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PERFLUOROCARBON BACKGROUND CONCENTRATIONS
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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

A G STRAUME er ul.

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

PMCH
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] A {1V H 150 200
silion samber
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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.
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PMCH, PMCP, or PDCH isomers is very expensive.
Dwuring CATS-0, high concentrations were measured
a1 16 of the 93 stations. OF these, 3 samiples contained
high conesntrations for only ope compound, indicat-
ing that possible contamination or analysis ereors had
oocurred. For CATS-2, high concentrations were
found at 28 of the 168 stations, and a0 17 of these high
viluss were found for only ose of the PFC com-
pounds. The stations where high values were mea-
sured for more than one of the PFC compownds were
differing in the three CATS studses. For CATS-0, high
values were found at two Austrean stations (AD2, ADTH
(see Fig. 1 in Modop er al, 1998), one Belgian stalion
{B03Y, two Caech stations (CRO2, CRO3), three Cer-
man statéons (D12, 19, D) three Danish stations
{DEOZ, DEOS, DEO6L one Norwegian station (M),
and one Dutch station (MLOTL For CATS-1 the high
values were found ol two French stations (F20, F27)
and e English station (UKD For CATS-2 the high
values were found at ane German station (D] 3, zight
French stations (FO3, FO7, FO&, F16, FI9, F13, F25.
F27, and one Dwutch station (NLOZL The high con-
centrations were nod found at the same measuremeni
statwns in the three CATS studies. excepr at F2I7,
There, high concentrations were found for both
CATS-1 and CATS-2, bat mot for the same com-
pounds. They are therefore not assumed to be caused
by continuwos local sources

12 Carrpction By iterations

The f=w very high or low concentrations im Fig. 2
hinsed the mean value of the background conoentra-
tions, sinee the majority of the concenirations ae very
close to one value. 11 was therefore necessary 1o defline
more representative mean values for the back grounsd
concentrations, that are not 100 buased by these few
concentrations created by contamination of the sam-
ples, analysis errors, of passible indusiral sources.
This was dome by applying the slgration scheme of
equation (2] to the calculated concentrations. All con-
centration greater than the mean concentration pl'u.s
one standard deviation or less than the mean valoe
minus one sandand deviation were excluded from the
data. After applying this ileration schems one time,
the new mean walues, median values, and standard
deviations (normalised to the mean value) are re-
garded as representative for the overall kackground in
Europe (Table 2) The mean valuees are varying with
2-15% from the background concentrations in the
first row of Table X The standard deviations are
varying betwesn 5 and 41% of the mean values. The
highsst concentrations and varialions were ocCOrring
Tor CATS-0, whers several samples are assumed con-
taminnded (rom previous use of the sampling tubes, As
15 larther indicated in the table, 1-16% of the samples
were excluded by the iteration procedure.

L1 Correlintion

A way to study whether the back ground concentri-
tions are influsnced by local sources is to calculaie

A, G. STRAUME er ai.

Table ) Prarsom correlabbon coeffcients [or CATS-0,
CATS=|, and CATS-X & samples Mumber of samples
considered

