[NPOW SI SI3[[0N
~UO0O MO[J pUe 513183y ‘saAea parenide 1indwoo Jo asn ay) gy den 3uisnooj pur Funenuasuod

e jo uonesodiooun ayi Aq uodn 1[inq u32q sey ydesdowwosyo se8 dyoousIW © JO UDISIAA PAOUBYUD Uk
yim uonenuasuoaud sjdwes Jo $590ns SNOIAALJ “JOTRNUIIUOD WWAQIOS Prjos Iels om1 mau & Jo uon
-OnIISUOS Y1 OF PR Sty sAWsUL J[qekofdap Platy 10§ SHOA JO SHWI] UONIAIP JaMO][ 01 sidwany

puUDISMO ‘28n0Yy uoIvg ‘KNSiaa1u[) 1DIS DUDISINOT] ‘|IDH UOSUTYIY 7§ ‘SNPNIS [DIURUUONAN]
aof ampsu] ‘Duastuavy( " H ‘140M31S "' W KausnD) "y Y ‘oA g ‘o8utop WY

ALV NI SD0A 404 YOLVIINIINODTYd HOVLS OML AVINAON MIN

Suypuvy a1duns pup Suljduing



Recent Technology Advances

MINIATURE ION MOBILITY SPECTROMETER DETECTOR

A. Peter Snyder, Charles S. Harden, U S. Army Edgewood Research, Development and Engineering
Center, Aberdeen Proving Ground, MD 21010-0068, Robert B. Turner, John H Adams, Steve J.
Taylor and John Fitzgerald, Graseby Dynamics, Watford, Herts, U K., Robert Bradsha w, Bulstrode
Technology, Hemel Hempstead, Herts, UK.

Ton mobility spectrometry (IMS) has been a laboratory phenomenon for the last 25 years, while a
hand portable unit with proven field capabilities, the Chemical Agent Monitor (CAM), has been in the
mulntary inventory for approximately a decade. The inherent simplicity of IMS and its operauion a
aimospheric pressure and ambient temperature conditions made it an attracuve technology to transi-
uon from the laboratory 10 the field. Analyte ionization requires no power since this is effected by a
nickel-63 source. In NATO venues, the units are used for real-time (seconds) detection of very small
amounts of nerve and blister agents. Nerve agents are phosphoryl-containing compounds, and a per-
fect marriage was formed between that class of analytes and IMS. This is because IMS is extremely
sensitive and relatively specific to phosphoryl functional groups.

Recently, IMS technology has been reduced in size to that approximating a small VCR-sized remote
control hand unit. A number of revolutionary changes have occurred with respect to conventional
IMS resulting in significantly lower power usage. The unit operales on demand and automatically
powers down afier a sample interrogation. The system has the capability of taking a background IMS
scan of itself prior to sample introduction in both polarity modes, and then a scan of a sample in both
polarity modes. Positive and negative ion difference spectra are the resultant information, and this
entire sequence occurs in 2-3 seconds. The unit automatically turns off or can be programmed for
repelitive sampling at defined intervals. The conventional pump motors which introduce, circulate
and remove the sample airstream have been replaced with a molecular sieve passive system that uses
no power and ensures a dry IMS system. The sample introduction system motors have been replaced
with a small audio speaker that is usually found in commercial wire-nmmed radio headsets. The dis-
placement of the speaker cone, typically a few 100 microliters, dictates the volume of sample ingest-
ed. The ionization source operates on either a nickel-63 radiation ring or a nonradioactive carbon
fiber corona discharge source. With respect 1o the highly regulated issue of radiation, the nonradioac-
tive ion source is the more attractive version.

Single and mixtures of illicit drug synthesis and purification solvents and drug precursor molecules
were tested with the device for detection and charscierization purposes and which comprise a test set
of compounds that are of interest to drug and law enforcement agencies. Compounds include
methanol, cyclohexanone, dicthylether, phenyl-2-propanone, acetic acid, acetone, isopropanol and
methylethylketone. Mixtures containing equal and different concentrations of the drug solvent and
precursor compounds were tested for their detection of presence by headspace vapor analysis with
respect o single compound ion mobility spectra.

It appears that the palm-size IMS unit has the potential of being a practical analytical tool for indoor
use and it is projected to have the potential for outdoor use.

14 Thursday, February 23, 1995

REMOTE ELECTRODE FOR MONITORING METAL CONTAMINANTS
J. Wang, New Mexico State, Las Cruces, NM 88003 and K. Olsen, Battelle PNL, Richland, WA 99352

The development, characterization and testing of a remote electrode, for downhole monitoring of
trace metals will be described. Based on the highly sensitive electrochemical stnipping analysis, the
novel sensor (connected to a long communication cable) addresses vanous challenges of remote mon-
itoring. Convenient quantitation of ppb concentrations of copper, mercury or lead, wall be reponed.
The new indwelling probe should be very attractive for the immediate detection of sudden metal cont-
aminations or for providing feedback during cleanup activities, and may thus revolutionize the way
by which heavy meals are monitored.

Financial support from the WERC program and Bauelle PNL is acknowledged.
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Case Studies in Field Screening

“FIELD SCREENING” SAMPLING METHODS USED IN PLACE OF “STAN-
DARD” SAMPLING METHODS TO PROVIDE DEFINITIVE DATA FOR THE
INVESTIGATION OF A NATIONAL PRIORITY LIST SITE

Jeffery R Carter, Hazardous Waste Remedial Actions Program, Martin Marietta Energy Systems,
Inc, Oak Ridge, Tennessee, Dr. Milton Beck, Dover Air Force Base, Dover, Delaware, Robert Lyon,
Dames & Moore, Inc., Bethesda, Maryland

The objecuve of this presentation is to report the effective use of “field screening” sample collection
methods in place of “standard” sample collection methods to provide defimuve data at a National
Prionty List (NPL) Site.

The “standard” method of collecting samples in unconsolidated material uses an auger drilling rig;
soil samples are collecied using split-spoon samplers; and groundwater samples are collected from
monitoring wells. This methodology 1s time consuming, costly, and creates added wastes (e.g., dnll
cuttings and large volumes of purge waters). Geoprobe™ sampling devices can be used to collect
soil and groundwater samples significantly faster, and with a minimum of generated wastes.
Although considered a “field screening™ sample collection method, the Geoprobe™ sampling system
can be used 1o collect samples with comparable quality 10 “standard” sampling methods and can pro-
vide defensible data to support site status decisions.

The U.S. Environmental Protection Agency (EPA) placed Dover Air Force Base (AFB), Dover,
Delaware, on the NPL because of the presence of contaminated soil and groundwater. Nine major
areas of associated constituents and 59 individual sites were identified. A basewide Remedial
Investigation (RI) is under way 1o define the extent of contamination. To accelerate the investigation,
a field screening program was initiated before the RI. This program uthized soil gas and geophysical
surveys, Geoprobe™ sampling, and on-site and fixed-base laboratory sample analyses. The program
vB&a&E a clearer picture of conditions at the Base and allowed a more efficient use of resources dur-
ing the RI.

Nommally “screening™ samples are submitted to a field laboratory, which provides analytical results at
EPA Level I data quality. Level II data are, by EPA definition, not acceptable for use n Risk
Assessments and, therefore, are not acceptable in supporting final decisions on sites. However, dur-
ing the field screening program at Dover AFB, an innovation on the normal procedure was imple-
mented. Fifty-nine of the 203 groundwater samples and all 16 soil samples collected were submutted
1o an EPA Contract Laboratory Program (CLP) facility for analyses. The CLP laboratory provided
analytical results at EPA Level IV data quality. Level IV data are usable for Human Health Risk
Assessments and can support final decisions on sites (e.g., no further action). The deciston 10 use this
approach was reached by the Dover project team, which included staff from EPA Region III, to expe-
dite the decision-making process and move forward on addressing the environmental challenges a1 the
Base.

Using “screenung” sampling methods instead of “standard™ methods provided other benefits to the
project, including:

saving more than $200,000 in sample collection alone,
eliminating drilling waste,

saving a minimum of 250 project/work-hours, and

reducing the duration of field activities by approximately 20 days.

In summary, “screening” sampling methods are acceptable for collecting samples that can be used 1o
support final decisions on the status of sites and also provide cost and time savings over “standard”
sampling methods.

The submited manuscript has been authorized by a contractor of the U.S. Government under gontract
DE-AC05-840R21400 with the U.S. Department of Energy. Accordingly, the U.S. Govemment
retains a paid-up, nonexclusive, irrevocable, worldwide license to publish or reproduce the published
form of this contribution, prepare derivative works, distribute copies to the public, and perform pub-
licly and display publicly, or allow others 1o do so, for U.S. Govemment purposes.
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A COMBINED TECHNOLOGY APPROACH TO MULTILEVEL GROUND-
WATER SCREENING

A Tingle, Analysas Inc *, Oak Ridge, Tennessee, L. Baker, Automated Sciences Group**, Oak Ridge,
Tennessee, D. Long, Hazardous Waste Remedial Action Program, Martin Marietia Energy Systems,
Inc., Oak Ridge, Tennessee, and M. Miracle, Advanced Sciences Inc.***, Oak Ridge, Tennessee

Several commercially available technologies were combined to rapidly characienze a historical fuel
spill in a sand and gravel outwash aquifer. Historical data indicate that possibly | to 6 million gallons
of aviation gasoline had been discharged at the source area from 1955 10 1970.” The Remedial
Investigation (RI) at this site indicates fuel-related contamination in the capillary fringe beneath the
source area. Rapid honzontal groundwater velocities (~1.7 fi/day) and the 39-year time span between
the first discharge and the present could possibly place any resulting groundwater contamination far
from the source. Downgradient groundwater wells installed during the RI show no significant conta-
mination, which suggests that the groundwater wells installed during the RI were not screened in the
plume, the quantities of fuel released at the site were much lower than estimated, or degradation of
the fuels is waking place.

To determine the presence and extent or absence of fuel-related contamination and the possibility of
past or ongoing biodegradation associated with this site, several technologies were integrated into the
field program. Drive point technology (i.e., Geoprobe) was selected as the intrusive sampling method
because 1t (1) provides rapid sampling rates, (2) reduces investigation-denved waste (it minimizes
purge volumes because it uses [-in.-diam casings and generates no drill cuttings), and (3) minimizes
formation disturbance because it uses small-diameter drive rods and rotary mouon is lacking. This
technology advanced a 1-1n.-OD steel drive rod into the aquifer to depths ranging from 72 to 120 fi
below ground surface. After advancement to the desired depth, a screen was extended from the 1-in.
rods, and an 1nertial pump was used to sample groundwater. Groundwater sampling began at the bot-
tom of the boring and continued at discrete 10-ft intervals to the water table. Eh, pH, specific con-
ducuvity, turbidity, temperature, and dissolved oxygen were measured in a closed cell apparatus and
recorded at each interval. A mobile on-site field laboratory analyzed samples from each interval for
fuel-related compounds, total petroleum hydrocarbons, and dissolved carbon dioxide and bicarbonate.
Accurate locations for each sample point were determined using global positioning system technolo-
gy- Although existing groundwater maps were used in the initial placement of the Geoprobe bonngs,
locations were adjusied in the field based on the data generated in the field laboratory. After the
screeming phase, permanent 1-in. stainless steel monitoring wells with prepacked stainless steel
screens were installed using drive point technology.

Advantages of combining drive pont technology, a mobile laboratory, a global positioning system,
and other technologies include (1) mimimization of invesugauion-derived waste, (2) minimization of
formation disturbance, (3) rapid generation of multilevel groundwater screening data to facilitate deci-
sion making while in the field (27 days in the field at 30 sampling locations analyzing 190 samples
plus quality control samples and installing two permanent monitoring wells), and (4) generation of a
complete data set by one field team in one mobilhization effort. This combined approach 10 site inves-
tigatons resulted in a significant savings of time and money for the client.

*Work performed by Analysas Corp. under general order contract 30B-9778C with Martin Marietta
Energy Systems, Inc.

**Work performed by Automated Sciences Group, Inc., under general order contract 30B-9778C with
Mantin Marietta Energy Systems, Inc.

***Work performed under general order contract 77B-99167C with Advanced Sciences, Inc. with
Martin Marietta Energy Systems, Inc.

The submitted manuscript has been authored by a contractor of the U.S. Government under contract
DE-ACO05-840R21400 with the U.S. Department of Energy. Accordingly, the U.S. Govemment
retains a paid-up, nonexclusive, irrevocable, worldwide license to publish or reproduce the published
form of this contribution, prepare derivative works, distribute copies to the public and perform pub-
licly and display publicly, or allow others 10 do so, for the U.S. Government.



Ll S661 ‘¢T Areruqa ‘Aepsiny],

SuOISSIUId 3is wiodf Pedud jo UONBWTSI YL
SUOTIRIUIOUOD puncdyoeq jo uonewmsa ayy .«
sainpadoid SuTapow o UONBULITIUOD 3y

$30UNOS [EIUIPIOUL JO [BUOTIIPPE JO UONEDNUIPI AP
suonesado 9115 WOIJ SUOISSII JO UOTIBWNSI A1 »
suooJe| 21sem PIUINK W0IJ SUOISSTILD JO UOTIBWMS A1

:parEnqo8] sardojouyoan s jo uoneadaun oy j,

"SUDISSIWA 118 § 9IS A1 wouy spedun

uua-8uo[ pue -UOYS JO UONRUTULIAIAP Y} pue suoneIado 31IS Y WIOLJ $ITET UOISSIULI JO UOTIB[IDED
-¥oeq 3yl 10§ pamojje Surpapous uorsIadsip Ty 5asA[RUR [[R ULIIJUOD O1 SISA[BUR JOJ SGEB] O WIS UM
sajdwes asay ], ‘sojdwes sed [ios pue *xn[j ‘e JUDIGUIB 13[[0D O] PISN UM SIANSIURD BWWNG “ANUdP
-uadapui uooSe] Yora JO J1EI UOISSIUII DY UTULIIIIP 01 1310 W suooFe| paung Jo doy uo sajdures e
103[J00 01 Pash 2IIM SIIQWBYD Xn[f “sajdums qeid uo paroNpues KIS YHV L Y ULILUOD 01 pash
aram (1Y) J019312p uoneziuor uodse DN sjqeuod piayy pafonuod-d doi-de| e puk JazA[sue SW/OO
v -sajduwes sed yios ut spunodwods Swnuenb pus Bunoatep Joj pasn sem D) dipoIdIW UWIM{Od
Kre[pideo ojqeniod pIaYy Y s[eAIaul Jinuiw-g | 18 padBo] aam Ay araym 1sod puewiuico It 01 sBur
-pea1 panwisues] pue Ais uo paoeid am (sH0) sydusBorewosyd 588 (L) 1019919p uONEZIUOL JWe()
wasg (sapdwes quid eq 1e[par a°1) spoypaw 1Yo g Pa1afjo0 sadwes IzA[eue O pue AlUNWIWOD
Fuuoqydau oy Jo speas 3yt SUTPARIT I[Rym SUOTIRITUIOUOD IfE YL J01UOW O1 pasn sem (SIN/SIN)
Jarawospads sseuyiawoadads ssews aiqow (YOV L) J9zAfeuy sen) suaydsouny ddei] ay|

Burpapow uoisiadsip sre .
Suydures 12151082 RUILING .
Sundwes saqureyd xn|.J .
sis[eue SIN/DD .

siskeue QIv 50 -
sisAjeue ) diydouoiw .
sisk[eur (14 OO .

sishpue yOvL o

:apnpout p3

-eifoun saiojouydal ay | -pooipoqydiau uoelpe ue Jo Lirfenb sre wwaKque 31 uo ants pugsadas 13
-A0231 wnajonad & woay (s30A) spunodwos sredio afeioa Jo 1edun ayi ssasse 01 saido[ouydal jesa
-A3s SunriSaua Jo siMNsal A1 ANensn| [im voneuasad sy - Anunwiwod Suuoqyfrau e Uo suotssIud
ans jo pedun Kemyred sre 3y Fussasse ut nyssaoons paaoid sardojouyoay (k12435 Jo uonesAw ay |

A uO132Y ‘GAVIVdT 'S (1 ‘uOSUOH Y4 ‘A w0133y STASIVIT 'S (1 ‘42K wiof ‘YASLIV
unsaL0, o] “LYAIVAT S ‘Uidm] Qq Kupoy ‘6.9€-LE880 [N 'UOSIPT 20V 23p14qpoom 068T
WY U] ‘woIsIp *of KoY ‘snoroppdsad] [ [amB1 ‘uDwvBDAL Y 1098 ‘snav7 | £i08ai

HLIS ANNJYALNS AYTAO0DTE NNATOULAd V LV SNOIS
*SINA 40 LOVAII JHL ALVNTVAT OL SAIDOTONHIIL AALVIADAINI

‘saandalqo fijenb eiep pue walosd pautjap-[jam punose

padojaaap satdamns [eondeue sadoid y3nonp paziear 3q A[UO URD SIJAUI] ISIY 'JAIMOH IuIU
-adeuew 3npayos pue ssaooud 3ANIJJ2 puR WIDLYJI YBnotyl pazieas sButALs Yt s [[am §€ 1500 82
-nAjeue uo sSulaes [ENUBISQns Wl pajjnsal pauasaid sased gl jo yrog -paced Appoinb pue aatsuadyaur
K|2ANE[al 2Wo03q UED SUOJJI [BIPIWAL STOIPIY IsLMIaYIo “10a(oud ® jo sadse pareEuaiul Auew 10§
J]qE[TEAE ST BIBD , JWM-[31, U[A\ ‘SHOJJD [BIPWIA JO UOMNIIXI IANIIJJ3-1500 pue ‘313dwsoo *1adoad
piemol j001 [npamod © 3q 01 uaaoid sey iep [EdnA[EUR PILJ ‘SIAPNIS ISEO IS AQ PARISA[YT 5y

*$[3A3] UONOE Yl MOJaq
9% UOTNBUTWEIU0D Paureiuod sajdures a Y3noy usas saf[eus a1 [[8 J0) pood K124 Ajeonsn

-e1s sem sajdwes wds snuayine (g 10§ simsa K101eI0qR] JTD) PUE JYX PIa1) Yt U2IMIaq UONBIALIOD
Vv sinsas K1o1esoqe| 41D 01 pauedwods juswinnsutl 3y Jo Iduwl £ominode dTweuhp Iy UTRUIISE O}
pausiopad sem Apmis Kiriqeredwod wiep v “KSojopoyiaw pue uonwwwnnsu eondrue arudosdde
2y se patoa[as sem Adooasoupadg (3 X) 2ouvdsauon]] Key-Y ‘sasAmeue pannbas vq3g s Lirpquied
-Woo UNSUI O1 JIPIO Ul SIS J°1D) JO aaneuasaidal 3q 01 pey we(d ayy Aq pasmba sinsas eonAeue
SWIN-[eal 9Y] "E3LB YOBI Ul pasinbas UOTIEABIXD JO WAXI I AAULIRP 01 pue ASuA1dIYj Bunesado
uepd [eumdo sutuLaIIp 01 XoBQPI9) [BoNAeue Yoinb paumbas Yomm | Buryse p plog,, pazimn Apawas
pa9jes Iy, [oyau pu ‘3addod ‘wiNTWIOIYD JO S[IAI] PAIBAI[S ilm spOs pus spueq 28pnjs Sul
~ureIuod A351ar MIN WAINOS I UL BB UOOTE] JPULIOJ B SBM IS UONBIPIUDI YD) HFD PUOIs Ay |

