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PERFLUOROCARBON BACKGROUND CONCENTRATIONS
IN EUROPE
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Abstract— Five studies of the background kevel of several perfloonscarbon compaoands in Eusope ane here
prezented 1ogether with meeasarements from tbe European Tracer Experiment (ETEX)L The trsctrs used
during the two ETEX tracer releases were the perfluorccarbans (FFCsk p:rhmummylc_-.':i-:Mam
(C,F . PMCHI and perfluorcmethyloyclopentane (CyF,;, FMCPL Their background concemiraticons
were detecied by using both passive and active sampling 1echnigues, to define the spatial and wemporal
wamthon of the FFCs over Ewrope. Aleo the background variations of foar isomers of the PFC compoaurd
perflucrodemethyicyclohexane (O F ., FDCH) were studied. The resulls were compared to olber PFC
tracer studses inthe US4, and Eurape. The mean and median values of the measured PFCs wene [ound 1o
wary shightly and randomly im space ard tinse. They were foand 1o be higher and to have a langer standard
deviation (hen the messuremens [rom the American studies. The background concemirations were s1ill
faumd 10 be low and stable encugh for PFCs to be highly suitable for use in tracer studies. The following
comcenirabons wene found: PMOP; 46 £ 03877, PMCH: 4.6 £ 0807 ", ocPDOH: 0036 + 0330477,
mIPDCH: 9.3 + 0B A~ mePDCH- 80 £ 08 A", paPDCH: 6.1 £ 08 B ' A study of the correlation
hetween the measured FFC eompounds showed a signsficant correlation between most of the compounds,
which indicate that 1kere are no major PFC sources in Europe £ 1998 Elsevier Science Lud. ARl mghts

resemved
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L INTRODLCTION

A vamety of long-range transporl models ane existing
in different European countries, for modelling of gas
dizpersion over Europe in connection with hazardous
releases. The Ewropean Tracer Experiment (ETEX)
was established 10 produce a database for evaluation
of thess dispersion models (Girandi ef al, 1997). It
was urther established to test the emergency pre-
paredniess in conpection with mapoer accdents. The
experiment was jointly organised by the World Me-
teorodogical Organisation (WMOL the Internatsonal
Atomic Energy Agency (IAEA} and the Joint Re-
search Cenire (JRC) in ltaly. ETEX contained twao
tracer releases, one in October and one in November
1994, The aimospheric tracers were releasd in Brt-
tany (Francel, and the outspread mensored at 168
meteorological stations in the Central and MNaorthern
part of Europe. The gas puf was also detected in the

fAmhor to whom cormespondence shoald be addpessed
Fax: - 51 302543163, pomait & SiraemeEphys. ool

vertical by three aircraft from the United Kingdom,
Germany, and Switzerland, The results from ETEX
are described by Nodop ef ol {1995)

When performing tracer experiments, the back-
ground concentrations of the releassd tracer have 1o
be kmown, One reason is that the lower the back-
pround concentration of the tracer, the less tracer one
has 1o release in erder 1o detect its outspread at loca-
tions distant to the source. The sscond reason is
that the background concentration of the tracer
shoulbd be [airly stable in time and space in order
te distinguish the amount of released tracer from
its background concentration. Before ETEX, studics
of the ambient background level of perfluorocartons
had been performed in the US.A fe.p Deetz, 1986)
Mo stisdies had however been performed in Europe.
Background concentrations of the released tracers
were therefore measured during four passive and one
active background study m Europe during 1994, Four
of the studies were performed before ETEX staried,
and one pu.ﬁ\'c :lpd}' Wk ]jlh'rnrrl'nﬂl during the
second  releass. B.m;l:grnund concenlrabions hayve
further besn deduced from the measurements of
the two ETEX relenses. The resubts from all studies
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togeiher with ather PFL studies will now be described
and discussed,