FMCP PMCH ccPDCH  miPDCH

CATS, & mmples Ti

PMCH 0ar

ocPDXH 0nlL 0sg

miPDCH 0L kL] .59

mcPDCH 06l .88 {77 R
CATS-1, # samples: 174

PMCH L8

mcPFRCH 1] 54

mi PDCH 73 LIS ar

mcPDCH 74 96 (sl L5%
CATS-2, # sampless 163

PMCH LU 1

acPIMCH — s -3

miFRCH 04 .00 [EN R

mePIMTH 18 b 01T 134 04h

the stationwise correlation between them. I7 there are
no becal sources of PFCs in Europe, their background
concentrations will be evenly disiribated in space and
time, and the correlation between the compounds will
be poosd. The Pearson correlation coefficients between
the different PFC concentrations, prior to the iter-
ations, are presented in Table 3. The table shows
a very pood correlation jabove 0.8] berwesn PMCP
and PMCH for CATS-0 and CATS-1, and betaeen
mlPOCH and mePDCH for all three CATS studics
The good correfation betwsen miPDCH  and
mcPICH 55 expected simce they are isomers ol the
sume compounsd, since they are analysed almost
at the same time by the gas chromatograph, and
since their hackgrownd concentrations m the aimo-
sphere are very similar, All comipounds m CATS-0
and CATS-1 are further signficanily correlated with-
in on grror of 1% or better, For CATS-L, the correla-
tiens betwesn the compounds are lower and in some
cases negative. For 6 of the 10 intercamparisons, the
compounds are however correlated within an error of
5% or betier. The compounds that are not signifi-
cantly correlated within this error are PMCP and
ocPDCH, PMCPF and miPDCH, PMCH and
oePDCH. and PMCH and mtPDCH. The low and i
e Gase pegative correlations found when comparing
FMCP 1o the other compounds, are likely to ocour
because PMCP was released during the second ETEX
release which took place during the first day of
CATS-2. The low correlations found when compar-
g ocPCH with the ather compounds might have
been caused by the fact that §is concentrations
are aboul 110 of the other PFC concentrations. Be-
cause of the good correlabons found durilhg
CATS-0 and CATS-1, the low correlations involving
ocPDCH and PMCH during CATS-Z are assumed
cansed by uncertainties in the sampling and analy=is
procedurs,
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34, Qwaliny cowtrel of the dara

In order to check whether any contamination of the
tubes had taken place, blank tubes wene distributed at
six siles during CATS-1 and ai 15 sites during CATS-
2. Data for the blank tubes distributed during CATS-
0 are not available. The wbes should have been clean
and were not to be exposed to ambent air, in order to
check whether contamination of the tubes happened
during transport of in the laboratory where they were
analysed. All the blank tubes from CATS-1 and
CATS-2 showed the presence of low concentratons of
one o several of the PFC compounds. In six cases, the
concentration of one of the compounds was higher
than its background concentration. These high con-
centrations probably ocourred due to analysis errors,
sippe they did not contain the same composition of
PFCs as the ambient air. Another possibility is that
the blank tubes were contaminated from previous use,
Ome would then however expect to find elevated con-
centrations for all & PPC compounds, which was not
thee case.

Duplecare tubes were also exposed at 17 sites during
CATS-1 and 14 dunng CATS-X Concentrations from
the duplicite tubes for CATS-0 are apain not avail-
able. For CATS-1, 3 al 17 pairs of sampled concentra-
tions had a standard deviation of more than 10% of
the mean valoe for PMCH and PMCP. These tubes
were located in Austria (AG4), Germany (D109, and
Sweden (513 (see Fig. 1 in Nodop et al. {1998) for
locations) For CATS-2, 7 out of 14 samples had

. @ sandard deviation of more than 10% of the mean
value for the compounds PMOH and PMCP. These
were bocated in Austria (AD)L Germany (D13, DX,
France (FO8, F2, F2I) and in The Methedands
(MLOZL These differences between the measured
concentrations are ooccurnng becadee of codtam-
nation either from previous use of the tubes, con-
tamination during tramsport i the tubes were mol
properly sealed, or contamination during analyses m
the laboratory,

4 BACKGROLND STUDIES USING AN ACTIVE SAMPLING
TECHSMHILE

A deseription of the concentrations measured dur-
mg Lhe ETEX releases wopether with a study ol their
guality is given m Nodop ef all (1998), The back-
ground concentrations of all PFC compounds were
retrieved from this data see and the results will mow be
presented.

