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STATEMENT OF QUALIFICATIONS

PETROLEUM RELATED REMEDIATION

ADVENTUS' staff has over 120 years of collective experience in conducting remedial investigation (RI),
feasibility studies (FS), remedial design (RD), remedial action (RA) and operation and maintenance
(O&M) at gas stations and sites related to the storage of petroleum hydrocarbons in underground and
aboveground tanks, as well as projects where petroleum hydrocarbon were released in the environment
and sub-surface. These projects include industrial clients, federal, state and local governments as well
as public organizations. The sites include gas stations, fueling facilities at airports, rail yards and bus
garages, bulk chemicals and petroleum storage terminals, and brownfields redevelopment sites and
former manufactured gas plant (MGP) sites among others. Our collective remediation experience
includes the following technologies and related services:

For LNAPL Recovery - Multi-phase extraction (MPE), pneumatic product skimming pumps, vacuum
trucks and product recovery from excavations.

For Soil Treatment - Soil vapor extraction (SVE), bioventing, BLK (soil air circulation), in-situ chemical
oxidation, bioremediation and mitigation of soil vapor intrusion.

For Groundwater

Pump and treat with advanced oxidation and bioremediation, in-situ enhanced bioremediation (using
slow release oxygen product such as EHC-O ), air sparging (AS), groundwater circulation wells (GCW),
and monitored natural attenuation. We have significant experience in the area of fate and transport
modeling.

Representative Project Experience

1. Enhanced Bioremediation of Petroleum Hydrocarbons a t Gas Stations using EHC-O (100+
sites). ADVENTUS has used EHC-O for enhanced bioremediation of petroleum hydrocarbons
in soil and groundwater at various sites in the US, Canada, Australia, Taiwan, Brazil, Israel and
several European Countries. To date approximately 250,000 Ib of EHC-O has been used
worldwide to treat petroleum and other non-chlorinated hydrocarbons. EHC-O has been injected
in solid form (as a slurry) in most applications. In some applications, EHC-O socks have been
used in monitoring wells.

Table 1 of the attachment shows a list of EHC-O projects completed and project descriptions
where site closure was obtained using EHC-O

2. Bioremediation of Petroleum Hydrocarbons in Soils U sing TERRAMEND and Aerobic
DARAMEND. Adventus has developed and used two types of soil amendments to treat a variety
of gasoline and diesel range petroleum hydrocarbons including some PAHs in soil.
TERRAMEND was used on a turn-key project to treat approximately 4,400 tons of soil impacted
with heavy hydrocarbons at a site in Ontario (see Attachment B ). At a site in Taiwan, Aerobic
DARAMEND was used to treat 5,200 kg of soil from 4,000 mg/Kg TPH to less than 646 mg/Kg
clean up level in 3 months (see Attachment B ).
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The following is a list of Projects where staff cur rently at Adventus had provided
these services while working at other firms.

Bioremediation of Crude Oil — Exxon Valdez.  Staff now at Adventus assisted the US EPA and
Exxon Corporation to develop a practical in situ remedial response to treat the shorelines of
Prince William Sound following the release of 11 million gallons Prudhoe Bay crude oil from the
Exxon Valdez. The supertanker was grounded on March 24, 1989 and Adventus staff were on
site over a 2 year period conducting laboratory and field evaluations of multiple bioremediation
strategies

Major Airlines, JFK Airport, New York, NY. Implemented RA for treatment of MTBE, benzene
and other petroleum hydrocarbons in groundwater using pump-and-treat, advanced oxidation
technology, and enhanced bioremediation. Fate and transport modeling was used extensively to
track and predict plume movement. Implemented remedial action for recovery of jet fuel and
gasoline using seven multi-phase extraction systems and product skimming system to recover
500,000 gallons of total product. Also implemented remedial action for in-situ chemical oxidation
using Fenton’s Reagent and activated sodium persulfate.

Major Airlines, La Guardia Airport, New York, NY. Implemented remedial action for
excavation of a diesel fuel tank and in-place closure of a heating oil tank. Proposed MNA for
groundwater.

