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Abstract. We report the first atmospheric observations transported into the stratosphere, they can release chlorine
of the Chlorofluorocarbons (CFCs) trifluorochloroethene,and/or bromine. The inorganic chlorine/bromine species re-
3-chloropentafluoropropene and 4,4-dichlorohexafluoro-14eased from the halocarbons enhance the efficiency of cat-
butene by means of Gas Chromatography with Electron Capalytic ozone destruction cycles. This has led to both global
ture and Mass Spectrometric detection (GC-ECD-MS) in airozone depletion and strong loss of nearly all ozone in an
samples taken at the Taunus Observatory operated by thatitude layer between 15 and 25 km above Antarctica dur-
University of Frankfurt (Main) and the Jungfraujoch High ing austral spring; a phenomenon known as the ozone hole.
Altitude Research Station in Switzerland. These substanceSee e.g. Solomon, 1999 for a detailed review on this sub-
belong to a class of CFCs containing a double bond andect. Up to date only seven Chlorofluorocarbons (CFCs) have
are suspected to originate from the production and therbeen observed in the atmosphere (e.g. Clerbaux and Cun-
mal degradation of widely used fluoropolymers like poly- nold, 2007). These CFCs have rather long atmospheric life-
chlorotrifluoroethene (PCTFE). Their atmospheric lifetimes times of more than 40 years. Five of them —CF, (CFC-

are expected to be rather short. A quantitative calibration12), CFC§ (CFC-11), CRCICRCI (CFC-114), CECFCb
could only be derived for trifluorochloroethene but not for (CFC-114a) and CGICICFChL (CFC-113) — are decreasing
the other species by now. Thus, we use a relative sensitivin the global background atmosphere due to their regula-
ity method to get a first indication of the observed atmo- tion under the Montreal Protocol on Substances that Deplete
spheric abundances. Identification was possible because dfie Ozone Layer (see Table 1.2 of Clerbaux and Cunnold,
an air plume containing high concentrations of these sub2007 for details). The only exception is;kCl (F115)
stances. We suggest that the abundances found on this owetich was recently reported to have stabilised in concen-
casion originated from a local source. However, we havetration (Reimann et al., 2007). This is due to its very long
also observed the novel CFCs in air masses representative atmospheric lifetime. For GEI (CFC-13) there is no up-
background conditions, though with much lower concentra-to-date trend data available. Here we report the first atmo-
tions. These species and some of their degradation productgpheric observations of three CFCs which contain a double
are toxic and could also be relevant for stratospheric and trobond and are thus expected to have short atmospheric life-
pospheric ozone depletion. times relative to atmospheric transport times (i.e. below half
ayear). Considerable amounts of such short-lived substances
are able to reach the stratosphere. Law and Sturges, 2007 es-
timated about 55 parts per trillion (ppt; range: 52—60 ppt) of
chlorine from 10 short-lived substances to be present in the

The production and use of many halocarbons is regulatetfnain stratospheric entrance region, the trqpical upper tro_po-
by the Montreal Protocol on Substances that Deplete th phere. Thus, although their ozone depletion potential might

Ozone Layer and its subsequent amendments Kiee// e small, the newly observed short-lived CFCs are potential
ozone.unep.ordgbr details), because if these substances arecontnbutors to stratospheric chiorine.
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noble gases (He, Ne and Ar) remained in gaseous state and
/ passed the sample loop while the higher boiling trace gases
were condensed. The uncondensed compounds reached a
20 reference volume canister with a pressure sensor (range: 0
250 to 1.7 bar, full scale accuracy: 0.073%, model 204 from SE-
o0 ' TRA Systems Inc., USA). As these compounds represent
more than 99.9 Vol.-% of dry air the pressure inside the ref-
| erence volume can be used as a direct measure of the air
' volume that passed the sample loop. Separation was carried
out with a Siemens Sil Gas Chromatograph on & 4fi8ro
packed Porasil C/n-Octane column (length: 5 m) with a tem-
e B T A e A A perature programme from40°C to 120C. The carrier gas
Time - Minutes (span=20) was Helium (ALPHAGAZ™ 2 from Air Liquide Deutsch-
land GmbH) with a purity>99.9999%-mol which was fur-
Fig. 1. Comparison of the chromatograms from two air sam- ther purified from oxygen, hydrocarbons and moisture us-
ples taken at the Taunus Observatory operated by the Universityng agas puriﬁcation system from Chromatography Research
of Frankfurt. Trace gases were concentrated cryogenically fromSuppIies, USA. Two parallel detectors were used simultane-

one litre of air and detected using an ECD. The blue line repre-qsly: an Electron Capture detector (ECD) from Siemens
sents unpolluted air while the red line is the plume sample taken . .
on the 02 October 2007 which showed a number of unidenti—and a quadrupole Mass Spectrometer (MS) from Agilent

fied large signals. The known large peaks areClg [CFC-12 (5975 inert XL mass selective detector with Performance

