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IN-SITU PAH REMEDIATION – NEW JERSEY

EXECUTIVE SUMMARY
A New Jersey utility company operated a regulator station on the site of a former manufactured gas plant
in central New Jersey. The gas transfer station contained a large natural gas feeder main that fed major
population centers in the southern part of the state. The regulator station contained an area
2
approximately 3,600 ft contaminated to a depth of 1 meter with both PCBs and Polycyclic Aromatic
Hydrocarbons (PAHs).
Given the complexity of the site (see picture below) and the importance of the feeder main, the owner
prohibited any excavation of the site. Further complicating the treatment issue was the owner’s
requirement that the treatment and any associated hardware be confined within the fenced area
surrounding the transfer station and contaminated area.
As a result of the complexity of the contaminants and the restrictions on the site, Nordevco developed a
treatability study to model and demonstrate the capability of
TM
Nordevco’s BactiDomus Delivery Technology to solve the
contamination problem affecting the site.
Results of the four-month treatability study were submitted for
review to the New Jersey Department of Environmental
Protection and Energy (NJDEPE) and Metcalf and Eddy, the
site owner’s supervising Consultants. Based on that review,
Nordevco was granted permission, by the NJDEP, to use its
TM
BactiDomus Delivery Technology to remediate the site.
While this report focuses specifically on the PAH treatment, information on the PCB treatment is also
available from Nordevco – see In-Situ Remediation of PCB Aroclor 1248 Contaminated Soil – New
Jersey, USA.

Technology Summary:
TM

The BactiDomus Delivery Technology is the next generation approach to bioremediation and its
development focused on eliminating the problems associated with traditional bioremediation
(bioaugmentation and enzyme applications). Those problems included the need for an
activation/acclimatization period, reduced efficiency at high contaminant concentrations or toxicity levels,
extended time requirements for treatment, getting the most appropriate organisms to the contamination
and susceptibility to predation by other organisms.
It has also been very difficult to predict the outcome of many bioremediation projects due to variable sitespecific factors such as pH, salinity, availability of nutrients and temperature variability.
When you combined the hurdles detailed above with the fact that many of the last generation
bioremediation technologies required extremely costly infrastructure to control the treatment or bring the
contamination to the treatment, it became clear that bioremediation was not the ‘silver bullet’ it originally
promised to be.
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TM

Nordevco developed the BactiDomus Delivery Technology specifically to overcome those hurdles and
TM
improve the efficiency, reliability and cost of treatment. What makes the BactiDomus technology
unique and significantly more effective is the ‘delivery system’ that focuses on getting the appropriate
bacteria to the contaminant and ensuring that those organisms have a support environment to allow them
to thrive.
TM

At the core of the BactiDomus Delivery Technology is the unique carrier material that the delivery
technology is built on. This carrier material is a naturally occurring and non-toxic inorganic compound
that acts as an all-inclusive module that carries the appropriate bacteria to the contaminant. While the
embedded bacteria break down the organic contaminant, the carrier material provides protection from the
potentially toxic levels of contaminant, micronutrients and a greater contact area between bacteria and
contaminant.
A number of different modules have been created to deal with specific types of contamination. Each
different module potentially contains a variety of different organisms selected for their ability to degrade
the specific contaminant. Under normal circumstances some strains would be predatory or antagonistic
to each other. Because each strain is 'housed' in a different capillary they are unable to attack each
other. This allows us to select the most effective bacteria for a specific treatment rather than any single
strain.
TM

Specifically, the BactiDomus technology bonds the specifically selected microorganisms to the
capillaries of the carrier material. In addition, nutrients and trace elements are added. This process
provides a number of advantages over traditional approaches including:
•

Creating a complete environment for the microorganisms that increases both their survivability
and efficiency and reduced early organism mortality

•

Providing initial nutrient requirements for rapid organism activation

•

Providing protection against the toxic effects of the environment in which they are employed

•

Provides a support system that increases and optimizes the contact surface between the bacteria
and the contaminant

•

Allows for combining a variety of different bacteria that would normally be predatory to each other
into one delivery system as each strain is isolated from the other by the carrier material which in
turn provides for a greater range of successful contaminant treatment

•

Increasing bacteria survivability and longevity increases the duration between applications
reducing the costs of the treatment.