'spios  Auip,, pue s[ios ,Ue3]d,, 01193dsas yitm usis

-uoo asom sasKyeue apdures 1yds gQ Wt gDd pue FL 10] sinsas KIO1RIOQE] J7]D) $ISIAA SINsA Kii[ioe
2Us-UO Y| "s52004d UONEPI[EA I} ABUTDE) O Pue sJUIWITDA $3[qRIAAIIRP wIep P3Y Y1 19w

01 pado[242p sem wemIjos Bulssacoid viep pazruOISN) "5[020101d JTD Yim UANSISUOD [3A3] Auijenb
e1ep [eonkeue ue 18 padojaaap uam sJOs pue s[odoiid DO/VD (dId/DD) 01 UONEZIUOLOL
-oydyyderdorwanyo 583 (/SQ| g rAC104] aiqeuod B uisn paroaep pus PaAjos aq pinco spunod
W00 JO 1ST] MU 24 TBYl PIUTULIZNP SEM 1] "SIMBIOA , 2[qeLYPE3] [®101,, Jo (qdd) uornq sad sued g1
uei ssaf aq 03 $[3A3] JI0s ueap,, palinbal ydq oYL "SUOQIBOOIPAY FUINE PITBULIOJYD U dIBILIOIE
papapw YIym (SHOA) spunoduioo 51usdio IME[OA T| PUNGIE PAIAUID SIOS IS Y3 JO UONETIPIWAI
UM eIURAASUUIJ WIIISBIYUOU Ul AN[I8] JULIGIBIRURW 2ANOE UR PIAJOALT s VI DA 1891) M|

-aswyd [eipawai s, pafoud

& Suunp asuadxa pue swm 3udnpas ut voddns reonAeue pyaty , aum (e, Jo 1omod i Ljdunxa
pue sjuBUIWRIN0D IS FuLdgip Kpisea Jof SISK[BUR Plalj JO SSIUIANIYYS A1 Jo suONRIBA[{I J3JjO
SIIpmis 9580 35Y | “AISUIf MIN WIINNOS PUR BIUBAIASUUI] WIANSEIYUOU UT 535 punpsadns 1@ uon
-EIpowal s[1os Jutajoaut s109fosd om) soy uoddns [EINAEUR PRRY PIpLA0sd 3MAIS o [ SVA-INHE ML

"l ‘WY " Yd ‘SHIPY " PP PUD ‘UOMULYIDD "y PIAD( “TpTungIsploD T wonm

NOLLVIGAWAA ALIS ANNJYA4NS ONINA LAO0ddNS TVILLATYNY ATdLd

832408 P31, Ul S1PpNIS ISD))



New Developments in Monitoring and Measurement Methods

ENVIRONMENTAL AND ATMOSPHERIC MEASUREMENTS AND DATA COL-
LECTION FROM A HOT AIR BALLOON

Steven M. Watson, S45TG/TF, 5948 Southgate Ave, Hill AFB, UT 84056, Robert T. Kroutd, US Army,
ERDEC, APG, MD 21010, Trevor Spencer, Colin Flynn, Robert Eason*, Timothy Holloway, Defence
Research Agency, St Andrews Road, Malvern, Worcs WR8 3PS, UK 44-684-895644, *Now with
Procurement Executive, Ministry of Defence, London, UK, Gary Lumsdon, Institute of Aviation
Medicine (Royal Air Force), Farnborough, Hants, UK, Pierre Sokolski, Stan Thomas, High Energy
Astrophysics Institute, Department of Physics, University of Utah, Salt Lake City, UT, Ken C. Herr,
Jeff L. Hall, GJ. Schere, and M L. Polak, Environmental Monitoring and Technology Dept., Space
and Environment Technology Center, The Aerospace Corporation, Los Angeles, CA

Tethered and m_do-:wim manned hot air balloons have been demonstrated as platforms for various
atmospheric measurements and remote sensing tasks. We have been successfully accomplishing
these tasks since the winter of 1993. These platforms are inexpensive to operale, do not cause atmos-
phenc disturbances due to high speed flight, are extremely stable and free of vibrauons inherent 1n
aircraft structures. The equipment operated and tested on the balloons includes, but not limited 10,
vanous spectromelters, high resolution CCD cameras, mid- and far-infrared cameras, a radiometer, a
FLIR system, video recording equipment, ozone and nitrogen oxide analyzers, collection canisters,
acrodynamic particle sizer with associated computer equipment, tethersonde, and a 2.9kW ponable
generator carried beneath the balloon providing power to the equipment. Vertical profiling of pollu-
tants have been accomplished in wintertime inversions and summerume conditions in urban areas of
Utah. At the Dugway Proving Grounds, we have flown the balloon into diesel and fog o1l smokes
generated by turbine generators to obtain particle size distributions. The Defence Research Agency,
part of the United Kingdom’s Ministry of Defence, teamed with the 545 Test Group, Utah Test and
Training Range, Hill AFB, Utah, to acquire data on atmospheric transmission through slant paths
from 0 to 30 degrees, with the horizontal, at various ranges. Measurements of the image profile of a
focussed argon ion laser beam were made with a high resolution CCD camera in the balloon. Fast
radiometric scans of the balloon were atempied from a radiometer located on the ground. Fourier
transform infrared (FTIR) spectrometers operating in the 8 1o 12 micron region were used m conjunc-
non with a coaligned Inframetrics infrared camera, with various narrowband fulters, to characterize
chemical plumes being emitted from a simulated industrial stack. The instruments were mounted in
the hot air balloon operated at several different altitudes in order to measure the near field (0-800
meter) plume characteristicy at different effective horizontal resolutions and 1o assess the sensitivity
of these instruments for measurements in the far field regime. We will be performing an experiment
where there will be controlled releases and collections of gases in order 1o provide truth data for mea-
surements that will be taken by a CO, lidar system. Ultraviolet scattenng and absorption experiments
have been carried out at the Dugway Proving Grounds, UT with the Cosmic Ray Research Team of
the University of Utah using their High Resolution ultraviolet sensor arrays. This paper will present
and discuss the results of these tests. In addition, results from other tests performed with the balloon,
1o nclude remote sensing through various obscurants and a test of a low cost optical tracking system,
will be presented.
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NEW ADVANCES IN SOIL GAS SURVEYS: CONTINUOUS MONITORING
USING A MASS SPECTROMETER (SVS-MS)

Emma P. Popek, Laboratory Director, Peter C. Balas, President, Onsite Environmental Laboraiores,
Inc., 5500 Boscell Common, Fremons, CA 94538

Onsite Environmental Laboratones, Inc. (ONSITE) of Fremont, Ca. has integrated a Viking
SpeciraTrak 620 GC/MS system with conventional direct push soil gas survey hardware 10 produce
an innovative approach to soul vapor surveys. Hundreds of data points may be obtained each day
with a complete Mass Spectrometer (MS) scan of each soil gas sample at an analysis cost of $7 to
$20 per point.

SVS-MS significantly improves the quality and increases the quanuty of analytcal data available
through soil vapor surveys. Current methodologies Limit the number of samples per day by the run
ume of the GC and the required detectors for the specific analytes. ONSITE's new methodology
enables clients to receive their data in 3D at the end of the day so that they may evaluate acuviues
and make decisions in real time.

Using argon as an ntemal standard, ONSITE 1s able to quanutate contaminants more accurately, by
eliminating the inherent error in determimng sample volume using conventional methods.

Uuhizing the MS scan, ONSITE 1s able to measure not only the target compounds but also such trac-
ers of aerobic and anaerobic bactenal activity in soil as CO,, CH, and H,S. These key wdicators
may provide cntical information to the geoscientist evaluating the subsurface conditons.

Data acquisiion, or “analysis ime™ as is referred to in conventional soil gas surveys, 1s no longer an
1ssue with ONSITE's new process. The sod gas 1s introduced directly 10 the MS via a silicon rubber
membrane resulting 1n real time, 1nstantaneous results. Project managers in the field are now able to
evaluate the subsurface conditions 1n real time as the probe 1s being advanced.
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Expedited Site Investigations and Rapid Turnaround Methods

EXPEDITED SITE CHARACTERIZATION (ESC) USING THE M? APPROACH
M3 = MASSIVE, MODERATE, MINIMUM

S. Tindall, Bechtel Environmental Inc., San Francisco, CA

‘The main objective of this approach is to quickly and cost effectively idenufy and classify potential
Areas of Concem (AOCs) as “clean” or contaminated, thus allowing potentially responsible parties
(PRPs) to save limited resources by ceasing costly investigations and undertaking removal type
acuons expeditiously. The ESC m3 approach also overcomes the high degree of uncenainty typically
associated with traditional site investigations resulting from a lack of comprehensive scoping. Thus,
EPA Region IX has agreed to accept and use, for risk assessment purposes, the data generated from
the ESC M3 approach, providing the data quality is known and confirmation analyses are performed.
The extraordinary benefit will be 10 eliminate any further action on those AOCs found 10 be clean
using this approach. Finally this approach reduces the large number of non-detect samples that are
customarily submitted for CLP-type (i.c., Contract Laboratory Program) analyses.

The ESC M? approach consists of the following three steps: Step 1) a “massive” sampling effort 1s
first conducted at an AOC (e.g., 200 samples are collected using a grid approach); the samples are
analyzed on a daily basis using real time onsite methods and field screening (FS)-type data are gener-
ated; Step 2) a “moderate” sampling effor is then conducted (e.g., 20 sphits of the Step 1 samples
from “clean” locations in a clean AOC or a lesser amount of splits from “hot” locations in a contami-
nated AOC, along with boundary location [extent] samples) to provide onsite venfication of the FS-
type data; the samples arce analyzed using onsite CLP-type methods and field quanutation (FQ)-type
data are generated with an agreed upon level of QC; and finally, Step 3) a “mimumum” sampling
effort is conducted (e.g., 4 splits of the Step 2 samples from “clean” locations for a clean AOC and
from “hot” and boundary locations for a contaminated AOC) to provide verification of the FQ-type
data; these confirmation samples are sent to an offsite laboratory for analysis, and CLP-type data are
generated.

Note that both the FS and FQ steps will generate quantitative results (i.e., concentrauon values for
every analyte). The main difference 1s in the level of precision. Studies have shown the FS data pre-
cision 10 be comparable to CLP-type precision. While the level of QC for the CLP-type data 1s
known, the appropriaie levels and amounis of QC for the FS-type and FQ-type data still need 1o be
defined.

All FS-type and FQ-type data will be loaded into an onsite dala management system with three-
dimensional (3-D) visualization capabilities. These data will be viewed by site managers onsite and
by Remedial Project Managers (including regulatory agencies) via modem transmissions at the end of
each day. Thus, remedial decisions will be made on a daily basis, rather than, as is typical of current
practices, months or years after each phase of the site characterization field work has been completed.
It is possible that only one field investigative effort will be required using this approach since data
gaps can be seen on a daily basis and then accounted for on succeeding days while the investigation 1s
ongoing. Remobilization time and costs can be eliminated greatly accelerating the remedial process
while drastically reducing the costs.

Recent cost estimates at a Federal Facility in California have shown this approach can realize a sub-
stantial cost savings when compared to the traditional RI/FS site characterizauon approach. This
approach is being planned for implementation at two Federal Facilities during the summer/fall of
1994. Case studies will be presented at the February 22-24, 1994 FS Symposium in Las Vegas, NV.
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ACCELERATED SITE INVESTIGATION USING FIELD SCREENING METH-
ODS: A CASE STUDY OF A TEAM APPROACH

Michael E. Barber, Analytical Technologues, Inc.-FAS and Dr. Brian Abraham, Sue Works, Inc.

Field screeming dala is becoming a necessary tool for environmental site invesugauons. The use of
mobile and close-support laboratories has allowed for rapid, informed decision-making and 1s evolv-
ing a new approach to site investigations. Analytical Technologies, Inc. and Site Works, Inc. have
teamed to provide quick turnaround data to support a large scale site investiganon under the Navy
Clean program dunng the summer of 1994. The teaming arrangement on thus project has combined
each company’s expertise into an integrated analyucal laboratory providing high volume, quick tum-
around methods for TRPH, PCB's, PNA’s, and metals. The methods used include fast GC/MS (SIM)
for volaule and semivolaule organics, field transportable ICAP for metals, and pontable IR for TRPH.
This paper will discuss the use of field screening data and a team approach to providing on-site ana-
lytical services. Issues such as mobilization, quality assurance, data quality objecuves, operaung con-
siderations, and field suppon of a long-term, remote project will be discussed.
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Field Screening Issues

THE DIFFUSION OF INNOVATIONS IN THE ENVIRONMENTAL MARKET-
PLACE

John Moore Jr., HNU Systems, Inc., 160 Charlemont Street, Newton, MA 02161

Recently, there has been much talk by public officials, industry and others about the need to facihtate
the adoption of new technologies within the environmental marketplace. Currently there are a num-
ber of barriers that exist which hinder the adoption process. These barriers include: permit and com-
pliance programs and requirements, the trend to legislate technological solutions, balkanized regulato-
ry programs, a dearth of education and training programs in the use of new technologies, and the lack
of neutral third panty evaluation and validation of new technologies.

While all these barriers play some role in the adoption process, often the degree to which a speafic
barrier hinders the use of an innovative technology is not well understood. Therefore, individuals
both in the public and private sector, may develop soluuons to perceived barners that ulumately may
have very little impact 1n increasing the rate of adoption for a new technology.

To address the issue of barners to technology adoption, one must first obtain a fundamental under-
standing of how a new technology is diffused within a given sector of the environmental marketplace.
Without this understanding, the barriers that one may try to alleviate may not be the cnucal barmers
that are hindering the use of a new technology.

This presentation will identify some of the most criucal bamers that currently hinders technology
adoption. Secondly, the various methods by which technologies are diffused into the environmental
marketplace will be described. Examples will be given where changes n policy to encourage tech-
nology adoption have not had the intended impact due to the lack of considerauon for the diffusion
process. The presentation will conclude with recommendations of how 10 incorporate the knowledge
of diffusion processes into technology adoption policies, leading to greater success for new technolo-
gy developers in the environmental marketplace.
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IMPEDIMENTS TO NEW TECHNOLOGIES FOR HAZARDOUS AIR POLLU-
TANT MONITORING

Elizabeth McGrath, Center for Process Analytical Chemustry, Universuty of Washington, Seattle, WA
and Michael Dellarco, Office of Research and Development, US Environmental Protection Agency,
Washington, DC

This presentation descnbes policy and regulatory impediments encountered in efforts 1o foster and
adopt new measurement technologies for hazardous air pollutant monitoring required by the Clean
Air Act of 1990. Through the Center for Process Analytical Chemistry, a Nauonal Science
Foundauon public-private research partnership program, our work has revealed that introduction of
new monitoring methods 1s not limited by technology nor market considerations but by regulatory
impediments. Cooperation between petroleumn industry members of CPAC and the EPA to idenufy
and introduce new technologies indicates that a variety of insirumentation could be applied 1o haz-
ardous air pollutant monitonng required by these new regulations. Yet, Agency programs are ill
equipped to enlist them. We have found that formal rule making procedures do not always reach
mterested scientists and lack flexibibity 1o incorporate new technologies. Communicanon of Agency
research interests and programs with the pnvate sector could be improved; panticipation in scientific
meeungs and workshops apparently is not enough to simulate collaboraiion. Agency surveys of new
technologies are incompleie. Surveys do not sample the technical community adequately.
Frequently, industry responses lack detail. Technical suppon, essential o define performance accep-
lance critena, protocol review, and qualily assurance guidance is not widely available. Yet these
wgredients are essennal for mndusiry 10 invest in research of promising technologies. We have taken
steps Lo improve opportunities. Through formation of a workgroup, efforts are underway to produce a
direciory of organmizauons and individuals 10 improve the coverage of Agency technology surveys and
10 improve ndustry parucipalion in these surveys. Through collaborative field studies, efforts are
underway 10 1dentify regulatory barriers, enhist the support of Agency officials to reduce or eliminate
them, and to develop performance criteria, protocol reviews, and dala evaluations that will foster
investment by industry n new monitoring technology research. From this experience, performance
critena, qualily assurance requirements, and comparability demonstratons will be defined in more
detail for subsequent studies. The take home message from our work indicates that greater effort to
idenufy and reduce regulatory barriers is warranted 10 foster the introduction and application of new
technologies for environmental monitoring.
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Use of Laser-Based Technologies

LASER-INDUCED FLUORESCENCE (LIF) SPECTROSCOPY OF POLYNU-
CLEAR AROMATIC COMPOUNDS (PAC) AND MINERAL OILS IN HUMIC
ACID- AND SOIL-CONTAINING COMPARTMENTS

H.-G. Lohmannsriben, M. U. Kumke and Th. Roch, Institut fiir Physikalische und Theoretische
Chemie, TU Braunschweig, Hans-Sommer-Str. 10, D-38106 Braunschwe:g

Laser spectroscopy has been established as an imporiant tool in environmental research. Among the
various spectroscopic lechniques employed, laser-induced fluorescence (LIF) is distinguished by out-
standing sensiuvity and high selectivity, and has therefore found considerable fundamental and pracu-
cal interest. However, due to the heterogeneity and opacity of soil matrices, the qualitative and quan-
litative investigation-of fluorescence signals obtained from soil-containing environmental comparn-
ments imposes usually considerable experimental difficulties.

In order 10 investigate the benefits and limitations of luminescence analysis in humic acid- and soul-
containing samples we use selected PAC as model fluorophores and mineral oils as realistic contami-
nants. Single- and multi-channel stationary and ume-resolved fluorescence measurements were per-
formed to obtain basic photophysical information and experimental data relevant for the in-situ and
on-line analysis of soil-containing samples. Results of the following invesugations will be presented:

+  Investigation of the quenching of PAC fluorescence by humic acids. The combination of
stationary and time-resolved measurements provides insight in the mechanisms of fluorescence
quenching and in fluorphore/humic acid-interactions.

«  LIF-measurements directly from the surface of soils doped with model and mineral ouls.
Quanutative relationships between fluorescence intensities and concentrations were obtained 1n
ranges relevant for realistic PAC and mineral oil contamination of soils.

«  In-situ and on-line LIF-measurements on soil columns and in bioreactors. The determina-
tion of probability distributions of fluorescence signal intensities yield information about the distribu-
tion of the contaminants on the soil surface and the degree of heterogeneity 1n these systems.

