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Solid Phase Microextraction 
(SPME)

• SPME fibers were developed and 
patented by Janusz Pawliszyn in 
1990

• Subsequently licensed to 
Supelco until 2014



SPME Sampling/Desorbing

• Target analytes are 
collected via headspace or 
immersion

• Desorbed in the GC 
inlet

90% of applications



SPME Arrow

• Developed by CTC Analytics 
AG

– PAL Systems (“Rails”) 

• To overcome the limited 
mechanical stability and 
small phase volumes



Traditional vs Arrow

• Arrow tip facilitates smooth 
septa penetration

• Fully protects phase

• Thicker needle is more durable

• Larger phase area/volume for 
increased sensitivity

Arrow

Traditional



Phase Volumes

• Initial design of up to 6x the 
area and 20x the volume

• Our calculations show 17 -
18x the volume

• Sensitivity (up to 10x) 
increase seems intuitive and 
reasonable



Sensitivity of HS VOCs in Water

• 10 mL of H2O

• 2.5 ppb of ISO 17943 VOCs

• 3 g NaCl

• 2 min of equilibration @ 60 °C

• 100 µm PDMS traditional 
and Arrow

• 10 min of headspace 
extraction @ 60 °C w/ 500 
rpm of heatex



VOCs in Water
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On average ^ 4 Fold for 92 VOCs



Response vs Extraction Time

• Goal: utilize the Arrow with shorter extraction 
times to achieve the same sensitivity as 
traditional SPME

• Evaluated traditional and Arrow for:
– 15, 30, 60, 120, 240, 480, 960, and 1920  s





Ruggedness/Lifetime

• Rack up a traditional fiber and Arrow 

• Run 24 to 48 samples / day
– Same # of runs on each SPME

• Evaluate responses everyday

• First to 50% collection efficiency or a mechanical 
failure loses



A far too common outcome…



Real Ruggedness Example



SPME Methods

• ASTM D 6520, 2000  
– Standard Practice for the SPME of Water and its Headspace for the Analysis of Volatile 

and Semi-Volatile Organic Compounds 

• ASTM D 6889, 2003
– Standard Practice for Fast Screening for Volatile Organic Compounds in Water Using 

Solid Phase Microextraction (SPME)

• EPA Method 8272, 2007
– Parent and Alkyl PAHs in Sediment Pore Water by SPME-GC/MS

• ISO 27108 (DIN 38407-34), 2013
– Determination of selected plant treatment agents and biocide products - Method using 

SPME followed by GC-MS 

• ISO 17943 (DIN 38407-41)
– Determination of VOCs in water - GC-MS after HS-SPME



ISO 17943

• We evaluated 92 VOCs. ISO 17943 
only list 63 VOCs. 

• Calibration linearity, precision, 
and detection limits were obtained 
from:
– 10 mL of drinking water 

– With only a 2 minute headspace extraction @ 60 °C 

– With a 1 minute desorption @ 250 °C



ISO 17943

• Calibration
– 3 nines or better for most compounds at 2.5 ppt to 150 ppb

• Precision
– 3 % RSDs, which are well below method requirements

• MDLs
– ~30 ng/L

• All from a 2 minute extraction!!!



Implications

• SPME Arrow is more sensitive and sturdy than 
traditional SPME fibers

• Demonstrated excellent linearity, precision, and 
detection limits

• However, limited method applicability in the U.S.



SPME Arrow Application

• Fast screening!!!
– ASTM D 6889, 2003

• Standard Practice for Fast Screening for Volatile Organic Compounds 
in Water Using Solid Phase Microextraction (SPME)

• A 2 minute extraction and 4 minute GC-MS 
screening run could prevent hours of purge-and-
trap instrument down time from a hot sample
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