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FINAL REPORT

STUDY SUMMARY

INTRODUCTION

Jacques Whitford Limited was retained by Durham Region to conduct a review of international best practices of
environmental surveillance being undertaken at Energy-From-Waste (EFW) facilities. This study was specifically
designed to address a motion made at the Durham Regional Council meeting on Wednesday, May 28th, 2008,
which was carried and states in part:

filg) i) THAT staff review the best practices of environmental monitoring programs
which include environmental surveillance, health surveys, biological monitoring, health
studies, and any other pertinent studies as determined through the review and
consultation regarding environmental monitoring programs; and

ii) THAT an environmental monitoring program be developed based on best practices which
will provide baselineinf or mati on and ongoing studies duri n

This project was completed in conjunction with the Durham/York Residual Waste Study, which is being completed
to obtain approval to construct an EFW facility in the Municipality of Clarington, Ontario.

The focus of this study was to review environmental surveillance programs at similar facilities around the world
and to recommend an appropriate level of environmental surveillance for the proposed EFW facility. This was
achieved through a three pillar study approach involving - a systematic review of the scientific literature, a grey
literature review and by interviewing international experts in the field of incineration environmental surveillance.
The findings of each stage of the process were documented and then summarized by Country.

The objective of the Study Team is as follows:

AThe consultantés recommended option for an environn
Durham/York Residual EFW facility will be based on the fundamental tenant that the program must ensure
the protection of public and environment al health. o

A multidisciplinary team of professionals were assembled to undertake this study and an independent peer review
of the study by Dr. Lesbia Smith was commissioned by the Region of Durham.

The consultantds recommended e n wil ensunentee nptodtion ®fuhunvae and|l anc e
environmental health during the operation of the proposed EFW facility. In addition, recommendations for what
would trigger a more resource intensive surveillance program have been included.

KEY STUDY TERMINOLOGY

Surveillance is a continuous and systematic process of collection, analysis, interpretation, and dissemination of
descriptive information for monitoring health problems (Rothman and Greenland, 1998). Monitoring is the
intermittent performance and analysis of routine measurements, aimed at detecting changes in the environment
or health status of the population (Last, 2000). Surveillance is distinguished from monitoring by the fact that it is
continuous and ongoing, whereas monitoring is intermittent or episodic. The hierarchy of environmental
surveillance is provided in Figure 1.
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Environmental Surveillance

Environmental Surveys Monitoring
Health Surveys Programs Health Studies
Human Environmental
Biomonitoring Monitoring

Figure 1. Environmental Surveillance Hierarchy
The following are brief descriptions of the key study terminology:

Environmental surveillance is a broad topic under which a wide range of information can be collected on
emissions data, dispersion modeling, and the monitoring of air, water, soil, vegetation, wildlife and humans.

Environmental survey is an observational study of the ecosystem and its physical components to evaluate
potential stressors on the environment (UN FAO, 1990). These surveys are also often referred as biophysical
surveys and do not involve sampling or sacrificing flora or fauna, rather they are observational.

Health surveys collect information from participants about their health, habits and life circumstances through a
variety of means, including through interviews (conducted in person or over the phone), or by self-administered
guestionnaires (WHO, 2008). They are often used to provide information on the health status of communities and
estimates of health determinants.

Health_studies differ from surveillance and monitoring programs in that they seek to identify the relationship
between individual characteristics and the occurrence of disease or outcome.

Environmental monitoring involves the testing of media of ecosystem components such as soil, water, air,
vegetation and fauna (e.qg., fish, small mammals, and birds). Stack testing of facilities emissions (whether periodic
or continuous) is also considered environmental monitoring.

Human biological monitoring, more commonly known as human biomonitoring (HBM), is the measurement of
specific substances in the human body, usually through the analysis of blood, urine, breast milk and tissue
samples.

This study reviews best practices of environmental surveillance related to EFW facilities. However, the scientific
literature on environmental surveillance options does not always distinguish between EFW and non-EFW
facilities; therefore the search was appropriately widened to include all manner of incineration facilities. The Study
Team distinguished between the types of incineration facilities that were studied by the researchers (e.g.,
municipal solid waste, hazardous waste or medical waste) throughout the report. The importance of this
distinction is that the feedstock (material going into the process) contains different levels of chemicals in the
material that was being incinerated.
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In addition, the Study Team felt that it was important to distinguish between facilities that were built and operated
with modern pollution control technology, from older facilities that may have emitted higher concentrations of
chemicals than would be allowed by regulation in Ontario today.

Those facilities that were operating prior to the | ate
generally emitted higher concentrations of chemicals (e.g. dioxins and furans), into the environment than would
currently be allowed. It was also noted that several studies published after the late 1990s included an assessment

of older facilities. The environmental surveillance programs in place for these facilities were deemed relevant to

this study, but caution was applied when interpreting their findings and their applicability to the type of pollution

control technology and emission standards that would be adopted for the Durham/York EFW facility.

SYSTEMATIC SCIENTIFIC LITERATURE REVIEW

The objective of the systematic scientific literature review was to identify relevant English-language literature on
the current practices employed in EFW realated environmental surveillance programs around the world, with a
publication date of January 1, 1990 or later.

The systematic literature review was modelled after the Cochrane Handbook for Systematic Reviews of

I nterventions (Cochrane Coll aboration, 2008) . Cochrane
cumul ati ved and b yailalheoavidence, edecisiong cah heemadevthat reflect the best science
available.

Articles Retrieved in the Systematic Literature Review

The literature search identified a total of 4,491 citations. After duplicates were removed, and screening was
completed, 189 articles were retained for data abstraction and quality assessment. Sixty-six articles were
categorized as human biomonitoring studies, and 119 as environmental monitoring studies. An additional 5 were
categorized as fOther 0 whsenotanecsssarilyt theedeseriptiondof a $pecificunsonitoring
program, but the content was nevertheless relevant to the review. After the quality assessment framework was
applied, 25 human biomonitoring articles of residential exposure and 59 environmental monitoring articles

remained for inclusion in the study (Figure 2).