4.1. Megsured corcearrarions

Dunng the active sampling studics, the amount of
air pumped o the sampling tubes was controlled by
the samplers The PFC concenirations could there-
fore be calculated from the measured mass concenira-
tions (from the gas chromatograph), by dividing the
mass by the amount ol air that had entered the tubes,

alls

A calculation of the trecer comoentrations, by using
previowsly calculated background concentrations as
was done [or the passive studies (eguation (1)), was
therefore not necessary.

Cruring both ETEX tracer releases, 24 three-hourly
averaged samples were taken af each of the 168 ETEX
siations. As mentioned earlier, the tracer released dur-
ing Release-] was PMCH, and during Release-2
PMCP. The data sets will therefore contain concen-
traticns for these compounds that are higher than the
ambient background levels. Extra care has therelors
besn taken o cabculate the background concentra-
tions for these compounds.

The firat reatment of the measored background
concenlralions was 1o calculate the mean values,
median valoes and wandard deviations. The devi-
ations between the station concentrations and the
mean walue normalised by ope standard deviation
(D¥ML), a5 calculated by equation (3], are presented in
Fig. 3 for Release-1. Mo values are given for PMCH,
since the data contamed concentrations from the re-
l=psed tracer, PMOF was nol measured for Release-1.
As can be seen from Fig 3, ot of the stations

© contain messured concentrations within two standard

deviations from the mean value. Two standard de-
vigtions are chosen because the number of measure-
ments from the ETEX releases was M40 times
higher than for the CATS studies. For Rebease 1, 30 of
the stations contained concentrafons more than
X siandard deviations higher than the mean valuee, AL
14 of these stations high values were measured lor
only one of the PFC compounds, indicating thal
contamination or analysis errors probably had faken
place rather tham & release from an indestrial source,
The rest of the stations showed high valwes for several
al the PFC compounds. Thess stations were located
in Ausiria (A0, ADY) (see Figure |, Nodop e al,
1998), Bulpana (BGO2L the Check Republic (CROI,
CRO2L Germany (D13, D28, D43), France (F2IL
Morway [(MO3L Holland (MLO7. WLORL Poland
{PLO, PLOS), Rumanma (ROL), and the Slovak Repub-
lc (5R01). Far Release-2 inot shown), concentrations
more than twoe standard deviations higher than the
miean valee were measured ai 17 of the 168 siations. In
9 of these samples, high values were found for only
one compound. The sations showing high values
for several of the PFC compounds were located in
Germany (D04, D13, D23, D8, D45)L France (F1TL
Hungary (H4), and Hoelland (MLO2Z, MLO3).

The samples showing high concentrations for the
same compounds in Release-1 and Release-2 were
Iocated at; D3, containing elevated concentrations
for ocPDCH, mePRCH, and pPDCH, D2E, contain-
ing elevated concentrations for all of the PDCH
isomers, and D45, containing elevatled concentralions
for ocPDCH and miPDCH. Local sources maghi
have influenced the PFC background leveli on theie
stations. Al station D45 however the high valuees
cccur at only one of the teenty-four 3 hourly time
steps during both releases, which exchedes a local
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eontineows source. Al D13 and D2 high values ane
further oot found for all of the 24 time steps, which
shows that the elevated background levels for the
PFL compounds an: varying

4.2, Correction by fermdions

An iteration scheme identical to equation (2) has
heen applied to the Relsase-1 and Release-2 data sels,
in order to give less importance o & few unrensonably
high or low concentrations measured. As mentioned
in the previous section, a substantially higher number
of measurements were laken durnng Release-1 and
Redense-2, than during the CATS studies (3040
times) Therefore, two ilerations were pefformed be-
cause of the higher wncertainty involved in the
measurements. The results are grven in Table 4. For
the PMCH concentrations from Release-1 and the
PMCP concentrations from Release-2, thres iter-
ations were performed 1o make sure that the released
tracer m nol present when calculating the back ground
concentrations. The mean and medan  valoes
stabilised on ome bevel Tor all PFC compounds after
twor ilerations. The standard deviations varied with
1{-20%; from the mean values. The number of valoes
excluded from the data set by applying the nterations
were about 50% of the wotal aumber of samples,
which indicates that the erteria of performing twao
ilerations is very stmct in this case.

