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Abhstract. The purpose 0f this study was to compare
the efficiency and accuracy o¢of the Polynuclear Aromazic
Hydrocarbon (PAH) test versus the Diesel Range Crganics
{(DRC) test 1in determining diese’ contamination. ¢f the
environment. Speclfiic emphasis was placed upon tas effsc
tnat hydrocarbor-degrading bacteria mignt have upon tThe
persistence cf the chemicals analyzed by eacn test. The
acvantages and disadvantages of the PAH and DRO test were
discussed in terms of how precisely each measures true
contamination of the environment. Biocdegradation experi-
ments were performed using two species of Fseudomones 1so-
lated from scil near several oil rigs located con a local
farm in Warren County, Kentuckv. To assess the DRO test,
gas chromatographic analysis was employed to study the
bicdegradation of severn prominent diesel peaks, covering
tne entire range of molecular weight oZ diesel fuel. To
assess the PAH test, the same analytical techniques as
tnose used for the DRO test were emp.oyed to test for
biodegradaztion of navhthalene anc pyrene, two PAHs repre-
sentative of both ends of the molecular-weight spectrum of

PAHEs. After 1% days of incubation at 28 °C, Pseudomonas

teszosteroni/acidovorans degraded 60% of the seven repre-

sentative peaks of diesel fuel, while no biodegradation of
naphthalene or pyrene was detected, The other strain of

bacteria, Pseudomonas aerugincsa, degraded 42% of zhe

seven representative peaks of tne diesel fuel while no
degradation of naphthalene or pyrene was detected. The

controls for this experiment showed imperceptible degra-




daticen. lhese data suggest that PAHs are not degraded by
the two putative hycdrocarbon-degrading bacteria. 3Such an
apsence of degradation suggeszs that, given the persis-
tence of these compounds, the environmenta. tTesT using
PAHg as the indicators for diesel contamination 15 a reli-
able one. While these bacterial strains showed no bicdag-
radazion of naphthalene or pyrene, it 1s xnown that cer-

tain bacteria, includirng P. testosteroconi, do have the a-

bpilizy to degrade PAHs, and others function together to
degrade the normzlly recalcitrant PAH's throuch
cometabolism. Because of advantages that the DRO test
possesses over the PAH test, 1t i1s recommended that the
DRO test be used as the most accurate test for dicscl

contamination of the envircnment.
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ITNTRODUCTION

The dramatic growth of the world's populaticn and its
rapid modernization have led to an ever-increasing nesed
fer energy sources, especil.y hydrocarbons such as oil.
Unfortunately, this same demand for and use of hydrocar-
bonsg has led inevitably to greater envirormental contami-
nation. Some estimates place the amount of petro_eum con-
caminaticn in cur envirorment etweern 1.7 and B.8 millicn
netric zZons (33,38). A majority ¢f peiroleum contamina-
micn, whicn includes diesel fuel, stems from the Leakage
of underground storage tanxs and spills auring transporta-
ticn.

Because c¢f the large amount of environmental
contamination from diesel fuel, an accurate test s neces-
sary to determine the degree of contamination at c¢ertain
siteg so that the level of remediation and degree of
safety can pe determinec. The Diesel Rance Organics {DRO)
is one such test that uses gas chromatographic analysis to
detect a wide spectrum of diesel crganics in a given sam-

ple from a contaminated size. The degree of contTaminat.on




depends on the total level of diesel hydrocarbens still
present in the soil. Another test for diesel contamina-
tion is the Polynuclear Aromatic Hydrocarbon (PAH) test,
which uses gas chromatographic analysis to detect the con-
centration of 16 polynuclear aromatic hydrocarbons (PAHs)
that serve as indicator compounds to determine whether
diesel contamination occurs in a particular envircnmental
site.

Both the DRC and PAH tests possess their advantages
and disadvantages in terms of accurately determining the
level of diesel contamination within the envireonment. Six
parameters can be compared for the two tests to determine
which is a better indicating test: 1) the cost, 2} the
number of analytes, or components that each tests
analyzes, 3} the percentage of diesel fuel which the
analytes comprise, 4) constituent mobility, 5) their
toxicity, and 6) their persistence. The ideal analytical
test should possess the following: 1) relatively _ow to
roderate cost, 2) the detection ¢f a high number of
analytes which make up a large percentage of the volume of
diesel fuel, and 3) the detection of analytes which pos-
sess moderate to high toxicity and good mobility and per-—
sistence in the environment.