4491 Combined Total Citations

Figure 2.

Summary of

Scientific Literature

Review Results

(boxes in blue are 990 Duplicate Citations Removed 3501 Citations

those studies that Title and Abstract Review (Tier 1)
passed Quality

Assessment and

were included in the

review) 3173 Citations 328 Articles

Note: @ Environmental Removed at Tier 1 Screening Full-Text Review (Tier 2)

monitoring articles
often involved more
than one type of
media and as a result, 139 Articles 189 Articles

studies are included in Removed at Tier 2 Screening Data Abstraction

multiple categories if

appropriate.
119_En\_/ironmgnta|a 5 Other Articles 65 Human Biomonitoring
Monitoring Articles Abstracted Articles Abstracted
Abstracted of which
A Were Included in Stidv
2 Other Studies i 50 Ambient 51 Soil 40 Vegetation 13 Fauna 39 General 26 Incinerator
Ra'gu'gr‘fscngw' Air Studies Studies Studies Studies Population Worker Studies
Microlayers Studies
0 Passed QC 19 Passed QC; 15 Passed QC; 12 Passed QC; 6 Passed QC;
4 were 5 were Baseline 3 were Baseline lwasa 25 Passed QC 11 Passed QC
Baseline articles articles Baseline article
articles
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Results of the Systematic Literature Review

Baseline Studies Conducted Prior to Operation of an Incineration Facility

Eleven of the scientific articles retrieved and included in this study were environmental baseline programs,
conducted prior to an incineration facility becoming operational. These environmental baseline programs typically
involved the sampling of a number of chemicals in various
environmental media. The sample locations were selected Study Team Finding
through review of atmospheric dispersion modelling results, These studies illustrate the importance of
which provide the predicted z o rfonductingchemica basglineinvestigations 5
emissions (typically within 1 km of the facility). Baseline prior to commissioning of an EFW facility. It
: . ) ) . - forms the benchmark against which any

sample medium included ambient air, soil, vegetation, and sampl es col lected du
bovine milk. The authors emphasized the importance of operation would be evaluated.
collection of an environmental baseline, so that samples . .
collected and analyzed in the future could be benchmarked DL GnE VO Regine dle v die

. . e process of finalizing an environmental
against pre-operational conditions. baseline study, similar to those reported in

the literature.

Ambient Air Monitoring Studies

In general, high volume air samplers were sited downwind of a facility and within its modelled chemical
depositional range. In many studies, a control location was set up in an area predicted to be outside of the zone of
influence of the incinerator. This allowed the researchers to compare the ground level concentrations of chemicals
within the zone of influence of the facility to background conditions. Dioxins and furans, trace metals and volatile
organic compounds (VOCs) were the most commonly measured chemicals.

The literature review determined that facilities that had upgraded

Study Team Finding or modern pollution control technology do not appear to be a

It is concluded from the scientific significant source of chemicals detected in ambient air
literature that an ongoing ambient air surrounding the incineration facility. However, older MWI facilities
monitoring  program would not be or hazardous waste facilities appear to in some cases have been

required for the proposed Durham/York
EFW facility to ensure the protection of
human or environmental health.

a significant contributor to ambient levels of chemicals in the air
surrounding these facilities.

T corchisan mee EasiEd on i The zone of potential influence of the facilities studied appears to

basis that no correlation was found be no greater than 2 km from the stack, with the majority of
between chemical concentrations in research focused in areas less than 0.5 km from the facilities.
ambient air and stack emissions from Baseline or control locations formed a critical part in all of the

facilities that employ modern pollution

control technology. studies.
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Soil Quality Monitoring Studies

The soil monitoring programs included the analysis of chemicals in multiple samples, predominately located within

the depositional zones of a waste incinerator and a comparison to either baseline or background samples. In

general, soil was usually collected from the upper 5 centimetres of the soil column. The most common chemicals
analyzed were dioxin and furans and metals.

Study Team Finding

It is concluded from the scientific
literature that an ongoing soll
monitoring program would not be
required for the proposed
Durham/York EFW facility to ensure
the protection of human or
environmental health.

This conclusion was reached on the
basis that a modern incineration
facility that employs current pollution
control technology should not impact
local soil quality.

A number of articles published on older facilities, without modern
pollution control technologies, reported a significant distance-decay
effect associated with soil chemical concentrations and incineration
facilities. However, in most cases contributions by other pollution
sources could not be ruled out. There were also a number of
scientific papers that showed no impact to local soil quality as a
result of incinerator emissions.

Perhaps the most significant finding was that soil sampling
programs surrounding older facilities were most effective when
samples were collected within close proximity (<1km) of facilities.
While a soil monitoring program may be beneficial in addressing
public concern related to EFW facility emissions, a modern EFW
facility equipped with the latest pollution control devices would be
unlikely to have measurable changes in chemical concentrations in soils surrounding the facility. This is also
supported by the deposition modeling that was completed in the Durham/York Residual Waste Study Generic
Risk Assessment, where soil loading concentrations at the maximum deposition location were predicted to be less
than 1% of background levels.

Vegetation Monitoring Programs

In general, the vegetation monitoring programs included the analysis of chemicals in multiple samples,
predominately located within the depositional zones of an incinerator and a comparison to either baseline or
background samples. The type of vegetation sampled varied

from study to study and was heavily dependent on the type of
vegetation around the site. The most common chemical
concentrations quantified in vegetation samples were metals,
dioxin and furans, and PCBs.

