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EnhancedDetectionofPAHs compromising spectral resolution,sen- AComparisonof
_._/0 _: 1 -d_)/ sitivity or linearity is WatersTM 996 CapillaryIonAnalysisto

Polyaromatichydrocarbons(PAlls)ore Photodiode Array Detector. Thispew-
amongthemostfrequentlymonitored Wet Chemical Methods anderful detector automatically detects
environmentalcontaminants.Standardand UV/VIS absorbing compounds any- IonChromatographyfor
officialmethodsfor theanalysisof PAHs where within the 190-800 nm range EnvironmentalWaterAnalysis
are foundin compendiafor air, waste at a sensitivity of 1.5 x 10-5 AU noise.
water,drinkingwater,solidwaste,and With its true optical resolutionof CAPILLARYIONANALYSIS--ANEMERGING

foodanalysis'.Manyof thesemethods 1.2 nm and linearity up to 2.0 AU, TECHNIQUEFORFASTANDHIGH
specifyllPLC,usuallywith UVandfluores- the 996 PDA Detector provides superi- RESOLUTIONIONANALYSES
ceacedetection,as therecommendedann- or spectral resolutionand quantitation. Capillary Ion Analysis (CIA) is a
lyticalprocedure.Continuingdevelopments As part of an HPLCsystem,the separation mode of capillary electro-
in HPLCdetectorcapabilitiesservea dual 996 PDA Detectorcan be controlled phoresis (CE)pioneered by WatersTM

parpose:to increasesensitivityandachieve by a single keyboard with Waters beginning in 1990. It is finding more
morereliableidentification,especiallycon- Millennium®Chromatography and more applications within the
sideringthe complexnatureof manysam- realm of environmental analysis. CIA

continuesonpage2pieswherePAHcontaminationis aconcern, is a technique for separating ionic
compounds that is unique compared

PHOTODIODEARRAYDETECTIONFOR InThisIssue with other techniques for measuring
PAHANALYSIS ions. It rapidly measureslow molecular
More essential information about the • EnhancedDetectionofPAHs l weight inorganic and organic anions

constituentsof a samplecan be • ComparisonofCapillary10nAnalysis and cationsin a variety of environ-
obtained by using a photodiode array and10nChromatography 1 mentalmatrices__.
(PDA)detector rather than a single * DetectingandIdentifyingSub-ppb
wavelength UV detector. By simultane- LevelPesticideswithIntegrily_ 4 HOWCIAWORKS
ously monitoring absorbance vs time • HighEfficiencyGPCaeanup 7 Unlike traditional ion chromatography

over a full range of specified wave- • SPEMethodforDeterminingTriazine where ions are separated based upon
lengths, the PDA detector provides HerbicidesandMetab01ites 10 interactions with stationary phases in a

spectral informationabouteach peak. • MoreChoicesin10nAnalysis 12 packed column,CIA separatesions
Recentadvancesin opticaldesignnow • ImprovingAnalysisofParaquatand according to theirmobilityas theytrav-
enable theanalyst to achievedetection DiquatHerbicides 14 el througha smalldiametercapillary
levelswith PDA which were previously filledwith an electrolytesolution37.As
achievedonly with fixedor variable a voltage is applied acrossthecapil-
wavelengthUV/VIS detectors.New lary the ionsin thecapillary beginto

algorithmshave beendevelopedto movetoward the detector.The more

processthe spectraldata intopeak conductiveionsmigratethroughthe

purity and peak identity information continuesonpage8
with unprecedentedaccuracy
and reliability.

The only detectorthat offersthe

versatility of PDA detection without Waters



ENHANCEDDETECTIONOFPAHscontinuedfrom page 1

Manager software. In addition to figure I: Chromatogramof commonenvironmentalPAlls detected with both Waters 996
controlling the 996 detector and other PDAand 474 FluorescenceDetectors.

components of the HPLC system, the 6
ConcenlrationA:

Millennium Chromatography Manager 0.16" uv @254 nm
acquires the data and applies patent-

ed algorithms to assess the purity of 0.14

the peak and performs rigorous library

matches for peak identification 2. 0.12
Waters 996 PDA Detector achieves

high performance in a variety of situa- 0.10 11

tionsL A commercial testing laboratory AU 0.08 ° 2 5
adds value for its customers by spec-

4 10
trally confirming the identity of regulat- 0.06- 1

edPAHsbeforereportingitsHPLC _ 1 _ _

results. A researcher studying the rela- o.04-

tionship of lung cancer and PAHs 1213

caused by combustion can distinguish o.02-

compounds with virtually identical 0.00 -
spectra by acquiring them at the

1.2 nm resolution provided only by the 2.00 4.00 6.00 8._z)o10'.001210014'.00 16'.00 18_.0020100221.0021.00
Minutes

996 PDA Detector. Other uses include _ s:

1_ t Fluorescencewithtime-_rogrammed

screening for PCB congeners in marine 13
wavelengthchanges(_)biota' and nitroaromatic and nitramine

explosives in groundwater s. 12

TableI: DetectionModes 700- 6 10 15
Detectionmode 600-
ConcentrationA: UV @ 254 nm
Concentration B: Fluorescencewith 500-

time-programmedwavelength changes mV 400-

Autosampler:717plus 300- 14
Pump:616 SolventDeliverySystem 16
Detectors: 200-

996 PDA: start-200 nm,end-415 nm 100-
Scan Rate: 1.0 spectra�sac.
Resolution:1.2 nm 0

474 Fluorescence:Acquisition 'j_
Rate, 1 pt/sec. -100. , _ , ,2oo4oo 8.0010'0012'0014'00' 116.00 81.0020'.00 22'.0024.00

FluorescenceProgramTable Minutes

Step Time Ex Em Gain
Initial 224 330 1 Concenlrafion Conditions:

