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Abstract

The use of a labelled adsorbable biodegradable substance (phenol) in association with a microbreakdown of the media is proposed to study
adsorption, diffusion and bioregeneration profiles on an activated carbon grain. The bioregeneration is shown by comparing labelled
phenol profiles inside the media before and after biological treatment. The presence of bacteria enables the pores to be cleaned. The depth
of biotegeneration is found to be 0,35 mm after a contact time of 100 h between bacteria and activated carbon with adsorbed phenol.

Introduction

Activated carbon beds, used in water and waste-water treatment
are colonized to different degtrees by bacteria. This phenomenon
has been described by numerous workers using various techni-
ques, including scanning electron microscopy (Weber ez 4/,
1978; Gaid et &/., 1979; Lafrance ez &/., 1983), enumeration of
bacteria (Werner, 1983) and ATP measurements (Gaid, 1981;
Lemarchand, 1981). However, if the ptesence of bacteria is ob-
vious there are still questions about the interactions between
solute and/or substrate, porous media and bacteria (Bancroft ez
@/., 1983; Maloney e# 4/., 1984). This subject has given rise to a
great deal of discussion and several previous workers have shown
interesting properties of biological activated carbon filters regar-
ding the removal of organic or inorganic compounds. The
mechanisms of adsotption/biodegradation seem to be very com-
plex. Gaid (1981), Gaid e /. (1982) and Martin er /. (1982)
proposed a two-phase mechanism invelving complementary ad-
sorption and biodegradation-bioregeneration. Peel and Benedek
(1983) preferred slow adsorption rather than biodegradation as
an explantion for the removal of inert organic compounds. Li and
Digiano, (1983) reported enhanced biodegradation on activated
carbon in waste-water treatment of biologically degradable com-
pounds as compared to coal and sand. Chudyk and Snoeyink
(1984) showed that bioregeneration of activated carbon occurred
in bench-scale columns when catbon was presaturated with
phenol. All researchers emphasize the major role of potosity
and/or bacteria.

Weber ez &/. (1970) and Sontheimer ez a/. (1978) noted that
bacterial activity on activated carbon increases the service life of
filters. The mechanism proposed for this extension of service life
was bioregeneration, which permits a better filter efficiency.
Chudyk (1981) calculated amounts of bioregeneration using a
mass balance measured from changes in adsorptive capacity.
Recently Speitel (1985a) and Speitel and Digiano (1985b) quan-
tified bioregeneration at low substrate concentration using
radiochemical techniques. Bacteria used both biodegradable
substrate in solution and biodegradable adsorbable substrate in
the pore spaces.

The objective of this study is to improve the present
knowledge of the mechanisms by which adsotbable compounds
are removed on granular activated carbon (GAC). Normally, in
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such a case, research workers study the variations of solute con-
centration in the aqueous phase. The authors, however, propose
the use of a labelled adsotbable biodegradable compound
(phenol) in association with a microbreakdown of the media (Le
Cloirec, 1985a; Le Cloitec and Martin, 1985b) to study adsorp-
tion, diffusion and bioregeneration profiles on a grain of coloniz-
ed and uncclonized activated catbon.

Material and methods
Media

Picactif NCG6O activated carbon was used for this study, because it
is widely used in water and waste-water treatment (Schulhof,
1979). Its characteristics ate summarized in Table I (Societe
PICA).

The organic model

Two kinds of phenol were used, i.e. labelled (SmCi/mM) (CEA,
France) and unlabelled (Merck). The solutions were prepared in
deionized distilled water. The solubility of this compound is very
high. Vatious workers have demonstrated that phenol is strongly
adsorbed and readily biodegraded on activated carbon and this
was confirmed by Le Cloirec ez /. (1982).