L DESCRIFTION OF THE TRACERS, THE SAMPLING AND
THE AMNALYSES

The tracers chosen for ETEX are members of the
perfluorocarbon (PFC) family. The tracer used during
thit first release (hereafter called Release-1) was per-
flucramethyleyelohexane (C5F,,, PMCHL and
during the second (hereafter called Release-2)
perflusromethylepcdopentane (CgF 3, PMCPL The
PFCs are inert, they have a low background level, are
easily detectable, and have a limited indusirial use
(Dhietz, 19861 As their back ground concentrations are
low, the amount of tracer that needs to be relepsed
15 low, This makes them economic in comparison to
other tracers hke 5F, and CHrF, (Diefz, 19861 All
thess properties make PFCs suitable for studies of
long-range transport of air pollutanis. They have al-
ready besn wsed with greai seeeess in several long-
range transport studies in the US.A (Ferber e al.
1986; Diraxber er al. 1991),

). Sowipling procedirs

An overview of the five background studies per-
formed in conpeciion with ETEX is given in Table 1.
Information about the twoe ETEX releases and the
meagurement methods used are also lsed. The las
column in the able shows the tatal amount of sam-
ples collected, together with the number of samples
that were successiully analysed for each study, The
samples that were not quantified were those where
one was sure thai no tracer was present when the tube
was exposed (only for the two ETEX releasssl, they
got lost during transport, or they got lost during the
analysss procedure, The background concentrations
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meeasursd during the Avstrion Background Studics
[ABS) (Piringer ¢t al., 1997), were sampbed by using an
active and a passive sampling technique at the cight
Austrian stations shown in Fig. 1. Results from the
ABS active sampling study are given in Section 5.2,
The sampling procedure during this study was the
same a8 Lhe ope used for the Release-1 and Release-2
data, and will be described later in this section. The
ABS passive sampling study was performed two
times, starting at the same days as the ABS active
study. Capillary Adsorption Tube Samplers (CATS)
which are glass tubes containing an sdsorbent ele-
ment were keft exposed to the ambieat air for 14 days.
The CATS system is described in detall by Deetz er al,
{1986}, The air transport inside the CATS tubes is
driven by Fick-Diffusion (Dietz, 1986} and the ap-
proximate amount of air sampled s 200 mld ' The
samples from the ABS passive study were analysed ai
the Brookhaves Mational Laboratary (BMLL The
way to cabeulate the concentrations from these sam-
ples is described in Section 3. Since the study was
performed at the same time as the CATS-0 study, the
resulls are mclsded b the conceatration data from the
CATSE-0 study.

Three more CATS studies were performed by the
JRC and the BNL a1 statsons in Central and Middle
Eurepe, prior to ETEX. The sampling and analysis
techriques were the same as for the ABS passive
sampling study, and the analysis was done at the
BML. The tubes were exposed for 14d in all of the
studees, Duning the first study, CATS-0. background
concenirations were measured at 73 of the 168 ETEX
statioms. shown in Fig |. The starting dates of the
measuremenis varied at the different measurement
statioms. with the first measurement starting on 2%
Jamuary. and the last ending on 1 April 1994, During
the second and third study in October 1994 (CATS-1)
and Movember 1994 (CATS-2L samples wene taken an

Tahle 1. Names dases, and charscenstics for the Gve PFC background siedies and the teo ETEX releases performed n
1994, Coll: Mumber of samples collecied. Ana: pumber of samples successhally analyzed

Mame ol Type af Dale of Type al Adsorking Analysed at Ma. of samples
sludy sampling sampling sampling tubes  substance —_—
Call Ana

ABS, aciive Active 25-28 Jan Stadnlesssicel  Carbowes. 344 IR 156 194
11-14 Feb e

ABS, passve Passive 14 days Gilass tubes Ambersark BHL . i 12
25 lan—& Feb
11-25 Feb

CATS-0 Passive 14 days (rlass 1ubes Ambersarh ANL T T3
Jan-Apr

CATS1 Passive '.ll‘d..éj“l:l-lq Cilass tbes Ambersorh BNL 155 174
=21

CATS-2 Pasxive Ii -lizl:]-'sH Crlss tuhes Ambsrsarh BML 183 63
14— ay

Release-| Active 2326 Ot Suhiﬁnha-mul Carbouen-569 IRC 4032 M2

Lt
Beleass-2 Active 14-1T Maw Stmindess-steel  Carboxen-569 IRC 4002 617

Nabed
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Fig. 1. Map showing the measurement stations used during 1he Austrian Background Study and CATS0,
Faor stalion codes and kocation, see Modop el al. [1998)

all of the 168 ETEX siafions (see Fig. | in Nodop
et al,, 1998, The CATS-2 study was performed during
and after the second ETEX tracer release.