1 6.5 270 323 -- Peak ID's A B Column: Supelcosil", LCPAH,
2 6.5 -- -- 1 1. Naphthalene 20 ppm 2000 ppb 4.6 mmx 15 cm
3 6.9 -- -- 1 2. Acenaphthylene 40 ppm 4000 ppb EluentA: Water/methanol (35/65)
4 8.0 260 380 -- 3. Acenaphthene 20 ppm 2000 ppb FluentB: Acetonitrile
5 8.2 -- -- 10 4. Fluorene 4 ppm 400 ppb Pump: 616 Solvent Delivery
6 9.7 270 400 -- 5. Phenanthrene 2 ppm 200 ppb System.--Sparge30 mL/min.
7 11.5 270 385 -- 6. Anthracene 2 ppm 200 ppb Gradient:
8 13.5 280 410 -- 7. Fluoranthene 4 ppm 400 ppb Time Flow %A %B Curve
9 16.8 270 466 -- 8. Pyrene 2 ppm 200 ppb Initial 1.5 100 0 --

10 16.9 -- -- 100 9. Benzo(a)anthracene 2 ppm 200 ppb 11.0 1.5 0 100 6
11 25.0 Programend 10. Chrysene 2 ppm 200 ppb 18.0 1.5 100 0 11

11. Benzo(b)fluoranthene 4 ppm 400 ppb Injection volume: 20 microliters12. Benzo(k)fluoranthene 2 ppm 200 ppb
13. Benzo(a)pyrene 2 ppm 200 ppb
14. Dibenzo(a,h)anthracene 4 ppm 400 ppb
15. Benzo(g,h,i)perylene 4 ppm 400 ppb
16. Indeno(1,2,3-cd)pyrene 2 ppm 200 ppb



IMPROVEMENTSIN FLUORESCENCE the selectedpeak. In Figure 2 the

DETECTIONFORPAHANALYSIS Spectral Contrast routine was applied mentnlnnnlystswithcampre6easiveAdvanced detectordesignsthat offer to the naphthalene peak in the original WatersHPLCsystemsprovideenviron.

more effectiveanalyses of PAHsare chromatogram (see underlaid win- demaninl;i_;etiontomoetincreasingly
not limited to the UV/VIS PDA instru- dow). Spectral Contrastcompares the PAgdotectioaaadcompoand
ments.Waters new 474 Scanning spectrumat the peak apex to the spec- Identificationrequirements.

FluorescenceDetector featuressophisti- tra at every other point on the naph- _,

coted electronicsand an optical thalene peak to confirm peak purity.
Thiscomparison ensuresconfidence in and PCBcongeners.

design for enhanced sensitivity. Simple the match to the library of spectra for Check box 18 to receivea reprint of
programming stepslet you take advan- peak identification, the article about detection and analy-

tage of the advanced wavelength The regulated target analyte sis of explosives. Check box 3 for
programming capability of the 474 benzoIa)pyrene was identified in a more information on Waters 996

detector. For complex multicomponent sample containing PAH's using the Photodiode Array Detectorand box 6
analysis, time-basedprograms can be same library matching routine dis- for a Waters 474 Fluorescence
applied to utilize each analyte's emis- played in Figure 3. Detectorbrochure.
sion and excitation wavelength maxi- When this sample of polyaromatic
ma. Table I demonstratesthe fluores- hydrocarbons (PAH)was separated, REFERENCES

the spectrumof the peak was found 1. AOAC 973.30; DeutscheDINcence wavelengthswitchingprogram
to matchthe library spectrumof I"VO; UK ISBN 0 11 & 752032 2;usedto achievemaximumresponse.

Figure 1 showsa chromatogram of benzo(a)pyrene.Evenat a 40-fold US EPAMethodsT0-13, 550 &
the 16 PAH compounds,listedas absorbance level difference, the spec- 550.1,610 and 8310

priority pollutantsby the U.S. EPA, tral comparisonisexcellent. 2. GorensteinM.V., LiJ., Van Antwerp
detected with both Waters 996 PDA Advanced PDA and fluorescence J., and Chapman D., LCeGC
and 474 FluorescenceDetectors. detection capabilities in Waters HPLC 12(10) 768 (1994)

Acenaphthylene is not present in the systemsare providing environmental 3. Fallick G. and RomanoJ.,
474 detector chromatogram since it analystswith comprehensive informa- American Laboratory 27(4) 47BB,
does not fluoresceand is only detected tion to meet increasingly demanding February 1995
by the 996 PDA detector. PAH detectionand compound identifi- 4. Krahn M.M., Ylitalo G.M., Buzitis

To check peak purity and determine cation requirements. J., Chemosphere29:117-39, 1994
whether a seemingly homogeneous On the enclosed reply card, please 5. Bouvier E.S.P.and Oehrle S.A.,
peak contains hidden impurities, the check box 17 to receivea reprint of LC*GC 13(2) 120-130, February

the article about using PDA for PAHs 1995SpectralContrast routine is applied to

14eviP.'..v[)ata: |'rf)h:i:l I_AHI-IIF _ I_
OntLons_ _hL(Iows Applications Help

_File Edit _otlons Help

"Purity Results i _

I:letenlJonTime: 7.5g Minutes Peak: I of t6 L:
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Figure2: MillenniumPDASoftware'sWindowsenvironmentmakesit easyto check Figure3: Evenat a40-foldahsochonceleveldifference,peek
thepurityof specificpeaksandconfirmtheiridentityevenat sub-ppmlevels, identificationis practicalsincespedraarenormalized.
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