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1.0 FRAMEWORK

Suncor Inc., Oil Sands Group (Suncor) currently operates oil sands mining facilities located on
the Athabasca River near Fort McMurray in northeastern Alberta (Figure 1.0-1). Suncor plans to
expand their operations in the near future. In anticipation of these expansions, Suncor has
acquired Leases 97, 25 and 19 (Steepbank Mine) on the east side of the Athabasca River in the
vicinity of the Steepbank River, McLean Creek and Leggett Creek and Lease 23 on the west side
of the Athabasca River near Poplar Creek (Figure 1.0-2). Suncor plans to reclaim the large
volumes of tailings generated in the mining process using a dry landscape option where the

tailings are chemical treated and dewatered to form a trafficable surface.

While there are precedents which provide guidance from other industrial facilities, reclamation
and abandonment of an oil sands mining lease is unique. Prediction of reclamation performance
and potential impacts is required for decades or even centuries into the future. This prediction
process involves modelling the mechanisms which will occur in the future based on current
experience. The oil sands industry has developed the Oil Sands Reclamation Performance

Assessment Framework (OSRPAF) to assist in this process.

The OSRPAF incorporates a suite of methodologies for predicting long term environmental

sustainability of reclaimed landforms and potential end use habitats. Figure 1.0-3 shows the

~ relationship between the key components, which can be summarized as follows:

e Reclamation Plan Alternatives: In Suncor’s situation, the basic topography is essentially
fixed but there are various measures that can be employed (e.g., surface contouring,
remediation initiatives) to improve surface drainage, decrease erosion potential and enhance

revegetation performance.

e Performance Analysis: This involves the prediction of the future performance of the

reclaimed lease to allow identification of potential adverse effects with respect to both:

1. Geotechnical stability of reclamation landforms in terms of static, dynamic and

erosional stability.

Golder Associates



May 1996 -2~ 952-2307

2. Future local and regional ecosystem sustainability, based on landform configuration,
substrate and topsoil materials, revegetation species and diversity, and distribution
and fate of chemicals in either on-site or off-site ecosystems. This process requires
the development and validation of predictive models that, although calibrated from

current conditions, predict ecosystem sustainability on the reclamation timescale.

e Risk/Effects Analysis: This process, environmental risk assessment, quantifies predictions of
magnitudes and probabilities of potential impacts on the health of people, wildlife and/or

aquatic biota that might arise from exposure to chemicals originating from the site.

e Decision Analysis: This phase examines the predicted level of risk and cost of remediation
and, using an iterative process, identifies the optimum reclamation plan considering the

requirements of both Suncor and its stakeholders.

If, based on comparison with the general reclamation criteria adopted by Suncor and its
stakeholders, it is decided that further remediation and/or mitigative alternatives should be
considered, the overall process is repeated. The general reclamation criteria used in this decision

making process are as follows:

1. Structures must be geotechnically secure. Catastrophic discharge of earth materials
(e.g., coarse and fine tailings, overburden), particularly to the Athabasca River, must

have an extremely low probability of occurrence.

2. Discharge of earth materials through surface erosion processes must be controlled to

rates that are consistent with acceptable environmental impacts.

3. Discharge of surface and seepage waters must be controlled such that there is

minimal impact on the Athabasca River.

4. The ecosystems reconstructed on disturbed lands must be fully self-sustaining and
participate in natural biological evolutionary processes while not presenting

significant risk to people or wildlife that use the site.
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Details of the first three points are described in other reports and summarized in this report. The
focus of this report is the issue of ecological sustainability of the reclamation landscape and of
the health of people and wildlife who might use the site and be exposed to chemicals associated

with the reclamation materials.

In particular, the following sections of the report provide:

e asummary of the reclamation plan (Section 2.0);

e asummary of the geotechnical analysis of the reclamation landscape (Section 3.0);

e adetailed characterization of chemicals associated with environmental media expected in the
reclaimed landscape (Section 4.1);

e a detailed assessment of the ecological sustainability of the reclaimed landscape
(Section 4.2);

e a detailed assessment of the health risks to people and wildlife that might use the reclaimed
landscape (Section 5.1); and

e asummary of the health risks to people and wildlife that might use the Athabasca River and

be exposed to chemicals originating from the reclaimed landscape (Section 5.2).

The findings presented in this report provide additional information to facilitate informed

decisions respecting the suitability of the proposed reclamation plan.
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2.0 RECLAMATION CONCEPT PLAN

2.1 Conselidated Tailings Technology

One of the major issues in the reclamation of an oil sands mining lease is dealing with the very
large volumes of tailings which accumulate over the life of the mine. Since operations
commenced in 1967, Suncor has used the caustic-based, Clark Hot Water Extraction process to
remove bitumen from the oil sands. The waste from the extraction process is transported
hydraulically to tailings ponds. During deposition, the tailings stream segregates into a coarse
fraction consisting of sand size particles and a fine clay fraction that contains hydrocarbons.
The fine fraction settles out over a period of years to form mature fine tails (MFT), which is a
semi-solid with only about 30% by weight solids. This fine tailings material consolidates
extremely slowly (i.e., over hundreds or perhaps thousands of years) with the result that these
fluid tailings would require storage over an equally long period. The coarse sand fraction is used

to construct dykes to retain the fluid tailings.

Suncor is proposing to eliminate permanent storage of fluid fine tailings through the use of a
Consolidated Tailings (CT) technology. The CT process allows the fine and coarse fractions to
be recombined into a stable deposit as a result of adding gypsum to the mixture. The resulting
combined tailings will consolidate and gain strength in a much faster time frame (i.e., decades
rather than centuries). The geotechnical risks associated with long-term disposal (i.e., storage)
of tailings in the form of CT are thus much reduced compared with the previous strategy
involving fluid tailings. Further, the final surface of the CT materials will be sufficiently strong
to be trafficable within a short-time frame; thus the tailings disposal areas can be reclaimed as

dry landscapes.

Implementation of the CT process began in November 1995 on a six month commercial trial
basis; Full implementation is to commence in August 1996. Current projections indicate that CT
implementation through 2015 would consume the current fine tailings inventory and eliminate

future fine tailings accumulation.
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One of the critical issues in the adoption of CT technology is the effect of gypsum, which is
added to create CT, on the recycle water chemistry. The results of chemical modelling and

evaluation of mass water balance indicates that (Golder 1996a):

e Elevated levels of bicarbonate in CT release water is an advantage in recycling and the
sources of bicarbonate are significant relative to its sinks;

e The sinks for calcium are large enough to tie up the calcium loading on the recycle water so
that there is no impact on extraction; and |

e  Sulphate build-up will not exceed levels that would create an adverse effect on extraction.

Since oil sands extraction requires water input, CT water can be recycled for extraction; thus

reducing or eliminating the need to release large volumes of CT water to the environment.

2.2 Reclamation Plan - Landforms and Drainage

Details of the operating and reclamation plan are given in (Suncor 1996) and summarized below
for five time periods - 1995, 2001, 2010, 2020 and long-term conditions. These time "snapshots”
were selected for detailed analysis since each one represents a distinct change in mining and/or
reclamation practices on both Lease 86/17 and the Steepbank Mine that will lead to changes in
the reclamation landscape and water drainage patterns. Activities on both sites are described
since there is transfer of materials between the areas. However, more emphasis is placed on

Lease 86/17, which is the focus of this report.
2.2.1  1995: Baseline Conditions

Lease 86/17:

Reclamation work to date has focused on dyke surfaces and waste dumps. Drainage from all
active areas is routed through the closed circuit mine process system. Some seepage from Tar
Island Dyke (TID) and other reclaimed overburden storage areas enters natural receiving

streams. Most seepage and surface runoff from TID is collected in a drainage system at the toe
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of the dyke and routed to the mine/plant process system. All coke filter drainage water is

recycled.

Mining and materials movement/placement activities have resulted in the formation of several

major landforms including:

Pond 1:

Pond 1A:

Pond 2/3:

Pond 4:

Pond 5:

Filled with MFT

Most seepage and surface runoff collected in dyke drainage system and recycled
Some seepage from TID into Athabasca River
Active recycle water pond

No off-site seepage or surface runoff

Active tailings disposal pond

Coke filter drainage water recycled

MFT being used for production of CT
Tailings storage pond

Seepage and surface runoff recycled

Being filled with CT

Seepage and surface runoff recycled

Mine drainage water discharged to the Athabasca River via North Mine, Mid-Plant and

South Mine Drainage Systems (i.e., drainage from areas not within active mine areas and

overburden structures (e.g., Waste Area #8)

Plant site:

Active

Some surface runoff discharged to Athabasca River via Mid-Plant Drainage

Steepbank Mine:

No work has begun at this mine site, other than preliminary site investigations.
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2.22 2001: Start-up Conditiens for Steepbank Mine

eas 17:

Active mining of these leases will have been completed and filling and reclamation of several

mined-out pits will have begun. In 2001, oil sands will be imported from Steepbank Mine and

processed at the existing plant. All tailings will be stored on Lease 86/17.