(1)], CRCIBI/CF>CICF,Cl [Halon-1211/CFC-114, coeluting, (2)], turbo pump and High vacuum gauge controller f_rom Agil_ent
CFCl [CFC-11, (3)], CRCICFCh [CFC-113, (4)] and CG (5). Technologies) run in electron impact selected ion monitor-
Three of the unknown substances could be identified by now andn@ (EI-SIM) mode. The carrier gas flow was regulated to
are labelled with black arrows: trifluorochloroethene at 8.4 min, 3- about 6 ml/min with a detector split of about 2.5/3.5 ml/min

chloropentafluoropropene at 11.1 min and 4,4-dichlorohexafluoro{MS/ECD). This ratio was achieved by varying the length of
1-butene at 16.2 min. the transfer capillaries from the splitter to the detectors (in-
ner diameter of 0.15 mm, length to ECB70 cm, length to
MS: ~100cm). The flow rates vary slightly with temper-
2 Analytical procedure ature as the system contains no electronic pressure control
(EPC) valves. The ECD detector was additional flushed with
Air samples were taken at the Taunus Observatory aultra-pure Nitrogen (30 ml/min, from Air Liquide Deutsch-
the Kleiner Feldberg (5013 29.6’'N, 8°26 28.7'E) near  land GmbH, purity>99.999%-mol which was further puri-
Frankfurt (Main), Germany between October and Decembefied similar to Helium) as a so-called “make-up” flow. The
2007. Stainless steel and also silanized stainless steel canishromatographic system separates substances primary via
ters were used for sampling. The canisters were tested pridpoiling points and covers a range fror20 to 150C. MS
to use and none of them showed a blank signal in any CFCdetection limits were below 1 ppt for almost every halocar-
The canisters were evacuated using a turbo pump which walson and below 0.3 ppt for the six measurable CFCs (except
also checked to be free of CFCs. They were filled by sim-CFC-13; ECD detection limits of the six CFCs were below
ply opening them in order to avoid effects from a compres-0.1 ppt). Different blanks were carried out by injecting vac-
sor or a drying agent. A CFC-free and preconditioned stain-uum or pre-concentrating carrier and make-up gas but none
less steel sampling line was used to avoid breath contaminasf the detectors showed a blank signal in any CFC.
tions. Samples were not dried before measuring and no pres-
sure regulator was used. The calibration standard was mea-
sured with and without attached pressure regulator. No sig3 Results and discussion
nificant concentration difference in any CFC was observed
proving that the pressure regulator did not gas out thes@®n the 2 October 2007 an air sample was taken at the
substances. For analysis trace gases out of 500—-1000 nilaunus Observatory. During analysis using the system de-
of air were pre-concentrated cryogenically on porous glasscribed above the ECD showed a number of additional sig-
beads (mesh size: 60) inside a sample loop"(%t8inless  nals with a high abundance. Figure 1 shows the zoom
steel, length: ~30cm) by cooling it with liquid nitrogen. of the ECD chromatogram in comparison with a unpol-
The pre-concentration system consisted almost completeuted air sample. Several large signals occurred in addi-
of stainless steel parts and was evacuated to aboi02? tion to the known peaks belonging to &FH, [CFC-12,
mbar prior to analysis using a Leybold Trivac pump, type (1)], CRCIBr/CFR,CICR,CI [Halon-1211/CFC-114, coelut-
D4B with an activated alumina sorbent filter to prevent backing, (2)], CFCk [CFC-11, (3)], CRCICFChL [CFC-113, (4)]
streaming. Due to the low pressure,ND2, Hy and three  and CC} (5). This was a strong indication for the presence
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halocarbons as the ECD is very sensitive towards these sub , 4, 116
stances. The MS is usually operated in Selected lon Mon-
itoring (SIM) mode measuring only a few ions at a time
to achieve enhanced detection limits. To identify the un-
known signals the sample was measured again, this time pre
concentrating about one litre of air and operating the MS
in Scan mode scanning all mass fragments from 15 to 300
atomic mass units (amu). Figure 2 shows the mass spectrun
at 8.4 min retention time. The background was subtracted at
in order to remove peaks originating from air entering the
system through small leaks (within the operating parame- L e |wae “‘7“ - Gf ol || oo -
ters recommended by Agilent Technologies) but also from = 10 720 "% "4 "5 e 70 80 o 160 110 120 130
C02 WhICh elutes at about 4m|n and Stl” Showed Slgnlfl- (Text File) Average of 8.372 to 8.412 min.: 071011_002.D\data.ms e
cantly larger signals on its main fragment (mass-to-charge ra- |
tio m/z of 44) at 8 min than all other present ions. The result
of a search in the NIST mass spectral library (see reference’
gave a 97% probability match with2€3Cl (chlorotrifluo-
roethene). In addition, the second best matching substanci
had a probability of less than 1%. All important mass frag-
ments were found to be present. The expected relative abun
dances differed in some cases, which could be caused by thi
above mentioned interferences from the atmospheric matrix
.. . 47 68 87
of the plume sample but also by the limited mass resolution 1 pas| B a3, || 7| || s
of the MS and its reduced sensitivity in the loweyz range B N I N T R R P R
(Text File) Average of 8.321 to 8.404 min.: 080515_011.D\data.ms