The Port Authority, New York, NY.  Designed and conducted ISCO at a fueling station to treat
petroleum hydrocarbons and MTBE. Modified Fenton’s reagent was used.

Bulk Storage Terminal, NJ . Evaluated product recovery alternatives in several areas of this
bulk chemical and oil storage facility in NJ and recommended appropriate action.

Wyoming Department of Environmental Quality, Jackso n Hole, WY. Designed 19 GCW
systems for installation at several gas stations in Jackson Hole, WY. Services include design,
system installation, start-up and operation of these systems.

Transport Company, NY . The transport company owned two gas stations with service stations
in NY. RA included excavation and removal of hydraulic lifts. ISCO and MNA were implemented
for residual soil contamination and groundwater.

Gas Station, Oldbridge, NJ. Soil and groundwater investigation was conducted related to a
UST tank farm. Designed and operated a dual-phase extraction system for LNAPL and soil and
enhanced bioremediation for groundwater.

Major Oil Company, NJ. Conducted pre-design investigation and conducted a Corrective
Measures Study (CMS) for petroleum hydrocarbons and lead in soil and groundwater at the
refinery. Contamination issues at the site include LNAPL, metals and SVOCs in soils and
sediments and low levels of petroleum hydrocarbons in groundwater.

Transit Authority, NY. Evaluated remedial approaches and provided cost estimates for the
largest rail yard in the country. Remedial approaches for several impacted areas at the site were
evaluated based on a major factor that involved dewatering at the site for a proposed rail tunnel.
Target contaminants were PAHs, BTEX, LNAPL, and some chlorinated solvents. Contaminant
sources were largely from several USTs and ASTs in the yard for fueling support vehicles and
train engines.




13.

14,

15.

16.

17.

Page 3 of 20

Transit Authority, NJ. Designed several multi-phase extraction systems and soil vapor
extraction systems to recover LNAPL (gasoline, diesel oil and fuel oil) at bus garages, rail yards
and maintenance facilities in New Jersey.

Turnpike Authority, NJ. Operated and maintained a pump and treat, dual-phase extraction and
a soil vapor extraction system at a service area in NJ. Contaminant sources were from gasoline
and diesel fuel USTs.

Former MGP Site, N J. Conducted pre-design investigation and prepared a design and
specification package for LNAPL and DNAPL barriers at the former MGP site to prevent
contamination from migrating to a river.

School Development Authority, NJ. Conducted pre-design investigation and prepared a
Feasibility Study (FS) / Remedial Alternatives Selection Report (RASR) to address petroleum
hydrocarbons including LNAPL at a brownfields development site for future use as a middle
school.

Major Oil Company, NY. Conducted a FS to address CVOCs and VOCs at the site in soil and
groundwater. ISCO was selected and implemented as a remedy for source area soils and
enhanced bioremediation was implemented for groundwater.
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Rapid Site Closure Achieved within One Year Using EHE-O

LUST Site, Kenosha, WI
Lead Consultant — STS Consultants, Ltd., Milwaukee WI

Summary

Site groundwater was impacted by petroleum volatile organic carbons (PVOCSs) as a result of leaking underground
storage tanks (LUSTSs). The LUSTs were removed in the early 1970s, and in October 2004, STS Consultants, Ltd.
treated the groundwater plume using an alternate oxygen-release compound. However, in Spring 2005, PVOCs
were still detected at significant levels. To facilitate site closure, a second round of oxygen release compound
injections was conducted in August 2005. But this time EHC-O was used as the source of slow-release oxygen
due to its ability to supply oxygen plus inorganic nutrients and buffering capacity in a more cost effective manner
(US$4.50/Ib; US$9.90/kg for EHC-O). The primary PVOC concentrations were reduced by 99% within 1 month,
and all compounds were below the State of Wisconsin’s Groundwater Enforcement Standards (ES). A second
sampling event, four months after the injections, showed additional reductions in PVOC levels and a “No further
action” letter was issued on June 5, 2006 following only two sampling events.

