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Abstract

The enrichment of mixed cultures for species capable of degrading phenol and chlorophenols, as well as the isolation of
pure cultures are investigated. The cultures obtained are capable of degrading phenol and chlorophenols (pentachlorophenol
2,3,5,6 tetrachlorophenol and 2,4,6 trichlorophenol) but not 2,4,5 trichlorophenol. The results suggest the feasibility of
the use of toxic chemicals as phenols, hexadecane and other chlorophenols as co-substrates in field decontamination
processes. The inhibitory effect of PCP is shown, and the influence of a readily degradable ancillary carbon source on
the performance of pure cultures is reported, as well as the preliminary identification of the bacteria that showed higher

PCP degrading activity.
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Introduction

Chlorophenol sand phenolsareintroducedintheenvironmentinthe
waste streams of several industrial operations, through its use as
biocidesor asby-productsof other industrial operations, suchaspulp
bleaching with chlorine, water disinfection or evenwasteincinera-
tion. Chlorophenols and phenols have also been used as general
purposedisinfectants, andit hasbeen foundthat they can al so appear
asdegradation productsof other chlorinated xenobiotics(Bollag. et
al., 1986). Becauseof their toxic effects, phenol and chlorophenols
tend to accumul ate and in some cases the contamination of soil and
water isof concern (Keither and Tellard, 1979, Mooset a., 1983;
Borthwick and Schimmel, 1978).

Several decontamination techniques are available for the re-
moval of contaminantsfromwater, althoughnotall (suchasadsorption
orionexchange) actually destroy thecontaminant. Sometechniques,
such as incineration have recently come under heavy criticism.
Although not exempt from potential implementation problems,
biodegradationisatechniquewhich could potentially degradethese
contaminantstoinnocuousproducts(mainly CO, and H,O; also CI
inthecaseof chlorinated phenols). Microbial andfungi degradation
of phenol and chlorophenols have been reported by several groups
(Bakeretal.,1980; Pignatelloetal ., 1983; Saber and Crawford, 1985;
Rozichand Colvin, 1986; Apajal ahti and Salkinoja-Sal onen, 1986;
Radehaus and Schmidt, 1992; Ramos et al., 1995; Haggblom and
Valo,1995; McBainetal., 1995; Coloresetal.,1995. Leeetal ., 1998;
Toumelaet al., 1999; Reddy and Gold, 2000; Cortéset a., 2002).
Other works are reported on chlorophenol degradation by mixed
cultures(KirschandEtzel, 1973; Liuetal., 1981; Kleckaand Maier,
1985, Puhakkaet al ., 1995). Although PCP degrading activity isin
some cases higher when using pure cultures, the ability of mixed
culturestosurviveinanon-sterileenvironmentisakey issueinfield
applicationsof biodegradation. A potential problemregarding PCP-
degrading bacteriain soil isthehigh concentrations of PCP at some
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contaminated soil sites, where PCP concentrations as high as 9000
mg-kg*havebeenreported. Aneffectivebacterial inoculumneeds
totoleratehighlevelsof PCPwhilemaintainingalevel of activity to
provideefficient mineralisation (Shaw etal., 1997). Theaddition of
organic substrates stimul ates the dechl orination of chloroaromatic
compounds(Hendriksenetal., 1992). Thereforethe purposeof this
report isto describe the effect of the presence of nontoxic organic
compoundsasglucoseon thebiodegradation of pentachlorophenal.
Investigations concerned with pentachlorophenol removal pattern
performed onthetoxicwastecomponentsphenol, chloropehnol sand
hexadecanewereal so conducted sinceinevitably toxiccomponents
will be found in mixtures with nontoxic, or conventional wastes
(Rozich and Colvin, 1986).

We report on our work on the enrichment of mixed cultures
capable of degrading phenolsand chlorophenals, usually the most
recacitrant (Neilsonetal ., 1985; Sittig, 1981) andintroducestepsfor
theisolation of pureculturesand their preliminary identification.