The results obtained in these studies will be evaluated with regard to the development and applicauon

of in-situ and on-line luminescence analytical methods under conditions reahsuc e.g. for soul deconta-
mination processing.
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THE INFLUENCE OF PAH CONCENTRATION AND DISTRIBUTION ON
REAL-TIME IN SITUMEASUREMENTS OF PETROLEUM PRODUCTS IN
SOILS USING LASER INDUCED FLUORESCENCE

G.S. Douglas, Battelle Environmental Systems & Technology Division, Duxbury, Massachusetis, S.H
Lieberman, Naval Command, Control and Ocean Surveulance Center, RDT&E Duvision, San Diego,
California, W.C. McGinnis, Naval Command, Control and Ocean Surveillance Center, RDOT&E
Division, San Diego, California, C. Peven, Battelle Environmental Systems & Technology Dwvision,
Duxbury, Massachusetts

This paper describes the results of a real-time, in situ survey using laser induced fluorescence tech-
mques 1o evaluate the exient and type of hydrocarbon product contaminauon in soil. Real-ume soil
petroleum product measurements were made through the sapphire window of a probe that was pushed
mnto the soil from a truck-mounted cone penetrometer test (CPT) system. A 337-nm excilauon source
induced fluorescence in polynuclear aromatic hydrocarbons (PAH) present in petroleum products, and
the signal measured with a fluorometer. Afier removal of the soil probe, a split spoon coring system
was used 10 collect discrete soil samples down the push hole. Additional discrete laser induced fluo-
rescence measurements were made using soil removed from composites of six inch split spoon cores.

Discrete soil samples were also collected from the homogenized six inch sphit spoon core, extracted
and analyzed for over forty parent and alkyl substituted PAH compounds by gas chromatography/
mass spectrometry using a modified EPA Method 8270. The modifications were: 1) redefiniuon of
the surrogate and intemal standard, and target analyte hst to include pnmanly diagnostic hydrocarbon
compounds, 2) the use of selecied ion monitonng to increase analyucal sensitivity, and 3) the quan-
uficauon of alkylated PAH homologues (e.g., C, to C,-phenanthrenes, etc.). Thas method produced
daia that was used to idenufy product types present i the sou, determine linkages between samples
and source products, and provided a basis for evaluaung the relationship between PAH concentrauons
and laser induced fluorescence measurements made in the soil borings. Total PAH and individual
PAH concentrations in the soil were evaluated relative 10 product type and laser induced fluorescence
response using principal component analysis.

The laser induced fluorescence system used 1n this study was found 1o provide continuous and reli-
able real-ume hydrocarbon profiles - a dramatic advantage over ume consuming and costly discrete
samphng/analysis methods traditionally used for site momitoring well placement, monitonng of reme-
diation countermeasures, or tracking hydrocarbon contamination 10 sources.
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Laboratory Platforms and Vehicles

PORTABLE AIR MONITORING LABORATORIES

D. Ehntholt, K. Belus, J. McC wllough, and J. Valenune, Arthur D. Luttle, Inc , 15 Acorn Park,
Cambridge, MA 02140

The U.S. Army contracted with Anthur D. Little, Inc. to design, fabnicate, test and dehiver a suite of
specialized testing laboratory facilities for manned and unmanned use to support Project Retrograde,
the removal of chemical munitions from West Germany. This project, which was camed out for the
Chemical Research, Development and Engineenng Center (CRDEC) of the U.S. Armament,
Munitions, and Chemical Command (AMCCOM), was specifically focussed on designing and build-
ing facalities which would be used 10 perform the vital functions of monitonng the air at many points
on the transport vessels for any traces of the chemical agents which might inadvenently escape from
the munitions cargo.

The design and fabrication planning had to incorporate the following key needs, among others:

*  The nawre of the mission was such that all apparatus, materials, spare parts for both appa-
ratus and equipment, and utility needs had 10 be carried with the suite of labs. There would be no
supply depot or repair/spares accessible during the mission;

*  The facilines had to be fully self-contained within standard Intemational Shipping
Orgamzaton (ISO) van/containers, and mounted/supported to withstand stresses of shipping and
intended use; all spare parts were 10 be carried n the ISO containers;

*  The facilities and utilities had 10 accommodate and suppon the intended chernical measure-
ment techmiques, principally specialized sample collecuon/transfer operauons and gas chromatogra-
phy, including the handling of small amounts of toxic chemical agent matenals 10 prepare mnstrument
cahbration standards over the entire mission duration;

*+  The portable air monitoring laboratories were to be manned full -ume by three persons
while the test shelters would have automated test equipment and be manned only on a pan-time basis;

»  There was a requirement for equipment redundancy 1o ensure no interruption in laboratory
function, and the equipment mounting/location and spare part siorage had to be appropriate;

»  The laboratory function could not be mterrupted by loss of extemal electrical power or by
extremes in vessel motion, including + or - 30° roll;

»  HVAC and special air filtration would be requared 1o provide a comfortable work environ-
ment and an over-pressure of “clean” air to prevent incursion of agent-contaminated air in the event

of any cargo leakage.

Lessons leamed during the successful design and operation will be discussed.
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FIELD SCREENING FOR MILITARY UNIQUE COMPOUNDS UTILIZING THE
REAL TIME ANALYTICAL PLATFORM (RTAP)

Uday J. Mehia, U.S. Army, ERDEC, Monitoring Branch, Bldg E3330, APG, MD 21010 and Donaid
G Paul, Dynatherm Analytical Instrumenis Inc., P.O. Box 159, Kelton, PA 19346

The U.S. Army Operations Directorate, Chemical Support Division, Momtoning Branch momitors air-
bome levels of a vanety of military compounds to ensure worker safety and the protecuon of the
environment at sites where chemical agents are used or stored and during disposal operatons. The
monitoring system fielded in the Real Time Analytical Platform 1s based on an air samphing techmque
using solid sorbent collection and thermal desorpuon technology combined with capillary gas chro-
matography with muliple gas chromatography detectors. The mobile unit 1s equipped to analyze a
vanety of surety compounds, dehivering documentation to meet regulatory requirements with a high
level of sensiuvity, selecuvity, extensive dynamic range with excellent lineanty, in real time or near-
real ume. The system can sample conunuously through a heated transfer hose for direct, on-line
requirements such as site monitoring projects, or eastly switch to off-site sampling capability using
solid sorbent cartridges for sample collection that are retumed to the mobile unit or laboratory for
analysis.

The RTAP analyucal system replaces multiple methods using diverse instrumentation with a single
instrument configuration. Training time 1s reduced, since technicians are able 10 analyze a wide van-
ety of compounds with the same instruments using very similar methods. Wet chemistry procedures
that generated hazardous waste have been eliminated, resulting m savings on decontamination and
disposal expenses.

This paper will descnbe the instrumentauon, s use for both screening and confirmaton of vanous
chemical surety matenals, and describe how the units have been fielded as part of emergency
response efforts at several sites.
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Information Processing

E-SMART: A STANDARD APPROACH TO REAL-TIME, IN SITU ENVIRON-
MENTAL MONITORING AND PROCESS CONTROL NETWORKS

J.S. Leffler, K. Boline, W. Wier, General Atomics, NRT Diwvision, POB 85608, San Diego, California
92186, and B J. Nielsen, Armsirong Laboratory ALIEQ, Sute Remediation R&D Division, Tyndail
AFB, FL 32403

To meet growing environmental needs, both the govemment and the private sector are developing
better sensors for a wide range of chemical and radiological contamnants for use in real-time, in siu
environmental monitonng applications such as in situ bioremediation or post closure monitonng.
However, it is desirable 10 ensure that the resulting sensors utilize a standard approach to network
communications so that data or operating commands can be exchanged between any smarnt sensor,
actuator, or control computer system on the network. This goal will allow sensors or other remedia-
tion process control devices such as valves or pumps to be easily installed, configured, and operated
within large, heterogeneous environmental monitoring networks including sensors and actuators of
different types from different manufacturers. It will also ensure that the data generated by diverse
environmental sensors can be combined and analyzed in useful ways. Furthermore, this goal pro-
motes the use of modular hardware and software components allowing for greater flexibility and
lower cost in designing and implementing a monitoring network.

The Environmental Systems Management, Analysis and Reporting Network (E-SMART) was devel-
oped by General Atomics for the US Air Force Armsirong Laboratory in response 1o these needs.
E-SMART is a fully integrated environmental monitonng system with expent system capabiliies. It
should significantly reduce the costs for environmental monitoring network nstallation, configuration
and operation, help ensure environmental compliance at monitoring sites, and reduce health and
safety risks.

The two key goals of E-SMART are: (1) to create an openly available standard for interconnecung
environmental moniloring sensors into sensor and remediation process control networks, and (2) 10
develop an intelligent information processing sysiem to collect, manage, and analyze the resulting
sensor data and 10 provide process control capabilines. E-SMART achieves the first goal through the
use of microcontroller technology to standardize environmental sensor data and command protocols
over a digital communications network. Any sensor or environmental monitoring equipment manu-
facturer will be able to implement the E-SMART environmental network standard using commercial-
ly available and cost-effective electronic components. The second goal of providing intelligent infor-
mation processing power is achieved through the use of Microsoft Windows™-based network man-
agement, data management, expen system and user-friendly graphical interfaces. E-SMART inte-
grates these technologies into a cost-effective, user-friendly system that gives the sysiem operator
complete, real time environmental monitoring and control capabilities.

A number of E-SMART-compatible sensors are now being developed. These sensors are designed to
measure hydrological parameters, nonspecific hydrocarbon vapor concentrations, and specific chem-
cal analyte concentrations in gas and liquid phase. E-SMART compatible radiation sensors have also
been proposed. The development status of these sensors, preliminary at field test results, and the per-
formance of the E-SMART system will be discussed.
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ENHANCING THE SAMPLING PROCEDURE THROUGH A GEOSTATISTICAL
ANALYSIS

Karen Boomer, Environmental Mathematician, Zenitech Corporation, 1931 West Grans Road,
Tucson, Arizona 85745, Richard Brazier, MSc, Graduate Student, Applied Mathematics Department,
University of Arizona, Tucson, Arizona

Field screening technologies are increasingly integraied into environmental investigative and remedia-
uon activities. Obvious advantages include rapid, cost-effective results. However, with discrete sam-
pling points, there remains uncenamty in the esumation from field screening data to application of
further on-site actvities. Geostaustics is a branch of apphed statistics which is parucularly suied to
environmental interpolation questions because of 1ts dependence on the spatial correlauon. Thus, dis-
crele field screening sample information is transformed into a contour plot, with associated confi-
dence intervals, used to plan future sampling activities or remediation options.

Geostatistics as a tool in the development of the sampling and analysis plan has not yet been fully
explored. Clearly, the frequency and spacing of the field screening locations will affect the overall
precision of the geostaustical analysis. Using a combination of syntheuc and hard data, the relation-
ship between the sample locations and the precision of the kriging estimates has been explored. This
research indicates that there are some minimum spatal requirements which must be imposed upon the
field screening data in order to ensure that precision criteria are met.

The geostaustical analysis enhances the information provided by the raw data alone. It provides
nsight 1nto the spatial disposition of the contaminant as well as the possible intervanable relation-
shups. This approach has been used with raw data generated from x-ray fluorescence spectrometers,
Hydropunch groundwater investigations, immunoassay technology, and seismic field screening tech-
nologies.
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Radionuclides

ASSESSMENT OF RADIATION CONTAMINATION AT AN ABANDONED TIN
SMELTER FACILITY IN GALVESTON COUNTY, TEXAS

Joe M. Cornelius, Ph.D., Ecology and Environment, Inc., Houston, Texas, Thomas P. Laiche,
Ecology and Environmen, Inc., Albuquerque, New Mexico, Warren B. Zehner, OSC U S.
Environmental Protection Agency, Region 6, Houston, Texas

Since 1992 Ecology and Environment, Inc. (E & E) has been conducting a site assessment under the
direction of the Region 6 United States Environmental Protection Agency (US EPA) 1o determine the
nature and extent of radiation contamination at the Tex Tin Corporation Site located in Texas Cuy,
Galveston County, Texas. The site comprises approximately 170 acres and was originally construct-
ed by the US government as a World War II emergency tin supply plant. The facility processed un
ore from 1941 until 1989, producing Grade A tin ingots and waste products; primarily an iron-rich
acidic liquid and a solid slag. The facility smelted secondary copper from 1989-91. Several haz-
ardous waste units occur on-site, including wastewater treatment ponds, gypsum slurry ponds, a pond
of acidic liquid waste, several closed acid ponds, drums of spent catalyst material, a licensed radioac-
tive landfill containing depleted uranium, several slag piles with elevated levels of naturally occurring
radioactive materials (NORM), and other slag piles of various sizes.

Elevated gamma radiation levels were identified using rapid field screening surveys with a micro-
Roentgen (UR) meter. Detailed surveys were conducted at locations with radiaton levels elevated
above background by recording gamma radiation levels at approximately 15 foot gnd intervals using
a puR meter a1 a height of one meter above the soil surface, and a 1x1 inch sodium iodide (Nal) detec-
tor at the soil surface. Positional coordinates of each survey point were determined using a Global
Positioning System (GPS). All data were recorded on the GPS data logger. Approximately 1500 data
points were collected over 10 acres. Data were analyzed using geostatistical modeling and kriging 10
develop highly accurate contour maps of gamma radiation levels. Radiation levels recorded during
the survey ranged from less than 10 pR/hour (background) to more than 500 pR/hour.

Gamma spectroscopic analysis was performed using a field-portable multschannel analy zer (MAC)
system connected 1o a 3x3 inch Nal detector. This system was used 1o determine gamma-emitling
radionuclide composition and activity from samples collected on site. Results from the gamma sur-
vey were used 10 establish 30 sample locations from which 4-ounce composite samples were collect-
ed. Slag and soil material from an additional 15 sample locations were collected, dned and graded.
The 4-ounce containers were filled with material from eight different particle size fractions from each
location, for a total of 120 samples. MCA spectra were obtained from each sample. Radium-226
activity levels ranged from below detection limits to more than 200 picocunes per gram. Ten percent
of the samples were sent to an outside radiochemistry lab for confirmation analysis. The field screen-
ing results and the laboratory results showed 2 close correspondence.

Radon flux rates were also measured from slag piles on the site using large arca charcoal collectors
(LACCGs). For each of three sample dates, forty samples were collected for 24 hours from five loca-
tions. Positional coordinates of sample locations were determined using GPS. Esumated radon flux
rales were less than one picocurie per square meter per second.
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FIELD TESTS OF PASSIVE ALPHA DETECTORS AT THE NEVADA TEST
SITE AND THE ROCKY FLATS PLANT FOR SCREENING OF RADIOLOGI-
CALLY CONTAMINATED SOILS

K.E.Meyer, R.B. Gammage, and C.S. Dudney, Health Sciences Research Division, Oak Ridge
Nauonal Laboratory, Oak Ridge, TN, 37831-6379

Two types of passive alpha detectors, developed for indoor radon measurements, have been field test-
ed for applicauons to screening of alpha-emitung contaminants (e.g. Pu, Am, U, Th) 1n soils. Electret
lomzauon chambers (EIC's) measure air ionization due to alpha emission from the soil surface, while
Alpha Track Detectors (ATD’s) register alpha particles as microscopic damage pits. The detectors
are mexpensive, rugged, simple 10 use, and respond reproducibly and linearly over two orders of
magnitude of comamination levels. It was found that alpha emission rates varied widely with soil
composition, so procedures were developed for establishing site-specific detector calibrauons. Both
types of detectors were deployed directly on the surface of soils contaminated with Pu-239/240 and
Am-241 at the Nevada Test Sue and the Rocky Flats Plant. Deployment times of S mins to 72 hours
were necessary in order to reliably detect contamination levels of 200nCi/g down 1o 100pCi/g. The
advantages of the EIC detectors were found 10 be their immediate on-site readout capability, while the
primary advantages of the ATD detectors were their insensitivity to beta/gamma radiations and ability
to indicate the presence of hot particles. Techmques were developed to discriminate agamnst environ-
mental radon and background o/B/T radiauons. ATD’s in the form of long narrow strips, deployed in
stake-dniven holes, were used 10 obtain conlamination depth profiles quickly and reproducibly.
Progress on the development of a field-deployable ATD etching and analysis system will be reported.
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Methods Comparison

FIELD SCREENING ANALYSIS VS LABORATORY ANALYSIS FOR SOIL AND
GROUNDWATER, A COMPARISON

CW Sianley, Hazardous Waste Remedial Action Program, Martin Marietia Energy Systems, Inc ,
Oak Ridge, Tennessee 37831, W L. Wilder, Martin Marietta Energy Systems, Inc., Oak Ridge,
Tennessee 37831, D.B. Bunn, Advanced Sciences, Inc., Oliver Springs, Tennessee

The Hazardous Waste Remedial Actions Program is a federal facilities environmental services center
operated by Marun Marietta Energy Systems, Inc., for the Depantment of Energy. Since its incepuon
in 1985, HAZWRAP has conducted Remedial Investigations and environmental studies at more than
500 federal facilities, encompassing thousands of individual sites. As part of its mission, HAZWRAP
also identifies, evaluates, and demonstrates new and innovative technologies and techmical approaches
10 address environmental problems.

The goal of optimizing laboratory analysis with field screening of soil and groundwater 1o delineate
the extent of contamination has been a standard approach of HAZWRAP-led investigations for the
past six years. Field screening with analysis has provided a more thorough charactenzation of conta-
mination, reduced the number of laboratory samples, reduced field iterations, and allowed for more
accurate assessments of site conditions. During that time, differing sampling and analytical tech-
niques have been used 1o perform field screeming on projects throughout the United States.

A comprehensive companson of field screening vs laboratory data for soil and groundwater from
many of these projects is presented to determine the effectiveness of field screening. Factors such as
sample handling, analytical method, soil type, geographic region, and sampling approach will be pre-
sented 1o identify trends and lessons leamed to help verify the utility of field screemng and hopefully
to guide future effornts.

The submitted manuscript has been authored by a contractor of the U.S. Government under contract
DE-AC05-840R21400 with the U.S. Department of Energy. Accordingly, the U.S. Government
retains & paid-up, nonexclusive, irevocable, worldwide license 1o publish or reproduce the published
form of this contribution, prepare derivative works, distnbute copies to the public, and perform pub-
licly and display publicly, or allow others 10 do 30, for U.S. Government purposes.
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COMPARISON OF FIELD SCREENING TECHNIQUES WITH FUEL-CONTAM-
INATED SOILS

Chris Klopp, Wisconsin DNR, and David Turrff, EN CHEM Inc.

Field Screening 1s an important pan of conducting cost effective and comprehensive site investga-
uons. The use of field screening has been imited compared with its potenual role at contaminated
sites. Regulators limit the use of field screening (in lieu of laboratory analyses), in pant, because there
is lide information on the accuracy and precision of field screening techniques. In addition, soil col-
lection techmques, which are thought 10 have a significant effect on results, have received litle atten-
tion by regulators.

The heterogeneity of the soil matnx makes 1t dufficult to study field screening and soul collection tech-
niques by comparing field and lab analysis of collocated samples taken in the field. Our study used a
technique to homogenize soil samples developed by Paul King of P&D Environmental. This tech-
nique consists of using a mixing barrel that is rotated 1o equilibrate the soil. To simulate “real” soil
samples, we used souls taken from actual leaking underground storage tank (LUST) sites. After the
soils were equilibrated with respect 1o concentration, samples were taken for several field screening
techniques, and for laboratory analysis. Separate studies used the same equilibration system to pre-
pare soils for companson of soil collection techniques.

