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CHLOROFLUOROCARBONS
NEW TRANSIT TRACERS FOR GROUNDWATER DATING

hat are CFCs?

Chlorofiuorocar-
bons (CFCs),
specifically CFC-11 (CCLF),
CFC-12 (CClLF,) and CFC-113
(C,CI,F;), are chemically sta-
ble, entirely man-made com-
pounds. CFCs have been
manufactured for a variety of
purposes and released on a
large scale into the atmo-
sphere and hydrosphere since
1940's.

Because of their rapid accu-
mulation in the atmosphere,
their contribution to czone de-
struction in the lower strato-
sphere, and their contribution
as atmospheric greenhouse
gases, CFCs have received
widespread attention in recent
years. Since the 1970s, in ad-
dition to many individual moni-
toring efforts, regular mea-
surements of atmospheric
CFC concentrations have
been carried out at stations
throughout the world. Based on
the production records and re-
lease data prior to 1977 and
world-wide atmospheric mea-
surements thereafter, growth
curves of atmospheric concen-
trations of CFCs from 1940 to
the present have been recon-
structed (Fig.1).

Recent studies have con-
firmed that CFCs, like other
global transient tracers such as
H and **Kr, can be used as a
tool for dating groundwater.
The basic assumption in dating
groundwater is that the con-
centrations of CFCs in apartic-
ular water mass are at equilib-
rium with the CFC partial pres-
sures in the atmosphere at the
time when the water reaches
the groundwater table and is
further on isolated from the
atmosphere. Thus, by measur-
ing CFC concentrations in
groundwater, together with the
known “input functions” and
solubility data it is possible to
determine the residence time

("age”) of the groundwater.

Advantages of CFCs as
Dating Tools

CFCs present several ad-
vantages over the othertran-
sient tracers:

* The analysis is easy, in-
expensive and rapid. CFC
concentrations are deter-
mined by a gas chromato-
graphic methed. A single de-
termination requires less
than 30 ml of water and 30
miniytes of time.

¢ H “bomb” peaks will
continue to fade. Thus, in the
decades ahead the easy de-
tection of CFCs will allow
them to be used in hydrologi-
cal studies in cases where it
is difficult or impossible to
achieve results with °H.
CFCs are globally dis-
tributed, their atmospheric
concentrations are not
strongly dependent on lati-
tude. This makes themespe-
cially useful in studies in the
southern hemisphere, which
received much fewer bomb
HTO than the northern hemi-
sphere in the mid-1960’s.

¢ CFCs are very sensitive
indicators to contamination
of groundwater by modern
surface water. The detection
limt of CFCs is about
0.01pmol/kg. Therefore, less
than 0.1% modern surface
water in pre-1940 groundwa-
ter is detectable.

e CFC concentration ratios
can be used to estimate the
age of the groundwater
(Fig.2). From the relative
concentrations of two CFCs
in a water sample one can
determine the atmospheric
CFC concentration ratio at
the time when the water was
isolated from the atmo-
sphere. This may provide
additional and more precise
information  about  the
groundwater age, is an inde-
pendent plausibility check

and avoid erroneous conclu-
sions eventually drawn from
concentration measurements.
It should be noted that al-
though the CFC concentra-
tions in the water depend
strongly on the temperature,

the concentration ratios are |

almost temperature-
independent (Fig.3). Conse-
quently, in cases where the
recharge temperature is un-
certain, the age of the ground
water can still be determined.
As seen in Fig.3, in general, a

5°C error in estimation of the |

recharge temperature would
result in an error of more than
20% in the calculated atmo-
spheric CFC concentrations,
causing an uncertainty ofsev-
eral years, particularly for wa-
ter recharged after 1975. On
the other hand, a 5°C error in
recharge temperature would
result in only a slight differ-
ence in the calculated atmo-
spheric CFC concentration
ratios (<6%). The annual in-
crease rate of atmospheric
CFC concentration ratios is so
rapid (>6% between 1950 and
1990), that a 5°C error in the
recharge temperature would
only cause an uncertainty in
the age estimation of 1 year
or less. Additionally, it is even

possible, based on the age:
determined by the CFC ratios :
the |

to estimate further
recharge temperature, e.g., if
the CFC concentrations in the
water are lower than expected
from the recharge year, the
recharge temperature must
be higher than assumed, and
vice versa.