In summary, vegetation monitoring programs further support
the hypothesis that incinerators with poor pollution abatement
technologies tend to have a more significant effect on chemical
concentrations in environmental media. In addition the
vegetation monitoring programs also found that there is a
distance decay effect associated with chemical concentrations.
It was also determined that samples, if collected, should be
taken within 1 km of a facility and only provide a good indicator
of short-term chemical deposition from an EFW facility.

d‘h';tq,"esl Jacques Whitford .

Study Team Finding

It is concluded from the scientific
literature that an ongoing vegetation
monitoring program would not be
required for the proposed Durham/York
EFW facility to ensure the protection of
human or environmental health.

This conclusion was reached on the
basis that a modern incinerator that
employs current pollution control
technology should not impact local
vegetation quality.
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There were a limited number of studies in the scientific literature that attempted to study the relationship between
incineration facilities and the potential effects on agricultural products (e.g., beef, dairy, eggs, and pork). The most

common chemical concentrations quantified in samples were metals and
dioxins and furans.

The agricultural product studies were conducted on facilities with older
pollution control technology and may not be representative of levels that
may be found surrounding facilities built after the late 1990s. The media
sampled were agricultural meat (poultry or beef), dairy products, and
chicken. In one study, duck eggs were collected from close proximity to an
incinerator. Meat, dairy and egg samples were collected directly from
farms located within the depositional ranges of a waste incinerator and
directly transported to the laboratory for chemical analysis.

The majority of the research studies were unable to find significant
chemical concentrations in agricultural samples at levels that would
adversely affect human health (consumption of the products) and
ecological health. In the studies that reported significantly elevated
chemical concentrations in agricultural products, the age of the incinerator
and insufficient pollution control technologies were factors, which is a
reoccurring trend in the environmental monitoring programs reviewed.

Human Biomonitoring of Residents

Study Team Finding

These studies indicate that
the age of the incineration
facility may affect the
chemical concentrations in
some agricultural products.

The study surrounding a
modern incineration facility
showed no significant
increase of chemicals in
numerous agricultural
products.

Studies also indicated that
samples should be taken in
close proximity to the facility.

Twenty-five articles that involved human biomonitoring of residents living in the vicinity of an incineration facility
passed the quality assurance check and were included in the study. Where multiple articles related to the same

study, they were grouped and discussed as a comprehensive

study.

In summary, the results of the systematic review of the scientific
published literature indicate that there is not a significant
relationship between exposure to chemical emissions from
incinerator and measured chemical levels in human media such
as blood, urine, breast milk and hair. With regard to dioxins and
furans, the most commonly referenced chemical assessed in the
studies, authors noted occasional differences in individual dioxin
and furan congeners and measured samples. Congener analysis
can be important as it may be possible to correlate a particular
individual congener emitted from an EFW facility to those found in
exposed residents. However, no two congeners are the same,
and some are more or less toxic than others. The toxic equivalent
(TEQ) is thus a useful measure, as it provides a single,

cumulative number based on the relative toxicity of each congener.

Study Team Finding

It is concluded from the scientific
literature that an ongoing human
monitoring program would not be
required for the proposed Durham/York
EFW facility to ensure the protection of
human or environmental health.

This conclusion was reached on the
basis that there was no correlation
between chemicals emitted from
modern MWI facilities and those
measured in the human biomonitoring
programs.

The only study to identify significantly elevated dioxin and furan TEQ levels in humans were Fierens et al., 2003;
Fierens et al., 2007, which identified this trend in residents of a rural area containing an older municipal waste
incinerator, which for nearly 20 years emitted dioxins at levels 500 times greater than the current emissions limit
in the European Union or the Ontario Guideline A-7 allowable limits. These emissions levels resulted in high
levels of dioxins and furans in the local environment, which was then transferred to the local residents in the form
of dietary intake, as this rural population ingested a large amount of local dairy and livestock.

Jacques
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GREY LITERATURE REVIEW

While the scientific literature review brought forth considerable information, most of which originates in the
academic community, it was anticipated that a full and complete review of the topic would necessitate a review of
the grey literature 7 that is, literature not produced by bodies whose sole objective is publishing or that is not
indexed in a scientific database. Findings included technical reports, government publications, regulations and
|l egislation, conference proceedings, presentations,

Seven documents had information that directly pertained to environmental monitoring programs. Of these, five
documents described programs that were in the vicinity of a waste incineration facility. The most common
environmental sample was ambient air followed by soil and vegetation and finally fauna. The chemicals of
concern that were frequently studied were dioxin and furan concentrations, PCBs, and metals.

Five grey literature articles that reported on the results of human biomonitoring surrounding incineration facilities
were included in this study. Age groups studied ranged from newborns to the elderly (up to age 65). Sample
tissues collected included urine, blood, serum and hair. In the studies that assessed newborns and expectant
mothers, breast milk and umbilical cord blood were collected. Chemicals varied by study, but included dioxins and
furans, metals, PAHs, and PCBs.

The results of the grey literature review were consistent with the findings of the systematic review of the scientific
published literature. The fact that both the findings of the published and unpublished literature were similar is an
encouraging result. The Study Team believes it is unlikely that additional information may have been missed
during this review, which would alter our findings or conclusions.

Grey Literature on National Human Biomonitoring Programs

Throughout the grey literature and external contact review, it was observed by the review team that many
countries have implemented a national human biomonitoring program. These programs are aimed at
understanding chemical concentrations in the general human population. This is not particularly associated with
any one industry, but rather to examine the overall population level of exposure to environmental contaminants.

Studies reviewed included the Canadian Health Measures Survey (CHMS), the Canadian Maternal-Infant
Research on Environmental Chemicals (MIREC) study, the United States National Health and Nutrition
Examination Survey (NHANES), and the European Union Expert Team to Support Biomonitoring in Europe
(ESBIO).

EXTERNAL CONTACT INTERVIEWS

Many governmental or legislated environmental surveillance programs are not published in the scientific literature,
relying instead on internal or external governmental websites and documents with limited dissemination. In order
to obtain a more holistic view of the practices of environmental surveillance programs associated with the energy-
from-waste industry, it was essential to contact individuals in this field of work, who are directly involved with
these programs.