B
&

CT release waters recycled to extraction. Drainage from all active areas continues to be routed

through the closed circuit mine process system.’
The status of the individual ponds and other areas will be as follows:

e Pond 1: Infilling with lean CT (sand:CT mixture) commencing, no surface reclamation
Most seepage and surface runoff collected in dyke drainage system and recycled
Some deep seepage from TID discharges into the Athabasca River

e Pond 1A:  Active recycle water pond B

No off-site seepage or surface runoff

®

e Pond2/3: Active MFT recycle pond (i.e., MFT transferred from other ponds to Pond 2/3
and MFT from Pond 2/3 to the CT process)
Coke filter drainage water recycled

e Pond 4: Active gypsum disposal pond
Seepage and surface runoff recycled

o Pond 5: Filling with CT complete, dewatering occurring with release water recycled
Seepage and surface runoff recycled

e Pond 6: Being filled with CT
Seepage and surface runoff recycled

e NESSA: Sand storage underway

e Plant site:  Active

Some surface runoff discharged to Athabasca River via Mid-Plant Drainage
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Steepbank Mine:

No major reclamation except for 10 hectares of the north dump at this stage. Key activities
include development of site drainage, major retention basins and initial pre-mining drainage.

Mining of Pit 1 has commenced. Mine depressurization water will be recycled.

2.2.3 2010: Infilling of Steepbank Mine Pits Begins

L 6/17:

CT and sand disposal on these leases will be nearly complete, and most CT and sand will be
transferred to Steepbank Mine except for some sand and CT required to infill Lease 86/17 pond
areas to make up for settlement. Fine tailings will continue to be stored on site for production of

CT and waste water will continue to be stored and recycled on site.

e Pond 1: Surface reclamation commencing, drainage recycled. Some deep seepage from
TID discharges into the Athabasca River
e Pond 1A: Active recycle water pond
No off-site seepage or surface runoff
e Pond2/3: Active MFT recycle pond
Coke filter drainage water recycled
e Pond 4: Active gypsum disposal pond
Seepage and surface runoff recycled
e Pond 5/6: CT settlement is taking place
Seepage and surface runoff is recycled
e NESSA: Infilled with sand
Surface runoff drains off-site
e Plantsite: Active

Some surface runoff discharged to the Athabasca River via Mid-Plant Drainage
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Steepbank Mine:

e Pond7

e Pond§

Infilling of Pond 7 with CT
Seepage and surface runoff recycled
Active mining of Pit 2

Mine drainage water recycled

e North overburden dump reclaimed

e Starting construction on dyke 10

e Surface water diverted to Athabasca River

2.2.4 2020: Partial Reclamation of Lease 86/17 and Steepbank Mine

Lease 86/17:

Surface reclamation of Pond 1 completed, while Ponds 5 and 6 have been capped with a lean CT

(8:1, sand:fines ratio). Surface reclamation activities initiated. Fine tailings will continue to be

stored at Pond 2/3 for production of CT and wastewaters will continue to be stored and recycled

on site.

Pond 1:

@

e Pond 1A:

e Pond 2/3:

e Pond 4:

o Pond 5/6:

e NESSA:

Surface reclamation complete; surface drainage is released to off-site wetlands
Some deep seepage from TID discharges into the Athabasca River

Active recycle water pond

No off-site seepage or surface runoff

Active MFT disposal pond

Coke filter drainage water from Dyke 2 East is recycled; drainage at Dyke 2
West is released to off-site wetlands

Active gypsum disposal pond

Seepage and surface runoff is recycled

Surface capped with lean CT or clean sand in ~2015-2017 to account for CT
settlement |

Reclamation started in 2018

Surface drainage to Athabasca River through off-site wetlands

Final surface reclamation is complete

Golder Associates

i




e amunman

May 1996 -10- ' 952-2307

Surface runoff drains off-site
e Plantsite: Active
Surface runoff discharged to Athabasca River via waste water and Mid-Plant

Drainage

Steepbank Mine:

e Pond?7 Infilling of Pond 7 with CT complete
Seepage and surface runoff recycled
e Pond8 - Infilling of Pond 8A with CT
Active mining of Pit 2B

Mine drainage water recycled
Surface water diverted to Athabasca River.

2.2.5 Long-Term Scenario: Following Reclamation of All Leases

Lease 86/17:

e Pond 1: Filled and reclaimed

e Pond 1A: Filled with CT and reclaimed

e Pond 2/3: Filled with CT and reclaimed

s Pond 4: Filled with gypsum, capped with lean CT and reclaimed
e Pond 5/6: Filled with CT and reclaimed

o NESSA:  Filled with tailings sand and reclaimed

e Plantsite: Removed and reclaimed o

e Drainage: All directed through wetlands to the Athabasca River

Steepbank Mine:

e Pond 7: Filled with CT and reclaimed
e Pond8:  Partially filled with CT and capped with water
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2.2.6 End-Use

As outlined above, Suncor’s leases will be reclaimed over a number of years. It is expected that
Pond 1 will be reclaimed by 2020, at which time a variety of wildlife habitats will have
developed. While wildlife will make use of this habitat, the site will remain within Suncor’s
lease and will not be made available for recreational use by humans. People will, however,
likely continue to use Poplar Creek and other off-site areas for recreational activities such as

fishing.
Over the longer term, when the vegetation cover has been established and is sustainable, it is
expected that people could use much of the reclaimed areas for traditional land use activities like

trapping, collecting berries and medicinal plants and harvesting wildlife for food.

More details on end-use scenarios are given in Section 5.0,
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3.0 GEOTECHNICAL PERFORMANCE ANALYSIS

The goal of the reclamation program is to achieve maintenance-free, self sustaining ecosystems
with equivalent capability on disturbed lands relative to the predisturbance situation.
Maintenance-free means that human maintenance activities are not required, except where future
human activities lead to continued disturbance. However, this does not imply a changeless state.
The landforms will experience the normal geomorphic processes typical of the region leading to
gradual reshaping of the landscape. A series of studies have been initiated to examine
geotechnical components of the proposed reclaimed landscape: (AGRA 1996a, 1996b, 1996c,

1996d). Findings of these studies are summarized below.

The relative stability of constructed landforms is essential to the establishment of self-sustaining
ecosystems. Suncor’s dykes are all designed as fluid retaining structures. All the existing dykes
meet the accepted Canadian standards for these structures. CT technology allows the
development of a reclamation plan. which does not require the long term storage of fluids behind
constructed containment structures. Following initial consolidation of CT deposits, the resulting
landforms will be technically reclassified as “dumps”, which are not required to meet the same
high stability criteria because the consequences of failure are more limited. As drainage occurs
within these landforms, the internal water pressures will decrease, thereby improving the security
of the landforms. To ensure continued landform security over the post-reclamation maintenance-
free time frame, consideration must be given to design elements which either now require
maintenance, or can be expected to require maintenance in the future. A full analysis of existing
structures in this context has been completed (AGRA 1996a). A brief summary is provided
below for structure stability, surface erosion and riverbank erosion protection and Athabasca

River stability.

Stability - Water pressures within existing structures are controlled by a systém of internal
drains. These systems can be expected to require maintenance in the future. Therefore, Suncor
will design and install provisions for reclamation drainage as part of the reclamation process.
This may include the construction of toe buttresses consisting of inverted filter drains coupled
with surface riprap. In addition, the colonization of appropriate plant species which favour such

wet areas will be encouraged to provide long term stabilization. There may be specific areas
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which require some degree of slope flattening or toe berm construction. For instance, Dyke 5
may require specific consideration when Pond 2/3 is no longer required as a thickening pond for

CT production and is ready for reclamation (2020 or later).

Surface Erosion - A significant study of the erosion resistance of reclamation slopes has been
conducted (AGRA 1996b). Erosion rates on slopes populated with mature vegetation were
projected to within the spectrum of natural processes. Significant environmental consequences
are not anticipated. This conclusion assumes that soil reconstruction provides the basis for
development of healthy cover which produces an organic detrital layer. Erosion rates were
measured to be low even where the vegetation was burned away simulating a forest fire, and
followed by 1 in a 1000 year rainfall event. Therefore, flattening of slopes to reduce erosion

rates is not considered justifiable.

