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Traditional: LiquidTraditional: Liquid--Liquid Extraction (LLE) or Liquid Extraction (LLE) or 
SolidSolid--Phase Extraction (SPE)Phase Extraction (SPE)

• Large volumes of often toxic organic solvents used per 
sample

• Expensive because of required solvent purity (LLE) and 
disposable extraction cartridges (SPE)

• Time-consuming sample preparation procedures, multiple 
extractions required (LLE)

• Analyte losses during solvent evaporation for pre-
concentration

• Clogging of extraction cartridges (SPE)
• Formation of emulsions, difficult phase separation (LLE)

Slide courtesy of Torsten Schmidt, Univ. Duisburg-Essen

Advantages of SPME…

Torsten Schmidt
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MethodsMethods
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Slide courtesy of Torsten Schmidt, Univ. Duisburg-Essen



Comparison of Sample Preparation Procedure using Solid-
Phase Extraction or Solid-Phase Microextraction

SPE SPME

start of GC-MS process

transfer of extract into autosampler vial

solvent concentration

elution of analytes

adsorbent drying

extraction

conditioning of the phase

measurement of sample (e.g. by volume)

start of GC-MS process

adding of salt

transfering of samples into HS-vials

© Friedrich Werres Slide courtesy of Torsten Schmidt, Univ. Duisburg-Essen



Emerging Environmental Contaminants and SPME

• Pharmaceuticals

• EDCs

• DBPs

• New pesticides and pesticide transformation products

• Brominated flame retardants 

• Chiral contaminants

• Musks

• Dioxane

• Algal toxins



Pharmaceuticals

updated 4:29 p.m. ET, Thurs., Sept. 11, 2008
Testing prompted by an Associated Press story that revealed trace amounts of pharmaceuticals in drinking water 
supplies has shown that more Americans are affected by the problem than previously thought — at least 46 million.
That's up from 41 million people reported by the AP in March as part of an investigation into the presence of 
pharmaceuticals in the nation's waterways.



Pharmaceuticals

Several included on the new CCL-3; will also
be included in new Water Quality Criteria

• Potential estrogenic effects on biota 
(e.g., feminization of fish)

• Potential antibiotic resistance

• May affect aquatic organism populations 
(decreased food sources)

• Transformation in drinking water treatment
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Emerging Contaminants What are They?
Or a Paradigm Shift?

An Example of a Whole Lake Ethynylestradiol
Dosing Experiment at Canada’s 

Experimental Lake Area

Jim Lazorchak, U.S. EPA, 
NERL, Cincinnati, OH

Kidd, Blanchfield, Mills, Palace, Evans, Lazorchak, Flick. 2007. Collapse of a fish population after 
exposure to a synthetic estrogen.  PNAS 104, 8897-8901.
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•Spring 2001 - EE2 additions began

- Vg gene expression induction in deployed 114 fish in 260 in 24-hrs
–significant vitellogenin plasma induction after 7 weeks

•Fall 2001 (4 months)
–proteinaceous accumulation in kidney
–liver cell size increased

•Spring 2002 (12 months)
–disorganized testes, immature ovaries
–decreased spawning aggression, fewer & less-developed eggs
–reduction in secondary sex characteristics
– No fish population impacts observed

•Fall 2002 (17 months) - reproductive failure, few age 0 fish
•Spring 2003 (2 years) - only age 2 fish remaining

–one male found, females with large ovipositors 
• 2006 (3 yrs post additions) – Fathead population recovered

Summary - Fathead Minnow
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K Mills – FW Inst

dosing started



• Immature rainbow trout exposed to a PPCP  
mixture of 3 µg/L each (atorvastatin, 
bisphenol A, carbamazepine, diclofenac, 
fluoxetine, gemfibrozil, ibuprofen, and 
naproxen)

• Water samples collected throughout the 8 
day exposure and analyzed by both SPME 
and solid phase extraction (SPE).