Dwuring the iwo ETEX iracer releases, the air sam-
ples were taken at all of the 168 ETEX stations.
Ambient air was pumped into stainless-steel tubes
filled with the adsorbent material Carboxen-369 using
samplers of the type SAM I and AS3, The samplers of
the type SAMI are developed at the JRC, and the AS3
samplers are developed at the Auwstrian Rescarch
Cenire at Seibersdorl The exact air volume entering
the tubes during the sampling is given by the flow rate
of air pumped onto the tubes, which is controlled by
the automatic sampler. The Aow rates were 200 mil
min "~ '. The samples were taken three hourly from 23
October an 16.00 UTC antil 26 October at 16.00 UTC
(Rebease-1), and from 14 November at 1500 UTC
until 17 Movernber 15.00 UTC (Release-2). The sam-
ples were anatysed at the JRC.

22, Analysiz procedure

The chemical analysis methods wsed for the passive
stadiez at the BNL and for the active siudbes at the
JRC are gimilar, A description of the BML analysis

method is given by Dictz er af. (1986). The analvsis
method and procedure wsed during ETEX is de-
scribed by Modop er al. (1998, and can shortly be
summarised as fellows: The analysis of the approxim-
ately 000 samples collected during ETEX ook
2 years. The samples were thermally desorbed
and analysed by gas chromatography with electron
capture detection. As well as detecting  per-
funremethylcychopeniane (CyF 2. PMCP) and per-
fluoromethyleyclohexane (CLF,,. PMCH) released
during the experiment, the JREC and BML methods
alsn allow the determination of four isomers of
perfluorodimethylcyclohexsane  (CoF .. 0cPDOCH,
mt POCH, mePDCH, and ptPDCH] in a single analy-
sis, Because these compounds were not released, their
background concentrations at each site were used for

quality control purposes,

1 BACKGROUND STUMES USING & PASSIVE SAMPLING
TECHNIMFUE

The results from the ABS passive study and the
CATS studies are now presented. A comparison of
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ihese studies with the ETEX active sampling &5 giwen
in Section &

51 Coafewlanion of the concenrrarions

When analysimg the air samples, the resulting
peak heights correspond fo the amount of tracsr
lund on the sampling tubes. To retrieve the acteal air
concentrations (Cfs)) for the different compounds in
femtolitre pr. livre (¢, the following equation is
sl

Ris)
Rigid5)

where Cypls) 5 the ambient background concentra-
tion of compound s, Ris) is the peak height ratio
between the peak height of compoand s and the peak
height of ptPDCH, Bigdsh is the background value of
RisL The rationing of the peak heighis towards
piPDCH was done for the following reasons: Darning
the passive tracer sampling. the amount of air entering
the tubes during the time of exposure is dependent on
two factars: (i) the time of exposure, and (if) meteoro-
logical conditions (eg. wind and keating effscts) The
rate with which the PFCs are wransported 10 the
adsorbing media s thereflore unceriain due fo these
Gactors. A method has then been sought o corrsct the
measured PFC concentrations dee [0 uncerizinies
in the sampling volumes etz (1986) concluded
on the basis of background siudes in the USA,
that the distribution of ptPDCH s close 1o constant
in the atmosphere, Studies performed by Dietz belore
January 1996 (unpublished), also show close Lo con-
stant concentrations of pIPDCH, which gives us
a reason to assumes that this is true alse for Europe,
The CATS concentrations can therefore be corrected