The Challenge

Site groundwater was impacted with PVOCs up to levels of 2,300 ppb and the chemical oxygen demand measured
between 36 and 90 ppm. The groundwater table was approximately 5 ft (1.5 m) bgs, and the impacts extended
down to approximately 15 ft (4.6 m) bgs. The lithology consisted of silty clay with occasional trace gravel at the
targeted treatment depth. The redox potential measured 21 mV and the pH was 6.65. The goal was to treat the
PVOCs down to their respective groundwater quality standards within a timely manner in order to facilitate Site
development.

The Solution

In August 2005, a total of 450 Ibs (205 kg) of EHC-O were introduced into 9 injection points at the hot spot area
from 5 to 15 ft (1.5 to 4.6 m) bgs. The EHC-O powder was mixed with water on site into slurry (20% solids) using a
handheld drill with mixing attachment and injected using direct push technology (Geoprobe grout system GS-1000
series). The injection points were spaced about 6 ft (1.8 m) apart to cover an area of approximately 20 ft x 20 ft (6
m x 6 m).
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The Result

Figure 1 shows the concentration of PVOCs in groundwater before and after the EHC-O injection. Four weeks
following the injection, six out of eight constituents of concern had decreased below the laboratory analytical
detection limits. The concentration of the remaining PVOCs had also decreased significantly; the benzene
concentration decreased by >99% (from 750 to 1.4 ppb) and the MTBE concentration decreased 88% (from 240 to
29 ppb). A second sampling event conducted 4 months following the injections confirmed the decreasing trend;
benzene had decreased below the laboratory analytical detection limit and MTBE had decreased to 13 ppb. The
total PVOC concentration decreased about 99% (from 2,290 to 13 ppb).

PVOC Concentration in Groundwater
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The Timeline and Cost

The EHC-O injection was completed in one day. Four weeks following
the EHC-O additions the concentration of total PVOC decreased about
99%, and the concentrations of all constituents were below the State of
Wisconsin’s groundwater ES.

The site was recommended for no further action within 4 months of
switching to EHC-O technology and a “No further action” letter was
issued on June 5, 2006 following only two sampling events. No further
investigation or remedial action is necessary at the site.

At US$4.50/lb (US$9.90/kg), the EHC-O product cost was US$0.50/ft>
(US$18/m3).
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Recommendation for Site Closure Achieved within One Year Using EB{C-

UST Area, Feley Farm Site - Schaffer, Michigan.
Lead Consultant — PAZ Technology Group, Dallas TX
Injection Contractor - ORIN RemediationTechnologies, LLC — Madison, WI

Summary

Soil and groundwater at the former Feley

Farms Site (Michigan, USA) was impacted

by gasoline constituents that originated from

former USTs. The leaking tanks were

removed in 1995; based on the reported

petroleum-contaminated water seeping into

the excavation hole along the surface of the

bedrock during the tank removal process,

groundwater monitoring was recommended.

The results of the 1996-97 monitoring effort

showed that groundwater had been

impacted at the source of the gasoline tank

leak, which was located between the

farmhouse and the farm water well.

Benzene levels and those of other gasoline-

associated pollutants substantially

exceeded Michigan standards. Due to the

danger of the gasoline leaking into the farm

water supply, USDA contracted with The

Paz Group for additional services to

delineate, monitor and remediate the contaminants. Accordingly, a soil vapor extraction system operated for 96
months followed by a groundwater pump-and-treat system (November 2000). A drop in remedial performance of
the pumping system was encountered hence, in October, 2006. EHC-O™ was used to remove residual benzene
and other constituents from an average concentration of 50 ug/L (ppb) to below their regulatory limits (MCLs of 5
ppb). EHC-O was the preferred source of slow-release oxygen due to its ability to supply oxygen plus inorganic
nutrients and buffering capacity in a more cost effective manner (US$4.50/Ib; US$9.90/kg for EHC-O). Within 6
months of EHC-O treatment, benzene concentrations were reduced by 99%, below the State of Michigan
standards. Post-treatment monitoring showed no re-bound > 1 ye ar post EHC-O application, with all
monitored constituents being below the analytical d etection limits. This timely and cost-effective re medial
action facilitated a clean closure and freedom for future property transfer. At US$4.50/Ib (US$9.90/kg ), the
EHC-O product cost was < US$0.20/ft * (US$18/m?).