4.3, Correction of the asswsied alr volume

To eliminate possible bases due to undetected ar-
rors in the sampling procedure, also the ETEX data
were referenced to ptPDCH. The PFC concentrations
were then corrected by dividing them by the factor 1o
which the value of ptPDCH differ from s mean
value, by applying the following equation:

c‘ih:ﬂ'r
c‘“ll. = S |— ‘1
1 o C procr v e

where T, is the corrected conceniration, Cucen 15
the uncorrected conceniration, Cappon 15 the mea-
sured ptPDCH concentration, and Cpppem g i5 551 0
G267 for Release-1 and 598777 for Release-2,
which are the median values in Table 4. These values
are slightly higher than the ptPDCH background
conceniration given for the CATS studies, which was
S54f/ " The terative method {equation {2)) was
again used on the ptPDCH-cormected data to find
a more representative value for the mean and median
background concentrations. The results are shown
in Table 5. The table shows that the mean values after
iterating and referencing the daa to pPDCH
(Table 5) are mostly lower than the mean values for
the data that were only sterated (Table 4), There ane
however some exceptions: ocPDXCH and mcPDCH
for Release-1, and PMOP, mPDCH, and mePDCH
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Tahle 4 Eackground concentratsons from the aciive ETEX measuremsenis, Mean vales, median value
{bath inn 8¢ '), and standard deviation o,/mean (in % of ihe mean valug) for the CATS concenirations aflter
applying 1wo Berations. Three iterations &ne applied for PMCH in Release-1. and PMCP in Eeleame-2
Samp. of 161, the number of samples aler tao erations i % of 1be tolal nunsbes of samples analysed

PMCEF PRCH acPOMCH miPDCH mclPDCH ptECH

Helease-1

Wiean 47 097 23 BE &l
a/mean i 8 15% 13% 12% 12%
Wedian 46 0% 93 BE [
Samp of tot. % b FELA 4495 4R%
Rileass-2

Mean 4.5 44 054 al 4.6 k1
A mEan 13%; 13% 10% 13% 3% 13%
Fledian 4.5 47 054 a0 85 5%
Samp. of 101, 5% AR5 1% 4R% 4T 53%

Tabde 5 Background concentrations from the sceive ETEX measurements. corrected for ptPDCH. Mean
values, medion values (ol in 877"}, and siandard deviations o/méan (in % of the mean valwe) for the
comceniralions alber iwo iberatioes. For PMOCH in Release-1 and PRMOP i Release- 2, ihree iterations are
performed, Samp. of fo1.: the numbser of samples after iwe iterations in % of 1k 1098l number of samples

nnalysed
PRICE PMCH sePFICH miPDCH mePICH piPFDCH

Releasi-1

Mean - 4.7 R H] 9.3 e

AR 1T% 1% B% 0%

Median 4.5 a7 9.2 BT [ %]
Samp. of tot T b B Bl %

Release-2

bean ah 46 (LS @3 BT

T ETEAn 1'% 10% ™ T 5%

Median 46 Ak 0%l 33 BT ]
Samp. of bod. 5% E9% 2% T3 9%

for Release-2. For these compounds the mean value
was shightly higher when referencing the data o
ptPDCH. The median values are all bower in Table
5 than in Table 4, except for the slightly higher values
for PMCP, miPDCH. and mePDCH in Release-2. In
maest cases the standard deviations are ranging from
5 io 17% of the mean value, and are more or less
unchanged or lower than for the uncorrected data.
There is one exception for ocPDHCH in Release-1,
where the standard dewation i much higher relative
1o the mean vakuwe afer correcting for ptPDCH {16%
before correction and 33% aher). The ptPDCH cor-
rection seems in this case 1o make a larger spread in
the concemtrations. The number of stations excluded
in the ptPDCH referenced data were much lower than
for the unreferenced data, because the referencing
lowered many of the concentrations down to the
mean copcentration level. The high number of
measuremenis excluded for PMCH and PMCP are
caused by the presence of the released tracers

d.4. Correlarion

A Tor the CATS studies, the correlations between
the diffierent PFCs from Release-1 and Release-2 were

