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ABSTRACT

A commercial pharmaceutical analysis chiral method development kit (Chirex Column Kit A,
Phenomenex) was used to analyze six pesticide stereoisomer mixtures. The pesticideswere selected from the
1994-1995 National Water Quality Assessment Program (NAWQA) covering New Mexico and Texas. Three
stereoisomer mixtureswere separable on three different columns. Theinstrumental detection limit and detection
linear range of chiral high performance liquid chromatography (HPL C) of these analytesweredetermined. The
efficient extraction (> 90%) from soil of one chiral mixturewas demonstrated. The resolution of ashorter kit

column versus an analytical column was also compared.
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INTRODUCTION

Morethan 1.1 billion pounds of pesticides
areused inthe United States each year to
control weeds, insects, and pestsin agricultural
and non-agricultura settings(Barbash and
Resek, 1996). Theincreasing useof synthetic
organic pesticidesrai sesmany concernsabout
potential adverse effectson the environment and
human health, and increasestheimportance of
analyzing pesticidesin the soil, water, and air
(Barcelo, 1991; Mller and Buser, 1995). To
assessthe environmental impact of pesticides
and reducetherisk of public exposure, al
aspectsof pesticide chemistry need to bewell
understood and studied.

Approximately aquarter of thehundreds
of pesticidesin useareasymmetricor chira
(Milne, 1995). Chira moleculesmay exist as
mixturesof non-superposablemirror imagesor
enantiomers. Enantiomershavedifferent
chemical and physical propertiesin asymmetric
environments. Thedesired biologicd activity of
achira pesticide enantiomer mixturemay be

limited to only oneenantiomer, withthe activity
of the other enantiomer being lesseffective,
inactive, or different (Arienset a., 1988; Buser
and Miller, 1995; Venis, 1982; Faller et al.,
1991; Renner, 1996). For example, some
bacteriaonly degrade one enantiomer of
Mecoprop (R) (Tedd et al., 1994; Ludwig et
al., 1992; Falconer et al., 1995; Iwataet al .,
1998). Thetoxicity of the (R)-enantiomer of
Fonofos, an organophosphorus pesticide, in
miceisgreater than thetoxicity of itsmirror
image, (S-Fonofos(Kuriharaet al., 1997).
Ignoring the existence of enantiomerscan lead
toincorrect toxicological, distribution, and
degradation data. Ongoing researchisaimed at
identifying chird pedticides, determining their
distribution, and measuring their degradation.
Chromatography isthemost common
method for enantiomeric analyss. Gaschroma-
tography (GC) isthe primary method usedin
pesticide analyses (Grosser et al., 1993).
However, high-performanceliquid chromatog-
raphy (HPL C) ismoresuitablefor larger, non-
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Figurel. Structuresof the stereoi somersof
thesix chirad pesticidesfromthe NAWQA
study of Texasand New Mexico.

volatile, polar, and thermally |abile pesticides
(Buser and MUiller, 1995; Farran et ., 1996).
Also, HPLC cantoleratelarge-volumeinjec-
tionsof agueoussamples, renderingitided for
screening water samples (Grosser et al., 1993).
Infact, thenumber of officia U.S. Environmen-
tal Protection Agency (EPA) methodsusing
HPL C grew to morethan 40 approved and
draft methodsby 1993 (Grosser et d., 1993).
TheRio Grande Valley study unit of the
U.S. Geological Survey Nationd Water Quality
Assessment Program (NAWQA) conducted a
study of the occurrenceand distribution of
pesticidesinthe surfacewater of our region of
New Mexico and Texas (Healy, 1996). The
study selected 40 pesticides and their metabo-
litesonthebas sof nationa usage, and the
devel opment and cost-effectivenessof anaytical
procedures. Seven of the 40 selected pesti-

cidesarechira. The stereoisomer mixturesof
Fonofos, Malathion, Metolachlor,
Napropamide, Permethrin, and Propargiteare
showninFigurel.