Although many valuable contacts were made, and interviews conducted during this phase of the project,
unfortunately not all of those who were contacted by the reviewers responded to our repeated inquiries. However,
the reviewers believe that the information gained from respondents was sufficient to support the study findings
and conclusions.

The Study Team was fortunate to be able to interview four academic / experts in the field of EFW environmental
surveillance, five government employees, and two owners/operators of European Union EFW facilities. The
discussions and responses to questionnaires served to reiterate the various practices of environmental
surveillance surrounding incineration facilities around the world.
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With the exception of Portugal, the majority of countries and regulatory bodies mandate stack testing and
monitoring of chemical parameters at incineration facilities. The primary driver behind this being the belief that air
dispersion modelling and human health risk assessment, in combination with stack testing/monitoring are
sufficient to ensure the protection of human and environmental health. Portugal appears to be the only country
that commonly mandates a more resource intensive environmental surveillance program, often in the form of
human and environmental biomonitoring.

SUMMARY OF GLOBAL ENVIRONMENAL SURVEILLANCE REQUIREMENTS FOR
INCINERATION FACILITIES

Though it is difficult to make generalized worldwide claims as to the practices of environmental surveillance
around incineration facilities, some notable trends are apparent.

A Most countries were identified to govern incineration facilities similarly to the Canadian approach i at the
regional/provincial/state level.

A In almost all cases, prior to project approval an environmental assessment is required to determine whether
the facility could adversely impact air quality, human and environmental health.

A The majority of facilities around the world conduct only stack monitoring programs, with the exception of
Portugal where environmental monitoring and human biomonitoring programs may be mandated under the
operating permits of individual facilities (Table 1).

This review found that older incineration facilities and/or those with less advanced or no air pollution control
technology may have impacted the environment immediately surrounding the facility. The study results indicate
that a modern incineration facility, such as the one being proposed by the Regions of Durham and York, that
employ maximum achievable control technology for air pollution, would be unlikely to impact the health of local
residents or the environment.

Table 1. Summary of environmental surveillance practices on a country-by-country basis for incineration. An X was
used to denote a government requirement i either legislated or as part of individual facility operating requirements.

Municipal Waste Incinerators

Continuous Periodic Periodic Continuous Soil Vegetation  Agricultural Human
Country Stack Stack Ambient Ambient Air ~ Monitoring Monitoring Product Biomonitoring
Monitoring Testing Air Monitoring Monitoring
Monitoring
Canada X X
Ontario X X X
United X X
States
European X X
Union
Portugal X X At some At some At some
locations locations locations
Spain X X At some At some
locations locations
Belgium X X
Germany X X
Italy X X At some At some
locations locations
Sweden X X
Taiwan X X
Korea X X
Japan X X
Hong Kong X X

Jacques -
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STUDY TEAM RECOMMENDATIONS FOR ENVIRONMENTAL SURVEILLANCE OF THE
DURHAM/YORK EFW FACILITY

Globally the government legislative requirement for environmental surveillance of incineration facilities is
continuous and periodic testing of chemical emissions at the stack. The adoption of this level of surveillance for a
modern incineration facility, that would incorporate maximum achievable pollution control technology (MACT),
was deemed by the Study Team to be scientifically justified to ensure the protection of both human and
environmental health. Continuous stack monitoring of a limited number of chemicals (e.g., NO,and SO,) are used
as surrogates for other chemical parameters between periodic manual stack testing events. This level of
environmental surveillance ensures that the facility is operating within its purported emissions control limits for all
chemicals. This level of environmental surveillance ensures that the facility is operating within its purported
emissions control limits for all chemicals.

In the event that continuous stack monitoring highlights an issue with the facility emissions in real-time, the source
of the problem is identified. If the problem is combustion related, the operators adjust combustion parameters to
correct the issue in real-time. If the problem is not combustion related, then it is possible that the unit where the
problem lies can be shut-down until the problem is rectified. Exceedances of emissions limits would be required to
be reported to the Ontario Ministry of the Environment (MOE). It would be the responsibility of the MOE to verify
that proper steps have been taken to rectify the issue with facility operators.

The Study Team originally envisioned the inclusion of an initial cost estimate for each of the environmental
surveillance options. However, it became apparent during the review process that inclusion of costs could
potentially bias the selection of a scientifically-based optimal option for the protection of public and environmental
health. Therefore, costs were excluded from consideration in this review and can be provided once a preferred
option is adopted by Durham Regional Council.

Through the grey literature review and external contact survey, another key component to environmental
surveillance of incineration facilities was reported to be the establishment of an independent facility-specific
oversight committee. In 2008, as part of the Durham/York Residual Waste Study a Site Liaison Committee (SLC)
was established to review and provide input on site specific studies related to the study of the proposed EFW
facility. A new committee will be established once the facility is operational.

Regardless of which environmental surveillance option is ultimately put in place, it is proposed by the Study Team
that this committee be charged, in part, with review of any environmental surveillance program being undertaken
for the Durham/York EFW facility. This would ensure public participation in the environmental surveillance
program and evaluation of its efficacy in protecting public and environmental health.

Supported by the scientific findings of our review, the Study Team recommends that the following three
environmental surveillance options be considered for implementation by the Regions of Durham and York for their
proposed EFW facility.
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Option 17 Chemical Emissions Stack Monitoring and Testing

Option 1 a) Compliance with Ontario Guideline A-7 Combustion and Air Pollution Control
Requirements for New Municipal Waste Incinerators

This represents the minimum level of environmental surveillance and monitoring to which the EFW facility must
commit. This will ensure the protection of the surrounding environment and conform to the regulatory
requirements associated with the operation of such a facility in Ontario. Guideline A-7 stipulates the combustion
and air pollution emissions and monitoring requirements for municipal waste incinerators operating in Ontario and
forms the basis of issuing the Certificate of Approval (CofA) by the MOE.

