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Rates of polycyclic aromatic hydrocarbon (PAH) degradation and mineralization were influenced by
preexposure to alternate PAHs and a monoaromatic hydrocarbon at relatively high (100 ppm) concentrations
in organic-rich aerobic marine sediments. Prior exposure to three PAHs and benzene resulted in enhanced
['4C]naphthalene mineralization, while ['4C]anthracene mineralization was stimulated only by benzene and
anthracene preexposure. Preexposure of sediment slurries to phenanthrene stimulated the initial degradation
of anthracene. Prior exposure to naphthalene stimulated the initial degradation of phenanthrene but had no

effect on either the initial degradation or mineralization of anthracene. For those compounds which stimulated
['4C]anthracene or ['4C]naphthalene mineralization, longer preexposures (2 weeks) to alternative aromatic
hydrocarbons resulted in an even greater stimulation response. Enrichment with individual PAHs followed by
subsequent incubation with one or two PAHs showed no alteration in degradation patterns due to the
simultaneous presence of PAHs. The evidence suggests that exposure of marine sediments to a particular PAH
or benzene results in the enhanced ability of these sediments to subsequently degrade that PAH as well as

certain other PAHs. The enhanced degradation of a particular PAH after sediments have been exposed to it
may result from the selection and proliferation of specific microbial populations capable of degrading it. The
enhanced degradation of other PAHs after exposure to a single PAH suggests that the populations selected have
either broad specificity for PAHs, common pathways of PAH degradation, or both.

The microbiota of marine and freshwater sediments, in-
cluding those from relatively contaminant-free environ-
ments, have the demonstrated ability to degrade and miner-
alize a suite of petroleum hydrocarbons (3, 22, 37, 38). A
variety of factors affect rates of hydrocarbon degradation,
including physicochemical variables such as salinity and
temperature (2, 35, 38), the oxidation state of the sediment
(17), nutrients (1, 2), and the degree of acclimation which a
microbial population has attained through prior exposure to
a particular hydrocarbon or xenobiotic compound (34, 35).
This final factor has itself been shown to be highly variable
both by the compound concentration and by the duration of
any previous exposure of a sediment microbial consortium
to a particular hydrocarbon (7, 33).

Polycyclic aromatic hydrocarbons (PAHs) represent a
unique class of petroleum hydrocarbon because of their
pyrogenic nature and the complexity of the assemblages in
which they occur (16, 31). It has been well documented that
procaryotic dioxygenase is induced in direct response to
PAH exposure (11, 13, 15). Induction of this system results
in the cis-hydroxylation of the aromatic ring, with subse-
quent ring cleavage and degradation of cleavage produces to
CO, (mineralization).

It is not known whether a unique oxygenase system is
induced for initial hydroxylation and cleavage of each indi-
vidual PAH and its metabolic intermediates or if a general
system suffices to initiate ring cleavage of more than one
PAH. However, because of the structural similarity of many
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PAHs and their metabolic intermediates, it could be ex-
pected that functionally similar oxygenases or degradation
pathways exist across a range of microorganisms capable of
degrading one or more individual PAHs. Indeed, it has been
suggested that the more similar PAHs are structurally, the
more likely it is that their oxygenases are also similar (32).
Studies by Evans et al. (15) have confirmed that the PAHs
naphthalene and anthracene have several identical metabo-
lites which are not shared with phenanthrene. Davies and
Evans (13) demonstrated that the ring fission enzyme(s)
prepared from cells grown on benzoate, naphthalene, an-
thracene, or phenanthrene could oxidatively disrupt (cleave)
the dihydroxy derivatives of these compounds and suggested
that all of the ring cleavage steps may be performed by the
same enzyme.
The results of several studies indicate that acclimation of

