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ABSTRACT

Experiments were perdormed to determine if an is
could enhance degradation of JP-5 fuel added to natura
types of soil, sand and potting soil). When JP-5 fuel wa
the natural flora possessed the ability to degrade the JP-5 fuel witt an elficiency nearly
equalling that displayed by SBI-5 under specialized culture conditions (addition of yeast
extract and other growth promoting materials). When SBI-5 was added to pond water
comaining its natural viable flora, degradation of JP-5 fuel was depressed. The addition of
yeast extract to a similar culture of pond water partially promoted the growth of SBI-5. The
foss of JP-5 fuel from the soil samples over time was similar regardless of the presence or
absence of the jet fuel degrading microbe (e.q., SBI-5) or its biosurfactant.

olated Arthrobacter globiformis S8I1-5
I waters (i.e., pond water) and to two
5 added 1o the pond water (2.5%, viv),

INTRODUCTION inoculation (5,7), Environmental factors,
y . such as soi I, acration, ients ¢
The _hiorcm‘cdi:nion‘ of sn}l‘* contami- :rl:(c)llllli;c“c’gnrl):n‘! are lw?:ll]l Ir?rl::)];:/cnm(; i?eq
na'tcd with toxic materials with different termine the survival, desirable metabolic
microorganisms has recently attracted a and physiological characteristics of any
considerable attention compared with the inoculated strain (2)
conventional technologies such as incin- ‘ '
cration (1), At sites where the appropriate Arthrobacter globiformis SBI-5 was
indigenous strains are present, rqmcdia- i.«:olatqd fr‘f)'m n‘splll .dumpxng site in
lion 'may consist only of optimizing the Cheshire CT., USA. It is able to degrade
s0il conditions for microbial growth. An several hydrocarbons, alcohols and faty
alternative technique would be inocqla- acids and use them as a sole carbon and
ton of soils with exogenous degrading  energy source. The growth of SBI-5 on
microorganisms in conjunction with ma- these carbon s()'llrgcs w(ln.s fxlssocimgcld with
nipulation of the soil parameters (0 en- prnduglmn of a lipopolysaccharide bio-
hance the proliferation of the inoculant  emjusifier (8,9),

strains (2,3), but this tendency faces a
great contradictions, Whereas scycr:sl in-
vestipators have reported the failure of
microbial inocula to stimulate rates of bi-

The purpose of our study was to in-
vestigate the degradation of JP-5 fuel in
natural water and in two types of soil in-
oculated with a strong hydrcarbon-

odepradation in soil@), others have <})b- degrading isolulc.lﬁl'ffjcl of a(lidlllqn of
served ‘.ﬂ;{ﬂilicam])’ cnh:mC‘Cd rates of ”'-l numcnlﬁ 1o the p().lllFL n«l:tuqu c‘r)V13'(;)'|'1-
odegradation directly atributed 1o 501 ment soil components on the bioremedia
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tion of the heavy hydrocarbons was also
examined,

MATERIALS AND METHODS

1. Microorganism and culture condli-
tions :

Arthrobacter globiformis SBI-5 was
used in this study. A chemically defined
medium S-MSB-1-Y was used as a con-
trol medium. MSB-1 was prepared as de
scribed by Pendrys(10). The medium was
supplemented with 3.5 m} of a salt solu-
tion contained the following salts (p/1.)
calculated as the anhydrous salts)
CaCls, 0.389: Cu(NO3),, 0.64: ammoni-
um sulfate, 0.6; ZnSOy, 0.718; FeSOy,
0.696 1o 1 liter of MSB-1 medium, A 0.1
g yeast extract (Difco) was added to 1 li-
ter of S-MSB-1 medium to give S-MSB-
1-Y.

2. Preparation of the cell suspension :

The microbial isolate was cultured in
Tryptic-Soy-Broth (TSB) and incubated
at 30°C in a gyrating water bath (150
rpm) for 24 hours in the presence of 2.5%
JP-5 fuel (v/v). The grown, precondi-
tioned cells were harvested by centrifuga-
tion, washed twice, then resuspended in
sterile MSB-1 buffer or demineralized
water. The cell concentration was then
adjusted spectrophotometrically to
ODs4¢ = 0.1 and used for further investi-

gation.
3. Experimental design :