The DRO test is less expensive, costing approximately
550.00 while the PRH test costs approximately $85.00. The
DRC -is a more representative test because it analyzes many
of the possible 200 components in diesel fuel rather than
just a select few, as the PRAH test does. It is also more

reliable because it measures the levels of components that
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make up a large volume of diesel fuel, while the PAH test
focuses on the levels of PAHs, which typically make up
less than 1% of the total concentration of diesel fuel
(24,41). It is also more accurate because many components
of diesel fuel are very mobile in the environment; in con-
trast, PAHs, because of their low volatization potential,
high tendency to adsorb to particles, and low solubility,
are usually very immecbile and less likely to partition
into water and scil depths along with other diesel compo-
nents. The PAH test, however, ls important because it
detects PAHs, the most widely-known toxic compounds in
diesel fuel. These lower molecular weight PAHs are dan-
gercusly toxic (15,31), and the higher molecular weight
PAHs arc teratogenic, mutagenic, and potential carcincgens
(1,4,25,29,34,39,41,44,50,56). The DRO test does not fo-
cus on these components but does measure the levels of
many other toxic compounds, which are in higher concentra-
ftions in diesel fuel. These are rgpresented by mono-
aromatics like toluene, which can damage the central ner-
vous system, liver, and kidneys. Others like di—-aromatic
compounds can induce intravascular hemolysis and other re-
lated problems. In particular, nitro-aromatics, such as
aniline, can cause the formation of methemoglobin and an-
oxia, and they can damage the liver and kidneys. The
shorter-chain alkanes are asphyxiants in high concentra-
tions and tend to depress the central nervous system.

Phenols can also cause liver and kidney damage (39,41,47).

3




The PAIl test is advantageous in that most c¢f the PAHs
detected persist in the environment for long periods oI
time because of their large molecular structure, hydropho-
bic nature, and strong tendencies %o tightly adsorb to
particles in the environmernt. The DRO test, however, alsc
measures the levels of many persistent chemicals in diessel
fuel, though many of the compounds it measures are snior:t-
lived in the environment because of their low molecular
weigat, high solubility, and high volatization potentia_.

Aside from the chemical nature of these compounds,
bacteria play a role in determining their persistence in
the environment. Bacterizl degradaticn of hydrocarbon
centamination in soil and water is one of the greatest
sources of removal c¢f these organics (33,38). It is 3
process that has naturally eveolved over millions ol years
and is now even being used by humans teo bioremed—_ate Lhe
pollution they have caused. Because of the large amounts
o hydrocarben contamination that are occurring 1n the
envircnment and because of the potential for the use of
bacteria to remove these contaminants, hydrocarbor bloacg-
radation has long beer a topic oI intense research, and
the evidence of bacteria, fungi, and algae that bilodegrade
these organics is well documented (Table 1]
(2,3,6,7,10,12,14,16,18,20,26,33,36,40,43,51).

Many experiments have shown that numerous species cZ
bacteria, mostly aerobic bu:t some anaercbic, are capable
of naturally degrading hydrocarbons, including PAHs, by

converting them into biomass, carbon dioxide, and water,




or into less dangerous metabolites (5,8,9,18,1%,21,22,23,
25,31,32, 35,36,42,44,48,50). Typically, the smal_er,
lower molecular weight PAHs, like naphthalene, disappear
more guickly because of volatilization cr throuch degrada-
ziom by bacteria or fungl. Ever 2AHds with twc or three
rings can serve as growth substrate for some micrchbes.
However, the rest of the PAHs are usually more recalci-
trant To degradation anc are only cometabolized in the
presence of other primary substrates. Taey do not vola-
tilize easily, and their large size and mass, adscrotive
qualities, and low selubility make it difficult feor bacte-
ria to biocdegrade them, but evidence deoes exist for Their
biodegradation (5%,8,22,25,35,36,44,48,55). These studies
show that the biodegradation of hydrocarbons and PAEs by
many generz of aercbic and anaserobic bacteria, fungi, and
yeasts 18 a quite prevalent and significant phenomencn
{Table 1}).

