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1 INTRODUCTION 
ELI Eco Logic International, Inc. (ECO LOGIC) was formed by Dr. Douglas Hallett in 1986. 
It was formed specifically to address the need for a clean-up technology for one of the most 
difficult environmental problems, that of severely contaminated aqueous wastes such as harbour 
sediments, landfill leachates, and lagoon sludges. The goal was to develop a technology that 
could deal with these watery wastes and also process stored wastes such as contaminated soils, 
solvents and oils, industrial wastes, obsolete pesticides, and obsolete chemical warfare agents. 
Other companies and agencies at that time were focusing primarily on incineration as a method 
for destroying hazardous waste, and were investigating a variety of pre-destruction cleaning or 
dewatering processes to deal with the problem of aqueous wastes. The process chemistry and 
equipment designs developed by ECO LOGIC were based on a different set of criteria than other 
technologies, to allow complete elimination of aqueous and stored wastes in a more timely, cost- 
effective, and efficient manner. 

Development of the ECO LOGIC Process began in 1987, and by 1988,. a laboratory-scale version 
of the hazardous waste destruction system had been built. A pilot-scale field demonstration unit 
was built in 1990 with the help of a grant from the Canadian Department of National Defence 
(DND). It is fully transportable, being mounted on two flatbed trailers. While possessing a much 
greater capacity than the laboratory—scale version, it is still four times smaller than a typical 
commercial-scale system. In 1991, ECO LOGIC completed the first successful demonstration of 
the pilot—scale system by processing coal-tar—contaminated harbour sediment from Hamilton 
Harbour, Ontario. Support for that project came from Environment Canada (the Canadian Federal 
Environment Regulatory Body) and the Ontario Ministry of Energy and the Environment 
(MOEE). A second demonsfiation of the pilot—scale unit was completed in 1992 in Bay City, 
Michigan for the US Environmental Protection Agency (US EPA) Superfund Innovative 
Technology Evaluation (SITE) program. In that demonstration, the waste processed included 
polychlorinated biphenyl (PCB) oil, and PCB-contaminated landfill soil and groundwater. Support 
for that project came from DND, MOEE, Environment Canada and the US EPA. ECO LOGIC 
has recently received preliminary test results from the US EPA, which show that destruction 
removal efficiencies (DREs) of 99.9999% were achieved. 

The laboratory-scale process unit is located at ECO LOGIC's facility in Rockwood, Ontario. It 

is capable of processing small quantities of real waste, which makes it useful for determining 
waste treatability. Since 1992, it has been used extensively for this purpose. 

The report on this study is being submitted to the Contaminated Sediments Treatment Technology 
Program (COSTTeP), Great Lakes Cleanup Fund for work performed under contract (#4-6008) 
to the Wastewater Technology Centre (WT C) in Burlington, Ontario. COSTI‘eP was created in 
1991 and is administered by WTC. It is charged with facilitating the development of new 
technologies capable of safely and cost-effectively removing and/or treating contaminated 
sediments.

' 

The objective of this study was to quantitatively determine the ability of the ECO LOGIC Process 
and Thermal Reduction Mill (TRM) to remove and destroy polychlorinated dibenzo—p—dioxins and 
polychlorinated dibenzo furans in contaminated sediment from the harbour at Thunder Bay, 
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Ontario. Samples of the waste were processed by the laboratory-scale unit in three separate tests. 
The processed material from each test was analysed in ECO LOGIC's laboratory to determine the 
extent of decontamination. All test details and results are presented and discussed in the report. 
The application of the ECO LOGIC Process to full—scale waste remediation is also discussed. 

2 TECHNOLOGY DESCRIPTION 
2.1 The ECO LOGIC Process 
Since 1986, ECO LOGIC has conducted research with the aim of developing a new technology 
for destroying aqueous organic wastes, such as contaminated harbour sediments, landfill soil and 
leachates, and lagoon sludges. The goal was a commercially-viable chemical process that could 
deal with these watery wastes and also process stored wastes (e.g. contaminated soils, solvents, 
oils, industrial wastes, pesticides and chemical warfare agents). Other companies and agencies 
at that time were focusing their efforts primarily on incineration, and were investigating a variety 
of pre-destruction cleaning or dewatering processes to deal with the problem of aqueous wastes. 
The process described in this report was developed with a view to avoiding the expense and 
technical drawbacks of incinerators, while still providing high destruction efficiencies and waste 
volume capabilities. ‘ 

: = 

Following ben’chscale testing supported by the National Research Council, a laboratory-scale 
process unit was constructed in 1988 and tested extensively. Based on the results of these tests, 
a mobile pilot-scale unit was constructed with funding support from the Canadian Department of 
National Defence. The pilot-scale unit was completed and commissioned in 1991. It was taken 
through a preliminary round of tests at Hamilton Harbour, Ontario, where the waste processed 
was coal-tar-contaminated harbour sediment. That demonstration received funding from both 
Environment Canada's Contaminated Sediment Treatment Technology Evaluation Program and 
the Ontario Ministry of Environment's Environmental Technologies Program. In 1992, the same 
unit was taken through a second round of tests as part of the US Environmental Protection Agency 
(US EPA) Superfund Innovation Technology Evaluation (SITE) program in Bay City, Michigan. 
This demonstration was partially funded by the Environment Canada Development and 
Demonstration of SiteRemediation Technology Program, the Ontario MOEE Environmental 
Technologies Program and the Canadian Department of National Defence Industrial Research 
Program. In this test program, the pilot-scale unit processed PCBs in aqueous, organic and soil 
matrices. This paper describes the process, the commercial-scale system under construction, and

_ 

the results of demonstration testing in Canada and the United States. 
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2.2 Process Chemistry 

The process involves the gas-phase reduction of organic compounds by hydrogen at temperatures 
of 850°C or higher. Chlorinated hydrocarbons, such as polychlorinated biphenyls (PCBs), 
polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzo furans (PCDF), are 
chemically reduced to methane and hydrogen chloride (HCl), while non-chlorinated organic 
contaminants, such as polyaromatic hydrocarbons (PAHs), are reduced substantially to methane 
and minor amounts of other light hydrocarbons. The HCl produced can be recovered as acid or 
scrubbed out in a caustic scrubber downstream of the process reactor. 

The PCDDs and PCDFs are thermally desorbed from the waste in the TRM. The hydrogen 
present in the TRM initiates the reduction of the desorbed contaminants. Complete reduction then 
occurs in the reactor. It is likely that dechlorination of the PCDD and PCDF occurs 
simultaneously with the cleavage of the C-0 bonds. As with PCBs, monochlorobenzene is the 
last stage of reduction of PCDDs and PCDFs. Water and carbon monoxide will be produced as 
the PCDDs and PCDFs are reduced. 

Figure 1 shows some of the reduction reacu'ons, including intermediate steps, for the destruction 
of a variety of contaminants using the ECO LOGIC Process. Unlike oxidation reactions, the 
efficiency of these reduction reactions is enhanced by the presence of water, which acts as a 
reducing agent and a source of hydrogen. The water shift reactions shown produce hydrogen, 
carbon monoxide and carbon dioxide from methane and water. These reactions can be used at 
higher efficiencies by subjecting scrubbed methane-rich product gas to catalytic steam reforming, 
reducing the requirements for purchased hydrogen. 

A benefit of using an actively reducing hydrogen atmosphere for the destruetion of chlorinated 
organic compounds, such as PCBs, is- that no formation of PCDDs or PCDFs occurs. Any 
PCDDs or PCDFs in the waste are also destroyed effectively. The reducing hydrogen atmosphere 
is maintained at morethan 50% hydrogen (dry basis) to prevent formation of PAHs. This makes 
the scrubbed recirculation gas suitable for continuous monitoring using an on-line chemical 
ionization mass spectrometer (CIMS). By measuring the concentrations of intermediate reduction 
products, the CIMS produces a continuous indication of destruction efficiency. 

ECO LOGIC PROPRIETARY INFORMATION
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Figure 1 ECO LOGIC PROCESS REACTIONS 
l CI PCB molecule a. hydrogen Q—Q + 5 H2 ——-> 2 Q + 4 Hot react to produce benzene 
I CI 