(as compared to NIST spectra).

The substance eluted just after CFC-12 which had a retenl-:, 2 Th bel h ¢
tion time of 8.1 minutes. As the chromatographic system 'g. 2. The upper mass spectrum belongs to a chromatogram o

t . ia boill ints thi bst h Icin air sample taken at the Taunus Observatory near Frankfurt. The
Separates primary via boiling points this substance shou ackground spectrum was subtracted in order to remove peaks orig-

have a boiling point of about-20 °C. GF3Cl boils at  jnating from air entering the system through small leaks and from
—28.4#C. Moreover the pure compound could be obtainedihe decaying signals of GOwhich elutes at about 4 min. Trace
from Sigma-Aldrich Corporation (purity: 98%). It was stati- gases were concentrated cryogenically from 11 of air and mea-
cally diluted to ppb levels with ultra-pure Nitrogen (from Air sured by means of GC-MS (El-Scan mode).The averaged spec-
Liquide Deutschland GmbH, purity99.999%-mol). The trum at about 8.4 min retention time belongs to a substance elut-
subsequent MS-Scan measurements confirmed the identitfg near CRCl, (CFC-12) and gave a 97% probability match with
of the substance by giving a similar mass spectrum at théhat of ch_lorotrifluoroethene @Fg_CI) as listed in the NIST mass
same retention time which is also shown in Fig. 2. TheseSPectral library. Expected relative abundances foF4Cl were

measurements also confirmed the above mentioned reducd©? for mass/charge ratio (m/z) 116, 87% iefz 31, 38% for
sensitivity of the MS for ions with |OW9W/ ratio m/z66, 33% form/z 85, 33% form/z 118, 31% form/z 97, 26%
Y < ) . form/z47, 17% form/z 81, 13% form/z 68 and 11% fo¥n/z 87.

o . . X ®rhe lower mass spectrum is that 0pE3Cl (purity: 98%) as ob-
gave 99% probability matches with the NIST library 3ined from sigma-Aldrich Corporation which was subsequently

spectra of CECFCRCI (3-chloropentafluoropropene) and giuted to ppb levels with ultra-pure Nitrogen (from Air Liquide
CRCFCRCFCL (4,4-dichlorohexafluoro-1-butene) and the Deutschland GmbH, purity-99.999%-mol) and measured on the
comparisons of spectra are depicted in Figs. 3 and 4. The&ame instrument under similar conditions.

respective second best matches were below 1% probability.