Materials and methods
Chemicals and reagents

Pentachlorophenol (PCP 99% pure) was obtained from Sigma
Chemical Co. (St. LouisMO 63178 USA). Phenol and al chloro-
phenolswereof thehighest purity availablefrom Aldrich Chemical
Co. (Milwaukee, WI). All other chemical sused wereof thehighest
purity availablecommercially.

Culture conditions and media

Sampleswerecollected using non-sterileproceduresfrom soil with
a history of phenol contamination, wood chunks that had been
exposed to formol and chlorophenol solutions, and soil containing
pentachlorophenol near awastewater dischargesite. All enrichments
weredoneinamineral saltsmedium (M Sbase) containing (ingrams
of ingredient per liter): NaNO,, 0.5; K,HPO,, 0.65; KH,PO,, 0.17;
andMgSO,,0.1. Themineral salts(MS) mediumfor thelower buffer
PCP medium, usually used for the incubation of PCP-degrading
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strains(HaggblomandVal o, 1995) wascomposedof (g-17): K,HPOA4,
0.065;, KH,PO,, 0.017; MgSO,.7H,0, 0.1; NaNO,, 1, and
bromothymol blue, 20 mg-1%, as a pH indicator. PCP was first
convertedtoitssodiumsalt by dissolvingit in0.2N NaOH andthen
itwasadded directly totheM Smediumassodiumpentachlorophenate
at 5mg-1"in250ml Erlenmeyer flasks. Thefinal pH wasadjusted
to 7.3 (Stanlake and Finn, 1982). Wet unsieved soil (1to5g) from
a PCP contaminated site was inoculated into 50 ml of PCP-MS
mediumin250m1l Erlenmeyer flaskscontaining5mg:1-* PCP. The
cultureswereplaced onashaker (120r-min™) for 30dat 30°C. This
step served two purposes. to remove bacteriafrom particlesurfaces
andtoinduce PCP-degradativeenzymes. Cultureswerecentrifuged
at 2000r-min*for 10 mintoremove particulate matter, and 5ml of
each supernatant solution served to inoculate the same medium
containedinsimple, replacement medium batch cultures(Saber and
Crawford, 1985). Analiquot (10%v/v) of each supernatant fluid of
culture solution was inoculated into 25, 50, 100, 200, 500 mg-1-*
PCP-MS batch Erlenmeyer flasks for acclimation to increasing
concentration of PCP. Anegual volumeof 0.2 M NaOH wasadded
tosmall samplesof culturemediumimmediately after thesampling
and centrifuged at 2000 x g for 15 min. The absorbance of the clear
supernatant produced wasthenread at 320 nm (theabsorbance peak
of PCP at the cultivation conditions) vs. adistilled water blank in
1 cm cells with a UV-visible spectrophotometer (UV-1601 PC
Shimadzu) to cal culatede PCP content (Saber and Crawford, 1985).
Inexperimentsinwhich sodium azidewasadded, correctionfor the
azide absorption wasmade when cal culating PCP content. Studies
not described here, indicated less than 2% adsorption of PCP to
microbial cells(Saber and Crawford, 1985). Whenthe PCP content
of the500 mg-1-* PCP-M Shatch Erlenmeyer flask decreasedto 1 to
2 mg-1, 45 ml of the spent medium was removed from the flask
leaving only 5 ml asinoculum. Additional PCP-M S medium was
added to bring the PCP content of the medium back up to 50 to 100
mg-1. Thiswas called the replenishments medium method. The
procedure was repeated throughout and this PCP-MS batch
Erlenmeyer flask mediumwasused asinoculumfor al experiments
with phenol and chlorophenol sduetotherequirement for induction
of the degradative enzymes (Shaw et a., 1997).