& hydrogen chloride 

I 0 Cl Dioxin molecule a. hydrogen 

<1 0 + 3 H2 —---> 2 Q + 4 HO] + 2 H 2 O react to produce benzene. 
Cl 0 CI hydrogen chlorlde a. water 

~~~~~~ 

14 CH PAH molecule 8 hydrogen
4 + 23 H2 react to produce methane 

Benzene & hydrogen reect + 9 H2 6 CH4 to produce methane 

_ Hydrocarbons 8 hydrogen 
n (Zn-02) 

+ (n 1) H2 ' n CH4 react to produce methane 

WATER SHIFT REACTIONS 
Methane 8- water react to + H20 __> co + 3H2 produce carbon monoxlde 
and hydrogen 

Carbon monoxide & water + o ——> C0 + H reectm produce carbon 2 2 dioxide and hydrogen 

2.3 The SE—25 Commercial-Scale Process Unit 

Figure 2 is a schematic of the reactor where the destruction of the waste takes place. The various 
input streams are injected through several ports mounted tangentially near the top of the reactor. 
Special nozzles are used to atomize liquid wastes, in order to accelerate liquid vaporization. The 
gas mixture swirls around a central stainless steel tube, and is heated by 18 vertical radiant tube 
heaters with internal electric heating elements. By the time it reaches the bottom of the reactor, 
the gas mixture has reached a temperature of at least 850°C. The process reactions take place 
from the bottom of the central tube onwards, and take less than one second to complete. 

ECO LOGIC PROPRIETARY INFORMAHON
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Figure 2 COMIVIERCIAL—SCALE PROCESS REACTOR
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Figure 3 is a process schematic of the entire system, including the reactor. Most of the system 
components are mounted on highway trailers for ease of mobility. The reactor trailer houses the 
reactor, the electric heating control system, the scrubber system, the recirculation gas blower, the 
recirculation gas heater and the watery waste preheater vessel. A second trailer contains the main 
power distribution room, the dual-fuel steam boiler, the catalytic steam reformer, and an auxiliary 
burner for excess product gas. Cooling water for the scrubbing system is generated by skid- 
mounted evaporative coolers, and scrubber stripping operations are carried out on a small skid 
situated near the boiler. The product gas compression and storage system is also skid—mounted 
to allow flexibility in site layout. For processing soils and other solids, the TRM is housed on a 
separate trailer, and the sequencing batch vaporizer (SBV) is a skid-mounted unit. The process 
control system, gas analyser systems, and command centre are housed in a standard office trailer. 
Several feed systems are available for various types of wastes, depending on whether watery 
waste, oil waste, or solid waste is being processed. Watery waste is preheated in a preheater 
vessel using steam from the boiler. The contaminated steam from the preheater vessel is metered 
into the reactor at a rate determined by the process control system. Hot contaminated liquid exits 
the bottom of the preheater vessel at a controlled flowrate and enters the reactor through an 
atomizing nozzle. Oil waste can be metered directly from drums into atomizing nozzles using a 
diaphragm pump. 

Solid wastes such as soil or decanted sediment are decontaminated in the TRM with the desorbed 
contaminants being sent to the reactor through a separate port. The internal workings of the TRM . 

are designed to vaporize all water and organic contaminants in the waste soil/sediment while 
mechanically working the solids into a fine granular mixture for optimum desorption. The water 
vapour and organic contaminants are swept into the reactor by a sidestream of scrubbed 
recirculation gas. 

Solids such as contaminated electrical equipment can be thoroughly desorbed using the SBV. The 
reheated recirculation gas stream heats the equipment and carries contaminants into the reactor. 
The hydrogen atmosphere is non-reactive with most metals, and there are none of the problems 
with metal oxide formation associated with rotary kilns. 

The SBV can also be used for vaporization of drummed solid chemical wastes, such as 
hexachlorobenzene. Significant stockpiles of "hex wastes" exist and are still being generated as 
byproducts of chlorinated solvent production. Advantages of vaporizing hex wastes directly from 
drums include decreases in worker exposures and fugitive emissions from drum transfer 
operations, cleaning of the drums in place, and segregation of inorganic contaminants into the 
existing drums. The SBV has been tested at laboratory-scale with hex waste samples and PCB- 
contaminated electrical equipment. 

The product gas leaving the reactor is scrubbed to remove HCl, water, heat, fine particulates, 
aromatic compounds and carbon dioxide. The first stage of the scrubber can be operated to 
recover medium-strength hydrochloric acid, which avoids the cost of neutralization with caustic. 

E C0 LOGIC PROPRIETARY INFORMATION
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COMNIERCIAL—SCALE PROCESS UNIT SCHEMATIC
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The cost saving can be considerable if the waste stream is heavily chlorinated as the acid can 
usually be recycled, and generau'on of large volumes of salty waste water is avoided. The second 
stage of scrubbing drops the temperature of the gas to remove water and completes the removal 
of HCl by caustic packed tower scrubbing. Particulate matter, which may have entered the reactor 
as dissolved or suspended solids in the watery waste, is removed in both the first and second 
stages of the scrubber, and is filtered out of the scrubber tanks continuously. Heat is removed 
using plate heat exchangers on the first two stages and cooling water from the evaporative cooling 
system. 

The third stage of scrubbing removes low levels of benzene and naphthalene from the gas stream 
by neutral oil washing. The oil is stripped and regenerated with the benzene and naphthalene 
going to the inlet of the catalytic steam reformer. The fourth scrubbing stage is removal of carbon 
dioxide using monoethanolamine (MEA) absorption. The MBA is stripped and regenerated with 
the carbon dioxide going to the boiler stack. 

The scrubber water from the stage-two scrubber leg returns to the covered section of the scrubber 
tank through a drop-tube that extends well below the water surface. This acts as a seal against air 
infiltration and as an emergency pressure relief mechanism. There will be no gas release if a 
short-term pressure surge forces gas out of the bottom of this tube since a check valve allows the 
gas to re—enter the system once the pressure returns to normal. The system normally operates 
within 10 inches water gauge (0.36 psi) of atmospheric pressure. 

As waste is processed through the system, acid and water are produced as effluents. Filtered acid 
is pumped to a storage tank for further activated carbon treatment prior to recycling. Excess water 
is also filtered and carbon-treated to remove any trace of organic contamination, and is then stored 
for analysis prior to discharge. Carbon can be regenerated on-site in the SBV, and the minor 
amount of scrubber sludge produced can also be processed through the TRM or SBV. 
The cooled and scrubbed product gas is a clean dry mixture of hydrogen, methane, carbon 
monoxide, and other light hydrocarbons. Some of the gas is reheated and recirculated back into 
the reactor to increase the methane concentration in the reactor when processing low-strength 
wastes. Recirculation gas is also directed to the TRM as sweep gas, to the SBV as sweep gas, to 
the catalytic steam reformer for hydrogen generation, or to the compressor for storage. 

Throughout waste processing operations, the product gas is sampled for analysis by the CIMS and 
other gas analysers. The CIMS is capable of accurately monitoring up to 10 organic compounds 
every few seconds at concentrations ranging from percent levels down to ppb levels. It is used 
as part of the ECO LOGIC Process to monitor the concentrations of certain compounds indicative 
of the process destruction efficiency. The compounds selected for monitoring depend on the waste 
being processed. For example, during PCB processing, monochlorobenzene is typically 
monitored as an indicator of destruction efficiency. Low levels of this volatile compound indicate 
that destruction of the PCBs is proceeding to completion. The CIMS readings are monitored by 
the process control system, and the exceedance of alarm limits sends a message to the operator 
(low-level alarm) or automatically curtails waste input (high-level alarm). The CIMS also 
provides a continuous record of the quality of the product gas being compressed and stored. 

E C0 LOGIC PROPRIETARY INFORMATION
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Storage of the product gas under pressure permits the analysis of large batches of gas prior to 
using it as fuel and allows the operation of the system in a "stackless" mode. Should the product 
gas not meet the quality criteria established, there will have been no emissions to the environment, 
and the gas can simply be reprocessed. Potential applications for the stored product gas include 
heating the TRM, the catalytic steam reformer and the steam boiler. If more gas is generated than 
can be used for fuel, an auxiliary burner located at the bottom of the common boiler/steam 
reformer stack is used. 

2.4 Demonstration Testing 

The pilot-scale process plant was tested for the first time at Hamilton Harbour, Ontario in 1991. 
The waste processed during those tests was coal—tar contaminated harbour sediment with PAH 
concentrations averaging 30,000 mg/kg (dry weight basis). The harbour sediment was injected 
directly into the reactor as a 5-10% solids slurry, since at that time, the TRM had not been 
developed. As well, the system had no catalytic steam refomiing or gas compression and storage 
capabilities, and the product gas was sent directly to the dual—fuel boiler burner. Destruction 
removal efficiencies (DREs)-of 99.999996 were calculated (see Table 1), based on the total 
organic input and the PAHs analysed in the boiler stack emissions. During one test, the liquid 
waste input was spiked with PCBs to ’create a waste with a PCB concentration of 500 mg/kg. The 
concentration of PCBs in the air emissions, liquid effluent and processed solids were below the 
detection limits for each, respectively. Based on the detection limits for the stack sampling trains, 
a PCB DRE of at least 99.999996 was achieved. ' 

' 

s ' 

Table 1 
' HAMILTON HARBOUR PERFORMANCE RESULTS 

Conc.in Decant Grit Sludge Stack 
Target Waste Water Conc. Conc. ‘Gas DRE 

Run Analytes (mg/kg)! Conc. (mg/kg) (mg/kg) Conc. (%) 
(Mg/kg) (#g/m’) 

P1 PAHs 21,000 _483 1.67 32.8 0.27 99.9999 

P2 PAHs 30,000 
' 

i 680 7.76 56.1 0.23 99.9999 

P3 PAHs 30,000 423 0.37 4.3 0.14 99.9999 

P3 PCBs . 

p 

500 ND ND ND ND 
I 

99.9999 

DRE = (Total Input - Stack Emissions) / (Total Input) 
ND = Non-Detect: 

ECO LOGIC PROPRIETARY INFORMATION
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A second round of tests of the pilot-scale unit was conducted in 1992 in Bay City, Michigan as 
part of the US EPA SITE program. The wastes processed included oily PCB-contaminated water, 
high-strength PCB oil, and PCB-contaminated soil. As part of the demonstration, ECO LOGIC 
constructed and commissioned a prototype thermal desorption unit ('1‘ DU), which was the fore- 
runner of the current TRM, and demonstrated the capability to compress and store the product gas 
generated. The results for the test program, confirmed by the US EPA, are shown in Table 2. 
The SITE Program Project Bulletins and Technical Evaluation Report have been published, and 
will be followed by the Applications Analysis Reports. 

Table 2 US EPA SITE PROGRAM RESULTS 
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Water/Oil and High-Strength Oil Tests 

Concentration Target 
Run Waste Contaminant (mg/kg) DRE(PCB) Achieved 

Type DE(PCE) 
l Water/Oil PCBs 4,800 99.9999 Yes 

Tracer Perchloroethene 4,670 99.99 Yes 

2 Water/Oil PCBs 2,450 99.9999 Yes 
Tracer Perchloroethene 2,360 99.99 Yes 

3 Water/Oil PCBs 5,950 99.9999 Yes 
TraCer Perchloroethene 6, 100 99.99 Yes 

4 Oil 1 PCBs 254,000 99.9999 Yes 
Tracer Perchloroethene 33,000 99.99 Yes 

5 Oil PCBs 254,000 99.9999 Yes 
Tracer Perchloroethene 26,000 ' 99.99 Yes 

6 Oil PCBs 254,000 99.9999 Yes 
Tracer Perchloroethene 34,000 

' 99.99 
I 

Yes 

Soil Tests 

Concentration Desorption Efficiency 
Run Waste Type Contaminant (mg/kg) (%) 

1 

' 

Soil PCBs 538 94‘ 

Tracer HCB 12,400 72 
Tracer OCDD 0.744 40 

2 Soil PCBs 718 99 
Tracer HCB 24,800 99.99 
Tracer OCDD 1.49 99.8 

The waste oil was obtained from beneath the Bay City landfill and was analysed by the US EPA 
to contain 25% PCBs and percent levels of other chlorinated solvents. The contaminated soil was 

ECO LOGIC PROPRIETARY INFORMATION
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obtained from installation of the sump wells used to collect the oil, and the contaminated water 
was groundwater from the landfill. The test matrix called for three water/oil tests, three oil tests, 
and three soil tests. 

The water/oil tests were to be nominally 4000 mg/kg PCBs, based on injecting the water and oil 
in a 100:1 ratio through the atomizing nozzle. As well, Perchloroethene was added as a tracer 
compound. The oil tests were designed to process the high-strength oil at higher throughputs 
while demonstrating the ability to compress and store the product gas generated. Steam was added 
through a separate port, but liquid water was not co-injected with the PCB oil. Again, 
Perchloroethene was added as a tracer compound. After oil waste processing, the stored gas was 
directed to the boiler for about 24 hours, and stack testing by the US EPA sub-contractor was 
conducted. The target DRE for the PCBs was 99.9999% , and this was achieved for all six tests. 
The target destruction efficiency (DE) for the perchloroethene was 99.99% and this was also 
achieved for all six tests. The SITE program analytical results for the input concentrations of the 
water/oil mixture and the high-strength oil are shown in Table 2. 

Soils with various contamination levels were mixed to produce a relatively homogeneous quantity 
of soil with a nominal 1000 mg/kg PCB concentration. The soil test runs were conducted after 
construction and commissioning of the new TDU was completed. During the first TDU test, 
contaminated soil was processed with a desorption efficiency of 94% , resulting in a processed soil 
PCB concentration of 30 mg/kg. This result was encouraging for a first run, but the desorbed soil 