Table #. Pearson correlation coellicients for Release-1.
upce: eodrelation far concentralions before correcting lor
ptPDCH, e pi: carrelstion for conoenlratsans afver corrects
ing for ptPDCH, # samc Number of samples successfully

analysed
wPDCH mFDCH  mePCH
Relemse-1. UM oo Emoo. oo Pl o0,
@ sama: 33M
miPDCH 053 09
mcPDCH ns 037 098 0B
piPDCH D4k - a8 - 09 -

calcubated, and are given in Tables & and 7. Mo iter-
ations were performed on the data sets. The numbers
in the first column for each compound show the
correlations of the PFC concentrations before they
were corrected for ptPDCH, The second column
shows the corresponding values after correction. Cor-
relations for the released tracers in Redease-1(PMCH)
and Release-2 [PMCPI are not shown.

Tables 6 and 7 show a varying degree of correlation
between the PFC compounds, as was also found for
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Table 7. As Table & b for Release-2

FRCH ocPDICH miPDCH mcPFOCH
Rilrase-1, @nca. oo pl unca. o pl uneD, oo, il UM, co. pl
#gam.: 1479
ocFDLCH (L1 .30
miPCH ] XE B4 (L6
mePOCH ne? ¥ {L.ES .69 0.98 .98
pIPDCH 0,74 - 063 08D t 94

tht CATS studies. For Release- [, the correlation was
as expecied excellent (above 0.9 between the PDCH
isomers: miPDCH and mePDCH. miPRDCH and
ptPDCH, and mcPDCH and ptPTDCH before cor-
recting the data for ptPDCH, The correlation was
lovwer but still significant within an error of 1% when
companing o¢PDCH with the other compounds. The
lower correlations for ocPDCH are again belisved to
be caused by s lower concentrations relative to the
olther compounds. For the daia corregied by
pLPDCH, the correlations became weaker (0L2T-0082)
butl were sl signrificamt within an error of 1% or
better, Before the correction 1o ptPOCH was dope,
a few high concentrations lor the compared PFCs
influenced the caleulations of the correlations. When
these few high walues were lowered, by referencing
the data to ptPICH, the correlations boecame more
representative for the majority of the measurements
compared.

For Releases2, the correlaton berween all com-
pounds was good and significant within an error of
1% (066-09T) When cormecting the data by
ptPDCH, these correlations became again weaker,
for the same reason as was mentioned for Release-1.
They were however still significant within an erros
of [%,

The varying but significant correlations found dur-
ing the Release-1 and Release-2 studies, implies that
there are probably no major local sources of PFCs in
Europe

5 RESULTS FROM OTHER TRACER STUDIES

Several studies of PFC background concentrations
have been performed in the ULSA. and in Europe
pressous and after the ETEX experiment. Resulis
from some of them will now be presented,

A1, PFC experimeals in the LIS A,

In 1986, [Metz cabeulated backpround concenira-
tions of PFCs by analysing air samples taken from an
area near by his laboratory at the BNL (Dietz, 19861
Im 1989, the Across Morth American Tracer Experi-
ment (AMATEX) was performed in the USA {Draxler
et @l 1991} This was o large perffusrocarbon (racer
experiment, where among others background conoen-
trations of PFCs in the USA. were calculated