River Bank Erosion Protection - Before abandonment of the TID Area, bank protection must be
provided which will protect against unacceptable rates of river erosion. However, to design long
term, maintenance-free bank protection, the future stability of the river channel must be
determined. In particular, the likelihood of channel shifts leading to changes in erosion patterns
must be understood. The only other structure that is within the river flood plain, and may
therefore require bank protection before abandonment, is Waste Area 8. However, this structure
is constructed of erosion resistant overburden materials and has been extensively re-vegetated.
In addition, there is natural vegetation between the toe of the waste area and the river bank. It is
concluded that additional protection is unjustified. If future monitoring indicates erosion of the
bank adjacent to Waste Area 8, the need for bank protection will be reviewed. Currently, there
are no requirements for abandonment level river bank protection for the Steepbank Mine. This

requirement will be reviewed as part of the final design of the Steepbank Mine facilities.

Athabasca River stability - A geomorphological assessment of the stability of the Athabasca
River was undertaken to understand the processes that have lead to the current river regime and
predict future flow patterns (AGRA 1996¢). This assessment was then used o develop a bank
protection design that will provide the Tar Island Reclamation Area (TIRA) long term,
maintenance-free erosion resistance from the Athabasca River. The results of the geomorphic

assessment showed thai:
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e In the Suncor area, the Athabasca River is confined by extensive Devonian limestone
outcrops.

e  Although the river is presently considered to be in a down cutting modal regime, the rate and
extent of down cutting is limited by the low channel gradient and the elevation of Lake
Athabasca (18 m over 265 km). '

e The Athabasca River near TIRA is classed as a single, sinuous, stable channel system with a
shifting and migrating bed.

o The river is not susceptible to abrupt channel shifts and is becoming more stable with time.

The results of this assessment showed that abandonment level bank protection can be designed

based on current river morphology.
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4.0 ENVIRONMENTAL PERFORMANCE ANALYSIS
4.1 Site-Wide Chemical Profile

Large volumes of fine tails are created during the extraction of bitumen from the oil sands.
Currently, these fine tailings are stored on site in tailings ponds. Reclamation of the site will
involve stabilizing these fine tails through gypsum and sand treatments to create CT. In turn,
the CT will be placed in mined-out pits and capped with a layer of sand. The CT will
consolidate within a reasonable time into a trafficable surface, which can be shaped and

reclaimed to form the base for a healthy ecosystem.

The primary source of chemicals in the reclaimed landscape will be the CT deposits and the
major pathways for off-site transport of chemicals include water, air and biota (Figure 4.1-1). In
turn, the ultimate source of most of the chemicals associated with the CT deposits are the oil
sands themselves. Typical oil sands consist of approximately 10 wt% bitumen, and the
remainder is made up of 85% coarse sand (>22 um) and 15% fines (<22 um) (FTFC 1995).
Bitumen, the solid component of petroleum, is the primary source of organic compounds in the
oil sands, while connate waters and clay minerals are the primary sources of inorganic
compounds in the oil sands. Naturally-occurring chemicals that are present in the oil sands
deposits include naphthenic acids, polycyclic aromatic hydrocarbons (PAHs), alkyl, sulphur
(PASH) and nitrogen (PANH) substituted PAHs, trace elements and metals (FTFC 1995).
Based on these and other factors, a detailed list of parameters has been developed for analysis of

oil sands related chemicals (Appendix I).

During the CT consolidation process, large volumes of entrained water will be released to the
surface where it may form wetlands. These wetlands will afford some level of chemical (e.g.,
precipitation of certain metals) and biological (e.g., biodegradation of naphthenates) treatment
before the water moves off-site as surface runoff. In erosional areas, surface runoff may also
transport particulates off-site. In addition, chemicals associated with the CT deposits (and
entrained porewéter within the sand dykes) may be transported off-site via groundwater, either to
springs and wetlands along the toe of the dykes or through deeper flow paths directly to the

Athabasca River.
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Air provides another environmental medium for off-site transport of chemicals from the
reclamation units. Volatile chemicals may be released from CT deposits by volatilization into
the atmosphere. In addition, exposed areas of the reclamation landscape will be subject to

erosion and off-site transport by wind (i.e., fugitive dust).

Biota that will live in the reclaimed landscapes have the potential to accumulate oil sands related
chemicals within their tissue. For example, there is potential for uptake of soluble chemicals
through the plant roots and uptake of volatile chemicals through the foliage of plants growing on
CT deposits. Animals may accumulate chemicals as a result of incidental ingestion of CT soils
(e.g., in erosional areas where CT might be directly exposed to the surface), drinking affected

surface water, or by eating affected prey {(i.c., food chain effecis).

The types and concentrations of chemicals expected in these environmental media are discussed

in detail below.

4.1.1 Soils

CT will be the primary source of most of the chemicals in the reclaimed landscape. Secondary
sources will include tailings sands (used for dyke construction or from Plant 4 waste), gypsum

and coke storage units. Chemical concentrations in these different materials are summarized in

Table 4.1-1.

In general, PAH concentrations in CT are low relative to those measured in natural oil sands,
with concentrations decreasing in tailings sand, overburden and muskeg. One exception is
tailings sand from Plant 4 (deposited in Pond 1 along the north end of TID), a material
containing a wider range of PAHs, which are generally at higher concentrations than those
present in CT. PAM concentrations in naturally occurring oil sands are higher than in any other
solid phase material tested, with concentrations often two orders of magnitude greater than in
CT. Concentrations of PANHs and phenols in CT, overburden and muskeg are all less than
analytical detection limits. Trace metal concentrations in gypsum, as detailed in Suncor’s
Application for a Gypsum Disposal Pond (Suncor 1995), are elevated relative to metal

concentrations in other process-affected soils and variable when compared to natural soils from
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the region. Because the Flue Gas Desulphurization (FGD) Plant is not yet completed, the
gypsum analyzed for that study serves as a rough measure of the gypsum expected once the FGD
Plant is operable (Autumn 1996). No data are available on the concentrations of naphthenic
acids in background or process-affected soils. Also, no data are available on the chemistry of the

coke.

4.1.2 Water

The Oil Sands Water Release Technical Working Group (OSWRTWG) classed water releases
into two groups: operational and reclamation waters (OSWRTWG 1995). Operational waters are

defined as those waters that are:

o discharged from a channel or outfall (i.e., point source),

e discharged over the life of the project, or a shorter time-frame,
s controllable, -

e treatable in a managed treatment system,

e amenable to comparing to ambient water quality criteria, and

e potentially of concern with respect to regional off-site impacts.
Sources of operational waters include:

e consolidated tails,

e drainage water collected from dykes and structures,
e mine drainage,

e upgrading process,

e cooling water, and

e sewage treatment facility.
Reclamation waters are defined as those waters that are:

e non-point source, diffuse waters that may be directed through wetlands, streams or lakes

prior to discharge into the Athabasca or Steepbank Rivers,
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o released at slow.rates over large areas for extended periods of time,

e non-controllable,

e non-ireatable (but may be altered through natural systems or constructed wetlands),

e not amenable to conventional end-of-pipe approval requirements, and

e primarily an on-site water management concern and a component of a maintenance-free

reclamation landscape.
Sources of reclamation waters include surface runoff and groundwater seepage from:

e sand dumps and dykes,

e T deposits,

e coke piles, gypsum storage units and other waste dumps,
e overburden dumps and dykes, and

e wetlands treatment systems.

Three processes are present that could potentially contact and mobilize chemicals in an aqueous
form within the reclaimed landscape: consolidation and dewatering of CT deposits, groundwater

flux and surface runoff.