natural microbial assemblages to PAHs and other xenobiotic
compounds may select for subpopulations capable of de-
grading the enriching compound (7, 19, 20, 34, 35, 40).
However, the subsequent degradation of parent compound
analogs such as those which might be expected to occur in
complex mixtures has not been well studied in environmen-
tal samples. To our knowledge, few previous studies have
examined cross-acclimation of PAHs (i.e., acclimating a
microbial assemblage to one particular PAH and determining
the degradation of another PAH) in natural microbial popu-
lations. However, results of laboratory studies (5, 15, 16, 28)
suggest that either (i) certain PAHs are more effective in
induLcing a single oxygenase system, (ii) more than one
oxygenase system exists in individual species of bacteria and
each system has a limited ability to act on a variety of PAHs,
or (iii) multiple oxygenase systems exist and each is variably
indtuced by different PAHs.
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The present study examined interactions between three
model PAHs (naphthalene, anthracene, and phenanthrene),
a monoaromatic hydrocarbon (benzene), and glucose that
could potentially affect the degradation of the individual
PAH compounds by enrichments of natural marine sedimen-
tary bacteria. Specifically, we determined rates of initial
PAH degradation and mineralization in intertidal marine
sediment slurries as a function of (i) prior exposure to
alternate PAHs, benzene, and glucose and (ii) simultaneous
incubation of a PAH with one or more additional PAHs. By
viewing such interactions as first-order approximations of
complex mixtures, more realistic estimates of the degrada-
tion of petroleum hydrocarbons, particularly PAHs, in sed-
imentary marine environments may be possible.

MATERIALS AND METHODS
All sediments were obtained from Flax Pond salt marsh,

Long Island, New York, during the months of March and
April, when ambient sediment temperature ranged from 8 to
12°C. The physical, chemical, and sedimentological charac-
teristics of this system have been described previously (41).
Prior analyses of sediments from Flax Pond have shown
them to be devoid of hydrocarbon and PAH contamination,
and neither anthracene nor naphthalene was ever detected
(J. E. Bauer, unpublished data). Sediments for all experi-
ments were collected from 0 to 1 cm of depth with a sterile
spatula and glass beaker.

Cross-acclimation. Batch enrichments (200 ml) were pre-
pared by diluting sediments 1:1 (by weight) with filtered
(0.2-p.m pore size) Flax Pond seawater (salinity, -22%Yo).
Slurries were maintained in clean flasks (250 ml) which were
placed on an orbital shaker and incubated at 23°C. Immedi-
ately following their preparation, sediment slurries were
amended with either acetone carrier (for controls) or 100
ppm (p.g/ml of slurry) of benzene, naphthalene, anthracene,
phenanthrene (Kodak Chemicals, Rochester, N.Y.), or glu-
cose (Sigma Chemical Co., St. Louis, Mo.). Glucose was
prepared in filtered (0.2 VLm) seawater and was used here as
a natural carbon source enrichment. The concentrations of
individual aromatic compounds used are representative of
those levels found in sediments which have been influenced
by heavy burdens of hydrocarbons in the form of petro-
leum (24, 29; J. E. Bauer, M. C. Prieto, and D. W. Rice,
unpublished data). The volume of acetone added to slurries
was 1 to 2 p.l/ml of slurry and was previously determined not
to affect such microbial activities as thymidine incorporation
and glucose metabolism (6). After addition of acetone or one
of the compounds, flasks were sealed with recessed no. 6
butyl rubber stoppers (Thomas Scientific, Philadelphia, Pa.).
To ensure that aerobic conditions were maintained, each
flask was purged daily by passing purified air through the
headspace for 5 min via inlet and outlet needles (18 gauge;
Becton Dickenson, Rutherford, N.J.) attached to Tygon
tubing.
At 7 and 14 days after enrichment, triplicate subsamples (5

ml) of each treatment were withdrawn from the flasks with
sterile glass pipettes and dispensed into clean 20-mI incuba-
tion vials. Each subsample then received 100 ppm [1,(4,5,8)-
14Clnaphthalene (5 mCi/mmol) or [9-'4C]anthracene (15.1
mCi/mmol) (Amersham Corp., Arlington Heights, Ill.) and
was incubated on an orbital shaker. The total activities of the
isotopes were 0.05 to 0.1 pCi per sample. Autoclaved
controls were run in parallel with live samples to account for
substrate volatilization.
The 14CO, produced from PAH mineralization was gener-