NORDEVCO ASSOCIATES
4 of 10

IN-SITU PAH REMEDIATION – NEW JERSEY

CURRENT STATE ASSESSMENT
General Overview:
The Current State Assessment summarizes the information regarding the site collected during an initial
site visit, review of the initial Site Impact Assessment, and Nordevco staff observations and discussions
with both the site owner and Metcalf & Eddy, the supervising consulting engineering company.
The regulator station is located in the southwest quadrant of the former Toms River Manufactured Gas
Plant in Dover Township, Ocean County, New Jersey. The site is in use by the owner, Jersey Central
Power and Light (JCP&L) and a tenant, Keilly Construction Company. The eight-acre site is being
remediated under an Administrative Consent Order with the NJDEP.
Nordevco was specifically retained to address contaminated soil issues within the boundaries of the
actual regulator station. The area in question is approximately 3,600 square feet in area.
Initial analysis of the soils used in the treatability study (removed from the site and supplied by the
supervising consulting firm Metcalf & Eddy) indicated the presence of Aroclor 1248 and quantities of
Polycyclic Aromatic Hydrocarbons (PAHs). Because of the site’s history, Nordevco staff assumed that
greater concentrations and varieties of PAHs would be found in the contaminated area. As a result, the
treatment design took into account that possibility.
While the primary focus of the treatment was to be the Aroclor 1248, the client also requested that we
deal with the PAHs impacting the site.
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SOLUTION
In designing the full-scale site remediation plan, Nordevco design staff assumed that, due to the past
nature of the site, greater concentrations and varieties of PAHs would be found in the soils. Metcalf &
Eddy later confirmed this during soil testing to monitor the rates of contaminant biodegradation.
Because of the site owner’s prohibition against any type of excavation, except for manual raking of the
soil surface, and the sensitivity of the equipment in the transfer station, Nordevco designed a two-pronged
approach:
1. An initial shock dose of 800 kg of BactiDomusTM Delivery Technology module Bio4SGR
BA01-FG applied directly to the surface of the contaminated area and manually raked
into the contaminated soil. To increase penetration of the module, the site was then
watered.
TM
2. Weekly treatments with a slurry of BactiDomus
Delivery Technology modules
Bio4SGR XT01, Bio4SGR XT02, Bio4SGR XT06, Bio4SGR XT07, and Bio4SGR XT08,
diluted in a 200 litre container equipped with a small electric mixer and pump and then
sprayed over the area.
Due to the levels of contamination and the complexity of the Aroclor 1248, it was anticipated that two full
seasons of treatment would be required. (April – November).
To replace the protective layers of gravel and fabric covering that has been in place to inhibit the spread
of contamination, a geo-textile membrane will be placed over the contaminated soil. The purpose of the
membrane was both to control dust and allow the sprinklers to keep the site damp. The membrane was
temporarily removed on a weekly basis to apply the delivery modules and was then replaced.
A sprinkler system, with automatic timer, was installed on the site to ensure that the site received
adequate moisture. Given the high temperatures common in New Jersey, site desiccation was a
concern. Regular watering of the site with this sprinkler system ensured that did not occur. It should be
stressed that the purpose of the system was to keep the site damp and not flooded. Lysimeters and
tensiometers were installed and monitored by the Metcalf & Eddy to ensure that contaminant was not
being ‘flushed’ from the site rather than remediated (see photo below).

Site Monitoring station installed
and monitored by Metcalf & Eddy
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Due to third party contract negotiation delays the first treatment, originally scheduled for July 6, 1993, did
not commence until September 17, 1993. Treatment continued on a weekly basis until December 7,
1993, when treatment stopped due to the onset of cold weather.
TM

In addition to the BactiDomus Delivery Technology module applications, a one-time addition of 50
pounds of Grace Sierra Maxbac fertilizer was applied to the surface of the treatment area on September
20, 1993.
The 1994 treatment season was also delayed due to third party contract negotiations. As a result, active
treatment did not begin until June 23, 1994.