• SPME samples taken every second day in 
both adipose fin and dorsal-epaxial muscle

Steel Support Wire

SPME Coating Segment (1mm) in adipose
SPME Coating Segment (1mm) in muscle

Xu Zhang, Ken D. Oakes, Shufen Cui, Leslie M. Bragg, Mark R. Servos, Janusz Pawliszyn

Tissue-specific In Vivo Bioconcentration of 
Pharmaceuticals in Rainbow Trout Using Space-

Resolved Solid-Phase Microextraction

Mark Servos
Univ. Waterloo



Drinking Water DBPs

• Formed by the reaction of disinfectants with 
natural organic matter

Concern over possible human health risk:

• Epidemiologic studies:  risk of bladder cancer
some cause cancer in laboratory animals

• Recent concerns about possible reproductive 
& developmental effects (from epi studies)

• Huge movement toward alternative disinfectants

• Use of UV and membranes increasing dramatically

• By 2025, 70% of drinking water plants expected to use membranes



DBPs Regulated by the U.S. EPA

DBP MCL (µg/L)

Total THMs 80
5 Haloacetic acids 60
Bromate 10
Chlorite 1000

But more than 600 DBPs have been identified
Little known about occurrence & toxicity of unregulated DBPs



Measuring Iodo-THMs
in Tap Water and Blood

Ben Blount, CDC

“I have never met him but his SPME work has revolutionalized
my analysis of VOCs in biological fluids.

Automated SPME increased my throughput by an order of 
magnitude while improving safety and reducing costs.”



Measuring Iodo-THMs in Tap Water and Blood

1. Spike sample with internal standards (2H1-
iodoTHMs)

2. SPME extraction (Carboxen/PDMS fiber)
3. GC (DB-624, 25m x 0.20mm x 1.12µm)

• Cryotrapping and cryo-oven
High Resolution Mass Spectrometry 
• MAT 95 magnetic sector mass spectrometer
• 10,000 Resolution

4. Quantify using stable isotope dilution

Slide courtesy of Ben Blount, CDC

Ben Blount



IodoTHMs: standards
RT:
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Blood THM Analysis

IBCM

CHBr3

IDCM
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MTBE
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Quantitation Ion
CH35Cl2

+

Internal STD
C2H35Cl2

+

Confirmation Ion
CH35Cl37Cl+

IDCM in Blood (19.8 pptr)
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SPME
Fiber

SPME
Syringe

3-mL Blood
+ internal standard 

Vacutainer

Gas-Tight
Syringe

Subjects
• Blood samples were collected from 4584 NHANES 

2007-2009 study participants. 

Sample Collection & Storage
• Blood is collected into a pre-cleaned  VOC free, 

evacuated blood collection tube
• Samples are stored at 10ºC for under for 4 weeks but 

no longer than 10 weeks

Sample Preparation
• Samples are equilibrated and mixed in 10-ml blood 

collection tube at room temperature
• 3-ml of blood is drawn using a gas-tight glass 

syringe and placed into a 10-ml headspace vial
• 40 μl internal standard is then pipetted into vial
• Vial is sealed with reprocessed PTFE barrier silicone

septum

Analyte Collection
• 75-µm Carboxen-PDMS SPME fiber is exposed for 

15 min at 40°C while agitating at 500 rpm

SPME Headspace/
Cryotrap/GC/SIM MS

Hermetically 
sealed 
sample 

NHANES Study—50 VOCs using SPME

Slide courtesy of Ben Blount, CDC



Method Parameters
• SPME adsorption: 15 min at 40oC    
while agitating at 500 rpm

• SPME desorption: 1.5 min at 250oC 
pulsed splitless, remaining in inlet 
throughout GC run while GC is held 
in splitless mode

• Cryofocusing: 1 min at -100oC then 
ballistically heated to 225oC

• GC Program: 1.5 min at 0oC, ramp 
7o/min to 140oC, 40o/min to 220oC, 
hold 8.5 min (32 min total)