Both substances boiling points also fitted very well with their

retention times. 3-chloropentafluoropropene boils’&8nd  ported in the atmosphere before. All other unknown large
eluted 0.45 min after GJEFChL (CFC-114a) which boils at EDC signals from the plume sample are likely to be caused
3°C. For 4,4-dichlorohexafluoro-1-butene boiling points be- by halocarbons, too. However, they could not be identified
tween 67 and 7IC have been reported (source: Beilstein yet due to the fact that comparison with the library gave no
Crossfire database) and it coeluted with £®hich boils at ~ exact match. Possible explanations are the coelution of two
77°C. CR,CFCRCl and CRCFCRCFChb could not be ob-  or more substances or simply missing reference mass spec-
tained as pure compounds by now. But taking into accountra.

the agreement between boiling points and mass spectra we As no calibration was available for the identified sub-
consider the identification of the substances as certain. Tatances in the first place we derived a method for a minimum
our knowledge none of the three substances has been rand maximum concentration estimate. Laube and Engel,
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Fig. 3. The same as in Fig. 2 but for GEFCRCI (3-

chloropentafluoropropene) at 11.1 min retention time and the IowetF_ig' 4. The same as in Fig. 2 but fo_r @EFCF?CFC_:IZ (4,4-
spectrum belonging to the NIST library. No pure compound could dichlorohexafluoro-1-butene) at 16.2 min retention time and the

be obtained in this case but the match probability given by NISTIOWer spectrur_n bel_ongipg to the NIST library. No pur(_e_com_pound
was 99% and the boiling point (&) fits well because the sub- could be obtained in this case but the match probability given by

stance eluted 0.45 minutes after4TH-Ch (CFC-114a) which boils NIST was 99% and the reported boiling points (67 andG)fit
at C well because the substance coeluted with@ich boils at 77C.

2008 inferred the sensitivity relative to CFC-12 for six differ- uantify a substance we introduced a fragmentation correc-
ent halocarbons: CFE(CFC-11) onn/z 103, CRCICFChL,  tion factor according to Eq. (3).

(CFC-113) onm/z151, CHRCI (HCFC-22) onm/z 67, j=10

CRCIBr (Halon-1211) onn/z129, CHBronm/z94 and  f,=r,/ Z rj (3)
CHCI3 onm/z83. We improved this method by using an =1

expanded data set from measurements of four different cali-

bration standards on 20 measuring days over a period of tw&'i=Si/fi (4)

years in order to achieve a better reflection of the MS sen-_, . i B .
sitivity range. Moreover, gCl, (on m /z 166) data was in- This factor f; is given byr, — the relative abundance of the

y range. P 4 £ 200) . mass fragment used to quantify the substance — divided by
cluded as a seventh substance, because it is chemically Vel . sum of the relative abundanogsof all major mass frag-

similar to the new substances (fully halogenated and double . o
bond contained). The MS sensitivities to the substanggs ( ments. Only fragments with an abundance of more than 10%

were calculated according to Eq. (1) relative to the main fragment are used and 10 fragments in-
9 q- (- cluded at most. The corrected relative sensitivityis then

si=h; /(@xpi) (1) given by the relative sensitivit§; divided by the fragmenta-
tion factor f; (Eq. 4). Derived values fat; ranged from 0.20
Si=s;/SCEC-12 (2) to 3.41. We then calculated minimum and maximum mix-

ing ratios for the new CFCs via the CFC-12 mixing ratio of
the sample and derived mixing ratio ranges of 1.1-18.4 ppb
ple amount: and the substance mixing rafip. The relative  for CoF3Cl, 0.5-8.8 ppb for CFCFCR,CI and 0.6-9.2 ppb
sensitivity S; is then given by division of; with scrc-12 for CRCFCR,CFCL in the plume observed on 02 October.
(Eq. 2). Values ofS; were between 0.04 and 1.20. To con- As mentioned above£F3Cl could be obtained later and was
sider the fact that we are using only one mass fragment taliluted to ppb levels (lowest dilution: 4.5ppb) in order to

The signal height of the substanceis divided by the sam-

Atmos. Chem. Phys., 8, 5143149 2008 www.atmos-chem-phys.net/8/5143/2008/
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Table 1. Wind data and mixing ratio estimates of the novel detected CFCs for different air samples taken at the Taunus Observatory. In case
of C>F3Cl the pure compound could be obtained and thus a calibration was possible. The corresponding error bars are an estimate of the sun
of all errors from preparation of the calibration standards via static dilution but also include the measurement standard deviations. Please
note, that a preconcentration amount error which could originate from the humidity of the samples, was not included. All gEg@d C

mixing ratios did agree with the estimated range from the relative sensitivity method.