Flasks with media containing other chlorophenols or phenol
were prepared with the same media and treatment as the PCP-MS
batch Erlenmeyer flask plusthe corresponding concentration of the
compound being studied for degradation. The concentration of
each compound was measured spectrophotometrically at itscorre-
sponding absorbance peaks: Phenol, 269 nm; 2,4,6 TCP, 312 nm;
2,3,5,6 TeCP,308nm; 2,4,5TCP, 310nm(Drahonovsky and V acek,
1971). Phenol and chlorophenol scontent weredetermined spectro-
photometrically and compared with an standard curve (PCPAbs,,,
=1 correspond to 50 mg-1**; Phenol Abs, =1 correspond to 71
mg-1"; 2,4,6 TCP A_ =1 correspond to 50 mg-1*; 2,3,5,6 TeCP
Abs, =1 correspond to 43 mg-1"* and 2,4,5 TCP Abs, =1 corre-
spondto125mg-1%). Theflaskswerekeptat 25°Cinthedark toavoid
photo-decomposition of PCP. |neach experiment an uninoculated
flask was run as control for PCP volatilisation (Radehaus and
Schmidt, 1992). All yield measurements were done twice in
duplicate. Resultsare means = SD (n = 3).

Isolation of pure colonies

Portions from PCP-MS batch Erlenmeyer flask medium were
removed during PCP decreasing, diluted and surface plated on LB
(Luria-Bertani) broth containing25mg: 1"t PCPsolidifiedwith 1.5%
agar. Each colony wastransferred four to seventimeson LB broth
containing 25 mg-1-* PCP solidified with 1.5% agar and inocul ated
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into standard test tubes (18 by 150 mm) with 2 ml D-glucose low
buffer PCP medium. This medium contained 50 mg:1-* PCP, 1%
(w/v) D-glucoseand 20 mg-1-*bromothymol blue. Thestandardtest
tubeswith 2ml D-glucoselow buffer PCP mediumwereplaced on
ashaker (120 r-min*) on aslant for aeration and wereincubated for
one week at 25°C. An uninoculated tube, a tube inoculated with
E. coli 251:199 and another with P. fluorescens 184 served as
controls. Colonieswhose colour turned yellow dueto HCI release
wererestreaked onto 1.5 % PCP-M Sagar medium. Theplateswere
incubated at 25°C and tested for PCP degrading capability in PCP-
MS batch cultures and for culture purity. Examination of PCP
mineralisation abilitiesserved to narrow thenumber of strainsto be
used in further studies.

Theisolated strainswereinoculated in M S sol ution containing
1%glucose, 100mg-1* PCPand 15%glycerol, maintainedinadeep
freeze (-80°C) and subcultured in PCP-MS medium for each
experiment. Acclimated cellsin PCP-M Sliquid medium containing
25 to 500 mg-1"* PCP were used as the inoculum for all PCP
degradationexperiments. All batch cultureexperimentswerecarried
out in 250 ml Erlenmeyer flasks filled with 50 ml of PCP-MS
medium, attached toashaker (120r-min?) at 25°C (Leeetal ., 1998).

Theeffectsof glucoseadditionson PCPdegradationwastested.
The mineralisation of PCP was monitored by measuring the
absorbance at 320 nm, and D-glucose by Glicemia enziméatica
(Wiener Laboratories S.A.l.C. Argentina) in a PCP-glucose batch
culture. D-glucose was used at a concentration of 0.5 and 1%
(w/v). Cell growthwasmeasured asCFU/ml (colony forming units
per ml) and absorbanceat 600 nm. Whenthe PCP content of the PCP-
M Shbatch Erlenmeyer flask decreased to 1to 2 mg-1-, 45 ml of the
spent medium was removed from the flask, leaving only 5 ml as
inoculum, and additional PCP-M S medium without glucose was
added to restore the PCP content of the medium to 50 to 100 mg-1-.
After a period of time, replenishments were done with PCP-MS
medium plusglucosein the sameway asmentioned inthe previous
section. Another assay was done with hexadecane (1%
v/v)inthe250ml PCP-M Sbatch Erlenmeyer flask. Theflaskswere
keptinthedark to avoid photo-decomposition of PCPand uninocu-
lated flasks were run in each experiment as controls for PCP
volatilisation (Radehausand Schmidt, 1992). All yield measurements
were donetwicein duplicate. Resultsare means £ SD (n = 3).

