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Al't hough the basic nass transfer of dissolved
substances in water to a solid phase is often
considered as a sinple, partitioning process, in
reality, several processes may indeed be taking place.
Weber (1972) describes three consecutive steps in the
adsorption of materials from solution by porous
adsorbents. These include filmdiffusion, pore

di ffusion, and adsorption on the interior surface of
the pore. A sinple partitioning nodel does not account
for these rate linmting processes: it is essentially an
i nst ant aneous transfer occurring upon the nol ecul ar
contact with the solid. Hence, an equilibrium
expression is used to describe this process.

The sinple partitioning nodel often breaks down when

t he question of desorption is raised. The equilibrium
expression defining a partition coefficient or a
distribution coefficient is predicated upon the
assunption that the adsorption and desorption processes
are essentially forward and reverse or conpletely
reversible reactions. Many investigators Including

Di Toro and Horzenpa 1982) have shown this to not be the
case. Debate as to whether adsorption/desorption is
hysteretic or irreversible has occurred. It has even
been suggested that the processes are indeed reversible
but the experiments are flawed. What remmins constant
is that the elementary, reversible partitioning node

is limted. Some investigators (Wang, et al. 1993)
have proposed that sorption is a conbination of two
processes, adsorption and partitioning.

The study described in this paper focuses on an aspect
of the two process sorption mechani sm nodel, nanely
experinentation to dilineate the two processes. It is
hypot hesi zed that the primary, or partitioning, process
is very fast, described as an essentially equilibrium
process. The secondary, or adsorption, process is
slower and, thus, rate limting. Long term batch
adsorption experinents should show as rapi d uptake by
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the solids, defining a first, psuedo equilibrium
followed by a slower uptake until a final equilibrium
is reached. The experinents show that biol ogical

upt ake can mask the secondary phase. Qur experinents
describe how the effects of biological uptake can be
mnimzed in long term experinments.

MATERI ALS AND METHODS

The adsorbents used in this study are natural soils
extracted fromfive different [ocations in New Jersey.
Soils were prepared for experinentation by first air-
drying for one week. Each soil was then bl ended using
t he honogeni zi ng techni que of coning and quartering
(Carver 1971). Finally, debris was elimnated by
passes through 0.25-inch and 2-mm sieves. Soil
properties are listed in Table 1. Oganic nmatter
content was determned by the Rutgers Soil Testing
Laboratory using the Wal kl ey and Bl ack nodification of
the rapid dichromate oxidation technique (Nelson and
Sonmers 1982) with organic carbon content defined as 59%
of the organic matter content.

Table 1. Soil properties.

O ganic
Sand Silt C ay Texture pH Matter
% % % S. u. %

Adelphia 72 14 14 Sandy 5.2 1.4
Pequest 44 44 12 Sandy loam 5.2 2.1
Quakertown 20 60 20 Silt loam 6.8 3.9
Towacco 92 6 2 Loamy sand 8.4 0.2
Cohansey 90 8 2 Sandy 4.2 4.4

W attenpted to minimze anticipated biological
activity in our experinments by sterilizing the soil by
gamma irradiation. Oher methods, such as autoclaving,
were rejected as they might seriously alter the nature
of the organic matter. A series of 150-nl gl ass
bottles were filled with soil, capped, and sealed with
teflon tape. These were then sent to the Nucl ear
Reactor Facility at the University of Virginia who
perforned the irradiation. Al water used in our
experiments was treated by distillation and reverse
osnosi s.

Three nmethods were perforned for the batch adsorption
studies. These were perforned in 100-m closed crinp
vials with teflon lined stoppers. For Mthod 1, all
gl assware was heated in a 70 °C oven for 24 hours prior
to use. The glassware was then cooled to room
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t emperat ure. St ock solutions of benzene and tol uene in
wat er were nmade in head space free teflon bags.