Guideline A-7 sets out fixed emission limits for nine (9) parameters: particulate matter, cadmium, lead, mercury,
dioxins and furans, hydrochloric acid, sulphur dioxide, nitrogen oxides and organic matter. The facility is required
to prove compliance with the standards within six months of start-up under maximum operating feed rates, and
thereafter, at a minimum of once a year. This is accomplished via annual emissions sampling at the stack, under
maximum operating feed rates, in accordance with the methods and procedures documented in the Ontario
Source Testing Code (Procedure A-1-1).

Continuous stack monitoring of the combustion gases CO, O,, NO,, HCI and SO, should be considered, with at a
minimum annual source testing of additional contaminants such as dioxins and furans, VOCs, particulate matter,
metals and PAHs. These requirements would be negotiated with the MOE and implemented through inclusion of
conditions in tAhe facilityds Cof A (

This level of environmental surveillance allows for early detection of any potential upset conditions, which can be
corrected by facility operators or result in shut-down if stack emissions are above those permitted in the CofA. A
robust, continuous stack monitoring of combustion gases, in combination with annual source testing would ensure
that chemical concentrations used in the risk assessment are being achieved. This level of environmental
surveillance was found to be in place at all incineration facilities in the EU, US and Canada.

Option 1b) Establishment of More Stringent Stack Chemical Emissions Standards than
Provided in Guideline A-7

Based on a motion passed at Durham Regional Council, the Request for Proposal (RFP) for vendors stipulates
that the lower of the Ontario Guideline A-7 or EU Directive chemical emissions standards will form the basis for
the proposed CofA governing emissions limits for the facility (Table 2). This level of environmental surveillance
would provide an additional level of protection for humans and the environment surrounding the proposed facility.

Table 2. The Regionsd air emissions criteria based upon the MO

Pollutant Units (1) Ontario Guideline EU Directive YD EFW Stack Measurement Basis
2000/76/EC EU Limits Emission Limits (see Notes)

Total Particulate Matter mg/Rm 17 9 9 2

Sulphur Dioxide (S0.) mg/Rm* 56 46 35 ©)]

Hydrogen Chloride (HCI) mg/Rm?® 27 9 9 (4)

Hydrogen Fluoride (HF) mg/Rm* Not Specified 0.92 0.92 4)

Nitrogen Oxides (NOx) mg/Rm* 207 183 180 @)

Carbon Monoxide (CO) mg/Rm*® Not Specified 46 45 4)

Mercury (Hg) e gRim® 20 46 15 )

Cadmium (Cd) g R’ 14 Not Specified 7 2

Cadmium + Thallium (Cd + Th) e R’ Not Specified 46 46 2)

Lead (Pb) g gRim® 142 Not Specified 50 )

Sum of (As, Ni, Co, Pb, Cr, Cu, e gRim® Not Specified 460 460 )

V, Mn, Sb)

Dioxins pg/Rm? 80 92 60 @)

Organic Matter (as CH,) mg/Rm* 66 Not Specified 49 )

NOTES:

(1) = All units corrected to 11% O, and adjusted to Reference Temperature and Pressure, mg/Rm® = Milligrams per Reference Cubic Metre (25i C, 101.3 kPa),
eg/ ??:rrMicrograms per Reference Cubic Metre (25i C, 101.3 kPa), Pg/Rm3 = Picograms per Reference Cubic Metre (251 C, 101.3 kPa), (2) Calculated as the
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arithmetic average of 3 stack tests conducted in accordance with standard methods, (3) Calculated as the geometric average of 24 hours of data from a
continuous emission monitoring system, (4) Calculated as the arithmetic average of 24 hours of data from a continuous emission monitoring system

Option 1c) Inclusion of New Stack Sampling Technology for Dioxins and Furans not
Routinely Implemented in Ontario EFW or Incineration Facilities

Stack emissions of dioxins and furans have historically been measured by periodic stack testing (along with other
contaminants of concern). Since there is a heightened public awareness of dioxin and furan emissions from EFW
facilities, a considerable amount of research has been focused on development of methods for more frequent
sample collection and analysis of stack emissions of dioxins and furans.

Technology now exists for continuous sampling (not monitoring) of dioxins and furans in stacks. In-stack dioxins
and furans concentrations are sampled for a period of time at regular intervals (e.g., once a month, quarterly, or
semi-annually). The sample media is removed, sent for laboratory analysis of dioxins and furans and replaced in
the stack. The advantage of this technology is that more frequent sampling of dioxins and furans can be achieved
for an EFW facility.

Based on a motion passed at Durham Regional Council, the Request for Proposal (RFP) for vendors stipulates
that some form of continuous dioxins and furans sampling and periodic analysis must be included in the design
and operation of the proposed EFW facility.

Although this technology was not included as part of this review, the Study Team beleives that it would provide
additional information to ensure that dioxins and furans concentrations used in the risk assessment are being
achieved.

ADDITIONAL LEVELS OF ENVIRONMENTAL SURVEILLANCE NOT RECOMMENDED BY THE
STUDY TEAM

Although the Study Team concluded that the most scientifically defensible environmental surveillance option to
ensure the protection of public and environmental health was stack monitoring and testing (Option 1), there are
additional environmental surveillance options being employed around the world at individual incineration facilities.

These options include:

A Option 2:  ambient air monitoring;
A Option 3:  environmental monitoring (soil, vegetation, agricultural products); and,

A Option 4:  human biomonitoring.

During the review, the Study Team concluded that a modern municipal waste incinerator that would employ the
maximum achievable pollution control technology (MACT), would not significantly increase contaminant levels in
the environment. This was supported by the scientific literature, the grey literature and the external contact
interview process.

