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Agenda 
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1. What is Solid Phase Microextraction? 

2. Quantitative analysis of 4-methylcyclohexanemethanol 

in surface and drinking water. 

3. Quantitative analysis of parabens in treated effluent. 

4. Qualitative application to the investigation of soil 

samples. 
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SPME – the Basics 

•  Solvent-free extraction technique for 
nearly any sample or matrix 

•  Alternative to head-space GC and 
solid phase extraction (SPE) 
techniques 

•  Directly interfaced with GC analysis 
•  Non-destructive to sample  
•  Reusable (50-100+ times) 
•  Inexpensive 
•  Fast 

Manual SPME holder 
and inlet guide. 

Assembled SPME 
fiber and holder 
with fiber immersed 
in a liquid sample. 
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The SPME 
Concept 
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The SPME 
Concept 
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The SPME 
Concept 
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SPME Fiber Coating: The Business End 
•  Not an exhaustive extraction technique 
•  An equilibrium is set up between analytes dissolved in the 

sample (solution or gas phase) and in the liquid coating on the 
fiber. 

•  The fiber coatings consist of: 
•  Polymer films  (e.g. PDMS) 
•  Particles + binder (e.g. carbons or DVB in PDMS) 

Enlargement of 
the SPME fiber 
coating 

Equilibrium of 
analyte conc. in 
fiber and sample 

sigma-aldrich.com/spme 
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Analyte 
Adsorbed!

Silica Rod!

Liquid Polymer!

Aqueous !
Solution!

Vial!

Time!

Adsorption Mechanism for SPME 

Rapid uptake 
onto fiber 
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Number of Moles of Analyte Extracted by Fiber (n) 

n = (KfsVfVsC0) / (KfsVf +Vs) 
 

• Kfs  = Distribution constant between fiber and sample 
 C∞

f = Equilibrium concentration on fiber 

• Vf  =  Volume of fiber coating 
C0= Initial concentration of sample 
Vs  = Sample volume 

K        affinity of analyte for stationary phase on fiber 

Kfs= C∞
fVf /C∞

sVs 
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Types of SPME Fiber Coatings 

Coating  Type  Polarity 
7 µm Polydimethylsiloxane (PDMS)  Absorbent  Nonpolar 
30 µm PDMS  Absorbent  Nonpolar 
100 µm PDMS  Absorbent  Nonpolar 
85 µm Polyacrylate (PA)  Absorbent  Polar 
60 µm PEG (Carbowax)  Absorbent  Polar 

Coating  Type  Polarity 
85 µm Carboxen-PDMS  Adsorbent  Bipolar  
65 µm PDMS-DVB  Adsorbent  Bipolar 
55 µm/30 µm DVB/Carboxen-PDMS  Adsorbent  Bipolar 

   

Particles – Adsorption: 

Films – Absorption: 
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What about environmental testing? 
•  Some approved methods exist 

– ASTM D 6520, 2000 – VOCs and SVOCs in water 
– ASTM D 6889, 2003 – screening of VOCs in water 
– EPA  Method 8272 (Dec 2007) – PAHs in sediment pore water 

•  Highly useful for testing not covered by traditional methods 
─  Chemical releases 
─  Environmental forensics 
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Application: 
Quantitiative Determination of MCHM and PPH in Water 

15 
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Determination of 4-Methyl-1-cyclohexanemethanol  
•  Also known as “MCHM” 
•  Used in the processing of coal 
•  Accidental release into Elk River in WV in January, 2014 

contaminated drinking water for city of Charleston. 