Tahle & comcenirabioas (/") in the USA

|Dietz., 1986, and Dhrasber er ol 1991, Mean valwes and

standard deviations &'mean (in % of the mean value) are
Eiven

PMCP PMCH oPDCH  pPDCH

[Drieaz, 1966

Mean 32 a5 .50 54
) R 1% 1% 3% 2,
AMATEX

Mean i LY =0 4%
o e 2% 1% E% L

Tahle 9. Background concentrations from the &£Dive Aws-

trian Background Study, spring 1994 Mean valee, median

valuz and siandord deviation o/mean (i percent af the mean
value| are given

Mfean Median o EAn

FMCH iR 57 13%

Table £ lists the concentrations feund (rom these twe
studies. The concentrations are I2—13 times smaller
that the concentrations found in Europe,

52 The Awstrion actiee backgrownd stedy, Spring
19454

Duiring the Auastrian active sampling study, sarlier
mentioned in Section 2, ambient air was pumped inte
stainbess-steel tubes filled with the adsorbent material
Carboxen-362, by using AS3 automatic samplers. The
sampling and analysis method is the same as for the
Redepse-1 and Release-2 data, described in Section 1
The number al samples taken was 196 [Table 1) The
measurements were performed 3 hourdy for 3 days,
and the samples analysed at the JRC, During the
sudy, only PMCH was measured, together with a
general concentration for FDCH (ne separation of the
isomers was donel. Thercfore, only the results Tor
PMCH are given here. The mean walue and standand
deviation were 584 4+ 1.3 077", and the median
value was 5.7 A¢ " (Table 9. The PMCH concentra-
tion found during the active ABS study was of the
same order of magnitude as the valwes found during
the CATS studies {Tahle 2J.
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53 The ISPRA stwdies, 1996

During the ETEX campaign, samplers of the type
SAMI and AS3 were used, These samplers were tested
in two subseguent studics, whene ambient air was
sampled outside the laboratory at lipra [Bersani,
1997},

During the first study, three samplers of the type
SAMI were used. Air was pumped onto the tubes
during a period of 25 min per tube The sampling
lasied i todal 3 h and 30 min Two of the samplers
had a drift in the flow rate of 1.36% dunng the total
measurement period. The third sampler had a drift of
(1.45%. When correcting the data for the drft in the
flow raie, only minor changes in the medium tracer
goncentrations were found. For this short period of
time, the changes in flow rates seemed of minor im-
PTLANCE,

During the second study, thres samplers of the type
SAMI and three samplers of the type AS) were used.
The tubes were exposed Tor 30 min each, and the total
mensurensent tme was 4 b The first of the SAMI
sampbers had a drift in the Aow rate of 2.1% of the
initial valug. For the sscond sampler the flow rale
drifted with 0.75% and for the third it drified with
1. 3% during Lhe total measurement period. The Aus-
trign samplers however had all a constant flow rate.
This was due [o e [ac1 that the pump was controfled
by a microprocessor. Corrections for decreasing Row
rates gave only small changss in the mean concenira-
Lions

The measured concentrations from the two ISPRA
studies are given in Table 10, The concentrations in
row one and three have been corrected by the changes
in fow rate only. In row two and four, the concentra-
tiens are also referenced to pPDCH. Equation (4)
was used. assuming a constant ptPDXCH value of
£4 17", The studies showed background concentra-
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tions comparable to the PFC background concentra-
tions found in the CATS and ETEX studies, after
referencing the dara 1o piPDACH. The comoentrations
of ocPDCH were however much higher in the ISPRA
studics. The high valses might have ocourred because
of possible lenks of PFCs from the Ispra laboratory.
An intercomparison with the mean values found in
Furope and in the US.A. is therefore not approprizie.
The main finding was however that the flow rates of
the automatic samphers of the type SAMI may drift
skightly during a measurement period of about 4 h
A control of drifts in the sampling instruments is
therefore pecessary, and has been taken info account
for the ETEX measuremenis.