The Challenge

Following conventional remedial actions (including soil excavation, SVE, and groundwater pump-and-treat)
benzene remained present in the groundwater at levels exceeding the Michigan Department of Environmental
Quality’s regulatory limit of 5 ppb. These impacts were mainly in Well #11 (at the former source area) and Well #7
(at the collection area). The soils in the area were characterized as nearly level to moderately steep, well drained
to somewhat poorly drained, loamy soils; and nearly level, very poorly drained organic soils.

The Solution

In October 2006, a total of 966 Ibs EHC-O was added to 18 injection points within the targeted hot spot measuring
about 50 ft wide x 50 long x 10 feet deep (from 5 to 15 ft bgs). Approximately 815 USG of EHC-O slurry was
introduced into the subsurface using GeoProbe direct push technology where 1 ¥%-inch diameter steel rods with
disposable tips were advanced to a target depth or first encountered bedrock. Depth of bedrock at the site ranged
from 4.5 to 8.3 feet below ground surface. Approximately 50 gallons of Adventus EHC-O at 14.5-percent solution
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was injected at each point as the rods were retracted from the resultant borehole. Exact injection point locations
and volume of injected solution varied depending on site conditions and soil matrix.

The Result

Approximately 4 months following EHC-O injection, the concentration of benzene in groundwater decreased by
>99% in both monitoring wells (< 0.4 pg/L — data not shown). One year post treatment monitoring showed that the
concentration of benzene (and other constituents — data not shown) remained below the analytical detection limits
(Figure 1). There was NO REBOUND and the Site is recommended for closure with no further investigation or

remedial action necessary.

Benzene concentration in groundwater

Concentration (ug/L)

31

<0.4

mMW-11
mMW-7

Before EHC-O Injection After EHC-O Injection

Figure 1:

Concentrations of Benzene in groundwater before and one-year after EHC-O® injection.




The Timeline and Cost

The EHC-O injection was completed in one day.
Following EHC-O additions the concentration of
Benzene decreased about 99%, and the
concentrations of all constituents were below the
State of Michigan groundwater standards.

The site is recommended for closure and no
further _investigation or remedial _action _is

necessary.

At US$4.50/Ib (US$9.90/kg), the EHC-O product
cost was ca. US$0.17/ft> (US$6/m®).

For more information, contact us by phone at
888.295.8661 or by email at info@adventusgroup.com
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I " #$$%&
Site | Site Location State or Chemicals Treated Remedial Date of
# Country (maximum concentration- System installation/ time
ua/L) to cleanup
1 LUST Site, Wi PVOCs (up to 2,300) EHC-O injection 1 month (Closed in 6
Kenosha into hot spots months)
2 Feather River CA pentachlorophenol EHC-0 and O-SOX | April 2007
3 Confidential MA TPH (80 mg/Kg) EHC-O 1 month
TPH (13,000)
4 Confidential NJ TPH (10,000) EHC-O 1 month
BTEX (1,000)
5 Tampa FL BTEX EHC-O June 2006
6 Port Richey FL BTEX EHC-O excavation | April 2006
backfill
Oakland CA Industrial facility EHC-O April 2006
7 Tillamook OR BTEX EHC-O excavation | Sept 2006
backfill
8 Umatilla OR BTEX EHC-O and O-SOX | Sept 2006
9 Charleston NC Gasoline related spill. Benzene EHC-O 12 months
was the driver at 1,500.
10 Rochester NY TPH EHC-O excavation | Oct 2006
backfill
11 Bark River Ml BTEX UST (Benzene 50 avg) EHC-O direct By 6 months,
injection benzene reduced to
non-detect; no
rebound after 1 year;
site closure
12 Sycamore IL VOCs/CVOCs EHC-O direct Oct 2006
injection
13 Richland WA TPH EHC-O excavation | Dec 2006
backfill
15 Callahan FL BTEX UST EHC-O excavation | May 2007
backfill
16 Goose Creek SC BTEX, MTBE, Naphthalene EHC-O excavation Feb 2007
backfill
17 Shepherdsville KY MEK EHC-O injected Feb 2007
into gravel trenches
to intercept
migration of recent
major surface spill
from train
derailment.
18 Lubbock TX Benzene 1000; 16 mg/kg EHC-O excavation | No monitoring
Toluene 250; 160 mg/kg backfill conducted
Ethylbenzene 2600; 75
mg/kg
Total xylenes 800; 339
mg/kg.
19 Denver CcO Creosote / pentachlorophenol 0O-SOX in existing Feb 2007
wells for polishing
PCP
20 Pleasant Hill CA TPH 0-SOX Feb 2007
21 Alameda CA TPH 0O-SOX March 2007
22 Monroe LA BTEX 0-SOX April 2007
23 Dolomite AL Creosote / pentachlorophenol EHC-O injection May 2007
24 Bay City MI BTEX UST up to just over 100 EHC-O excavation | May 2007

