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MICROBIAL POPULATIONS IN

SHALLOW AQUIFER AT

A JET-FUEL-CONTAMINATED

TUSTIN, CALIFORNIA

By Garry G. Ehrlich, Roy A.

Schroeder, and Peter Martin

ABSTRACT

JP-5 jet fuel has contaminated 100,000
square feet of the shallow perched aquifer
at the U.S. Marine Corps Air Station (He-
licopter) in Tustin, California. A 5-foot
clay layer provides an impermeable barrier
to vertical migration to the deeper main
water-bearing aquifer. Horizontal trans-
port results in slow seepage from the
banks of the Peters Canyon channel which
intercepts the shallow aquifer downgradi-
ent from the source of contamination.

Determinations of bacterial populations
in the ground water indicate that bacte-
rial counts are 100 to 1,000 times higher
inside than outside the zone of contami-
nation. Growth on JP-5-inoculated agar
plates shows that substantial populations
of JP-5-assimilating bacteria are present

in the shallow aquifer. It appears that
only a few species of specialized bacte-
ria, presumably those able to assimilate
JP-5, are preferentially selected for in
the contaminated zone.

Laboratory enrichment experiments show
that the addition of nitrate plus phos-
phate stimulates growth and converts a
mixture of fuel and water to an emulsion.
The presence of carboxylate metabolites
in the ground water suggests that bio-
transformation of jet-fuel hydrocarbons
stops short of complete mineralization to
inorganic carbon, presumably reflecting
oxygen limitation.

It is proposed that injection of inor-

ganic nitrogen, phosphorus, and oxygen
might enhance in-situ cleanup of the
aquifer.

Abstract 1
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Fatty-acid analyses were done on a
Finnegan 4500 fused-silica capillary-
column gas chromatograph-mass spectrometer
data system. The pH of 5-mL portions of
well water or cell-free laboratory culture
fluid was adjusted to 12 with 7N KOH
solution and extracted with 5 mL of di-
chloromethane. The phases were separated
and the aqueous phase was acidified with
10N H, SOy to a pH less than 2. Two milli-
liters of the acidified aqueous phase were
extracted with 1.0 mL of diethyl ether.
Diethyl ether extracts were dried over
sodium sulfate before analysis.

RESULTS AND DISCUSSION

Zone of Contamination

The approximate boundary of contamina-
tion is shown by the shaded area in
“figure 3. The boundary is based on con-
centration of JP-5 fuel in samples from
‘20 monitor wells and 8. shallow hand-
augered holes. The contaminated area in-
cludes about 100,000 ft2 between the burn
pits and Peters Canyon channel.

Results of semiquantitative analyses
+for JP-5-fuel content of soil cores col-
+lected during the construction of the
-monitor wells indicate that the contamin-
ation extends from about 7 feet below land
surface to the top of the 5-foot clay
layer at about 21 feet below land surface.
JP-5 fuel was not found in the clay layer,
indicating that the clay layer is an ef-
fective barrier to the vertical movement
of contamination.

Significant concentrations of JP-5 fuel
were identified in soil-core samples col-
lected below the present-day water table.
The presence of the jet fuel below the
water table suggests that the water level
has been lower in the past. Water levels
have declined from about 7 feet below land
surface in spring 1983 to about 13 feet
below land surface in spring 1984. Even
larger water-level fluctuations may have
occurred in the past, allowing JP-5 fuel
to contaminate the entire vertical profile
of the shallow zone. Because of the low

permeability of the shallow =zone, some
JP-5 fuel has remained trapped below the
present water table.

In the wells sampled for microbiological
analyses, thin free-floating fuel layers
and dispersed fuel droplets were present
in wells 9, 22, 23, and 25. There was no
free fuel layer in well 8 but the JP-5
concentration of well 8 water was 19 mg/L
(milligrams per liter), which is approxi-
mately equal to the solubility in water.
Chemical analysis detected no JP-5 fuel
in well 21 water.

Nutrient Concentrations

Phosphorus, nitrogen, and oxygen concen-
trations were determined in water samples
from most of the monitor wells in the
study area. These macronutrients were
measured to establish whether they were
affected by in-situ microbial degradation
of the jet fuel.

The concentration of dissolved phosphate

(PO,) was generally a few tenths of a
milligram per liter, but was highly
variable. Variations show no apparent re-

lation to the jet-fuel contamination.
Because phosphate has a strong affinity
for particle surfaces, sorption on aqui-
fer soils is probably the major control
on ground-water concentrations.

The concentration of nitrate-nitrogen
(NO3-N) ranged from 50 mg/L in samples
from well 21 to less than 0.1 mg/L (the
detection 1limit) in samples from wells
containing jet fuel. Well 21 was com-
pleted surrounded by a cultivated field
in 1983 and 1984; therefore, the high
nitrate is presumed to reflect the use of
fertilizer. Nitrate-N ranged from 1 to
5 mg/L in samples from wells outside the
cultivated field and outside the area of
jet-fuel contamination. Evidently nitrate
is completely consumed by microbial popu-
lations degrading the jet fuel.