The field screening techniques compared were:

Feld GC

Jar Headspace

Lab in a Bag (LIAB)
Immunoassay

The sol collection methods compared were:

EN CORE sampler

Brass Tube

Graef Anholt Schoelmer (GAS) sampler
Soil Syringe

Spatula

All field screening analyses were performed in tnplicate. Gasoline contaminated soils were laborato-
ry analyzed using the Wisconsin Mod:fied Gasoline Range Organics (GRO) method in senes with
EPA method 8020. Diesel contaminated soils were laboratory analyzed using the Wisconsin
Modified Diesel Range Organics (DRO) method.

.

Results that will be discussed include:

Accuracy and precision of the field screening techniques.

Strengths, weaknesses and special considerations of each screening method.

Recommendations for appropriate use of each field screening techniques.

What methods of sample collection and storage are appropriate when samples won'’t be analyzed
immediately.
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Data Management and Visualization

PROPER USE OF STATISTICAL ANALYSIS FOR EVALUATING AND MAXI-
MIZING THE UTILITY OF FIELD ANALYTICAL DATA

Thomas L. Francoeur, TerraChem Consultants, Inc., P.O. Box 850, Yarmouth, ME 04096, Stephen A.
Turner, ABB Environmental Services, Inc., 110 Free Street, Portland, ME 04101, Matthew Hnatov,
Jacobs Engineering Group, Inc., 180 Waycross Road, Cincinnati, OH 45240

In the past several years field chemistry has been recognized as an integral component of site and
remedial investigations. The appeal of these methods has been low cost, rapid tumaround and the
ability to generate many data points. It 1s common for an nvestigation using field chemistry to pro-
duce 1wo or three orders of magnitude more data than the traditional off-site laboratory approach for
the same cost. This latter point has created an unforeseen and often unaddressed problem of examin-
ing, interpreting and manipulating a large volume of data. Siatistical analysis is well-equipped w
address these issues, but only if properly applied. The availability of powerful microcomputers and
software packages offering statistical 1ools has also increased dramatically over the past few years,
but unfortunately these tools do not address statistical theory concerning when or how to apply the
various lests. Consequently, if statistical theory is applied a1 all, conclusions are ofien drawn based
on improperly applied statistical analysis.

This paper focuses on the basic statistical 1ools available to invesugators, as well as when and how
these tools should be applied. Few sets of environmental data are normally disinbuted (i.e. follow a
Gaussian distribution), yet statistical procedures which assume normally distnbuted data are arbitran-
ly and most often applied. This paper examines how to determine whether or not a set of data is nor-
mally distributed, if and how the data can be transformed to mect the assumptions of nommality, and
the consequences of using Gaussian-based statistical techniques on non-Gaussian data sets. USEPA
ofien requires that field analytical resulis and be compared 10 off-site results. Based on the observed
distribution, the appropriate statistical technique (analysis of variance JANOV A}, non-parameltric sla-
Listics, etc.) can be selected. Interpretation of the various staustical tests is also discussed.

Statistical analysis should be applied during the planning stage to ensure sufficient sampies will be
collected to achieve a desired Jevel of confidence, during the field work to optimize sampling loca-
tions, and afier the field work to determine the reliability and comparability of the data, trends within
the data, or predictive model relationships. This paper discusses several case studies of both correctly
and incorrectly applied statistical analysis, and it will demonstrate how, if comrectly applied, statisucs
can generate a tremendous cost savings to a project. For example, using staustical analysis, an empini-
cal, site-specific model was generated illustrating the relationship between total elemental analysis in
the field and TCLP laboratory analysis, thereby reducing laboratory costs by 60%.

Statistical analysis is the “missing link” o an integrated approach to site/remedial investigations using
field analytical data. It is imperative that quantitative statistical methods are used 10 draw conclusions
from field chemical data that has been generated with extensive QA/QC protocols 1o be as quaniuta-
tive as possible. Statistical analysis can be used to extract more information from a given data set
than is readily apparent. This type of analysis and interpretation can also reduce costs and inaccurate
data interpretation by not having 1o repeat work as a result of lack, or inappropriate application of,
statistical analysis. :
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ASSESSING THE USABILITY OF X-RAY FLUORESCENCE DATA

Richard W Chappell, Ph.D., Camp Dresser & McKee Inc., 1331 17th Streei, Susie 1200, Denver,
Colorado 80202.

Energy dispersive X-ray fluorescence (EDXRF) 1s an imponant and open essenual analyucal method
for characterizing inorganic contaminants in sous at hazardous waste sites. Its ability o generate
real-time results at low cost has made EDXRF the typical choice for obtaining field screening data.
These same attnibutes, along with the availability of more sophisticated instrumentauon, have lead to
an increased interest in using EDXRF to obtain high quality data for remedial invesugation, remedial
design and remedial action. Often, however, the evaluauon of EDXRF data usability compares it
with wet chemical methods and neglects critical data quality issues in risk assessment. Since EDXRF
is a non-contract laboratory program (CLP) method, specific guidance for evaluaung data usability is
lacking. This paper examines staustical methods for evaluating EDXRF data usability based on
uncentainty requirements of the baseline risk assessment and remediation process, using data from
several recent soils investigauions. Results indicate that evaluation of EDXRF data should emphasize
detection limits, false-positives and false-negauves, along with application of the common CLP data
quality cnieria, and that strict reliance on the corrclation between EDXRF and CLP {confirmation)
data 1s often inappropnate. In addiuon, matrix effects, which are often of concem but seldom proper-
ly addressed, should be evaluated with regard 10 data quality objectives and inherent spaual vanabuli-
ty of contaminants. Considerstion of these and other issues is important in assessing EDXRF data
quality and establishing a consistent approach for assessing data usabulity.
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X-ray Fluorescence Spectrometry

ASSESSMENT OF LEAD IN SOIL, DUST AND PAINT USING A PORTABLE
HIGH RESOLUTION XRF ANALYSER

Torm Spittler, U.S. EPA Region 1, John Moore Jr., HNU Systems, Inc.

One of the most sigmficant changes in the field of Lead Poisoning Prevenuon is a growing realization
that testing young children for blood lead levels does not prevent children from being exposed but
only hopes to minimize further damage. With nearly 300,000 young children at risk of lead poison-
ing, it is imperative that & new approach be taken. Pretesting of the child’s environment prior to it’s
6th through 36th months of life, (this is the most criucal time because of the characterisuc hand-to-
mouth activity such children exhibit) allows the opporwnity for appropriate steps to be taken to pre-
vent poisoning. Studies increasingly show that one of the most significant lead exposure pathways is
via soil ingestion. Therefore, testing for lead should encompass the total home environment, includ-
ing both inside and outside testing for lead in paint, housedust, and soil.

The only viable instrument for monitoring lead in paint, soil, and housedust 1s the portable XRF
analyser. We have tested a new XRF instrument, manufactured by HNU Systems, that has the advan-
tages of easy portability, simple operation, complete data storage, no substrate interferences and good
response 1o moderate levels of lead in paint, soil and housedust (300-500 ppm range).

With easy to follow procedures for calibration, sample collection and sample analysis, this instrument
allows any user, with proper tramning, to rapidly perform an assessment of lead in a home environ-
ment. This assessment would be performed both prior to and after any remediauon. Post-remediation
assessment is critical since many children are inadvertently poisoned each year by well-meaning
efforts 1o remove lead paint.

Whule this study focuses on lead contamination and the role of portable XRF n monitoring and pro-

tection of children, this instrument also has the capability to rapidly assess other heavy metals in envi-
ronmental samples because of the high-resolution capabilities of the detector.
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MULTIPHASIC USE OF AN X-MET 880 XRF TO DETECT LEAD IN SOIL AT
THE 1IDAHO NATIONAL ENGINEERING LABORATORY

Isabel R. Anderson, David F. Gianoito, EG&G ldaho, Inc., Idaho Falls, Idaho

An X-MET 880 energy dispersive x-ray fluorescence spectrometer (XRF) with dual-source probe was
successfully utilized 1o characterize two sites of lead contaminated soil at the Idaho Nauonal
Engineering Laboratory (INEL). Tasks in the sampling and analysis plan accomplished using the
XRF included:

«  Semi-quantitative screeming to determine a) samples sent for SW-846 analysis and
b) locating hot-spots for vertical conng. Semi-quantitative analysis of selecied samples
using SW-846 results to develop cahbration curve

«  Quanutative analysis of samples for risk assessment and characterization

«  In-situ measurement of asphalt and cement fissures

«  Analysis of metal debris removed from the sites for recycling or disposal

A 15-foot systematic grid layout was used 10 assess the spatial distribution of contamination.
Transedts laid along prominent wind direcuons were used to evaluate the airborne transpon of conta-
minants. Subplots were used 1o estimate the variation in contaminant concentrations between sample

points.

Semi-quanhtative soil analyses were performed by calibrating the XRF with similar soil standards,
collecting, sieving, and drying samples, and performing a direct measurement “in the bag”. Semu-
quantitative results were used 10 select samples for SW-846 analysis, which would provide the com-
parauve data for site-specific calibration standards (SSCS). The SSCS were used to re-calibrate the
XRF and provide quantitative data for use in risk assessment and charactenization.

The locations of asphalt and concrete fissures were documented to characterize the distribution of
contamination in hard to sample areas. Analyzing scrap metal collected from the sites allowed a
determination 10 be made if the scrap was lead, and, if so, the purity of the lead.

The X-MET 880 was used for a wide spectrum of needs, providing data in a timely and cost effective
manner. The altemative would have been to collect fewer samples and send the samples for more
costly CLP analysis. Limiting the sample locations may have missed significant hot-spots due 10 the
heterogeneous nature of each site.
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Air Monitoring Technologies

PASSIVE FT-IR FOR ATMOSPHERIC ASSESSMENT OF VOLATILE ORGANIC
COMPOUNDS (VOCs)

C.T. Chaffin, T L. Marshall, AeroSurvey, Inc., P.O. Box 1163, Manhattan, KS 66502, W G. Fateley,
RM. Hammaker, Depariment of Chemistry, Willard Hall, Kansas State University, Manhattan, KS
66506

With the success and acceptance of active open-path FT-IR atmosphenc monttoring techniques in
recent years, interest has been building in the potential of passive FT-IR techniques for site character-
izauon and regulatory applications. Although much of the instrumentation and theory involved 1n
active and passive FT-IR atmospheric monitoring are similar, passive FT-IR analyses offer additional
challenges which must be addressed if passive techniques are to be developed for routine use.

In this talk, the similanties and differences between active and passive FT-IR atmospheric monitoring
will be discussed. The results of recent field investigations will be used to illustrate the addiuonal
problems associated with passive analysis as well as 1o provide a realisuc estimate of the potennal
performance of passive FT-IR techniques in many apphcauons with current instrumentation.

Wednesdav February 22, 1995 4?2

6

MOBILE MONITORING TO IDENTIFY SOURCES AND EVALUATE IMPACT:
A RECEPTOR MODELING STUDY USING THE TAGA 6000E

Gregory M. Zarus, Scott A. Wagaman, David B. Mickunas, Mark Bernick, Roy F. Weston, Inc JREAC,
and Rodney Turpin, U.S EPA/ERT, 2890 Woodbridge Ave., Edison, NJ 08837-3679

A receptor modeling procedure has been developed in conjunction with mobile monuoring to identify
and quanufy emissions from sites with several potential sources. The characterization of these
sources allows for the evaluation of the impact of their emissions. The combination of mobile moni-
toring and modeling provides an accurate account of each source’s contribution to the ambient air
quality using daia received dunng mitzal monitoring runs and confirms the results provided by subse-
quent monitonng runs.

The modeling employs the Fugiive Dust Model (FDM) because of its iterative area source algorithm
and its versatility 1o evaluate impacts of particulate or vaporous emissions. Emissions from the poten-
tial sources were unitized in order 10 estimate their relative impact on the downwind receptors.

Mobile monutoring was conducted using the Sciex™ Trace Atmospheric Gas Analyzer (T. AGA)
6000E, a mass spectrometer/mass spectrometer (MS/MS). The TAGA collected and determined the
concentrations of selected VOCs at 2.25 second intervals during mobile monitoring at the receptors of
interest. This repont will focus on the detection and dispersion of vinyl chlonide/1,2-dichloroethane.

The TAGA data revealed concentration distributions skewed 1 manners which implied that the cross
sections of the plumes were taken from several angles. Each plume’s cross section was then separat-
ed and compared against concentrations calculated by the model. The potential sources whose pre-
dicted concentrations did not correlate 1o the observed concentranons were disregarded. The emis-
sion rates of those that showed good correlation were scaled to produce receptor concentrations simi-
lar 1o those observed by the TAGA.

After all of the sources were identified and their emissions quantified, the impact on receptors within
the neighborhood were esumated. The concentrations esumated by this procedure were then com-
pared to those collected by the TAGA during later sampling runs. The predicted average concentra-
uon across the plume was within £5 percent of the plume-averaged TAGA values and the predicted
peak concentrations were underestimated by 25 percent. These values fall well within acceptable val-
ues for modeling.

TAGA mobile monitoring provides an exceptional database for locating and evaluating sources
because each datum is supported by an adjacent datum (2.25 seconds apart); this not only provides a
quantity at a specific geographic location but allows for the determination, in a Lagrangian sense, of
where that geographic position is located within the plume. The tandem use of modeling and TAGA
mobile monitoring provides an excellent method for evaluating impacts from sites with numerous
potenual sources because 1t:

. removes the need for sampling at each source individually,
. provides a method for self venfication, and
. does not produce unrealizable extrapolation of results beyond the fenceline.
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Case Studies and Practical Applications

9

COMPARISON OF MEASUREMENTS WITH PETROSENSE® PORTABLE
HYDROCARBON ANALYZER (PHA-100) AND LABORATORY ANALYSIS OF
BAILED SAMPLES (EPA METHOD 8015M) WHEN USED IN MONITORING
SPARGING PROCESS

Thomas Wing, FCI Environmental, Inc., 1181 Grier Drive, Building B, Las Vegas, Nevada 89119,
and Michael A. Sword, E1.T., Converse Environmental Consuliants Southwest, 4670 South Polaris
Avenue, Las Vegas, Nevada 89103-5615

The PetroSense® PHA-100 portable hydrocarbon analyzer has been used in a project 1o measure the
concentration of hydrocarbons at an inactive UST site, and in another project to give real ume mnfor-
mation regarding sparging. The measurements made by the PHA-100 were compared to a gas chro-
matographic (GC) analysis performed by an independent commercial laboratory using EPA Method
8015M and EPA Method 624.

There are two popular methods for removing hydrocarbons and other contaminants from water being
evaluated. One is use of pump and treatment with carbon or air stripping, and the other is use of a
sparging process consisting of injecting air through the water to strip them. The sparging process
consists of drilling wells into the contaminated water, injecting air into one well, and monitoring the
other wells placed around the injection well for both the amounts of air flow, and measuring the cont-
amination levels. The current process to determine the contammnant level s taking samples according
10 EPA Method 8015M and EPA Method 624 10 obtain concentration levels, which can take from one
10 ten days.

The use of the analyzer in a sparging application was to provide a relative reading of the concentra-
tion levels in real time 10 assist in process evaluation. Measurements with the PHA-100 analyzer can
be ecither absolute or relstive. Analytical operation will give (based on a p-xylene equivalent) read-
ings within a + 3ppm accuracy in water and +100ppm in vapor. The typical relative screening read-
ings are for determining if hydrocarbons are present, and whether the concentration is increasing or
decreasing.

The readings confirmed that the sparging process was working. The levels of hydrocarbons measured
15ppm and were decreasing, indicating that the hydrocarbon envelop was moving. Using the real ume
information, the technician was able to quickly confirm process operauon.

The ability 10 obtain quick relative reading in direct PPM readings 15 extremely useful in the field.
The analyzer readings were able to provide immediate values 1o help determne if the process was
working, and help trouble shoot problems with the insiallation. The analyzer values will not provide

the absolute values required for determining if a site has been cleaned, but by comelation with the lab-

oratory results, will provide indications of progress. The final determination will sull have to be
accomplished through normal laboratory controlled analyses, but the value of being able 1o determine
if the process is working quickly without waiting for lab analysis definitely provides real value 1n
having such an analyzer as a standard field tool.

Based on the study of the two projecls, the real time measurements should reduce the costs of labora-
tory analysis on larger projects.
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10

FIBER OPTIC CHEMICAL SENSOR (FOCS™) TECHNOLOGY FOR THE
DETECTION OF HYDROCARBONS IN AIR AND DISSOLVED IN WATER:
PETROSENSE® PORTABLE HYDROCARBON ANALYZER (PHA 100) AND
THE PETROSENSE® CMS 5000

Devinder P. Saini, Roger Himka, and Stan Klainer, FCI Environmental, 1181 Grier Drive, Building
B, Las Vegas, Nevada 89119

Due 10 the ever increasing pollution created by hydrocarbon storage and transpor, there is & need for
rapid sensing results, and low cost field instrumentation. The information acquired by the instrumen-
tation needs 10 be real time, accurate and rehable. This informauon should be obtained in-situ for the
best possible results.

The PetroSense® Portable Hydrocarbon Analyzer (PHA 100) and the PetroSense® CMS 5000 for
continuous monitoring, are instruments which can detect the presence of hydrocarbons dissolved in
waler as well as detect hydrocarbons i the air. They allow the user 1o obtain real time in situ data on
hydrocarbon levels present. They can also measure the progress of any remediation that 1s occurmnng.

Both the PetroSense® PHA 100 and the PetroSense® CMS 5000 use fiber optic chemical sensor
AT,OOm:.V technology. The refractive index of a propnetary coaung on the side of an optical fiber 1s
modified by the presence of hydrocarbons. This modification results in a change of light received by
a photo detector. The change 1n the light signal 1s proporuional to the concentration of hydrocarbons
present in water or air. The fiber is housed 1n a probe which also contans the electronics. The probe
is rugged and water proof.

In this paper we will discuss in detal the fiber optic chemical sensor QUOOmiv technology used, its
advantages and disadvantages over the existing technology, and the performance of the probes and
mstruments in the laboratory and the field will also be discussed.
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CASE STUDIES ON SCREENING SOIL SAMPLES FOR TNT AND CHLOR-
DANE AND PRACTICAL ASPECTS FOR BRINGING THESE FIELD SCREEN-
ING METHODS INTO THE LABORATORY

Dennis Hooton, Midwest Research Institute, Kansas City, Missouri, 64110

The objective of this peper is to share specific experiences with screening analyses for explosives
(TNT) and pesticide (chlordane) residues in soil matrices. In addition, the paper will include a dis-
cussion of the practical aspects of adapting these analytical methods for screeming purposes and the
QA/QC aspects of performing this work under restrictive time and cost limitations.

Over the last several years, Midwest Research Institute (MRI) has analyzed hundreds of soil samples
for various regulatory-based programs. Quality control data will be presented 1o show method preci-
sion, matnx effects, and spiked chemical recovery that have been achieved for this work. In addion,
data will also be presented for representative samples which have been reanalyzed using EPA
methodologies to confirm the absence or concentration of the screened analytes.

MRI has been successful in effectively controlling operational factors which impact cost and ume of
analyses. In the absence of a fully functional on-site laboratory, alternatives are suggested which
make it possible to provide valid analysis results within 24 hours of sample collection, including
transport to the laboratory. Options and alternatives will be discussed for data validation and commu-
nication of results to help stream-line the reporting process without sacnficing data quabty and docu-
mentary evidence.