mg/L in groundwater

backfill
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25 Orlando FL BTEX UST EHC-O excavation | May 2007
backfill
26 Huntley MT BTEX UST EHC-O excavation | June 2007
backfill
27 Jacksonville FL Gasoline UST related spill. Total | EHC-O excavation | May 2007
TPH 5,000 mg/Kg. EHC-O backfill
applied at bottom of excavation
to treat residual TPH.
28 Del Ray FL BTEX UST EHC-O excavation | May 2007
backfill
29 Issaquah WA TPH-Gx (24,000) EHC-O direct July 2007
COD =40 mg/L injection — plume
treatment
30 Oakville ON (Canada) Toluene, Xylene EHC-O Nov 2006
31 Calgary AB (Canada) BTEX residual EHC-O direct Aug 2007
injection
32 Schenectady NY BTEX 0-SOX Aug 2007
33 Louisville CO BTEX 0-SOX Aug 2007
34 Hoosier SK (Canada) EHC-O Nov 2006
35 Hazco, Waterloo | ON (Canada) PVOCs (20,000) EHC-O Ongoing
36 Barrie ON (Canada) PVOCs EHC-O July 2006
37 Malden CT Average: EHC-O direct Aug 2007
C5-C8 5,186 mg/kg injection into hot-
C9-C12 1,630 mg/kg spot
C9-C10 841 mg/kg
38 Sorel-Tracy QC (Canada) 0-SOX Sept 2007
39 Makati PHILLIPINES 0-SOX Sept 2007
40 Santa Paula CA BTEX EHC-O Oct 2007
41 Jacksonville FL BTEX EHC-O Jan 2008
42 Midland Ml BTEX EHC-O excavation | May 2007
backfill
43 Managua NICARAGUA BTEX EHC-O Oct 2007
44 Kitchener ON BTEX EHC-O Sept 2007
46 Wethersfield CT TPH (50,000) EHC-O pilot test Oct 2007
47 Adelaide AUSTRALIA UST, Benzene EHC-O Oct 2007
48 Burford GA BTEX (1,000) EHC-O Oct 2007
49 Lovewell KS TPH, GRO/DRO EHC-O Oct 2007
50 Niagara Falls NY EHC-O pilot test Nov 2007
51 Forestville AUSTRALIA Benzene (10,000) EHC-O Oct 2007
52 Brooklyn NY TPH (10,000) EHC-O Aug 2007
53 Avondale FL BTEX (1,000) EHC-O June 2007
54 Ml UST Site EHC-O excavation Nov 2007
backfill
55 Trafford PA EHC-O Dec 2007
56 Delson QC (Canada) EHC-O Soxs Sept 2007
57 Dagenham UK Ammonium EHC-O Oct 2007
58 Surrey UK BTEX EHC-O Soxs Oct 2007
59 Nepean ON, Canada EHC-O Soxs Nov 2007
60 Antwerp BELGIUM EHC-O Dec 2007
61 Cinisello ITALY EHC-O Soxs Jan 2008
62 Fruitport MI UST Site EHC-O Jan 2008
63 Gresham OR BTEX EHC-O Jan 08
64 King City CA EHC-O Jan 08
65 Elgin IL EHC-O Feb 08
66 Venice ITALY EHC-O Feb 08
67 Grass Valley CA EHC-O Feb 08
68 Bedford VA EHC-O excavation backfill EHC-O Feb 08
69 Ottawa ON, Canada EHC-O Sox 2" Feb 08 multiple
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70 Denver City X EHC-O Mar 08
71 Ottawa ON, Canada EHC-O Mar and July 08
72 BELGIUM EHC-O Feb 08
73 Morrisburg ON, Canada EHC-O April and Jun 08
