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Introduction 
Hair analysis is growing in popularity due to the non-invasive nature 
of the sample collection. Although not used as routinely as other 
matrices such as blood or urine it does have advantages in that the 
matrix can indicate prolonged drug exposure. This can provide 
valuable information with respect to therapeutic drug regimens or 
in abused drug abstinence cases. The low level detection required 
for cannabis use combined with the complexity of hair testing 
makes for a challenging application. This poster aims to 
demonstrate simplified sample preparation workflow for low level 
analysis of THC from hair. 

Experimental 
Reagents 
Drug standards were purchased from LGC Standards (Teddington, 
UK). Acetic and formic acid were purchased from Sigma-Aldrich 
Company ltd. (Gillingham, UK). HPLC and LC/MS grade solvents were 
from Honeywell Research Chemicals (Bucharest, Romania). Water 
(18.2 MΩ.cm) was drawn fresh daily from a Direct-Q 5 water purifier 
(Merck Millipore, Watford, UK). Hair samples were kindly donated by 
healthy human volunteers. 

Sample Preparation 
ISOLUTE® SLE+ Procedure (Figure 1.) 
ISOLUTE® SLE+ 400 μL capacity 96-well plates or columns. 

Matrix Preparation:  
Weigh 20 mg of hair into 2 mL Biotage® Lysera tubes containing 4 x 
2.4 mm stainless steel beads. Add 1 mL of methanol to each hair 
sample. Internal standard added at 1 pg/mg of hair. 
Micropulverisation (MPE) Procedure: 
Biotage® Lysera: 3 x 1 minute cycles with 20s dwell at 5.3 m/sec. 
Centrifuge extracts for 10 minutes at 13,300 rpm.  

Sample Application: 
200 μL of supernatant was transferred and evaporated using either: 
SPEdry (plate processing) or TurboVap® LV (column processing) at 
40 °C. Samples were reconstituted in 200 μL 70:30 Methanol:Water 
and applied to the column using gravity flow. 
Analyte Extraction: 
MTBE (600 μL) was applied and allowed to flow under gravity for 5 
minutes. A second aliquot of MTBE (600 μL) was applied and allowed 
to flow under gravity for 5 minutes. A pulse of positive pressure at 
10 psi (10-20 seconds) allowed complete removal of the final aliquot. 
 
 

 

Figure 1. Schematic of 
ISOLUTE® SLE+ Supported Liquid 
Extraction Procedure. 

 

 
 

Post extraction: Extracts were evaporated at 40 °C and reconstituted 
with 200 μL of 70:30 Mobile phases A:B. 

 

UHPLC Conditions 
Instrument: Shimadzu Nexera x2 UHPLC (Shimadzu Europa GmbH, 
Duisburg, Germany) 
Column: ACE EXCEL C18 50 x 2.1 mm, 1.7 μm + guard (ACT, UK) 
Mobile phase: 0.01% Acetic Acid in both (aq) and MeOH  
Flow rate: 0.3 mL/min   Gradient: Shown in Table 1. 
Column temp: 50 °C  Injection volume: 5 μL 
 

Table 1. Gradient Parameters.  

 
 
 

Mass Spectrometry 
Instrument: Shimadzu 8060 Triple Quadrupole mass spectrometer 
equipped with an ES interface for mass analysis (Shimadzu Europa 
GmbH, Duisburg, Germany). Positive or negative ions were acquired 
in the MRM mode (Table 2). 
Heat Block Temp: 500° C     Interface Temp: 400° C    DL Temp: 300° C 
Nebulizing Gas: 3 L/min   Drying Gas: 5 L/min   Heating Gas: 15 L/min 
CID Gas: 270 kPa     
Table 2. MRM Parameters (qual ions in parenthesis). 

Results 
Figure 2. illustrates the work-flow options investigated for hair 
analysis in our study. MeOH was used to swell hair samples allowing 
drug release when pulverization is incorporated. Aliquots were then 
either pre-concentrated prior to extraction or directly loaded.   
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 2. Workflow investigation for hair analysis. 
 
 

Initial investigation of the THC panel involved evaluation of non-
specific binding during evaporation. As demonstrated in Figure 3.  
non-specific binding to collection plates was reduced by increasing 
methanol to above 50% during the reconstitution step. 

 
 

Figure 3. Non-specific 
binding profiles during 
evaporation from  
96-well collection plates. 
 
 

  

 
Figure 4. demonstrates elution solvent performance for the analyte  
pre-concentration protocol. MTBE gave good reproducibility and 
recoveries as well as demonstrating the best matrix factors  
and overall signal. 
 
 
Figure 4. Recovery profiles from  
pre-concentration of pulverized 
hair prior to extraction. 

 
 
Both pre concentrated and direct sample protocols were 
considered. However, direct loading did not provide the required 
sensitivity to provide an LLOQ of 200 fg/mg. Figures 5 and 6. 
demonstrate recovery and signal profiles for pre-concentrated and 
direct sample loading protocols, respectively. 