Because of the evidence supporting the bilodegradalicn
of PAHs, especially those of lower melecu_ar welght and
simpiler ring structure, Zt can be deduced that tnese com-
pounds may not be as persistent in the environment as
oreviously expected. With this being the case, it may nct
pe prudent to have these compounds serve as Lhe so:e ind:z-
caters of diesel contamination in the environment,

WhiZe it Zs truc that cther components n diesel are
bicdegradable by hydrocarbon-degrading bacteria, the DRO
would st211 give a better representation of hydrocarpon

contamination because of the aforementioned reasoning.




Wnen cone considers the insolubility cof the PAHs compared
with hetter solubility of other components measured in the
DRO zest, it is evident zhat the DRO gives a better indi-
cation of environmental diesel pecllution, especlally when
water samples from contaminated sites are being analyzed.

Beczuse of the large number of microcrganismg, cspe-
cially bacteria, that degrade hydrocarbons such as diesel
fuel and PAHs, the results of bothh the DRC and PAH test
cotuld be affected. However, the significance of the im-
pact s difficult to determine and nct well documented.
The purpose of this study is o compare the effectiveness
of the DRO anc PAH tests when one weighs the impact oI
indigenous kacteria or the results of these tests. 'lais
study will attempt Lo more closely define the microbial
effect by testing biodegradation of total diesel fuel and
of 2AHs by two species of pseudomonads isclated from a

Warren County soll.




MATERIALS AND METHODS

Soils. Soil was collected in order to isolate hydrocar-
bon-degrading bacteria. The soil was ccllected from z
farm in Warren County, Xentucky, in January of 1996 near
severzl oil rigs, each having a diZferent level of o1l in
the soil due to the duratien of its use. Refore samp.ing,
the surface debris and weeds were removed, and ther the
soil was freshly collected from arn area between the top-
soil and 6 cm below the surface. To provide a represen-
ative sample of the range of soil variety around the
site, soll was gathered IZrom two areas at each oil rig,
both areas peing 3-5 feet from the base of the rig, and
p_aced ‘nto one sampling jar, which was frashly cleaned
and possessed a non-contaminating Teflon lid. The soi.
was then prougnt wc the lab and refrigerated at 4 "C to
keep the temperature of the soll consistent with the out-
side air zemperature from which it was taker.

Chemicals and media. The diesel fuel for these proce-
dures was purchased from a local gas station. The purity
and exact components of the diesel fuel were not analyred
because diesel *uels are, for the most part, composed cf

the same compounds. The cther chemicals purchasec were of




the highest purity available. Tetrazolium vio,et dve was
purchased from Fluka Chemika-Biochemika {Ronkor<cma, NY;.
Busnnell Hass broth, Ecsin-Methylene Blue agar, Nutraisns
agar, Tryptic Soy broth, and Plate Count Agar were pur-
chased from Difco Labporatories (Detreit, Michigan). Naphk-
thalene, pyrene, toluene, hexane, chlcropenzere and d: -
phenyl methane were obtained from Aldrich Chemical Compa-
ny, Inc. (Milwaukee, W.scons:in).

Enumeration of hydrocarbon degraders. A most-prchable-
number test (MPN) procedure was developed to estimaTe the
number oI hydrocarbon degraders. To enumerate cells by
MEN, 11 g of collected s0il samplies were added to a 99-ml
phesprhate buffered dilution blank. Af-er standard agita-
tion, the solution was allowed to settle for 8 minutes.
Tren, dilutions (107" to 1C™") of the dispersed soil sLs-
persicn were prepared in phosphate buffer. Yext, 0.1 ml
aligquots of serial dilutions of s0il were inoculated -nto
Corning Cell Wells (W.R. Scientific Preduct) in tripli-
cate, Bach well contained 1.75 m> Bushnell Hass (BH}
Broth plus .02 ml of filtered sterilized diesel fuel.

The last row served as an uninoctlated ccntrol. These
plates, one for each soil sample, were incubated ar 30 °C
for "4 days. After this time, to determine growth, 0.1 m.
cf Teirazolium violet dye at a concentration of 50 mg/1C
- of deionized water was added to cach well. The appear-—
ance of a purpie or pink colcr after 45 minutes indica-ed
a positive test and the presence of nydrccarbon-degrading

micrcbes in the scil.