3.1. Bioremediation of JP-5 fuel in
pond water :

Water was collected from a local
pond in Wallingford, Connecticut, which
collects the run off from adjacent farm
land and a heavily traveled road. The wa-
ter was employed as sterile and unsteril-

ized culture medium for growing SBI-5
in presence of JP-5 fuel,

A volume of 250 ml of either sterile
or unsterilized pond water containing JP-
5 fuel (2.5% viv) in a 500-m] Erlenmeyer
flask was inoculated with the above de-
scribed suspension of SBI-S (1% viv)
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Then, the culture medin were incubited
in o shaker water hathat 50 vy g
10°C, while stertle, humiditied wir wy,
sparged directly throuph the culture
hroth (1 vol/vol/niany, bvery 24 hougy,
wmples were withdrawn from the eyl
wire broth for analysis. As a contial cul
are medium, stenle, chemically defined
fermentation broth, S-MSB-1-Y 0 wis
used.

3.1.1. Improving the culture condi.
tions of SBI-5 In pond waler:

Nutrients, metal ions and buffering
salts were added to improve the potential
of cu turing media for supporting the
growth of SBI-5. In shorl, test expern-
ments inoculated with 1% (v/v) SBI-S
cell suspension (ODggq = 0.1) and con
taining 2.5% JP-5 fuel (v/v) were per
formed using a control of sterile 5-MSB-
[-Y medium (Culture #1). Four other fest
experiments were performed using un-
sterilized pond water contining 2.5%
JP-5 fuel (viv) supplemented with one of
the following : S-MSB-1-Y broth con:
stituents (Culture #2), yeast extract (0]
g/L) (Culture #3), mincral metals salt 80
lution (Culture #4), or potassium phos-
phate salts (Culture #5).

3.2, Bioremediation of jet fuel in
sand :

White playground sand was U*c‘rlt
Eight Petri dishes (Pyrex, 120 mm) v.c.r
filled with 100 g of non-sterile sand [34;6
Petri dish. Duplicate Petri dxsllcs .“:!‘iﬁh
divided into 4 groups. To cach | cm/ o
was added 2.5 ml JP-5 fuel (2.5% V¥
sand) and 25 ml aqueous ﬂlcdlll"L:
cells which were prcpnrcd as follows:

a- Culture A : Heat-treated 5”‘,'5":}2.
ture broth from A 120-o0ld 9‘; §us”
Whole SBI-5 culture broth i and
pended cells was heated 10 90 ip.
held at that temperaturc "r‘ ptraliof
utes. The total prolein conce
was adjusted 10 200 mg/l

, ¢ bre
b Culture B : Fresh SBI-5 C"'&"rh find

from A 120 hrs-old culure

R
total protein content of 290 mE™
od, Pre°

¢- Culture C : Freshly prepdf
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3.3. Biodegradation of JP-3 fuel in
cactus potting soil :

Cactus potting <oil prepared for suc-
culents is nich in organic materials. Five
different groups of duplicate Petri dishes
(Pyrex with 120 mm outer diameter) were
used. Each Petri dish contains 25 g dry
soil blended with 312 pl of JP-3 fuel
(0.6%, v/w). Then, 12.5 ml aqueous cul-
ture medium A.B.C,D or E was 2dded to
duplicate Petri dishs with soil-containing
JP-5 fuel. The cultures were prepared as
follows :

a- Culture A : Demineralized water
(control).

b- Culture B : Preconditioned SBI-5 in
demineralized water.

¢- Culture C : Non-sterile S-MSB-1-Y.

d- Culture D : Preconditioned, SBI-5 in
sterile S-MSB-1-Y.

€ Culture E : Heat-treated, 120 hrs-old

SBI-5 culture broth (as described
above),

: All of the five cultures were incubated
&l room temperature (about 22°C) for 10
days. Periodically, 0.5 g soil samples
“ere withdrawn and the JP-5 fuel content
was determined by extracting with n-

®Planc and analyzed as described below.