Limitations of CFCs

Possible limitations of the
use of CFC dating technigque
are:

e Compared tc other trac-
ers, CFC concentrations in
groundwater are more sensi-
tive to contamination fromur-
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ban and industrial sources.

e The samples, particularly
the older waters, can be easily
contaminated by trace levels of
CFCs introduced during sam-
pling, storage and analysis.

» Generally, the non-local
CFC input functions are used
for groundwater dating. How-
ever, because CFCs are re-
leased into the atmosphere
from anthropogenic sources,
the CFC input functions in
densely-inhabited regions
might be different from the
non-local trends and might
even be much more variable
with time.

o Other processes that can
modify CFC concentrations in
groundwater, such as sorption
on soil and organic matter, mi-
crobial degradation, entertain-
ment of excess air can con-
tribute to uncertainties in age
estimation of groundwater.

Due to all these limitations

mentioned above, CFCanal-
yses may not replace other
tracers such as °H and *Kr
completely; but instead, they
provide important informa-
tion that will supplement the
other tracers in dating
groundwater. The different
shape of the input functions
for CFCs and °H provides
possibilities to derive water
admixtures more precisely
and improve water dating
(the CFC input functions are
relatively  smooth  and
steadily increasing, while °H
is dominated by the 1963
bomb peak). This can be
demonstrated by the follow-
ing two examples: 1) In the
case where an "old” ground-
water (age of several
decades) is contaminated by
a small portion of “young”
water, °H and CFCs provide
quantitatively different infor-
mation: whereas *H is most
sensitive to water formed in

the 1980’s, CFCs pro-
nounce any contribution of
recent groundwater. 2) Due
to the shape of the input
functions  hydrodynamic
dispersion may have a
small effect on CFC-based
ages, whereas dispersion of
the bomb peak typically re-
sults in increased °H/°He
ages in post-bomb peakwa-
ters and reduced ages in
pre-bomb peak waters.

In these two cases, the
combined use of CFCs and
*H/’He dating techniques
can help to eliminate some
of the uncertainties in mod-
ern groundwater dating.
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Y ater and Environ-
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quaterly nesletter of
the IAEA sub-programme on
the development and man-
agement of water resources. It
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programme-related Agency
activities but also highlights
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achievements in the field of
Isotope Hydrology. Contribu-
tions from counterparts in
Member States and organisa-
tions (institutes co-operating
with the Agency in the water
and environment sector) are
most welcome for inclusion in
the newsletter. Contributions
are classified into one of the
following categories for which
the scope has been proposed
as follows.

s Programme reviews pub-
lishes articles with views &
opinions, reviews of isotope
hydrology and relevant pro-
grammes

® Research & develop-
ment highlights outcomes of
CRPs completed, scopes
and objectives of new ones,
suggestions and criticisms
from participating institutes
or chief investigators in-
volved.

s Technical co-operation
highlights TC activities and
major achievements, views
and opinions towards theim-
plementation of the projects
from counterparts.

e Training activities re-
ports on training activities
completed, early information
on planned new ones, views
from trainees.

e Technical reviews intro-
duces new approaches,
achievements and success-
ful practical applications or
case studies in isotope hy-
drology and allied disci-
plines.

e [ etters to the editorre-

flects feedback from read-
ers, comments, criticisms
and suggestions on the
newsletter.

Articles must not exceed
2000 words (figures andta-
bles inclusive). Informative
figures and tables are al-
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combined with the text. An
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panying the hard copy is
preferred.
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