Isolation and identification of hydrocarbon-degrading
bacteria. Inoculum from positive cell wells was streaked
for isolation onto Bacto Eosin-Methylene Blue (EMB) agar
plates and incubated for 2 days at 30 °C. Representatives
of two different colony morphologies were picked and
restreaked onte EMB plates for purity. Isolates were pre-
served by transferring them to nutrient agar slants, then
incubated at 30°C for 24 h. The resulting stocks were
stored at room temperature, 23 C?, and transferred every 4
days to maintain wviability. On the basis of motility,
oxidase production, catalase production, and cultural
characteristics, two isclates were tentatively determined
to be pseudomonads. In additien, a MicroScan (American
Scientific Products) was used for identification to a spe-
cies level. This method identifies Entercbacteriaceae,
non-fermentative, and other gram-negative bacteria. Tlhe
MicroScan procedures used were described in the manufac-
turer's manual.

Inoculum. To assess the effect of bacterial decomposi-
tion of hydrocarbons in the DRO and PAH test, a standard
inoculum was used. This consisted of using a Z4-h culture
from nutrient agar, which was used to inoculale Bacto
Tryptic Soy Broth; the culture was then incubated for 24 h
at 30 “C. The cultures were concentrated by centrifuging
at 2800 RPM's for 10 min and washed with sterile distilled
water. This procedure was repeated to remove all carbon
from the bacterial pellet. Next, bacterial solutions

were resuspended by vortexing vigorously Zor 15 s. Stan-




dard suspensions were obtained Dy correlating the optica.
density at 600 nm with CFU/m. cdetermired by p-ating out
various diluticns on Bacto Plate Count Agar.

Comparison of mineralization by cells on diesel fuel
and PAHs. Growth experiment 1 was designed to study The
influence of pseudomcnads cn levels of diesel fuel, which
is measured in the DRO test. Flasks were prepared in tae
following way. Duplicate 250 ml Zrlymeyer flasxs were
prepared for inoculation with a standard inoculum of each

Pseudomonas species. The medium consisted of 65.0 mo of

Bushnell-Hass (BH! broth with a 12..% {wt/vol) diese_ Iuel
concentra-ion, which served as the sole carbon and energy
source. The incculated medium was incubated for 19 days
at 30 °C.

Growth experiment 2 was designed to study the i1nflu-
ence of pseudomonads on the levels of polynuclear aromatic
hydroczrkbons {(PAHs), which are measured 1in the PAH test.
The medium consisted ¢f 65.0 ml of BH to which a PAH mix-
ture was added. This mixture was prepared by dissolving
500.0 mg of naphthalene and 500.0 ml of pyrene in 10.0 ml
of toluenes (100 mg PAH/ 1.0 ml soluticn). Before adding
volumes from thz stock solution, it was heated ‘n a hct
water bath for 10 min and mixed Zor 2 min to obtain a no-
mogeneous mixture. From this stock, solutions ol PAH were
added to each flask to obtain a 1.0% {(wt/vol) cf PAI in
each flask, and this served as the scle carpon and energy
source. Flask one served as an un:noculated contrel,

while Flask 2 was inoculated with a standard pseudcmonad

10




suspension of strain 1 {(0.63> ml). Flask 3 was incculated
with a standard pseudomonad suspension of strain 2 (C.65
m_), and Flask 4 was inococulated with z dual standard incc-
ulum of pseudomonad strains 1 and 2 {0.325 ml ezchj.

These flasks were incubated for 19 days at 30 °C with
manual agitation for 3 minutes every 3 days. 3ince to u-
ene evaporated from the flasks, leaving PAE floating on
the surface, tcluene was zdded as needed during the 19
days to keep the PAH in the medium.

Analytical procedure. In growth experiment one, 170 mg
of chlorobenzene were acded to each flask to serve as an
internal standard. Next, 10.0 mi of hexane were acded to
eacn flask, mixed, and allowed to sett.e for L.0 mirn. The
orgaric layer containing hexane, chlorcbenzene, and diesel
fuel was then extracted and stored at 4 °C in an amoer
vial with a Teflon-ccated screw-top lid. Gas chromzzc-
graphic analysis was performed on the solutions to deter-
mine if biocdegradazion of diesel fuel had occurred. The
gas chrcomatographic system consisted of a Shimadzu GT-BA
gas chromatograph with a dimethy: siloxane column {(0.5<Z-mm
‘nner diameter x 30.0 m length; Alltech), ¥ID detector,
and & nitrogen carrier cas. Samples (1.0 microliter) were
injeczed at a temperature of 240 °C, and a temperature
procram from €0 °C to 200 *C with a ramp of 5 °C/min was
used.

