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Introduction & goalIntroduction & goal

GGeneral eneral UUnknown nknown SScreening procedurescreening procedures
∼∼ essential in forensic toxicologyessential in forensic toxicology
∼∼ nno foreknowledgeo foreknowledge
∼∼ IInformationnformation--DDependent ependent AAcquisition (IDA)*cquisition (IDA)*

SPE optimization SPE optimization ~ IDA~ IDA

**Rapid Rapid CommunCommun. Mass . Mass SpectromSpectrom. 14, 1787. 14, 1787--1792 (2000)1792 (2000)
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IntroductionIntroduction

SPE SPE optimizationoptimization

DoEDoE
(Design of Experiments)(Design of Experiments)

OFATOFAT
(One(One--FactorFactor--AtAt--aa--Time)Time)

No 2No 2-- and 3and 3--way          way          
interactionsinteractions

2048 (22048 (21111) experiments) experiments

(11 factors)(11 factors)

Screening designScreening design

MultiMulti--level level 
optimization designoptimization design
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ConditioningConditioning Sample Sample applappl.. WashingWashing ElutionElution

MeOHMeOH
Ammonium acetate buffer Ammonium acetate buffer 
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ImpurityImpurity
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3mL 3mL MeOHMeOH
3mL buffer (pH 9)3mL buffer (pH 9)

2mL blood2mL blood ??

??

MeOHMeOH + 1%AA+ 1%AA
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Definition of:Definition of:
Factors & experimental domainFactors & experimental domain
ResponsesResponses
Screening designScreening design

Optimization designOptimization design
PlackettPlackett -- BurmanBurman

Central composite designCentral composite design
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mLmL6611LLVolume elutionVolume elution1111
mLmL/min/min550.50.5JJFlow elutionFlow elution1010

minmin6600KKDrying timeDrying time99
mLmL6611GGVolume waterVolume water88

mLmL/min/min550.50.5DDFlow waterFlow water77
mLmL3300HHVolume 2nd washVolume 2nd wash66

mLmL/min/min550.50.5EEFlow 2nd washFlow 2nd wash55
%%60601010FF% % MeOHMeOH (1st wash)(1st wash)44

mMmM2002001010CCBuffer Buffer molaritymolarity (1st wash)(1st wash)33
mLmL6611BBVolume 1st washVolume 1st wash22

mLmL/min/min550.50.5AAFlow 1st washFlow 1st wash11
UnitUnit+1+1--11SymbolSymbolFactorsFactors
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Total number of ions Total number of ions 
detected by IDAdetected by IDA

R 3R 3

Number of compounds Number of compounds 
effectively retrieved by IDAeffectively retrieved by IDA

R 2R 2

Overall extraction yield (EY)Overall extraction yield (EY)R 1R 1
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CharacteristicsCharacteristics: : 

ifif EY < 50%:EY < 50%:
lessless thanthan linearlinear penaltypenalty
ifif EY > 50%:EY > 50%:
more more thanthan linearlinear rewardreward
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Results Results –– Screening designScreening design

PlackettPlackett--Burman with foldBurman with fold--overover
2424 experimentsexperiments
ANOVAANOVA analysis: analysis: p<0.05p<0.05 ~ significant~ significant

modelmodel
model termsmodel terms

ValidationValidation of the modelsof the models
normal probability plot residualsnormal probability plot residuals
distribution plot residuals distribution plot residuals ↔↔ predictedpredicted
Outlier T plotOutlier T plot
Box Cox plotBox Cox plot
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Results Results –– optimization designoptimization design

CCDCCD
3737 experimentsexperiments
ANOVAANOVA analysisanalysis

modelmodel
model termsmodel terms

ValidationValidation

Axial or star points

Cube points

Center point
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% MeOH Volume 1st

washing step

R 1

X = A: volume 1st X = A: volume 1st 
washingwashing stepstep

Y = B: % Y = B: % MeOHMeOH

C: C: MolarityMolarity (60mM)(60mM)

Results Results –– optimization designoptimization design
Graphical optimizationGraphical optimization
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1126.626.6171716.616.6606011.7211.724.674.6733

1126.1926.19171716.216.2606010.9510.953.993.9922

1126.8626.86171716.216.2606016.0716.074.834.8311

DesirabilityDesirabilityR 3R 3R 2R 2R 1R 1MolarityMolarity
bufferbuffer

% % MeOHMeOHVolume Volume 
1st wash1st wash

SOLUTIONSSOLUTIONS

Numerical optimizationNumerical optimization
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3mL 3mL MeOHMeOH
3mL buffer (pH 9)3mL buffer (pH 9)

1mL/min1mL/min

ConditioningConditioning

2mL blood2mL blood

0.5mL/min0.5mL/min

Sample Sample applappl.. ElutionElution

1mL 1mL MeOHMeOH + 1%AA+ 1%AA

0.5mL/min0.5mL/min

WashingWashing

5mL buffer+15%MeOH5mL buffer+15%MeOH
1mL water1mL water

5mL/min5mL/min
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MeOHMeOH
Ammonium acetate (Ammonium acetate (AmmAcAmmAc) buffer ) buffer 
Compound of interestCompound of interest
ImpurityImpurity

MatrixMatrix
Ammonium acetate buffer + %Ammonium acetate buffer + %MeOHMeOH
WaterWater
Elution solventElution solvent
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ConclusionsConclusions

DoEDoE : useful : useful tooltool for SPE optimizationfor SPE optimization

11 factors

3 factors

Final SPE ~ IDA

Lab time ↓

Lab cost ↓

Productivity ↑