TABLE I
CHARACTERISTICS OF ACTIVATED CARBON USED
(SOCIETE PICA, LEVALLOIS, FRANCE)

Parameters

Raw material coconut
Specific area (m? g~1) 1200
Packed specific gravity 0,52

Grain size (mm) 2t0 5
Porosity ) mesopotous
Pore size distribution (A) 1072 to 1077
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Embedding of grain

A synthetic tesin (Epoxy type) was used to embed grains of ac-
tivated carbon. Only one face of a parallelopedic grain was left
exposed (Figure 1) and a single axis (x) will be available for ad-
sorption (Louboutin, 1981) and biodegradation.
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Figure 1
Preparation of sample activated carbon in resin.
Dimensions: 10 mm x 10 mm x 10 mm.

Thick sectioning

Mechanical sectioning with a steel knife (microtome) was used to
obtain slices of 15 um thickness. Louboutin (1981) used this
method to slice polymers and silicon. For activated carbon grains,
this method of sectioning was difficult. The operation required a
great deal of care in order to position the blade in the zero posi-
tion (error in the x direction about % 10 pm) and cut the embed-
ded grain. However, as the carbon was embedded in the tesin,
the section was easily collected.

Scintillation counting

Each activated carbon section was placed in a small screw cap vial
and 7,5 ml of Bray’s scintillation mixture (Bray, 1960) was added.
The radioactivity measurement was made with a liquid scintilla-
tion counter (Packard Tri-carb model 3385 instrument) with ex-
ternal standardization using the 2?°Ra source of this instrument.
The counting time was 10 min. The results (disintegrations per
minute) were converted into mass of phenol.

Procedure for adsorption and bioregeneration

Three carbon samples were embedded in resin and each block was
placed in contact with a solution of phenol for 15 h. The solute
was a mixture of unlabelled phenol (250 mg/f) and labelled
phenol (4 uCi, i.e., about 6,0 ug radioactive phenol). The solu-
tion and carbon grain were stirted continuously. Because of the
long contact time (15 h) between the high concentration of
phenol solution and the block of carbon, it is reasonable to
assume that equilibrium is reached inside the grain and between
solution phenol phase and adsorbed phenol. This equilibrium
corresponded to 2 plateau in the kinetic cusve of phenol adsosp-
tion (Le Cloirec, 1985a). The blocks were then washed with
distilled water.
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One of these blocks was cut with the steel knife (microtome)
and the amount of radiation was measured for each activated car-
bon slice. The second block was placed in contact with the
bacteria for 100 h. The bacteria were obtained by washing a
biological aerated activated carbon filter that had previously been
fed with a synthetic solution containing phenol, ammonium
chloride and potassium phosphate. The washing solution of
bacteria was concentrated by thickening, and the sludge obtained
was washed with distilled water to remove residual phenol. Five
milliliters of this sludge (8 g dry volatile matter per liter) were us-
ed. At this concentration the labelled phenol is not bacteriostatic
and bacteria remove labelled or unlabelled phenol unselectively
(Gaid e# &/. 1982). After this biological treatrment the block was
washed to remove bacteria on the carbon surface and on the resin.
The block was then cut and radioactivity of each slice was
counted. Radioactivity of the bactetia in solution was also
measured. The third block was used to examine possible self-
desorption. This bock was placed in contact with 50 ml of distill-
ed water for about 100 h. The radioactivity of the solution was
measured every day.

Results and discussion

The results obtained are shown in Figure 2.