Studies that reported significant increases of pollutants in environmental media were predominately conducted on
older incineration facilities, and in many cases on those facilities that had different feedstock (e.g., hazardous
waste) than would be permitted for the municipal waste incinerator proposed for Durham/York. To date, human
biomonitoring studies have not reported a statistical increase in human tissue chemical concentrations as a result
of exposure to a municipal waste incinerator.

The impetus for these environmental surveillance programs was reported to be a combination of academic
interest and/or a heightened level of public concern surrounding an individual facility. Scientific methods used to
gauge public concern surrounding these facilities were not reported, and did not appear to have been carried out
by the authors or government officials. The Study Team acknowledges that these are indeed valid societal
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reasons for policy makers to trigger additional levels of environmental surveillance. However, we believe that it
was not appropriate for the Study Team to presuppose or gauge the level of public concern surrounding the
Durham/York proposed EFW facility.

If based on perceived public concern, policy makers believe that an additional level of environmental surveillance
is warranted, we recommend that this be supported through scientific means such as a polling exercise. Experts
in this area of study should be retained by the Regions to develop an appropriate tool for such an assignment.

Although not recommended for implementation, the Study Team has provided a range of additional surveillance
options, with each successive level also intended to include all preceding options. Recommendations for what
would trigger a more resource intensive surveillance program have been also been included for consideration.

CONCLUSIONS OF THE STUDY

A considerable amount of information on best practices in environmental surveillance for incineration facilities
from around the world was obtained through a systematic literature review (Section 3), grey literature search
(Section 4) and external contact interview process (Section 5). The legislated or government mandated
requirements of environmental surveillance were summarized in Section 6.

Overall, there was a great deal of consistency between the environmental surveillance options (Figure 2-1)
reported in the scientific literature, the grey literature and through external contact interviews with experts in the
field. On this basis, the Study Team believes that it is unlikely that additional information may have been missed
during this review, which would alter our findings, conclusions or recommendations.

Ultimately the review determined that a modern municipal waste incinerator that would employ the maximum
achievable pollution control technology (MACT) would not significantly increase contaminant levels in the
environment. This was supported by the scientific literature, the grey literature and the external contact interview
process.

Therefore, the most appropriate and scientifically justified option for environmental surveillance of an EFW facility
to be located in the Region of Durham would involve continuous and periodic stack testing of chemical emissions
(Option 1). This environmental surveillance option was also found to be the most prevalent method of ensuring
public and environmental health protection in Canada, countries of the European Union, and the United States.

In addition to meeting the minimum stack emissions requirements laid out in Guideline A-7, the Study Team
supports the decision of Durham Regional Council to:

A Adopt the more stringent of the Guideline A-7 and EU Directive chemical emissions standards; and,
A Implement an in-stack dioxins and furans sampling technology.

These measures go beyond any requirements that would have been derived from our review.

Another key component to environmental surveillance of incineration facilities was reported to be the
establishment of an independent facility-specific oversight committee. It is proposed by the Study Team that such
a committee be formed and charged, in part, with review of any environmental surveillance program being
undertaken for the Durham/York EFW facility. This would in no way remove the onus of facility regulation from the
Ontario Ministry of the Environment. Rather, it would ensure public participation in the environmental surveillance
program and evaluation of its efficacy in protecting public and environmental health.

The findings of the review do not justify implementation of ambient air monitoring (Option 2) or environmental
monitoring (soil, vegetation, agricultural products) (Option 3). In addition, we would strongly recommend that
human biomonitoring (Option 4) not be adopted for the proposed Durham/York EFW facility. The Study Team
does not believe that there would be any trigger that would justify the need for this level of environmental
surveillance.
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REPORT

1.0 OVERVIEW

Jacques Whitford Limited was retained by Durham Region to conduct a review of international best
practices of environmental surveillance being undertaken at Energy-From-Waste (EFW) facilities. This
study was specifically designed to address a motion made at the Durham Regional Council meeting on
Wednesday, May 28th, 2008, which was carried and states in part:

filg) i) THAT staff review the best practices of environmental monitoring programs
which include environmental surveillance, health surveys, biological monitoring, health
studies, and any other pertinent studies as determined through the review and
consultation regarding environmental monitoring programs; and

i) THAT an environmental monitoring program be developed based on best practices which
wi || provide baseline information and ongoing

This project was completed in conjunction with the Durham/York Residual Waste Study, which is
focused on obtaining Individual Environmental Assessment (EA) approval to construct an EFW facility
from the Ontario Ministry of the Environment (MOE). The EA must demonstrate through the air
modeling and risk assessment studies that there will not be an unacceptable risk to either humans or
the environment, as a result of chemical emissions from the proposed EFW facility.

The focus of this study was to review environmental surveillance programs at similar facilities around
the world and to recommend an appropriate level of environmental surveillance for the proposed EFW
facility. This was achieved through a three pillar study approach involving - a systematic review of the
scientific literature, a grey literature review and by interviewing international experts in the field of
environmental surveillance. The findings of each stage of the process were documented and then
summarized by country.

The objective of the Study Team, as stated in the Study Protocol, is as follows:

ifiThe consultantés recommended o pdgrogram forthe pragposede nv i r
Durham/York Residual EFW facility will be based on the fundamental tenant that the program must
ensure the protection of public and environment al

1.1  Study Methodology

This study covers a review of environmental surveillance and includes both environmental and human
health monitoring. Environmental surveillance is an all-encompassing term, while human health and
environmental monitoring are considered components of environmental surveillance programs. Human
health monitoring can include programs such as health surveys, health studies and biological
monitoring (i.e. human biomonitoring), which typically involves the collection of human samples (i.e.
blood, urine, etc.) for chemicals and associated by-products. Environmental monitoring, on the other
hand, typically involves the sampling of environmental media; examples include solil, air, water or biota
(e.g., fish, small mammals, and vegetation).