Effect of azide

One set of PCP-MS flasks containing 40 mg-1* of PCP was
inoculated with the mixed cultureand incubated for 24 h beforethe
addition of 0.02 % (w/v) sodium azide. Another set of flasks
contained PCP, mixed culture and azide from the start while others
contained PCP pluscellswithout azide. Control flasks contained
azide plus PCPwithout cells. Anuninoculated flask without azide
wereused ascontrol for PCPvolatilisation. All yield measurements
were done twicein duplicate. Resultsare means+ SD (n = 3).

Preliminary identification

Colony morphology was tested and the fatty acid methyl esters
(FAMEX) were analysed by gas chromatography (Model 5890 A.
Hewlett-Packard) with amethyl phenyl siliconefused silicacapil-
lary column (Hp 19091 B-102). The FAME profile was obtained
by microbial identification system software (Microbia 1D, DE,
USA). Resultswithsimilarity indicesserved asthemeasure of how
well thestrainmatched aspecificlibrary entry. Similarity indicesare
in Euclidean Distance and to interpret Euclidean Distance, the
following guidelineswere used:
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e 0.5000r higher - excellent match to subspecies/pathovar level

e 0.200 to 0.500 - good match to species level, pathovar or
subspecies may not bereliable.

* 0.000 to 0.200 - good match to genus, speciesis not reliable.

Specific rate of PCP degradation

In order to know how mg-1-* of PCP was degraded for each CFU,
the specific rate of PCP degradation was calculated as:

(OPCP/ot)

CFU
where:
PCP isthe concentration of PCPin mg-1-
CFU (colony forming units per ml)
tistimeinh.

Chloride estimation

Chloride in culture filtrates was determined by 4500-Cl- B
argentometric method of the Sandard Methods (Franson, 1988).
Values shown for PCP and chloride concentrations are the means
of duplicate determinations.

Results and discussion
Mixed culture experiments

A PCP-degrading population was initially established in media
containing from 65 to 85 mg-1 * PCP as sole source of carbon and
energy (Fig. 1). Dueto thelow biomass resulting from growth on
PCP as sole carbon source (Fig. 9), PCP degradation was assessed
by measuring the loss of absorbance at 320 nm, rather than by an
increase in cell density. The mixed culture isolated from soil is
capableof degrading PCP at different ratesaccording toincreasing
concentration (upto500mg- 1) (Fig.10). Fromthismixedpopulation,
wehaverecently i solated onestrain capabl eof degrading superhigh
concentrations of PCP (up to 5 000 mg-1-%), higher than in any
previousreports (datawill be provided inanext edition). Also, the
mixed population is capable of degrading repeatedly PCPin batch
cultures, even after several medium replenishments (Fig. 1). This
strongly suggests the complete degradation of PCP without the
accumulation of inhibitory or toxic metabolites for this micro-
organisms. Thisisconsideredtobeavery importantissuetotakeinto
account in reactor processes. The same cultureis also capable of
degrading repeatedly 2,3,5,6 tetrachlorophenol (2,3,5,6 TCP) after
several mediumreplenishments, but not 2,4,5trichlorophenol (2,4,5,
TCP) (Fig. 2).

Themixed popul ationiscapabl e of degrading phenol solutions
of upto 250mg-1-*and 2,4,6trichlorophenoal (Fig. 7). Althoughthe
toxicity of chlorinated phenolstendsto increase with the degree of
chlorination, theresultswith2,4,5TCParenot surprisingeither, since
chlorophenolshaving 2,4- or 2,6 chloro-substitution patternswere
better substratesthan 3,5-substituted chlorophenols. Similar patterns
of chlorophenol degradationinwhich preferred degradation occurs
for 2,6-substituted phenol s have been observed with cells of strain
KC-3(ChuandKirsch, 1973) and Flavobacteriumsp. ATCC 39723
(Steiert et al. 1987), and with cell extracts from Arthrobacter sp.
ATCC 33790 (Schenk et a., 1989). Theobservationthat 2,4-DCP
is degraded by strain SR3 but not by Flavobacterium sp. ATCC
39723cells(Steiertetal. 1987) or Arthrobacter sp. ATCC 33790cell
extracts (Schenk et al. 1989), may indicate differencesin substrate
specificity, toxicity, or transport among these strains (Resnick and