• MS Detection: Selective Ion 
Monitoring (SIM) mode

Analytical System

Slide courtesy of Ben Blount, CDC
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Pesticide Degradation Products
• May be more environmentally relevant than 

parent species (and some more toxic than parent)
• Previously overlooked

• Most highly polar; require LC/MS or LC/MS/MS

• Some on the CCL-3:

Alachlor ESA & OA

Acetochlor ESA & OA

Metolachlor ESA & OA

CCL-3: www.epa.gov/safewater/ccl



Photodegradation of Quinalphos in water

SPME device

85 µm Polyacrylate fiber
Parathion 1 ppb  int. std
4 ml sample, agitation
20 min, 60 ºC

GC/FTD

N

N O
P

O

S

O

Slide courtesy of Vasilis Sakkas, Univ. of Ioannina, Ioannina, Greece

Goncalves, C.; Dimou, A.; Sakkas, V.; Alpendurada, M. F.; Albanis, T. A.
Chemosphere 2006, 64 (8), 1375–1382.

Vasilis Sakkas



Photodegradation in water

Slide courtesy of Vasilis Sakkas, Univ. of Ioannina, Ioannina, Greece



Photolysis by-products

Continued…

Identified by GC/MS

Slide courtesy of Vasilis Sakkas, Univ. of Ioannina, Ioannina, Greece



Photolysis by-products

Due to its high sensitivity, SPME allowed to test a low pesticide concentration, 
equivalent to environmental contamination levels, and using small sample volumes 
which is particularly important in this kind of studies  

Slide courtesy of Vasilis Sakkas, Univ. of Ioannina, Ioannina, Greece



1,4-Dioxane 

• On CCL-3 (also for consideration on the new UCMR-3)

• High production chemical used as a solvent stabilizer in the 
manufacture and processing of paper, cotton, textiles, automotive 
coolants, cosmetics, shampoos, and for 1,1,1-trichloroethane 
(TCA)—a popular vapor degreasing solvent

• Probable human carcinogen

• Widespread contaminant in groundwater (often exceeding water 
quality criteria and guidelines)

• Highly water soluble; problematic to extract and measure



1,4-Dioxane 

Jochmann et al., J. Chromatogr. A, 2008, 1179, 96-105.

• Headspace-SPDE-GC/MS 
• SPDE a variation of SPME (inside of syringe 
needle coated with extraction phase)

• 4-6× larger extraction phase volumes than 
100 μm SPME fibers

• Detection limits of 0.8 μg/L

Torsten Schmidt

Slide courtesy of Torsten Schmidt, Univ. of Duisburg-Essen, 
Germany



New EPA Method 522 

www.epa.gov/nerlcwww/ordmeth.htm

EPA/600/R-08/101
METHOD 522  DETERMINATION OF 1,4-DIOXANE IN DRINKING WATER BY

SOLID PHASE EXTRACTION (SPE) AND GAS CHROMATOGRAPHY/
MASS SPECTROMETRY (GC/MS) WITH SELECTED ION
MONITORING (SIM)

Version 1.0
September, 2008

Jean W. Munch and Paul E. Grimmett

NATIONAL EXPOSURE RESEARCH LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT

U. S. ENVIRONMENTAL PROTECTION AGENCY
CINCINNATI, OHIO 45268



Perchlorate (ClO4
-)

Recent EPA Methods

• Developed to overcome matrix interferences in high
ionic strength waters and to lower detection limits

• EPA Method 314.0:  IC-conductivity (MRL 4 µg/L)

• EPA Method 330.0:  IC/ESI-MS (MRL 0.02-0.05 µg/L)

• EPA Method 331.0:  LC/ESI-MS/MS (MRL 0.02 µg/L)

www.epa.gov/safewater/methods/sourcalt.hrml
www.epa.gov/nerlcwww/ordmethod.htm

CCL-3: www.epa.gov/safewater/ccl



Brominated Flame Retardants (e.g., PBDEs)