Thus paper provides further support for the use of screening methods as a tool in environmental inves-

tigations, improving a program's effectiveness through a broader-base of sample results and more
selecuve use of expensive EPA methods for confirmational analyses.
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AIR MONITORING AND SAMPLING TECHNIQUES USED IN SUPPORT OF A
CLEANUP ACTION AT AN INACTIVE DRUM RECYCLING FACILITY

Alan Humphrey, U.S. EPA/Environmental Response Team, 2890 Woodbridge Ave., Edison, NJ 08837,
Steven P. Schuetz, Philip Solinski, David Mickunas, Roy F. Weston/Response, Engineering, and
Analytical Contract, 2890 Woodbridge Ave , Edison, NJ 08837

The U.S. Environmental Protection Agency Environmental Response Team (ERT) is a national and
intemational response team utilized by the U.S. EPA, as well, as other federal, state and local agen-
cies, whenever they encounter particularly dangerous or technically complex situations. The U.S.
EPA Region VIII On-Scene Coordmnator (OSC) requested the assistance of the U.S. EPA/ERT and its
Response, Engineering and Analytical Contract (REAC) 1o perform air sampling/momntoring for
volatile organic compounds (VOCs) and sulfur containing compounds during soil removal and solidi-
fication activities at an abandoned drum recycling site.

The main objective of the air monitoring and sampling during three phases of work was to provide
quality data immediately or within hours to effectively direct cleanup activities and ensure the safety
of the nearby workers and citizens. As the work proceeded, problem compounds with low odor
thresholds were discovered, slowing the cleanup and creaing more demand for field analytical tech-
miques with sensitivity and selectivity for the target compounds of concem. An overview of each
phase of site cleanup and associated air monitoring/sampling is presented. Selected equipment and
techniques which provided rapid data on-site will be highlighied and the resulis briefly discussed.
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GAS CHROMATOGRAPHIC MONITORING OF TANK HEADSPACE VAPOR
SAMPLE QUALITY

Rampur S Viswanath*, Richard A. Westberg, Westinghouse Hanford Company, Special Analytical
Studies, P O. Box 1970, MISN: §3-90, Richland, Washington, 99352

Hanford site situated in the south central part of Washington State was used for nuclear material pro-
cessing beginning in the early forties. The chemicals and solvents used in the nuclear material pro-
cessing generated large amount of waste. The chemical waste has been stored in large tanks (0.5 to
1.0 million gallon capacity) since then. Many of these tanks are about 50 years old. The determmna-
tion of tank headspace vapor composition is extremely complex and important since this information
has a potential to help resolve critical safety issues such as: hydrogen generation, flammable gases,
and noxious vapors. This information on vapor phase composition of inorganic and organic com-
pounds is essential to help develop a strategy for safe storage of waste in the tanks, for long periods
of time. [n view of the nature of the problems, complexity, and sensiuvity associated with such tanks,
charactenzation of the tank headspace vapors pose several challenges. Such as, little information 1s
known about the nature of the tank waste and chemical pathways which generate noxious vapors, the
potental for explosion or flammability, and employee exposure to toxic vapors and radiation This
paper presents the data on the use of a heated probe to draw tank headspace vapor sample; a heated
manifold mounted on a field sampling truck for automated sample collection using a series of valves,
flow controllers, pressure transducers, and thermocouples; SUMMA camsters and sorbant tubes as
media for sample collection; and a gas chromatograph for checking the vapor sample integnty/unifor-
mity. This presemation focusses on the gas chromatographic data in particular, and attempts to
descnibe a mechanism to monitor the vapor sample quality, by determming the total non-methane
organic compounds in the sample stream.

*Principal Author
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DEVELOPMENT OF SELECTIVE MASS SENSORS FOR FIELD MONITORING
OF ORGANIC VAPORS

Martha E. Dominguez, Robert L. Curiale, and Edward J. Poziomek*, Harry Reid Center for
Environmental Studies, University of Nevada-Las Vegas, Las Vegas, Nevada 89154-4009,
Alain Quere, Departamento de Quimuca Analitica, Facultad de Quimica, Universidad Nacional
Auténoma de México, Cd. Universitaria 04510, México, D .F.

The detection of potentially harmful vapors at low concentrations is a current need in many environ-
mental monitoring applications. Chemical sensors have promising advantages for field measurement

of pollutants. These advantages include lower cost, smaller size of instrumentation, and simpler oper-
ation than traditional analytical techniques. Mass sensors have the addiuonal advantage of high sensi-

tivity, but they lack specificity. This limitation can be overcome with the use of recogniuon coatings
that will selectively interact with the analytes of mterest. The objective of this work is to develop
recognition coatings that provide both selective and sensiuve interactions with vapors (e.g., acids,
amines, and hydrocarbons). These coatings can be used with quartz crystal microbalance (QCM) or
surface acoustic wave (SAW) mass sensors.

Vanous amine polymers have been examined as candidate coatings for interaction with the analytes.
Commonly, the coating process involves polymer materials dissolved in a suitable solvent and then
deposited on a sensor surface. In this study an emerging coating technique was explored Matenals
were deposited onto the sensor surface from vapor streams of volatile substances activated through
plasma discharge. This process aliows preparation and deposition of recognition coatings to be done
in one step. Coang matenals were characterized by measuring their reacuvity with different vapor
analytes using linear energy solvation relationships (LSER). These relationships were used 1n this
study 10 characterize commercially available and plasma deposited coatings. An LSER equation was
defined and used 1o predict the reactivity of the coating material toward specific vapors. The equa-
tions have predicted correctly the interaction strength for other vapors. This method allows
researchers 1o design coaung materials which selectively react with specific analytes of interest.

Nouice: The authors acknowledge support from the Advanced Research Projects Agency (Contract-
DAADO05-92-C-0027).

*Present address: Department of Chemistry and Biochemistry, Old Dominion University, Norfolk,
VA 23529-0216
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USE OF ULTRASOUND IN MONITORING CHEMICAL CONTAMINATION IN
WATER

Edward J. Poziomek and Grazyna E. Orzechowska, Harry Reid Center for Environmental Studies,
University of Nevada-Las Vegas, Las Vegas NV 891544009, William H. Engelmann, U S.
Environmental Protection Agency, Environmensal Monutoring Systems Laboratory, Las Vegas, NV
89193-3478

The U.S. Environmental Protection Agency has been examining the potential of combining sonication
with other technologies for monitoring specific classes of organic pollutants in water. The present
research specifically addresses the use of ultrasonic processors to decompose contaminants such as
organochlonne compounds into products which can be detected using commercially available elec-
trodes as a field screening method. For example, changes in chloride, conducivity, and pH were
measured before and afier sonication in order to detect the presence of organochlorine poliutants.

The results obtained are very promising. Chlonde ion could be detected in aqueous solutions of low
ppm concentrations of carbon tetrachloride, chloroform, and trichloroethylene after one minute soni-
cation. The increases of chloride 1on were accompamied by increases in conductivity and decreases of
pHl. Ton chromatography of solutions before and afier sonication showed that formate ion was also
formed. Aromatic and polyaromatic chloro compounds represented by chlorobenzene and poly-
chlorobiphenyls, respectively, did not form chloride ion as readily as did carbon tetrachloride, chloro-
form, and trichloroethylene. The potential of combimng sonication with commercially avalable mea-
surement technologies for monitoring specific pollutants in water is judged to be high. The results
achieved with the organochlonne compounds tested served as proof-of -principle and formed a base of
information which can be used 1o develop field screeming methods based on sonochemistry.

Notice: The U.S. Environmental Protecuon Agency (EPA), through its Office of Research and
Development (ORD), prepared this abstract for a proposed oral presentation. It does not necessanly
reflect the views of the EPA or ORD.
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FIBER OPTIC CHEMICAL/ENVIRONMENTAL SENSORS BASED ON ACTIVE
COATINGS

M.R. Shahriari, M. Krikak, J. Hamblin and S. Uhland, Rutgers Umwversity, Fiber Optic Materials
Research Program, P.O. Box 909, Piscataway, NJ 08816

The use of optical waveguides for sensing physical and chemical parameters in chemical process
industries is a rapidly growing field. Simple amplitude or intensity modulated sensors are currently
used for chemical, biomedical and environmental monitoring and control.

The development of porous glass and plasiic fiber optic technology, combined with photochemically
active coating techniques such as dye impregnated sol-gel coating as highly stable substrate have led

10 a new class of lugh sensitivity, fiber optic chemical sensors exhubiting enhanced long term stability.

In these sensors, absorption or luminescence type indicators are encapsulated into highly durable
porous glass matrix which is coated on the surface of optical fibers. As a pioneer, Center for Fiber
Optic Research at Rutgers is currently developing sensors based on these new technologies ranging
from environmental industry to food process industry. Ground water monnoring and on-line monitor-
ing of food flavor are examples of these newly developed sensors.

A brief review on fiber optic sensors and their applications in process control along with recent
progress in this area will be given. Also some of the recent progress on fiber optic sensors by
Rutgers’ fiber optic sensor group including pH, ammoma gas, O, and DO, H,S and other gas and lig-
uid systems will be presented.
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DOWN HOLE ULTRAVIOLET FLUORESCENT DEVICE FOR MEASURING
IN SITU VOLATILE ORGANIC CONCENTRATIONS IN GROUND WATER

Clayton R. Morlock, Morlock Environmental, Inc., 23 Pine 51., Lebanon, NH 03766

We have developed a miniature fluorescence device for measuring volatile organic compound con-
centrations in ground water in a well. The device consists a Hg vapor lamp, excitation filter, sample
chamber, cmission filter and a mimature photomultiplier tube. Filters are chosen for opumal fluores-
cence signals from BTEX compounds. The current size of the instrument is approximately 4-inches
n diameter and 6-inches long. The mstrument is lowered into a bore hole - tethered by a powerline
and data communication hnes. It has mstantaneous output. The current design has a flow through
cell which allows water to continuously pass through the cell while it 1s being lowered into the well.
We are in the process of bench and field testing, and refining the instrument. We believe that it will
be possible 1o buld a device swtable for installation within a cone penetrometer. Our current detec-
ton Lt for Benzene 15 about 10 ppmv. We anticipate that the lower detection limit can be substan-
tially reduced once further refinements are made. The intended use of the instrument is for rapid
assessment of VOCs in wells and for permanent installation in a well for long term monitoring.
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MULTIPLEXED FIBER-OPTIC FLUORESCENCE SENSORS FOR MEASURE-
MENT OF FUELS IN A MODEL AQUIFER

Terence L. Tipton, Tyndall AFB, FL, Brian S. Vogt, Bob Jones University, SC

A multiplexed fiber-optic sensing system has been constructed for laboratory use in a model aquifer.
This system uses laser-induced fluorescence to measure fuel components in groundwater. Tunable
pulsed ultraviolet light is sent sequentially into an array of single-fiber optical sensors which are
inserted mto wells. Preliminary results indicate that quanutative concentration measurements can be
made 10 approximately 1 ppb for strong fluorescers such as naphthalene, and that turbidity corrections
are feasible. The 1wo objectives of this work are: 1) to examine fluorescence interferences (e.g. tur-
bidity, background humic fluorescence) under carefully controlled laboratory conditions to develop
methods for handling interferences encountered in field measurements; and 2) develop models for
poliutant transport in groundwater.
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CHEMSENSOR®: RESPONSE TO GASOLINE AND DIESEL CONTAMINATED
GROUNDWATER

John M Henshaw, PhD., ORS Environmental Systems, 7 Barnabas Road, Marion, MA 02738

ChemSensor 1s a rugged, field-portable instrument capable of in-situ measurement of organic com-
pounds, especially volatile organic compounds (VOCs) in water and process streams. The response
to organics is reversible, requiring only that the user clean and re-zero the probe between measure-
ments. ChemSensor gives ficld sampling personnel an indication of the concentration of organic con-
taminaton at a site in real time. This helps in the assessment of leaking underground storage tank
(UST) sutes prior to receipt of analytical lab test results and also provides a tool for monitoring the
cleanup at a site over time. This paper discusses how 10 wmterpret the results obtained from
ChemSensor for site assessmen a1 both gasoline and diesel contaminated UST sites.

ChemSensor consists of a probe connected 10 a meter via elecincal cable that enables in-sitw sampling
to standard depths up to 100 feet (custom lengths longer than 100 feet also available). The sensing
element of the probe is a quanz optical fiber coated with a hydrophobic and organophyllic chemical
coating sensitive 10 organic compounds. ChemSensor responds to virtually all organic species dis-
solved in water, dependent upon the aqueous solubility and refracuve index of the compound.

Samples were obtained from both gasoline and diesel fuel contaminated sites and analyzed with
ChemSensor and in the laboratory using a gas chromatograph. A linear relationship between
ChemSensor and the gas chromatograph data was demonstrated for total BTEX (gasolne) and total
petroleum hydrocarbons (diesel fuel). A discussion of the interpretation of ChemSensor data for
monitonng contamination levels and remediation processes is presented.

The test results demonstrate that ChemSensor is a useful field portable analytical tool for determining
concentrations of total organic compounds in water and a timely supplement to laboratory results.
Interpretation of the data from ChemSensor monitonng of a remediation site over time can give the
user an ndicauon of the progress of the clean-up without requiring excessive charactenzation of the
response via confurmatory laboratory analysis. ChemSensor can also be used to optimize the collec-
tion of samples for laboratory analysis at a new site by indicating the level of contamination within
and among the wells in real time.
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32

REAL-TIME MONITORING OF VOLATILE CHLORINATED COMPOUNDS IN
THE SUBSURFACE ENVIRONMENT USING A HALOSNIF/CONE PENETROM-
ETER SYSTEM

Khris B. Olsen, Norman C. Anheier, Jr., John C. Evans, Pacific Northwest Laboratory, P.O. Box 999,
Richland, WA 99352, and Bruce R. Cassem, Westinghouse Hanford Company, Richland, WA 69352

The U.S. Environmental Protection Agency (EPA) has regulatory jurisdiction for the cleanup of haz-
ardous wastes sites designated by the Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA), and Superfund Amendments and Reauthorization Act (SARA). According
to EPA’s guidance specific activitics are required 10 characierize a site histed under CERCLA or
SARA. This activity includes a preliminary site investigation followed by a comprehensive remedial
site investigation. During remedial investigation site activities, various environmental samples are
collected including air, water, and soils and sediments. Because of the sheer volume of samples sent
to the laboratory for analysis and the high analytical cost associated to produce legally defensible ana-
Iytical data, remedial investigations costs have skyrocketed. Clearly, altemative charactenzation tech-
nologies are needed. A new nnovative technology being evaluated couples a cone penetrometer sys-
tem to a chlorinated compound specific detector system (HaloSmf). The cone penetrometer provides
access to the subsurface environment and the HaloSnif system measures the concentrations of volatile
chlorinated compounds in the gas phase (soil gas) in real-time.

Testing of the cone penetrometer/HaloSnif system was conducted at the U.S. Deparnment of Energy’s
Hanford Site located in southeastern Washington State. The test location was adjacent to several
cribs that received from 500 to 1500 tons of CCl,. The cone penetrometer system used consisted of a
30,900-kg vehicle pushing a 44.5 mm (OD) by 19 mm (ID) rod system equipped with a gas samphing
lip capable of sampling soil gas continuously. A 4.8-mm Teflon tube connected the gas sampling tip
10 the gas sampling manifold of the HaloSnif System. Four pushes were conducted to a maximum
depth of 100 feet. HaloSnif monitored the concentration of volatile chlorinated compounds, consist-
ing of greater than 95% carbon tetrachloride and up to 5% chloroform, as a function of depth.
Maximum concentrations of volatile chlonnated compounds in soil gas exceed 20,000 ppm. Dunng
overnight monitoring with HaloSnif, unexpected cyclic behavior in volatle chlonnated compounds
concentrations was observed. After several hours at 20,000 ppm the concentrations suddenly
decreased to 2000 ppm for several more hours, followed by an increase back to 20,000 ppm. This
behavior was observed by several other monitoring instruments. The following everung similar
behavior was also observed.

An in-depth description of the HaloSnif technology, concentration profiles of volatile chlorinated
compounds as a function of depth and time, and other relevant observations will be presented.

Ths project was funded by the U.S. Depantment of Energy (DOE), Office of Technology

Development under Contract DE-AC06-76RL0 1830. Pacific Northwest Laboratory 1s operated for
the DOE by Battelle Memorial Institute.
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SITE CHARACTERIZATION USING THE CONE PENETROMETER

Alison J. Harhck, Automated Sciences Group, Inc.*, Oliver Springs, Teanessee, Frederick M.
Nelligan, Science Applications International Corporation, Bothell, Washington

An eledric cone penetrometer tesung (CPT) program and a groundwater CPT program were conduct-
¢d at an active industrial waste treatment plant near San Diego, California, 1o characterize subsurface
stratigraphy and groundwaler contamination to depths of 160 fi below ground surface (bgs). The
wntent of the sampling program was (1) 1o characterize the subsurface geology and (2) 10 delineate
wrichloroethene and other solvent contamination within a specific site. The CPT was the preferred
testing method because of its ability to produce quantifiable stratigraphic data in log form. These
logs could be used to identify potential confining beds where dense nonagucous phase liquid
(DNAPL) contamination (solvents) could pool. The stratigrapluc information was used to determine
target depths for groundwater sampling.

Subsurface lithology was interpreted from electric CPT logs based on values for tip resistance, sleeve
friction, and pore pressure. Generally, clean, coarse-grained sands have higher tip strengths, lower
sleeve fricuon, and little excess pore pressure. Finer-grained silts and clays have lower up strengths,
higher sleeve fricuon, and high excess pore pressure. To check the site’s interpreted strauigraphy, a
CPT location was selected ~10 ft from where a 270-ft continuously cored bonng was completed.
Overall, the electric CPT log correlated well with the physical evidence from the boring. The ability
1o quantify the electric CPT log by comparing it to the cores collected from the deep borehole was
ymportant because the comparison provided defensible correlauon between soil cores and the electnc
CPT logs. The typical subsurface stratigraphy identified by the CPT log consisted of interbedded
sands and silts; significant horizons of silty clay (at 40 ft bgs) and clay (a1 85 fi bgs) were identified
as confining intervals where DNAPLs pooled.

Twenty-two electric CPT holes were pushed to gather the data necessary to complete the subsurface
geologic interpretation and plan the groundwater sampling points. Ninety-four depth-discrete CPT
groundwater samples were collected from 23 locations. Samples were submitted 1o a fixed-base labo-
ratory for ovemight turnaround and were analyzed for volaule organic compounds. EPA Level n
data validation was performed on sample results so data could be used for a human health nsk assess-
ment. Sufficient quality assurance/quality control samples were collected 10 accommodate this
requirement. Groundwater results demonstrated that the CPT accurately characterized the extent of
DNAPL contamination in the shallow groundwater above the first and second confining mtervals.
The CPT samples consistently displayed highest concentrauons immediately above confining layers,
with the zone above the 85-fl clay exhibiting the highest detects overall (1.¢., 300,000 pg/l). Below
the 85-ft clay, contaminant concentrations dropped significantly to less than 1,000 pg/L.