81

o I, April 1994
1 2
- Analysis ;
*
Samples were zssayed for totzl pro-
. - 3 T p ——— e
tein. OD¢,, and pH. To determine the

AT Bt s ¥y
»\?--»3....-: 100

P SO
axLla, MO Or Do

Werz extracted wi :
2 amples were ex-
] o
{(viw) of n-heptane. After phas
tion by ceatrifugation at 1
ninutes, an aliquot of 10
} by capillary gas chromat
madzu mode! GC-
raph equippe
ionization detector ant
s injector SPL-G9,
0) were used. The sample w
sing a 100 meters of fused silica
llary column with inner diameter
mm and film thickness 0.5 microns
(Petracol DH, Supelco). The sample was
split 100:1 using nitrogen with a pressure
of 3.6 kg/cm?. Nitrogen carrier gas
flowed through the column at 60 mV/min.
The starting column temperature of S0°C
was maintained for 10 minutes: the tem-
perature was then increased 10°C/min. to
a final temperature of 250°C, and was
held constantly for 30 min. Both injector
and detector were held constantly at
280°C. The relative concentration of to-
ta] petroleum hydrocarbons (TPH) was
determined by measuring the peak
he.ghts of the major 6 pezks of the jet
fuel ar time of sampling with the sample
withdrawn at time = 0.

RESULTS

1. Biodegrading JP-5 fuel in pond
water :
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Table (1) shows the pH, ODsg, total

protein and residual JP-5 fuel (%) of the
culture broth from control and pond wa-
ter-based cultures (Cultures #1-4). The
pH was changed little with time, The re-
sults show that only in the contro] culture
(i.e., the S-MSB-1-Y culture broth) did
optical density and protein concentration
increase significantly over the course of
several days. The table shows also the



Table (1) : Biodegradation of JP*

4 fuel in pond water

i b ter | Culture Sampling time (hours)
aramelc
measured No.'"! Zero | 48 72 06 120 | 168
: 6.4 6.3 6. 6.3 6.4
:,’, 7".-5;-, sa | 73 | 74| 73| 73
03 21 L ess| 69 | 72 ] 72|12
- - Sl me |70 | o7 | 70 | 7
T a0 Loss e L sz | 1m0 | 124 |2
e o 056 | 125 | 134 | 10 | 10 | 05
(T 058 06 0.7 0.7 0.6 0.5
DT 'S - 1 200 350 390 360 | 310
il mia "2 5 g 8 10 | 18 | 16
Tots protein P ] 16 16 17 15 14
imgrL) i 16 15 15 15 14 | 14
o ul 100 37 20 15 10 13
Residual JP-5 "2 1001 100 | 100 | 100 | 100 | 100
- ’ " i 100 49 27 16 8 2
o 4 100 1 100 | 100 | 100 | 100 | 100
\ _

.
Culture ¥}

"ulture #2

{ wlture

fCulture defintion
Contral (Sterile S-MSB-1.Y medium)

Unsterilized pond water with SBLS cells

#3 Unsteriized pond water

Culture #4 Stenle pond water with SBL5 cells

(%1 Relative percent is the average of at least two determinations taken from .
eguivaiont experiments

l‘h.‘dl‘t"r' in the relative concentraton (%)
of IP-5 tuel i culture broth over time
Bath the control Culture (#1) and the un.
sterilized pond water which was not inoe-

ulated with SELS (#3), degraded JP-S

fuel over e Surprivingly, unsten)ized

pond water did

not degrade JP.S fuel

when it hiad been pre-inoculated with
SBL S (#2 und #4 respectively)

LL Improving the culture condi.
tions of SBL-S in pond water ;

amnce pond water fal

growil of SB1.8

1Cultures

b ]
L

ted 1o suppon the
and #4

descnibed above), nutrients, metal ,(m:
and buffering salts were added 10 .pr:u
mote the prowth of SBI-S. Table 2 .\h(;ua-
the pH, OD ey, total protein and resic

IP-5 fuel profiles of the c‘ﬂ“"“'.a'-“: ::xft’
plemented culture broth mucula[':;ww
SHI§ in presence of JP-5 fuel CU . 2
tcontrol  culture) and (‘u“u'cmc
(unstenhized pond water S"Pl’l‘:m\.'w\t'
with constiuents of §-MSB-1-Y),

the most substantial drop 10 pH.
3 {unstenlized pond water WP["‘" re
with yeast extract) and CU l;lllt:mt'
(unsterilized pond water supple!
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Table (2) : Improving culture conditions of SBI-5 in pond water,