74 Bainsville ON, Canada EHC-O April 08
75 Staten Island NY Benzene (11,000), MTBE (1,500) | EHC-O April 08
ppm
76 Wyoming ON, Canada EHC-O April 08
77 Rochester NY EHC-O for acetone EHC-O April 08
79 Indianapolis IN EHC-O excavation backfill, BTEX | EHC-O May 08
and PAHs
80 Sumter SC BTEX (25,000) EHC-O June 08, 3 month
data show slight drop
in COI conc.,
Awaiting 6 month
data
81 Freeport NY EHC-O for BTEX and EHC-O June 08
chloroethane
82 Oyster Bay NY EHC-O for TPH EHC-O June 08
83 Battle Creek Ml Brownfield Site EHC-O June 08
84 Orange Park FL EHC-O for removal of dissolved EHC-O June 08
iron in groundwater at a landfill
85 Welches OR EHC-O for gasoline spill site EHC-O July 08
86 Chicago Heights IL EHC-O July 08
87 ITALY EHC-O Sox 2" July 08
88 O'Neil NE EHC-O July 08
89 Belle Chasse LA EHC-O for oil tank farm at a EHC-O July 08
refinery
91 Santa Paula CA EHC-O Aug 08
92 Kaohsiung Ct Taiwan EHC-O for BTEX at a refinery EHC-O Aug 08
93 Calgary AB, Canada EHC-O Aug 08
94 Gardena CA EHC-O Sox 4" Aug 08
95 Standish MI UST Site EHC-O Sept 08
96 Stratford ON, Canada EHC-O Sept 08
97 Atlantic NJ EHC-O Sox 4” Sept 08
Highlands
98 Natick MA EHC-O for 2,methyl naphthalene | EHC-O Sept 08
99 Cambridge ON, Canada EHC-O Sept 08
100 Lynbrook NY BTEX and MTBE EHC-O and Sox 4" | Sept 08
101 Bedford VA TPH in GW EHC-O Sept 08
102 Trenton ON, Canada EHC-O Oct 08
103 Seattle WA EHC-O Oct 08
104 Northhampton UK EHC-O Oct 08
105 Gresham OR EHC-O Oct 08
106 Myrtle Beach SC Benzene and VC EHC-O Oct 08
107 Edgewood WA TPH in GW EHC-O Oct 08
108 Mooresville NC BTEX (1,000), Naphthalene, EHC-O Oct 08
MTBE and EDB
109 Campbellsville KY BTEX (1,000) EHC-O Nov 08
110 Muskegon Ml EHC-O Nov 08
111 GREECE EHC-O Sox 4" Nov 08
112 Griffin GA EHC-O Dec 08
113 Vicco KY Excavation Backfill at UST site EHC-O Dec 08
114 Orange Park FL Dissolved iron removal at a EHC-O Dec 08
landfill
115 Portsmouth NH BTEX in GW EHC-O Sox 2" and | Dec 08
4"
116 Point Pleasant NJ EHC-O Sox 2" Jan 09
117 Fort Collins CcO BTEX UST EHC-O excavation | Jan 09

backfill
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118 Lexington KY Excavation Backfill at UST site EHC-O Jan 09
119 Jamaica NY BTEX and MTBE up to 21,000 EHC-O Feb 09
120 Belfry KY Excavation Backfill at a UST site | EHC-O Feb 09
121 Lexington KY Excavation Backfill at a UST site | EHC-O Feb 09
123 Oakland CA EHC-O Oct 08
124 Binghamton NY BTEX O-Sox April-08
125 Fredericksburg VA EHC-O May 2008