In surface-water sediments, ammonium
increases normally accompany nitrate
decreases as the sediment become more
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anaerobic. However, ammonium-nitrogen
(NH4,-N) concentrations were less than 0.1
mg/L throughout the study area--except in
the filled trenches, where concentrations
ranged from 1 to 2 mg/L. The ammonium ion
is strongly sorbed to particle surfaces
and exchangeable clays, so higher concen-
trations within the trenches might be
caused by less sorption on the compara-
tively larger particle-size (less surface
area) material with which the trench is
filled (see fig. 2).

Oxygen concentration was 3 to 5 mg/L in
samples from wells outside the area of
jet—fuel contamination but was zero in
wells containing jet fuel. The absence
of oxygen was accompanied 5y a strong odor
of hydrogen sulfide in wells 1located in

odor in contaminated wells outside the
trenches. Evidently aerobic Dbacteria
using jet fuel as an energy source rapidly
consume all the available oxygen.

The absence of nitrate and oxygen in
the ground water contaminated by jet fuel
suggests that in-situ jet~fuel degradation
might be enhanced if additional oxygen and
inorganic nitrogen were available.

Microbiological-Test Results

Results of microbiological determin-
ations are given in tables 1 and 2. It
can be seen that AODC values and SMA and
JP-5 agar pla-: counts were highest in the
wells with fr:e fuel layers. AODC values

the trenches, and sometimes by a faint ranged from nearly 1x10® cells/mL to
TABLE 1.--JP-5-fuel concentrations, acridene orange direct counts, and aerobic
plate counts for two sampling sequences at MCAS(H), Tustin, California
[AODC, acridene orange direct counts; <, less than; *, plus or minus]

) JP-5 Aerobic plate counts
Well concen-~ Microbiological AODC SMA JP-5
"No. tration! sampling dates (cells/mL) (cfu/mL) (cfu/mL)

(mg/L) X103 X103 X103

8 19 Nov. 16-17, 1983 2,200 62 62

9 213,000 Nov. 16-17, 1983 13,000 1,200 1,300

21 <0.2 Nov. 16~17, 1983 1.3 <1 <1
Jan. 16-20, 1984 19+8 0.35+0.21 0.33%0.18

22 216,000 Nov. 16-17, 1983 6,600 900 1,400
Jan. 16-20, 1984 5,600+1,200 1,200£600 1,000+£700

23 2130 Nov. 16-17, 1983 1,000 90 90
Jan. 16-20, 1984 700+100 110+80 7010

25 2820 Nov. 16-17, 1983 7,600 710 1,300

‘Sampled spring 1983

2Fuel layer present

10 Microbial Populations, Tustine, Calif.



TABLE 2.--Anaerobic bacterial indicators at MCAS(H), Tustin, California

[<, less than; -, analyzed and not detected; NA, not analyzed; +, present;
MPN/mL stands for most probable number per milliliter]

Date Anaerobes Sulfate Methane
Well No. (1983) (MPN/mL) reducer Methanogens concentration
(mg/L)
8 Nov. 16 <30 + _ _
Nov. 17 150 + - +
9 Nov. 16 <30 + - +
Nov. 17 <30 + _ +
21 Nov. 16 <30 _ NA
Nov. 17 <30 - -
22 Nov. 16 210 + - +
Nov. 17 750 + - M
23 Nov. 16 2,400 + + 6 -
Nov. 17 430 + + 5
25 Nov. 16 150 + + 1
Nov. 17 2,100 + + 1

slightly more than I1x107 cells/mL in this
group of wells, but AODC values in uncon-
taminated well 21 were less than 2x10“
cells/mL--roughly 40-fold less than the
lowest value for a well with a free fuel

layer. The AODC for well 8, which is near
the edge of the JP-5-fuel plume, was
2.2x10% cells/mL. This is near the low

end of the range for the contaminated zone
but more than 100-fold greater than in un-
contaminated well 21.

AODC values are greater than the SMA and
JP-5 agar plate counts by factors of about
10 or less for wells 9, 22, 23, and 25,
which all have free fuel layers, but are
significantly larger than the counts for
uncontaminated well 21. The results of
the JP-5 agar plate counts indicate that
substantial populations of JP-5-fuel-
assimilating bacteria exist in the shal-
low zomne. Interestingly, the counts on
JP-5 agar and SMA were -quite close even
though the compositions of these two media

differ greatly. SMA is a mixture of poly-~
peptides, glucose, and a few inorganic
salts, whereas the only energy sources in
the JP-5 agar are the hydrocarbons of the
fuel. The significance of this is
unknown.

Methane-producing bacteria and dissolved
methane were detected in water samples
from only wells 23 and 25. The presence
of methane-producing bacteria in these
wells was surprising. It was expected
that any methane-producing bacteria that
might be present would perish as a result
of exposure to oxygen during well recovery
following bailing. However, Patel and
others (1984) reported that methane-
producing bacteria may be less sensitive
to oxygen toxicity than is commonly sup-

posed. They aerated stationary-phase
cells of three species of methanogenic
bacteria in the absence of reducing
agents. Exponential death rates were ob-

served, but the times required to destroy

Results and Discussion 11



90 percent of the bacterial standing crop
ranged from 3.5 to more than 9 hours. The
density of methanogenic bacteria in the
saturated zone may be sufficiently high
that a small number of them survive even
after several hours exposure to oxygen.