Available on website http://www.wr c.org.za

--@-- eCP
BB —
04t * toe ]
F\ :\\ I| "n 4
va"_,_,/v—v—;/l\,/v—v\,_,/v—&_,/v—#‘-/v\l/v ]
- \ N Ll
EFN L., AT
< ' - . . Vo
< ° ! . .. Ly
02 | ' ' Y oy a9 3
\ ! N ' \ ' \
\ : ® ' ‘v ' \
N ‘. , ‘o ! “ ' \
i ' ! W S
0.1 \ ! ‘o ; ' -
L \ ' N N \
\ ' N “u \\
o0 ® Py °
ol o v v 1 Y
0 20 40 60 80 100
Time (h)
Figure 1

PCP degradation by the enriched mixed culture after several

media replenishments (PCPAbs,, =1 correspond to 50 mg-I%).

Replenishments were made at each peak.
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Figure 2
2,3,5,6 TeCP degradation and persistence of 2,4,5, TCP.
Absorbance was recorded at their respective peaks (2,4,5 TCP,
OD,,, ., and 2,3,5,6 TeCP, OD, . ). 2,3,5,6 TeCP Abs, =1
correspond to 43 mg-I* and 2,4,5 TCP Abs, =1 correspond to
125 mg-I*. Symbols: v, 2,4,5, TCP concentration; ® |, 2,3,5,6
TeCP concentration. Replenishments were made at each peak.

—_&— Cell (CFU/m)) | | 00— RATE (mg PCP/h.CFU) |

LA B B B B BN LR B 6
510° [ 355
; 15 2
= r =
E 4510° 345 T
5 r 3
TR «Q
S N 14 ©
5 410° | o]
o r 435 =
L (@]
L 1 m
3510° |- 43 &
C J25
3106—2
92 93 94 95 96 97 98 99 100
PCP (mg/l)
Figure 3
Decrease of specific degradation rate with increasing
concentrations of PCP.
Symbols: ¢, CFU/mI (CFU: colony forming units);
[, Specific degradation rate.
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Indication that PCP degradation proceeds only with viable cells
(PCPADs,, =1 correspond to 50 mg-I*). The arrow indicates the
time of addtion of azide to flask 2.

[ [

T T I

PCP+1% Glucose
= —O— Strain B
E — & -StrainH
o
N ——
<
<

100 150 200 250 300
Time (h)
Figure 5
Effect of addtion of glucose on the degradation of PCP.

(PCPADs,, =1 correspond to 50 mg-I*). The arrows indicate the

time of addition of the indicated carbon sources.
Dashed lines correspond to strain H, continuous lines correspond
to strain B.
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Figure 6
Effect of the addition of glucose on the growth of strains B and H
in the presence of PCP. The arrows indicate the time ofaddition
of the indicated carbon sources. Dashed lines correspond to
strain H, continuous lines correspond to strain B.
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Figure 7
Phenol and 2,4,6 TCP degradation by the mixed culture.
Continuous lines correspond to phenol concentrations measured
at 286 nm (Phenol Abs,,=1 correspond to 71 mg-I*) and
dashed lines correspond to 2,4,6 TCP concentrations measured
at 312 nm (2,4,6 TCP A, ,=1 correspond to 50 mg-I'") in batch
MS medium.

Chapman, 1994). Steiert et al. (1988) showed that for a Flavobac-
terium sp. the 3,4,5 TCP acts as an uncoupler of the oxidative
phosphorylation, in the same way that PCP uncouples the same
processin E. cali.