—
~
Parameter Culture Sampling time (hours)
measured No.(
Zero 48 72 120 168
f—fl 6.78 6.6 6.5 6.5 6.48
=2 6.78 | 6.688 6.6 6.4 6.37
pH 3 6.8 6.8 6.8 6.7 6.6
24 69 [ 70 | 71 | 70 | 70
£#35 7.2 7.16 7.14 el 7.12
21 0.2 8.7 13 13 12
2 0.28 1.1 1.5 123 14
OD;.4 #3 0.29 0.7 1.1 1.1 1.3
=4 0.17 0.2 0.3 0.2 0.25
£3 0.2 0.22 0.17 042 | 0.34
#1 7 200 350 360 310
Total protein #2 7 19 37 290 370
(mg/L) = 6 15 [ 18 | 23 | 25
' #4 7 9 9 10 12
#5 8 9 10 10 15
#1 100 87 78 30 12
#2 100 100 100 100 42
Residual JP-5 #3 100 | 95 | 90 | 85 | 75
T # 100 | 75 | 64 | 59 | 35
g “ #5 100 89 82 63 47
7

(*) Culture definition :
Culture #1 : Control (Sterile S-MSB-1-Y medium).
Culture #2 : Unsterilized pond water + constituents of S-MSB-1-Y medium.
Culture #3 : Unsterilized pond water + 0.1 g/L yeast extract.
Culture #4 : Unsterilized pond water + mineral salts solution.
Culture #5 : Unsterilized pond water + potassium phosphate salts.

(**) Relative percent is the average of at least two determinations taken from two
equivalent experiments.

with potassjum phosphate salts) show
only small decreases in pH over the
tourse of fermentation. In contrast, the
PH of the culture broth of Culture 4
(unsterilized pond water supplemented
With mineral salts) slightly increased dur-
Ing the course of fermentation.

The results show also that when there

;; 2 drop in the PH of the culture broth

ere is a corresponding increase in pro-
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tein concentration and optical density.
The 72 hour lag period observed for pro-
tein concentration and optical density in
the broth of Culture #2 is noteworthy.
Once the inhibitory factors associated
with the unsterilized, S-MSB-1-Y sup-
plemented pond water were overcome in
Culture #2, both protein levels and opti-
cal density start 10 increase at the same
rate as that observed for Culture #1. The
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other three Cultures (# 3,4,5) show no
significant increase in protein and optical
density. Moreover, Table 2 shows the re-
sidual JP-5 fuel in the culture broths
where Culture #1 shows the greatest bio-
degradation of JP-5 fuel (88% of the JP-5
fuel added to the culture was degraded
after 168 hours of fermentation). The oth-
er supplemented cultures of pond water
showed steady decreases in the concen-
trations of JP-5 fuel.

Despite the promising increases in the
optical density and protein concentration
in the culture broth of Culture #2, JP-5
fuel did not start to be degraded until af-
ter nearly 120 hours of fermentation.
Apparently, SBI-5 has initially utilized
carbon and energy sources in pond water
other than JP-5 fuel since significant
growth was observed in the culture be-
fore JP-5 began to be degraded.

2. Effect of SBI-S on biodegradation
of JP-5 fuel in soil :

2.1. Organic-poor sand :

The specific aims of this experiment
are to investigate the potential of using
SBI-5 culture broth with its surfactant to
increase the rate of biodegradation of JP-
5 fuel in sand and to determine if the nat-
ural flora of the sand possessed the ca-
pacity to biodegrade JP-5 fuel. Table 3
shows the relative amount (%) of JP-5
fuel recovered from the soil samples. The
results suggest that JP-5 fuel was degrad-
ed faster in culture C (containing freshly
prepared, preconditioned SBI-5 cells):
however, the difference in the rate JP-§
fuel lost from the four cultures (Cultures
fA,B,C and D) is not great. It is not clea}
if the JP-5 fuel loss from the cultures was
due to biodegradation or to the effect of
some physical factors such as evapora-
tion or adsorption.

2.2, Organic-rich potting soil :

The specific aims of this experiment
were to determine if the natural flora in
an organic-rich soil could degrade JP-5
fuel with and without heat-treated, 120
hrs-old SBI-5 culture broth and to deter-
mine if preconditioned, viable SBI-5

‘cells in fresh S-MSB-1-Y could biode-
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orade JP-5 fuel in the organic-rich sojj
Table 4 shows the relative residual Jp.s
fuel (%) in the organic-rich soil over
time. There is approximately, in average
70% reduction in the residual JP-5 fuel
in organic-rich soil by day four while
with sand (organic-poor) culture experi-
ments, residual JP-5 fuel decreased by
about 10-15% by day four.

DISCUSSION

When JP-5 was added to the pond
water, it was quickly degraded by a ple-
thora of organisms observed in the water.
In fact, the degradation of the jet fuel by
the microbes in the pond water was near-
ly as great as that observed for highly se-
lected microbes (SBI-5) grown under
highly favorable conditions (i.e., pH, nu-
trient supplements, temperature, mixing,
etc.). Apparently, the algae and fungiin
the pond water which were observed mi-
croscopically in the pond water, were
able to degrade JP-5.