Using the CPT provided a cost-effective means to collect stratigraphic informauon lacking from pre-
vious investigations. Based on the CPT logs, depth-discreie samples were targeted for zones most
likely 1o accumulate DNAPLs. This methodology fully characterized the extent and magnitude of
contamination at the site. Local and siate agencies overseeing this project were unanimous in sup-
porting the use of CPT technology and basing remedial action decisions on CPT data. Furthermore,
they believed the resulis to be more accurate than results from conventional monitoring wells.

*Work performed by Automated Sciences Group, Inc., under general order contract number 30B-
9778C with Martin Marienta Energy Systems, Inc.

The submitted manuscript has been authored by a contractor of the U.S. Government under contract
DE-ACUS5-840R21400 with the U.S. Depariment of Energy. Accordingly, the U.S. Govemnment
retains a paid-up, nonexclusive, irrevocable, worldwide license to publish or reproduce the published
form of this contribution, prepare derivative works, distribute copies 10 the public, and perform pub-
licly and display publicly, or allow others to do so, for U.S. Govemment purposes.
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FIELD PORTABLE PETROLEUM ANALYSIS FOR VALIDATION OF THE SITE
CHARACTERIZATION AND ANALYSIS PENETROMETER SYSTEM (SCAPS)
PETROLEUM, OIL AND LUBRICANT SENSOR

William M. Davis and Paulette Jones, USAE Waterways Experiment Station, 3909 Halls Ferry Road,
Vicksburg, MS 39180, and Beth Porter, AScl Corporation, 1365 Beverly Road, McLean, VA 22101

A petroleum, oil and lubncant (POL) sensor for the Site Characterization and Analysis Penetromcter
System (SCAPS) system has been developed by the Tri-Services to charactenze the distribution of
POL contamination on mulitary sites. The sensor is based on the detection of POL contaminants
using a laser induced fluorescence (LIF) system. The SCAPS LIF sensor has been shown tobe a
valuable tool for the rapid screening of POL contamination in the subsurface. However, many factors
can effect the LIF response of a panicular fuel at a particular site. These include fuel type, age of
fuel spill (eg weathering), and soil type. The LIF sensor also detects fluorescence response from any
naturally occurring fluorophore, including humic substances and fluorescent minerals. These factors
lead to the development of an independent procedure for verification of the LIF sensor response.
This paper describes a field portable total recoverable petroleum hydrocarbon (TRPH) method based
on EPA Method 418.1 and its application to on site validation of the SCAPS POL sensor response at
a number of contaminated sites.
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DEVELOPMENT AND TESTING OF CONE PENETROMETER SENSOR PROBE
FOR IN SITU DETECTION OF EXPLOSIVE CONTAMINANTS

Ernesto R. Cespedes, Stafford S. Cooper, and William M. Davis, USAE Waterways Experiment
Station, 3909 Halls Ferry Road, Vicksburg, Mississippi 39180, and William J. Buttner and William C.
Vickers, Transducer Research, Inc , 999 Chicago Avenue, Naperville, lllinois 60540

This paper descnbes the development and testing of a sensor probe for the Site Characierization and
Analysis Penetrometer System (SCAPS) for the in situ detection of TNT, RDX, HMX, and other
nitrogen-containing soil contaminants. Initially, laboratory studies were conducted to determine the
feasibility of employing electrochemical sensors in combination with a pyrolyzer element for detect-
ing subsurface explosives contaminanis. A method for the pyrolysis of explosives contaminants in
spiked soils was developed, and it was demonstrated that electrochemical sensing of the pyrolysis
products was sensitive, selective, reversible, and capable of broad dynamic range. A penetrometer
probe that accommodates the electrochemical sensors (including power supply and signal condiion-
g electronics), the pyrolyzer unit, the pneumatic components, and geophysical sensors (tip resis-
tance and sleeve friction sensors) for mapping soil straugraphy was designed, fabncated and field
tested at contaminated sites. Laboratory data presented in this paper include system calibration
curves, lower detection limits, and estimates of the pyrolyzer's zone of influence in vanous soil matn-
ces. Results of recent field tests are presented, and include examples of sensor responses in contami-
nated and clean sites, together with comesponding laboratory analyses of field verification samples.
The prototype explosives sensor probe has demonstrated potential for SCAPS field screening and
monuoring apphications. Continued development, testing, and validation efforts are planned for 1995.
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NEW TECHNIQUES FOR SOIL VAPOR SAMPLING AND ANALYSIS
Byron D. Taylor, TVG Environmental, Inc.

The objedtive of the presentation is to discuss the research and development that has resulted in the
production of a new system for soul gas, extraction, sampling and analysis.

The technology is based on the in-situ increase of sol temperature and the reduction of aimosphenc
pressure 1o facilitate the extraction and sampling of soil contaminants heretofore out of reach for
sotl vapor analysis. Data from numerous field tnals and applicatons will be included 1n the full
presentation.

The concept of insenting probes into the soil 10 extract and analyze evolved eanth gases was reported
1o have been first employed for analytical applications as early as 1853. It was not until 1975 that the
technique was first auempted as a means 1o detect and trace contaminants.

In order to expand the range of compounds suitable for soil vapor assessment, a new steam heated
vapor extraction well-point has been developed. The well-point allows for the introduction of high
pressure steam into a sintered, stainless steel diffusing material which provides a heat source within
the soil matrix. The introduction of steam in this manner not only adds heat 10 the subsurface soil

structure, but also ensures that drying of the soil does not occur dunng the vacuum extraction process.

In addition, the added moisture prevents the by-passing of atmospheric gasses at the surface from
infiltrating down to the vacuum extraction ports. Also, the former limitations of Henry's Law
Constant and vapor pressures are reduced by this sampling and extraction process.

In addition the heated sampling tip, the system employs an insertion process that minirmizes distur-
bance and disruption of the sub-surface soil matrix and maximizes the seal around the probe rod.
These factors msure the maximum vacuum in the sampling zone and protect against the introduction
of diluting, surface air into the sample pnor to analysis.

The newly developed steam-heated/vacuum extraction sampling pont and Steam-Probe™ system
overcame many of the limitations of previous soil vapor assessment techniques. In addution to broad-
ening the range of compounds detectable by the process, it allows for the rapid assessment of a sie
and the horizontal and vertical plotting of a contaminant plume. Due 1o the reduced demand for bor-
ng equipment and laboratory services, results can be available instantaneously and at a significantly
reduced cost.
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COMPARISON OF IR AND THERMAL EXTRACTION RESULTS FOR TOTAL
RECOVERABLE PETROLEUM HYDROCARBON ANALYSIS

Paulene Roberts, Charles Henry, Doug King,* Ray Worden,* and Edward Overton, Institute for
Environmental Studies, 42 Atkinson Hall, Louisiana State University, Baton Rouge, LA 70803,
*Ruska Laborataries, Inc., 3601 Dunvale, Houston, TX 77063

New Total Petrolenm Hydrocarbon (TPH) methodologies are evolving in response to restricted use
and possible elimination of chlonnated solvents. New techniques must meet or exceed the current
analyucal standards for precision, accuracy, and extraction efficiency as defined by method 418.1.
This paper invesugates the use of thermal extraction and flame ionization detection as an alternauve
method to the freon extraction followed by IR analysis for soils, (method 418.1, modified).

The noted advantages of thermal extraction are extraction without solvents, rapid extraction and
analysis time. With an flame ionization detector (FID) connected as a single unit 1o the thermal
extraction device, analysis and extracion are completed as a single operanon with no loss of extract-
ed compounds due 1o transfer or solvent reduction. Through this form of TPH analysis a thermal
chromatogram, or thermogram, 1s created which provides qualitauve as well as quantitauve informa-
tion 10 potenually classify petroleum contaminated soils.

Both methods are compared using natural soils (sand, high organic, and silt/clay) spiked with various
oils at a range of concentrations. In addiuon, actual environmental samples were analyzed. All sam-
ples were analyzed by both techniques in replicate and results were statistically synthesized. Results
presented will include the range of compounds applicable for thermal extraction using the proposed
method. Matrix effects and interferences as well as extracuon effectiveness relauve 1o solvent extrac-
uon techniques will be discussed.
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DEVELOPMENT AND TESTING OF A VOLATILE ORGANICS CONCENTRA-
TOR FOR USE IN WATER QUALITY ANALYSIS

D. Ehntholt, I. Bodek and T. Stolki, Arthur D. Little, Inc., 15 Acorn Park, Cambridge, MA 02140

A new approach to the concentration and analysis of parts-per-billion levels of volatile organic com-
pounds in drinking water will be described. The technology requires only small (10 ml) samples of
water and no solvent use. It has been demonstrated using the compounds generally momtored by
EPA Method 5242 using both GC/FID and GC/MS analytical finishes. Test results indicate that the
method has comparable detection limits for many compounds, but can analyze a wider range of com-
pounds and in some cases has detection limits which reach a factor of five lower. It 1s also expected
to facilitate field sampling of water sources and 10 be extendable to field samphing and analysis.
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THE DEVELOPMENT OF A SOLVENT-FREE APPROACH FOR THE DETER-
MINATION OF PETROLEUM HYDROCARBON IN WATER PETROLEUM
HYDROCARBONS; WATER ANALYSIS

D. Ehntholt, 1. Bodek and E. Miseo, Arthur D. Little, Inc., 15 Acorn Park, Cambridge, MA 02140

Efforts to develop methods for the determination of total petroleun hydrocarbon (TPH) content of
environmental samples which do not require the use of toxic or hazardous organic solvents are ongo-
ing. Altemate approaches include the use of supercritical fluid solvents such as carbon dioxide, and
organic solvents other than the freons.

We have developed a new technology which includes sample collection, concentration, separation (if

desired) and analysis steps necessary for the determination of petroleumn hydrocarbon content of aque-
ous samples. No organic solvents are necessary to practice this technology, and sample handling can

be automated for use in the field or for laboratory analysis. Analyses have been performed on hydro-

carbon mixtures in water which contain carbon lengths up to tetradecane at individual compound con-
centrations in the low parts-per-million range.

The results of these analyses compase favorably with standard methods currently used for TPH analy-
ses of water samples.
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FIELD TESTING OF A PORTABLE FIBER OPTIC CHEMICAL SENSOR FOR
CARBON TETRACHLORIDE, TRICHLOROETHYLENE AND CHLOROFORM

James C. Wells, David A. Gobeli, Harmesh Kumar, Purus, Inc., San Jose, California 95134- 2010,
and Roger Jenkins, Chemical and Analytical Sciences Division, Oak Ridge National Laboratory, Oak
Ridge, Tennessee 37831-6120

Purus, Inc. has developed and 1s testing a field transportable PurSense™ fiber opuc chemical sensor.
Field evaluation of the PurSense™ unit will begin in July 1994, at Oak Ridge National Laboratory.

The configuration of the PurSense™ fiber optic chemical sensor is based upon a laboratory unit with
additional features to accommodate field analysis. The system may be battery operated and consists
of a flow optrode, integral VOA vial heater, reagent delivery and recovery sysiem with removable
reagent pack, fiber optic transmitter-receiver, embedded micro controller, 2 line by 20 character LCD
and communication port. The sensor is contained in a carrying case measunng 46 x 30 x 20 cm. and
weighs less than 10 kg. The optrode is 2 miniature reaction chamber through which a chemical
reagent is pumped. The reagent reacts with gaseous halogensted compounds that diffuse in through a
gas permeable membrane to form a colored product. The concentration of the product is detected by
measuring the rate of change of the transmission of light from a 560 nm hight emutting diode. The
analysis time is 2.5 minutes at the detection limit of 5 pg/L. using a 20 ml aqueous sample.

Measurement methodology, sensor performance and reliability will be evaluated using reagents for
the semi-specific determination of ppb concentration levels of carbon tetrachlonde, inchloroethylenc,
and chloroform in water, soil and gaseous samples. The results of this evaluation will be compared
with laboratory GC results 10 demonstrate the viabibty of using this sensor as a field screening and
monitonng tool.

Wednesday, February 22, 1995 64

49

THERMAL DESORPTION ANALYSES OF ENVIRONMENTAL SAMPLES
0J. Vetter and Y. Ding (VETTER RESEARCH ;.\ﬁ. COSTA MESA, CA)

Organic constituents at Jow concentrations in environmental samples are normally determined by
using either “purge & trap™ methods or various types of extracuon methods followed by GC analysis.
Both basic types of analysis method have numerous disadvantages. Many of these principal disad-
vantages are avoided by a third and novel type of “thermal desorption - trap” method.

The organic constituents of solid samples are thermally desorbed into a trap similar to that of the
“purge and irap” method. While this new method offers only marginal advantages over the conven-
tional “purge and trap” methods, this new method 1s far superior 10 any analysis method that relies on
sample extracuons.

We developed the new “thermal desorption - trap” method as a replacement or altemative 1o US-EPA
methods 8020 (“purge & trap”) as well as 8080 and 8100 (extraction methods). The new “thermal
desorption - trap) method allows us to determine PCBs (8080) and PNAs (8100) much more reliably
(better accuracy and precision) and at much lower Method Detection Limits (MDLs) than the more
conventuonal US-EPA methods 8080 and 8100. Combining this new thermal desorption methodology
with high resolution capillary gas chromatography, we can easily determine PNAs and PCBs down to
lower parts per trillion levels with hugh accuracy and preaision.

We can also determne volatile aromatics (8020 replacement) with this new method. The new
method 1s far superior to US-EPA method 8020 if the solid sample is fairly dry. However, severe

technical problems caused by a high water content in the sample has not yet been resolved.

Al of these “thermal desorption - trap” methods can easily be performed esther in the lab or the field.
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MODERN THIN-LAYER CHROMATOGRAPHY FOR FIELD-SCREENING:
DETERMINATION OF PHENOLS

William C. Brumley and Elizabeth M. Shafter, U.S. EPA, EMSL-LV, P.O. Box 93478, Las Vegas, NV
89193-3478

Thin-Layer chromatography (TLC) has been relatively ignored in the U.S. for environmental analysis.
Most published work using TLC for environmental samples has involved pesticides. The U.S. EPA
Environmental Monitonng Systems Laboratory, Las Vegas, maintains a continuous interest in vanous
separation technologies as part of its methods research program. A number of intrinsic advaniages
would be associated with field-screening methods based on TLC. Among these advantages is the lig-
uid chromatographic nature of the separation; gas chromatography, for example, depends on the
volatility of the analytes and coextractives. Other advantages of TLC include s low cost, simplicny
and capability of analyzing 20 to 40 sample extracts simultaneously. Examples are given of the sepa-
ration of selected phenols by TLC on silic gel plates and their determination using ultraviolet and flu-
orescence detection.

Nouce: The U.S. Environmental Protection Agency (EPA), through its Office of Research and
Development (ORD), prepared this abstract for a proposed oral presentauon. It does not necessanly
reflect the views of the EPA or ORD.
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VOLATILE ANALYSIS USING MOBILE GC/MS
G. Baykut, A. Loudon, B. Nolke, Bruken-Franzen Analytik Gmbh, Bremen, Germany

Clearly the numerous advantages of field screening methods has increased the interest with those in
development of mobile technology and those in the field using these methods. In the pasi, the choice
was clear, if you needed GC/MS analyses, samples were sent to service laboratories. However,
advancemenis made in mobile quadrupole technology now offers those in the field an altemauve -
realtime GC/MS results on site where the information is needed and can be used for immediate
response. The idea of this study is to show that GC/MS in the field can be used for full data analysis
and not lirnited 10 just field screening.

Analytical challenges in the “field” setting add 10 the already imposing difficulties in contamination
analysis. Using techniques and methods similar to those already developed for a laboratory setting, in
the past, seemed impossible. Due to these advances in mobile GC/MS technologies this is not only
possible but practical, cost effective, time efficient and easily implemented.

This study includes the analysis of volatile organic compounds using the mobile quadrupole GC/MS.
Data illustrates a more complete analysis of volatile compounds rather than a screening of just BTEX
which, in the past, was all thar was typically analyzed on site. The volaule analytes include com-
pounds ranging from chloromethane to 1,1,2,2-tetrachlorocthane. Analysis and data evaluation were
based on the volatile EPA methodologies, including tuning critenia, cahibration and quantuaton.
Samples were purged using a simplified purge and trap device and desorbed on to a DB624™ capil-
lary column. The mass spectrometer was tuned and evaluated according to EPA specifications using
Bromofluorobenzene. Full scan measurements were used for all analyucal runs. Results from the
cahibration curve and matrix samples will also be illustrated.
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FIELD-PROVEN TRANSPORTABLE GC/MS: REAL-WORLD CASE STUDIES
AND SUCCESS STORIES

J. Christenson, B. Eckenrode, Viking Instruments Corporation, Reston, VA 22091, D. Gallis,
Environmental Resources Management Inc., Exton, PA 19341

Gas chromatography coupled with mass spectrometry (GC/MS) has evolved into being the preferred
technique for analyzing challenging environmental samples in complex matrices. In this paper we
present case studies and success stories in applying a field-proven, fully transportable GC/MS system
that is conveniently deployed to perform on-site GC/MS analysis, with results equivalent to benchtop
laboratory systems. This on-site GC/MS analytical capability provides real-time, decision-quality
data, while reducing sample handling delays, minimizing laboratory analysis costs, and eliminating
sample degradation, so analytical results accurately represent actual on-site condivons.

For environmental analysis, this on-site GC/MS capability performs detailed analyses of complex
sample matrices, with nigorous decision-quality QA/QC levels. This enables high-volume, accurate,
comprehensive analysis of sotl, soil gas, air, stack emission, and water samples. Compared to the
customary practice of collecting samples and then sending these samples off-site to a laboratory, this
transportable on-site GC/MS capability saves tume, improves accuracy, and eliminates costly labora-
tory analysis fees. Site characterization is accelerated, environmental remediation is streamlined,
costly delays and remobilization are avoided.

Several real-world case studies are presented, including soil contamination characterization, ground
waler analysis and plume delineation, emergency response environmental analysis, and air toxics
analysts.
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Field Test Kits
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FIELD SCREENING METHOD FOR PICRIC ACID/AMMONIUM PICRATE IN
SOIL AND WATER

Philip G. Thorne and Thomas F. Jenkins, U.S. Army Cold Regions Research and Engineering
Laboratory, Hanover, New Hampshire 03755-1290

Ammonium picrate (ammonium 2,4,6-trinitrophenoxide) was the principal explosive used 1n a num-
ber of armor-piercing shells, bombs and rocket warheads from the early 1900s until after World War
[. While it is no longer manufactured, wastes containing this component are still encountered at mil-
nary installations. In addition, approximately 8% of the demilitarization inventory contains ammoni-
um picrate. Picric acid (2,4,6-trimtrophenol) is 2 common industrial chemical with uses that include
dyeing fabric and leather, glass coloration and metal etching. Since the pKa of picric acid is 0.3, both
picric acid and ammonium picrate occur as the dissociated picrate ion in the environment. Because of
its high water solubility (about 10 g/L), picrate appears to be quite mobile in the soil profile. The
objective of the work described here was to develop simple field-screening methods for ammonium
picratefpicric acid in soil and water.