Although the enantiomersof chird pesti-
cidesmay havedifferent biological propertiesin
theenvironment, the NAWQA study completely
ignored stereochemistry. Thismay bedueto
elither alack of knowledge of the potential
problem or alack in methods or technology to
analyzechiral pesticides. Current U.S. EPA
methods (507 and 508) use GC to detect some
of these pesticidesin drinking water but do not
Separate stereoisomersof chiral pesticides. For
our work we selected six chiral pesticidesfrom
the NAWQA study to demonstrate the applica
tion of chird HPLCinpesticideandyss.
Though oneof the seven chiral pesticides
studiedin NAWQA, a-Lindanewas excluded
because our HPL C detector dependson UV
(ultraviolet-visble) absorption.

Sinceno single chromatography column
can separate al compounds, tofind suitable
stationary phases and separation conditionscan
be expensiveand timeconsuming. Thuswe
used the shorter columnsof acommercial chiral
HPL C method development kit to economically
survey theefficiency of normal and reverse-
phase systems. Thesurvey wasused to guide
the purchase of more expensive and longer
andyticad columns.

We used Soxhlet extraction (EPA Solid
Waste Test Methods, SW-846 Method 3540C
(Understanding Environmenta M ethods, CD-
ROM, 1998) to demonstrate therecovery and
anaysisof achira pesticidemixturefrom soil

Proceedings of the 2000 Confer ence on Hazar dous Waste Resear ch



samples. Thismethod isapplicabletothe
quantitativeextraction of nonvolatileand
semivolétileorganic compoundsfrom solids
suchassoil, relatively dry dudge, and solid
wastein preparation for avariety of chromato-
graphic procedures. Soxhlet extraction uses
relatively inexpensive glassware, onceloaded
requireslittle hands-on manipulation, and
providesefficient extraction. However, it uses
farly largevolumesof solvent andisrather time
consuming (16 to 24 hours). Combined with
SW-846 Method 3540C, the chiral HPLC
analysis methods presented are abeginning
to study the different bioactivity, biodegra-
dation, accumulation, and distribution of
pesticide enantiomer pairsin soil, surface
water, and groundwater.

EXPERIMENTAL

Materials

Racemates (1:1 enantiomer mixtures) of
Metol achlor, Napropamide, and Permethrin
werekindly provided by Norvatis (Greens-
boro, N.C.) and Zeneca (Richmond, Calif.).
Mixturesof Fonofos, Propargite, and
Malathion were purchased from Chem Service
(West Chester, PA.). HPLC grade solvents
(isopropanol, hexane, acetonitrile, and water)
wereobtained from Aldrich Chemica Co.,
Milwaukee, Wis. All materialswere used
without further purification.

Chromatography

Liquid chromatography was performed
using a Spectra-PhysicsHPL C system consst-
ing of aP2000 gradient pump and aUV 2000
detector. Dataacquisition, storage, and analy-

seswere performed using Winner on Windows
(WOW) software.

The Chirex™ Chiral Method Develop-
ment Kit A (Phenomenex, Inc., Torrance,
Cdlif.) usedinthiswork contained five 50 x 3.2
mm normal and reverse-phase HPL C columns:
Chirex™ 3001, 3005, 3010, 3014, and 3020.
Anadditiona Chirex™ 3001 analytical size
(250 x 4.6 mm) column was al so purchased.
All HPLC injectionsconsisted of 1uL intoa
20pL loop.

Extraction and Concentration
The Soxhlet extractor (Kimax, Fisher

Science) had a40 mm ID with a500-mL round
bottom flask. Soil sampleswere containedin
cdllulosethimbles (Whatman, Fisher Science).

A Kuderna-Danish (K-D) apparatuswas
used to concentrate extracts. Itincluded al10-
mL graduated concentrator tube, a500-mL
evaporation flask attached to the concentrator
tubewith springs, and aSnyder column. A
solvent vapor recovery system (Kontes, Fisher
Science) was attached to the top of the Snyder
columnto reduce emissionsand minimizewaste.

Methods

Preparation of standards

To prepare stock standard solutions, 25
mg of each pesticide were accurately weighed
and dissolved inan appropriate sol vent to make
a25-mL solution. Thepurity of each pesticide
was 96% or greater; therefore, weightswere
used without correction to cal cul ate the concen-
tration of each stock standard solution. Methyl-
enechloridewasused to dissolve
Napropamide, and hexanewas used to dissolve

Proceedings of the 2000 Confer ence on Hazar dous Waste Resear ch



Prepare soil samples: discard
orcign object and wash with
water and methanol. Air dry

overnight.