was still above the TSCA disposal criteria of 2 mg/kg. The waste soil residence time inside the 
TDU'was increased fOr the second run, and a desorption removal efficiency of 99% was achieved 
according to SITE program results. The tracer compound used for the soil tests was 
hexachlorobenzene (HCB), which was spiked at significantly higher concentrations than the PC88. 
The hexachlorobenzene was also contaminated with significantlevels of octachlorodibenzo—p— 
dioxin (OCDD). The desorption efficiencies achieved for the HCB and OCDD for Test 2 were 
99.99% and 99.8%, respectively. Due to TSCA permit restrictions, only two runs were 
performed for the third test condition. It should be noted that the performance of the TDU is 
independent of the destruction process. The reactor destruction efficiencies for the desorbed 
contaminants were high for both TDU runs. 
An additional component of the US EPA Site test program was a 72-hour Endurance Test aimed 
at demonstrating the continuous operation capabilities of the ECO LOGIC Process. The 
equipment operated perfectly for 72 hours, thus the Endurance Test was concluded successfully. 

2.5 Current Status 

The ECO LOGIC Process has been demonstrated to be a higli—efficiency alternative to incineration 
for the destruction of PCB wastes. High water-content wastes and high-strength oils can both be 
processed with destruction removal efficiencies of at least 99.9999%. The ability to compress and 
store the product gases generated during processing means that no uncontrolled air emissions 
occur. : 

The existing pilot-scale unit is presently used for further research and development work including 
new applications such as mixed wastes (low-level radioactive PCBs), chemical warfare agents and 
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explosives. Further research and development over the last 18 months has focussed on optimizing 
the process for commercial operations, and improving the design of the soil/sediment processing 
unit. The TRM design currently under construction has now achieved excellent results in 
laboratory-scale research and development supported by the National Research Council Industrial 
Research Assistance Program. Soils and sediments have been desorbed from ppm to percent 
levels down to low ppb levels, which are orders of magnitude below disposal criteria. Table 3 
shows the results of a number of laboratory-scale TRM runs processing a variety of waste types. 
The SE25 commercial-scale system now under construction has a design capacity of 100-300 
tonnes/day of contaminated soil or sediment and 20 tonnes/day of PCB askarel fluid. The cost 
of processing these waste streams is estimated at $400 and $2,000 per tonne, respectively. The 
first SE25 system is being exported to Australia and will begin operations with a contract from 
Australian government agencies for 200 tonnes of obsolete pesticide destruction. Construction of 
a second SE25 system is also commencing to serve the North American market, and this unit 
should be commissioned for commercial use in 1995. ECO LOGIC has made proposals to several 
major North American corporations and a number of government agencies for the clean—up of 
contaminated sites. 

Table 3 
I 

SUNIMARY OF TEST RESULTS FROM THE LABORATORY-SCALE 
THERMAL DESORPTION MILL 

Waste PCB 
‘ 

' 

Grit PCB' 
. 

. 

' 

= 

, 

Concentration Concentration 
Waste Type - - 

. (ppm) - (ppm) 

Soil (tarry, oily) 
‘ 

I 

- 39' 1 0.011 

Soil (dry, sandy, PCB-spiked) . 

* 440 . 

' 

' 

0.0039 

Soil (dry, sandy, PCB-spiked) - - 520 
" 

0.0016 

Sediment (muddy, fine, PCBespiked) -' 710 0.028 

Sediment (muddy, fine, PCB—spiked) 790 
3 

0.0097 

Sediment (muddy, fine, PCB-spiked) 750 0.065 

Sediment (muddy, fine) 7.3 0.0029 

Sediment (muddy, fine) 8.3 0.0066 

Sediment (muddy, fine) 1 8.3 0.0013 

Sediment (muddy, fine) 420 0.0017 

Sediment (muddy, fine) 420 0.012 

Sediment (muddy, fine) 
(I 

2000 0.044 

Sediment (muddy, fine) i 
p 

1200 
. 

ND (0011) 
Sediment (muddy, fine) - 8.3 ND (0.005) 
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2.6 Description of the Treatability Process Unit 

The treatability test TRM operates in batch mode. A sample of the waste is loaded into a plastic 
bag wrapped in aluminum foil. The bag is to prevent organic vapour carryover to the scrubber 
during purging, and the aluminum foil protects the bag from rupturing prematurely during the 
TRM heat-up stage. The bag is placed in the mill prior to each test run and the processed solids 
are recovered directly from the mill after the run. This differs from the full-scale TRM, which 
will be equipped with mechanical waste feed systems for continuous processing of waste. Figure 
4 is a schematic of the TRM process unit treatability test. 
The gas-phase chemical reduction reactor contains an atmosphere of H2 and is electrically heated 
to maintain a temperature of 900°C. At this temperature, chlorine is stripped from the chlorinated 
molecules and the remaining organic molecules are reduced to methane and ethylene. There is 
no oxygen present in the reactor, negating any possibility of PCDD or PCDF formation. Past 
experience has proven that the reduction reactions are at least 99.9999% efficient, given a 
residence time of one second or more. 

In the treatability test process unit, approximately 75% of the product gas leaving the scrubber is 
recirculated to the reactor. A dry gas meter pemiits the recirculation gas flowrate to be 
monitored. The remaining 25% is sampled and analysed, then vented to atmosphere after charcoal 
scrubbing. Three different instruments are used to analyse the gas stream. One sidestream is 
drawn into the oxygen analyser, which monitors the oxygen (02) fraction of the process gas. This 
fraction is generally 0.1% or less, which is well outside the combustion mixture limits for H2 and 
02. A second analyser monitors the process gas for the fractions of H2, CH4, CO and C02. Since 
the reaction depends on the plentiful supply of H2, real-time measurement of the H and CH 
fractions is useful for indicating the initiation of waste destruction, the adequacy of the H2 supply, 
and the extent of the water-gas shift reaction. A third instrument, the chemical ionization mass 
spectrometer (CIMS), measures the concentrations of various compounds on a real-time basis. 
The compounds monitored are selected for their ability to indicate the process unit's destruction 
performance. For PCB and dioxin wastes, these compounds include chlorobenzenes, methane, 
ethylene, benzene, toluene, and xylene. ' 

3 SANIPLE CHARACTERIZATION 

The waste sample was a blackish silt, possibly containing some clay and possessing a solids 
content of 45%. It was slippery to the touch, with a consistency like that of a thick paste. A 
single sample of waste was collected before each test and analysed for PCDD/Fs and EPA 8270 
PAHs in ECO LOGIC's laboratory. The results are shown in Table 4 and Table 5. The most 
prominent PCDD was 0CDD, which is commonly the case with dioxin contamination. The 
concentrations of TCDDs, including 2,3,7,8—TCDD, where below detection limit. The level of 
total PCDDs was approximately 2,000 ng/g in the waste for all three tests. Concentrations of 
PCDFs were lower than PCDDs by two orders of magnitude, with only HxCDFs, HpCDFs and 
OCDF appearing above detection limit. Levels of the PAH analytes were generally of the order 
10 ,ug/g, with only naphthalene, phenanthrene and fluoranthene exceeding 100 ug/g. 

ECO LOGIC PROPRIETARY INF ORMAHON
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Table 4 PAH LEVELS IN WASTE SANIPLES 

Contaminant (pg/g) Test #1 Test #2 Test #3 WEAK: 
Naphthalene 1 10 100 77 
Acenaphthylene < 2 < 2 < 2 
Acenaphthene 63 65 55 
Fluorene » 68 66 61 
Phenanthrene 200 200 180 
Anthracene 28 28 26 
Fluoranthene 1 10 1 10 1 10 
Pyrene 8 1 82 76 
Benzo[a]anthracene 36 

I 

35 33 
Chrysene 25 25 23 
Benzo[b] fluoranthene 3 1 30 27 
Benzo[k]fluoranthene 23 22 20 
Benzo[a]pyrene 33 32 29 
Indeno(1,2,3-c,d)pyrene 16 15 13 
Dibenzo[a,h]anthracene < 9 < 9 

> 

< 9 
Benzo[g,h,i]perylene 18 16 14 

TOTAL EPA 8270 PAHs 842 826 744 

att:W 
Anthracene-l 53 53 47 
Benzo[a]anthracene-d12 77 74 71 

<' 
: BELOW DETECTION LIMIT 
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Table 5 PCDD/F LEVELS IN WASTE SAMPLES 

Contaminant (ng/ g) Test #1 Test #2 Test #3 

EDD: 
2,3,7,8-T4CDD < 0.05 < 0.05 < 0.5 
TOTAL T4CDDs < 0.05 < 0.05 < 0.5 
1,2,3,7,8-P5CDD < 0.2 < 0.2 < 0.2 
TOTAL P5CDDs 1.7 1.6 1.5 
1,2,3,4,7,8-I-16CDD 0.4 0.3 0.5 
1,2,3,6,7,8-H6CDD 3.4 2.5 3.8 
1,2,3,7,8,9-H&DD 1.1 1.0 1.8 
TOTAL H6CDDs 66 92 54 
1,2,3,4,6,7,8-H7CDD 290 240 220 
TOTAL H7CDDs 570 430 470 
08CDD 1,400 - 1,400 1,500 

TOTAL PCDDs 2,000 1,900 2,000 

ECDES 
2,3,7,8-T4CDF < 0.02 < 0.02 < 0.02 
TOTAL T4CDFs < 0.02 < 0.02 < 0.02 
1,2,3,7,8-P5CDF < 0.2 < 0.2 < 0.2 
2,3,4,7,8—P5CDF < 0.2 < 0.2 < 0.2 
TOTAL P5CDFs < 0.2 < 0.2 < 0.2 
1,2,3,4,7,8—H6CDF < 0.2 < 0.2 < 0.2 
1,2,3,6,7,8-H6CDF < 0.2 < 0.2 < 0.2 
l,2,3,7,8,9-H6CDF < 0.2 < 0.2 < 0.2 
2,3,4,6,7,8—H6CDF < 0.2 < 0.2 < 0.2 
TOTAL mCDFs 2.0 1.8 2.0 
1,2,3,4',6,7,8-H7CDF 3.3 2.4 3.2 
l,2,3,4,7,8,9—H7CDF < 0.3 < 0.3 < 0.3 
TOTAL H7CDFs 14 11 11 
OSCDF 22 23 22 

TOTAL PCDFs 38 36 35W 
13C-2,3,7,8-T4CDD 68 7O 68 
l3C-1,2,3,7,8-P5CDD 73 64 74 
13C-1,2,3,4,7,8—H6CDD 63 47 64 
13C-1,2,3,4,6-,7,8-H7CDD 47 56 59 

40 49 52 13C-OSCDD ‘ 
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4 SCOPE OF WORK 
4.1 Waste Preparation 

The waste sample was prepared for processing by manually stirring it to a homogeneous 
consistency. A sub-sample of the waste was then placed in a sealable plastic bag, wrapped in a 
layer of aluminum foil and loaded in the TRM. The TRM was then closed up, sealed, and 
connected to the reactor in preparation for test processing. 

4.2 Waste Processing 

The process unit took approximately three hours to reach steady-state at the desired conditions. 
The test parameters for each test are displayed in Table 6. In Tests #1 and #3, the TRM mill was 
operated for 20 minutes with the TRM at a temperature of 600°C. In Test #2, mill operation was 
begun when the TRM had reached 300°C and discontinued once the TRM had been above 600°C 
for 5 minutes (which amounted to approximately 60 minutes of mill operation time). In all three 
tests, the reactor temperature was in the range 850-920°C. Using thermocouples, the 
temperatures at several locations within the system were monitored. Thermocouple locations 
included the TRM tin, inner TRM atmosphere, reactor inlet, reactor outlet, scrubber water, and 
recirculation gas heater. The reactor pressure was also monitored. The 02 volume fraction of the . 

system gas was kept below 0.4%, which is well outside Hz-O2 combustion limits. All these 
parameters were recorded every ten minutes by ECO LOGIC staff. The process datalogger 
computer also recorded these parameters every second as well as the concentrations of H2, CH4, 
CO, and CO2 in the process gas. Test #3 was audited by WTC and duplicate samples of waste 
and processed solids were collected for analysis of PCDD/Fs by Zenon Environmental Inc. 
(Zenon). - 

At the start of each test, grab samples of the waste and scrubber water were collected in amber 
jars with Teflon-lined lids. Following each test, grab samples of the processed solids and scrubber 
water were also collected. All samples were analysed for PCDD/Fs and EPA 8270 PAHs. A 
scrubbed process gas sample was collected for test #3. This involved passing approximately 0.22 
L/ minute of the process gas stream through two sequential XAD-2 resin traps for a total of 19 
minutes. The first trap should have trapped the organic compounds and the second trap was used 
to check for analyte breakthrough. The resin trapswere submitted by the WTC auditor to Zenon 
Table 6 TEST PARAMETERS 

Mass of Waste Ball Mill ' 

Ball Mill Tin Temp. Reactor 
Test Charge (kg) Run Time Speed (°C) Temp. (°C) 

' 

(min) (RPM) ' 

#1 1.75 20 12 600 850-900 

#2 I 1.66' v 62 12 300-600 850-900 

#3 1.41 ‘ 20 12 600 850-900 
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for analysis of PCDD/Fs. Section 5 details the sampling and analysis methodologies employed. 
Appendix A details quality assurance methodologies employed. It also includes results of the 
laboratory matrix spikes. 

5 SAMPLING/ ANALYTICAL METHODOLOGIES 
ECO LOGIC conducted all of the organic laboratory analyses with the exception of audited 
samples. This section describes the standard analytical methods which were used during the test 
program for the measurement of PCDD/Fs, and PAHs. Only US EPA methodologies were 
followed in this program. 

5.1 Proofing and Preparing 

5.1.1 Glassuare 

All glassware and utensils coming into contact with the samples are washed thoroughly with an 
alkaline cleaning solution and water, rinsed first with water and then with deionized reverse 
osmosis (organic free) water. They are then solvent rinsed with acetone to remove water and any 
organics, then rinsed with the extracting solvent (hexane, dichloromethane) to remove additional 
organics. This process is also done with sampling containersand lids that will be used in the 
field. All lids must be Teflon-coated. Autosampler vials are rinsed prior to extract introduction. 
Bottle caps and hypovial discs undergo the same solvent rinsing technique. 

5.1.2 Reagents 

Reagents such as silica-gel, florisil, alumina and sodium sulphate undergo heating in an oven or 
muffle furnace to activate and to remove organics. All solvents used for extractions are of 
distilled in glass purity. Acids and bases used for pH adjustment of liquid samples are extracted 
with solvent to remove impurities before use. All reagents undergo solvent extraction and 
instrumental analysis to prove they are free of contamination before use. 

5.1.3 Extraction 

Liquid: Liquid samples with very high solids content are first filtered and the liquid and solid 
portions extracted separately according to the procedures described below. After extraction, the 
extracts are re—combined and analysed as a single sample. 

A measured volume .of liquid sample is poured into a 2 L separatory funnel. The sample is then 
spiked with the surrogate standard. 60 mL of dichloromethane (DCM) are added to the separatory 
funnel and the sample shaken for two minutes. The organic and aqueous phases are allowed to 
separate and the DCM‘is drained into a 500 mL round bottom flask. This procedure is' repeated 
twice more and the DCM extracts combined. ' 

E C0 LOGIC PROPRIETARY INF ORMA HON
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The DCM extract is dried through a column containing 10 cm of anhydrous sodium sulphate 