ATTACHMENT B — TERRAMEND and Aerobic DARAMEND
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Ex Situ Treatment of Soil Containing Hydraulic Oil and Diesel Fuel

Former Manufacturing Facility
Confidential Client
Georgetown, Ontario

Summary

Ex situ treatment of approximately 4,000 tons of soil impacted with hydraulic oil and diesel fuel at a former
manufacturing facility in Georgetown, Ontario were treated using Adventus’ Aerobic DARAMEND® technology.
DARAMEND effectively reduced contaminant concentrations to below the remedial goals in approximately 12
months of treatment.

The Challenge

Our goal was to achieve the remedial standard of 1,000 mg/kg of heavy oils and 100 mg/kg for gas/diesel in all
sampling zones. At this site the client was particularly sensitive to treatment costs, and a very low cost approach
was required. Due to the constraint treatment proceeded more slowly than otherwise possible, resulting in lower
remedial costs.

The Solution

Prior to the application of DARAMEND, the soil was excavated and placed in a lined remediation cell to a thickness
of approximately 2 feet, and was then tilled in order to ensure homogenization. Following cell preparation,
DARAMEND was applied using a site-specific aerobic protocol. The technology involved the addition of nutrients
and proprietary organic amendments to optimize the rate of microbial activity in the soil. The process also required
the maintenance of soil moisture content at approximately 50% of the soil water holding capacity. Maintenance of
the soil moisture content was accomplished through irrigation and tillage. Tiling was performed using a
specialized deep rotary tiller with the ability to till to a depth of 2 feet.

The Result

Active treatment of the soil occurred within the treatment cell for a period of approximately 12 months, from August
2000 to September 2001, with a 5 month inactive period from December 2000 to April 2001. During this period,
soil hydrocarbon concentrations were reduced by approximately 99%. All hydrocarbon concentrations were
reduced to less than the established remedial standard of 1000 mg/kg for heavy oils, and 100 mg/kg for gas/diesel
in all sampling zones. Following treatment, the mean concentration of the gas/diesel range hydrocarbons was 3
mg/kg while the mean concentration of heavy oil hydrocarbons was 67 mg/kg.

The Cost
The cost to treat soil at this site was US$20/ton of soil treated. This cost included all cell construction and

treatment application costs and excluded excavation and final disposition of treated soil. Decommissioning of the
treatment facilities and end-point analytical costs were also excluded.
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The Timeline

Approximately 12 months, from August 2000 to September 2001, with a 5 month inactive period from December
2000 to April 2001.

Table 1: Results of DARAMEND ® Treatment on Total Petroleum Hydrocarbons

Initial Soil 1% Progress 2" Progress Final Progress
Characterization Sampling Sampling Sampling

Gas/Diesel ot - 27 3

Range
Heavy Oil -- -- 608 67

Range

TPH 7,820 678 625 70
RDE” (%) 91 92 99

1. Not determined.
2. Removal and Destruction Efficiency for TPH.
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Soil Bioremediation Theory

Soil impacted with petroleum hydrocarbons (TPH) along with polynuclear aromatic hydrocarbons (PAHs) and
pentachlorophenol (PCP) were treated at an inactive manufacturing site in Taiwan using DARAMEND™ soil
treatment technology from ADVENTUS. DARAMEND™ promotes aerobic biodegradation of these compounds by
providing timed-release nutrients such as nitrogen, organic carbon, phosphorus etc. as well as creating the right
conditions of pH, alkalinity etc. to enhance the microbial activity of indegeneous microorganisms. Oxygen for
aerobic biodegradation is provided by tilling the soils periodically and moisture is provided by simple irrigation
system. The benefit of in-situ bioremediation at this site allowed the treatment to occur on site avoiding the need
for the often expensive off-site treatment and disposal option.