ally monitored at 2-day intervals for 12 to 14 days. The vial

headspace was purged with air for 10 min, and the effluent
gas was passed through 10 ml of 14C-Oxosol (National
Diagnostics, Highland Park, N.J.). The trapping efficiency of
"CO, was 85%. The activity of the trapped 14CO2 was then
determined by liquid scintillation counting. Sample quench
was corrected by the external standard/channels ratio meth-
od. The initial rate of substrate mineralization was deter-
mined by linear regression of the amount (percent) mineral-
ized against time, from time zero through the third sampling.
In all but one case, regression coefficients (p-2) were >0.90.
The rates determined in this manner are conservative but are
a close approximation of the instantaneous rates of initial
mineralization. Mean rates and amounts of [14C]anthracene
or ['4C]naphthalene mineralization in treatment slurries
were compared with those of control slurries by Student's t
test.
The initial degradation (i.e., ring alteration) of anthracene

and phenanthrene was examined by using homogeneous
batch enrichments which had received one of the three
PAHs (naphthalene, anthracene, or phenanthrene), dispens-
ing 5-ml samples of the slurries after 7 or 14 days and
reamending these with 100 ppm of the desired PAH (no
[14C]PAH). Degradation of PAHs was determined by sample
extraction followed by high-pressure liquid chromatography
(HPLC) analysis (see below).
PAH coincubations. To investigate the response of the

degradation of a specific PAH to the simultaneous presence
of additional PAHs, replicate batch enrichments were pre-
pared as above. Slurries were enriched with one of the PAHs
(100 ppm) and allowed to acclimate for 7 (naphthalene and
phenanthrene) or 14 (anthracene) days. Measurement of
sediment extracts by HPLC revealed that residual concen-
trations of the parent PAHs were undetectable after the
corresponding acclimation periods. Following acclimation,
subsamples (5 ml) were dispensed homogeneously into incu-
bation vials and amended with the initial-enrichment PAH
(100 ppm) and with or without one additional PAH (100
ppm).
At selected intervals, three of the subsamples from each

treatment were sacrificed by addition of 5 ml of acetonitrile
(Burdick and Jackson Laboratories, Muskegon, Mich.). The
subsamples derived from each treatment flask were num-
bered, and triplicate samples were selected by using a
random-number table (without replacement). After addition
of the acetonitrile, subsamples were extracted overnight at
room temperature (23°C) on an orbital shaker. Following
extraction, the samples were centrifuged to eliminate sus-
pended solids, and the supernatant was decanted and diluted
1:1 with distilled water. Sample clean-up was performed by
passing the diluted supernatant through a C1l reverse-phase
column (Sep-Pak; Waters, Inc., Bedford, Mass.). Samples
were then reeluted with 3 ml of methylene chloride (Baker
Chemical Co., Inc., Phillipsburg, N.J.) into clean, Teflon-
sealed storage vials.
Sample analysis was performed by HPLC. A subsample of

each extract (25 to 100 plI) was injected onto a 15-cm Cl1
reverse-phase column (5 p.m Adsorbosphere; Alltech Asso-
ciates, Inc., Deerfield, Ill.). Flow rate was 2 ml/min with a 1:
1 isocratic mixture of acetonitrile and water (both fiom
Burdick and Jackson Laboratories) and two model 6000
solvent pumps (Waters, Inc.). The PAHs were detected by
both UV and fluorescence spectrometry. Extraction effi-
ciencies of naphthalene, anthracene, and phenanthrene were
determined by injecting known quantities of standard solu-
tions into autoclaved subsamples and extracting and analyz-
ing as above. Efficiencies were -90% for anthracene and
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TABLE 1. Mean initial rates and final amounts of ["4C]anthracene (A) and ['4C]naphthalene (N) mineralization
after exposure to 100 ppm of aromnatic hydrocarbons or glucose for 7 or 14 days"