The profile of the block without biological treatment was a
control. The procedure, for this control, was similar to the other
block except for microbial regeneration. Because of the reasons
given above (i.e. long contact time, high concentration of phenol
in the solution), it is assumed that equilibrium is reached inside
this grain. Therefore, the concentration profile of adsorbate
should not change very much with the time. Only self-diffusion
of phenol could occur and the phenomenon would be relatively
slow. The profile of the block has been used to study the
mechanisms of mass transport within the adsorbent grain. A
model is described in detail by Le Cloirec ez #/., 1986 and by Le
Cloirec (1985a).
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Figure 2
Profile of diffusion of radioactive phenol before and after contact with
bacteria.
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When catbon which has adsorbed both unlabelled and
labelled phenol is brought into contact with bacteria, it is possi-
ble to demonstrate how the inner structure of the carbon is
regenerated. The comparison between the two curves in Figure 2
shows an important difference in the quantity of phenol in the
pore space of the carbon with and without biologital treatment.
However, for the grain treated with bacteria, a large concentra-
tion of activity on the surface of the carbon (x < 15 um) may be
due to a small amount of bacteria that has digested labelled
phenol; hence they would contain radioactive carbon. These
bacteria would not have been entirely removed by rinsing with
distilled water. In such a case, a zone where the radioactivity sud-
denly falls would be found (x > 0,05 mm). For 0,05 < x < 0,5
mm, the quantity of labelled phenol is always less than the quan-
tity found without biological treatment. In these two zones the
phenol has been eliminated by the bacteria on the media either
directly (if the size of bacteria allows them to enter into the
pores), or in the mesopores or micropores.

In the presence of bacteria, the desorption to the extetior of
the particle can be motivated by a concentration gradient created
by the biological degradation of phenol in the outer layer of the
macropores or in the intetface between solid and liquid phase
microorganisms (Maloney ez /., 1984; Schultz and Keinath,
1984). The phenol self-desorption without bacteria cannot ex-
plain the difference between the two curves in Figure 2. Indeed,
the radioactivity measured in the solution in contact with the
third block each day was always negative, showing no self-
desorption under these conditions.

The quantity of adsorbed labelled phenol removed by
bacteria was about 42 x 107 pg, i.e. 10,5 mg of total phenol if it
is assumed that the labelled and unlabelled compounds were ad-
sotbed to the same extent in the pores. The original quantity ad-
sorbed was about 35 mg, i.e. the percentage of desorption is
30%. Using powdered activated carbon treatment, Schultz and
Keinath (1984) found that all phenol initially present was even-
tually removed from the surface of adsorbent. However, the
values found by the authors are very close to the results found by
Speitel (1985a) and Speitel and Digiano (1985b), despite the
different conditions used by those authots (low phenol concentra-
tion and dynamic experimental procedures).

The measurement of the radioactivity revealed that roughly
80% of the labelled phenol desorbed was found in the bacteria.
The total balance could not be established because of possible
losses (for example, the release of CO, owing to metabolism).
Schultz and Keinath (1984), using radiochemical compounds,
have found that approximately 20% of the radioactivity in
metabolic end products was converted to CO, by a powdered ac-
tivated carbon treatment sludge. The authors’ results confirm the
previous work concerning bioregeneration and interactions be-
tween bacteria and substrate adsorbed, as studied by Le Cloirec
(19852) and Gaid e #/. (1982). These results would explain and
emphasize the Neukrug ez #/. (1984) conclusions on the bio-
degradability and slow adsorption kinetics which appear to play a
key role when the adsorptive sutface is nearly saturated.

Conclusion

This technique of using radioactive compounds and micro-break-
down to study bioregeneration can successfully be applied to con-
firm the bioregeneration of activated carbon by studying the in-
ner pores of this matetial. Based on the profiles obtained on ac-
tivated carbon after adsorption of labelled and unlabelled
phenol, the following conclusions can be drawn:
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@ the presence of bacteria enables the pores to be cleaned.
@ the depth of bioregeneration is found to be 0,35 mm.

® the bioregeneration percentage is about 30% of the original
adsorbed phenol after a bacteria — carbon contact time of
100 h.

This method is currently being applied to the study of
mechanisms of bioregeneration in activated carbon columns. This
method represents an interesting approach to the study of the
mechanisms that are operative during adsorption, desorption and
bioregeneration of activated carbon or other adsorbents. This
technique provides a means to quantitatively track the presence,
transformation and movement of adsorbate.
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