The quality of operational and reclamation waters, as detailed in Table 4.1-2, is discussed below.
In general, concentrations of naphthenic acids are higher in CT and dyke drainage (DD) waters,
lower in other operational and reclamation waters and below analytical detection limits in
Athabasca River water. In addition, concentrations of PAHSs and other trace organics are highest
in CT exfiltration waters, intermediate in Plant 4 tailings waters, decreasing further in DD and
refinery wastewaters and low in other operational and reclamation waters. With the exception of
PANH concentrations in refinery wastewaters, concentrations of PANHs, phenols and volatile
chemicals are below analytical detection limits in nearly all operational and reclamation waters.
Background concentrations of organic chemicals, measured in Athabasca River water, are below
analytical detection limits for nearly all chemicals analyzed. Levels of nutrients and oxygen
demand are low in all waters while salts levels are high in CT and DD waters. Concentrations of

trace elements and metals are highly variable in all operational and reclamation waters.
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Groundwater moving through the reclaimed landscape could potentially contact five types of
reclamation deposits: CT, tailings sand, overburden, gypsum and coke. Groundwater that
originates from CT deposits is expected to be generally comparable to CT release water collected
in various lab and field trials (Table 4.1-2). However, it is likely that the CT groundwater will
contain lower concentrations of most chemicals than was measured in the laboratory and field
experiments because of physical (e.g., mixing with precipitation, dispersion), chemical (sorption
of organics to solids) and biological (microbial decay) processes within the groundwater that will
reduce concentrations of certain chemicals. Hence, the use of CT data from the current
laboratory and field experiments is expected to serve as a conservative surrogate for CT seepage
water." Like CT, there are no direct measures of the quality of seepage water expected from
gypsum storage units, since the gypsum will only be produced after the Flue Gas
Desulphurization Plant is operating (Autumn 1996). An indication of the quality of gypsum
water is provided in Table 4.1-2; however, these results were based on water leached from
gypsum created as part of Suncor’s Application for a Gypsum Disposal Pond (Suncor 1995), and

serve only as a rough measure of the water quality expected once the FGD Plant is operable.

In contrast to CT and gypsum, direct measures of seepage water originating from tailings sands
are available from analysis of water collected from TID’s seepage collection system and from
groundwater wells installed downgradient of the Plant 4 tailings sand beach (north end of
Pond 1, TID). In addition, direct measures of the quality of overburden groundwater is available

from analysis of water collected from wells installed in overburden units.
No data are available on the chemical composition of coke water.

Surface runoff water is derived from precipitation and may potentially transport chemicals from
reclaimed CT ponds by (1) mixing with CT exfiltration waters, (2) mobilizing soluble chemicals
within the upper layers of the soils as a result of interflow (i.e., percolation through shallow
soils) and (3) erosion and transport of particulates. During operational phases of the site, all
surface runoff in contact with .process-affected soils is collected and contained on site so the
potential for off-site transport by surface water is restricted to reclamation conditions. However,
the CT ponds will be capped with a layer of sand, which in turn will be capped with a layer of

muskeg and reclaimed with vegetation. Hence, no direct contact between CT soils and surface
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runoff water is expected. Further, dewatering of the CT deposits will occur rapidly, so mixing of
surface runoff water with CT release water will only occur for a few years following filling the
ponds with CT. Given this reclamation scenario, it is unlikely that surface runoff from the site
will be affected by the processes described above, and runoff water from the existing north and
south mine drainages (which drain natural areas and overburden and muskeg storage areas) can
serve as surrogates for the quality of water that is expected to run off the reclaimed landscape.
This water has been well characterized and the chemical analyses data are presented in

Table 4.1-2.

4.1.3 Biota

A number of laboratory and field studies have been completed in which data on bioaccumulation
of oil sands related chemicals has been investigated. Data from these studies are summarized in

Tables 4.1-3 to 4.1-6 and discussed below.

Plants

In general, the chemical composition of plant tissues will reflect the chemical composition of the
growth media. Many variables, however, such as soil pH, soil type, tolerance mechanisms,
uptake mechanisms (e.g., active vs. passive uptake) and the presence of other chemicals, can
influence this relationship. In addition, translocation of trace elements within plants varies with
both species of plant and element(s) present, thus making generalizations about the uptake of

f re are, however, data available on chemical concenirations in
plants, such as willow, balsam poplar, reed canary grass, cattail and bulrush, grown in various
reclamation materials. Although there are also data on the concentrations of chemicals in plants
growing on clean agricultural soils, these are not reflective of the naturally elevated chemical

concentrations present in the oil sands region.

Sandbar willow and balsam poplar are found in both upland and wetlands conditions and both
will be present in the reclaimed landscape. Data on the uptake of inorganic chemicals inio these
two species grown in acid/lime treated tailings are presented in Table 4.1-3 (no data on organic

chemical concentrations are available). These data serve as a conservative surrogate to plants
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grown in CT as it is expected that for most trace metals mobilization is higher in acid/lime
treated tails than in gypsum-treated tails because of the lower pH associated with the acid/lime
treatment. In general, trace metal concentrations in willow stems and leaves were greater than
concentrations in poplar stems and leaves. The concentrations of trace metals in the leaves of

these two plants were slightly greater than concentrations in the stems.

The uptake of organic and inorganic chemicals into wetlands plant species has been investigated
by analyzing cattail, bulrush and reed canary grass tissues grown in a variety of soils
(Table 4.1-4). Alberta Environment (Xu 1995, 1996) examined the uptake of inorganic
chemicals from acid/lime CT into cattail and reed canary grass leaves and stems. Nix et al.
(1994) studied the uptake inorganic chemicals into cattail and bulrush exposed to DD and CT
water. In addition, Syncrude investigated the uptake of inorganic and organic chemicals into
cattails grown in MFT (Syncrude Research, person. commun.). In general, concentrations of
trace metals in cattail shoots tended to be highest, followed by reed canary grass and bulrush
shoots. Concentrations in reed canary grass stems were lower than in leaves. While PAHs were
detected in the Syncrude cattail composite samples, the concentrations of these chemicals in

cattails are low relative to the concentrations reported in fine tails (Golder 1994a).

No data are available on the uptake of chemicals from gypsum-treated CT or capping materials
into plants. In addition, no data are available on the uptake of chemicals from plants growing in

natural oil sands.

Invertebrates

Data on the uptake of inorganic chemicals into chironomids and other benthic and emergent
macroinvertebrates are available from studies investigating the effects of DD waters on the
performance of constructed wetlands (Nix et al. 1994, 1995; Table 4.1-5). Tissue concentrations
of inorganic chemicals in benthic macroinvertebrates collected from DD wetlands were generally
comparable to those measured in benthos collected from control wetlands and reference sites
along the Athabasca River, upstream of TID (Nix et al. 1994, 1995). Furthermore, inorganic
chemical concentrations of arsenic, cadmium and mercury, which are known to bioaccumulate in

animal tissue, are not elevated in organisms exposed to DD water relative to concentrations
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measured in organisms exposed to control waters. Data on the uptake of organic chemicals into
benthos were only available for insects collected from the Athabasca River upstream of TID, and
concentrations were below detection for most PAHs. No data are available on chemical

concentrations in terrestrial invertebrates exposed to reclamation soils.

Fish

Uptake of oil sands related chemicals into fish tissue has been investigated with both field and
laboratory experiments. HydroQual Laboratories (1996) measured the concentrations of organic
and inorganic chemicals in rainbow trout and walleye as part of a fish health study examining
effects associated with exposure of fish to DD waters. In addition, Syncrude measured the
concentrations of organic chemicals in fish exposed for ten weeks to water from Syncrude’s
Pond 5 (Syncrude Research, person. commun.). Background fish tissue concentration data are
given in Golder (1996b) and HydroQual Laboratories (1996). In general, organic chemical
concentrations in fish exposed to DD and pond waters are below analytical detection limits for
most PAHs, and comparable to the concentrations measured in fish exposed to background
conditions. Inorganic chemical concentrations in fish exposed to dyke and pond waters are alse
low relative to background concentrations. Furthermore, inorganic chemical concentrations of
arsenic, cadmium and mercury, which are known to bioaccumulate in animal tissue, are not
elevated in organisms exposed to dyke and pond waters relative to concentrations measured in

organisms exposed to reference waters.

Information on the uptake of organic and inorganic chemicals by mammals is available from
tissues analyzed from bison and muskrat (Table 4.1-6). The bison was being held on Syncrude’s
toe berm pasture, which consisted of tailings sand covered with a 50-cm cap. The animal was
seriously injured in 1993 during handling and had to be destroyed. The liver tissues were
analyzed for PAHs, and adipose, muscle and liver tissues were analyzed for inorganic chemical
residues. The muskrat was collected from one of Suncor’s wetlands trenches during spring 1995.
Tissue samples were taken from brain, liver and muscle tissues and analyzed for PAHs and
inorganic chemical residues. No PAHs were detected in buffalo or muskrat tissues, with the

exception of naphthalene, which was present at 0.008 mg/kg in the bison liver. Concentrations
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of metals and trace elements were generally low relative to background concentrations, although
concentrations were slightly higher in the bison than in the muskrat, and tended to be higher in
liver tissues than in muscle. Background inorganic chemical concentrations in deer mice and
red-backed voles collected from the Fort McMurray region were somewhat elevated relative to

concentrations in animals collected from the Suncor Lease.