For soil a 20-g sample is extracted by manual shaking with 100 mL of acetone in a like manner to the
colorimetric screening methods for TNT and RDX. A 20-mL filtered abquot is mixed with 20 mL of
deionized water and passed through a 3-mL SPE-ALUMINA-A (Supeico) cantndge. Picraie 1s
retained on the alumina. Interferences are removed by passing through a 5-mL aliquot of methanol
followed by a 2 10 3-mL aliquot of acetone. Picrate is eluted from the cartndge with 5 mL of acetone
which has been acidified with 2 drops of concentrated sulfuric acid. The eluent 1s added to an addh-
tional 10 mL of unacidified acetone and the resulting solution should be colorless. The solution 1s
then diluted with 5 mL of deionized water and a change from colorless to yellow is indicative of the
presence of picrate at a concentration above 3 pg/g. The picrate concentration can be estimated from
the absorbance of the solution at 400 nm with a Method Detection Limit of 0.9 pg/g. The field
screening method was tested using several field-contaminated soils and the results compared favor-
ably 1o the 1aboratory HPLC method.

For water, a 2-L sample is passed through a 47-mm Empore Anion SPE Membrane (3M Corp.) which
retains picrate ion. A 10 mL rinse with methanol removes interferences. If the membrane remains
white, there is less than 2 pg/L of picrate. If the membrane tums yellow, 1t is rinsed with 10 mL of
acetone and one drop of a color-forming reagent (EnSys Inc. -TNT reagent) placed on the surface. A
pink Meisenheimer anion confirms the presence of picrate. If the membrane retains brown humic
materials, the color reagent produces a “rust”™ colored spot.
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QUANTITATIVE FIELD MEASUREMENT OF TRINITROTOLUENE IN SOIL
Doug Peery, Daniel Brown, and Cora Huston, IT Corporation, Knoxville, Tennessee

The U.S. Amy Corps of Engineers Cold Regions Research and Engineering Laboratory (CRREL),
under the direction of Dr. Thomas F. Jenkins, developed a colorimetric method for the rapid determi-
nation of 2,4,6-tanitrotoluene (TNT) in soil. The test involves extracting soils with acetone and initi-
ating a reaction where nitroaromatic compounds in acetone form characteristically-colored solutions
wn the presence of strong base. This test was used in the field at two former TNT production facihties
that were undergomng remedial invesuigations. Much of the avalable information on the historical use
of this test indicates that it generally produces qualitative data. Matrix interference problems were
overcome on these projects to produce data that were quantitative and correlated well with data from
a commercial analytical laboratory. The test data were used to direct the efforts of the surface sam-
pling teams and dnilling crews in selecting samples 10 define the levels and extent of TNT contamina-
tion at the sites. These data were also used to ensure personnel safety and compliance with
Department of Transportation (DOT) shipping regulations for selected samples containing TNT that
were sent off site for commercial 1aboratory analysis. The application of this test in the field to diret
project activities and to control project costs will be discussed in this paper. The comparability of the
field data with Level I1] analytical laboratory data will also be discussed.
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Gas Chromatography
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FIELD DETERMINATION OF VOCs AT HAZARDOUS WASTE SITES

Daniel R. Coleman, Timothy M. Brice, Gary D. Sides, and Sandra T. Macon, CMS Research
Corporation, 200 Chase Park South, Suite 100, Birmingham, Alabama 35244

As the EPA increases its emphasis on actual remediation, there is a growing need for accurate and
reliable air-monitoring equipment that can perform on-siie to provide air analyses for volatile organic
compounds (VOCs). Monitoring requirements are implemented through the Resource Conservation
and Recovery Act (RCRA) and the Superfund Amendments and Reauthorization Act (SARA). It s
often the case that the monitoring requirements are even more strict because of public pressure from
surrounding communities.

Automated gas chromatography provides a reliable means for on-site air monitoning for VOCs. With
careful selection of the GC column, column heating parameters, and the GC detector, an automatic
GC can be used to monitor for the presence of the target VOCs. This technology has been used at
two National Priority List (NPL) sites and in San Juan, Puerto Rico under the Superfund Innovative
Technology Evaluation (SITE) program. Details of the monitoring conditions, concentration data,
and monitoring system will be discussed.
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FIELD SCREENING OF VOLATILE AND SEMI-VOLATILE ORGANIC POLLU-
TANTS USING A HEATED, PORTABLE MICRO GAS CHROMATOGRAPH

Mark W.Bruns, Ph D, Debra L. Gonzalez, Microsensor Technology, Inc., MTI Analytical
Instruments, 41762 Christy Street, Fremont, California 94538

A heated, portable silicon micromachined gas chromatograph was designed, developed and recently
utilized in the characterization of volatile and some semi-volatile organic compound distnbution in
soil at a site 1n the Midwest. The use of this system in the field allowed for the rapid, on-site charac-
terization and field screening of gasoline range VOCs and semi-volatiles (e.g., benzene, toluene, eth-
ylebenzene, and xylene; and naphthalene) and chlonnated hydrocarbon solvents in soil and assisted in
the geological mapping of environmental “hot spots.” The sample inlet and introduction system of
the micro GC is heatable to 110°C to further extend the application range of the micro GC to samples
with high moisture content, high concentration of condensable vapors, and semi-volaule compounds.
Data will be presented on the use of the heated system in the characterization of the site with details
provided regarding the advantages of individual compound characterization, sampling for screening
purposes, and environmental screening in the field (to locate “hot spots™) and in mobile laboratories
(10 prevent overloading of GC/MS systems).



tL $661 '€¢ Arnuqay ‘Aepsini],

1d30U0o I U6 paseq 1onpoid [e1s3wuIcd

® duidojoaap Jo ssasaud ap ut Apuaund ae M PRABUIWITS sk s3[dutes 1o1emM UT UONUIAL NB[OA
100d asnes 1eyr sainpasaud Surpuey pue sdund s swajqosd up ‘spdwes 1atem ap wouj s3[nefoa
J1.IAGT 01 ST 2inpaooid A1 Jo 2ANVB(QO I 30UIG “SOLI JO $32INOS [RIAIS Sutaowai ‘paajoau uon
-esedaid 10 98es01s adwes ou 51 AU, “JRm A unpim sipdap 311051p 18 pautopad 5q ues sis{feuy
“uoneauad Asem snoprezey Sunwurungo P129[100 2q 01 pasinbai st ojdures 131em ON “sop1eq prep
-ues B (iim wayer djdures za1em puncu8 e jo sisAeur den pur 99ind [BUOTIU3AUOD 01 1981eds nus ut 2
woyy se8 a8zeds i Jo siskjeus ydei8orewoiyo sed ans-uo Suuedwoo £q parsar sem poypow siyy sis
-A[eue 1318m punosd papuoneun 10§ wotsAs Juuonuow uua 3uof e jo ued se pue djduies 1a1em e uey
Toqies qe| © 01 pauodsuen s1 den 1uaguosqe te A1aYM Aunpacosd uona2[od ajdwes ¢ se ‘ydesdorews
-op sed 15U UY Yim uonounfuco ut pasa wym anbruyd Butusads pides e tpoq se aqearidde st
poypw sy -sisApue yderdorewoauys sed den pue adind [BUONU3ALOD Joj dex uaqiosqe ue i patda]
-102 Apuanbasqns st sed adind ay] (Surpuad 1ared) spunodwoo owredio smeoa jo padind pue fjom
1 wynm padieds aq 01 apdures sa1em puncug € S3qBU2 YOWYM pInsay puk paudisap uaaq sey AP v

99LE0 HN "woupqa] “1§ autd £7 “u] ‘[oiusumio.nauy y0110 Yo0110p -y uoioy

HdVIDOLVIWOYHD SV AT414 ANV HHTdINVS ADAVAS NLIS NI NV HLIm
YALVM ONNOYD NI SISATVNY NOHHVIOAAAH DINVOHO ATILVIOA

99

“Aupenb patensuounp yim ‘“1sunoeid 3uuoq/fom pue uonednsaaul anls Jo uoneIaEIIE

Q) SMOJIE poyIawi SIY] 1500 MO[ K194 € 1€ *2Win [eas u1 +[I [2A%] Aurend) V4o 18 Suruaass swinooe
3urpracud jo ajqedes st wawdmba Areipixne pue 0 pparg *azis ISEDJoUq Y[, "PAUIWNIOP [[om SI
‘S1NSAI UJ90X2 Yim UonEeSNSIAUT IS ‘paqupuo uotnposd ‘Jeonius sum ¥ ut sisKjeue 25241 JO oUW
-topad a3 ‘wontppe u] “sisk[eue [ios 10) POIaW 341 Jo £2BIN30E I PUSUIE UOTIIRIIXD 20edspeay Jeq
PUE UONEIILOS Jo asn Y| seak sup J31e] ‘AioTRIOqET YorRasay [FluaWUONAUT LY °S "y 3 yum
uonesadood ut pauopad aq 1 [[m se ‘pauasard 51 [10s Joj spottaur asayy Jo Isn Yy 10§ A3ojopoyropy

“sajdutes Ja1em 10§ 23uer qdd g-1 3 o1 SHUM] UOT319p Y1 3INPAS pUE UOTIRNUIOUOD 0edspeay
341 35BADUT 01 pasn st ddwres ay1 Jo uonewawine Teunay] -3uruaaids ppay Joy anbruyoo) sup jo
£veinooe oy Jensuoursp sisA[eue Aioreioqe] paxty yum sinsal Jo uone[aLIOd 30[) DO PPEY ¥ yum

stsApeue asedspeoy oy Jo Aseinooe pue Luqiger[as 3 saseasoul *YOTeUr S[aes 37T U UOMIgNes 65

“UTdWS SATEAGUY] “sisA[eue Kioresoqe] 01 paredwios pue ‘paensuowap st ._o_!sv::e.u u .%::onEcu
pareuadofey pue X | § Jo UONRIUDOUOD 3 awuuap 01 (50) ydwBowwoiyo sed piay ¥ jo asn L

80876 ‘P1iofio]) ‘outpivusag uvs ‘worviodio) [ ‘pozor) g

NOILVIEITVD TVOIIIdAY A SLIWI'T NOLLDHLAd 9dd
MOTONLLVYLSNOWAQ “TIOS ANV HALVM HOA SISATVNV J0A AT414

§9

&ydviSorowoay) spn



Immunochemical-Based Methods
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EVALUATION OF IMMUNOASSAY-BASED FIELD TEST KITS FOR THE
DETECTION OF PETROLEUM FUEL HYDROCARBONS IN SOIL

L.C. Waters!, M A. Palausky!, RW. Counts’ and R A. Jenkins', Chemical and Analytical Sciences
Division! and Computing and Telecommunications Division?, Oak Ridge National Laboratory, Oak
Ridge, TN 37831-6120

The objectives of this project are to identify, experimentally evaluate and implement the use of alter-
native field screening methods that ase specific for environmental contaminants of interest and con-
cem 1o the Department of Energy. Immunochemical techniques are rapidly becoming a sigmficant
component in the arsenal of field screening methods. Analytical results obtained by immunoassay
have been shown to correlate well with those obtained by traditional laboratory methods. Also, the
use of immunoassay-based field screening methods can significantly reduce the cost and time
required for environmental assessment. For example, our previous experimental evaluations of
immunoassay-based tests for PCBs and mercury showed them to be effective, rapid and economical
field screening methods (Methods 0S020 and MB100, DOE Methods Compendium). We are cur-
rently evaluating the effectiveness of immunoassay-based test kits, from a number of sources, for
detecting fuel hydrocarbons (primarily BTEX) in soil. The formats of the kits being evaluated vary
significantly - from how the test sample 1s diluted for assay 10 how the test color reacuion is devel-
oped and measured. Dilution schemes have been shown to be cnucal, due to the volatility of the ana-
lytes; and can result in false negative results. Kits, with which the color reaction development occurs
on a membranous filter, are subject to producing erroneous and erratic results if the test samples
and/or test reagents are compromised in such a way as to impede the normal flow rate through the fil-
ter. Results of these studies, with respect to the accuracy, reproducibility, sensiuvity, working range,
cost and sample throughput, will be presented.

Research sponsored by the Office of Technology Development, U.S. Department of Energy, under
contract DE-AC05-840R21400 with Martin Marietta Energy Systems, Inc.

“The submitted manuscnpt has been authored by a contractor of the U.S. Govemment under contract
No. DE-AC05-840R21400. Accordingly, the U.S. Govemment retains a nonexclusive, royalty-free
License to publish or reproduce the published form of this contribution, or allow others to do so, for
U.S. Govemment purposes.”
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ON-SITE SOIL AND WATER ANALYSIS USING D TECH™ IMMUNOASSAYS
FOR RDX AND TNT

George B Teaney, Scientist, Robert T. Hudak, Sr. Scientist, James M. Melby, Group Leader,
Strategic Diagnostics Industries Incorporated, 128 Sandy Drive, Newark, DE 19713

The secondary military explosives, trinitrotoluene (INT) and hexahydro-1,3,5-trinitro-1,3,5-triazine
(RDX) are commonly found in soils and ground water at munition load and pack operations, and
demilitanzation facilities. RDX is very mobile in soils, and is often used to indicate the leading edge
of an explosives plume, whereas the rate of migration of TNT in the soil is far less. The development
of the D TECH field screening methods for RDX and TNT in both soil and ground water have been
designed to greatly benefit the explosives remediation effort. The use of these inexpensive field
screening methods will reduce the 1otal cost and improve the efficiency of site surveys and remedia-
tion projects. Field screening techniques can also circumvent the long tumaround time of laboratory
analysis by providing rehable on site resuits.

The porable RDX and TNT enzyme immunoassays (EIA) are quick, cost effective, highly specific,
and user friendly. The components of these EIAs include RDX or TNT specific antibodies (Ab)
covalently linked to small latex particles, an RDX or TNT analog which is covalently linked to atka-
line phosphatase, and the free explosive in the water sample. The free explosive competes with the
enzyme linked analog for the Ab binding sites. The latex panicles are then collected on a filter
device, washed, and an enzyme substrate 1s added. The amount of color produced is inversely pro-
portional to the concentration of free explosive in the water or soil sample, and can be determined
using a hand held reflectometer, or a color card. These assays have demonstrated S ppb sensiuvity n
water samples and 0.5 ppm sensiuvity in sous with minimal cross-reactivity and matrix effects.

The application of these tests in the field has been demonstrated at several sites across the United
States. Results from a 42 sample TNT field trial at Army Ammunition Plant reported 2% false posi-
uves and no false negauve results. When confirmed by EPA SW-846 Method 8330, 74% of the sam-
ples were in direct agreement. During a series of RDX field trials, the RDX EIA reponed 3% false
positives and no false negatives. In all field trials the EIA demonstrated a correlation coefficient of at
least 90% when compared with Method 8330. Results from larger field studies have shown these tests
10 be cost and ume effective as well as accurate.
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DETECTION OF PETROLEUM HYDROCARBONS IN SOIL AND WATER BY
IMMUNOASSAY

Michele Y. Selisker, C. McCaffrey, David P. Herzog and Jeanne A. ltak, Ohmicron Corporation, 375
Pheasant Run, Newtown, PA 18940

Volatile aromatic hydrocarbons, which include BTEX (benzene, toluene, ethylbenzene and xylenes),
are prevalent contaminants at hazardous wastes sites across the United States as a result of spillage of
hydrocarbon fuels and leaking underground storage tanks. 1t has been estimated that 2 to 5 million
underground storage tanks containing petroleum hydrocarbons or chemicals are present in the Umted
States. Identifying the presence of hydrocarbon contamination is a high prionty; suspected contami-
nated sites must be evaluated to map out a contamination plume, to determine if remediation is need-
ed or 1o determine the effectiveness of remediation.

Groundwater and soil sampling are widely used to assess contamination. Exposure via drinking
water, especially groundwater, is of great concem and cause for much of the hydrocarbon and under-
ground storage tank regulations. The collection and analysis of soil and groundwater samples has
become a standard practice in siie assessment and has gained wide acceptance of regulatory agencies.
However, accurate and precise characterization of a region is difficuit due to inherent uncertainty in
measuring volatile organic compounds (VOCs). Sample collection, handling, storage and transpor,
as well as large spatial and temporal vanations can occur during samphng, which ali contnbute sub-
stantial error 1o accurate analysis.

A magnetic particle based enzyme immunoassay (EIA) that detects small aromatic hydrocarbons was
developed. This assay offers several advantages over traditional testing methods (1.e. GC) including
speed, cost effectiveness and pontability. The assay can be performed on site in less than one hour.
The assay can be coupled with simple extraction methods for analyzing petroleum hydrocarbons in
soil.

Several studies were conducted to evaluate the agsay's performance in soil and water. In a study con-
ducted on water samples from locations across the U.S., recoveries of spiked Total BTEX averaged
greater than 99%, with results ranging from 87 10 119%; one false positive (1.8%) was observed.
Sonls spiked with Total BTEX at concentrations ranging from 0.25 10 10 ppm Total BTEX were
extracted, diluted and evaluated in the immunoassay. Recoveries averaged 113% with results ranging
from 104 to 120%. In another study with 30 soil samples spiked with gasolines, jet fuel, kerosene
and Total BTEX, the assay and recommended extraction procedure agreed well with results obtaned
by EPA Method 8020 in determining the presence and degree of contamination. Additional study
results and data on the cross reactivity of the assay for various small aromatic hydrocarbons and
petroleun fuel mixtures (i.e. gasoline), will be presented.
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DETERMINATION OF POLYNUCLEAR AROMATIC HYDROCARBONS
(PAHs) IN WATER AND SOIL BY A MAGNETIC PARTICLE-BASED ENZYME
IMMUNOASSAY

Fernando M. Rubio, Tumothy S. Lawruk, Charles E. Lachman and David P. Herzog, Ohmicron
Environmental Diagnostics, 375 Pheasant Run, Newtown, Pennsylvania 18940, James R. Fleeker,
North Dakota State Uruversity, P.O. Box 5516, Fargo, North Dakota 58105

Use of immunoassays as field-screening methods to detect environmental contaminants has increased
dramatically over the past few years. Immunochemical assays are sensiuve, rapid, rehiable, cost-
effective and can be used for lab or field analysis. A magnetic panicle-based immunoassay system
has been developed for the quanutation of Polynuclear Aromatic Hydrocarbons (PAHs) in water and
sorl. Paramagnetic particles used as the solid-phase, allow for the precise addition of anubody and
rapid reaction kinetics. The magnetic particle-based immunoassay is ideally suited for on-site investi-
gation and remediation processes 1o delineate PAHs contamination. This system includes easy-to-use
matenals for collecuon, extraction, filtration and dilution of soil samples prior to analysis by
immunoassay. Water samples are analyzed directly without sample preparation. The method detects
PAHs, including anthracene, chrysene, fluoranthene, phenanthrene, pyrene and benzofa]pyrene, at
sub-parts per million levels in soil and at less than a part per billion in water. This PAHs ELISA
compares favorably to HPLC determinatons, and exhibits good precision and accuracy. The assay
procedure and detailed performance charactensucs including precision, spike recovery and correlation
with U.S. EPA methods are discussed.
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IMMUNOASSAY PANEL PROFILE FOR DETECTING TOTAL PCB CONTENT

Stephen Friedman and Randy Allen, EnSys, Inc., Research Triangle Park, NC 27709, and John Gui,
Elizabeth Barren and Donald Berdahl, GE Corporate Research and Development, Schenectady, NY
12309

Immunoassay test kits are being widely used to provide rapid, inexpensive screemng of soil samples
for the presence of PCBs at or above a given threshold value. Currently available immunoassay

methods are sensitive to aroclor preparations that contain the more highly chlonnated PCB congeners.