 

 

Figure 5. Recovery 
profiles comparing  
pre-concentrated and 
direct sample loads. 
 

 
 

 
 
 
Figure 6. Signal profiles 
comparing pre-concentrated 
and direct sample loads. 
 
 
 
Method performance was replicated using the ISOLUTE® SLE+ 400 μL 
capacity columns as shown below in Figure 7.  

 
 
 
Figure 7. Recovery 
profiles comparing  
400 µL capacity columns 
and fixed-well plates. 
 
 

 

0.01% Acetic acid was found to be the best LC mobile phase additive 
for sensitivity in both positive and negative ion. Figure 8. 
demonstrates the chromatography achieved using 0.01% acetic acid. 
 
 
Figure 8. TIC using 0.01% 
acetic acid mobile phase 
composition injecting cannabis 
mix at a concentration of  
100 pg/mg. 
 

 
Calibration curves constructed from 0.1-200 pg/mg of hair 
demonstrated good linearity for all analytes, returning coefficients 
of determination (r2) greater than 0.99. Figure 9. demonstrates 
typical calibration curves for pre-concentrated hair extracts using 2 
aliquots of MTBE as the elution solvent. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Calibration curves for THC, THC-OH, THC-COOH, CBN, CBD and 
THCAA respectively using pre-concentrated hair solvent extracts. 
 

Lower limits of quantitation (LLOQ) for the final method are 
summarized in Table 3. 
 
Table 3. Cannabis analyte LLOQ values. 

 

Conclusion 
» This poster describes a simplified workflow for the low level 

analysis of cannabis from hair, utilizing bead based micro 
pulverization (MPE).  

» Suitable cleanup and concentration of hair extracts allowed 
LLOQs below SoHT guidelines. 

Time (min) % A % B 
0      50 50 

0.5 20 80 
2 10 90 
4 10 90 

4.01 50 50 

Analyte Transition  
(MRM) 

Ionization 
Mode 

Collision 
Energy (eV) 

THC-D3 318.0 > 196.15 
(318.0 > 123.2) + -24 

-32 

THC 315.0 > 193.10 
(315.0 > 123.2) + -23 

-32 

THC-OH-D3 334.0 > 316.15 
(334.0 > 196.25) + -15 

-25 

THC-OH 331.0 > 313.3 
(331.0 > 193.25) + -15 

-26 

THC-COOH-D3 346.3 > 302.3 
(346.3 > 248.3) - 22 

28 

THC-COOH 343.3 > 299.3 
(343.3 > 245.25) - 22 

30 

CBN 311.0 > 223.0 
(311.0 > 241.2) + -22 

-17 

CBD 313.2 > 245.15 
(313.2 > 179.25) - 24 

20 

THCAA 357.3 > 313.3 
(357.3 > 245.25) - 26 

23 

Drug Analyte r2  
 (column format) 

LLOQ (pg/mg)  
(column format) 

r2  
 (plate format) 

LLOQ (pg/mg)  
(plate format) 

THC 0.997 10 0.998 10 
OH-THC 0.997 10 0.998 10 

THC-COOH 0.997 0.2 0.997 0.2 
CBN 0.997 10 0.997 10 
CBD 0.997 1 0.995 0.5 

THCAA 0.996 1 0.995 <10 

Analytes partition 
into elution solvent 
and are collected

Step 1
Load

Step 2
Wait

Step 3
Elute

Aqueous sample flows 
onto extraction bed, 

and is dispersed 
in small droplets.

Analyte

Matrix components
e.g. phospholipids, salts 
and proteins

SLE Support 
material (diatoms)

0.0

20.0

40.0

60.0

80.0

100.0

120.0

%
 R

e
co

ve
ry

 (
sp

ik
e 

vs
 fo

rt
)

Analyte Recoveries

Pre-Concentrated Load Direct Load

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

S
ig

na
l 

(S
pi

ke
 v

s 
st

a
nd

ar
d)

Analyte Signal

Pre-Concentrated Load Direct Load

0

20

40

60

80

100

120

Pre-concentration: 
Elution Solvent

Hexane 50:50 EA:Hex MTBE Ethyl Acetate DCM DCM:IPA 95:5

0

20

40

60

80

100

120

140

160

%
 S

ig
n

al

Evaporatative effect 

MeOH/70:30 NO Glycol MeOH/50:50 NO Glycol MeOH/50:50 Glycol

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00 5.25 5.50 5.75 min

0

250000

500000

750000

1000000

1250000

1500000

1750000

2000000

2250000

2500000

2750000

3000000

Weigh Hair Matrix, 
20 mg

Pulverise Sample, 
Lysera

Pre‐concentration 
Extraction

Direct Solvent 
Extraction

1 mL MeOH 1 mL  0.1%  
NH4OH/MeOH

Centrifuge

Extract using 
ISOLUTE® SLE

Transfer 200 µL 
Aliquot

Evaporate & Reconstitute 
200 µL

Extract using 
ISOLUTE® SLE



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