In growth experiment two, 340 mg of diphenyl methane
were added te the PAH flasks to serve as an internal stan-

dard. Nexiu, 20 ml of toluene were pipetted slowly down
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the insides of the fiask to extract any PREs that had ad-
sorbed to the flasx walls during aerazion of the culture,
The flasks were then mixed to allow thorough separation
and extraclion. The solutlicns were allowed to settle fcr
5.0 minutes, and the crganic laver was extracted anc
stered at 4 °C in amber vials with Teflon-coated screw-top
lids. These four samples were analyzed Zor PAH concentra-
ticn using gas chromatography as described above. EZolu-
ticns from each flask were also streaked onte autrient
zgar vlates, and growth was observed to 1ndicate whether

PAHs had been used as an energy source.
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RESULTS

Enumeration of hydrocarbon-degrading bacteria by
MPN. The results of the most-prcbable-number (MPN) pro-
cedures from the soils near oil rigs showed that sites 1
and 3 possessed no detectable hydrocarbon-degrading bacte-
ria, while site 2 possessed 3.0 x 10¢ CFU/g (Table 2).
Therefore, the incculum for the bicdegradation experiments
was derived from the soil at site 2,

Identification of hydrocarbon-degrading bacteria. The
two different bacteria isolated from this soil site were
then characterized by using MicroScan, and the results

showed that strain 1 was Pseudomonas aeruginosa and strain

2 was Pseudomonas testosteroni/acidovorans. P. aerugi-

nnosa has been shown to degrade hydrocarbens (52). No lit-
erature was found to show biodegradation by P.

acidovorans, but P.testgsteroni, sometimes called

Comamonas testosteroni, has been shown to degrade PAH's,

including naphthalene (21,22). In the past, the genus
Comamonas was used to classify curved rods having single
or multiple flagella at one pole, high mel% G+C value, and
an oxlidative metabolism; but this genus was abandoned when
it was found that C. terrigena was found to be identical

to P. testosteroni (27). 0Of the twenty-five genera of
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genera of bacteria known to degrade hydrocarbons, Pscude-
ronas is one cf the eight genera that 13 most active (331.
These two species were gram-negative, non-spereforming,
pleomorpnisz, and rod-shaped. This is in accordance with
Vecchigcli, Del Pannc, and Painceira (51}, who stated that
most hydrocarbon-degracing bacteria are ¢gram-negative,
non-sporeforming rods.

Results of mineralization by cells on diesel fuel and
PAHs. After 19 days of incubation at 37 °C, the biodegra-

dation experiments for diesel fuel showed that Pseudomonas

aeruginosa degraded 42% of the original diesel wvolume,

wnile Pseudomonas testosterori/acidoveorans degraded 603 of

the given diesel fuel (Figures 1,2,3). The differences
between the standard samp_es and the contrcl samples were
negligible; any small loss was due to wvolatilization. A
noticeable color difference between the control and exper-
imental flasks was seen, with the greatest contrast keing
between the contrel flask and strain 2 flask. Tnae broths
ir —he control flasks had a yellowish tint, signifying the
presence of diesel fuel, while the experimenta’ flasks,
egpecially strain 2 flask, were more colorless, thereby,
proving degradation,

The results IZrom the bicdegradation expecriment for
PAH's were inconclusive. Gas chromatographic analysis was
repcated several times, and no trends could be noted.
However, after 19 days c¢f incubaticn with naphthalene and
pyrene s the sole carbon sources within the flasxs, brctn

from each flask was streaked onto nutrient agar. No

14




growtn was seen for Flasks 1,3,0r 4. Only onc colony Zrom

strain 2 in Flask 2 grew on the plates.
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DISCUSSION

The extremely low counts of hydrocarbon degraders
from the soil samples were to be expected. The soil was
collected in late January wnen the temperature was near (
°c., It is known: that metabolic activity and reproduction,
for mest microbes, are low at cold temperatures. The re-
sults agree with Sims, S5ims, and Matthews (48), who state
tha+= 1t has been shown that microbial degracation, which
is directly correlated with viable, reproducing cel.s, es-
sentially stops at 0 °C. Another reason for the low rum-
pers at siles - and 3 could be bpecause the concentration
of oil was too high and, therefore, toxic to the bacteria,
restricting their growth and metabelic activity. Tae
~hird possible reason for the low numbers of hydrecarbon-
degrading pacteria in the soil was that the small concen-
traticn of diesel fuel in each well used in the Most-
Propzble-Nurber procedure could have been a limitirg fac-
tor in terms of growth sukstrate available.