Dry in oven at 105 °C.
Determine sample % dry
weight

Dry exiract by passing through
a column containing Na;SO4.
Wash flask and column with
125 mL of solvent.

L

Collect the dried extract in a
K-D Concentrator.
Concenirate the liquid to less
than 10 mL.

-

Collect the concentrate ina 10

mL volumetric flask. Add 1

i mL of internal standard
Blend 10 g of soil with 10 g of solution. Dilute with solvent
anhydrous Na;SOj4 and put the to make a final volume of 10
mixture in a thimble, mL.

| l

Perform determinative method,

Add Surrogate (Naphthalene)
and matrix spiking standards HPLC
(Napropamide)

i

Add 250 mL CHzCl, to the
flask; Extract for 24 hours.

‘ Cool and collect extract. ‘_

Figure2. Anoutlined procedureof Soxhlet
extraction of soil samples.

Fonofos, Maathion, Metolachlor, Permethrin,
and Propargite. Inthe casesthat separation of
isomerswas not observed by HPLC, no
further standard solutionswere made. Other-
wise 10 mL of standard solutions of each
pesticidein 0.1, 0.5, 1.0, 5, 10, 50, 100, 250,
and 500 ppm concentrationswere prepared
fromtheir stock solutionfor linear-detection
range determination.

Instrumental detection limits (IDL)
TheHPLC UV detector was set to a210-

nmwave engthfor strong absorption by al six
analyzed mixtures. For each standard solution,
triplicate HPL C analyseswere performed at
room temperature.
Soil Recovery analysis

Loca soil sampleswere conditioned
according to EPA SW-846 Method 3500
(Understanding Environmental Methods, CD-

ROM, 1998). Soil wascollected, passed
through a 100-mesh screen, washed with water
and methanol, and air dried inahood overnight.
A 10-g soil samplewasthen accurately weighed
and putinanovenovernight at 105°C. The
percent dry weight was determined by the
following equetion:

g of dry sample
g of sample

X100%

% dry weight=

Theoven-dried soil sampleand 10 g of
anhydrous sodium sulfatewere mixed and put
intoathimble. Soxhlet extraction of the soil
samplewasthen performed asoutlinedin
Figure?2.

For reasonsto be discussed | ater,
Napropamidewas chosen for soil sample
recovery analysis. A 50-mL spiking standard
solution was prepared by dissolving 50 mg of
pure Napropamidein methanol. Thestock
standard solution was storedinaTeflon-sedled
container at 4 °C.

Sincethereisno recommendation for
Napropamide analysis, naphthalenewas chosen
asasurrogate, acompound that ischemically
similar to theanayte but isnot expected to
occur inan environmental sample. About 50
mg of pure naphthalenewere added to a50-mL
volumetric flask and dil uted with methanol to
make a50-mL surrogate standard solution.
Adding 1.0 mL of the surrogate standard and
1.0mL of spiking solutioninto the soil sample
gaveafina concentration of both surrogate and
spiking standards of 100-mg/K g soil.

Thissoil samplewasextracted in aSoxhlet
apparatuswith 250 mL of methylenechloride
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for 24 hoursat four to six cycleshour. After the
extraction was completed, the extract was
cooled and dried by passingit through adrying
column containing about 10 cm of anhydrous
sodiumsulfate. Theextractor flask and drying
columnwererinsed with afurther 125 mL of
methylenechloride. Thedried extract was
concentrated tolessthan 10 mL inaK-D
apparatusin about two hours. No solvent
exchangewas performed. OncetheK-D
apparatuswas cooled, the Snyder columnwas
removed and an additiona 2mL of methylene
chloridewereusedtorinsetheflask. The

concentrated extract and rinseweretransferred
toal0-mL volumetricflask for HPLC andysis.