Inorganic chemical concentrations were also measured in duckling livers as part of a study
investigating the effects of water-borne chemicals present in artificial wetlands on ducklings
(4nas platyrynchos; Wolfe and Norman, as cited in Bishay and Nix 1996). Ducklings were
exposed for four weeks to water in a CT pond, CT wetlands, DD pond and DD wetlands. Metal
concentrations in the livers of ducklings exposed to treatment wetlands were within the range of
background concentrations measured in the livers of ducklings exposed to an experimental
control wetlands. Furthermore, inorganic chemical concentrations of arsenic, cadmium and
mercury are not elevated in ducklings exposed to CT and DD waters (Wolfe and Norman in

Bishay and Nix 1996).

414 Air

No data are available with respect to soil vapour or above ground air concentrations for CT

reclaimed landscapes.

4.2 Ecosystem Sustainability
4.2.1 Revegetation Plan

Detailed information on the proposed revegetation plan are given in Suncor’s Steepbank Mine
Application (Suncor 1996). The following summary is included as a basis for establishing the
sustainability of vegetation in the long term and understanding the potential exposure pathways

for chemical-fate and exposure modeling.

The primary objective of the Suncor revegetation program is to develop a self-sustaining

ecosystem consistent with those in the region. Specific objectives are to:
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e provide erosion-controlling plant cover on the tailings dyke slopes and overburden dump
slopes;

e establish a diverse range of plant species, to re-create the level of biodiversity common to the
pre-disturbed site;

e reclaim tailings ponds in Upland Ecosection to wetlands habitat; and

e establish a permanent, viable plant community, capable of developing into a self-sustaining
cover of forest and shrub species suitable for traditional land uses and for wildlife use and

with possibilities for recreation and other end land uses.

The revegetation program will include a program of planting of woody stem species similar to
others found in the region that are used by a variety of wildlife species. Tree species will also be
planted to provide ecosystem diversity. The vegetation developing from this program together
with the profusion of native plants developing from the soil amendment will provide a diverse

vegetative community on the reclamation sites.

4.2.1.1 Soil Salvage and Soil Reconstruction:

The restoration of soil capabilities to a state equal to, or better than, the pre-disturbed conditions

requires that the reconstructed soil provides:

e adequate moisture supply,
e adequate nutrient supply,
e acceptable erosion control, and

e acceptable soil chemistry.

The current soil reconstruction techmnique, which has been used since 1984, involves the
excavation and hauling of undisturbed muskeg soils to the reclamation area. This is designaied
as “Type 1 muskeg soil” and is typically used as the principal soil amendment for tailings sand
and overburden. Another soil amendment, which is designated as “Type 2 muskeg soil”, is

formed from muskeg mixed with coarse textured materials (e.g., sand and gravel). Type 2
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muskeg soil is primarily used to amend overburden spoil when the Type 1 supply is exhausted or

when mine logistics dictate the use of an alternative to Type 1.

The muskeg soils used in reclamation initially were obtained from stockpiles. However, since
1983/84 the source of muskeg for reclamation changed to deposits in unmined areas where
disturbance is minimal. A further refinement is to excavate and haul soil building materials
during winter months so that dormant in-situ native seed and root fragments are included.
Spreading of the muskeg soil is completed in early spring with the usual result being the
emergence of a variety of native woody stemmed plants, forbs, wildflowers and grasses. This
prolific vegetative growth provides an erosion controlling cover which is diverse and consistent

with regional ecosystems.

4.2.1.2 Revegetation Program

The revegetation program will involve:

o seeding of reclamation areas with ground covers designed to control erosion;
e area fertilization;

e establishment of appropriate woody plant species;

e use of native seed mixtures, native trees and shrub seedlings; and

e maintenance.

The revegetation plan takes into account the variability of the materials which make up the three
main reclamation platforms and distributes vegetation types which are related to the type of
surface materials, soils and drainage regime. The revegetation program includes planting of
woody-stemmed species, which enhances the return of the area to ecosystems similar to others
found in the region and which assists in the creation of four primary reclamation starter

vegetation types, including:

e Closed Mixed-Wood Forest (Pine Forest): This vegetation type will be established on the

edges of tailings sand plateaus and tailings sand slopes.
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e Closed Mixed-Wood Forest - Deciduous Dominant (Poplar-White Spruce/Shrub): This
vegetation type will be established on the moist areas of the tailings sand plateaus and
consolidated tailings deposits. It will also be established on overburden dykes used to
reestablish Steepbank Mine escarpment areas within the Athabasca River Valley.

e Closed Mixed-Wood Forest - Coniferous Dominant (White Spruce-Poplar/Shrub): This
vegetation type will be established on the overburden dumps, the more mesic sites on
tailings dyke slopes (lower portions of the slopes, areas with northerly aspects) and on
reclaimed tailings ponds (where CT is used to create areas with lower water tables than
poplar-dominated sites).

e Wetlands Closed Shrub Complex: This vegetation type will be established on poorly drained

he tailings sand plaieaus and consolidaied tailings deposiis.

e=>

areas of

Fertilizer is applied during the initial years of reclamation (typically for three years) as an aid for
the development of an erosion controlling vegetative cover. Annual fertilization will then be
discontinued so the developing herbaceous cover will not compete vigorously with planted

woody seedlings.

Herbaceous ground cover will be established by seeding barley which provides nearly immediate
erosion control in the first growing season. It also produces a litter and root biomass that further
controls erosion in succeeding growing seasons. Native plants may easily invade the areas or
regenerate from muskeg soil applied during seedbed preparation, while outplanted woody stock

performance is also greatly enhanced.

There is also significant experience on the Lease 86/17 area in terms of establishing woody
plants on reclamation areas. This well established approach, which has evolved from experience,
will be continued. Thus, seedlings will be propagated from seeds and cuttings collected from the
Fort McMurray area. Outplanting periods are early spring and late summer depending on
logistics and availability of reclaimed areas. Planting of trees and shrub seedlings will be
undertaken as early as possible after soil reconstruction at a density of 2500 stems per hectare to
permit establishment of volunteer plants and provide adequate stocking of each species after

initial mortality.
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Maintenance activities will involve fertilization of revegetation areas, erosion repair as well as
control and reseeding of areas with poor performance. Fertilizer rates are determined from soil
tests and cover performance. Maintenance periods are expected to be 2-3 years for overburden

and 3-4 years for tailings sand.

To date, reclamation has focused on the completed areas of the lease, which consist of the dyke
surfaces and waste dumps. Reclamation activities planned between 1996 and 2020 will focus on
reclaiming the oversize dump, completed tailings plateaus and some smaller overburden dump
sites. Reclamation maintenance activities will continue for all previously reclaimed sites
including, where applicable, fertilizer application and infill tree planting. Muskeg salvaged as
part of the stripping operation will be applied as a soil amendment to available sites with surplus
being stockpiled for later use. Revegetation of surface areas and tailings sand slopes will
continue throughout 1996-2000. Revegetation of the various sites will immediately follow

reclamation of the areas.

4.2.2 Ecological Land Classification (ELC) Analysis for Undisturbed Areas

4.2.2.1 Regional ELC Analysis

A regional ecological land classification (ELC) map was produced using Landsat Thematic
Mapper (TM) satellite data together with field data from both the Suncor and Syncrude 1995
terrestrial field surveys and ancillary air photos. Data included 101 field transects supplied by
Suncor and 135 transects provided by Syncrude. Details of the approach used in this
development are given in Golder (1996¢). From these data, 16 classes representing vegetation,
landcover and landuse were derived using a maximum likelihood classifier approach and verified
using ground-truthing. The regional ELC map produced in this manner is shown on

Figure 4.2-1.

4.2.2.2 Local Study Area ELC Analysis

An ELC classification for the local study area (i.e., the Suncor EIA baseline study area) was

developed in a similar manner to the regional study approach, with the exception of the addition
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of a digital elevation model (DEM) into the classification. The DEM provided the basis for a
more sophisticated terrain analysis and the inclusion of variables, such as elevation, slope, aspect
and slope curvature to be included in the overall imagery classification. The local study area

ELC classification map is shown on Figure 4.2-2.