Cls) = Cugls): (1)

for errers i the assumed or wolume |:|_'|l ruliuﬂmg
the peak heights 10 ptPDCH as shown in equa-
tion {1}

The background concenirations Ty, sl in equa-
tion 1) for the PFC compounds are defined by Dhete,
amnd are shown in the firsi row of Table X These
concentrations are based upon his 1996 values, men-
thviied above The background ratio of the peak
beights (R, ) are set to the mean value of all station
peak height ratios (R, after applying an iterative
scheme that removes the highest and lowest values.
The method was wied in order 1o give less importance
to wnreasonably high or low peak height values,
which are not regarded as representative lor the over-
all background in Europe. Assuming a Gausian law
for the distribution of measured peak heighl ratios
around their mean value, the peak height ratios have
been iterated by using the following equation:

R-csR =R +n (2

where B, is the mean peak height ratio for all stations
considerad and « is the corresponding standard devi-

ation. All stations with an R, lower than K, — « or

higher than F, + o will be taken out of the data st
during one iteration. The mean valoes and standard
deviations for the peak height ratios are then updated
amd wsed in the mexi Heration eycle. After two iter-
ations. the values for the mean, median, and standard
deviation of the peak heght ratio from the CATS
studies had stabilised on one level This median valwe
is laken as the background peak height ratio for each
compound in eguation (11

Concentrationg from the CATS studies were cal-
culated by applying eguation {1} The deviations be-
tween the u.mpl: concentrations ind the mean viloes

Tablk 2. Bakground corcenirations from the passsve CATS measurements, Fima teo rows; PFC hack-
groand coscenirations O, (¢ 7' and standand deviation & Oy, (00 % of the back grownd comcentration)
used For the calculations of the CATS concemraticns, Mean valuess, median values, and standand devastions
= meandin % al the mean valee) lar (e CATS conceniratsons are gives aller applying one ileration. Samp.
of tot: The namber of samples afier applying ane Merason in pereent of the 1oial namber of smples

PMCF PMCH o:PDCH miPDCH mePDCH pIPDCH

Cgs 4.7 55 046 Ii.B 4 54
g, 13% b L 1% 4% &%

CATS

Kdean 50 6l o5l 124 g 54
o EnEan 1% 1% I 1945 199

Median 4.7 55 047 ILB g4 54
Samp. of tot: TR 1% B4 BE%s AT

CATS1

Ylean 449 g 048 120 ] 5.4
o mEan I T4 &% 15% 6% 5%

Median 4.7 ik 0.47 L1LE ] 54
Samp ol ot 9% BTG 95% ey 099

CATS-2

Ml 49 6 047 1240 H4 54
o s 19% e 18% % %%

Median 47 55 1435 118 [ ] 44
Samp. al 1oL 9%, 0% 0h%% UR% 3%,
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of all the concentrations, narmalised l:-} one atamdarnd
deviabion were caloulated, These deviations (DM ) are
defined by the following equation:

Chi— T,
DM} = = 'E’L—-— 3

where CJ{l) i the stationwise PFC concentration for

compound g, T, is the mean fracer concentration over
all stations for compound 5, and «, is the correspond-
g standard deviation. The DM, are presenied in
Fig. 2 for the CATS-1 data set. As can be seen (rom
the figure, the majority of the concentrations are close
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to therr meean valise. At 3 of the 168 stations, concen-
tratesns more than one slandard devialion hagher
than the mean value were measured. Al 16 of these
stations, the high concentrations were found For only
one of the PFC compounds, which imdicates that they
were rather cocurning due to contamination or analy-
sis errors than due to local mdustrial sources. The
contamination could have ocourred il the tubes were
exposed close 10 @ contaminating source af the relesss
site, or if the tubes were nod properly clossd afier the
sampling finished. As for the industrial sources, PFC
gassea nsed in industry mostly contain a mixture of
several PFC compounds, because to produce pure

PMCP

Fig. 2 Diewiation {DM,] of the coneentrabons from ihe mean value. normalised by one slandard deviation
[rom CATS-1. Stalon names ane added when DM, & preaver than | or bess thas — 1.






