Wind speed Wind Mixing ratio Estimated mixing ratio range [ppt]
Date 2007 1hmean[m/s] Direction 2E3Cl [ppt] CoF3Cl C3FsCl C4FgClo
02 Oct 1 NW 980&:1800 1100-18400 530-8800 550-9200
06 Nov 6 NW 0.34:0.09 0.2-3.3 0.2-3.0 0.1-1.2
21 Nov 4 S 0.410.10 0.2-3.6 0.1-1.4 0.1-1.1
05 Dec 5 SW 0.9%0.23 0.4-7.1 0.4-6.7 0.1-2.3
12 Dec ~6 NE 0.14-0.03 0.1-1.5 0.2-1.2 0.1-1.0
21 Dec 5 SE 0.230.06 0.1-2.0 0.1-1.7 0.1-1.2

* sample taken at the Jungfraujoch High Altitude Research Station (Switzerland)

calibrate the measurements. The calculated plume sampl@ode monitoring @=3Cl onm /z 116 for quantification and
mixing ratio was 9.8 ppb which is in agreement with the es-118 for confirmation, CFCFCFR.CIl onm/z 131 (q) and 166
timate above. (c) and CECFCRCFCk onm/z 147 (q) and 131 (c). The
Trichlorofluoroethene is also known as R-1113 and issubstances were present all the time except for the sample
toxic. Cook and Pierce,1973 reported ansgCi.e. the  takendirectly (but still using the sampling line) at the exhaust
concentration which kills 50% of a sample population) of of the observatories air conditioning system which was free
1000 ppm and its ERPG-3 (i.e. the maximum airborne con-of short-lived CFCs. An indoor sample taken at our institute
centration below which individuals could be exposed for contained no @F3Cl and no CECFCR,CI but a very small
up to 1 h without life-threatening health effects) is 300 ppm amount of CECFCR,CFChk. The estimated mixing ratios for
(source: http://cameochemicals.noaa.govLike most flu-  the six outdoor samples were in the lower and sub-ppt range
oroalkenes 3-chloropentafluoropropene and an isomer ofind can be found in Table 1. The corresponding MS signals
dichlorohexafluorobutene are also reported to be highly toxiowvere reintegrated compared to Laube and Engel, 2008 by
(Thun and Kimbrough, 1981; Clayton, 1977). Considering using an improved version of the integration software.
the fact that GF3Cl carries a double bound and is highly = The seven samples were also used to evaluate the relative
flammable its atmospheric lifetime is expected to be verysensitivity method. Mixing ratio ranges were predicted for
short. Thus we suggest the plume we observed originatedine calibrated compounds. The calibration-derived mix-
from a local source which is supported by the low wind speeding ratios of CFC-11, HCFC-22, H-1211 and CHGin
(~1m/s) on the sampling day. However, concentrations closéhe above-mentioned ions and in addition of GCIER,CI
to the source could have been much higher — especially i{CFC-114) onn/z 135, GFsCl (CFC-115) onn/z 85, CCh
that source was located indoors. We observed other largenm/z 117 and CHCI onm/z 50 were found to agree with
unknown signals which are likely to be chlorofluoroalkenesthe estimated ranges from the relative sensitivity method for
due the occurrence of characteristic fragments tike 147 all seven air samples. Not evaluated were H1211, GHCI
and 149 orm/z 197 and 199. Both pairs showed an abun- CFC-114 and CFC-115 in the plume sample because their
dance ratio of 3:1 which is — in combination with the high abundances were below detection limits in scan mode and
ECD sensitivity — an indication towards the®Cl™ and also six of the substances in the sample from November 6,
the GFsCI™ fragments. Thus it can not be ruled out that the because only CFC-114 and CFC-115 were measured. In case
sum of the chlorofluoroalkenes could have reached concemef C;F3Cl a subsequent calibration was carried out and all
trations which affect human health. On the Kleiner Feldbergcalculated mixing ratios agreed with the estimated ranges,
six days backward trajectories on different pressure levels argvhich is shown in Table 1. Thus, the improved relative sen-
calculated regularly with the DWD-GME model operated by sitivity method can be considered as a useful tool to provide
the German Weather Service (DWD), Offenbach, Germanyfirst indications of halocarbon mixing ratios in air samples.
They showed that air masses had been advected from the Due to the few data no correlation with wind speed or wind
southwest sector with rather low wind speed probably origi-direction could be observed. The three short-lived CFCs
nating from the densely populated Rhein-Main area. were all present in the sample collected at the Jungfraujoch
We took six more air samples at the Taunus observatorjthough we can not rule out that they were emitted from the
and one at the High Altitude Research Station Jungfraujoctstation itself. We also checked several of our air standards
(Switzerland) and measured them by running the MS in SIMfor the substances. All of them contained low amounts of
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the CFCs and two even showed contaminations wjtRsCl Environment Programme (WMO/UNEP) (see Tables 1-4
probably originating from the pressure regulator or the cylin- of Clerbaux and Cunnold, 2007) or the Montreal Protocol
der valve. The properties of,€3Cl are very similar to those and its subsequent amendments. The substances are most
of CFC-12 (boiling points and several main fragments suchprobable of anthropogenic origin. But although their contri-
asm/z31, 35, 50, 66, 85 and 87). Thus, coelution is very bution to ozone depletion can be expected to be rather small
likely to occur in other chromatographic systems. Contami-it is important to find out more about their sinks and sources
nations could cause falsified calculations of CFC-12 mixingand their ability to reach the stratosphere. Furthermore all
ratios if an ECD or MS is used for detection. known CFCs are strong greenhouse gases. Thus we suggest