(NaQSO4). The extract is then concentrated to 2.0 mL, and solvent exchanged to hexane, first 
using a Snyder column, followed by a Kuderna—Danish condenser. 

Solid: For solid samples, 10 g of celite 545 are weighed into a soxhlet thimble. 300 mL of 60 
percent acetone/4O percent hexane are added to a 500 mL round bottom flask and the soxhlet 
apparatus assembled. The solvent is cycled at least three times through the apparatus. The system 
is then cooled and the solvent discarded. 

The sample is then placed in the pre-cleaned soxhlet thimble containing celite 545. 300 mL of 
acetone/hexane are added to the round bottom flask. The samples are then spiked with the 
appropriate surrogate standards. The apparatus is reassembled and soxhlet extraction is performed 
for 16 hours. For PCDD/Fs, the sample is extracted with 300 mL toluene for an additional 16 
hours. 

The extract is then poured through a solvent—rinsed drying column containing NaZSO4 to a depth 
of 10 cm, and collected in a round bottom flask. The extract is concentrated to 2.0 mL, first 
using a Snyder column, followed by a Kuderna-Danish condenser. 

5.1.4 

One half of the extract is cleaned on alumina, followed by a final clean—up on a Carbon/celite 
column. This half is then evaporated to dryness, adjusted to 20 ptL with internal standard, and 
analysed for PCDD/Fs using a gas chromatograph/ mass selective detector (GC/MSD). The other 
half of the extract is analysed for PAHs by GC/MSD. If the samples are suspected to be highly 
contaminated, they are first cleaned on silica gel, prior to analysis. The levels of PAHs in the 
waste samples were sufficiently high that three sequential silica gel clean—up procedures were 
required to remove the PAHs from the PCDD/F fraction. 

5.1.5 

Instrumental analyses of all parameters are performed using a Hewlett Packard 5890 Series 11 gas 
chromatograph equipped with a 5971A mass selective detector (GC/MSD). The instrument 
conditions for each parameter group can be provided upon request. Selected ion monitoring may 
be used to enhance instrument sensitivity. 

Instrument Calibration: Standards containing all compounds to be analysed are prepared at three 
or five concentration levels. The lowest standard concentration is slightly higher than the 
detection limit and the highest concentration standard is within the dynamic linear range of the 
instrument. 

The instrument calibration involves analyzing all level standards and determining an average 
response factor. The standard deviation of the response factors should be less than 30 percent for 
all compounds. ‘

- 
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The calibration is checked at least every twelve hours by running a mid-level standard. Should 
the response factors have varied substantially (more than 30 percent) from the initial calibration 
values, corrective action will be taken and the instrument is re—calibrated. 

Data Interpretation: The data integrity from GC/MSD analyses is based on the QA/QC results 
of method blanks and surrogate spikes. As well, all automated data interpretation is routinely 
checked for accuracy by an experienced analyst. 

The integrity of GC/MSD data is based on several criteria. An analyte is identified by comparison 
of the sample selected ion mass spectrum with the selected ion mass spectrum of a standard of the 
suspected compound (standard reference spectrum). Mass spectra for standard reference are 
obtained on the GC/MSD within the same 12 hours as the sample analysis. These standard 
reference spectra are obtained through analysis of the calibration standards. Two criteria must be 
satisfied to verify identification: (1) elution of sample component at the same GC relative 
retention time (RRT) as the standard component; and (2) correspondence of the sample component 
and the standard component mass spectrum. 

The sample component RRT must compare within 1 0.06 RRT units of the RT of the standard 
component. For reference, the standard must be run within the same 12 hours as the sample. If 
co—elution of interfering components prohibits accurate assignment of the sample component RRT 
from the total ion chromatogram, the RT is assigned by using extracted ion current profiles for 
ions unique to the component of interest. The most abundant ion (100 percent) and chosen 
qualifying ions in the sample mass spectrum must agree with the standard mass spectra. 

The relative intensities of qualifying ions must agree within i 20 percent between the standard 
and sample spectra. (Example: For an ion with an abundance of 50 percent in the standard 
spectra, the corresponding sample abundance must have been between 30 and 70%.) 

Method Detection Limit: The method detection limits (MDL) are determined using the signal to 
noise level in the actual sample matrix. 

5.1.6 W 
Internal Standard Calculations: One aL of each calibration standard (containing internal 
standards) are analysed and the area of the primary characteristic ion against concentration for 
each compound is tabulated. Response Factors (RFs) for each compound are calculated as 
follows:

I RF = (AxCis) / (AisCx) where: - 

Ax = Area of the characteristic ion for the compound being measured. 
Ais 

‘ = Area of the characteristic ion for the specific internal standard. 
Cx = Concentration of the compound being measured (ng/aL). 
Cis = Concentrationof the specific internal standard (ng/nL). 

The average response factors of each analyte in the three or five-calibration standards are 
calculated. 
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When a compound is identified, the quantitation of that compound is based on the integratw 
abundance of the primary characteristic ion. Quantitation takes place using the internal standard 
technique. The internal standard used is the one nearest the retention time of that of a given 
analyte. 

The concentration of each identified analyte in the sample is calculated as follows: 

Liquid Samples: Concentration (pg/L) = [(Ax)(Is)(Vt)] / [(Ais)(F)(Vo)(Vi)] where: 
Ax - Area of the characteristic ion for the compound being measured. 
Is Amount of internal standard injected (ng). 
Vt = Volume of total extract, taking into account dilutions (i.e., a 1 to 10 

dilution of a 1 mL extract will mean Vt = 10,000 yL. If half the 
baselneutral extract and half the acid extract are combined, Vt = 2,000). 

Ais = Area of characteristic ion for the internal standard. 
RF = Response factor for compound being measured. 
Vo = Volume of water extracted (mL). 
Vi = Volume of extract injected (pL). 

Solid Samples: Concentration (pg/kg) = [(Ax)(Is)(Vt)] / [(Ais)(RF)(Vi)(Ws)(D)] where: 
Ax 

‘ 

= Area of the characteristic ion for the compound being measured. 
1s = Amount of internal standard injected (ng).

I 

Vt 7- Volume of total extract, taking into account dilutions (i.e., a l-to—IO 
dilution of a l-mL extract will mean Vt = 10,000 uL. If half the 
base/neutral extract and half the acid extract are combined, Vt = 2,000). 

Ais = Area of characteristic ion for the internal standard. 
RF = 

; 

Response factor for compound being measured. 
Vi = 

. 
Volume of extract injected (uL). 

Ws = ' 

weight of sample extracted or diluted in grams. 
D = (100 - % moisture in sample)/ 100, or 1 for a wet-weight basis. 

5.2 
‘ Dry Weight Determinations 

A portion of each solid waste sample will be placed in a pre—weighed weighing dish and dried in 
an oven at 130°C overnight. The moisture content is then calculated as a percentage of whole 
sample mass according to equation (1). 

- ( Ww - Wd) 
% m01sture = ——W-—- x 100 (1) 

where: 
WW = Wet weight of subsample 
Wd = Dry weight of subsample 
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6 RESULTS 

All three tests ran smoothly and were without notable incident. Table 7 summarizes the laboratory 
analysis results for the processed solids in all three tests. Appendix B contains the detailed 
laboratory analysis results for the waste, processed solids, pre- and post—test scrubber water, and 
blanks for all three tests. The laboratory analysis results of samples audited by Zenon 
Environmental Laboratories and Wastewater Technology Centre are included in Appendix C. 
Appendix D contains the system start-up, shut-down and operator logs. 
Table 7 TEST RESULTS SUlWMARY 

Test Total PCDDS Total PCDFS Total EPA 8270 
(us/g) (us/g) PARS (us/s) 

Pre-test Waste 1 2,000 38 842 
2 1,900 36 826 
3 2,000 35 744 

Processed 1 ND ND 5.4 
Solids - 2 ND ND ND 

3 ND ND 12.4 

‘Test Total PCDDS 
_ 

Total PCDFS . Total EPA 8270 
' 

(pg/mL) (pglmL) PAHS (ng/mL) 
Pro-test ‘ 1 ND ND 880 
Scrubber (pg/ml.) 2 ND ND 15 

‘ 

_I 

3 ND ND 161 

Post—test ' 

V 

l 3 ND ND 324 
Scrubber (pg/ml.) 

‘ 2 _‘ ‘ND 
I 

ND " 3,281 
' 

3 ND ND 
‘ 2,804 

Test Total PCDDs Total pcnrs
' 

(Pg/L) (PS/L) 

EZl Resin Tube 3 80 5.9 

Resin Tube Back-up 3 93 5.5 

System Blank 3 30.3 6.5 

System Blank Back-up . 3 23.3 6.9 

ND = Non—detect 
NA = Not analysed 
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7 DISCUSSION OF RESULTS 
7.1 Destruction of Dioxins and Furans 

Levels of PCDDs and PCDFs in the processed solids were below laboratory detection limits for 
all three tests. The most toxic congener, 2,3,7,8-TCDD, was already below detection limit in the 
waste. laboratory detection limits ranged from 0.04 to 0.10 ng/g for PCDDs and from 0.02 to 
0.05 ng/g for PCDFs. PCDD and PCDF levels in the scrubber water were below detection limits 
both before and after each of the three tests, indicating excellent destruction. laboratory detection 
limits for the scrubber water ranged from 0.1 to 0.4 pg/mL for PCDDs and from 0.04 to 0.3 
pg/mL for PCDFs. ' 

There are no well established criteria for PCDDs in sediment that may be used to evaluate the test 
results. However, the Canadian Council of Ministers of the Environment (CCME) Interim 
Remediation Criteria for PCDD/F5 in soil are 0.01 ng/g for agricultural usage and 1 ng/g for 
residential/parkland usage. These criteria apply to the level of PCDD/Es expressed in 2,3,7,8- 
T4CDD equivalents, i.e. expressed as the sum of the individual isomer concentrations factored by 
the NATO International Toxicity Equivalency Factors (ITEF), which are listed in Table 8. The 
levels of ITEF-factored PCDD/Fs in the waste samples were 32, 26 and 25 ng/g for Tests #1 to 
#3, respectively. These are well above the CCME criteria. The level of ITEF-factored PCDD/Es 
in the processed solids was <0.15 ng/g, based on the sum of the method detection limits for the 
relevant isomers. This is well below the CCME criterion for residential/parkland. Laboratory 
detection limits did not allow for evaluation against the CCME criterion for agricultural land. 

Table 8 INTERNATIONAL TOXICITY EQUIVALENCY FACTORS 
FOR PCDD/F5 

PCDD Congener ITEF PCDD Congener ITEF 

2,3,7,8-T,CDD 1.0 2,3,7,8-T.CDF 0.1 
l,2,3,7,8-P,CDD 0.5 2,3,4,7,8-P,CDF 0.5 
l,2,3,4,7,8-H,CDD 0.1 l,2,3,7,8-P,CDF 0.05 
1,2,3,7,8,9-H,CDD 0.1 1,2,3,4,7,8-H,CDF 0.1 
1,2,3,6,7,8-H6CDD 

‘ 

0.1 l,2,3,7,8,9-H6CDF 0.1 
l,2,3,4,6,7,8-H.,CDD 0.1 1,2,3,6,7,8-H6CDD 

‘ 

0.1 
O'CDD 0.001 2,3,4,6,7,8-H6CDD 0.1 

l,2,3,4,6,7,8-H.,CDF 0.1 
l,2,3,4,7,8,9-H.,CDF 0.01 
OLCDF 0.001 

As described in Section 4.2, a sample of scrubbed process gas was collected for Test #3. This 
involved passing a known amount of process gas through two sequential XAD-2 resin tubes. The 
front tube traps organic compounds from the gas stream and the back tube collects any 
breakthrough organics in the event that the front tube becomes saturated. The process gas sample 
for Test #3 was submitted to Zenon for analysis of PCDD/Fs using high resolution mass 
spectrometry (HRMS), the most sensitive technique available. At the request of ECO LOGIC, 
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Mr. Rod Thomson of Zenon has written two letters which provide interpretation of the PCDD and 
PCDF results. The content of these letters, included in Appendix C, has been summarized below 
along with interpretation by ECO LOGIC. 

Typically, in reviewing analytical data, the Practical Quantitation Limits (PQL) are used to attach 
confidence to the data generated. These are normally 3 to 4X the method detection limit (MDL). 
Any data between the PQL and the MDL are considered estimates. A11 PCDDs and PCDFs 
detected in the process gas sample were below a conservative PQL of 3X the MDL. Of further 
importance is the laboratory blank variability, since often these compounds (such as HpCDD) are 
not detected in oneblank analysis, but are found in the subsequent blank analysis performed on 
another day. These limitations should be considered when interpreting the data, as the detected 
compounds are not necessarily truly present in the samples. 

All detected PCDD/F5 occurred in both the front resin tube and in the back resin tube at similar 
concentrations. If the PCDD/Fs detected in the back tube were a result of breakthrough from the 
front resin tube, the concentrations would be substantially lower than those in the front resin tube. 
This was not the case, indicating that the resin was contaminated by some means other than waste 
treatment, possibly sample handling. Furthermore, analysis of the system blank resin tubes 
showed similar concentrationsof PCDD/Fs. Again, this suggests that the resin tubes were not 
contaminated by Waste treatment. Unfortunately, there was no field blank resin sample collected 
and it is therefore impossible to determine the source of contamination. ' 

There were, very low quantities of 2,3,7,8-TCDD measured in both the front resin tube and the 
back resin tube at virtually identical concentrations. The same levels were also observed in the 
system blank tubes. From these data, it can be concluded that the 2,3,7,8-TCDD did not originate 
from the gas stream, but came from some diffusive mechanism, possibly the sampling system. 

The method blank contained OCDD levels of the same magnitude as that found in the sample resin 
tubes indicating that the occurrence of OCDD is laboratory background, and is not due to 
processing of the waste. Therefore, when blank corrections are considered, the levels of PCDDs 
and PCDFs in the gas samples are decreased substantially. 

Zenon also analysed two liquid samples from Test #3. For these samples, a very low 
concentration of 2,3,7,8-TCDF was detected in both samples analysed. This value is very near 
the detection limit at 5.6 pg/L, and the laboratory blank result was <11 pg/L. This compound 
is a fairly common blank at these levels, and is likely the source of 2,3,7,8-TCDF in the sample 
analysis. The remaining PCDD/F5 were detected at < 3X the MDL, or 2X the method blank, 
