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ABSTRACT

Theinadvertent ingestion of contaminated soil can be an important source of pesticide exposure,
especialy in young children. Analytical extraction techniques explored in the past were designed to determine
thetotal contamination level of environmental solids. The actual level of apesticide that isavailable for absorp-
tion into the biological system may be much lower than the overall contamination level dueto the interaction of
each compound with the solid matrix. This bioavailability is dependent on the chemical speciesaswell asthe
soil type. In an effort to gain understanding of this phenomenon, we report a comparison of the recoveries of
pesticides from sand using different analytical extraction techniques. The techniques examined were Soxhlet
extraction, microwave-assisted extraction (MAE), subcritical water extraction (SCWE), and aqueous microwave
extraction (ME). Of five pesticidesinvestigated, one showed a statistically significant differencein recovery
between Soxhlet and MAE. For thetwo water extractions, three of five pesticides displayed statistically signifi-
cant differences. Soxhlet and MAE had much higher average recoveries (74 % and 85 %, respectively) than the
two water extractions, (ME (1 %) and SCWE (9 %)). Future comparisons of the results of these analytical
extractions with data from physi ol ogical-based tests may |ead to the devel opment of a bioavailability-determina-
tion technique that will avoid the use of animals or complex models of biological systems.
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INTRODUCTION

Individua sarein contact with soil through each of the established routes of exposure: inges-
tion, inhaation, and dermal absorption. Soil may contain numerousorganic pollutants, including
pesticides. Thedegree of harm caused by exposureto apollutant inthe soil dependsonthe ease
with which the contaminant isrel eased from the matrix under physiological conditions, thet is, its
bioavailahility. Of concernisthe potentially damaging quantity being absorbed by the human
system. Current techniquesto determine bioavailability involveanimal model sor complex modelsof
the human digestive system (Ruby et a., 1996; Koganti et al., 1998). Thereisaneedtodevelop
analytical techniquesto mimicthisprocessto determine quickly and easily the bioavail ability of
organic contaminantsfrom environmenta solids.

Thetechniquesthat have been devel oped to dateto extract organic contaminantsfrom soil
have been evaluated intermsof their ability to determinethe aggregate concentration of these
compounds accurately and completely. Currently thereare severa techniquesin practicefor the
determination of thetotal pesticide content of soilsincluding Soxhlet extraction and microwave-
assisted extraction (MAE). Soxhlet extraction, acontinuous solvent extraction method, isthe
standard technique used in most EPA methods (Smith, 1994). MAE usespolar organic solventsin
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contact with solid samplesheated in amicrowaveto extract organic contaminants (Barnabaset d..,
1995).

Two new techniquesnot involving organic solventsare under investigation for pesticide con-
centration determination: subcritical water extraction (SCWE) and microwave extraction with water
(ME). SCWE takesadvantage of thelowered diel ectric constant of water observed at tempera-
turesand pressures somewhat bel ow the critical point to extract organic contaminantsfrom soil
(Hagemanet d., 1996). ME usesthe microwaveto createsimilar conditions. Thesetechniques
can beused for quantification in conjunction with solid-phase microextraction (SPME) (Zhang et d .,
1994). SPME isan equilibrium techniquethat has been used for the extraction of organic analytes
fromwater samples. Thisprocessinvolvestheimmersion of an organic-phase-coated silicafiber
into an aqueous sample containing analyte. The andyte partitionsbetween the agueousmediumand
the coating. Thefiber isthen removed from the sampleand placed in theinjection port of aGC,
wherethe analyteisthermally desorbed from thefiber coating and quantified.

Each of thesetechniquesisexpected to have adiffering ability to recover pesticidesfromsolid
samples. Reported hereisaninitial comparison of the extraction efficiency of al four techniquesin
order to study these differences. Futurework will compare these methodsto an extraction tech-
nique adapted from that of Ruby et al.(1996) that usesacomplex model of the human digestive
systemto determinebioavail ability. Eachtechniquewill beindividually optimized tothevaues
determined by thisphysiologicaly based test.

MATERIALSAND METHODS

Sand

Washed seasand (Fisher Scientific, S-25-10) wasfirst sieved to 150 um and then washed
with 50%/50% v/v acetone:hexane (A/H) 5times.
Sand Spiking

Dry, sieved sand (20.5 g) and 3.0 mL pesticide solution [1000 pg/mL of 5 pesticides—
malathion, diazinon, chlorpyrifos, chlordane (transand cis) and p,p’-DDT] in acetone (Chem
Service, Inc.) wasadded to a150 mL amber jar. Approximately 50 mL acetone (HPLC grade,
Mallinckrodt) was added in order to thoroughly wet thesand. A stir bar wasadded. The solution
wasdtirred for 24 hourswiththelid closed. Thelid wasthen removed to allow the solvent to
evaporate.

Soxhlet Extraction/Concentration

A single-step Soxhlet extractor/concentrator (Pyrex No. 3910) wasused. Extractiontimes
were 24 hourswith 1.5t0 3.5 g of sand and ~150 mL solvent (A/H). The samplewas concen-
trated to achosen volume after extraction by closing the stopcock, stopping the solvent from
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returning to the concentration tube. The sampleswerethen diluted to 100 mL inavolumetric flask
with acetone beforeanalysisin order to beread reliably by the GC-ECD.