We believe the observed substances are very likely to béo establish continuous measurements of these substances
connected with chlorofluoro(co)polymers - particularly poly- and to investigate their atmospheric lifetimes in order to
chlorotrifluoroethene (PCTFE, tradenames are Kel-F, Ne-assess their possible influence on the global background
oflon or Aclar). PCTFE was first commercialized in 1934 by atmosphere. Considering human health it is also important
Hoechst (Utracki, 1995) and is still widely used in equipment to find out if plumes containing high amounts of the CFCs
manufacturing because of its excellent thermoplastic properean occur again — outdoor as well as indoor.
ties, chemical resistance and good impermeability to gases . .
and vapours (Abusleme and Manzoni, 2004). The main preA_cknowledgements_We v_vould like to thank A. Wer_ner for takmg_
cursor for PCTFE production is chlorotrifluoroethene. Birn- 2I" Samples, the University of Frankiurt for supporting the operation
baum et al.. 1968 studied the toxicity of the pvrolvsis of of the Taunus Observatory, the Swiss Federal Laboratories for Ma-

, y pyroly

. . . L terials, Testing and Research (EMPA, especially M. Steinbacher),
PCTFE and found it to increase rapidly with rising temper- the High Altitude Research Station Jungfraujoch, MeteoSchweiz

ature. The thermal degradation of PCTFE and copolymers,ng the Hessisches Landesanit Umwelt und Geologie for

of it were studied by Zulfiqar et al., 1994 who found the providing wind data, the German Weather Service for providing
monomer (i.e. chlorotrifluoroethene) to be the major prod-packward trajectories and the DFG project CAWSES (EN 367/4)
uct and amongst others chloropentafluoropropene in tracess well as the EU project SCOUT-0O3 (GOCE-CT-2003-505390)
Long et al.,, 1984 carried out infrared multiphoton disso- for funding. Moreover we express our gratitude to the anonymous
ciation experiments and found the toxic substances £ OF reviewers for their essential contribution to the manuscript.
COFCI, and CECICOF to be the exclusive products in the ,

presence of oxygen. We checked the MS scan chromatografadited by: J. Kaiser

of the plume sample but could not detect any of these prod-

uct gases. The microbial biodegradation of ,CECFCh
(CFC-113) and CHCIFCCHH{HCFC-123a) are also possible
sources of chlorotrifluoroethene. A detailed overview on thatapusleme, J. A. and Manzoni, C.: Synthesis of thermoplastic per-
topic was given by Field and Sierra-Alvarez in 2004. But as halogenated (co)polymers of chlorotrifluoroethylene, European
3-chloropentafluoropropene and dichlorohexafluorobutenes Patent, EP1067146, 2004.

are also used for the production of copolymers (e.g. Robb eBirnbaum, H. A., Scheel, L. D., and Coleman, W. E.: The toxi-
al., 1962; Lo et al., 1959) our suggestion is, that the observed cology of the pyrolysis products of polychlorotrifluoroethylene,

high abundances were generated by the thermal degradation AM- Ind. Hyg. Assoc. J., 29, 61-65, 1968. ,
of a fluoropolymer blend. Clayton, J. W.: Toxicology of the fluoroalkenes: review and re-

search needs, Environ. Health Persp., 21, 255-267, 1977.
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