Cal ci um chl ori de was added for ionic balance to a 0.02
M solution. Four grams of soil was introduced into the
vials. Several vials were kept soil free for use as
controls. Then 26 m of either the benzene or toluene
stock solution was added. The vials were inmediately
crinped with the teflon lined stoppers. The vials were
then stored in a 4°C room until 24 hours prior to
analysis at which tine they were placed in a 22°C
t enperat ure bat h. Bottles were selected for analysis
at predeternmned tinmes and analyzed in triplicate.
Sanpling for either benzene or toluene was performed by
piercing the teflon cap with a gas sanpling syringe and
drawi ng a vol une of head space gas fromthe vial. The
sanpl e gas was then injected into a Hew ett Packard
5840 gas chromat ograph (GC) equipped with a flame
ionisation detector. The aqueous phase concentrations
were then calculated fromHenry's Law

Met hod 2 was identical to Method 1 except that al

gl assware used to make the stock sol utions, pipettes
vials, teflon liners and caps were autoclaved at 121°C
for 20 minutes before use and the vials containing just
soil were exposed to ultraviolet light for 15 mn.
Only benzene was exam ned by this nethod.

Method 3 attenpted to create anoxic conditions in the
vials by purging with nitrogen gas. By doing this we
attempted to nmininmze the possibility of aerobic
activity in the vials. As in Method 2, all glassware
was autoclaved prior to use. In addition, all water
was boiled. A 15 g mass of soil was added to each vial
and then filled with 40 m volume of water. The vials
were then purged with nitrogen gas. The purging system
was conprised of a tank of Matheson U tra-pure nitrogen
to which a regulator was attacted. The regul ator
delivered the gas to a series of four teflon tubes
which fed the experinental vials. A hypoderm c needle
was fastened to the end of each tube to sparge the gas
into the soil/water matrix. Gas was delivered at 1
L/mn to both the water (7 mn.) and the head space (7
mn.) after which each vial was sealed and crinped
Sanmpling for either the benzene or toluene was
performed by piercing the teflon cap with syringe and
drawing a liquid sanple from the experinental vial.
The sanple was then injected into a Tekmar Mdel ALS
2016 Purge and Trap instrument and then anal yzed by GC.

RESULTS AND DI SCUSSI ON
Results for Method 1 for the benzene systens are

displayed in Fig. 1. Al the data presented in this
paper are normalized to the control vial (no soil)
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Figure 1. Benzene rate studies - Mthod 1.

syst ens. Thus, any losses will be factored out. In
fact all controls were within £8% throughout the
study, which we considered excellent for this type of
work. The data display a sudden drop-off between 300
and 500 hrs. for all the soil systens except the
Cohansey, which begins to drop-off after 1700 hrs. It
shoul d be noted that nany short term adsorption

exqui librium studies are perforned assunm ng an
equilibrium less than 96 hrs. These results show
that the rapid drop-off occurs later

Met hod 1 toluene results are displayed in Fig. 2. The
sane type of rapid drop-off is also noted here, but
occurs at different times for each of the soil systens,
but in all cases, after 200 hrs. At this point, we
hypot hesi zed that biochem cal activity was taking place
inthe vials. To test this hypothesis, we enpl oyed
Method 2 for the benzene systens and Method 3 for both
benzene and tol uene systens.

Met hod 2 shows the effect of autoclaving the systens.
Only benzene was enpl oyed to evaluate this nmethod. The
benzene systens are displayed in Fig. 3. In conmparing
these results with those from Method 1 (Fig. |), one
can see that Method 2 delayed the drop-off but did not
elimnate it. This suggested that biochenical activity
was taking place.
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Al though it has been well established that benzene and
tol uene can be degraded under aerobic conditions, sone
i nvestigators have denonstrated that benzene (Edwards
and Gbic-Glic 1992) and toluene (Schocher et al 1991)
can be degraded under anaerobic conditions. Those

i nvestigators appeared to have designed their
experinments to enhance anaerobic degradation. In
designing Method 3: we hypot hesized that the drop-off
we were observing in our experiments was due to aerobic
activity.

Fig. 4 shows the results enploying Method 3 for the
benzene systens. The drop-off obseved in Methods 1 and
2 has been elimnated. \What is also aPparent is that a
virtual steady-state is reached for all systens; there
is no discernable |ong-term decay which woul d be
suggestive of a slow second phase sorption for benzene
on these soil systens. The differences in the obtained
steady-state concentration is a function of organic
matter present in each soil. As expected, the soils
with the higher organic matter contents adsorb nore of

t he benzene and thus display |lower |iquid phase
concentrations. The same observations can be nade for
the tol uene systens displayed in Fig. 5. In addition
and as expected, the toluene exhibits a greater
sorp;ive affinity for the solids (Ahlert and Uchrin
1990) .
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