Rate Amount

Treatment Compound % per day T:C % T:C
mineralized

7 days 14 days days days 7 days 14 days days days

Control A 0.02 (0.003) 0.07 (0.02) 1.0 1.0 0.21 (0.002) 1.32 (1.23) 1.0 1.0
Glucose A 0.04 (0.004) 0.05 (0.002) 2.0 0.7 0.56 (0.06)* 0.42 (0.17) 2.7 0.3
Anthracene A 0.03 (0.003) 1.60 (0.20)** 1.5 22.9 0.66 (0.13)* 9.62 (1.34)* 3.1 7.3
Benzene A 0.30 (0.003)* 0.66 (0.09)* 1.5 9.4 3.97 (0.02)*** 7.56 (0.66)* 18.9 5.7
Naphthalene A 0.03 (0.001) 0.04 (0.004) 1.5 0.6 0.50 (0.07)* 0.24 (0.01) 2.4 0.2
Phenanthrene A 0.02 (0.001) 0.07 (0.007) 1.0 1.0 4.62 (0.94)* 0.71 (0.02) 22.0 0.5
Control N 1.87 (1.51) 0.70 (0.37) 1.0 1.0 18.04 (8.29) 8.29 (0.61) 1.0 1.0
Glucose N 0.07 (0.004) 0.13 (0.03) 0.04 0.2 16.48 (0.68) 9.74 (7.37) 0.9 1.2
Anthracene N 0.02 8.99 (0.03)** - 12.8 5.33b 48.71 (0.57)*** 3.0 5.9
Benzene N 8.43 (0.30)* 10.63 (0.28)** 4.5 15.2 46.79 (1.82)* 54.48 (0.74)*** 2.6 6.6
Naphthalene N 11.70 (0.51)* 8.46 (0.36)** 6.3 12.1 56.75 (0)* 47.71 (0.34)*** 3.2 5.8
Phenanthrene N 0.09 (0.01) 6.70 (0.17)** 0.05 9.6 8.86 (0.41) 40.16 (1.34)** 0.5 4.8

"All percent values are means (standard deviation) for three replicates. For percent per day or percent, values represent rate or total amount of mineralization
as a percentage of initially added [l4C]anthracene or l4CJnaphthalene. T:C. Treatment value divided by control value. Significance versus control: *, P - .05;
*, P s .01; ***, P ' 0.001 by Student's t test.

b Single replicate values.
' -, P < 0.01.

phenanthrene and .75% for naphthalene. Response factors
were determined by HPLC analysis of standard solutions of
the three PAHs. Detection limits for all three PAHs were
about 10 ng/ml of sediment.

RESULTS

Cross-acclimation. Aerobic sediment slurries which were
preexposed to 100 ppm of various aromatic compounds or
glucose for 7 or 14 days revealed different degrees of
enhancement for [14C]anthracene and [14C]naphthalene min-
eralization (Table 1). A representative time series of naph-
thalene mineralization after exposure to these compounds
for 14 days is shown in Fig. 1. None of the treatments
significantly inhibited [14C]anthracene or [14C]naphthalene
mineralization. Glucose addition (100 ppm) had little or no
effect on either labeled anthracene or naphthalene mineral-
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FIG. 1. Representative time series of mineralization of ["4C]

naphathalene after exposure to 100 ppm of the indicated compounds
for 14 days. Symbols: C, autoclaved control; G, glucose; B. ben-
zene; A, anthracene; N, naphthalene; P, phenanthrene.

ization relative to untreated controls after exposures of 7 or
14 days.

Slurries preexposed to 100 ppm of anthracene for 7 days
exhibited a small increase over controls in the initial rate and
final amount (P < 0.05) of [14C]anthracene mineralization
(Table 1). Benzene enrichment for 7 days resulted in the
greatest stimulation of both initial rates (P . 0.05) and final
amounts (P < 0.001) or [14C]anthracene mineralization of all
the compounds tested. While the initial rate of [14C]anthra-
cene mineralization was not stimulated after exposure to
naphthalene or phenanthrene for 7 days, the final amount
mineralized was significantly stimulated (both, P . 0.05).
This was the result of a "secondary stimulation" of [14C]
anthracene mineralization after 5 to 7 days of incubation
with each of these PAHs relative to controls.
Benzene also stimulated the initial rate (P c 0.05) and total

amount (P < 0.05) of [14C]anthracene mineralized after
exposure for 14 days (Table 1). However, anthracene stim-
ulated [14C]anthracene mineralization to a greater extent
than benzene after this 14-day acclimation period. Neither
phenanthrene nor naphthalene stimulated [14C]anthracene
mineralization after 14 days, suggesting that both the specific
compound and the time of preexposure may influence com-
pound cross-acclimation.
The initial rates and final amounts of [14C]naphthalene