which is less than the PQL as discussed above. This should be considered when the data is 
interpreted. ‘

, 

A sample of the waste sediment was submitted to Zenon 'for analysis. There were discrepancies 
in the data reported by Zenon and ECO LOGIC for the analysis of the same waste, particularly 
for the higher chlorinated dioxins. In order to identify the cause of the difference in the analytical 

. data, Zenon re-analysed the waste under different conditions. The issues of concern were sample 
inhomogeniety and sample preparation. The latter proved to be the primary reason for the 
differences observed in the analytical data. 
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All methods of sample preparation used by ECO LOGIC and Zenon are standard and acceptable 
for the analysis of PCDD/Fs in solids. However, it has been documented by many sources that 
the recovery of these compounds (especially higher chlorinated PCDD/F5) from wet solids can 
be impacted by the extraction and drying processes. The initial data provided by Zenon was 
produced using toluene as the extraction solvent and without prior air drying of the sample. ECO 
LOGIC used acetone/hexane as the extracting solvent to enhance extractability of the wet 
sediment. When Zenon repeated their analysis using acetone/hexane, the data was in much better 
agreement with the ECO LOGIC results. Zenon supports the use of the data from the method 
protocol which provides the highest recoveries of native PCDD and PCDF. The data from the 
third Zenon analysis, using acetone/hexane, has been reported along with the other audited data 
in Appendix C. All three analyses of the waste have been included in Appendix C as an 
attachment to a letter provided by Mr. Ron McLeod of Zenon explaining the reason for re- 
analysing the waste sample. 

7.2 Destruction of Polyaromatic Hydrocarbons 

With the exception of naphthalene, levels of PAHs in the processed solids were reduced to below 
1 pg/g in all three tests. Most were below laboratory detection limits, which ranged from 0.02 
to 0.3 mg/ g. Levels of naphthalene, acenaphthylene and fluorene in the processed solids were 
higher in Test #3 than in the first two tests, though in all three tests, levels were substantially 
reduced from the original levels in the waste. This indicates excellent desorption of PAHs from 
the waste. 

,

' 

PAH levels in the scrubber water rose over the course of waste processing in Tests #2 and #3, but 
did not in Test #1. This increase in total PAH concentration is primarily due to the levels of 
naphthalene, phenanthrene and fluoranthene detected in the post—test scrubber water. An increase 
in these low molecular weight PAHS is expected as a result of the breakdown of higher molecular 
weight hydrocarbons. Naphthalene, and to a lesser extent other 3-ring PAHs, are known by- 
products of the ECO LOGIC Process. Their formation is due primarily to inadequate mixing with 
hydrogen as .thewaste enters the reactor and to condensation reactions as the gas exiting the 
reactor is cooled. The laboratory-scale unit is more prone to produce naphthalene as the gas is 
not rapidly quenched as it exits the reactor. Both of these problems have been addressed at full- 
scale to'minimize the production of PAHs. In full~scale operations, the PAHs are removed in the 
first’two stages of the scrubber system. The scrubber water is subjected to tertiary treatment and 
the scrubber particulate is retrieved and re—treated. The scrubber water is then analytically tested 
prior to discharge to ensure regulatory guidelines are met. 

Samples of the waste, processed solids, and aqueous samples were submitted to Wastewater 
Technology Centre for PAH analysis. For all samples, the levels of PAHs were in agreement 
with the levels detected by ECO LOGIC. - 

7.3 Mass Balance 

The current design of the laboratory-scale TRM makes it impossible to recover all Of the processed 
solids that were originally input as waste, therefore, the mass balance cannot be closed accurately. 
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7.4 Full-Scale Sediment Treatment 

The projected cost for soil or sediment remediation using the full-scale process unit is $400 per 
tonne of waste. This cost will not be affected significantly by the waste moisture content. The 
ECO LOGIC Process is enhanced, not impeded by the presence of water. High-moisture wastes, 
therefore, while increasing the heating load needed for complete waste desorption, reduce the 
demand for energy and hydrogen in the reactor. The net result on waste processing cost is 
minimal. Extremely high-moisture wastes (i.e. >50 % moisture) such as the sediment test- 
processed in this study could be dewatered before processing to reduce the mass of TRM waste 
feed material, with the excess water (if contaminated) being processed directly by the reactor. 
Future sediment remediation contracts will employ full—scale TRMs. 

8 CONCLUSIONS 
ECO LOGIC's TRM has been demonstrated in three laboratory-scale tests to successfully 
remediate Thunder Bay Harbour sediment contaminated with 2000 ng/g of PCDDs and 36 ng/g 
of PCDFs. Levels of PCDDs and PCDFs in the waste sediment were reduced to below laboratory 
method detection limits, which were in the range 002-0. 10 ng/g for PCDDs and 0.02-0.05 ng/g 
for PCDFs. The TRM has also been demonstrated to substantially reduce PAH levels in the 
Thunder Bay Harbour sediment. The concentration of EPA 8270 PAHs in the waste was 800 
ug/ g, and the only PAH compound that was not reduced to below ug/g levels in the processed 
solids was naphthalene. . 

' 

‘

- 

Levels of PCDDs and PCDFs in the scrubber water were below detection limits, indicating 
excellent destruction by the reactor. Although the Process Gas sample from Test #3 showed levels 
of PCDDs and PCDFs near or below method detection limits, it is likely that the occurrence of 
these analytes is from some diffusive mechanism rather than from the waste processing‘itself. 
Therefore, processing of' the sediment resulted in no emissions of PCDDs or PCDFs. 
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1A DATA QUALITY ASSURANCE PLAN 
1.1A Quality Assurance Objectives 

The overall objective of the sampling and analysis effort is to provide data for evaluating the 
destruction and removal efficiencies of the ECO LOGIC Process that are precise, accurate, 
comparable, representative, and complete. 

1.2A Analytical Quality Assurance/Quality Control 

ECO LOGIC develops a detailed Quality Assurance/Quality Control (QA/QC) plan for each 
treatability project prior to commencing sampling and analysis. The plan includes sampling 
protocols, proofing procedures for glassware, sample preservation and treatment methods. A 
detailed written analytical procedure is also prepared for the project. Where possible, established 
methods such as those developed by the United States Environmental Protection Agency are used. 
QA/QC samples described below are analyzed according to the methods described for the samples 
in Section 5 of the main report. 

1.2.1A Performance Monitoring 
A 

Performance monitoring techniques will help determine whether there are any problems in the 
whole method, from extraction to instrumental analysis. Performance monitoring devices include 
matn'x spikes, analytical blanks, surrogate spiking and duplicate analysis. 

Sunogate Spikes: All samples are spiked before extraction with surrogate standards representing 
all parameters being analyzed to demonstrate chemical recoveries through all phases of sample 
preparation. This provides information on the accuracy of the analytical results. Surrogate spike 
results are given in the data tables in Appendix B. 

Matrix Spikes/Matn'x Spike Duplicates: A composite of each sample type is spiked in duplicate 
with a known amount of representative compounds from each parameter group and analyzed to 
determine the recoveries in the presence of the sample matrix. This provides information on both 

. the accuracy and the precision of the data. Matrix spike and Matrix Spike Duplicate results are 
given in Table 1A, Table 2A, Table 3A, and Table 4A. 

Internal Standards: After evaporating the extract to the final volume the samples are spiked with 
labelled internal standards to correct for variability in instrumental analysis. 

Laboratory Blanks: A blank of laboratory reagents is carried through the entire analytical 
procedure to monitor all interferences of laboratory origin. This is done for each sample matrix 
at a frequency of one in ten samples. The laboratory blank data is included with the sample data 
in Appendix B. 
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1.2.2A Detection Limits 

The instrumental detection limits (IDL) are calculated by determining the average noise level (area 
count) of 10—20 peaks and multiplying by 3, and then multiplying by the response factors. 

IDL = 3x noise x RF (1) 

The method or sample detection limits (MDL or SDL) are then calculated by treating the IDL as 
you would a sample by applying the appropriate factors (ie dilution (DF), final volume (FV), 
sample mass (m) or volume (v)). 

IDLxFVxDF MDL=———— (2) morv 

1.2.3A Autotune 

For the MSD's, additional performance information can be gained by performing autotunes. 
Autotunes indicate if there is a leak in the system or if the detector itself needs maintenance. 
Autotunes are done before samples are run on the instrument, and the results must show the 
absence of air and an optimal detxtor response before samples are permitted to be analysed. A 
poor autotune suggests that maintenance may be required. 

1.2.4A Regular Maintenance 

Included in the routine maintenance of the GC/MSD systems are regular changing of the inlet 
septa and cleaning or replacement of inlet sleeves. Column performance is monitored through the 
daily check sample and such measures as column solvent washing, cutting, and replacement are 
performed as needed. 

If peak area control charting or the autotune indicate a loss in detector sensitivity, which cannot 
be remedied by the above procedures, the ion source is cleaned. An ongoing record of instrument 
performance is maintained. 

1.2.5A Laboratory Records 

All information about a sample in every step of the analysis is recorded in a laboratory notebook. 
There is one laboratory book for each major project. 

1.2.6A Archiving 

Excess sample material will be stored for a period of three months after final results are reported. 
Following this period, the sample material will be discarded unless ECO LOGIC is otherwise 
notified. If desired, the sample material may be returned to the client at their expense. 
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A11 chromatograms, mass spectra, hard copies of reports, chain of custodies, project books, and 
any other material relating to a project will be kept in a project file or box for future reference. 
Computer files such as data files, integration files, quantitation files and report files will be stored 
on cartridge tape after data interpretation is completed. 

1.2.7A Custody Procedures 

A Chain of Custody form will be filled out by the sampler immediately after sampling. The 
information on the sampling container is recorded as well as more detailed information, such as 
project name, project number, client name, analysis completion date, and the parameters for 
analysis. The sampler will sign the form at the bottom and is responsible for the samples until 
signed over to another person or the laboratory. 

Once samples are brought to the laboratory, custody is switched to the lab. Each sample is then 
logged in and assigned a laboratory number prior to storage. The Chain of Custody form is 
signed and dated by the sample submitter and the laboratory receiver. Information is taken from 
the Chain of Custody Record form and sample container label and recorded onto a sample 
initialization form (log-in sheet), where each sample is assigned a laboratory number. The 
location in which a particular sample can be found is also recorded on this form. 

After a sample is given a laboratory number, it will be identified by that number only during all 
parts of the analysis. This number is the only thing linking the sample to its field identification 
and, therefore, is clearly and legibly marked on all containers having the sample or sample extract 
within it. All samples, regardless of analysis parameters, are stored in a refrigerator at 4°C. All 
samples are extracted within 14 days of sampling. 

1.3A Qualitative QA Objectives 
Comparability is a measure of the confidence with which one data set can be compared to another. 
The following measures will be taken to ensure the comparability of the data. 

0 Standardized written sampling and analysis procedures; 
0 Standard handling procedures used for all collected samples; 
0 Standard analytical procedures and experienced personnel used throughout the 

program; 
0 A uniform supply of sampling containers used; and 
0 Results reported in consistent units. 

1.4A Monitoring Procedures 

All critical information relating to the overall performance of the process is monitored by the 
operator. Key process parameters include: 

o reactor temperature (850 to 950°C) 
0 reactor pressure (-10" to 10" H20) 
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0 TDM temperature (600°C) 
0 scrubber exit temperature (35 to 40°C) 
0 CIMS-500 analyses (< 1000 ppm benzene, < 100 ppm chlorobenzene) 
0 hydrogen concentration is adequate (>50% dry basis) 

A significant process feature is the CIMS-SOO chemical ionization mass spectrometer system. This 
process gas analyzer is capable of measuring organic compounds in gas streams on a continuous 
basis at part per billion levels. As such, it can monitor for products of incomplete reduction and 
essentially measure destruction efficiency on a continuous basis. For PCB destruction, 
chlorobenzene is monitored as an indicator of destruction efficiency. If the chlorobenzene 
concentration begins to rise, the operator is alerted with a low-level alarm. 

1.5A Process Monitoring 

Temperatures, pressures, flow rates and, other parameters are monitored at critical locations in 
the process. This is accomplished using thermocouples, pressure transmitters, flowmeters, and 
gas analyzers. Table 5A gives the equipment specifications for the various types of monitors. 
The specifications for the CIMS-SOO are given in Table 7A. 

Process data is also manually logged every 15 minutes by the operator when he makes a process 
inspection tour. This serves to keep the operator involved with the process and to alert the 
operator to slow trends that might not otherwise be obvious. 
