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theruolysis of fluoropoclymers as a
potential source of halogenated
organic acids in the environment
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Foljowing the introduction of hydrochlorofluorocarbon {HCECs)
and h}fdroﬂuorocarbon (HFCs) gases as replacements for the
ozone-destroying chloroftuoracarbons (CFCs), it has been dis-
- covered that HCFCs/HFCs can degrade in the atmosphere to

prmiuce triflusroacetic acid’, a compound with no known loss

mechonisms in the environment™, and higher concentrations in
" putu.nl waters' heve been shown to be mildly phytotoxic.
i present environmental levels of trifluooracetic acid are not
* accounted by HCFC/HFC degradation alone®™". Here we report
U that thermolysis of fluorinated polymers, such as the commercial
polymers Teflon and Kel-F, can also produce trifluorsacetate and
{ the similar compound chlorodifiuoroacetate. This can eccur
'either directly, ov indirecdly via products that are known to
i deyrade to these haloacetates in the atmasphere'. The enviren-
: mental significance of these findings is confirmed by modeiling,
* whic! indicates that the thermolysis of fluoropolymers in indus-
: triai and consumer high-temperature applications (ovens, non-
- stick cooking utensils and combustion engines) is likely to be a
"significant source of trifluoroacetate in urban rain water
. (~23ngl™, as estimated for Toronto). Thermolysis also leads
; to longer chain polyfluoro- and/or polyehlorofluore- {C3-C14)
| carboxylic acids which may be equally persistent. Some of these
| products have recently been linked with possible adverse health®
! and envivonmental impacts and are being phased out of the US
" market’. Furthermore. we detected CFCs and fluorocarhons—
. groups that can destroy ozone and act as greenhouse gases,
, respectively—among the other thermal degradation products,
: suggesting that continued use of fluoropolymers may also
: exacerbate stratospheric ozone-depletion and global warming,
The replacernent CPC gases HCFC-123 (CF,CHCY,), HCEC-124
| (CF,CHCIP) and HFC-134a (CF;CH,F) are known to degrade in
the troposphere, through reaction with hydroxyl radicals, to tri-
fluoroacetate, TEAL. TEA is expected o be a long-lived environ-
mental species, and has no known significant loss mechanism’.
 Studies have suggested that at higher concentrations, such as those
obsorved in surface waters with seasonal evaporation—concentra-
tio. cycles®, TFA will exhibit mild phytotoxicity’. Envirommental
maodelling caleulations conducted for TFA predict a concentration
of 100120 ng T in rain water between the years 2010 and 2020%
l_hese predictions were based on the assumption that TFA originates
from the CFC replacement gases. Environmental measurements® "
of TFA have shown that current levels cannot be accounred for by
these sources alone. In certain regions, concentrations of TFA in
tainwater now average 120 ng!™ (ref. 8}, and no major alternative
Surce has been identified to explain these observations. Although
there is some controversy within the literature, it seerns that the TFA
observed in precipitation is largely a result of urban activities, For
txample, TFA concentrations of <2-92ngl™ have been found at
femate sites, compared with 50-1,100ng[™ for industrialized
urban sites'™. The unidentified source of TFA is likely to be
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anthropogenic in origin, as there are ao known naturally occurring |

trifluoromethylated compounds, A second long-lived fluorinated
acetic acid, chlorodiflucrcacetic acid {CDFA) has recently peen
identified in rain water’. Direct evidence of a sourcs IESpénsible
for its production has yet to be established, although CPFC-113
(CF,CICFCL) may contribute,

Agrochemicals, anaesthetics and fluoropolymers are the three

main, distinct, categories into which environmental emissions of !
flucrine-containing anthropogenic organic compounds can be !
subdivided. Both agrochemicals™ and anaesthetics® have been |

o S
shown to produce TFA, but they can be eliminated as major !
contributors due to the guantities that are currently being emitced |

into the atmosphere’. Fluoropolymers, such as polytetrafluoro-
echylene (PTFE), are potential sources, due to their heavy usage in
urban and industrial areas. In 1983 the average annual global
consumption of fluorinated polymers was 40,000 tonnes (ref. 15)
and by 1997 this figure had risen by almost 220% based upon
sales'®; with a projected annual increase of 7%,

In order to produce the CF;— or CF;Cl- unit required for the
formation of haloacetic acid, the polymer would have to undergo
decomposition and subsequent rearrangement. Fluoropolymers
are being designed and modified specifically for use in areas of
high thermal stress, such as ovens, cookware, industrial and car
engines, heat exchangers, high-temperature circuits and a wide
variety of other thermal applications. In 1997, 1% of all polymers
were used in areas of elevated temperature, a grouping compesed
primarily of fluoropolymers”’. The subcategory of plastics known
as engineering plastics, in particular Huoropalymers, operate at the
extreme of polymers’ temperatuve performance’. PTFE, for
instance, will endure 260°C for ~2.3 years (ref. 18) until failure

due to degradation"®. Fluoropolymers are, largely, either recycled or |

degrade in sind®, resulting in research on the toxicity of the
decomposition products™, The onset of thermal degradation of
fluoropolymers is kiown to initiate cleavage of the backbone and

Table 1 Pasitively iden‘l?ﬁeﬂ species prodused in tha thermal decomposi-
tion of flucropolymers

Folyrner Tharmal procucs identifiec Fer gant produzed

PTFE TFE't -
HFP*+ 10.8§

TRat 785§
c-OFET -

CF O C0I0H w0t
CRyQICFa)CO0HYT -

DFAT =004t

MEAT >001%
CTRE*t -

CPFP™ 181§

COFAST 951§

TFAT =0.13%
DCHE*t -

OCHFCE” -

TCT":E‘ — e
1.3-DCTFPt -
11,3 TCTFP _ -
COLFACC: FLCOOHT -

ECTFE TFA™ ‘6315
v g&@g COFE'Y 7215
W = N
CPF= -

PFEPE TEAT 2.5
HFP- . -

A dash indicated that the analyts was posithely wentified but noi guantified. Acronyms used which
are nat in the Dody of the tee: MFA, maroflucroacatc acid, OFA, diluoroacstic ackd; FOCA
fluerodichlorcacatic acid; DCFP, dishicroperluceogentancic acid; DCFH. dichiorsperfuare-
butaneiz acid; DOHFCE, 1.2-schlorohessfluorooyelobiutane:  TOTFE, 1.1,2-trighiens-1,2,2-
trilugroethane: 1,3-DCTFR, 1,3-dichlorctetratucropropera; 1,1,3-TCTFF. 1, 1.3-tnchiorotrifluare-
propens; EGTFE, ethylene-chiorotifiarcetylens; PFEPE, pohtetrafl soattylene-co-tetrafuorc-

athylena pariuaroprepyiethar. For theleng-chain acids, n= 132, m = 1-7, x =0-2, ¢ =_1 3,Z2=1-2, |

g =813
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signidcant of trifluoroacetate in urban rain water
(-25 ng I-', as estimated for Toronto). Thermolysis also leads
, to longer chain polfluoro- andlor polychlorofluoro- (C3-Cl4)
I carboxylic aci& which may be equally persistent. Some of these
i products haw recently been linked with possible adverse health6
j nnd environmental impacts and are being phased out of the US
' market7. Furthermore, we detected CFCs and ffuorocarbons-
that chn destroy ozone and greenhouse
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