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Soil Retention of Triflucroacetate
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The phase out of chiorofluorocarbons (CFCs) has resulted

in the use of hydrechlorafiuorocarbans (HCFCs) and
hydrofiuerocasbons (HECs) as environmentally acceptable
siternative chemicals. Trifluoroacetic acid (TFA) has been
identified as s degradation byproduct of these compounds,
which largely returns tg Earth’s surface via precipitation.
Little is known about-the environmental and ecological fate
of TFA. Ssil retention studies wers conducted to svaluate
the potential sccumulation of TFA in soil of terrestrial
ecosystems. Batch equilisrium studies showed that detsctable
TFA was retained by 34 of 54 solis collected from diverse
locations. Retention ranged from a high of 280 to 25 xmol
kg™ (0-60% of added TFA). Most soils (43 of 54) did not
retain TFA strangly (> 25%), but soils high in organic matter
and some mineral soils with high iron and sluminum content
exhibited strong retentian. Trifluoroscetate retention was
correlated (r = 0:80) with % organic matter content.
Organic soils from wetiands, psatiends, and a boreal forest
showed the grestest retention. The retention of TFA
increased with desressing pH. . The magnitude of TFA retsntion
was similar to CI” and Br—. Trifluoroscetats retention
decreased with increasing concentrations of F-, Cl~, and
S02-. The ultimats fate of TFA retained in soils is
uncertain.

Intreduction

The Montreal Protacol and subsequent Amendments have

called for the phsse out of chlorofluorocarbons (CFC:)

because of their role in stratospheric ozone deplstion (1, 2)
replacements for

The search for acceptable
mmummwmpmhm
chiorofiucrocarbons (HCFCs) and hydroflucrocarbons (HFCs)

{1, 3. Triffucroacsetic acid (TFA) has been identified as an
atmospheric degradation byproduct of HCFC-123, HCFC-
124, and HFC-1344 and is theonly byproduct not considered
to be & naturally occurring compound (4). Trifiuoroacetic
acid will be producedin the atmosphere and transported via
precipitation to the Earth's surface (4, 5). The giobal average

TFA concentration inrainweter for the year 2010 is estimated
o be in the rangs of 8 x 101 x 107 M (6). The
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Microbial degradation of trace levels of TFA has been reported
by Visscher et al. (7) in laks and saltmarsh sediments by
reductive defluorination under anoxic conditions and by
decarboxylation under oxic conditions. However, microbial
degradation has not been reproduced in similar soils under
similar conditions (8) to those used by Visscher et al. (7, and
the significance of microbial degradation as a pathway of
TFA loss remains uncertain. In any event, the rate of
biodegradation of most organic compounds is influenced by
the degres of adsorption to soil particles (9). The soil retention
of TFA may decrease the availability of TFA for biodegradation.

Current research suggests that expected environmental
concentrations of TFA are of little concem with respect to
human health, but there is a need to evaluate the effects on
ecosystems (6). Trifluoroacetate is transported from roots
via the transpiration stream and can bioconcentrate in leaf
tissues of plants (10, 1I). There are reports of growth
inhibition (11, 12) in tomato and wheat seedlings (>5 x 10~
M), sunflowers, mung beans, and whest (>9 x 10~* M), and
two species of algae out of seven tested (>1 x 10-*M). These
concentrations are 1—3 orders of magnitude above TFA
concentrations anticipated in precipitation. However, a
recent modeling analysis suggests that, under conditions of
high TFA concentrations could be much
greater (>10~* M) in surface waters of seasonal wetlands
within a few decades (19). Recent measurements of TFA in
rain indicate that current concentrations are above estimates
projected for 2010 and cannot be explained by known sources
or precursors of TFA (14). Soil/sediment retention is a
potentislly important mechanism of TFA accumulation in
the environment. Soil retention is a critical issue, because
hpmdﬁAmmmdpmdwmmam
retention may eventually accumulate to
cant concentrations. Ithlhlydutmﬁnabyaomﬁl
influence bioavailibility and therefore toxicity of TFA to plants.

Retention of organic compounds by soil depends upon
the specific chemical properties of the compound and soil

The trifiuoroacetic acid molecule consists of both

(C0O0") and hydrophobic (CFy) functional groups
(15). Triflucroacetic acid is an acidic organic compound that
predominantly occurs as an anion (pX, = 0.61) (16) under
environmental conditions. ‘This class of arganicsis considered
highly mobils and susceptible to leaching from soils. In the
only study of TFA adsorption in the literature, three agri-
cultural, non-acidic soils were found to retain only 0.1--2.6%
of added TFA (17). This study did not include any sofls that
ars known to retsin organic anions, particulmly soils enriched
with fron and aluminum or organic matter. Moreover, the
concentration of TFA used in this experiment was 4 orders
of magnitude larger than values anticipated in the environ-
ment over the next 20 years.

Ths objectives of this study were to evaluate the sorption
of TFA on a variety of soils and minerals at concentrations
comparable to anticipated values and to evaluate the soil
charaoteristics and conditions that influence TFA sorption.
In addition, the retention of TFA was compared with the
retention of major inorganic anions. Finally, the influence
of pH and the presence of competing anionson TFA retention
by soil were evaluated.