Microwave-Assisted Extraction

A microwave acid digestion bomb (45 mL capacity, Parr 4782) was used for all microwave
extractions. Spiked sand (0.10—0.15 g) wasweighedinto aTeflon cup. Solvent (A/H or deion-
ized water, 4 mL) was added by pipet. The Teflon cup wassealed withaTeflon O-ringand lid.
Theassembly was placed inthe bomb body and sealed. Thebomb washeated inamicrowave
(2.52 kW, 900 W output, Sharp Carousel) for 3min. The sealed bomb was cooled outside of the
microwavefor 30 min. The Teflon cup was opened and the supernatant wastransferred to aglass
via by pipet. Organic sampleswereinjected directly intoaGC-ECD. Aqueoussupernatant was
analyzed by SPME asdescribed bel ow and by solvent exchangeinto hexaneand direct injection.

Subcritical Water Extraction

Thetechniquewas adapted from Hageman et a. (1996). Theextraction vessal consisted of a
64-mm-long, 7-mm-i.d. stainless steel pipewith national pipethread end caps(Cgon, SS-4-HLN-
2.50 (pipe), SS-4-CP (end caps)). Each extraction vessel was constructed by sealing one end of
the pipewith an end cap and one and one-half turnsof Teflontape. Thecaptightenedwitha
wrench. Sand (0.10-0.15 g) wasweighed into the extraction vessal. Deionized water (3mL)
was added by pipet. Thevessel was sealed with asecond end cap and Teflon tapewithwrench
tightening. Thevessel was placed in apre-heated mufflefurnace set to 200 °C. After 60 minutes
extraction, thevessel wasremoved from the oven and immediately cooled under running tap water.
The vessel was opened and the supernatant wasremoved. The supernatant was brought to 4 mL
with deionized water and transferred by pipet toaglassvial. Analytefrom 1 mL of supernatant was
partitionedinto 1 mL hexaneand directly injectedinto GC-ECD.

Solid-Phase Microextraction

Manua SPME extractor (7 um PDM S coated fiber, Supelco) wasused. Water samples (1
mL from microwaveextractions) wereplaced in2 mL amber glassviaswithan 8 mm Teflon-
coated stir bar and sealed with septum caps. The exposuretimefor the SPME fiber was 30
minutes. After being removed from the sample, thefiber was desorbed in theinjection port of a
GC-ECD for 10 minutes.

Gas Chromatography-Electron Capture Detector

Sampleswere analyzed using aHewl ett Packard Model 5890 Series|| GCwithaDB5-MS
column (30 mlong; 0.25 mmi.d.; 0.25 pum film thickness) and el ectron capture detector (ECD).
Organic solvent sampleswereanalyzed by direct injection of 1 L into aninjection port held at 250
°C. The ECD washeld at 200 °C. The GC oventemperaturewasheld at 50 °C for 2 minutesand
then ramped to 250 °C at 20 °C/min, whereit washeld for theremainder of therunwithacolumn
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head pressure of 10 psi (Hegaswith N2 make-up gas). SPME sampleswere placed intheinjec-
tion port which washeld at 300 °C for 10 minutesto desorb thefiber while concentrating the
sampleat the head of the column. The oven program above wasthen followed.

RESULTS
Spiked Sand

Sand wasused inthisstudy in order to examine these techniqueswithout the complication of
variableorganic content. The spiking procedures performed resulted in aconcentration of ~ 150 ug
each pesticide/g sand.
Soxhlet Extraction

Soxhlet extraction was successful inrecovering an overal averagefraction of 72+ 48% (95
% Cl). Ingeneral, the variance within a pesticide and between pesticideswas high (Table 1,
Figurel).
Microwave-Assisted Extraction (Organic Solvent)

MAE with A/H was successful inrecovering an overall averagefraction of 85+ 49%. The
variancewithin each pesticidewaslower than that of Soxhlet extraction. Thevariance between
pesticideswassimilar to that of Soxhlet extraction.

Solid-Phase Microextraction (SPME)

When aqueous standards of the five pesticideswere exposed to the SPME fiber, ~ 2 % of the
anaytes (by weight) were adsorbed by thefiber at the highest concentrations. Because of thislow
recovery, agueous sampleswere anayzed foll owing sol vent exchangewith hexane.

Microwave Extraction (Water)

Theextraction efficiency of ME withwater asasolvent wasanadyzed using solvent exchangewith
hexaneanddirectinjection. Direct injection analysisof hexanesamplesgavetheresultspresentedin
Figure 1, withan overdl averagerecovery (excluding maathion) of 2.5+ 4%. Theseresultsarenot
ggnificantly different from zero at the 95 %level. Maathion gaveno measurablequantities.

Subcritical Water Extraction
Aqueous supernatantsfrom SCWE were examined by solvent exchangewith hexaneand
directinjection. Theoverall averagerecovery was 8.6 + 6 %.