Approximately 49% (245 mg-1) of the influent PCP was
removed 48 hafter PCPwasadded tothe PCP-M Shatch Erlenmeyer
flasks supplemented with 0.5% (w/v) glucose (Fig. 9), 22.8%
(124 mg- 1Y) wasremoved from flaskssupplemented with PCP-M S
and hexadecane (1%), and PCP concentration decreased 10%
(50 mg-1'Y) in MS flasks with PCP as sole source of carbon and
energy. Theinteresting aspect of thesetestsisthe fact that hexa-
decaneisapersistent contaminant of the environment.

Therational ebehindtheseexperiencesistoeva uatethedegrad-
ability of lower chlorinated phenol s, becausethesecontaminantsmay
appear as by-products of the production of PCP (Middaugh et al.,
1993). Usingtheseasco-substratesin thefield might be beneficial
toincreasetherateof PCPdegradation, givingthePCPdegradersan
advantageover thenativeflora, whichtol eratethe phenol sbut donot
degradeit. Thisisanapproachthat differsfromtheclassical use of
readily degradable co-substrates such as glucose or carbohydrate-
rich residues (Papanastasiou, 1982; Rozich and Colvin, 1986;
Premalathaand Rajakumar, 1994 and Toppetal., 1988; Hendriksen
etal., 1992).

Theinhibitory effect of PCPisknown, even to those microor-
ganisms capable of degrading it (Ruckdeschel et al., 1987). We
testedtheinhibitory effect measuringtheviablecell concentrationas
CFU/ml (Colony Forming Units per ml) after two hours of
inocul ating PCPto amixed culturemediumandrecording therateof
PCPdisappearance (absorbanceat 320 nm), sinceit hasbeen shown
that after PCP inoculation, the cultures may experience a severe
decreaseinviability (Gonzél ez, 1995). Thespecificdegradationrate
decreased withintherange of concentrationsstudied (Fig. 3). This
isin agreement with results of previous studies (Gonzal ez and Hu,
1995; Shaw et al., 1997).

Wehaveal so shown that the degradation of PCP proceedsonly
withviablecellsinthefollowing experiment with flaskscontaining
about 40 mg-1-* of PCP and sodium azide. The results shown in
Fig. 4 indicate that both flasks with PCP and the enriched culture
degraded initially the PCP, that the degradation of PCP in the
second flask stopped the moment when azidewas added (indicated
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Release of inorganic chloride during growth of mixed population

on 100 mg- I+ PCP (PCPAbs,, =1 correspond to 50 mg-I).
Symbols: ¢, PCP concentration; [J, chloride concentration.
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Figure 9

Effect of addition of 0.5 % (w/v) glucose and 1 % (v/v)
hexadecane on degradation of PCP by mixed culture. PCP

concentration was measured at 320 nm (PCPAbs,, =1
correspond to 50 mg-I*) and biomass at 600 nm. Symbols:

Glucose assay: ¢ ,PCP concentration and =, biomass;
hexadecane assay: 4, PCP concentration and X, biomass;

assay with PCP as sole source of carbon and energy: O, PCP
concentration and <>, biomass.

by an arrow in thefigure), and that the two flasks containing azide
from the start did not show any PCP degradation. Thisistaken as
anindicationthat the biodegradation of PCPproceedshiologically.
Inan additional check, the PCP degrading culturewascultivatedin
“low buffer” mediumand bromothymol blueasindicator. Ascontrol
flasksP. fluorescens184 and E. coli 251: 199 werecultivatedinthe
same medium. Only the tubes with the PCP degrading culture
colouredthemediumyellow (duetotherel easeof Cl-from PCPand
the consequent formation of HCI), while the others remained
unchanged. An additional check for the degradation of PCP was
made. The changeinthe chlorideion concentration (Fig. 8) flasks
containing MS medium plus 100 mgPCP 17, inoculated with the
mixed culture for one week until complete disappearance of the
absorbancepeak at 320 nm, weremeasured. TheincreaseinCl-ion
concentrationinthemedium represented 100% of the Cl- liberated
by complete degradation of the PCP.
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Figure 10
PCP removal at different concentration in PCP-MS batch
Erlenmeyer flasks by mixed population. PCP as sole source of
carbon and energy. PCP concentration was measured at 320
nm (PCPAbs,, =1 correspond to 50 mg-I*). PCP concentration:

320"

¢, 20mg-I-*; [, 50 mg-1*; O, 100 mg-1 *and =, 500 mg-/ *

Pure culture experiments

Severd strainswereisol ated fromthemixed culturementionedinthe
previous section, but only a minor fraction proved to be PCP
degraders. Thosecapableof degradingthePCPwerere-testedintheir
specific PCPconsumptionrateasdescribed previously. Twoof these
strains were selected for further experiments. We evaluated the
growth and degradation capacity of twostrains, coded H and B, with
PCPin presence and absence of glucose.

Theresultsaresummarisedin Figs. 5and 6, whereit canbeseen
their different behaviour specialy after having grown in glucose:
although both were isolated from plates with PCP as the only
carbon source, the PCP degrading ability of strain B is at least
severely impaired when re-grown in medium containing only PCP.
Such capability iseasily recovered by strain B with the addition of
PCPplusglucose. Incontrast, strain H iscapable of degrading and
growinginthepresenceof PCPalone. Thatis, strain B seemstobe
dependent on an ancillary carbon source to keep its degrading
capacity. Thisisconsistent with other observationsin which PCP
degradation ratesin several effluents and soils correlated with the
organic matter content (Rozich and Colvin, 1986; Topp et al.,
1988; Gonzélez and Hu, 1991; McAllister et a., 1996).

Preliminary strain identification

By means of gas-chromatography analysis of the cell membrane
lipids, strain H has been preliminary identified as Pseudomonas
aeruginosa and strain B as Alcaligenes or Bordetella. StrainB is
possibly anovel PCPdegrader. Confirmatory experimentswill need
to be carried out using molecular biology techniques.

Conclusions

Our study showed that it ispossibletoisolateand enrich microbial
consortiacapableof degrading hexadecane, phenol, pentachl oroph-
enol and lower chlorinated phenols. The above results suggest the
feasibility of the useof toxic chemicalsasphenols, hexadecaneand
other chlorophenols as co-substrates in field decontamination
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processes. This is the first report to mention the concomitant
degradation of PCPand hexadecane by amixed population. Results
suggest that PCP degradation by mixed populationisnot subject to
glucose or hexadecane repression. When supplemented with glu-
cose, in contrast to Shaw et a (1997), our results showed that
Pseudomonasaer uginosa and the possiblenovel Achromobacter or
Bordetella sp. grew during and subsequent to PCP degradation.

Thepersistence(probably duetoitstoxicity tothedegraders) of
oneisomer 2,4,5 TCP hasbeen demonstrated asin other reports as
well (Leeetal.,1998). Work performed onthetoxicwastecomponent
phenol showedthat, even after extensiveacclimation, heterogeneous
populations demonstrated inhibitory growth kinetics with further
increases in substrate concentration (Rozich and Colvin, 1986).
Becauseof theseradically different growthratecharacteristics, itis
prudent to determineif someform of substrateinteraction could be
expected when toxic and nontoxic carbon sources are concurrently
availabletomicrobial populations. Theisolationof purestrainsfrom
suchaconsortium hasal sobeenachieved, itsPCPdegradation ability
confirmed, and the different effects of glucose on their degrading
capacity havebeen shown. Preliminary identification of thesestrains
has been carried out and further work continues on their
characterisation. More research is necessary to understand the
fundamental mechanisms of enhancement and inhibition in the
microbial degradation of superhigh concentration of toxiccompounds.
However, thismicro-organism could beused very effectively forin
situbioremediationinanenvironmentwhichishighly contaminated
with PCP, other chlorinated phenols and hexadecane. Since
P. aeruginosa isan opportunistic pathogen, the characterisation of
the appropiate genes to construct improved strains with enhanced
degradation ability will needto becarried out.
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