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ORGANIC CONTAMINANTS
 Organohalogen contaminants

• PCBs
• OCPs
• PCDDs/Fs
• BFRs
• Perfluorinated compounds (PFCs)

 Polycyclic aromatic hydrocarbons (PAHs)
 Pesticides 
 „Musk“ compounds
 Phthalates
 Alkylphenols



HISTORY OF THE DISCOVERY OF PFOS IN 
BIOTABIOTA
 1968: Organofluorine reported in blood1968: Organofluorine reported in blood

 1970s and 1980s: Monitoring studies of organofluorine

 1976: PFOA tentatively identified

 1990 LC MS/MS th d l d l d 1990s: LC-MS/MS methodology developed

 1997–1998: Widespread PFOS confirmedp

 2000: 3M announces phase out of production

 Present: Continued biomonitoring efforts
Perfluorooctyl sulfonates (PFOS): persistent manmade chemicals used y ( ) p
extensively since the 1950’s in protective coatings and surfactants.



PFCs CHARACTERISTICS

 A class of organofluorine compounds g p
that have all hydrogens replaced by 
fluorine on a carbon chain – but also 
contain at least one different atom or 
functional group g p

 Usually 4 – 20 carbon atoms in the 
l lmolecule

 The most abundant C8 compoundsThe most abundant C8 compounds 
(derived from n-octane)  



PERFLUORINATED CHEMICALS (PFCS) ( )

 Applications: pp
• Stain repellants, packaging materials, industrial 
surfactants, fire‐fighting foams, etc.surfactants, fire fighting foams, etc.

Persistent, bioaccumulative, toxic



MAIN GROUPS OF PFCs

Functional group ExampleFunctional group Example

Perfluorocarboxylic acids COO- Perfluorooctanoic acid
Perfluorocarboxylic acids -COO

(PFOA) 

P fl l h t SO - Perfluorooctanesulfonic acid 
Perfluorosulphonates -SO3 (PFOS) 

f f SO PerfluorooctanesulfonamidePerfluorosulfonamides -SO2NH2
Perfluorooctanesulfonamide
(FOSA) 

1H 1H 2H 2HTelomeric alcohols -OH 1H,1H,2H,2H-
Perfluorodecanol (8:2 FTOH) 



UBIQUITOUS PFCs
 In addition to industrial production, PFOS and PFOA can be 

formed by a degradation of fluorinated precursors

PFOA = perfluorooctanoic acidPFOS = perfluorooctanesulfonic

formed by a degradation of fluorinated precursors
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PFCs SYNTHESIS
Electrochemical fluorination (ECF)
 The synthesis of PFOS uses perfluorooctanesulfonyl fluorideThe synthesis of PFOS uses perfluorooctanesulfonyl fluoride 

(POSF) as feedstock

Telomerization
 This production process yields straight chains, with hardly any 

i iti b t th d t t f ll fl i t d Th th limpurities, but the products are not fully perfluorinated. The ethylene 
group is characteristic for this production process.



GENERAL PROPERTIES OF PFOS
 Specific physico-chemical properties

 Acidic Acidic
 Rigid
 Low solubility in water and in oil/fat
 L b t bli ti Low vapour pressure but sublimation
 Ion-pair formation
 Non-reactive

 Resistant to degradation by natural processes such as 
metabolism, hydrolysis, photolysis, or biodegradation 

ki i i i d fi i l i h imaking it persistent indefinitely in the environment



PFCs IN THE ENVIRONMENT
 Can release into the environment:

• Directly from industrial sites
• Waste dumps

Fi i ti i• Fire service practicing areas
• Waste water treatment plants

Fate in the environmentFate in the environment
 Adsorption onto sediments
 Air or ocean stream long distance transfer of volatile PFCs Air or ocean stream long distance transfer of volatile PFCs
 Partial degradation



PFCs OCCURENCE - IN DIFFERENT PARTS OF THE
ENVIRONMENTENVIRONMENT

Production and uses

Landfill
Waste water treatment plant

(PFOA, PFOS, PFCAs)
Sewage sludge

(FOSAA, 6:2 FTS, PFCAs, PFSAs)

River water
( )

Soil 
(PFCAs) Air

( )Ground water
(FTS, PFOS, short‐chain PFCAs)

(PFOA, PFOS, PFCAs) (FTOH, FOSA, FOSE)

Ocean waterPlants S di Ocean water
(PFOA, PFSAs, FOSA)

Plants

Aquatic animals

Sediments
(PFSAs, FOSAA, FOSA)

Terrestrial animals
(PFSAs, PFCAs)(PFSAs, PFCAs)



TOXICITY OF PFCs
 Human exposure by different ways – diet, dermal and 

inhalationinhalation

 Only limited data about toxity are available
 PFCs are especially toxic to developing fetuses and PFCs are especially toxic to developing fetuses and 

newborns. 
 The developmental neurotoxic effects of PFCs are The developmental neurotoxic effects of PFCs are 

similar to those reported for PCBs and PBDEs. 
 PFCS are endocrine disruptors and cause immunePFCS are endocrine disruptors and cause immune 

system damage



MONITORING AND RESTRICTIONS OF PFCs

 2002 – 3M Company, the major PFOS producer phased out PFOS 
d f it d i tiand some of its derivatives

 2006 – EU has banned most uses of PFOS and related compounds 
f 2008 (EU di ti 2006/122/EG 2008)from summer 2008 (EU directive 2006/122/EG, 2008)

 2007 – EFSA recommended monitoring of PFCs (PFOS and PFOA)   
in the food chain 

 2008 – EFSA established the tolerable daily intake (TDI)y ( )
PFOS  - 150 µg/kg b.w.
PFOA - 1.5 µg/kg b.w.

 2009 – The 9 new POPs including PFOS and its salt, under the
Stockholm Convention 





CURRENT EC RECOMMENDATION



NEW POPs

May 2009



EU DIRECTIVE 2006/122