Bioremediation Operation

There are several critical factors for effective bioremediation of hydrocarbon contaminated soil, including soil
moisture content (a function of the water holding capacity (WHC)), pH, aeration of the soil via tilling, and the
application rate of DARAMEND based on the concentration of contaminants. These variables must be controlled at
optimum levels to realize the highest effectiveness of treatment.

At the beginning of this study, baseline soil analysis was conducted to determine the concentrations of target
compounds. The soil was also analyzed for pH and WHC. DARAMEND was applied at an application rate of 1% to
soil mass (approximately 52 kg of DARAMEND to 5,200 kg of soil to be treated). Immediately after adding the
DARAMEND, soil samples were collected and analyzed for pH, soil moisture content and WHC for both the control
soil pile and the soil pile amended with DARAMEND (See Table 1). The soil pH was in the neutral range and ideal
for promoting bioremediation.

Both, the control and the treatment soil piles were aerated twice a week using a tiller and irrigated to maintain
moisture. Soil samples were analyzed weekly for operational monitoring (pH and moisture). The target moisture
content was set at 70% of the WHC. The initial WHC of treatment soil pile was at 44.2%.

The soil analysis and operation data are summarized at Table 1 for initial soil analysis, Table 2 for the operational
soil analysis and Table 3 for operational schedules. In addition, Table 4 summarizes the TPH analysis data,
including TPH-G and TPH-D, and Figure 1 for TPH concentration trend. Representative photos for this study are
also attached.

Results and Conclusion

Analytical results indicate that there was a 68% reduction in TPH-D during the first three weeks after DARAMEND
was applied. No significant reductions were observed over the next four weeks suggesting that another dose of
DARAMEND was required. However, soil samples collected on Dec 8, 2009 showed a sudden drop in TPH-G
(almost 50% from that observed after the first three weeks). This could be due to the fact that between week 4 and
week 8, the high molecular weight and long-chain TPH were being broken down to lighter intermediates but there
was no net reduction in TPH. After week 9, the lighter intermediates started to mineralize. It appears that additional
DARAMEND will be required to increase the removal efficiency. The final results of soil analysis of this study were
successful in achieving the regulated soil TPH limits of 646 mg/kg.
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Table 1 — Initial Soil Sample Analysis

Control (Untreated) 732 276 46.3
soil pile

Treated soil pile 7.28 28.1 44.2

Table 2 - Soil Operational Monitoring Results Summa  ry

10/6 7.23 7.30 27.3 28.3 46.2 44.2
10/13 7.34 7.29 26.1 27.6 45.7 43.9
10/20 7.62 7.28 20.9 22.2 44.5 44.1
10/27 7.65 7.29 30.7 30.8 46.2 43.7
11/3 7.71 7.29 28.2 27.2 47.2 44.0
11/10 7.66 7.28 30.2 31.5 46.3 43.9
11/17 7.63 7.30 29.3 29.7 46.2 43.8
10/24 7.62 7.28 28.1 29.6 45.9 43.9

Note: Add water to adjust the MC on both date 10/27 and 11/10/2008.

Table 3 - TPH Analysis Results Summary

Initial SX'F'&&E{\?D?M'“Q ND(<2.333) 4,030 4,032
2008.10.3 ND(<2.333) 3,510 3,512
2008.10.9 ND(<2.333) 1,540 1,542

2008.10.24 ND(<2.333) 1,300 1,302
2008.11.07 ND(<2.333) 1,350 1,352
2008.11.21 ND(<2.333) 1,330 1,332
2008.12.02 ND(<2.333) 1,240 1,242
2008.12.08 ND(<2.333) 646 646
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Figure 1 — TPH Analysis Results Trend
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Soil Bioremediation Case Study Photos

Initial site setup Initial soil filling

Soil pile cover setup (1) Soil pile cover setup (2)

Soil pile condition Soil pile close-up view




