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P
etroleum-metabolizing microbes 
were first identified more than 100 
years ago. George M. Robinson 
was the first to use them to treat 

a hydrocarbon spill in 1960. Microbial 
applications can also be used to treat 
petroleum-contaminated groundwater 
in situ instead of extracting it for above-
ground treatment. This saves money and 
preserves groundwater for future use.

Technological advances in quality 
control have allowed specialized biore-
mediation companies like Delta Reme-
diation to develop BioLogix, an inocu-
lated solution that achieves plate counts 
of trillions of microbes per gram. This is 
orders of magnitude over the millions of 
microbes per gram, which nature would 
typically produce. BioLogix contains 
a variety of hydrocarbon degrading 
microbes that are used to treat organic 
contaminants in both water and soil.

Pump and treat extraction systems 
are commonly used to control contam-
inated plumes, to prevent migration as 
well as extract the contaminated water 
for above-ground treatment.

Some of these systems use municipal 
sanitary water treatment plants for waste 
disposal, which can increase expenses 
for plant equipment and processes. If 
the water is disposed through injection 
wells, it is forever removed from the 
ecosystem, causing environmental rami-
fications and a lost reusable resource.

Usually, extracting groundwater is 
an ineffective way to remove contami-
nation. Typically, clean water is drawn 
into the contaminated area and flushed 
over the soil to desorb the contaminants. 
Because hydrocarbons have low solu-
bility and preferentially adsorb to soil 
instead of dissolving into the water, an 
excessive amount of clean water must 
flush over absorbed contaminants to 
dislodge them. Extracted water has 
much lower concentrations of contam-
ination than the water in the ground, 

resulting in a sample that requires very 
little treatment.

As the concentrations in the ground 
decrease, extracted concentrations de  crease 
proportionately. As time passes the treat-
ment system is receiving the same volume 
of water but removing less contamination. 
In other words, the cleaner a site becomes, 
the less efficient the system becomes.

Delta Remediation’s BioLogix tech-
nology was used at a site contaminated 
from a leaking UST (underground stor-
age tank). The characterization and 

signature of contamination was that of 
a typical gasoline station built in the late 
1970s.

Specialized microbes were used to 
treat petroleum contamination in the 
groundwater in conjunction with soil 
excavation following the removal of the 
leaking gasoline tank. BioLogix was used 
to treat the excavated soil on-site. Ten, 
200-litre drums of hydrated microbes 
were injected into the groundwater in 
and around the former UST cavity.

In addition to the microbes, about 40 
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kg of an oxygen supplement were added 
to support the aerobic metabolism. 
Injection was by direct push methods 
at 11 locations within the groundwater 
plume.

Groundwater sampling showed that 
desired cleanup levels were achieved in less 
than a year for all regulated compounds.

There are three important factors for 
successful in situ treatment. They are the 
right microbes, the right growth condi-
tions for them, and complete and uniform 
distribution within the contaminated area.

As in brewing beer or making bread, 
there may be naturally-occurring microbes 
present in the environment, but select-
ing the right microbes yields predictable 
and reliable results. The right microbes 
can be selectively grown in a laboratory 
to produce yields that are impossible to 
achieve in the environment. Microbes can 
be combined in suites to have a synergis-
tic effect that improves the effectiveness or 
tolerance of environmental conditions.

Pseudomonas microbes have the larg-
est metabolic diversity. This means they 
can metabolize a wider range of organic 
chemicals than other microbes, includ-
ing the range of organic compounds that 
make up petroleum. Pseudomonads also 
tolerate a wide range of temperature, pH 
and salinity. They can be frozen and 
thawed without a significant population 
loss. For petroleum bioremediation, the 
right microbes mean a blend of pseudo-
monads.

BioLogix microbes need to contact the 
contamination to metabolize it. Multiple 
injection points and control over the 
vertical as well as horizontal distribution 
eliminates zones of untreated groundwa-
ter. Another important factor to consider 
is the hydrogeology of the impacted site. 
The native permeability needs to be suffi-
cient for distribution from the injection 
points. If the soil is too clay-rich, in situ 
treatment may require too many injec-

tion points to be cost-effective. Typically, 
permeability as measured by the hydrau-
lic conductivity should be higher than 
10-5 cm/sec.

Bioaugmentation injects the right 
microbes at their peak population. This 
way the microbial population does 
not have to increase in the subsurface. 
Microbes must metabolize and repro-
duce, however, to sustain their popula-
tion. Sustaining the population requires 
a food source, which is supplied by the 
petroleum, and oxygen for metabolism. 
The oxygen demand is proportional to 
the amount of petroleum or other organ-
ics in the groundwater, which can be 

measured by chemical oxygen demand 
(COD) and biochemical oxygen demand 
(BOD).

Utilizing in situ bioremediation 
can eliminate an unnecessary volume 
burden on municipal wastewater treat-
ment systems and cut costs. With water 
demands increasing to meet municipal 
and agricultural requirements it is more 
important than ever to preserve ground-
water resources for future use.

Robert Lacey and James Ehizojie 
are with Delta Remediation. Email: 
RLacey@deltaremediation.com

Sampling Date TPH Benzene Toluene Ethylbenzene Xylen
Pre-Injection 5/29/08 8,500 240 53 670 63

Post-Injection
11/24/08 650 1.7 4.5 5.9 1.9
2/24/09 57 <0.50 <0.50 <1.0 <0.50
8/27/09 <50 <0.50 3.2 <1.0 <0.50

*All concentrations are in µg/L.
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