•  Propylene glycol phenyl ether (PPH) also known to have been in 
release with MCHM 

16 

•  Exists as cis and trans isomers 
•  Determined by headspace SPME 

•  Extracted by headspace SPME along with 
MCHM 

•  Stability issues identified in presence of chlorine 

OH

CH3

OH

O

CH3
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Typical SPME Method Development 
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Choose Fiber   
Evaluate sample 
modifications 
(salt, pH 
adjustment)   

Determine 
extraction time & 

temperature 

100µm 
PDMS 

Added 
25% NaCl 

5 min./5 min. 
50 °C 

•  Salt increased response 10X 
•  Longer extraction times showed no advantage 
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SPME Method 
Fiber 100 µm PDMS  

Extraction Headspace,  5 min. equilibration, 5 min. extraction @ 50 °C, agitation 250 rpm 

Desorption 270 °C, 2 min. (splitter open at 0.75 min) 

Fiber post bake 5 min., 270 °C 

Sample 6 mL + 1.5 gm NaCl (25%) in 10 mL headspace vial 

18 

GC-MS Method 
 GC Column Vocol, 20 m x 0.28 mm I.D. x 1.0 µm 
Oven 50 °C (1 min.), 15°C/min. to 220 °C (5 min.)  
Carrier helium, 1 mL/min  
Liner 0.75 mm I.D SPME liner 
MS conditions aux at 220 °C, source at 230 °C, quads at 150 °C,  

SIM :  MCHM:  m/z= 110 (quant), 97    PPH:  m/z=94 (quant), 152  

•  m/z= 110 chosen for MCHM quant due to interferences with 
more abundant ions (m/z=55 and 97)  

•  No interferences with PPH ions 
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Typical Chromatograms 
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Calibration Curves Using SPME 

Use of ISTD not necessary 
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Analysis of Spiked Water Samples (local source) 
Local 

private well 
water (PA) 

Local creek 
water (PA) 

Local municipal tap 
water (PA) 

Spiking level 1 ug/L* 1 ug/L* 1 ug/L* 
amt.  measured MCHM isomer #1 0.27 (6) 0.30 (6) 0.25 (3) 
amt.  measured MCHM isomer #2 0.84 (9) 0.91 (11) 0.84 (6) 
MCHM total (two isomers) 1.11 ug/L 1.21 ug/L 1.12 ug/L 
amt.  measured PPH 0.94 (1) 1.16 (6) ND 

*total MCHM  

PPH not 
detected 

PPH not stable in presence of chlorine 
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Method Detection Limit Study, n=7 
Deionized water 

Spiking Level  
(ug/L) 

Mean (ug/
L) Std. Dev % Accuracy 

MDL 
(ug/L) 

LOQ (ug/
L) 

MCHM isomer #1 0.25 0.24  0.02 96% 0.06 0.2 
MCHM isomer #2 0.75 0.69  0.04 92% 0.13 0.4 
PPH 1.0 Not detected 

Spiking level of 1.0 ug/L PPH and total MCHM 

S/N>10 

Spiking level of 0.50 ug/L PPH and total MCHM 

Spiking Level  
(ug/L) 

Mean (ug/
L) Std. Dev % Accuracy 

MDL 
(ug/L) 

LOQ 
(ug/L) 

MCHM isomer #1 0.13 0.10  0.03 77% 0.06 0.2 

MCHM isomer #2 0.38 0.34  0.11 89% 0.33 1.06 
PPH 0.50 Amt. measured <50%, for most replicates 

•  Samples prepared and analyzed right away…..PPH detected 
•  Samples analyzed after 18-24 hours…PPH not detected 
•  Continued salt addition to samples due to increase response of MCHM 
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MDL WV tap water MS MSD LCS 

unspiked 1 ug/L* 1 ug/L* 1 ug/L* 
MCHM isomer #1 0.06 0.09 ug/L (9% RSD) 0.29 0.28 0.20 
MCHM isomer #2 0.33 <0.33 ug/L  0.67 0.67 0.64 
Total MCHM 0.96 0.95 0.81 
PPH ND ND ND ND 
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Analysis of Tap Water  
Charleston, WV 
(collected approx. 4/20/14) 

*total MCHM  

matrix spike 
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• Application: 
• Quantitiative Determination of Parabens in Treated 

Effluent 
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Determination of Parabens 
in Treated Wastewater Effluent 

• Anti-microbial agents added to personal care products, 
pharmaceuticals, and some foods 

• Generally considered safe 
– Some findings indicate weak estrogenic activity 

• Have been detected at ppt levels in surface waters, ppb levels in 
sediments and sewage sludge 

25 
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SPME Method Optimization 
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•  Aromatics have high affinity for 
polyacrylate fiber. 