mineralization were stimulated by both benzene and naph-
thalene exposure for 7 days (all, P < 0.05, Table 1). After 14
days, all of the aromatic hydrocarbons greatly stimulated the
initial rate and final amount of [14C]naphthalene mineralized.
The order of this enhancement was benzene > anthracene >
naphthalene > phenanthrene.
The possibility existed that only the initial degradation (as

opposed to mineralization) of anthracene was affected by
preexposure to other aromatic compounds. In this event, the
initial steps of a catabolic sequence would be stimulated
while the latter stages (i.e., mineralization) would proceed at
normal (control) rates. The HPLC analysis of extracts of
anthracene and phenanthrene was performed over a period
of 10 days to determine whether anthracene and phenan-
threne utilization was stimulated by other aromatic hydro-
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FIG. 2. Degradation of anthracene in aerobic salt-marsh sedi-
ment slurries after exposure to 100 ppm of naphthalene (N) for 7
days, anthracene (A) for 14 days, or phenanthrene (P) for 7 days.
Controls (C) consisted of autoclaved sediments. The notations 1 and
2 refer to the initial batch from which each treatment was started.
Values are for three replicates. Vertical bars indicate +1 SD.

carbons. Similar experiments were not performed with naph-
thalene, since preexposure to all aromatic hydrocarbons
stimulated mineralization and hence naphthalene utilization.
Time courses of anthracene (100 ppm) disappearance

under the various treatments are illustrated in Fig. 2. Control
slurries (no pretreatment) degraded anthracene at rates of
0.1 to 0.2% per h. Naphthalene pretreatment resulted in
anthracene being transformed at rates identical to those in
the controls (0.2% per h). Preexposure to 100 ppm of
phenanthrene resulted in slurries that degraded anthracene
at rates (2.6% per h) intermediate between those of controls
and slurries pretreated with 100 ppm of anthracene (5.1% per
h).
For comparison, a similar series of phenanthrene extrac-

tions after the same preexposures was performed (Fig. 3). In
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FIG. 3. Degradation of phenanthrene in aerobic salt marsh sed-

iment slurries after exposure to 100 ppm of anthracene (A) for 14
days, naphthalene (N) for 7 days, or phenanthrene (P) for 7 days. C.
controls. Three replicates. Vertical bars indicate +1 SD.
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FIG. 4. Degradation of 100 ppmn of naphthalene (N) and anthra-
cene (A) in aerobic salt marsh sediment slurries after exposure to
100 ppm of naphthalene for 7 days. Unbracketed letter denotes
analyte. Bracketed letters indicate compound(s) used for redosing.
Three replicates. Vertical bars indicate +1 SD.

contrast to anthracene degradation, acclimation to naphtha-
lene, anthracene, and phenanthrene all resulted in similar
patterns of enhanced phenanthrene utilization (rates of 4.4,
5.0, and 5.3% per h, respectively).
PAH coincubations. To evaluate the effects of simulta-

neous exposure to more than one PAH on the degradation of
individual PAHs, slurries were acclimated to 100 ppm of one
of the three PAHs (naphthalene, anthracene, or phenan-
threne) and then reamended with 100 ppm of one or two of
the PAHs. Figures 4 to 6 show the results of these simulta-
neous degradation experiments.
Naphthalene was always most rapidly degraded regardless

of whether the sediment slurry was initially acclimated to
naphthalene (Fig. 4), anthracene (Fig. 5), or phenanthrene
(Fig. 6). Preferential utilization of any one PAH was not
apparent when more than one PAH was added to slurries
acclimated to a given PAH, except in the case of phenan-
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FIG. 5. Degradation of 100 ppm of naphthalene (N) and anthra-

cene (A) in aerobic salt marsh sediment slurries after exposure to
100 ppm of anthracene for 14 days. Refer to Fig. 4 legend for
explanation of key. Three replicates. Vertical bars indicate +1 SD.
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FIG. 6. Degradation of 100 ppm of naphthalene (N) and phenan-
threne (P) in aerobic salt marsh sediment slurries after exposure to
100 ppm of phenanthrene for 7 days. Refer to Fig. 4 legend for
explanation of key. Three replicates. Vertical bars indicate +±1 SD.