HPLC analysis

Phenanthrene (100 mg) wasaccurately
welghed and dissolved in methylenechlorideto
make a100-mL internal standard solution of
1000 mg/L concentration. To the concentrated
soil extract wasadded 1.0 mL of internal
standard solution. Thefina analysissolution
was made up by adding methylenechlorideto
completeal0-mL volume. A 1L aiquot of
thissolutionwasanayzed by chird HPLC using

Table1l. Summarized resultsof the separation of pesticide stereoisomer mixturesusing thechira

method devel opment kit.
CHIREX M ALA- METOL- NAPRO-
COLUMN FONOFOS THION | AcHLOR PAM IDE PERM ETHRIN PROPARGITE
o® = 1.432 (30% | 2 pesks (& = (Zaci"lerl"’)"paﬁ’fjdzpeaks
3001 No No No ISP/HP; 0.5 1.28) (0.25% _arét od pesks
separation separation | separation mL/min) ISP/H, 0.3 SeE p o
rrL/rrir) (a=1.15) (0.254)
ISP/H, 0.3 mL/min)
Zeoa\‘/(erlapp_ed 2 overlapped peaks
3005 peaks (@ = 1.03) | ;1 14) and 2
(NP)° No No No No aration and 1 separated ¢ aratet)j eaks
separation separation | separation sep peak (0.25% Se'i p N
ISP/H, 0.5 (0=1.13) (0.5%
nL/rin) ISP/H, 0.4 mL/min)
300° No No No . . .
(RP)¢ separation separation | separation NoO separation No separation NoO separation
3010 No No No a=1.25 (15% (gliit;i;] 3(5% 2 overlapped peaks
(NP)° aration aration aration ISP/H, 0.5 ISP/I;| 0.5 (a=1.34) (1%
P P sep L /miny) h O. ISP/H, 0.5 mL/min)
mL/min)
a=1.09 (95%
3010 No No No . ) .
o : : . acetonitrile/water, No separation No separation
(RP) separation separation | separation 0.4 mi_.min)
No No No . . .
3014 separation separation | separation No separation No separation No separation
. 2 sets of overlapped
cis /trans
No No No . — - peaks (a=1.16,
3020 separation separation | separation No separation Eg;/lngg fl?ff/ﬁin) 1.30) (0.5%
T ISP/H, 0.4 mL/min)

2 (: separation factor
b-Solvent used in normal -phase separation isisopropanal (ISP) in hexane (H). For example, 1%

| SP/H represents 1% v/v of isopropanol in 99% of hexane.

¢ NP: Normal-Phase Mode
4 RP: Reverse-Phase Mode
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Figured4. Thechromatogram of the separation
of Propargite enantiomersonaChirex[d] 3001
columnusing 0.3%isopropancl in hexane.

aChirex[1] 3001 analytical columnwith 30%
isopropanol in hexane asthe mobile phase.

RESULTSAND DISCUSSIONS
Six chiral pesticideswere screened with

thechiral method devel opment kit tofind the
optimal separation conditionsfor each. The
resultsaresummarizedin Table 1. Isopropanol
and hexanewerethe only two solventstriedin
normal-phase chromatography, and methanol
and acetonitrilewere used in reverse-phase
systems. Inall cases normal-phase chromato-
graphic separation wasmoreeffectivethan
reverse-phase. Different proportionsof isopro-
panol to hexane played animportant roleinthe
separations, whileflow rate had little effect.

From the reported diastereoi somer (non-
mirror image stereoisomers) ratio (3:1) of
Permethrin, thecis-enantiomers(Figure 1) were
partially separated onthe Chirex™ 3005
column using 0.25% isopropanol in hexanes.
Thetrans-enantiomerswere not separated, as
showninFigure3.

Though Propargite hasthreechiral centers,
only four stereoi somerswere observed because
of thefixed trans stereochemistry of itscyclo-

hexanering (Welch and Szczerba, 1998). The
four trans-isomers (Figure 1) were separated
on Chirex[J 3001 using 0.3% isopropanol in
hexaneasshowninFigure4. Only onepair of
Propargite enantiomerswas baseline separated.

Napropamide enantiomerswere
baseline separated on both Chirex[] 3001 and
3010 columns, using isopropanol and hexaneas
elutes. Figure5 showsthe chromatogram of the
resolution of Napropamideon aChirex[] 3001
column using 30% isopropanal in hexane.
Becausethiswasthe best separation observed
inany system, Napropamidewas chosenfor
our soil recovery studies.