•  35 min extraction time chosen for 
optimum response. 
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SPME Method 
Fiber 85 µm Polyacrylate  

Extraction Immersion,  35 min,  agitation 500 rpm 

Desorption 270 °C, 2 min.  

Fiber post bake 5 min., 270 °C 

Sample 7 mL + 1.75 gm NaCl (25%)  

27 

GC-MS Method 
 GC Column SLB-5ms, 20 m x 0.18 mm I.D. x .36 µm 
Oven 65 °C (1 min.), 20°C/min. to 220 °C (10 min.) 
Carrier helium, 1 mL/min  
Liner 0.75 mm I.D SPME liner 
MS conditions aux at 220 °C, source at 230 °C, quads at 150 °C, SIM 

m/z:  MP: 152, 121, 93   EP: 138, 121, 166   PP: 180, 121, 65   BP: 138, 194, 93 

•  quant ions chosen to minimize interference from background 
•  Parabens analyzed underivatized; tailing minimized  by column choice 

and oven conditions used. 
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Typical chromatograms 
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1 ug/L standard 

Treated effluent, 
spiked at 1 ug/L 
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Paraben calibration curves using SPME 
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Analysis of samples and spikes 
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Unspiked effluent samples 
n=3 Source #1 (ug/L) Source #2 (ug/L) 

Methyl paraben 0.03  ND 

Ethyl paraben 0.15  0.17 

Propyl paraben 0.11  0.32 

Butyl paraben 0.07 0.23 

Spiked effluent samples, 1 ug/L 
Mean (ug/L) 

n=6 Std. Dev. 
Avg. % 

Accuracy 
MDL (ug/

L) 
LOQ (ug/

L) 
Methyl paraben 0.99 0.15 99 0.46 1.47 
Ethyl paraben 1.17 0.06 117 0.19 0.60 
Propyl paraben 0.90 0.21 90 0.65 2.07 
Butyl paraben 0.92  0.13 92 0.40 1.28 

All < MDL 
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Qualitative Application:  Screening of soil samples 

31 
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Analysis of soil samples 
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Qualitative Use of SPME for Screening 

Fiber DVB/Carboxen-PDMS  

Extraction Headspace,  30 min equilibration , then 10 min,  80 
°C 

Desorption 270 °C, 2 min.  

Fiber post bake 5 min., 280 °C 

Sample 3 gm soil in 10 mL headspace vial 

GC-MS 
Analysis 

Vocol, 20 m x 0.18 mm I.D. x 1.0 µm 
40 °C (2 min), 8 °C/min. to 230 °C (10 min) 
Flow at 1 mL/min constant 

•  Adsorbent fiber type 
•  Higher temperature headspace extraction 
•  Samples from unofficial dumpsite in central PA and Supelco 

employee garden area 
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Supelco garden 
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In Conclusion, SPME in the environmental lab: 
 
•  Is a useful tool for quick method development 

•  Quantitative determinations 
•  Qualitative analysis  

•  Can be useful  in analyzing compounds not included in 
established methods 
•  MCHM; MDL of <0.5 ug/L for each isomer 

–  PPH not stable in presence of chlorine (from chlorination, and long 
term  exposure to NaCl) 

•  Parabens; MDL of 0.2 to 0.7 ug/L 
 

•  Can be used as a screening tool on unknown samples 
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Thank you! 
 
 Questions? 
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