The first level in the ELC hierarchy is represenied by a terrain classification which was
undertaken using the DEM and ancillary air-photo interpretation. The following broad ELC
landform classes (or ecosections) were mapped primarily on the basis of elevation, physiography

and surficial materials:

e Riparian Floodplain

e Riparian Terraces

e Riparian Escarpment

e Midland Organic/Lacustrine Plain
e Midland Drainages

e Upland Organic/Lacustrine Plain

e Highiand Moraine

The second level of mapping ecosites involved the integration of digitized vegetation and soil
classification data within the broader landform data. These soils data have been mapped at
1:50,000 and also at 1:10,000 (CAN-AG Enterprises Ltd. 1996). Forestry data was mapped at a
detailed scale of 1:10,000 (EnviResource 1996).

The ecosite map was generated using these data sources, as well as field data collected in the
summer of 1995 (101 field transects). Fourteen ecosite classes were identified primarily on
vegetation types recognized from satellite image analysis; however, landform, soil and drainage

conditions were incorporated into the classification scheme to provide a more fully integrated

database.

1. Wetlands Open Water - Emergent Vegetation Zone
2. Wetlands Shrub Complex

3. Peatland: Closed Black Spruce Bog
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Peatland: Open Black Spruce Bog

Peatland: Black Spruce - Tamarack Fen

Closed Mixed Coniferous, Black Spruce Dominant
Closed Deciduous Forest

Closed Mixedwood

o % N s

Closed Mixedwood, White Spruce Dominant

10. Closed White Spruce

11. Closed Jack Pine

12. Closed Lodgepole Pine

13. Disturbed/Herb-Grass Dominant

14. Industrial/Sparsely-Vegetated (Primarily Lease 86/17)

The field data sites were used to guide the selection of larger homogeneous spatial elements that
were representative of a particular class. The resulting ELC vegetation classification was

subjected to an accuracy assessment.

4.2.2.3 ELC Analysis of the Proposed Revegetation Plan

Reclamation information was provided by Suncor in the form of detailed revegetation maps
based on a number of general reclamation prescriptions that Suncor has developed depending on
the site characteristics, soil treatments and intended long-term land use for a particular area. For
the purposes of maintaining a consistent mapping terminology and to allow reclamation to be
factored into the calculation of the net vegetation balance for the overall impact assessment,
Suncor’s reclamation vegetation classes were combined into the ELC vegetation classification.
A time-table was also developed to model the succession pathway of a reclamation vegetation
type from initial establishment through to a climax state according to the assumptions outlined in

Table 4.2-1.

The elements representing reclaimed vegetation types were evolved through the successional
time-table according to the reclamation and revegetation plan at an interval defined by the
scenario years of 1995, 2001, 2010, 2020 and long-term. The progression of mine development

and reclamation sequences is shown graphically in Figures 4.2-2 to 4.2-6.
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4.2.3 Sustainability of Revegetated Areas

4.2.3.1 Vegetation Development and Sustainability

Sustainability of the ecosystems developed on reclaimed oil sands landscapes is a primary
consideration in assessing the suitability of the reclamation plan. Since 1976, Suncor has
conducted programs to monitor the ecological development on its reclaimed sites. These
monitoring programs include, an annual Reclamation Monitoring Program run specifically to assess
herbaceous vegetation growth, as well as soil physical and chemical properties. Annual
assessments of tree and shrub survival and growth have been conducted in areas where known
numbers of seedlings were outplanted. Results of these annual programs are documented and

reported to Alberta Environmental Protection (AEP) in an annual C&R report.

Suncor recently summarized the results of its reclamation monitoring program within its February
1995 Application for an Environmental Operating Approval. Specific studies were initiated in
1995 to assess the vegetation and soil characteristics of reclaimed sand siructures, as well as natural
forested areas on the Suncor and Syncrude mining leases. The objective of these studies was to
determine the effectiveness of methods used to establish suitable vegetation species that control

erosion and develop into self-sustaining communities compatible with the surrounding ecosystems.

Summarized below are the results of the 1995 study, which was detailed within the report
“Vegetation Development and Sustainability on Reclaimed Tailings Sand Structures” (AGRA
1996¢).

o Most of the areas surveyed had originally been seeded to agronomic mixtures of grasses and
legumes. These species dominated the herb/ground cover, even in areas that were 20 or
more years old. Native herbaceous species were only common in areas that had not been
seeded to grasses and legumes. Pine and poplar were the dominant trees at Suncor, although
substantial areas with spruce trees were found. Willows, red-osier dogwood and caragana

were the dominant shrubs.,
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Vegetation development was projected over a 100 year period. Projections were estimated by
using the basic assumptions of growth characteristics of individual species and their
competitive interactions. During the first 50 years, tree communities will increase,
especially deciduous (poplar or aspen) dominated stands. Shrub communities are projected
to increase during the first 50 years, but then decline during the next 50 years due to shading
of the developing tree communities. Herb/ground communities are projected to develop into
native forb-dominated stands during the first 50 years, while nonvascular species (e.g.,
mosses) will increase throughout the 100 year projection period.

Characteristics of the reclaimed sites were compared -with those of nearby natural forest
stands. For most of the reclaimed sites, thickness’ of the surface organic layer ranged from
16 to 33 cm. However, in natural mixedwood forest stands, surface layers ranging in depths
between 14 and 22 cm were found. Whereas, in natural jack pine and aspen stands, the
average surface organic layer ranged between 2 to 4 cm. The litter layer of the natural stands
ranged from 2 to 8 cm, much higher than the maximum 1 cm found on reclaimed sites.
Rooting depth of herbaceous species at both the natural and reclaimed sites averaged close to
50 cm. With respect to species composition, there was little similarity between the
reclaimed sites and natural stands. The lack of similarity was most apparent for the
herbaceous species. The lack of similarity is attributed to the seeding of competitive grasses
and legumes on the older reclamation areas, a practice which has restricted the invasion of

native species. Sites that were not seeded were generally more similar to natural forests even

‘though they were younger than the seeded sites.

The number of tree stems per hectare was highest on sites reclaimed without seeding to
grasses and legumes. Numbers averaged 1500 to 3000 stems per hectare among non-seeded
sites, whereas, seeded sites averaged less than 1000 stems/ha. By comparison, natural forest
stands had from 1200 stems/ha (jack pine forest) to almost 5000 stems per hectare (spruce-
dominated mixedwood forests). The most obvious difference between the reclaimed and
natural forest stands was the relative areal cover of the various vegetation groups. Trees
accounted for 55 to 90% of the cover in the natural stands compared with an average of 20 to
30% in the best treed reclaimed areas (older non-seeded sites).

A comparison of vegetation cover among varying slope aspects at older seeded sites revealed
relatively few significant differences. Where differences did occur, the results generally

indicated better growth on the north to northeast aspect compared with southern aspects. A
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comparison of vegetation cover on Suncor’s TID revealed that the lower slopes had better
growth of trees, shrubs and native vascular species compared to the upper slopes, where
grasses and legumes tended to perform best. This is probably due to the lower slopes having
more favorable moisture conditions and deeper surface soil.

Site index tables developed for the forestry industry were used to predict future forest
productivity on the reclaimed slopes of tailings sand structures. Site indices and heights
were calculated for both natural (pre-mining) and reclaimed sites. Where possible, site
indices were also determined for sites seeded with cover crops versus those left unseeded, to
compare the influence of site preparation techniques on tree growth. Lastly, the indices for
natural and reclaimed sites were used to predict tree height at 20 year intervals for each of

the dominant tree species.

-~ Site indices for reclaimed sites at Suncor fell in the poor/fair/low class for all species
except white spruce, which was in the good classification. These indices were slightly
lower than those for natural sites, except for white spruce which was slightly higher.
Poplar had a good site index on unseeded sites in comparison with the poor/fair/low
index on seeded sections. This difference, however, may have been the resuit of site

conditions other than seeding versus non-seeding,.

—  Predicted forest growth calculated from site indices reflects the slower rate of growth
estimated for reclaimed sites. Trees in these areas would be expected to be slightly

smaller than similarly aged trees in the surrounding, native forest.

Vegetated species in reclaimed areas were evaluated on the basis of their long-term
sustainability. Most of the species were considered to have either a moderate or high
sustainability rating.

Wildlife habitat suitability was assessed by evaluating the usefulness of vegetation
communities for use as food or cover. Individual trees, shrub and ground cover species were
evaluated for suitability for seven wildlife species groups, including deer, moose, small
mamumals, furbearers, songbirds, game birds and raptors. Two key species were balsam
poplar and aspen, which were used for food, cover, or both by all seven species groups.