i INTERCOMPARISON OF THE BACKGROLUND STUMES

As was shown in the foar passive and two active
sampling stodies, the standard deviations were high
before referencing the data 1o ptPDCH or by applying
iterations. The standard deviations were influenced by
a few high concentrations at some of the sampling
stations (Figs 2 and 3. The stations that contained
high concentrations varied from study to study, which
means that continuous lecal sources of PFCs in Europe
are unlikely, There was however one exception, The
German station D13 showed elevated concenirations
for several of the compounds in as much as 3 of the
& spudies (CATS-2 Release-1, and Release-21 The
only compound that was elevated in all of the 3 stad-
ied was oc PDMCH. Mo conclusions are howeser drawn
concerning a possible local source a1 this bocation.

The different mean values, median values and stan-
dard deviations from the three CATS studies, the two
ETEX studics and the US studies are plotied m Fig. 4.
The resulis from the ISPRA and active ABS studies
are not included because of the low number of

Table b Background coscentrations from the I5PRA background studsss im 1526, Mean
walues, median values (gl in 0 # 7' and standand deviations ¢ mean {in percent of the mean

waluoe] am: grven

PMCP PMCH ocPDCH miFDCH  mcPDCH mPDCH
ISFRA-I:
Carr. fowr.
hlean i1 B3 146 ] 10.& Th
0 mean i 95% 15% 1% % 4%,
Corr. pt
bdean 44 59 1.4Ms Ba 18 44
o, mean 1% TE% 6% 6% T -
ISFRA-Z
Corr. fowr.
blean Bl 9 .92 140 37 91
@ 'mean 1 2% 12% 1% 0% [ 13%
Carr.
Mean 49 52 1.1 BZX il 54
o/ mean 13% 1% 4% E%a % -
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Fig 4. Box plols comparing the mean values (8L median values (©) and standard deviatioss for the
Amenican and Evropean background stodses for & PFC compounds.

mezsunemenis. All of the PFC compounds are com-
pared. The concentrations from the CATS (Tahle 2)
and the ETEX (Table 5 studies are corrected for
ptPDCH. For the CATS studies, one iteration was
performed, and for the ETEX studies, two ilerations.
As can be seen from this figure, an increasing trend
in the background concenirafions can be ssen for
the compounds ecPDCH and ptPDCH, where the

highest values are found during the iwo ETEX stud-
ies. Mote however that for the CATS studees, the
congzntrations for ptPRCH were not measured, but
predefined from earlier tracer stuches performed
by Dhstz. For PMCP, PMCH, and miPDOH on
the oiher hand, the background concentrations
are higher for the CATS than for the ETEX studies
For mecPDCH, the concentrations found duning the
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Tahle 11. PFC backpround congentrations in Europe from the ETEX study in 1994, The concentrafions,
Cone, (147", are calculated as the mean of the median valwes from the Helease-] amd Release-}
measumements. S2e texl for detals

PMCP PMCH e CH mil PECH meFDCH MPIH
Cone. (l¢ ' 44 A& (96 a3 kg 6l
T 5 0 L33 .8 0s s

4120

studies are very similar, and the corresponding stan-
dard deviations are low for all except for CATS-0.
Even though the CATS-2 study was performed after
the Release-1 study and parallel 1o the Release-2
study, the mean PMCP concentrations were still not
higher than during the other CATS studies.

The clear difference (n concentrations between the
CATS and ETEX studies seems to be connected 1o the
sampling fechnique used. The background concentra-
tions founsd during the passive and active studies are
varying with 6-27% (ocPDCH B mot considered),
which still makes hath sampling techniques suitable
for use in tracer experimends, since variations in both
space and time are infleencing the data.

The concenirations found durng Diedz’ study in
the 1950s {Table 2} are higher than those found in the
in the 19%0s (Table 8L Since the PFCs ane imert, and
their lifetimes are more than VK yr, this could indi-
cate that there has been o rise in the global back-
ground concentrations for PFCs over the last ten
yEar.