200 Litre (55 gallon) container with
electric mixer and pump for slurry
application

Geo-textile membrane covering
contaminated soil
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RESULTS
The results presented in this report are based samples collected by Metcalf & Eddy staff and analysed by
the IT Laboratory in Edison, New Jersey, a NJDEP certified laboratory.
Analysis of PAH concentrations was discontinued, by Metcalf and Eddy on July 25, 1994. That decision
was not made in consultation with Nordevco and the reason(s) for that decision were never shared with
Nordevco staff.
TM

Based on an initial total PAH concentration of 84,600 ppb, Nordevco’s BactiDomus
Delivery
Technology was able to reduce total PAH concentrations to 23,790 ppb or 71.9%., in-situ. The majority of
that reduction came in the first month of treatment (September 17 – October 19) when the weather was at
its warmest.
As the weather cooled in November and December biodegradation continued, but at a much slower rate.
This period of cooler weather saw total PAH concentration levels drop to 15,610 ppb, bringing the total
reduction, in three months, to 81.5%.
TM

The period of December 7, 1993 to June 25, 1994 saw no additional BactiDomus Delivery Technology
module applications to the contaminated soil. During that six months period, including the entire winter,
total PAH concentrations were reduced to 8,991 ppb or 89.4%. The additional PAH degradation during
TM
that period demonstrates the capability of the BactiDomus Delivery Technology to provide a significant
level of protection to the bacteria.
It should also be noted that a Metcalf & Eddy’s progress report to the client dated March 28, 1995 stated:
“Water samples were taken from lysimeters screened at a depth of three (3) feet and analyzed for target
semi-volatile organic compounds and tentatively identified compounds, including PCBs. Results show
that the PCB’s or their breakdown products did not move into the water table during treatment.”
While the Metcalf & Eddy report specified PCBs, it is important to note that the lysimeter analysis did not
reveal the movement of any other compounds (“target semi-volatile organic compounds and tentatively
identified compounds….) into the water table. Clearly, the reduction in PAHs was the result of the
TM
BactiDomus Delivery Technology’s ability to deliver the appropriate bacteria to the contamination,
protect the bacteria, and allow for effective treatment.

Soil sample for analysis
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PAHS IDENTIFIED AND CONCENTRATIONS

Analysis Results in ppb
10/19/93 12/07/93 07/25/94

PAH

Molecular
Mass

Number
of Rings

09/16/93

Acenaphthylene

152

2

3200

2400

1800

968

Phenanthrene

178

3

6700

590

410

309

Fluoranthene

202

3

11000

2100

1300

662

20900

5090

3510

1939

Low Molecular Mass PAHs Totals
Pyrene

202

4

16000

4200

2500

1412

Benzo(a)Anthracene

228

4

5900

2100

1100

852

Chrysene

228

4

6600

2300

1300

927

Benzo(b)Fluoranthene

252

4

10000

2900

1800

1615

Benzo(a)Pyrene

252

5

8200

2600

1900

973

46700

14100

8600

5779

Medium Molecular Mass PAHs Totals
Benzo(g,h,i)Perylene

276

5

9200

2500

1900

663

Indeno(1,2,3-c,d)Pyrene

276

5

7800

2100

1600

610

Heavy Molecular Mass PAHs Totals

17000

4600

3500

1273

Total PAHs

84,600

23,790

15610

8991
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PAH REDUCTION BY PERCENTAGE

PAH

Percent Reduction in Concentration
09/16/93 10/19/93 12/07/93 07/25/94

Acenaphthylene

0%

25.0%

43.8%

69.8%

Phenanthrene

0%

91.2%

93.4%

95.4%

Fluoranthene

0%

80.9%

88.2%

94.0%

Low Molecular Mass
PAH Totals

0%

75.6%

83.2%

90.7%

Pyrene

0%

73.8%

84.4%

91.1%

Benzo(a)Anthracene

0%

64.4%

81.4%

85.6%

Chrysene

0%

65.2%

80.3%

86.0%

Benzo(b)Fluoranthene

0%

71.0%

82.0%

83.9%

Benzo(a)Pyrene

0%

68.3%

76.8%

88.1%

Medium Molecular
Mass PAH Totals

0%

69.8%

81.6%

87.6%

Benzo(g,h,i)Perylene

0%

72.8%

79.3%

92.8%

Indeno(1,2,3-c,d)Pyrene

0%

73.1%

79.5%

92.2%

Heavy Molecular Mass
PAH Totals

0%

72.9%

79.4%

92.5%

TOTAL PAH
REDUCTION BY %

0%

71.2%

81.5%

89.4%
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