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Table 1A DIOXIN AND FURAN SOLD) MATRIX SPIKE RESULTS 
HWD - Thunder Bay Harbour (WT C) - Project #8-361 
Matrix Spike Results (Solids) 

%Recovery 
% Recovery Matrix Spike Relative % 
I [ 

. 

5 .1 l. E .EE 
RCDD 
2378-T4CDD 109 107 1.9 
12378-P5CDD 107 110 2.8 
-123478-H6CDD 111 124 11 
123678-H6CDD 124 120 3.3 
123789-H6CDD 96 100 4.1 
1234678—H7CDD 105 111 5.6 
08CDD 83 95 13 

BCDE 
2378-T4CDF 113 115 1.8 
12378—P5CDF 110 115 4.4 
23478-P5CDF 113 121 6. 8 
123478-H6CDF 111 114 2.7 
l23678—H6CDF 93 107 14 
123789-H6CDF 87 84 3.5 
234678-H6CDF 87 98 12 
1234678-H7CDF 103 109 5.7 
1234789-H7CDF 93 89 4.4 
OSCDF 75 85 13 WWW). 
l3C—2378-T4CDD S2 78 
l3C-l2378-P5CDD 56 74 
13C—123478-H6CDD 56 76 
l3C-1234678-H7CDD 41 7O 
l3C—O8CDD 33 68 

Maximum allowable Relative Percent Difference is 20 
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Table 2A DIOXIN AND FURAN WATER MATRIX SPIKE RESULTS
. HWD - Thunder Bay Harbour (WT C) - Project #8-361 1 

Matrix Spike Results (Water) 

% Recovery 
% Recovery Matrix Spike Relative % 

£0212 
2378-T4CDD 102 99 3 
12378-P5CDD 114 99 14 
-123478-H6CDD 107 99 7. 8 
123678-H6CDD 109 112 2.7 
123789-H6CDD 103 99 4 
1234678-H7CDD 103 98 5 
08CDD 91 94 3.2 

RCDE 
2378-T4CDF 101 96 5.1 
12378—P5CDF 113 106 6.4 
23478-P5CDF 1 19 110 7.9 
123478-H6CDF l 19 105 13 
123678-H6CDF 108 . 

'95 13 
123789-H6CDF 

‘ 

93 90 3.3 
234678-H6CDF 95 87 8.8 
1234678-H7CDF 107 98 8.8 
1234789—H7CDF 102 95 7. 1 

08CDF 93 98 5.2 

13C-2378-T4CDD 73 70 
13C-12378-P5CDD 67 68 
13C-123478-H6CDD 70 71 
13C-1234678-H7CDD 68 65 
13C-08CDD 72 64 

Maximum allowable Relative Percent Difference is 20 

Authorization Date 
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Table 3A PAH SOLID MATRIX SPIKE RESULTS 
HWD - Thunder Bay Harbour (WT C) - Project #8-361 
Matrix Spike Results (Solids) 

% Recovery 
Lab ID: % Recovery Matrix Spike Relativ % 
Field ID: Matrix Spike Duplicate Differeie

. 

Naphthalene a a a 
Acenaphthylene 83 92 10; 
Aceneaphthene 78 77 1 .3 

Fluorene 99 87 13: 
Phenanthrene 97 81 18 
Anthrancene 63 61 3.2 
Fluoranthene 92 76 19 
Pyrene 39 75 17 
Benzo(a)anthracene 107 72 39 
Chrysene 104 81 25 
Benzo(b)fluoranthene 98 54 5 
Benzo(k)fluoranthene 89 76 16; 

Benzo(a)pyrene 78 52 40 
Indeno(l,2,3 -c,d)pyrene 97 36 92‘ 

Dibenzo(a,h)anthracene 111 < 36 nai 
Benzo(g,h,i)perylene 93 35 91“

, 

Anthracene - d10 49 51 
Benzo(a)anthracene - d12 94 75 

a - The amount of spiked naphthalene recovered could not be accurately determined (The 
concentration of naphthalene in the unspiked sample (94-801) is significantly higher than the amount 
spiked in the QA samples. This makes any correction for analytes found in the unspiked sample 
meaningless.) 

B - Same as “a” but to a lesser extent. Recoveries and RPD are approximate. 
na - not applicable 
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Table 4A PAH WATER MATRIX SPIKE RESULTS 
. HWD - Thunder Bay Harbour (WTC) - Project #8-361 
Matrix Spike Results (Water) 

% Recovery 
Lab ID: % Recovery Matrix Spike Relative % 
Field ID: Matrix Spike Duplicate Differenece 

IargeLEAHMl 
Naphtalene a a a 
Acenaphthylene b 36 21 53 
Acenaphthene 70 64 9.0 
Fluorene b 1 15 77 40 
Pheneanthrene b 154 146 5.3 
Anthracene 230 96 82 
Fluoranthene 104 85 20 
Pyrene 96 v 79 19 
Benzo(a)anthracene ‘1 19 113 5.2 
Chrysene ‘104 114 9.2 
Benzo(b)fluoranthene 129 : 1 19 . 8. 1 

Benzo(k)fluoranthene 90 79 13 
Benzo(a)pyrene 110 100 ' 9.5 
Indeno (1,2,3-c,d)pyrene 116 

. 

'96 19 
Dibenzo(a,h)anthracene 109 97 12 
Benzo(g,h,i)perylene . 108 102 - 5.7 

Anthracene -d 10 49 51 
Benzo(a) anthracene 94 75 

a — The amount of spiked naphthalene recovered could not be accurately determined (The 
concentration of naphthalene in the unspiked sample (94-801) is significantly higher than the 
amount in the QA samples. This makes any correction for analytes found in the unspiked 
sample meaningless.) - 

b - Same as "a" but to a lesser extent. Recoveries and RPD are approximate. 

Authorization Date 
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Table 5A PROCESS MONITORING EQUIPMENT SPECIFICATIONS (Continued) 

Equipment Type: Dry Gas Meter Multimeter Scale 

Parameters: Gas Flow Voltage, Amperage Weight 

Manufacturer: Equimeter Micronta O'Haus 

Model Number: 8-275 22-188 E400D 
Date Manufactured: 

Sensing Elements: Mechanical Electrical Mechanical 

Interferences/ Inlet Pressure 10—30°C 
Limitations: < 150 psi 
Range of 750V AC 200 mA O—400g/40g 
Measurements: 

Accuracy: 1 .2% 
Precision: 0.007g 

Monitoring Stations: 3,7 1,5 N/A 
Calibration Check for zero Known Weight 
Procedure: resistance 

Frequency: At Manufacture As ReqUired As Required 
Documentation: Calibration log book 
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Interferences/ 
Limitations: 

Range of 
Measurements: 

Accuracy: 

Precision: 

Monitoring Stations: 

Calibration 
Procedure: 

Frequency: 

Documentation: 

Standards Source: 

Precision: 

Accuracy: 

SCHSOI' 

High hydrocarbon 
concentration 
interference 

0-25% 02 

i0.1% 
0.01% 
.7 

Zero with N2 span 
with certified 
calibration gas 

Every 24 hours 

Recorded by process 
controller, calibration 
log book 

CANOX 
i0.05% 02 
i5% 

Max temperature 
65 °C 

0-14 pH 

1% 
0.01 pH
2 

Check in buffer 
solutions 7 & 12 pH 

Once per month or as 
required 

Calibration log book 

Fisher Scientific 

$0.01 pH 
:L-O. 1% 
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Table 5A PROCESS MONITORING EQUIPMENT SPECIFICATIONS (Continued) 

Equipment Type: Oxygen Analyzer pH Probe Flow Meter 
Parameters: 02 concentration pH Gas F low 
Manufacturer: Yokogawa Yokogawa Dwyer 
Model Number: ZOZlC/D TG21 transmitter & VFB-67 

FU 20 probe 
Date Manufactured: 1990 1990 199- 

Sensing Elements: Zirconium oxide Universal pH/ORP Ball float 

Inlet Pressure and 
Temperature <1OO 
psi, <100°C. 

0-20 L/min. (Air) 

3%

4 

Bubble meter 

Once 

Calibration log book 
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Table 5A PROCESS MONITORING EQUIPMENT SPECIFICATIONS - Continued 

Equipment Type: Dry Gas Meter Multimeter Scale 

Parameters: Gas Flow Voltage, Amperage Weight 

Manufacturer: Equimeter Micronta O‘Haus 

Model Number: 3275 22-188 E400D- 

IDate Manufactured: 

Sensing Elements: Mechanical Electrical Mechanical 

Interferences/ Inlet Pressure 10-30°C 
Limitations: < 150 psi 

Range of Measurements: 750V AC 200 mA 0-400g/40g 

Accuracy: 1.2%. 

Precision 0.007g 

Monitoring Stations: 3,7 1,5 N/A 

Calibration Procedure: Check for zero Known Weight 
resistance 

Frequency: At manufacture As required As required 

Documentation: Calibration log book 

Standards Source: CANOX 

ECO LOGIC Proprietary Information
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Table 6A GAS ANALYZER 
Equipment Type: Process Gas Analyser 

Parameters: Hydrogen, methane, carbon monoxide, carbon 
dioxide 

Manufacturer: NOVA Analytical Systems 
Model Number: 7804 

lDate Manufactured: 1994 

Sensing Elements: 

Interferences/Limitations: 

Range of Measurement: 

Monitoring Stations: 

Predicted Range of 
Measurement: 

Calibration Procedure: 

Frequency: 

Documentation: 

Infrared detector for CH4, CO and C02; 
temperature-controlled thermal conductivity cell for H2 

Infrared detector outputs non-linear, must be 
corrected by digital linearization 

0-30% CO, 0-30% C02, 0—30% CH4, 0—100% H2 

MS8 

0-5% CO, 0.2% COLD-10% CH4, 75-95% H2 

Zero in air or N2. Calibration using pre-analysed or mass flow 
controlled gas mixture. 

Before every test 

Recorded by process data logger 

E C 0 LOGIC Proprietaly Infonnau'on
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Table 7A CIMS-500 SPECIFICATIONS 

Equipment Type: Chemical Ionization Mass Spectrometer 

Parameters: Benzenes, chlorobenzenes, VOCs, PAHs 

Manufacturer: V&F Analystechnik, Absam, Austria 
Model Number: CIMS-SOO 

Date Manufactured: 1990 

Sensing Elements 

Interferences/Limitations: 

Range of Measurement: 

Monitoring Stations: 

Predicted Range of 
Measurement: 

Calibration Procedure: 

Frequency: 

Documentation: 

Standard Source: 

Standards Purity: 

Precision: 

Mass selective quadrupole/high speed electron 
multiplier/digital particle counting system 

N0 GC peak separation—compounds of equal 
mass may register together 

10 ppb - % level 

MSll 

Trace components: 10 ppb - 10 ppm 
Bulk components: 10 ppm - % levels 

Permeation cell for selected tracecomponents/verification with 
certified permeation tubes. Bulk gas calibration with gas cylinder 
mixture. 

Every 4 hours or as needed. 

Calibration periods/results manually typed on monitoring screen 
indication time, date, process stage, etc. 

Canadian Liquid Air, NBS traceable tubespermeation 

NBS traceable standards 
Bulk calibration gas of certified grade 

10% relative standard deviation of repeated 

ECO LOGIC Proprietary Information
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Table 1B DIOXIN AND FURAN RESULTS 
HWD — Thunder Bay Harbour (WT C) - Project #8-361 
Dioxin/Furan Results 

Wale (ng/g) 
Lab ID: 94-784 94-785 94-786 
Field ID: Waste 1 Waste 2 Waste 3 
% solids 46 45 42 

2378—T4CDD < 0.05 < 0.05 < 0.05 
TOTAL T4CDD < 0.05 < 0.05 < 0.05 
12378-P5CDD < 0.2 < 0.2 < 0.2 
TOTAL PSCDD 1.7 1.6 1.5 
123478-H6CDD 0.4 0.3 0.5 
123678-H6CDD 3.4 2.5 3.8 
123789-H6CDD 1.1 1.0 1.8 
TOTAL H6CDD 66 92 54 
1234678-H7CDD 290 240 220 
TOTAL H7CDD 570 430 470 
08CDD 1400 1400 1500 
TOTAL PCDD 2000 1900 2000 

Imam 
2378-T4CDF < 0.02 < 0.02 < 0.02 
TOTAL T4CDF < 0.02 < 0.02 < 0.02 
12378-P5CDF < 0.2 < 0.2 < 0.2 
23478-P5CDF < 0.2 < 0.2 < 0.2 
TOTAL PSCDF < 0.2 < 0.2 < 0.2 
123478-H6CDF < 0.2 < 0.2 < 0.2 
123678-H6CDF < 0.2 < 0.2 < 0.2 
123789-H6CDF < 0.2 < 0.2 < 0.2 
234678-H6CDF < 0.2 < 0.2 < 0.2 
TOTAL H6CDF 2.0 1.8 2.0 
1234678-H7CDF 3.3 2.4 3.2 
1234789-H7CDF < 0.3 < 0.3 < 0.3 
TOTAL H7CDF 14 11 ll 
O8CDF 22 23 22 
TOTAL PCDF 38 36 35 

l3C-2378-T4CDD 68 70 68 
13C-12378-P5CDD 73 64 74 
13C-123478-H6CDD 63 67 64 
13C-1234678-H7CDD 47 56 59 
13C—O8CDD 40 49 52



ECO LOGIC WI‘C — Appendix B — Test Results Page B2 

Table 1B DIOXIN AND FURAN RESULTS (Continued) 
HWD - Thunder Bay Harbour (WT C) - Project #8-361 
Dioxin/Furan Results 

Processed Waste (ng/g) 
Lab ID: 94-808 94-787 94-789 94-791 
Field ID: Blank Processed Processed Processed 

Solids 1 Solids 2 Solids 3 
% solids NA 100 100 100 Imam 
2378-T4CDD < 0.04 < 0.04 < 0.04 < 0.04 
TOTAL T4CDD < 0.04 < 0.04 < 0.04 < 0.04 
12378—P5CDD < 0.08 < 0.08 < 0.08 < 0.08 
TOTAL PSCDD < 0.08 < 0.08 < 0.08 < 0.08 
123478-H6CDD < 0.06 < 0.06 < 0.06 < 0.06 
123678-H6CDD < 0.06 < 0.06 < 0.06 < 0.06 
123789-H6CDD < 0.06 < 0.06 < 0.06 < 0.06 
TOTALHGCDD < 0.06 < 0.06 < 0.06 < 0.06 
1234678-H7CDD < 0.06 < 0.06 < 0.06 < 0.06 
TOTALH7CDD < 0.06 < 0.06 < 0.06 < 0.06 
OSCDD < 0.10 < 0.10 < 0.10 < 0.10 
Total PCDD nd nd nd nd 

,. 

2378-T4CDF < 0.02 < 0.02 < 0.02 < 0.02 
TOTAL T4CDF < 0.02 < 0.02 < 0.02 < 0.02 
12378-P5CDF < 0.05 < 0.05 < 0.05 < 0.05 
23478-P5CDF < 0.05 < 0.05 < 0.05 < 0.05 
TOTALPSCDF < 0.05 < 0.05 < 0.05 < 0.05 
123478-H6CDF < 0.04 .< 0.04 < 0.04 < 0.04 
123678-H6CDF < 0.04 < 0.04 < 0.04 < 0.04 
123789-H6CDF < 0.04 < 0.04 < 0.04 < 0.04 
234678-H6CDF < 0.04 < 0.04 < 0.04 < 0.04 
TOTAL H6CDF ‘ < 0.04 < 0.04 < 0.04 < 0.04 
1234678-H7CDF < 0.03 < 0.03 < 0.03 < 0.03 
1234789—H7CDF < 0.03 < 0.03 < 0.03 < 0.03 
TOTAL H7CDF < 0.03 < 0.03 < 0.03 < 0.03 
OSCDF < 0.05 < 0.05 < 0.05 < 0.05 
Total PCDF nd nd nd ndM 
l3C-2378-T4CDD 59 51 59 61 
13C-12378-P5CDD 62 64 68 66 
13C-123478-H6CDD 54 64 68 69 
l3C-1234678-H7CDD 36 44 50 52 
l3C-O8CDD 24 31 34 34 

NA - not applicable 
nd - not detected
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Table 1B DIOXIN AND FURAN RESULTS (Continued) 
HWD - Thunder Bay Harbour (WT C) - Project #8—361 
Dioxln/Furan Results 

Scrubber Water (ng/mL) 
Lab ID: 94-809 94-793/794 94-795/796 
Field ID: Blank Prescrubber 1 Postscrubber 1 

1312mm 
2378-T4CDD < 0.0001 < 0.0001 < 0.0001 
TOTALT4CDD < 0.0001 < 0.0001 < 0.0001 
12378-P5CDD < 0.0002 < 0.0002 < 0.0002 
TOTAL PSCDD < 0.0002 < 0.0002 < 0.0002 
123478-H6CDD < 0.0001 < 0.0001 < 0.0001 
123678-H6CDD < 0.0001 < 0.0001 < 0.0001 
123789—H6CDD < 0.0001 < 0.0001 < 0.0001 

'TOTALH6CDD < 0.0001 < 0.0001 < 0.0001 
1234678-H7CDD- < 0.0001 < 0.0001 < 0.0001 
TOTALH7CDD < 0.0001 < 0.0001 < 0.0001 
08CDD < 0.0004 < 0.0004 < 0.0004 
Total PCDD nd nd nd 

2378-T4CDF < 0.00008 < 0.00008 < 0.00008 
TOTALT4CDF < 0.00008 < 0.00008 < 0.00008 
12378-P5CDF < 0.00004 < 0.00004 < 0.00004 
23478-P5CDF < 0.00004 < 0.00004 < 0.00004 
TOTAL PSCDF 7 < 0.00004 < 0.00004 < 0.00004 
123478-H6CDF < 0.00004 < 0.00004 < 0.00004 
123678-H6CDF < 0.00004 < 0.00004 < 0.00004 
123789-H6CDF < 0.00004 < 0.00004 < 0.00004 
234678—H6CDF < 0.00004 < 0.00004 < 0.00004 
TOTALH6CDF < 0.00004 < 0.00004 < 0.00004 
1234678-H7CDF < 0.0001 < 0.0001 < 0.0001 
1234789-H7CDF < 0.0001 < 0.0001 < 0.0001 
TOTALH7CDF < 0.0001 < 0.0001 < 0.0001 
O8CDF < 0.0003 < 0.0003 < 0.0003 
Total PCDF nd nd ndM 
l3C-2378-T4CDD 17 71 62 
13C-12378-P5CDD 64 71 55 
l3C-123478-H6CDD 64 60 56 
l3C-1234678-H7CDD 59 46 S3 
13C-O8CDD 52 36 55 

NA - not applicable 
nd - not detected
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Table 18 DIOXIN AND FURAN RESULTS (Continued) 
HWD — Thunder Bay Harbour (WTC) - Project #8-361 
Dioxin/Furan Results 

Scrubber Water (ng/mL) 
Lab ID: 94-797 94-799 94-801 94-804 
Field ID: Prescrubber 2 Postscrubber 2 Prescrubber 3 Postscrubber 3 

2378-T4CDD < 0.0001 < 0.0001 < 0.0001 < 0.0001 
TOTALT4CDD < 0.0001 < 0.0001 < 0.0001 < 0.0001 
12378-P5CDD < 0.0002 < 0.0002 < 0.0002 < 0.0002 
TOTALPSCDD < 0.0002 < 0.0002 < 0.0002 < 0.0002 
i23478-H6CDD < 0.0001 < 0.0001 < 0.0001 < 0.0001 
123678-H6CDD < 0.0001 < 0.0001 < 0.0001 < 0.0001 
123789-H6CDD < 0.0001 < 0.0001 < 0.0001 < 0.0001 
TOTALH6CDD < 0.0001 < 0.0001 < 0.0001 < 0.0001 
1234678-H7CDD < 0.0001 < 0.0001 < 0.0001 < 0.0001 
TOTALH7CDD < 0.0001 < 0.0001 < 0.0001 < 0.0001 
OSCDD < 0.0004 < 0.0004 < 0.0004 < 0.0004 
Total PCDD nd nd nd nd 

2378-T4CDF < 0.00008 < 0.00008 < 0.00008 < 0.00008 
TOTAL T4CDF < 0.00008 < 0.00008 < 0.00008 < 0.00008 
12378-P5CDF < 0.00004 < 0.00004 < 0.00004 < 0.00004 
23478-P5CDF < 0.00004 < 0.00004 < 0.00004 < 0.00004 
TOTALPSCDF < 0.00004 < 0.00004 < 0.00004 < 0.00004 
123478-H6CDF < 0.00004 < 0.00004 < 0.00004 < 0.00004 
123678-H6CDF < 0.00004 < 0.00004 < 0.00004 < 0.00004 
123789-H6CDF < 0.00004 < 0.00004 < 0.00004 < 0.00004 
234678-H6CDF < 0.00004 < 0.00004 < 0.00004 < 0.00004 
TOTALH6CDF < 0.00004 < 0.00004 < 0.00004 < 0.00004 
1234678-H7CDF < 0.0001 < 0.0001 < 0.0001 < 0.0001 
1234789-H7CDF < 0.0001 < 0.0001 < 0.0001 < 0.0001 
TOTAL H7CDF < 0.0001 < 0.0001 < 0.0001 < 0.0001 