Jacques =
JWIlitford Jacques Whitford oo PROJECT 1009497.06 February 16, 2009 1



FINAL REPORT

Figure 1-1 provides a general outline and overview of the study that was conducted in two stages.
Stage 1 was the development of the Study Protocol (Jacques Whitford, 2008), which guided the
conduct of the Study Team throughout the project and ensured that scientifically sound and defensible
methods for the various tasks were followed. The Study Protocol (Appendix H) was reviewed by an
independent third party peer reviewer. Stage 2 of the project consisted of undertaking its
implementation.

The systematic review of the scientific literature consisted primarily of three separate elements i the
literature search strategy, the inclusion/exclusion criteria for the analysis of the search results, and the
framework for documenting, evaluating and interpreting results. These three elements combined
provided a transparent framework to support the consistent review of articles. Likewise, the protocol for
securing information from external contacts ensured that consistent information was obtained without
the need for repeated
inquiries.

The grey literature
search of environmental

surveillance  programs Study Protocol for the Review of

prowdeq a solid International Best Practices of
foundation for the Environmental Surveillance

reviewers on which to
build their review.
Possessing this

background knowledge Grey Literature Search-and Systematic Literature ExterrTaI Contact.

. Lo . Background Information Search Information Gathering
also aided in informing
the reviewers prior to \ l /
conducting external
contact interviews, such Summary of International Best Practices of
that the reviewers were Environmental Survellience

able to maximize their
ability to engage the

interviewees and
retrieve information Figure 1-1 General Overview of Study Process

Options Analysis

relevant to the study
objectives.

The information obtained through the three pillars of the study design culminated in a summary of EFW

facility environmental surveillance practices by country. This information was then used to develop a

series of options that could be considered for the development of a project-specific environmental
surveillance program. The consul tdllantebpsogramewaobased n d e d
on an appropriate and scientifically justified option that would ensure the protection of human and
environmental health during the operation of an EFW facility in Ontario. In addition, recommendations

for what would trigger a more resource intensive surveillance program have been included.

A multidisciplinary team of professionals was assembled to undertake this study and their curriculum
vitae are included in Appendix I. An independent peer review of the study by Dr. Lesbia Smith was
commissioned by the Region of Durham.
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2.0 STUDY BACKGROUND AND KEY STUDY TERMINOLOGY

A thorough understanding of the basis upon which Project environmental approval is granted, is
fundamental to the development of an environmental surveillance program. This section provides an
overview to the Individual Environmental Assessment (EA) process that is being followed specifically
for the Durham/York Residual Waste Study. Although this study is being conducted in parallel with, and
will not form part of, the EA Study it is critical to understand the process when selecting an
environmental surveillance option that would be protective of health and the environment during the
operation of the EFW facility.

Key study terms and concepts in relation to the broad term environmental surveillance are also defined.

2.1 Ontario Individual Environmental Assessment and Technical Studies

In Ontario, EA is a planning and decision-making process that applies to projects that are subject to the
Environmental Assessment Act (EAA), R.S.0. 1990, C.E. 18. The purpose of this Act is:

fé the betterment of the people of the whole or any part of Ontario by providing for the
protection, conservation and wise management

An EA assesses the potential effects of a project on the environment. It involves the comparison of
alternatives, considering both advantages and disadvantages to the environment (natural, social,
economic, cultural and built environments) and results in the identification of a preferred alternative.

The first step in the EA process is the submission of terms of reference (TOR) for approval by the
Minister of the Environment (Minister). The initial planning stages for the Durham/York Residual Waste
Study began in September of 2004. A considerable amount of technical work and public consultation, in
the form of workshops and information sessions, was carried out to develop a draft TOR for this EA.
The Approved TOR for the Durham/York Residual Waste Study was issued by the Minister on March
31, 2006. The TOR is the framework for how the EA Study is to be prepared and will be used as the
benchmark for the Minister to review the EA.

The EA Study must follow the methodology set out in the TOR and generally addresses:

A The purpose of the undertaking;

A The rationale for the undertaking, the alternative methods of carrying out the undertaking, and
the alternatives to the undertaking;

A A description of the environment that will be affected or that might reasonably be expected to be
affected, directly or indirectly, the effects that will be caused or that might reasonably be
expected to be caused to the environment;

A The actions necessary or that may reasonably be expected to be necessary to prevent, change,
mitigate or remedy the effects upon or the effects that might reasonably be expected upon the
environment, by the undertaking, the alternative methods of carrying out the undertaking and
the alternatives to the undertaking;

A An evaluation of the advantages and disadvantages to the environment of the undertaking, the
alternative methods of carrying out the undertaking and the alternatives to the undertaking
resulting in the selection of the preferred undertaking; and,

A Consultation about the undertaking.
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The Durham/York Residual Waste EA Study is very extensive and includes a number of technical
component studies that address the potential effects of the project on the environment. Of particular
interest to developing an appropriate environmental surveillance program are the site-specific air quality
study and the site-specific human health and ecological risk assessment (HHERA). When the EA Study
is submitted for Minister approval, there will be a requirement to demonstrate that chemical emissions
to air from the facility will be lower than those prescribed in Ontario air quality regulations and that the
levels would not pose an unacceptable risk to either people or the surrounding environment. Design,
construction and operation of the facility could proceed only after the Minister is satisfied that this would
be the case and approval has been issued.

2.1.1 Air Quality Assessment, Baseline Collection and Dispersion Modelling

The primary pathway for contaminants to reach human and ecological receptors from an EFW facility is
through airborne dispersion and deposition of contaminants from the stack, which is equipped with air
pollution control equipment.

In anticipation that this would be the primary route of exposure, an extensive year long baseline
ambient air monitoring program was established at the preferred location. The collected baseline
ambient air quality data will provide valuable information to assess the potential effects of the project
on the existing ambient air quality levels of the area, and will provide the baseline to compare ambient
levels of contaminants measured during future monitoring (if deemed necessary) once the EFW facility
becomes operational.