AsshowninTablel, inour hands,
Fonofos, Metal ochlor, and Ma athion could not
be effectively separated with any of thecolumns
of our commercial chiral method devel opment
kit. The observed degradation of Maathion
further complicated theanalysisof thissample
asshowninFigure6.

For the pesticidesthat could be partialy or
basdlineresolved, theinstrumental detection
limit (IDL) wasdetermined for the best-re-
solved peak asshownin Table2. All calibra-
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tion curvesof the pesticideshad R?(R: correla
tion coefficient) valuesgreater than 0.98.

To evaluatethe performance of thetotal
analytical process, aclean matrix, e.g. organic-
freereagent soil, was spiked. Local soil was
collected, washed with water and methanol, and
air dried. Further ovendrying only reduced the
weight of the soil samplesby 0.5%.

Because there was no suggested concen-
tration or surrogate standard for Napropamide
HPL C analysisby Method 3500, a1-mL
sampleof 1000 mg/L (ppm) Napropamide
stock solution and 1 mL of 1000 mg/L naphtha
lene surrogate standard sol ution were added to
thissoil sample. Naphthalenewas selected as

thesurrogate because of itsstructura smilarity
totheanalyte. Therecovery of asurrogate can
aso beused to monitor unusual matrix effects
and sample processing problems.

Ingeneral, Method 3540C, Soxhl et
extraction, iscons dered the standard procedure
for analyzing abroad range of solid samplesand
provides acceptabl e extraction efficiency for
most analytes. Soil samplesinthisstudy were
extracted for 24 hours. After concentrating the
extracts, HPL C analysiswasused to determine
theamount of Napropamiderecovered. The
recovery rates of surrogate and Napropamide
enantiomersweregreater than 90%. The
resultsaresummarizedin Table3. Sincethe

Table2. Instrumental detectionlimit (IDL) and linear rangefor three separabl e pesticide stereoi-
somer mixturesusing achiral method devel opment kit.

Pesticides IDL (ppm) Linear Range (ppm)
Napropamide? 0.1 0.1-500

Permethrir? 50 50-500

Propargite 1.0 1.0-500

a. 1¥isomer peak Figure5
b. transisomer peak Figure 3
c. 3 isomer peak Figure4

42
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Figure7. Thechromatogram of Napropamide
onananalytica Chirex[d 3001 using 30%
isopropanol in hexane

recovery rate of the surrogate was greater than
94%, no unusual matrix effectswere observed.
Two different sizesof Chirex(] 3001
columnswere used to separate Napropamide
enantiomers. a50x 3.2 mm (chiral method
development kit, Figure5) and a250 x 4.6 mm
(analytica column, Figure7). The performance
of both columnswas compared based on their
separation (a) and resolution (Rs) factors.
Theseresultsarereportedin Table4.

CONCLUSIONS

A chiral method development kit was
ableto separate three of the six selected chiral
pesticides. The enantiomersof Napropamide
were baseline separated. Three peaksof the
four Permethrin stereoi somerswere observed.

All four Propargite stereoisomerswere sepa-
rated. Alongwithfindingtheoptimal separation
conditionsfor threechira pesticide stereosomer
mixtures, theingrumenta detectionlimitand
linear detection rangeweremeasured. The
cdibration curvewithinthelinear detection
range had an R?greater than 0.98.

Asexpected, thelonger Chirex™ 3001
andytica columnwasmoreefficient thanthe
shorter kit columnin separating Napropamide
but not to the extent of four timesthe cost.
Neverthel essthe chiral method development kit
waseffectiveinguiding the purchase of the
andytica columnfor optimum performance.

EPA SW-846 Method 3540C was
shownto beeffectiveinrecovering greater than
90% of Napropamide from spiked soil samples.
Determination of themethod detection limit
(MDL) isstill needed.

The methods devel oped in our work may
be used to study the difference of enantiomeric
bioactivities, biodegradation, accumulation, and
distribution in soil, surface water, and ground-
water, and to educate otherson theimportance
of thisproblem.

Table3. Recovery ratesof Soxhlet extraction of surrogate and Napropamide enantiomersin soil

samples.
% Recovery?
Surrogate Standard 94.69 + 441
Napropamide Enantiomer 1 92.46 = 6.39
Napropamide Enantiomer 2 90.91 £ 5.61

a. 95% ConfidenceLevd
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