Comparison of Techniques

Comparison of therecoveriesof theindividua pesticidesin Soxhlet and MAE yieldsasignifi-
cant (95 % levd) difference between therecovered fractionsof diazinon, whilethedifferencesof the
other pesticidesarenot significant. 1nacomparison of ME and SCWE, thedifferencesinrecover-
iesaredgnificant for chlorpyrifos, chlordane, and p,p’-DDT. Thedifferencesintherecoveriesof al
pesticides are significant when comparing the organic sol vent techniquesto the aqueous methods.
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DISCUSSION

Although therecommended SPME fiber (7 um PDMS) and conditions (30 minutes extraction
with agitation) for extracting semi-volatile compoundsfrom agueous solutionswereused in this
work, partitioning of theanaytesinto thefiber from thewater sampleswasfoundto bevery low. It
ispossiblethat these particular samplesrequirealonger exposuretimeor that adifferent type of
SPME fiber will be better suited for these analytes. These conditions must be examined beforethe
SPME procedure can beintegrated i nto the aqueous extraction techniques.

The proceduresinvolved in microwave extraction include a30-minute cooling time, necessary
tolower the pressureintheextraction vessal. During thistimethe solvent returnsto itsambient
temperature and pressurewhileremaining in contact with the solid sample. When organic solvents
areused, thisextended cooling period does not affect therecovery of andyte asthe semi-volatile
compoundsunder investigation are highly solublein the organic solventsat ambient temperatures
and pressures. Inthewater analyses, however, thelow recoveriesmay be dueto thisextended
contact time during which thewater cools. Astheanalyteshavealow solubility inwater at room
temperature, they may re-partition into the sand.

Therecoveriesfound using SCWE area so low with alarge variance between the samples
examined. They are, however, sgnificantly higher than those obtained for ME withwater. Thismay
be dueto thelow contact time (<2 min) of the water with the sand after thewater iscooledin
SCWE, which doesnot alow for re-partitioning of the compoundsinto the solid sample.

Overall, theresults of thesefour extraction techniques show that the recoveriesof the methods
involving organic solventswere substantially higher than thoseinvolving agueous solvents. Thesand
used may be expected to have alow-binding coefficient with the organic compoundsunder investi-
gation. Thelow recoveriesof pesticidesfrom sand using aqueous solvents suggest that eventhis
low-binding coefficient isstronger than the partitioning of the compoundsintowater. Thesediffer-
encesmay play asignificant rolein determining therel ative bioavail ability of these compounds.

CONCLUSIONSAND FUTURE WORK

Pesticides spiked into sand can be recovered appreciably using 50%/50% v/v acetone:hexane
in both Soxhlet and microwave-assisted extraction. Microwave extraction using water asasolvent
recoversvery low fractionsof pesticides spiked into sand. Subcritical water extraction at 200 °C
recoverslow fractionsof pesticidesfrom sand, but ismore efficient than microwave extraction with
water. Solid-phase microextraction must be studied to optimizeitsuseto recover pesticides
extracted intowater. Theability of each of thesetechniquesto recover pesticidesfrom non-organic
sand can be compared to futurework using organic solidsto demongtrate the effect of organic
content on pesticiderecovery. A physiologically based extractiontest will be adapted from Ruby et
al. (1996) to defineabioavailablefraction of pesticidesfrom environmental solids. Theuseof each
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of thesetechniquesin bioavailability determinationsmay be possiblesncerecoveriesvary greatly
between the different techni ques, and acombination of thetechniques can potentially be optimized
tothebioavail ablefraction of pesticidesfound in solid samples.
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Table 1. Recovered fractions of each pesticide using different extraction techniques.

Mean Percent Recovery (std dev)
Pesticide

Soxhlet? MAE® ME® SCWE*
Diazinon 71 (6) 102 (8) 3.23(1) 5.9 (6)
Malathion 79 (54) 75 (11) 0(0.2) 13.2 (30)
Chlorpyrifos 30 (8) 43 (3) 3.29 (0.3) 4.8 (0.5)
Chlordane-1 96 (29) 107 (6) 0.70 (0.2) 10.2 (7)
Chlordane-2 95 (26) 106 (6) 0.98 (0.3) 11.0 (8)
p,p-DDT 64 (31) 76 (15) 4.91 (0.8) 6.8 (0.6)

“In Soxhlet extractions, each mean representsan average of n=3 extractions, each averaged from

triplicateinjectionsonthe GC-ECD.
®For MAE, each mean represents an average of n=5 extractions, each averaged from 3 injections,

except for p,p’-DDT wheren=4.
¢For both ME and SCWE, each mean represents an average of n=5 extractions, each averaged

fromduplicateinjections.
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Pesticide Recovery by Technique
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Figurel. Average percent recoveriesfor each pesticide by each technique asdetermined by GC-
ECD analysis. For all techniquesn=5 except for Soxhlet, wheren=3for all compoundsand MAE,
wheren=4for p,p’-DDT and n=5for all other compounds. Each vauewasaveragedfrom 3
injectionsfor Soxhlet and MAE whileonly two injectionswere performed for SCWE and ME.
Error barsrepresent a95% confidenceinterval.
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