The majority of the concentrations from all back-
ground studies were found 1o be very close lo their
median value (50% cumulative value). The most re-
presentative bevel of the background concentrations is
therefore set to the median value, It is far From the
extreme low and the extreme high concentrations, and
it furned oul to be bower than the mean valoes found.
We will now suggest a general background value for
the six PFC compounds in Eorope. When doing so,
we have chosen to define the background values as the
mean of the medan valwes found from the two ETEX
releases only (see Table 51 The reason why we do not
include the resulis from the CATS siudies is that the
unceriinties in the defnitvon of the actual air volume
on the tubes are much higher than when osing an
active sampling technigue. They further contain much
lewer measurements than the ETEX data sets. The
calculated background values are given in Table 11,
The standard devintions are given as the maximum
standard deviation found in the two studies. These
values are sugpested to be considered as the overall
background concentration of the PFCs in Europe
The large standard deviation found for ocPDCH dur-
ing Rebease-1 is assumed 1o oocur due 1o uncertainties
in the analysis, sincs the gas chromatopraph was
optimized to mexsure more precisely the concenlra-
tions of the neeased compounds. The set-up of the gas
chromatographs and the definition of the calibration

curves were more carefully checked lor Release-2
This is the reason why the standard deviation re-
ported for ocPDCH probably is oo biased by the
Eelease-1 measurements, and it is therefore unrealisti-
cally high. The standard deviations are low eonough
for the PFCs to be suitable for use in tracer studies.
This was shown in Nodop ot al {1998), where the
arrival of the puf at the measurement stations was
found to be clearly defined,

T COMCLUSHINS

During the European Tracer Experiment (ETEX)
in October and November | 994, two perfluorocarbon
(PFC) tracers were released from Brittany, France,
and their outspread was measured over Central and
Morthern Europe. The aim of this study was to detect
the background concentrations of the two ETEX Lra-
cers together with four other PFC isomers in Europe,
The concentrationd were measured during four pase
sive background studies, and were further also de-
duced from the measurements from the two ETEX
tracer releases, The PFC: measored were per-
Auoromethiylcyclohexane [ [ F..,. PMCH) [used
during the first ETEX rebease), perfluoromethyloyc-
lopeniane (CpF 3. PMOP] (used during the second
ETEX release), and four isomers of  per-
Auorodimethyleyclohexane  (CgF,p. ocPDCH,
miPDCH, mePDCH, and ptPDCH)L

The PFC concenirations measured during the six
gludies were of the same order of mapnitede, bat
varied somewhat both in time and space. Mone of the
slations showed concentrations more than (wo stan-
dard deviations above the mean value in all studies. In
most cases, a significant correlation between the
PFCs showed a high standard in the measuring and
analysing procedure. These two results make the
existence of continoous local source wnbikely. The
cases when the correlations were bow are explained by
the mplural waration of the background concentra-
tions, or probable sampling, contamination, and/or
analysis problems. The European background o
cenirations of the measured PFC compounds are pro-
posed to be equal 1o the mean of the median values
found for the two ETEX releases. These concentra-
tions arg; PMCP: 46+038 ¢°', PMCH:
46+ 08877, o=PDCH: 096+033 AF7,
miPDCH:9.3 + 08 /7", mcPDCH: B8 + 088777,
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MPDCH: 61 £+ 0807 ', The standard deviations
are representing the highest value from the two siud-
ies, exoepd for PMCH. The varsations of these back-
ground concentrations were foumd 1o be low anough
for the PFCs to be suitable for use in tracer siuclses,
The cePDCH compound was found to be bess corre-
lated with the other PFCs, probably because of s
lower concenirations m the aimosphere. The PFC
backpround concentratbons found during Deetz stud-
ies i the 1990 were higher than the concentrations
fouwnd in 1986 and 1989, Since the PFCs are inerd, amd
have a very long Ifetime, thes might indicate that the
global background concentrations of PFCs in the

wirld are increasing.
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