threne utilization during the simultaneous degradation of
naphthalene and phenanthrene (after preexposure to phe-
nanthrene). In this case, sediments acclimated to phenan-
threne subsequently degraded phenanthrene about 10%
more (P < 0.05, Student's t test) in sediment slurries
reamended only with phenanthrene compared with those
reamended with both PAHs (Fig. 6).

DISCUSSION

Several previous investigations have examined interac-
tions among organic pollutants. Torstensson et al. (36) found
that preexposure of soils to either 2,4-dichlorophenoxyacetic
acid or 2-methyl-4-chlorophenoxyacetic acid enhanced deg-
radation of both compounds upon reexposure after 1- to
8-day acclimation periods. Similarly, naphthalene and phe-
nanthrene have been found to enhance the degradation of
each other through preexposures (5, 33). The present study
found that interactions between the PAHs anthracene, naph-
thalene, phenanthrene and the monoaromatic hydrocarbon
benzene were important to the rate and total extent of
degradation of the individual PAHs.
Anthracene mineralization was consistently enhanced by

preexposure to benzene for 7 and 14 days and by itself after
14 days (Table 1). The other PAHs and glucose had little
effect regardless of the time of preincubation. The results of
HPLC analysis demonstrated that phenanthrene might mod-
erately enhance anthracene utilization. Naphthalene, how-
ever, did not enhance anthracene utilization or mineraliza-
tion but did promote phenanthrene degradation after 14 days
(Fig. 2 and 3).
The enhanced degradation of PAHs after exposure to

other aromatic hydrocarbons may be partly explained by
several potential intra- and extracellular mechanisms. First,
following exposure, microbial populations capable of rapidly
metabolizing one or more PAHs may be selected for and
subsequently proliferate. Numerous studies have reported
stimulation of PAH degradation in environments exposed to
PAH-containing petroleum mixtures, often with a concomi-
tant increase in numbers of hydrocarbon-degrading bacteria
(7, 19-22). Likewise, Wiggins et al. (40) attributed the
acclimation period preceding p-nitrophenol (PNP) mineral-

ANTHRACENE

BENZE NE
PHENANTHRENE

NAPHTHALENE

FIG. 7. Proposed interrelationships between benzene and the
PAHs used in the present study for the stimulation of degradation of
each PAH. Solid lines, Strong stimulation; stippled lines, weak
stimulation; crossed line, no stimulation.

ization to the time necessary for the multiplication of an
initially small population of active microorganisms rather
than to induction, mutation, diauxie, or the presence of
toxins. Similar results with PNP were ascribed to the initial
presence of specific microorganisms which had the ability to
degrade PNP; however, PNP-degrading bacteria could not
be isolated from samples which exhibited no degradation
(34, 35).
Naphthalene mineralization was significantly enhanced by

preexposure to all other aromatic compounds after 14 days,
suggesting either a less specific or more common degrada-
tion mechanism for this compound (Table 1). All PAHs of
greater ring number than naphthalene are degraded through
naphthalenelike intermediates. Since the catabolism of
PAHs may require induction of multiple enzyme steps, one
of these may be relatively specific for naphthalene and
compounds of similar structure (21, 22). In support of this,
studies with pure cultures have found that both parent
compounds and metabolites may induce one or more of the
enzymes necessary for a complete degradation sequence (23,
25). Furthermore, similar or identical enzymes may catalyze
the degradation of one or more compounds of similar struc-
ture (8, 12). In the mixed consortium used in the present
study, any patterns and mechanisms of enzyme induction
which may have occurred are unknown.
While the likelihood exists that specific microbial popula-

tions were selected for in response to the addition of benzene
or the three PAHs in the present study, the subsequent
enhanced degradation of other PAHs implies that (i) popu-
lations acclimated to single PAHs have the ability to degrade
a broader range of alternate PAHs and (ii) diverse popula-
tions arise from acclimation to single PAHs, each having
some ability to degrade alternative individual PAHs. In
natural environments some combination of these mecha-
nisms (i.e., proliferation of populations and stimulation of
catabolism) may contribute to the enhanced degradation of
PAHs and other xenobiotic compounds. From these studies,
a general scheme for enhanced degradation due to cross-
acclimation among the three PAHs and benzene in marine
sediments is proposed in Fig. 7.