The presence of hydrocarbon-degrading bacteria at
gsite 2 was expected since aeration was indirectly epplied
when the oil rig was removed from the ground. It has peen

shown that aeration, specifically oxygenation, greatly in-
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-creases microbial degradaticon by aerobic bacteria, which
are the most prominent type of biocdegraders (11,33,54). It
is probable that the counts at site 2 were also highest be-
cause through disrupting the site, the concentration of oil
was lessened and, therefore, not toxic to bacteria,. Higher
counts of hydrocarbon degraders from the soil inoculum might
have been obtained by taking soil samples farther from the
base of the 0il rigs where the 0il concentration was less or
by sampling in the warmer months when microbial activity
would have been higher.

The experiments testing for the biodegradation of die-
sel fuel showed significant reductions in total diesel con-
centration through the metabolic activity of hydrocarbon de-
grading bacteria (Figures 1,2,3). However, as evident in
Figures 1,2, and 3, despite the bicdegradation by these
bacteria, a large volume of diesel fuel still remained for
easy detection of environmental contamination using the DRO
test.

The bicdegradation of PAH's showed no trends in the
reduction cof PAH's and, therefore, no conclusions can be
made hased upon the gas chromatographic results. Because
only one colony grew on nutrient agar after the incubaticon
period with naphthalene and pyrene as the sole carbon sourc-
es, 1t can be deduced that the bacteria probably did not
possess the capability of utilizing these PAH's as carbon

sources and, thus, starved. However, P. testosteroni has

been shown to bicdegrade PAHs in several experiments

(21,22), which suggests that different factors were prob-
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-ably responsible (i.e. toluene toxicity or loss of plas-
mid that encedes for such degradation).
Tt is possible that no trends could be seen for the

degradation of PAHs because the Pseudomonas specles might

have possessed the capability of degrading PAH compounds,
but after storage on nutrient agar for approximately 3
months, this ability could have been lost i1if the genes
that coded for PAH degradation were carried on a plasmid.
Dunn and Gunsalus (17) found that the catabolism of
naphthalene was enccded on a plasmid, and Xiyohara,
Nagao, and Yana (32) found that the phenanthrene-degrading
bacteria they examined cften leost their capability to de-
grade after prolonged storage on nutrient agar. These

data suppert the idea that the two Pseudomonas specices

could have lost the plasmid which ceodes for the ability to
degrade PAHs. To prevent this, one should store the
bacteria on a medium or in a broth that supplies PAHs or
diesel fuel as the carbon source.

Another possible reason that no degradation of PAH's
was shown could be that the high volumes o¢f toluene, used
as the solvent for the PAH mixture because of its rela-
tively good ability to sclubilize PAHs, were toxic to the
pseudomonads. It is well known that high levels of
aromatic solvents such as tocluene can be toxic to microor-
ganisms (45,46,49,52). However, the literature also prc-
vides evidence that there are bacteria, such as Pseudomo-

nas putida IH-2000 (23,53)and P. putida Idaho (13,Z3),

that are resistant to toxic levels of toluene,
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An easier, but less guantitative, methoed to Zest for
biodegradation of PAHs was described by Kiyohora, Nagao,
and Yana (32) and also by Shiaris and Cooney (44). This
method consists of spreading an ethereal solution cf =
certain PAH, such as phenanthrene, evenly acreoss a puri-
fied salt agar medium and then inoculat<ing it with thke
bacteria that are being examined. The utilization of 2All
as the carbon source can then be detected by cleared zones
of phenanthrene or the agar plates.

While these bacterial strains showed no biodegrzda-
—2on of naphthalene or pyrene, it is known tThat certain

bacteria, including 2. testg¢steroni, do have the capabil-

ity to degrade PAHs, and others function together to de-
grade the normally recalcitrant PAHs through cometabol ' sm
'5,8,21, 22,25,3%,36,44,48,55). Because several genera of
bacteria can degrade PAHs, the use of these PAHs as the
scle indicators of diesel fuel is not reliable.