Carboxylate Metabolites

Results of fatty-acid analyses of
samples from wells 21, 22, 23, and 25 are
given in table 3. Only formate, acetate,
propionate, and benzoate were found.
Higher molecular-weight acids and alcohols
were not found. Anaerobic bacteria are
generally unable to utilize the compounds
in crude oil and its refined derivatives
as nutrients. Methane-producing bacteria
can assimilate only a 1limited range of
compounds; they are capable of autotrophic
growth with H; and CO,, and some species
can use formate and acetate as growth sub-
strates. Sulfate~reducing bacteria can
utilize certain fatty acids including
acetate (Widdle and Pfennig, 1981). The
presence of fatty acids and benzoate in
water from wells 22, 23, and 25 suggests
that biotransformations of hydrocarbons is
occurring in the shallow zone, but com-
plete oxidation of hydrocarbons to CO, and

Nutrient Addition

A series of laboratory experiments using
shaking flasks was done to determine if
adding nitrogen or phosphorous to a sample
of water from well 22 would enhance micro-
bial growth. The control test involved a
mixture of well 22 water and 1 mlL of
JP-5 fuel inoculated with a culture of
hydrocarbon~degrading bacteria  derived
from well 22, After 7 days the SMA plate
count reached 2.6x10° cfu/mL (colony form-—
ing units) and then declined to 4.1x10%
cfu/mL after 14 days. Comparable results
were obtained when well 22 water and JP-5-
inoculated wzter were each enriched with
potassium phesphate tc a level of 100 mg/L
as P-P0Oy or with potassium nitrate to a
level of 100 mg/L as N-NOj. When both
potassium phosphate and potassium nitrate
were added to the same solution, the SMA
count reached 4.5x10% cfu/mL after 7 days.
Furthermore, the fluid in the shaking
flask assumed a milky white color presum-
ably caused by emulsification of the
hydrocarbon phase. With the addition of
either phosphate or nitrate, but not both,
the JP-5 remained in the form of isolated
globules floating on the surface of the
water. Evidently the addition of both is

Hy0 by microbial metabolism does not required to enhance microbial growth and
occur, This incomplete mineralization cause emulsification of the fuel/water
presumably reflects an oxygen limitation. mixture.
TABLE 3.--Concentration of carboxylic acids in ground water at
MCAS(H), Tustin, California, and in laboratory test solutions
[Concentrations in mg/L; <, less than]
Well No. Formate Acetate Propionate Benzoate
21 <0.1 <0.1 <0.1 0.6
22 <.1 .8 <.1 .9
23 .2 .3 <.1 <.1
25 2.4 .9 <.1 1.3
Laboratory test 9.0 36.7 .2 14.0
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Results of analyses for fatty acids in
an inoculated sample of well 22 water that
had been enriched with phosphate plus
nitrate, and shaken for 7 days, is shown
in table 3. It can be seen that substan-
tial amounts of formate, acetate, and ben-
zoate are present, even in this well-
aerated sample. This suggests that total
mineralization may occur only slowly in
the presence of free hydrocarbon, even
under aerobic conditions. This aspect is
under further study.

SUMMARY AND SUGGESTION FOR FUTURE WORK

The results presented show that the
presence of JP-5 fuel supports a signi-
ficant population of hydrocarbon-
assimilating organisms in the shallow zone
at the MCAS(H). The presence of methane-
producing bacteria suggests that oxygen
limitation may be a control on growth of
the populations of aerobic hydrocarbon~-
degrading bacteria. The sulfate-reducing
bacteria and methane~-producing bacteria
are apparently using fatty acids that re-
sult from the biotransformation of ali-
phatic and aromatic hydrocarbons in the
JP-5 fuel, The results of laboratory
shaking-flask experiments indicate that
microbial growth in the shallow zone is

limited by the availability of inorganic
nitrogen and phosphorous.

In-situ microbial biodegradation has
been considered to be a promising process
for removal of contaminants from ground
water. Examples of in-situ microbial ac-
tivity as an aid to ground-water cleanup
were published by McKee and others (1972),
Jamison and others (1973), and Van Loocke
and others (1975). Jamison and others
(1973) observed that bacterial counts in
well-water samples from a gasoline-
contaminated aquifer increased by 10-
to 100-fold after injection of ammonium
sulfate solution into the aquifer near the
wells. They also speculated that addi-
tional oxygen would be needed to achieve
the maximum benefit of in-situ microbial
degradation of fuel.

These preliminary findings suggest that
injection of soluble nitrogen and phospho-
rous compounds into the shallow zone could
stimulate microbial growth and increase
biotransformation of contaminating JP-5
fuel. Evidence for oxygen limitation as
a control on microbial growth in the
shallow zone already exists. Injection
of hydrogen peroxide might prove benefi-
cial if, as a result of its chemical or
microbial breakdown, a supply of oxygen
were released to the ground water.

Summary and Suggestions for Future Work 13
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