Matsrials and Metheds

Fleld Soll Samplcs and Their Characterization. Thirty-five
sofl samples were obtained from 13 terrestrial sites of the
Nations} Science Foundstion (NSF) Long-Term Ecological
Research (LTER) Program. The LTER is a network of
intensively studied ecosystsms that represent important
ecological zones, ranging from arctic (Toolik Lake) and boreal
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Retention of TFA was compared to the retention of other
major inorganic anions by conducting batch adsorption
studies on BNZ OH and CWT AF using fluoride (F), CI-,
TFA~, bromide (Br’), NOsy~, and SO¢&~. A range of sorbent
concentrations (0, 5, 10, 15, 20, 30, 40, 60, 80, 120, and 180
pmol L1 of a salt of each anion) was used. A 1:5 and 1:20
soil to solution ratio was used for BNZ OH and CWT AF,
respectively. Anion retention was determined using the same
procedure as described for studies of TFA retention.
Competitive sarption of TFA with other anions was
examined on BNZ OH and CWT AF soil samples using F-,
CI, and SO, The solls were leached in a column with
deionized, distilled water to remove excess anions and to
reduce veriability of ambient anion concentration, The soils
were air-dried prior to analysis. A 1:5and 1:20solito solution
ratio was used for BNZ OH and CWT AF, respectively. Ten
milliliters-of a range-of sorbent concentrations of the individual
anions (0, 10, 20; 30, 40, 60, 80, 120, and 180 smol L}, final
m-t)wwﬁomhmﬂhawmx.po!m
pylene centrifuge tube:.: The sampies were equilibrated for
24 h. After the initial equilihration, 10 mL of 40 ymol L}
Na-—'ﬂAwM ‘The samples then were equilibrated for

high retention of added TFA (up to 60%). A subsetof 12 soils
from the 30 soils that showed significant TFA retention were
chosen asrepresentative of the TFA retention characteristics
found in this study. These soils encompass a wide range of
chemicel snd characteristics. Selected chemical and
physical properties of the soils, Langmuir adsorption maxd-
mum (X1}, and distribution cosflicient (K are given in Table
ll

Isotherms gemerslly exhibited one of two characteristic
shapes, either L-type (Langmuir) or C-type (constant parti-
tioning) (2. Isotherms for sofls with moderate to high clay
(33—20%) content and low organic matter content (<10%)

were generally charscterized by linear adsorption (C-type).
Isothermas for soils with high organic matter (30-30%) content
and low clisy content (<10%) typically ahowed an asymptote
or adsorption maximum (L-type). Isotherms for solls with
intermediate clay content and organic matter exhibited either
C-type ot L-type characteristics.

At all sites where TFA retention was evaluated for organic
and mineral soils, the organic horizon exhibited greater
retention. Solls with high organic matter content (> 75% OM),
such as a peat sample from the Lake Agassiz Peatiands, were
found to retain the highest concentrations of TFA. In addition
to differences in. TFA retention betwsen bulk organic and
minerai horizons, diffsrences were also evident between solls
from horizons within the sofl profile. The greatest TFA
retention was found in the organic surface horizon with
decreasing TFA retention down through the profile. The E
horizon showed the least TFA retention.

The sorption isotherms of selected minerals indicated that
aluminum hydroxide (K, = 3.7 L kg™?) and 2:1 clay minerals
[Na-montmorrillints (Kq = 2.9 L kg™') and illite (K¢ >~ 1.1 L
kg™ retained TFA to some extent. Minersls exhibiting TRFA
retention were characterized by linear adsorption, similar to
the pattem cbserved for mineral soils. Retention of TFA was
not evident for kaolinite or silicon dioxide. During the
investigation of TFA retention by illite, & high concentration
(4600 umol L) of SO&~ was observed in the equilibrating
m This SO is believed to be contamination intro-

of the clay. In the presence of
dcvmd , lttle retention of TFA by illite (Kq = 0.03 L
kr‘)wnmdnm. The influence of elevated SO~ on TFA
retention was irrvestigated by washing the illite with delonized,

distilled water to remove the SO2~. Aliquots of illite were
washed twice (Ka = 0.99 L kg™!) and three times (Ky =~ 1.1L

| kg1, decreasing the SO~ concentration in the equilibrating

solution to 200 gmol L1, The retention of TFA on illite
increased markedly after SO~ was removed from the clay.

Influence of Soil Properties on TFA Retention. Linear
regression analysis between TFA retention and salected soil
properties was used to identify sofl constituents that influence
retenton and to better characterize the retention mecha-
nisms. The correlations reported are for linear regression
analysis performed with Xt quantifying TFA retention, but
use of the X, value gave similar results. Results aresignificant
at the 0.01 probability level. The analysis was performed on
the entire data set and on the surface and subsurface soil
samples separately.