08CDF < 0.0003 < 0.0003 < 0.0003 < 0.0003 
Total PCDF nd nd nd nd 

22) 
13C—2378-T4CDD 69 53 76 67 
13C-12378-P5CDD 70 65 71 56 
l3C-123478-H6CDD 70 66 79 59 
13C-1234678-H7CDD 64 56 72 44 
13C-08CDD 54 50 71 36 

NA - not applicable 
nd - not detected
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Table 13 DIOXIN AND FURAN RESULTS (Continued) 
HWD - Thunder Bay Harbour (WT C) - Project # 8-361 
Dioxin/Furan Results 

Authorization Date
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Table 2B PAH RESULTS 
HWD - Thunder Bay Harbour (WTC) - Project #8-361 
PAH Results 

Processed Waste (pg/g) 
Lab ID: 94-808 94-784 94-785 94-786 
Field ID: Blank Waste 1 Waste 2 Waste 3W 
Naphthalene < 3 110 100 77 
Acenaphthylene < 2 < 2 < 2 < 2 
Acenaphthene < 0.6 63 65 55 
Fluorene < 0.3 68 66 61 
Phenanthrene < 3 200 200 180 
Anthracene < 2 28 28 26 
Fluoranthene < 0.9 110 110 110 
Pyrene < 3 81 82 

‘ 

76 
Benzo[a]anthracene < 2 36 35 33 
Chrysene < 6 25 25 23 
Benzo[b]fluoranthene < 6 31 30 27 
Benzo[k]fluoranthene < 6 23 22 20 
Benzo[a]pyrene < 6 33 32 29 
Indeno(l,2,3-c,d)pyrene < 9 16 15 13 
Dibenzo[a,h]anthracene < 9 < 9 < 9 < 9 
Benzo[g,h,i]perylene < 9 18 16 14W 
Anthracene — d10 52 53 53 47 
Benzo[a]anthracene-d 12 91 77 74 71 

Lab ID: 94-787 94-789 94-791 
Field 1D: Processed Processed Processed 

Solids 1 Solids 2 Solids 3 

Naphthalene 5.1 < 0.1 11 
Acenaphthylene < 0.09 < 0.09 0.57 
Acenaphthene < 0.03 < 0.03 0.05 
Fluorene < 0.02 < 0.02 0.22 
Phenanthrene' 0.3 < 0.1 < 0.6 

_____ 
Anthracene < 0.1 < 0.1 < 0.1 
Fluoranthene < 0.03 < 0.03 < 0.03 
Pyrene < 0.2 < 0.2 < 0.2

I 

Benzo[a]anthracene < 0.2 < 0.2 < 0.2 
Chrysene < 0.09 < 0.09 < 0.09 
Benzo[b]fluoranthene < 0.3 < 0.3 < 0.3 
Benzo[k]fluoranthene < 0.3 < 0.3 < 0.3 
Benzo[a]pyrene < 0.2 < 0.2 < 0.2 
Indeno(l,2,3-c,d)pyrene < 0.3 < 0.3 < 0.3 
Dibenzo[a,h]anthracene‘ < 0.3 < 0.3 < 0.3 
Benzo[g,h,i]perylene < 0.3 < 0.3 < 0.3

M 
Anthracene-l 52 39 32 
Benzo[a]anthracene—d 12 74 75 63
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Table 23 PAH RESULTS (Continued) 
HWD - Thunder Bay Harbour (W TC) - Project #8-361 
PAH Results 

Lab ID: 94-809 94-793/794 94-795/796 
Field ID: Blank Prescrubber 1 Postscrubber l 

Naphthalene < 0.2 85 77 
Acenaphthylene < 0.2 76 46 
Acenaphthene < 0.05 4.2 5.5 
Fluorene < 0.02 150 55 
Phenanthrene < 0.2 390 120 
Anthracene < 0.2 130 13 
Fluoranthene < 0.06 l 8 7. 6 
Pyrene < 0.2 < 2 < 2 
Benzo[a]anthraccne < 0.3 < 3 < 3 
Chrysene < 0.2 5 < 2 
Benzo[b]fluoranthene < 0.5 13 < 5 
Benzo[k]fluoranthene < 0.5 9 < 5 
Benzo[a]pyrene < 0.4 < 4 < 4 
Indeno(l,2,3-c,d)pyrenc < 0.7 < 7 < 7 
Dibenzo[a,h]anthracene < 0.7 < 7 < 7 
Benzo[g,h,i]perylene < 0.7 < 7 < 7W 
Anthracene-d 10 7 l 46 nd 
Benzo[a]anlhracene-dlZ 84 47 nd 

Lab 1D: 94-707 94-799 94-801 94-804 
Field ID: Prescrubber 2 Postscrubbcr 2 Prescrubber 3 Postscrubbcr 3 

Naphthalene 0.3 l 100 120 1 100 
Acenaphthylene < 0.2 380 13 340 
Acenaphthene < 0.05 100 1.7 88 
Fluorene' 

‘ 

0.10 330 6.5 160 
Phenanthrene 0.7 550 12 420 
Anthracene 0.4 90 0.8 77 
Fluoranthene < ’ 0.06 240 1.9 230 
Pyrene < 0.2 120 0.9 130 
Benzo[a]anthracene < 0.3 75 0.3 45 
Chrysene < 0.2 76 0.2 49 
Benzofb]fltioranthene < 0.5 76 0.5 48 
Benzofldfluoranthene < 0.5 55 0.5 35 
Benzo[a]pyrene < 0.4 54 0.4 38 
Indeno(l,2,3-c,d)pyrene < 0.7 19 0.7 25 
Dibcnm[a,h]anthracene < 0.7 < 7 0.7 < 7 
Benzo[g;h,i]perylene < 0.7 16 0.7 19

0 

Anthracene-l 62 67 72' 56 
Benio[a]anlhracene-dlZ 92 79 97 69 

NA - net applicable 
nd - not detected
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Table 23 PAH RESULTS (Continued) 
HWD - Thunder Bay Harbour (WTC) - Project #8—361 
PAH Results 

Authorization Date
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Table 1C DIOXIN AND FURAN RESULTS 
HWD - Thunder Bay Harbour (WT C) — Project #8-361 
Dioxin/Furan Results Audited by Zenon Environmental Laboratories 

Process Gas (pg/L) 
Lab ID: Laboratory 1 10995 1 1 1095 
Field ID: Method System Blank System Blank 

Blank Front Backup 

2378-T4CDD < 4.5 8.1 7.3 
TOTAL T4CDD < 4.5 8.1 7.3 
12378-P5CDD < 4.4 .< 5.6 < 4.8 
TOTAL P5CDD < 4.4 < 5.6 < 4.8 
123478-H6CDD < 8. 1 11 9.3 
123678-H6CDD < 4.5 < 3.8 < 3.3 
123789-H6CDD < 7 < 6 < 5.2 
TOTAL H6CDD < 6.1 8.2 7 
1234678-H7CDD < 7.3 < 6.4 < 6.9 
TOTAL H7CDD < ' 

7.3 ‘ <. 6.4 < 6.9 
08CDD 

_ 

=< 8.1 14 16 
Total PCDD nd 30.3 23.3 

2378-T4CDF < 
I 

4.6 < 4.3 < 4.3 
TOTAL T4CDF < 4.6 < 4.3 < 4.3 
12378-P5CDF < 4.6 < 4.8 < 4.3 
23478-P5CDF < 4.6 < 4.8 < 4.2 
TOTAL P5CDF < 4.6 < 4.8 < 4.3 
123478-H6CDF < 4.4 < 5.2 < 5.5 
123678-H6CDF < 2.9 < 3.5 < 3.7 
123789-H6CDF < 4.7 < 5.6 < 6 
234678-H6CDF 14 9.7 10 
TOTAL H6CDF 9.4 6.5 6.9 
1234678-H7CDF < 4. 1 < 4.9 < 4. 1 

1234789-H7CDF < 6.2 < 7.4 < 6.2 
TOTAL H7CDF < 5.0 < 5.9 < 5 .0 
OSCDF < 8.4 < 6.8 < 8.7 
Total PCDF 9.4 6.5 6.9

. 

37Cl4-2378—T4CDD 92 93 
13C-23478-P5PCDF 99 107 
l3C-123478-H6CDF - 88 85 
13C-1234678-H7CDD 88 1 13 
13C-1234789-H7CDF 126 126 

NA - not applicable 
nd - not detected
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Table l'C DIOXIN AND FURAN RESULTS (Continued) 
HWD - Thunder Bay Harbour (WT C) - Project #8-361 
Dioxin/Furan Results Audited by Zenon Environmental Laboratories 

Process Gas (93/ L) 
Lab ID: 

' 

4226894 4226994 
Field ID: Method 

1 

EZl Prep #2 
Blank Resin Tube Resin Tube 

& Post Knockout Backup W12 
2378-T4CDD < 5.2 8.4 9.0 
TOTAL T4CDD < 5.2 8.4 9.0 
-12378-P5CDD < 8.4 < 4.5 4.9 
TOTAL PSCDD < 8.4 < 4.5 4.9 
123478-H6CDD < 9. 1 8.2 8.8 
123678-H6CDD < 5.9 < 4.0 3.7 
123789-H6CDD < 7.7 < 5 .2 < 4.6 
TOTAL H6CDD < 7.3 6.6 12 
1234678-H7CDD < 10 

. 9.4 10 
TOTAL H7CDD < 10 16 16 
O8CDD 34 49 5 1 

Total PCDD 34 80 93 

2378-T4CDF < 11 < 4.2 < 4.4 
TOTAL T4CDF < 11 < 4.2 < 4.4 
12378-P5CDF < 4.1 < 4.3 < 4.1 
23478-P5CDF < 4.7 _< 4.4 < 4.2 
TOTAL PSCDF < 4.7 < 5.2 < 4.7 
l23478-H6CDF < 5 .9 < 5 .2 < 4.8 
123678-H6CDF < 4.5 < 3.9 < 3.6 
123789-H6CDF < 6.9 < 6.1 < 5.6 
234678-H6CDF < 6.9 < 6. 1 < 5.6 
TOTAL H6CDF < 6.9 < 5 .2 < 4.7 
1234678-H7CDF < 4.9 < 5.3 < 4.3 
1234789-H7CDF < 5.5 < 6.2 < 5.0 
TOTAL H7CDF < 10 < 5.7 < 4.6 
08CDF < 10 5.9 5.5 
Total PCDF nd 5.9 5.5 

37C 14—2378-T4CDD 51 80 87 
13C-23478-P5CDF 78 97 97 
l3C-123478-H6CDF : 58 82 85 
13C-123478-H7CDD 69 90 92 
13C-1234789-H7CDF 68 85 8 7 

NA - not applicable 
nd - not detected
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Table 1C DIOXIN AND FURAN RESULTS (Continued) 
HWD - Thunder Bay Harbour (WT C) - Project #8-361 
Dioxin/Furan Results Audited by Zenon Environmental laboratories 

Waste/Processed Solids (ng/g) 
lab ID: 4227294 4227394 
Field ID: EZ4 E25 

Waste Processed Solids 
IarcBCDD 
2378-T4CDD < 0.0073 < 0.0038 
TOTAL T4CDD < 0.15 < 0.0038 
12378-P5CDD < 0.011 < 0.0088 
TOTAL P5CDD 4.4 < 0.0088 
123478-H6CDD 1.7 < 0.012 
123678-H6CDD 3.9 < 0.011 
123789-H6CDD 2. 1 < 0.011 
TOTAL H6CDD 87 < 0.011 
1234678-H7CDD 46 < 0.0030 
TOTAL H7CDD 320 < 0.0030 
OSCDD 490 < 0.0057 
Total PCDD 902 nd 

2378-T4CDF < 0.015 < 0.0029 
TOTAL T4CDF < 0.031 < 0.0032 
12378-P5CDF < 0.0041 < 0.0030 
23478-P5CDF < 0.0042 < 0.0029 
TOTAL P5CDF 0.091 < 0.0029 
123478-H6CDF 0.091 < 0.0035 
123678-H6CDF 0.023 < 0.0033 
123789-H6CDF 0.079 < 0.0038 
234678-H6CDF < 0.027 < 0.0040 
TOTAL H6CDF 3.5 < 0.0036 
1234678-H7CDF 4.2 < 0.0035 
1234789-H7CDF 0.14 < 0.0038 
TOTAL H7CDF 14 < 0.0037 
OSCDF 6.3 < 0.0045 
Total PCDF 24 nd 

13C—2378-T4CDD 118 105 
13C-2378-T4CDF 104 97 
13C-12378-P5CDF 126 112 
13C-123678-H6CDF -' 70 ‘ 97 
13C—1234678-H7CDD 100 11 1 

13C—OCDD 92 105 

NA — not applicable 
nd - not detected
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Table 1C DIOXIN AND FURAN RESULTS (Continued) 
HWD - Thunder Bay Harbour (WTC) - Project #8-361 
Dioxin/Furan ReSults 
Audited by Zenon Environmental Laboratories 

Scrubber Water (pg/L) 
lab ID: 4227094 4227194 
Field ID: E22 E23 

, 
Pre-Knockout Post-Run 
Condensate Scrubber 

2378-T4CDD < 5 . 1 < 4.7 
TOTAL T4CDD < 5.1 < 4.7 
12378-P5CDD . 4.9 < 52 
TOTAL PSCDD 4.9 < 52- 
123478-H6CDD < 5.4 < 6.6 
123678-H6CDD ' < 3.5 < 4.3 
123789-H6CDD < 4.5 < 55 
TOTAL H6CDD 10 < 5.3 
1234678-H7CDD 16 12 
TOTAL H7CDD 27 

' 

21 
08CDD 65 62 
Total PCDD 107 8 3 

2378-T4CDF 5.6 5.8 
TOTAL T4CDF 36 5.8 
12378-P5CDF < 4.5 < 42 
23478-P5CDF < 4.6 < 4.3 
TOTAL PSCDF 12 < 43 
123478-H6CDF 6.4 < 45 
123678-H6CDF < 3.3 < 3.4 
123789-H6CDF < 5.2 < 52 
234678—H6CDF < 5.2 < 5.3 
TOTAL H6CDF 13 < 4.4 
1234678-H7CDF 6.0 4.4 
1234789—H7CDF < 5.3 < 4.9 
TOTAL H7CDF 12 9.6 
O8CDF 15 8.4 
Total PCDF 88 24 

NS 18 

NA - not applicable 
nd - not detected 
NS — not spiked
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Table 2C PAH RESULTS 
HWD - Thunder Bay Harbour (WT C) - Project #8—361 
Samples Audited by Wastewater Technology Centre (WTC) 

PAH Results 
Lab ID: Method 94-08106 94-08107 
Field ID: Blank Waste Processed Solids 

Naphthalene < 0. 3 170 0.8 
Acenaphthylene < 0.2 2. l < 0.2 
Acenaphthene < O. 3 1 10 < 0. 3 
Fluorene < O. 3 88 < O. 3 
Phenanthrene < 0.3 260 < 0.3 
Anthracene < 0.2 39 < 0.2 
Fluoranthene < 0.2 150 < 0.2 
Pyrene < 0. 3 1 10 < 0. 3 
Benzo[a]anthracene < 0.3 40 < 0.3 
Chrysene < 0. 1 40 < O. 1 

Benzo[b]fluoranthene < 0. 3 41 < 0. 3 
Benzo[k]fluoranthene < 0. l 14 < O. 1 

Benzo[a]pyrene < 0.2 29 < 0.2 
Indeno(l,2,3-c,d)pyrene < 0.2 18 < 0.2 
Dibenzo[a,h]anthracene < 0.2 7.2 < O. 2 
Benzo[g,h,i]perylene < 0.2 17 < O. 2

m 
Naphthalene-d8 87 64 
Acenaphthene-d 10 106 70 
Fluorene-d 10 1 13 76 
Phenanthrene—d 10 88 82 
Pyrene-d 10 94 85 
Chrysene-d 12 97 6 2
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Table 2C PAH RESULTS (Continued) 
HWD — Thunder Bay Harbour (WT C) - Project #8-361 
Samples Audited by Wastewater Technology Centre (WT C) 
PAH Results 

lab ID: Method 94—08104 94-08105 94-08108 94-08109 
Field ID: Blank Pre-run Post-run Pre—Knockout Knockout 

Scrubber Scrubber Scrubber Condensate RinseM 
Naphthalene < 0. 6 190 1700 4500 1900 
Acenaphthylene < 0.5 20 450 1900 77 
Acenaphthene < 0.4 4.5 150 460 28 
Fluorene < 0.4 8.6 180 480 94 
Phenanthrene < 0.4 19 100 620 340 
Anthracene < 0.4 1. 1 95 42 53 
Fluoranthene 

‘ 

< 0.5 2.7 270 190 84 
Pyrene < 0. 5 ‘= 1. 1 .170 120 44 
Benzo[a]anthracene < 0.6 < 0.6 56 23 12 
Chrysene <0.5 ‘ <05 83 29 16 
Benzo[b]fluoranthene < 0. 6 < 0.6 66 26 12 
Benzo[k]fluoranthene <0.4 <04 18 13 < 6.8 
Benzo[a]pyrene <0.6 <06 '34 ’14 <11 
Indeno(1,2,3-c,d)pyrene<0.6 <06 29 <11 <11 
Dibenzo[a,h]anthracene < 0.7 < 0.7 8.1 < 12 < 12 
Benzo[g,h,i]perylene <0.7 <07 19 <12 <12W 
Naphthalene-d8 82 87 77 93 78 
Acenaphthene-d 10 90 93 

, 
106 95 ' 83 

Fluorene-d 10 92 93 1 12 95 84 
Phenanthrene—d 10 103 91 92 99 89 
Pyrene-l 106 89 92 94 90 
Chrysene-d 12 93 7O 87 86 86
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ELI ECO Logic Intemational' _______________ July “I 1995 
143 Dennis street 
Rockwood, Ontario 
NOB 2K0 

Attention: Beth Chisholm 

Dear Beth, 

I am writing to provide you with supporting information on the work perfomied for WTC on a bench level experiment using your technology. 
As you are aware, there were some anomalous results in the air samples which were 
taken. In particular, there were very low (<10 pg absolute) quantities of 2,3,7,8—TCDD 
measured. The strange aspect of this result was that both the the front and back half 
XAD—2 cartridges used contained virtually identical concentrations. The blank traps 
were analysed subsequently and showed identical results. All of our lab method 
blanks which included the resin showed undetectable quantities of this analyte. 
From these data, I would conclude that the 2,3,7,8-TCDD did not originate from the 
gas stream, but came from some diffusive mechanism, possibly from the system used 
in sampling. 

in addition to this, the method blank did contain 34 pg of OCDD, which may account 
for the presence of OCDD' (ca 50 pg) in the samples. Other measureable quantities of 
PCDD/DF were determined, and although these were not found in the method blank, 
the sample levels were appreciably low enough (<2 X MDL), that the variability in lab 
blank could account for their presence. 

For the aqueous samples, a very low concentration of 2,3,7,8-TCDF was determined in 
both samples analysed. This value is very near the detection limit at 5.6 pg/L, and the 
lab blank result was <11 pg/L. This compound is a fairly common blank at these 
levels, and I suspect that this is the source of 2,3,7,8—TCDF in the sample analysis. The 
remaining quantities of PCDD/DF were all < 3 x the MDL, or 2 x the method blank, 
and this needs to be considered as the data is interpreted. 

Finally, you had- mentioned our sample number 042268 94 which had a 1,2,3,4,7,8- HxCDD value of 8.2 pg, and a total HxCDD of 6.1 pg. The reason for this apparent 
anomaly is that when we calculate the total value for a single homologue group, we 
use the average RRF of the 2,3,7,8—substituted congeners in the calculation. In this 
case, the only HxCDD isomer determined was the 1,2,3,4,7,8—HXCDD. The TEQ 
determination naturally uses the RRF of that congener, while the total used the 
different RRF of the average of the HxCDD isomers.



I hope that this will help you in your evaluation of these data. Please call if you have 
any questions, or if I can be of further assistance. 

Yours truly, 

Rod Thomson, C.Chem. 
General Manager
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ELI Eco Logic International, Inc. June 19, 1996 
143 Dennis Street 
Rockwood, Ontario 
NOB 2K0 

Attention: Beth Chisholm 

Dear Beth, 

I am writing to provide you with further information on the work performed for WTC on a bench level experiment using your technology. 
Previously, I had presented my interpretation of analytical results generated by Zenon 
in support of work performed by Eco Logic. This involved analysis of air samples, 
soils and water, and addressed some anomalies. This letter is to present some further 
thoughts On these data, largely from a conceptual view point. 

With respect to the air data, there were some very low level PCDD/DF which were 
detrmined using the HRMS technique, the most sensitive technique available. 
Specifically, there were HxCDD and HpCDD near detection (less than 2 times higher 
than MDL). In the case of the HpCDD, this compound was not detected in the blank 
sample submitted. 

Typically, in reviewing data, PQL or Practical Quantitation Limits are used to attach 
confidence to the data generated. These are typically 3—4 x MDL. Any data between 
PQL and MDL are considered estimates. This is particularly the case with higher 
chlorinated PCDD/DF since these are often present in blanks. Of further importance 
is lab blank variability, since often these compounds (such as HpCDD) are not detected 