The interpretation of these tests is accomplished by comparison to an appropnate aroclor standard. If
PCB contamination at a site has undergone significant changes through weathenng or biological
degradation, or if contamination has occurred from lower chlorinated species, the relauve sensiuvity
of available test methods is reduced. This paper describes the results of a program to develop and
demonstrate an Inmunoassay Panel Method that normalizes the recovery of PCBs detecied and there-
by provides an accurate representation of the total PCB content of a sample. The development and
validation of this method, and the associative correlation testing data using laboratory and environ-
mental samples, will be discussed.
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PCB DETECTION BY THE CONTINUOUS FLOW IMMUNOSENSOR

P Charles, 2D. Conrad, ! A Kusterbeck, and 'F. Ligler, 'Center for Bio/Molecular Science and
Engineering, 2NRC Postdoctoral Fellow, Naval Research Laboratory, Washington DC 20375-5348

Increasingly, pollutants and hazardous waste materials have become a major problem within the envi-
ronmental community. The monitoring and detection of PCBs (polychlorinated biphenyls) n soil,
waste water, and other remote sites have cost the government millions of dollars. This study demon-
strates a method of detecting and monitonng PCBs using a continuous flow immunosensor. Such an
assay involves the immobihization of antibodies raised agamnst PCBs onto a solid support matnix. The
matrix is then saturated with the fluorescently labeled antigen. As the PCB is injected into the sys-
tem, this Jabeled antigen is displaced and its presence is monitored downstream. Preliminary results
have demonstrated detection sensitivities of less than 10 parts per million. This device and the effects
of such factors as anubody density, anubody onentation, and flow rate on its performance and detec-
uon capabilies will be presented.
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Immunochemical-Based Methods

79

DEVELOPMENT OF AN ENZYME IMMUNOASSAY FOR THE DETECTION OF
TRINITROTOLUENE (TNT) IN SOIL AND WATER

Karen A. Larkin, Bruce S. Ferguson, Jonathan J. Matt, and Titan S. Fan, ImomunoSystems
Incorporated, Division of Millipore Corporation, 4 Washington Avenue, Scarborough, ME 04074

2,4,6-Trinitrotoluene (TNT) is a toxic and persistent nitroaromatic compound currently found contam-
inating many govemment instsllations used for manufacture, storage or testing of explosives. The
estimated 1,100 contaminated sites in the U.S. are the center of a large remediation effon, which
could be streamlined by the use of a rapid, field-portable, inexpensive analyucal method for TNT.

An enzyme immunoassay (EIA) has been developed which is capable of detecting as linle as 0.5 ppb
TNT in water and 0.25 ppm TNT in soil. Rabbit polycional antibodies were raised against a TNT-
denvative coupled to bovine serum albumin. These antibodies are coated on both polystyrene tubes
and 96-well microtiter plates. Water samples or soil extracts together with a TNT-horseradish peroxi-
dase conjugate are then added and compete for antibody binding sites. Excess conjugate is washed
away in a simple rinse step, and substrate (3.3',5,5" tetramethylbenzidine) is added; the amount of
cotor developed is inversely proportional to the concentration of TNT in the sample. This competi-
tive EIA is relatively specific: 4-amino-2,6-DNT and 2,6-DNT are only 20% as reaclive as TNT, and
2,4-DNT shows approximately 1% cross-reactivity. Other common explosives and important
metabohtes, such as RDX, HMX, nitroglycerin, and dichlorobenzoic acids, are essentially non-reac-
tive in this assay. The microtiter plate-based assay is complete in 90 minutes and is sunable for labo-
ratory use. The tube-based test is run in less than 30 minutes and 13 field-portable.

The soil extraction protocol employed for this assay utihizes methanol as the solvent and can be com-
pleted in 10 minutes. A simple dilution step 1s the only sample preparation that is required before
running soil extracts in the immunoassay. Water samples require no pre-treatment, concentration or
extradion. Correlative data between this immunoassay and conventional analytical techmques wiil
show that the EIA has the potential to serve as a time and money-saving tool for soil and water sur-
vey and remediation.
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Ion Mobility Spectrometry

ION MOBILITY SPECTROMETRY (IMS) FIELD SCREENING METHODS AND
ANALYSIS OF EXPLOSIVES IN CONTAMINATED SOILS

J. Avolio, R. DeBono, and P. Radwanski, Barringer Instruments Inc., New Providence, NJ 07974

The rapid on-site and lab analysis of soil ssmples comtaminated with DNT, TNT, and RDX is
explored with IMS detection and various sample preparstion methods. Field screening for explosives
is presently tine consuming and generates considersble amounts of additional chemical wastes. The
field method is also mited in the number of different explosives that can be analyzed.

‘The use of a Barringer Instroments JONSCAN IMS system, which is comprised of a thermal desorp-
tion sample introduction system directly plumbed 10 the IMS reaction region and drift tube assembly
permits novel methods of sample prep snd sample introduction 10 be employed. Direct sampling,
sample solvation, and sample extraction are all investigated and reporied. Benefits of utilizing an
IONSCAN in the analysis of scil samples is the sbility to simultancously analyze up to 18 analytes in
each sample in 4.8 soconds! Thesefore it is feasible to analyze for degradation products as well as the
target parent explosive compounds.

The IONSCAN analyses were typically performed using 100 mg samples of scil or 100 ul aliquot’s
of the extracted sample solution directly deposited onto a PTFE filter and then desorbed. Additio-
nally 100 mg samples of soil were directly solvated with assorted solvents on the sample filter with
varied success. Performing & 3 minute acesone extraction on the soil samples has yielded the best
overall results thus far with respect 10 limits of detection, and time required for sample preparation.
10 PPM or bester limits of detoction are achicved with this methodology and an IONSCAN for DNT,
TNT, and RDX. Based on these preliminary results this work is being continued in both the lab and
on-site with s0il and water samples.
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CHALLENGES OF DEVELOPING A GC/IMS BASED PERSONAL CHEMICAL
HAZARD DETECTOR

Neil S. Arnold, Jacek P. Dworzanski!, Henk L.C. t uzelaar! and William H. McClennen’!,
ﬁi%aﬁi&&a Salt Lake City, Utah and 1Center for Micro Analysis and Reaction
Chemistry, University of Utah, Salt Lake City, Utah

Hand-portable gas chromatographyfion mobility spectrometry (GC/IMS) techniques have been identi-
EI-E-E&&E??-EEE s relsted analytical problems. Recent
gngggg%gﬁﬁusvggmgg&ﬂa w prospects for cre-
sing a miniaturized GC/IMS unit. If a number of critical engineering obstacles can be overcome,
these units will find new applications for monitoring individual exposure to chemical hazards based
on having considerable size and cost advantages over their predecessors. The successful development
of a combined GC/IMS personal detection system will require the combination of various innovative
solutions which have been suggested or applied to various chemical sensor, GC and IMS technolo-
gies.

This paper provides a feasibility examination of personal GC/IMS based on the automated vapor sam-
pling-transfer line gas chromatography (A VS-TLGC) approach previously utilized in developing
hand-portable GC/IMS instrumentation. Special focus is placed upon developing low power strate-
gies for implementing this approsch. The means for achieving low power operation for extended per-
sonal use has focussed on pulsed, on-demand operation of the sampling systems, low (ambient) tem-
perature GC operation, reduced GC flow rates and pressure drops and modification of the internal
IMS system flows. Development efforts to date have utilized an existing prototype ministure IMS
device, the GI-MINI from Graseby Ionics coupled with modified Enviroprobe AVS-TLGC equipment
developed by FermtoScan.  Effect of parameters such as GC column position, temperature and carrier
gas flow as well as IMS purge flows are examined for their effects upon sensitivity and resolution in
breadboard GC/IMS test instrument. An evaluation of the remaining engineering hurdles limiting the

development of personal GC/IMS are also presented.
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Non-Invasive Technologies
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UXO DETECTION AT THE JEFFERSON PROVING GROUND, MADISON, IN

Michael Johnson, Steve Cave, Jim Creager and Johr Mathes, EG&G Energy Measurements, Kirtland
Operations, Albuquerque, New Mexico, 87196

OBJECTIVE

The objective of this project is to quantitatively evaluate the effectiveness of high spatial frequency
sampling with the USRADS System and the Minefield Reconnaissance and Detector (MIRADOR)
System for locating, mapping and identifying subsurface unexploded ordnance (UXO), consisting of
bombs, missiles, mines, projectiles, submunitions and rockets.

TYPE OF TESTING AND EVALUATION TO BE CONDUCTED

A drive-over survey of the 40 acre Jefferson Proving Ground (JPG) test site will be conducted. The
USRADS System will record the MIRADOR s location each second to an accuracy of +/- 6”.
Markers will be placed in the MIRADORs data files to correlate data with location.

MIRADOR beneficially combines the outputs of multiple sensors, three Ground Penetrating Radars
(GPR's) and three Metal Detectors (MD's), to produce a composite result that is better than the result
from any single sensor. This data fusion process accommodates multiple sensor output data contain-
ing gaps, noise, dropouts, and other flaws, and still produces a good output result. Further, it
enhances detection and location of target objects.

Data from MIRADOR will be combined with results from other sensor technologies such as terrain
conductivity meters and various magnetometers (as selected by the Selection Committee from other
Chemrad technology demonstration proposals) to produce the best possible result.

These anomaly identifications will then be compared with the target information provided by the

Naval Explosive Ordnance Disposal Technology Division, Manager of JPG, to measure the effective-
ness of this approach for locating buried, unexploded ordnance.
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PRELIMINARY RESULTS FROM A FIELD SURVEY CONDUCTED WITH THE
AUTOMATED SUBSURFACE CHARACTERIZATION SYSTEM (ASCS)

Steven P. Cave, James D. Creager, EG&G Energy Measuremenis, Kirtland Operations, Albuguerque,
New Mexico, 87196, Chris W. Baumgart, EG&G Energy Measurements, Los Alamos Operations, Los
Alamos, New Mexico, 87544

OBJECTIVE

The Automated Subsurface Characterization System (ASCS) is a portable system that uses a ground
conductivity sensor and a ground penctrating radar sensor 10 survey and characterize subsurface
objects, conditions, and geology. The objective is to demonstrate the system’s capabilities by per-
forming an actual ficld survey and reducing and reporting the results. The concepts and technologies
employed are applicable to a wide range of hazardous waste, ordnance detection, and site survey and
monitoring tasks.

TYPE OF TESTING AND EVALUATION TO BE CONDUCTED

The specific application reported here is a survey of a chemical waste landfill site performed both
before and after injection of a subsurface grout barrier. The site, which has been used for various
chemical spill/burial applications, has been studied in detail and the gross physical and geological
propertics are known. Scientists from Sandia National Laboratories Albuguerque will inject a combi-
nation of various grouts and waxes at sclected locations and depths. The berriers will be injected
through boreholes for the purpose of minimizing the site subsurface permeability and the subsequent
migration of chemical waste material and groundwater. After injection and thorough curing of the
barriers, each injection location will be excavated to determine the integrity, continuity, uniformity,
and physical extent of the injected barriers.

A survey of the chemical waste site, performed both before and afier the injection of the barrier, will
be performed with the ASCS. The results and findings (barrier characterization) from this survey will
be compared and contrasted with actual barrier conditions determined after excavation. In this way,
the suitability and applicability of an ASCS-like system that is portable, has hand-carried or man
pulled sensors, and which carries out data reduction essentially immediately will be demonstrated.
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Quality Assurance

90

FIELD SCREENING VS. FIELD ANALYSIS: DATA QUALITY OBJECTIVES IN
THE AGE OF ADVANCED ON-SITE INSTRUMENTATION

m:.nb.i.fuu&w.knl«\.%&&.?s.&h.05...«1»?%3..2.%&.EQEExaE.anzg&.hE.Rw.
Folsom, CA 95630 .

Field snalytical efforts range from true screening instruments such as hand-carried organic

vapor analyzers to full on-site laboratory-grade GC/MS instruments. Frequently, the end use of the
data is either unknown, or ill-defined, resulting in an inappropriate analytical technical approach.
Increasingly, data users are intending to use field data for all possible uses, from determining the
depth for bore-holes 10 modelling and risk assessment. This broad mandate presents severe chal-
lenges to the field analysis effort.

One of these challenges is to educate data users who may not be accustomed to analytical methodolo-
gy and its terminology on the meaning of data quality. Often the term “screening” carries a negative
connotation for many users—implying much lower quality than laboratory analytical data. An under-
standing of the data quality that is attainable in the ficld from an EPA method context will counteract
that impression.

Another challenge lies in the need for sophisticated data reporting, often including input into databas-
es. Most ficld instruments are not amenable 1o more than simple reporting. This simple reporting
limitation can extend to the total data quality, since additional quality assurance data may not be easi-
ly incorporated into field reporting without significant additional effort.

The paper will review the EPA Data Quality Objective process vis-a-vis currently available field
instrumentation. Examples of the data quality obtainable from field instruments will be presented:
from routine field analysis to a one-analysis approach for all data uses. The data will show typical
limits to the quality of ficld generated data when the objective is to adhere to EPA method protocols.
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Sampling and Sample Handling

93

AN ANALYTICAL PROGRAM FOR DETERMINATION AND CONFIRMATION
OF AIRBORNE LEVELS OF CHEMICAL AGENT IN THE EVENT OF A SUS-
PECTED RELEASE

Donald G. Paul, Dynatherm Analytical Instruments, Inc., P.O. Box 159, Kelton, PA 19346 and
Edward M. Jakubowski, PhD., SciTech Services, Inc., 1311 Continental Drive, Suite G, Abingdon,
MD 21009

The Monitoring Branch Laboratory of the U.S. Ammy Operations Directorate, Chemical Suppon
Division is uniquely outfitted to respond quickly when the need arises to identify and measure atmos-
pheric contamnination levels of military unique compounds. Samples collected with a vacuum pump
on solid sorbent tubes are initially screened using gas chromatography (GC) and a sulfur/phosphorus
specific detector to determine and quantify the presence or absence of contaminants. Positive sam-

ples from the first stage of testing are subjected to subsequent analysis with different detectors to con-

firm genuine positives and eliminate false positives. Subsequent testing provides information during
follow-up and site remediation activities through screening of soil and other environmental samples.

Monitoring Branch uses Depot Area Air Monitoring Systems (DAAMS) technology in which a sam-
ple is collected onto a solid sorbent tube, and subsequently analyzed through thermal desorption of
the sample into a gas chromatograph equipped with a simultaneous dual Flame Photometric Detector
(FPD) for sulfur and phosphorus detection. Confirmation is accomplished using the same solid sor-
bent/thermal desorption/GC instrumentation with Atomic Emission Detection to confinm through ele-
mental analysis and Mass Spectrophotometric Detection for structural confirmation. Soil and other
environmental samples such as building debris are extracted manually using an organic solvent and
analyzed using DAAMS technology and the same variety of detectors.

Data genenated during implementation of QA/QC programs for sample collection and analysis indi-

cates system responses are linear within a wide dynamic range. Results of precision and accuracy tri-

als as well as field tests during hazardous response activities are included in this presentation. A sin-
gle basic instrument system consisting of solid sorbent cartridges for sampling, concentration and
injection, with multiple GC detectors for screening and confirmation through elemental and structural
analysis, is able to carry out all monitoring activities, from initial confirmation of contamination
through characterization of the extent of the release and follow-up durning remediation.
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94
THERMAL SAMPLING HEAD AND SYSTEM FOR CONCRETE WALLS

CM. Penney, A.L. Ortiz, E. Barren, P. Staver, RD. Lillquist, S F. Feldman and D.R. Berdahl, GE
Corporate Research and Development, Schenectady, NY 12309

The objective of this work is 1o make available a means for rapid, non-destructive sampling of surface
and near surface semi-volatile contaminants on porous construction materials such as concrete. The
sampling head is designed 10 heat a 100 cm? area of a typical surface to a temperature of 250 °C in
60-90 seconds. This head interfaces with a quick look detector (photoionization detector) and a mul-
tisample sorption tube collector 1o allow for sample recovery and laboratory analysis. First order
models of the thermal and diffusion propenties of concrete suggest that the heated and sampled
regions extend several millimeters into the surface. The thermal performance of the sampling head
has been evaluated using buried thermocouples and an imaging pyrometer. The results of initial sam-
pling experiments on controlled laboratory samples and environmental surfaces will be discussed in
terms of sampling efficiency and model predictions.
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X-ray Fluorescence Spectrometry
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OPTIMIZATION OF FUNDAMENTAL PARAMETER METHODS FOR
ANALYSIS OF HAZARDOUS MATERIALS WITH FIELD PORTABLE XRF
ANALYZERS

Dennis J. Kalnicky, Mark Bernick, and Lawrence P. Kaelin, Roy F. Weston, Inc /REAC,

Rajeshmal Singhvi and George Prince, U S. Environmenial Protection Agency, Office of Solid Waste
and Emergency Response, Office of Emergency and Remedial Response, Emergency Response
Division, Emergency Response Branch, 2890 Woodbridge Ave., Edison, NJ 08837-3679

Field portable X-ray Fluorescence (XRF) instruments have been widely utilized by the U.S.
Environmental Protection Agency's (U.S. EPA) Environmental Response Team (ERT) to characterize
metallic waste contamination in soil and sediment. Rapid, on-site XRF analysis provides near real-
time data which may be used to guide cleanup/removal activities at hazardous waste sites.
Historically, XRF analyses based on site-specific calibration standards have not been useful for more
than one site and/or sample matrix. Fundamental Parameters (FP) techniques provide mulii-site capa-
bilities by eliminating the requirement for site-specific standards. Inter-element matrix cffects are
predicted theoretically and intensity response is normalized to & set of pure element standards. The
resultant application is, in principle, suitable for analysis of target clements for a given sample type
(soil, water, oil, thin films, etc.) at any site. However, uncertainties in the data used to generate theo-
retical coefficients may lead 10 errors and biases in FP analytical models based on them. Therefore,
adjustments based on assayed materials (such as NIST Standard Reference Materials, SRMs) may be
necessary to “fine-ume” results. This paper describes methods to “fine-tune” FP models for analysis
of hazardous materials in soil, sediment, and other matrices. The effectiveness of the approach will
be demonstrated utilizing a commercially available field portable XRF analyzer and associated PC
based software.
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A NEW XRF METHOD FOR MEASURING THE CONCENTRATION OF
BURIED LEAD IN PAINT USING L X-RAYS

Charles Parsons and Lee Grodzins, Niton Corporation, Bedford, MA 01730

A new method has been developed that makes it possible 1o accurately and quickly determine the
absolute concentration of lead in lead paint (in mg/cm?) without knowledge of the composition or
thickness of the layers overlying the lead. The invention makes use of the fact that the ratio of the
mass attenuation coefficients for the L at 10.5keV 1o the —.ﬁ at 12.6 keV is effectively independent
of the Z of paint layers. The theory and confirming experimental data will be presented for a lead
layer of 1 Ew\n.su buried by up to 200 BEQ.:N of non-lead paint (more than 1 mm thick). The new
method also gives a measure of the depth of the lead beneath the surface. We will describe the
NITON XL, which uses the invention to give the lead concentration and its depth index.
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