O

BrBr

Br

Br

Br• Found in human samples—worldwide 

• Potential adverse developmental effects, cancer 

• Global production: 200,000 metric tons (most used in U.S. and Canada)

• Added to plastics, textiles, particularly furniture, consumer electronics

• Environmentally persistent; ubiquitous

• Octa- and penta- phased out in North America in 2004, but deca- still made

• EPA Method 527 (GC/MS; mid-ng/L detection limits)

www.epa.gov/safewater/methods/analyticalmethods_ogwdw.html

on the UCMR-2
www.epa.gov/ogwdw/ucmr



Brominated Flame Retardants

Lopez, P.; Brandsma, S. A.; Leonards, P. E. G.; De Boer, J. J. Chromatogr., A 2009, 1216 (3), 334–345.

SPME used with GC/NCI-MS
and GC/EI-MS to measure brominated flame 
retardants in environmental waters

Patricia Lopez, VU University Amsterdam



Algal Toxins
• Included on the new CCL-3 
(microcystin-LR, anatoxin-a, cylindrospermopsin)

• EU: guideline (0.1 µg/L)

• WHO: provisional guideline (1.0 µg/L)
for microcystin-LR

• Responsible for large fish kills, poisoning of 
shellfish, illness in people

Examples:
• Microcystins, nodularins, saxitoxins, anatoxins, brevetoxins

• Some found in finished drinking water from Florida (2003)

CCL-3: www.epa.gov/safewater/ccl



MC-LR: X=Leu, Z=Arg
MC-RR: X=Arg, Z=Arg
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Microcystins

Slide courtesy of Xingfang Li, Univ. Alberta, Canada

• SPME-microbore-LC-QTOF-MS

• 0.6-1.6 pg detection limits

• 70-86% recoveries

• Small sample volumes (12 mL)

• Minimized the use of solvents

Xingfang Li



Slide courtesy of Xingfang Li, Univ. Alberta, Canada

Sample Analysis

blank

Spiked lake water
1 µg/L

Zhao, Y.-Y.; Hrudey, S.; Li, X.-F. J. Chromatogr. Sci. 2006, 44, 359–365.



Musks

• Synthetic musks widely used as fragrance
additives in many consumer products, including 
perfumes, lotions, sunscreens, deodorants, and laundry 
detergents

• Widely present in environmental samples, including 
wildlife and humans 

• Accumulate in sediments, sludges, and biota

• Up to 190 ng/g lipid in humans



Musks
• SPME-GC/μ-ECD used to measure musks in 

wastewater and sewage samples at low ng/L 
detection limits 

Polo, M.; Garcia-Jares, C.; Llompart, M.; Cela, R. Anal. Bioanal. Chem. 2007, 388 (8), 1789–1798.
Carmen Garcia-Jares, Univ. de Santiago de Compostela, Spain



Chiral Contaminants
• Chiral contaminants are similar chemically, 

but can behave differently in the 
environment and in biological systems

• SPME used with enantioselective GC-ICP-
MS to measure chiral speciation of the 
pesticide ruelene in environmental samples

Fidalgo-Used, N.; Montes-Bayon, M.; Blanco Gonzalez, A.; Sanz-Medel, A. J. Anal. At. Spectrom 2006, 21 (9), 876–883.

Alfredo Sanz-Medel, Univ. Oviedo, Spain



EDCs and Steroid Hormones 
• Concern about possible estrogenic or 

androgenic and other
effects, both to wildlife and humans

• SPME-GC-MS used to measure EDCs
and hormones in river water and fish 
serum

• Diethylstibestrol (DES), octylphenol, 
nonylphenol, dehydroisoandrosterone
(DEHA), estrone (E1), 17β-estradiol 
(E2), testosterone, and pregnenolone

Yang, L. H.; Lan, C. Y.; Liu, H. T.; Dong, J.; Luan, T. G. Anal. Bioanal. Chem. 2006, 386 (2), 391–397.

Tiangang Luan, Zhongshan University, China 
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