The PAH test s alsc ¢f lesser value because it
analyzes such a smail percentage of diesel fuel--usua ly
1% of the total volume of diesel fuel (24,41). Beczause of
these fow levels, the aetection of PAHs is very difficult,
anc their presernce may not even be evident on a gas chro-
matograpn reading (using the same parameters) as seen in
Figures 1,2, and 3. If these cocmpounds are biodegradecq,
then the detection becomezs even more difficult.

In conclusion, it should be said that bicdegradation
car. lower The level o0f hydrocarborn contamination in the

environment. As demonstrated by the two Pseuvdomornzs spe-
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cies isclated from local soils, biocdegradaticon of dissel
components does occur, and bilodegradaticn of PARHs, espe-
cially those cof lower molecular weight and simpler ring
structure and less frequently those of higher melecular
weight and more complex ring structure, does occur al-
though our evidence did not show this. PAHs are also very
‘mmobile in the environment because of their low solubzl-
ity, adsorptive nature, and usually high moiecular welght.
Hence, they are not distributed well at contaminated sites
anc are not found abundantly in water. These zompounds
also only make up a small fraction of the total diesel
volume and, therefcre, would not bhe gcod representatives
of fuel contaminration in the envircnment. Because of
these facts concerning the fate ¢f PAHs in the envircn-
mert, these compounds shoulc not be used as the sole
indicators of diesel contamination. Tne DRO test 1s the
more reliable test because of the fo_lowing reasors.
First, it measures the levels ¢f many components in die-

sel, many of which are z—cxic, rather than “ust a few toxic

compounds as in the PAF test. Second, it analyzes a wide
array of compounds in diesel which may be more or less
persistent in the environment depending on the type of hv-
drocarbon-degrzding bacteria present and Lhe types oI
environmental factors at the given site. It al=oc gives a
characteristic reading that allows one tc say exactly
whether a site is contaminated with diesel fuel (rather

than jet fuel, for cxample); whereas, the PAH test cannot

do this because many hydrocarbor mixtures contain PhHs.
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Furthermore, it analyzes many compenents in diesel and,
therefore, examines more of the total velume of the con-
taminant rather than a small percentage oI the contami-
nant's total volume as the PAH test does. Most important-
ly, in terms of the experiments in this study, 1t =s the
more accurate test because it ana’yzes a larger volume
and, therefore, a goed porticon of the volume will still
remain for analysis even if biodegradation does occur (as
in Figures 1,2,3). ®inally, the DRO test is a better test

becatse it is 40% less costly than the PAH test.
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TABLES AND FIGURES

TARLE 1. Some genera of microorganisms that have been shown
to degrade hydrocarbons.

BACTERIA YEASTS MOLDS
Acetobacter Candida Bspergillus
Acinetobacter Cryptococcus Cladosporium
Actinomyces Debaryomyces Corollaspora
Alcaligenes Hansenula Dendryphiella
Bacillus Pichia Gliocladium
Beneckea Rhodotorula Lulworthia
Corynebacterium Sporobolomyces Penicillium
Flavobacterium Torulopsis Varicospora
Mycobacterium Trichosporon

Nocardia

Pseudomonas

Rhodococcus

Xanthomenas

From reference 52.
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TABLE 2. Table of the characteristics of each site and the
number of hydrocarbon degraders found at each site.

Numbers
Site # Characteristics of the gite of bacteria

gite 1 Active oil rig,active since 1922 no detectable

soil with high levels of hydrocarbon
hydrocarboens degraders
site 2 Inactive site, o0il rig was 3.0 x 10% CFU/g*

removed in 1980 and site
disrupted, brownish,

red soil
site 3 Inactive o0il rig, stopped in no detectable
1983 hydrocarbon

degraders

* Colony-forming units per gram of soi1l analyzed
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RELEVANT ABUNDANCE
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RETENTION TIME

FIGURE 1. Gas chromatograph of biodegradation experi-
ments of diesel fuel: BH + diesel + no bacteria.
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FIGURE 2. Gas chromatograph of biodegradation experi-
ments of diesel fuel: BH + diésel + strain 1.
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FIGURE 3. Gas chromatograph of Upoammﬂmamnpo: nxﬁmnwl
ments of diesel fuel: BH + diesel ¢+ strain 2,
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