Results of experiments which examined the simultaneous
degradation of combinations of the PAHs anthracene, naph-
thalene, and phenanthrene (Fig. 4 to 6) illustrate two main
points: (i) naphthalene is degraded more rapidly than either
of the other two PAHs regardless of which one was used for
acclimation and (ii) the presence of co-occurring PAHs in
acclimated slurries did not appreciably affect the degradation
of individual PAHs. This suggests that in natural sediment
systems into which complex mixtures of PAHs have been
introduced, degradation of the individual components may
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proceed independently of the other components once cross-
acclimation has taken place.

Previous studies have examined both naturally occurring
and xenobiotic compound utilization as co-occurring pri-
mary and secondary substrates in pure cultures. When
phenol was the primary (i.e., present at the higher concen-
tration) substrate, acetate metabolism was altered so that it
was shuttled to fatty acyl synthesis by a soil pseudomonad
(18). This result was not obtained when phenol was the
secondary substrate. LaPat-Polasko et al. (28), however,
found that Pseudomonas sp. strain LP exhibited preferential
utilization of methylene chloride over acetate regardless of
which was the primary substrate. In addition, the presence
of acetate stimulated the rate of methylene chloride utiliza-
tion. Hence, while certain substrates have been found to be
utilized preferentially in the presence of other compounds,
this was not the case in the present study, possibly as a result
of the high, similar concentrations of substrates used and
because of their structural similarity.

Several factors apart from those regulating the acclima-
tion, adaptation, and degradation of the PAHs may also
contribute to the patterns observed in these experiments.
The physicochemical properties of the individual PAHs, and
the concentrations in which they occur, determine the bioa-
vailability of these compounds for uptake and assimilation
by sediment microbes (2, 30). The qualitative and quantita-
tive nature of both the sediment organic matter and the
inorganic matrix also represent potential controlling factors
(9, 26; B. J. Brownawell, Ph.D. thesis, Massachusetts Insti-
tute of Technology, Cambridge, 1986), making certain PAHs
more or less susceptible to microbial attack, either intracel-
lularly or by extracellular enzymes. Finally, the individual or
combined toxicity ofPAH compounds may serve to limit the
ability of the microbial community (either as a whole or as
selected subgroups) to effectively acclimate or adapt to
PAHs and degrade them (4, 6, 10). The net effects of PAH
degradation in systems exposed to groups of PAHs are
therefore probably the result of complex combinations of,
and interactions between, these various factors. The relative
importance of each factor in controlling acclimation, adap-
tation, and degradation will most likely vary from one
sedimentary environment to another.

In marine sediments the degradation and elimination of
petroleum hydrocarbons such as PAHs may be a function of
(i) the specific hydrocarbons the sediment has been previ-
ously exposed to, (ii) exposure concentrations, (iii) the
duration of any prior exposure, and (iv) synergistic or
antagonistic effects of other hydrocarbons. In this study we
considered how the degradation of specific PAHs is affected
by the presence of and prior exposure to the same or
different PAHs and aromatic hydrocarbons. Any event re-
sponsible for the introduction of PAHs into marine sedi-
ments would probably result in the introduction of a large
number of other PAHs, alkanes, and asphaltenes (sulfur- and
nitrogen-containing hydrocarbons). The potential interac-
tions are therefore extremely numerous and complex. In the
present study interactions have been found to occur among
PAHs in marine sediment slurries. In some instances com-
mon pathways of degradation may exist, or microbial popu-
lations which proliferate in response to one PAH may have
the ability to degrade other PAHs. In our model system we
have demonstrated that interactions between monoaromatic
and polycyclic aromatic hydrocarbons may represent an-
other potential factor governing the rates of degradation of
such hydrocarbons in sedimentary environments.
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