Fruiting shrubs (Saskatoon and chokecherry) were also imporiant for forage, as well as
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nesting habitat and escape cover. Although, many of the grasses are highly palatable, they
are used by relatively few species groups, mainly deer, moose and small mammals.

e Predicted vegetation communities for the year 2095 were used to make qualitative
assessments of habitat value, for three selected species groups: ungulates, birds and large
furbearers. Predicted habitat value at Suncor was high for all species groups across a
majority of the treed communities. Mixed deciduous and coniferous forests scored high for
all of the species groups examined, mainly because of the variety of food and cover niches
available in this community. Similarly, the mixedwood community had high value for most
of the wildlife species. Introduced species communities (e.g., Manitoba maple) and sparsely
treed units had lower ratings due to the unknown or lack of suitability of the introduced
(dominant) species and the lack of strata, respectively. As sparsely treed areas,
conifer/deciduous and deciduous communities are predicted to predominate on reclaimed

areas in the year 2095, future habitat value is expected to be good.

Another study conducted in 1995 at Suncor, involved an assessment of the potential impact of
forest fires on reclaimed areas. This study included components to examine potential impacts of
fires on erosion rates, as well as on the alteration of the vegetated community. The latter
component was designed to examine the available information concerning the reclaimed site and
vegetation conditions, and identify the impacts that wildfires of varying severity might have on
plant communities and site attributes, now and in the future. Fire weather data from nine weather
stations in the Fort McMurray area was analyzed to determine when, during the fire season, high
fire hazard conditions occurred. This was cross-referenced to historical records of fire “start dates”
within the Athabasca forest. The results of the vegetation assessment is detailed with the report
“The Effects of Fire on Reclaimed Sites of the Oil Sands Region of Alberta” (Silvacom 1996). The

results of this study are summarized below.

e High severity fires will have devastating effects on reclaimed sites, regardless of age. In all
cases, fire severity is determined by fuel condition. Dry fuel will burn until all fuel is
consumed. In the absence of soil organic layers there will be no plant growth for a long
period of time. However, there is only a low probability that any of the reclaimed sites (as
they now exist) will experience a high severity fire; fuel loading and fuel particle size are not

capable of producing fires that would not be easily controlled. Additionally, the density of
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the live plant tissue and the fact that most of the live surface fuels are “green” throughout the
period of greatest danger would contribute to “ease of control”. As these sites mature, soil
organic layers will thicken, tree canopies will close and downed and roundwood fuels will
dominate in the surface litter layer. As a result of these changes, control will become more
difficult and the probability of containing these fires burning under high hazard conditions
will be much lower. Due to the steepness of some of the slopes associated with some
reclaimed sites, soil erosion is likely in the absence of vegetation. '

o Moderately severe fires will likely have little effect on the stands and sites for which data is
available. Most plants are fairly resistant to burning or have protected tissue and will be able
to survive the effects of burning (or regenerate after it). Most reclaimed sites are small in

size or have adequate firebreaks. These two features will tend to reduce the ability of fires to
build up momentum, thus reducing the level of fire severity to be expected at these sites.
Soil erosion is not expected to be common after moderately severe fires. The frequency of
moderately severe fires will increase with time, largely due to the shift in larger fuel size
classes over time.

e Low severity fires will be the norm for reclaimed sites, should fires start on them within the
next 30 to 40 years. However, currently grasses and herbs dominate (most common ground
cover) on all reclaimed areas and the shrub cover in most sites is too low to have much of an

effect on fire behavior or severity. As these sites mature, the probabilify that fires will be

more severe increases.
4.2.4 Wetlands Sustainability

Reclamation areas on Lease 86/17 will include surface water drainage systems to collect and
channel water from the reclaimed area with eventual discharge to the environment. Eventually
there will be six drainage basins (Figure 4.2-7). The quality of water from these various sources
will vary from relatively high in surface runoff to DD water which is known to contain chemicals
of site origin. Within this drainage system, a treatment pond-wetlands system (e.g., constructed
wetlands) will be placed to ensure a high level of water quality before these drainage waters are

discharged to the receiving environment.
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Constructed wetlands offer an attractive alternative to conventional wastewater treatment

approaches by providing:

a self-sustaining treatment system utilizing natural microbial populations capable of

degrading complex chemicals with a large surge capacity;

e aflexible response to variable chemical loadings;

e anatural surge capacity for episodic rainfall events;

e aesthetically attractive vegetated areas which incorporate important ecological features, such
as small bird and mammal habitat; and

e atreatment system with relatively low capital and operating costs.

The wetlands area associated with Basin 1 will be developed first as a field scale demonstration
of the proposed reclamation drainage treatment system. The Basin 1 will receive water from the

following drainage areas:

e drainage and runoff from Pond 2/3 south dyke (e.g., DD water),

o runoff from Fee Lot 2, as collected in the area to the south of Pond 2/3;

o drainage from wetlands and other areas on the level tailings sand area to the south of Pond
2/3;

o runoff from Waste Area 5; and

e drainage running from the Lot 2 area south of Lease 86 and east of the Suncor access road.

Based on research on Lease 86/17 over the past four years, there is significant information
related to the ecological characteristics and sustainability of constructed wetlands and their
efficiency in processing process-affected oil sands wastewater. These treatment wetlands have
been used to treat process-affected oil sands wastewaters, such as DD water or CT release water.
Ecological data from this field research has indicated that these wetlands will function as viable
and productive ecosystems, although some aspects of their ecological characteristics will differ

from nearby natural wetlands (Nix et al. 1995).

The input of specific organic and inorganié chemicals to these wetlands will result in some

differences in the community structure of microorganisms and planktonic organisms compared
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with nearby natural wetlands. This difference would be expected since these constructed
wetlands are "treatment” systems and would logically show a biological response to inputs of
wastewaters. No response in biological structure would be evidence that the wetlands were not
transforming wastewaters into non-toxic effluent. For example, an acclimated bacterial
community could develop the capability to biodegrade many of the chemicals associated with oil
sands wastewater, such as ammonia, hydrocarbons and naphthenic acids (Nix et al. 1993). Rates
of bacterial respiration will be elevated when compared with nearby natural wetlands, indicating
an increase in overall bacterial numbers, and also indicating a positive response to the input of

chemicals (e.g., the initiation of biodegradation processes).

Nezxt in the level of complexity in the aquatic food web, are the planktonic communities, such as
phytoplankton (algae), which may show small reductions in diversity (e.g., taxa), but increases in
abundance, while zooplankton may show small decreases in both diversity and abundance (Nix
et al. 1994). However, there was no strong relationship between plankton richness and chemical
levels and any identified differences may have been due to indirect effects (e.g., decreased
oxygen levels) or general effects (e.g., increased total organic loading). In general, even if
differences in chemical concentrations were large, differences in planktonic community structure

between treatment (e.g., DD) wetlands and reference wetlands were small.

There were no substantial differences in the benthic invertebrate community (e.g., sediment
dwellers) between treatment and control wetlands; however, this result may have reflected the
small size of these experimental wetlands which did not allow exact comparisons with nearby
natural wetlands. Preliminary analysis of hydrocarbons within larval insects (chironomids) did
suggest that bioaccumulation of organic chemicals within these insect larvae may occur (Nix et
al. 1993). In terms of inorganic compounds, aluminum, iron and zinc tended to be higher in
emergent insects in the DD wetlands when compared with controls, however, these trends were

not statistically significant (Nix et al. 1994).

After construction of the wetlands, a macrophyte community (i.e., aquatic plants) was
established in both control and treatment wetlands. During treatment, a weak trend was shown
for hydrocarbon accumulation within cattail (Typha spp.) roots in the treatment wetlands. Metal

uptake into plant tissue was also demonstrated; however, metals were bioaccumulated to a
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greater extent into plants sampled from nearby "natural" wetlands (Nix et al. 1994). Aluminum
was elevated in macrophyte shoots of some treatment wetlands (e.g., those receiving DD)
compared with controls, although the difference was not statistically significant. In general,
there was no trend of increasing accumulation of chemicals with increasing loads to the system.
Overall, a thriving plant community was established in the treatment wetlands, although both the
growth and species diversity of aquatic plants was reduced slightly compared with control

wetlands and nearby reference wetlands.

In 1995, investigations at a higher level of the aquatic food web were initiated. In a scoping
experiment (Wolfe and Norman, as cited in Bishay and Nix 1996), mallard ducklings (4nas
platyrhynchos) were exposed to various CT and DD constructed wetlands. The principal route of
exposure during the study was by ingestion of water. After a period of four weeks, there were no
differences among treatment groups or between treatment and control groups in growth rates,
and there were no sign of gross organ pathology upon necropsy. All ducklings had moderate to
heavy body fat. After exposure to both DD and CT waters, there was no uptake of metals
sufficient to present a health risk to young mallards. Additionally, no uptake of PAHs was
observed through analysis of bile PAH metabolites.