Addition of mineral salts solution and
potassium phosphate salts to improve the
bioremediation of toxic compound /JP-5
fuel) do not result in any enhancement of
SBI-5 growth in pond water. Many in-
vestigators(11-13) found that addition of
phosphorous to natural waters has been
reported to increase, decrease, or have no
effect on the mineralization of organi¢
chemicals. It was also found that lo¥
concentrations of N and P in seawal®l
limit the growth of bacteria that degrade

the hydrocarbons (14),

SBI-5, which has shown tendency for
degrading JP-5 fuel in optimized cultV’™
was then added to the pond wate in
which JP-5 fuel was added to simulat€
spill. To our surprise the JP-5 fuel w8
not degraded. Possibly sterile pond walel
lacks sufficient nutrients to support o
growth of SBI-S. In unsterilized PO"
Water, SBI-5 appears to inhibit the dggrﬂf
dation of JP-5 fuel by the natural flora ?.
the pond water. The fuel was only PO :j
degraded if yeast extract was also 9%
to the pond water. Analysis of the -
crobes in the pond water test Solunou
showed that the natural flora Was e

M
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Table (3): Relative percentage of JP-5 fuel in

organic-poor soils after different
incubation periods!*).
- ) )
Time Cultures™"
(days)
A B C D
Zero 100% 100% 100% 100%
2 94 106 74 102
7 95 67 78 85
11 81 83 62 80
17 18 18 7 9
28 18 15 7 11
9 i

(*) Relative percent is the average of at least two determinations taken
from two equivalent experiments.

(**) Culture definition :
Culture A : Heat-treated, 120 hrs-old SBI-5 culture broth.
Culture B : Non-treated, 120 hrs-old SBI-5 culture broth.

Culture C : Freshly prepared preconditioned SBI-5 in S-MSB-1-Y.
Culture D : S-MSB-1-Y without adding microorganism.

Table (4): Relative percentage of JP-5 fuel remaining in
organic-rich potting soil‘".

[ ok £
Time Cultures*")
(days) A B C D E
Zero 100 100 100 100 100
2 44 29 30 29 42
7 23 24 20 21 33
| -, 10 22 16 20 19 28 y

(*) Relative percent is the average of at least two determinations taken from two
equivalent experiments.

(**) Culture definition :
Culture A : Demineralized water (control).
Culture B : Preconditioned, SBI-5 in demineralized water.
Culture C : Non-sterile S-MSB-1-Y.
Culture D : Preconditioned, SBI-5 in sterile S-MSB-1-Y.

Culture E - Heat-treated, 120 hrs-old SBI-5 culture broth.
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that only SBI-5 (and perhaps olhcx"
gi‘r(:l)ins wixhysimilar morphology) was
present at the end of the experiment.
These results suggest that SBI-5 is unable
to grow in the low nutrient pond water,
but, to our surprise, SBI-5 did possess
the ability to inactivate (and perhaps de-
stroy) the natural flora of the pond
water. Once yeast extract was added,
SBI-5 was slightly able to grow and 1o
partially degrade the JP-5 fuel. It has
been shown previously that microbial nu-

tritional requirements appear to be site
specific(13),

IP-5 fuel was also added to soil sam-
ples inoculated with SBI-5 1o determine
if the addition of jet fuel consuming mi-
crobes could utilize this hydrocarbon as a
source of energy and carbon. The rela-
tively small losses of JP-5 fue] from sand

cultures suggest that evaporation is prob-
ably not a significant factor contributing
to the loss

of JP-5 fuel from the organic-
rich soil experiments. Possibly, the re-
duction in the concentration of JP-5 fuel
observed after only 4 days of culturing in
organic-rich cactus soil may be due to the
absorbance of JP-5 fye] by the organic
material in the soil, This seems unlikely,
however, because the soil was extracted
with n-heptane that should remove Jp-5
components from a] parts of the sojl.
Prediction of the fate.of hydrophobic or-
ganic contaminants in sojls is complicat-
ed by the competing process of sorption
and biodegradation. From a practical
standpoint, rendering organic contami-
nants unavailable to potentia) microbial
degraders by sorption to soil could seri-
ously impede efforts 1o bioremediate con-
taminated sites(16),
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