in one blank analysis, but are found in the next blank analysis performed on another 
day. For these two reasons, these data need to be cautiously used in calculations, as 
they are not necessarily truly present in the samples. 

With respect to analysis of soils, we originally sent data on sample analysis performed 
on the moist sample mixed with sodium sulphate. This is standard protocol for EPA , Method 8280. However, we have data showing that air drying of samples prior to 
extraction can result in enrichment of native PCDD/DF recovery from solid samples 
of up to 14 fold over moist samples which are mixed with sodium sulphate. This 
data was presented by Dr. Glenys Foster Roberts of our lab at the Dioxin 95 conference. 
Use of a solvent such as acetone:hexane can also enhance extractability,‘ since the issue 
in enrichment is elimination of water from the sample, so that a hydrophobic 
solvent can make effective contact with the solid matrix. Data that we produced by 
these three methods on one of your samples was consistent with this phenomenon. 

A division of PHILIP Analytical Services Corporation



5555 North Service Road 
Burlington, Ontario, Canada L7L 5H7 

Tel: (905) 332-8788 
Fax: (905) 332-9169 

I hope that this will provide some clarification in the application of these data. Please 
call if you have any further questions. 

Yours truly, 

0d / 
Rod Thomson, C.Chem. 
General Manager 

A division of PHILIP Analytical Services Corporation
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FAX TRANSMISSION 
NUMBER OF PAGES 

DATE: May 10, 1996 INCLUDING COVER PAGE: 1 

ATTENTION: David Brendon 

COMPANY : WTI 
RE: PCDD/F on sample “E24” 

FAX # 336—8913 PHONE # 336-6460 

FROM: RON McLEOD ‘- 

COMMENTS: 
Enclosed are the PCDD/F results from three analyses on sample “E24”. This sample was submitted 
to us both in Oct ‘94 (identified as our ID # 042272 94) and later on June 28th ‘95 (identified as 
Zenon ID # 022926 95). 

There were discrepancies in our analytical data with the data generated by Eli Eco Logic on the 
same sample. in interest of identifying the reason(s) for the difference and in the interest of 
obtaining the best analytical data, we re-analyzed the sample under different conditions. There were 
two issues of concern identified re a) sample inhomogeneity and b) sample prep. It was the second 
issue the was ultimately established as the primary reason for differences in the analytical data. 

All of the methods of sample prep used within Zenon and Eli Eco Logic are standard and acceptable 
preps for PCDD/F in solids. However, it has been documented by many sources that the recovery of 
native PCDD/F (especially higher chlorinated PCDD/F) from solids czm be impacted by these same 
acceptable extraction and drying processes. The evidence shown as reported herein shows that this 
is the case with this particular sample. Zenon's initial analysis was using toluene and without prior 
air drying. it is our understanding that Eli Eco Logic’s analysis was using acetone/hexane as the 
extracting solvent. It is also our understanding-mat our extraction using acetone/hexane provided 
data comparable with that obtained by Eli Eco Logic. 

Zenon supports the use of the data from the protocol that provides the highest recoveries of native 
PCDD/F since this represents the values closest to those PCDD/F in the sample as received. 

Ron 

cc. Elizabeth Chisholm, Eli Eco Logic FAX # 519-856-9235.



Zenon 5555 North Service Road Tel 905 332 8788 

Environmental Burlington Ontario Fax 905 332 9169 

Laboratories Canada L7L 5H7 

Certificate of Analysis 
CLIENT INFORMATION LABORATORY INFORMATION 
Attention: David Brendon Contact: Ron McLeod, Ph.D. 
Client Name: WTI Project: AN940351 
Project: Date Received: 95/06/28 
Project Desc: Date Reported: 96/05/10 

Address: 867 Lakeshore Road Submission No.: 5FO748 
Burlington, Ontario Sample No.: 022926 
L7R 4L7 

Fax Number: 336-6024 
Phone Number: 336-4765 - 

Regional NOTES: = not analysed '<' = less than Method Detection Limit (MDL) 'NA' = no data available 
7 

LOQ can be determined/hr all analytex by multiplying the appropriate MDL X 3.33 Laboratories: 
All organic data ix blank corrected exceptfor PCDD/F, Iii-Rex MS and CLP volatile analyses 

British Columbia Solids data is based on dry weight except/or biota analyses. 
Organic analyses are not correctedfor extraction recovery standards except for isotope Om”) 
dilution methods, (i.e. CARI} 429 PAH, all PCDD/F alld DRD/DBF analyses) 

Quebec 
Methods used by Zenon are based upon those found in 'Standard Methods for the Examination of Water and 
Wastewater', Seventeenth Edition. Other methods are based on the principles of MISA or EPA methodologies. 

All work recorded herein has been done in accordance with normal professional standards using accepted testing 
methodologies. quality assurance and quality control procedures-except—where-otherwisc-agreed-to-by-the-client 
andtesting company in writing. Any and all use of these test results shall be limited to the actual cost of the 
pertinent analysis done. There is no other warranty expressed or implied. Your samples will be retained at 
Zenon for a period of three weeks from receipt of data or as per contract. 

COMMENTS: 

Certified by: Page I
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Sample Prep: Air Dried Air Dn'ed Non-Air Dried 
Acetone/Hexane Toluene Toluene 

then Toluene Soxhlets Soxhlet Soxhlet 
Client ID: E24 E24 E24 
Zenon ID: 022926 95 022926 95 042272 94 

Component Units 

Total Tetrachlorodibenzofumns ng/g <0.031 <0.025 <0.0062 
Total Pentachlorodibenzofurans " 0.091 <0.019 0.046 
Total Hexachlorodibenzofurans " 

3.5 2.6 1.1 
Total Heptachlorodibenzofitrans " 14 19 6.9 
Octachlorodibenzofuran " 6.3 18 8.3 
Total Tetrachlorodibenzo-p-dioxins " 0.15 <0.015 <0.003 
Total Penmchlorodibenzo-p-dioxins " 4.4 <0.016 0.02 
Total Hexachlorodibenzo-p—dioxuls " 87 2.7 2.2 
Total Heptachlorodibenzo-p-dioxins " 320 43 17 
Ocmchlorodibenzo-p-dioxin " 490 130 52 
Surrogate Recoveries % 
2,3,7,8-T4CDD-13C12 ‘ 

118 116 121 
2.3.7.8-T4CDF-13C12 104 102 108 
1.2.3.7.8-P5CDD-13C12 126 123 126 
1,2,3.6.7,8-H6CDD-13C12 70 55 85 
1.2.3.4.6,7,8-H7CDD-13C12 100 92 91 
OCDD-13C12 92 95 87 

2.3.7.8-Cl4-Dibenzofuran ng/g <0.015 <0.025 <0.0028 
2.3,7.8-Cl4-Dibenzo-p-dioxin " <0.0073 <0.015 <0.0030 
1,2.3.7.8-C15-Dibenzofuran <0.0041 <0.0055 <0.0029 
2.3.4.7.8—C15-Dibenzofuran " <0.0042 <0.0057 <0.0030 
1,2.3.7.8-C15-Dibenzo-p-dioxin " <0.01 1 <0.011 <0.0091 
1.2.3 .4.7.8-C16-Dibenzofuran " 0.091 0.085 0.042 
1.2.3 ,6.7.8-C16-Dibenzofuran " <0.023 <0.013 0.0085 
2.3.4.6.7.8-C16-Dibenzofuran " 0.079 <0.34 0.0080 
l.2.3,7,8,9-Cl6-Dibenzofuran " <0.027 <0.014 <0.0046 
l.2.3.4.7,8-Cl6-Dibenzo-p-dioxin " 

1.7 0.089 0.019 
1.2.3.6.7,8-Cl6-Dibenzo-p-dioxin " 

3.9 0.51 0.37 
12.3.7.8,9-C16-Dibenzo-p-dioxin " 2.1 <0.1 0.067 
1.2.3.4,6.7,8-C17-Dibenzofuran " 4.4 4.1 T5 
12.3.4.7,8.9-C17-Dibenzofuran " 0.14 <0.057 0.12 
1,2.3,4.6.7,8—Cl7-Dibenzo-p-dioxin " 46 16 6.7 
1,2,3.4.6,7,8.9-C18-Dibenzofi1ran " 6.3 18 8.3 
l2.3.4.678.9-Cl8-Dibenzo-p-dioxin " 490 130 52 

2.3.7.8-TCDD Toxic Equivalents ng/g 1.8 0.41 0.19 
Max. 2.3,7.8-TCDD Toxic Equivalents " <1.8 <0.49 <0.20 

Date Extracted 95/07/12-3 95/07/ 13 94/ 10/27 
Date Analysed 95/08/ 15 95/08/ 15 94/11/02 

Client: WTI
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Table 1D TDM TEST START UP PROCEDURES - WTC DIOXIN TEST #1 
TDM Test ID: WTC Dioxin Test #1 Date: October 6, 1994 
Operator: DK, MR 
Action Time Initial 
Mass of waste - 8.51 kg - MIR 
Mass of scrubber filter (dry) - 98.15 g - MIR 
Height of scrubber water - 29" - MIR 
Begin N2 Purge 0800 MIR 
02 analyser < 2%, switch on reactor glo-bar 0940 MIR 
Turn on recirc pump 0805 MIR 
Turn on scrubber pump 0800 MIR 
Take sample of pre-run scrubber water 1000 MIR 
Reactor temp > 800°C, start H2 purge, stop N2 purge 1200 DK 
Turn on TDM heaters 1220 DK 
Start recirc heater 1220 DK 
Reactor temperature > 900°C and TDM > 300°C, 

record test start in log book 1435 MIR 
Turn on drum motor 1435 MIR



ECO LOGIC WTC - Appendix D - Operating Procedures Page D2 

Table 2D OPERATOR LOG - W IC 
DIOXIN TEST #1 

CLIENT: WTC Dioxin Test #1 
OPERATOR: DK, MR DATE: October 6, 1994 

TIME: 1331 1400 1410 1420 1430 1440 1450 

DESTRUCTOR 
Pressure (in HQO) 1.9 1.8 1.7 1.8 - 1.8 1.7 
ReactorTempIn(°C) 821 814 814 813 813 815 815 
Reactor Temp Out (°C) 886 877 875 873 871 871 871 
RecircHeaterTemp (°C) 417 417 417 415 415 415 415 
Scrubber Temp (°C) 37 40 41 41 42 43 43 
Scrubber: pH - 7.4 7.4 7.1 8.2 8.12 7.53 

TDM 
Bath Temp (°C) 372 492 517 548 593 586 591 
Breech Temp (°C) 377 456 479 504 536 555 560 
Speed Control Setting (rpm) - - - — - 12 12 

OTHER 
O2 Analyser (%) 0 O O 0 O 0 0 
Dry Gas Meter (Exit) 111’ 75.00 75.24 75.31 75.38 75.45 75.54 75.66 
Dry Gas Meter (Recirc)(US Gal) 2970.6 2972.5 2973.0 2973.5 2974.0 2974.8 2975.3
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Table 3D TDM TEST SHUT DOWN PROCEDURES - WTC DIOXIN TEST #1 
TDM Test 11): WTC Dioxin Test #1 Date: October 6, 1994 
Operator: DK, MIR 
Action Time Initial 

Stop drum motor 1455 MIR 
Disconnect and seal exit gas samle apparatus N/A N/A 

_ Sample scrubber water 0910 MIR 
Record test stop in log book 1455 MIR 
Shut off reactor glo-bar 1508 MIR 
Shut off recirc gas heater and boiler pot 1456 MIR 
Shut of TDM heaters 1455 MIR 
Shut off H2, purge, start N1 purge 1508 MIR 
Reactor temperature < 100°C 

‘ 

Oct.7/94 MIR 
Shut ofi‘N2 purge 1700 MIR 
Shut off recirc pump 1700 MIR 
shut off scrubber pump 2025 SRF 
Remove processed soils from the TDM catch pot for analysis Oct.7/94 MIR 
Mass of recovered gn't - 0.66 kg Oct.7/94 MIR 
Mass of scrubber filter (dry) - 105.84g Oct.7/94 MIR 
Height of scrubber water - -
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Table 4D TDM TEST START UP PROCEDURES - WTC DIOXIN TEST #2 

TDM Test ID: WTC Dioxin Test #2 Date: October 7, 1994 
Operator: DK, MR, SF 
Action Time Initial 

Mass of waste - 8.07 kg 1610 SRF 
Mass of scrubber filter (dry) - 118.65 8 - MJR 

- 

Height of scrubber water - 27" 1605 SRF 
Begin N2 Purge 1550 SRF 
O2 analyser < 2%, switch on reactor glo-bar 1630 SRF 
Turn on recirc pump 1600 SRF 
Turn on scmbber pump 1600 SRF 
Take sample of pre-run scrubber water 1620 MJR 
Reactor temp > 800°C, start H2 purge, stop N2 purge 1816 DK 
Turn on TDM heaters 1840 DK 
Start recirc heater 1840 DK 
Reactor temperature > 900°C and TDM > 300°C, record test 1928 SRF 
start in log book 

Turn on drum motor 1928 SRF
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Table 5D OPERATOR LOG - WTC DIOXIN TEST #2 
CLIENT: WTC Dioxin Test #2 
OPERATOR: DK, MR DATE: October 7, 1994 

TIME: 1926 1940 1950 2000 2007 2015 2025 

DESTRUCTOR 
Pressure (in 1410) 2.3 2.0 2.0 2.7 2.4 2.4 2.2 
Reactor Temp In (°C) 767 785 790 797 798 799 800 
Reactor Temp Out (°C) 867 868 869 868 ' 867 867 867 
Recirc Heater Temp (°C) 381 414 413 401 392 386 383 
Scmbber Temp (°C) 22 23 23 24 34 35 36 
Scrubber: pH 8.5 8.44 8.21 8.12 1 8.10 8.11 8.06 

TDM 
Bath Temp (°C) 324 402 460 505 538 564 598 
Breech Temp (°C) 398 439 470 503 

‘ 
530 552 578 

Speed Control Setting (rpm) - 12 12 12 12 12 12 

OTHER 
o2 Analyser (%) o 0 o 0 0 0 0 
Dry Gas Meter (Exit) m’ 78.94 79.16 79.30 79.425 79.535 79.64 79.765 W Gas Meter (Recirc)(US Gal) 2998.7 2999.8 3000.6 3001.4 ' 3002.6 3002.6 3003.3
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Table 6D TDM TEST SHUT DOWN PROCEDURES - WTC DIOXIN TEST #2 
TDM Test ID; WTC Dioxin Test #2 Date: October 7, 1994 
Operator: DK, MK SF, JC 
Action Time Initial 

Stop drum motor 0830 SRF 
Disconnect and seal exit gas sample apparatus N/A N/A 
Sample scrubber water 0845 SRF 
Record test stop in log book 0830 SRF 
Shut off reactor glo-bar 0830 SRF 
Shut off recirc gas heater and boiler pot 0830 SRF 
Shut off TDM heaters 0830 SRF 
Shut offHZ, purge, start N2 purge 0830 SRF 
Reactor temperature < 100°C Oct.11/94 MJR 
Shut ofl‘N2 purge 1200 JC 
Shut offrecirc pump 1200 JC 

shut off scrubber pump 1200 JC 

Remove processed soils from the TDM catch pot for analysis 1125 MJR 
Mass of recovered grit - 0.60 kg Oct. 1 1/94 MJR 
Mass of scrubber filter (dry) - 136.13 g Oct. 1 l/94 SRF 
Height of scrubber water - 26.25" Oct. 1 1/94 MJR
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Table 7D TDM TEST START UP PROCEDURES - WTC DIOXIN TEST #3 

TDM Test ID: WTC TBH Sediment Test #3 Date: October 12, 1994 
Operator: DK, MR, SF 
Action Time Initial 

Mass ofwaste - 1.41 kg 0830 MJR 
Mass of scrubber filter (dry) - 98.11 g 0900 MJR 
Height of scrubber water - 28.5" 0900 MJR 
Begin N2 Purge 0900 MJR 
O2 analyser < 2%, switch on reactor glo-bar 1100 MJR 
Turn on recirc pump 0900 MJR 
Turn on scrubber pump 0900 MJR 
Take sample of pre-run scrubber water 1405 SRF 
Reactor temp > 800°C, start H2 purge, stop N2 purge 1352 MJR 
Turn on TDM heaters ' 

1345 MJR 
Start recirc heater 1345 MIR 
Reactor temperature > 900°C and TDM > 300°C, record test 1510 MJR 
start in log book 

Turn on drum motor 1510 MJR
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Table 8D OPERATOR LOG - WTC DIOXfN TEST #3 
CLIENT: WTC TBH Sediment Test #3 DATE: October 12, 1994 
OPERATOR: DK, MR 

TIME: 1435 1445 1455 1505 1515 1525 

DESTRUCTOR 
Pressure (in HIO) 2.0 1.7 1.6 1.5 1.2 1.1 
Reactor Temp In (°C) 840 838 837 833 829 830 
Reactor Temp Out (°C) 913 914 913 91 1 909 905 
Recirc Heater Temp (°C) 371 395 400 387 376 368 
Scrubber Temp (°C) 27 29 30 31 33 34 
Scrubber: pH 8.17 8.15 8.12 8.04 7.84 8.00 

TDM 
Bath Temp (°C) 421 455 510 594 613 596 
Breech Temp (°C) 414 420 468 537 597 577 
Speed Control Setting (1pm) - - - - 12 12 

OTHER 
O2 Analyser (%) 0 0 0 O O 0 
Dry GB Meter (Exit) m3 83.61 83.75 83.86 83.99 84.12 84.215 
Dry Gas Meter (Recirc)(US Gal) 3022.8 3022.9 3023.8 3024.7 3025.6 3026.4
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Table 9D TDM TEST SHUT DOWN PROCEDURES - WTC DIOXIN TEST #3 

TDM Test 1]): WTC TBH Sediment Test #3 Date: October 12, 1994 
Operator: DK, MR, SF 
Action Time Initial 

Stop drum motor 1530 MJR 
Disconnect and seal exit gas sample apparatus 1531 DK 
Sample scrubber water 1540 MR 
Record test stop in lonook 1530 MIR 
Shut Off reactor glo-bar 1535 MJR 
Shut ofl recirc gas heater and boiler pot 1531 MR 
Shut Off TDM heaters and boiler pot 1531 MJR 
Shut ofl‘ Hz, purge, start Nz purge 1535 MIR 
Reactor temperature < 100°C Oct.l3/94 MJR 
Shut 011‘ N1 purge 1630 MJR 
Shut ofl‘ recirc pump 1630 MJR 
Shut ofi' scrubber pump Oct. 1 3/94 MIR 
Remove processed soils from the TDM catch pot for analysis 1630 DK 
Mass of recovered gn't - 0.43 kg + mass given WTC consultant Oct. 13/94 MIR 
Mass of scrubber filter (dry) - 1 16.22 

'g 

Oct. 13/94 MJR 
Height of scrubber water - -