The analysis of the influence of surfacs soll characteristics
on TFA retention were similar to patterns chserved for the
entire data set. The soil properties exhibiting the strongest
positive correlations were % organic matter (r = 0.603, total
carbon contant (r = 0.53), and exchangeable Fe** (r = 0.65).
Surface soils exhibited a negative correlation with clay content
(r = —0.48). While this result may appear surprising, i
probably reflects more the organic vs mineral content of the
soil rather than adsorption characteristics of clays. Indeed,
a strong relationship was evident betweesn Xr and tha ratio
of % organic matter to clay content (r = 0.90).

The group of subsurface soils was comprised mainly of
sofls from the Czech Republic (Spodosols and Inceptisols).
Subsurface solls results were correlated with different soil
propertiss than the surface soils, indicating posaible differ-
ences in adsorption mechanisms. Ofthese, probably the most
noteworthy is the positive correlation with clay content (r=
0.38) and the negative correlation with total C content (r =
~0.85) and extractable SO~ (r = —0.30). While strong
relationships were evident with other parameters, we believe
that this reflects the role of clays in controlling the chemical
characteristics of soil rather than a causal relationship.

Effect of Suspension pH on TFA Retention. The adsorp-
ton of ionic solutes to soil and minerals typically is pH-
dependent. Anion adsorption generally increases with de-
creasing pH duse to the protonation of soil surfaces. The CWT
AF soil showed a typical adsorption edge, with a marked
increase of TFA retention with decreases in pH below 5.0. In
contrast, the BNZ OH soll, with a higher organic conteat
exhibited a more gradual increase in TFA retention with
decreases in pH over a wider pH range (Figurs 1).

TFA Retention Relative to Other Anlons. The results of
the comparison of TFA retention to that of other anions for
BNZ OH and CWT AF is shown in Figure 2. The order of

retention of anions by BNZ OH was F~ >> SO¢&~
> CI- > TRA~ > Br- > NOy~. Trifluoroacetate retention on
the Bonanza Creek soll was similar to Br-. The order of
decreasing retention of anions by CWT AF was F~ = SO2~ >
Cl- =TFA~ > Br~ > NOy". Triflucroacetate retantion on the
Coweeta soil was similar to CI~ and Br-.

Effect of Anfon Concentration on TFA Retention. Tri-
fluoroacetats retention was influenced by the presence of
other anions, suggesting competition between TFA and other
anions for available adsorption sites (Figure 3). The addition
of increasing concentrations of F-, C1”, and SO3~ to the BNZ
OH soil all decreased TFA retention, but additions of
incressing concentrations of F- were more effective in
decreasing TFA retention in comparison to the other anions.
The addition of concentrations of Cl™ and F- to
the CWT AF soil decreased TFA retention slightly, but the
additon of 120 umol L™t SO¢&~ reduced TFA retention by
approximately half. A grester decreass in the TFA retention
with added anions was found on the CWT AF soil than the
BNZ OH soil.
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Discassion

In general, TFA was retained in organic soils to a greater
extent than in mineral sofls. Organic soils that exhibited
higher retention of TFA sorbed between 20 and 60% of added
TFA. Incontrast, mineral soils retained 0—15% of added TFA.
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Retention ranged from a high of 260 to 25 ymol kg~!, The
magnitude of TFA retention in the majority of soils studied
was small and similar to that of other monovalent anions.

Classifying TFA mobility (25) on the basis of Xy values
suggests that TFA would be considered immobile (K > 10)
in only three of 54 soils studied. These soils were all
charscterized by elevated organic matter content (>70%). In
addition, eight soils exhibited low TFA mobility (Kq = 2-10),
15 soils exhibited intermediate TFA mobility (K3 = 0.5—2),
and TFA would be considered mobile in eight of the soils
studied (K4 = 0.1-0.5). No significant TFA retention was
found in 20 of the soils studied. Triftuoroscetate can therefore
be considered as a mobile organic compound in soils at the
majority of sites investigated.

Results from this study suggest that soil organic matter
and mineral surfaces influence the retention of TFA by soils.
There seem to be two mechanisms of TFA retention, indicated
by differing shapes of TFA isotherms, for mineral and organic
scils. Conformity of water-soluble TFA to a Langmuir
adsorption isotherm may indicate that the retention is site-
specific. Furthermaore, the retention of TFA by soil surfaces
is dependent upon pH and ths presence of other anions in
soil solution. RemnﬂdeFAtnamedwithdm
soil suspension pH and decreased with

The ecological fate of TFA is uncertain. Triffluaroacetate

dgniﬂunﬂyreuhadbymﬂmd.puﬂand.mdhoud
forest soils in this study. These ecosystems are often the
habitats for rare and (26). Theretention

species
of TFA by solls in these environments is critical to assessing
the impact of this substance on sensitive ecosystems.
The ultimate fate of TFA in soils is an

interpreted
w!ndhmnnyyarﬁzdumchmimdmaﬁon.bmmﬂu»




indicate a need for further process level studies of TFA
retention by soil organic matter and mineral surfaces. If TFA
is not strongly retained by soil then the transport of TFA
would be governed largely by the amount and frequency of
precipitation and drainage, The strongretention of TFA may
indicate that soil may be a permanent sink for TFA. There
is a critical need to assess the reversibility and bioavailability
of TFA retained by soils.
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