For the EA Study, a team of air quality and dispersion modelling experts will undertake a site, and
vendor-specific, study with the key objectives of:

A Providing data required to conduct the assessment of the potential environmental effects, including
cumulative effects of the Project on air quality.

A Providing concentration and deposition data to the Human Health and Ecological Risk Assessment
(HHERA) team to conduct their analysis.

The assessment of air quality effects related to the project will consist of the following elements:

A Compilation of emissions inventories of point and mobile sources for the Project and other existing
sources;

A Assessment of baseline ambient air quality conditions for chemicals of potential concern (COPCs);

A Dispersion and deposition modelling of the Project to provide input to the HHERA, and to support
the assessment of potential environmental effects, including cumulative effects, for the EA; and,

A Comparison of dispersion model predictions to Ontario ambient air quality criteria (AAQC), as well
as evaluation of the incremental change in air quality associated with the Project emissions.

A number of chemicals of varying magnitudes may be emitted from an EFW facility. The intention of the
air modelling exercise will be to provide a conservative, yet accurate, assessment of the chemical
concentrations that will be experienced at ground-level as a result of the EFW facility emissions.

Dispersion models are predictive tools which utilize statistical representations of plume travel and
dilution to predict contaminant ground level concentrations. Dispersion models predict concentrations
that represent an ensemble average of numerous repetitions for the same nominal event. Generally,
models are quoted as having a factor of two accuracy when compared to measured concentration data.
Comparison studies have indicated that models can predict the magnitude of highest concentration
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occurring sometime and somewhere within an area to within +10 to +40% (i.e., within a factor of 2) of
measurement data (U.S. EPA 2005a).

Air quality dispersion models such as CALPUFF employ assumptions to simplify the random behaviour
of the atmosphere into short periods of average behavior. These assumptions limit the capability of the
model to replicate every individual meteorological event. To compensate for these simplifications, five
years of meteorological data are applied to evaluate a wide range of possible conditions. Additionally,
regulatory models, such as CALPUFF, are designed to have a bias toward overestimation of
contaminant concentrations (i.e., to be conservative under most conditions).

Emissions from the Project will employ a conservative worst-case hourly emissions approach (i.e.,
based on MOE guidelines), which is expected to over-estimate longer-term averaging periods. Because
of the nature of this approach, there is a high degree of confidence that total emissions will be over-
estimated. Therefore, even though the MOE approved air modelling exercise to be undertaken for the
Durham/York EA Study will have some level of uncertainty associated with the results, the expectation
would be that the modeling should over-estimate ground level concentrations under most
circumstances.

2.1.2 Risk Assessment Studies and Baseline Chemical Studies

Of the utmost importance to local stakeholders and the public is the protection of public and
environmental health, from exposure to chemicals released to the environment from the Project.

A site-specific HHERA is the most appropriate mechanism to assess the potential environmental effects
on the health of people and wildlife. Any chemical, from the least toxic to the most toxic to which
humans and ecological receptors can be exposed, has the potential to cause environmental effects: it is
the concentration, duration of exposure and route by which receptors come into contact with a
particular chemical that determines if it may cause harm to their health.

Findings of the other technical studies will be incorporated in the HHERA to ensure that the
assessment is an accurate reflection of the data gathering completed for the EA Study. The HHERA
relies on predictions of the anticipated concentrations of chemicals released by the Project, as
determined from the outputs of the dispersion and deposition modeling conducted to characterize the
potential environmental effects to the atmospheric environment. Data gathered to characterize the
existing concentrations of chemicals in the environment (terrestrial, aquatic and air baseline chemical
studies) provide needed information for the HHERA.

The purpose of the HHERA is to quantify the potential risk of adverse environmental effects occurring,
including cumulative environmental effects, to the health of human and ecological receptors from both
short-term and long-term (over the life of the facility) exposure from facility emissions.

Risk assessment of facility emissions is conducted in an iterative fashion (Figure 2-1). If during the
study a potential risk is identified for one or more of the chemicals modeled from the facility, then the
Risk Assessment Study Team works with the Air Quality Study Team and the facility design engineers
to ensure that the appropriate level of pollution control technology has been incorporated into the
original facility design.

If changes are required to facility design, then a reassessment of the new chemical emissions
concentrations are undertaken to understand if they are sufficient to ensure the protection of health and
the environment.
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FIGURE 2-1 ITERATIVE APPROACH TO FACILITY EMISSIONS RISK ASSESSMENT

Uncertainties are inherent in every aspect of the risk assessment process. Generally, these
uncertainties are addressed by incorporating very conservative assumptions in the analysis. As a
result, risk assessments invariably overstate the actual risk. Although many factors are considered in
the preparation of the risk analysis, results are generally only sensitive to very few of these factors. In
any risk assessment an accompanying uncertainty analysis should be included to demonstrate that
assumptions used were conservative, or that the analysis results are not sensitive to the key
assumptions.

The site-specific HHERA to be completed for the Durham/York Residual Waste EA Study will provide a
high degree of confidence in the conservative nature of its undertaking by:

A The nature and the scope of the risk assessment will be defined with a high level of certainty based
on data used and physical observations; and

A An appropriate level of conservatism in all assumptions will ensure that risks are overstated and an
appreciation of the bounds and limitations of the HHERA conclusions will be provided.

One such example of inherent conservatism in human health risk assessment is the toxicity reference
values (TRVs) that are used as benchmarks for assessing exposure to chemicals emitted from the
EFW facility. For those chemicals that cause effects other than cancer (e.g. liver disease), toxicological
studies are conducted to determine a concentration at which there is no-observed-adverse-effect
(NOAEL) from exposure. Thus if one was exposed to this concentration of a particular chemical one
would not expect a health effect to manifest. However, in order to address uncertainties in these
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