In summary, there is no existing evidence of any substantial adverse impact on the ecology
within constructed wetlands used to treat oil sands wastewater (most research has utilized DD

water) and no evidence of any harmful impact on waterfowl.

4.2.5 Wildlife Habitat Scenario

This section of the report describes the foraging habitat use by wildlife and provides the basis of
the receptor exposure scenario used in the assessment of wildlife health risks. Values used to
represent the time spent foraging in each ELC by different wildlife species are general estimates
based on each species foraging preferences with consideration given to seasonal variation of
food availability and preference, residency (e.g., permanent, permanent but wandering over a
large area or migratory) and size of home range. General estimates of foraging time were based
on habitat preferences and diet outlined in the species accounts given for each wildlife species

used in the risk assessment (Appendix V). A summary of the estimated proportion of time spent
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foraging by individual wildlife species in each of the ELC vegetation classes is given in

Table 4.2-2.

Ruffed Grouse are primarily herbivorous, consuming 80% buds, leaves, flowers, seeds and fruit
and the remaining 20% of their diet consists of insects, spiders, snails and young vertebrates
(Ehrlich et al. 1988). Principal species of trees, shrubs and forbs consumed (e.g., buds, catkins,
fruits and leaves) include aspen, poplar, apple, grape, sumac, beech and alder (Johnsgard 1983).
Based on this information, the closed deciduous, aspen dominant vegetation class was considered to
be of the highest importance to Ruffed Grouse and the closed mixedwood vegetation classes were

considered to be of moderate importance based on the understory cover (e.g., shrubs producing

e
s, such as berries or buds). Other classes were considered to be less important,
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although this could be variable.

Mallards were evaluated primarily on the availability of water in any ecosite type, as summer
residents in the area who would likely rely primarily on wetlands food, such as invertebrates and

aquatic plants.

Moose wander widely (home ranges are thousands of hectares) and their diet varies depending
on nutritional requirements and food availability. For example, moose may spend time foraging
in wetlands or on wetlands margins feeding on aquatic macrophytes to meet sodium
requirements (Stelfox 1993) during warm months, and feed in upland areas, browsing on shrubs,
such as red osier dogwood and willow, during winter when browse is the only type of forage
available to them. Common forages for moose include a variety of tree and shrub species, fallen
leaves, bark, forbs, sedges and horsetail (Stelfox 1993). ELCs that do not support appropriate
forage species of plants were considered to be less important than ELCs where forage plants
were considered to be abundant. Given a moose’s capability to cover wide areas of land, it was
assumed that a given population might forage for significant amounts of time in a variety of

ELCs.
During summer, snowshoe hares feed on succulent vegetation and during winter, twigs, buds and
bark (Burt 1976). Summer foods include grasses, wildflowers (especially pea-family plants and

clover) and new leaves of aspen, willow and birch (Gadd 1995). In winter, they eat the leaves of
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plants that stay green, such as kinnikinnick and wintergreen, the twig-ends and buds of shrubs and
sometimes lichens (Gadd 1995). Based on this information the closed deciduous, aspen dominant
and closed mixedwood vegetation classes were considered to be most important as potential forage
areas for snowshoe hares, as these community types support appropriate food items. Based on
understory vegetation communities, other classes were considered to be of much less importance to

foraging hares.

Preferred foods for beaver include, the cambium layer of aspen, poplar, birch, maple, willow and
alder. Additionally, beaver feed on leaves, bark and small twigs and they will store branches and
small sections of logs underwater near their lodge (Burt 1976, Gadd 1995). They will also eat the
seeds of some water plants (Gadd 1995). Beaver are most likely to feed in habitat types which are
adjacent or near water. This factor was considered when estimating the proportion of time beaver
might spend feeding in each area. Vegetation classes considered to be of highest importance for
beaver include closed mixedwood and closed deciduous, aspen dominant classes. Some classes
were eliminated based on the absence of appropriate plant species for foraging and/or the distance

from open water.

American kestrel perch on high points to watch for potential prey items, such as small mammals
or large insects on or close to the ground. To be successful, these birds require relatively open
habitats to hunt in. Consequently, vegetation classes that would support prey items and were
also relatively open were considered to be of importance to foraging kestrels. Ranking highest
was the disturbed herb, grass dominant vegetation class, as it is both open and capable of
supporting small mammals, such as deer mice. Jack pine and the closed mixedwood vegetation
classes were also éonsidered important as they have relatively open understories where birds

may forage.

American robin primarily consume invertebrates and fruits (Ehrlich et al. 1988). They are
considered to be habitat generalists, using open and broken woodlands, forest edges along rivers,
lakes and natural openings and second growth in burnt or cut-over areas (Semenchuk 1992), as
well as moist forests, swamps, orchards, parks and lawns (U.S. EPA 1993a). Four vegetation
classes were considered to be of most importancé for foraging American robins and these

included: closed deciduous, aspen dominant; closed jack pine; and the two closed mixedwood
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classes. Less important classes included those which did not support vegetation that produced

berries, an important summer food for breeding robins.

Ermine primarily prey upon small mammals, such as voles and mice, but will also take ground
squirrels their own size and even young snowshoe hares (Burt 1976, Gadd 1995). They have been
known to climb trees and kill birds, and will readily swim and sometimes catch fish and may also
eat carrion (Gadd 1995). Ermine kill their prey, then usually carry it home to their burrow or to a
storage burrow nearby for consumption at a later date (Burt 1976, Gadd 1995). Ermine prefer
coniferous and mixed forests (Smith 1993). This species is more common in the north and less
common throughout the parklands and groveland areas (Smith 1993). Ermine could potentially

faraoe anvwhers t
age anywhere

for nywhere there are abundant prey (e.g., small mammals), however, they may choose areas
where burrow construction is most feasible. Wet areas and disturbed areas were considered less
important because burrow building may be more difficult in these habitat types and because

ermine appear to have a preference for more forested areas.

Deer mice are habitat generalists (Smith 1993) and given their relatively small home range size

(under 1 hectare) could hypothetically exist in

hyp 1 n BELC, uding the open water ecostte,

which includes habitat types along edges of wetlands capable of supporting mouse populations.
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5.0 RISK ASSESSMENT

As discussed in Section 4.1, there are numerous organic and inorganic chemicals associated with
the reclaimed landscape. These chemicals can exist in a variety of environmental media within
the landscape, including solids, water, air and biota. Thus, people and wildlife that use these
lands following reclamation may be exposed to oil sands related chemicals from a variety of
pathways. In addition, chemicals may be transported off-site to the Athabasca River by surface
runoff, groundwater and wind. Thus, aquatic biota within the Athabasca River may be exposed
to chemicals derived from the reclaimed landscape as might people and wildlife that use the

Athabasca River, downstream of the reclaimed landscape.

A preliminary human health and ecological risk assessment has been conducted to evaluate risks
from exposure of people and wildlife to chemicals associated with the reclaimed landscape. This
risk assessment was based on data collected up to January 1996; however the database of
information is rapidly expanding. Therefore, the results of this risk assessment are preliminary
in nature, but provide the necessary information to identify the most important exposure

pathways and chemicals of concern.

Risk assessment is a component of the integrated risk management process and its application
provides information about estimated health risks associated with exposure to chemicals present
at a site. The risk assessment framework used in this report is consistent with approaches
developed by Environment Canada (1994), Health Canada (1995) and U.S. EPA (1994) and
consists of three phases: Problem Formulation, Exposure and Effects Assessment and Risk
Characterization as shown in Figure 5.0-1. The objective of the first phase, Problem
Formulation, is to use risk assessment techniques to assist in developing and documenting a site-
specific conceptual model to be used in the Exposure and Effects Assessment phase. The results
of the Exposure and Effects Assessments are integrated to provide an estimate of risk in the Risk

Characterization phase.
Problem Formulation is the first phase in the risk assessment framework. In this phase the
geographical location, scope of the project and future plans for the site are outlined. Next, the

receptors, chemicals and exposure pathways of concern are identified and screened to focus the
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remainder of the assessment. It is this phase in which the goals, breadth and focus of the
assessment are established and communicated so that the results of the analyses will be useful to

those charged with making decisions about the suitability of the reclamation plan.

Considerable effort is expended during the Problem Formulation phase to thoroughly screen
chemicals, exposure pathways and receptors to identify the chemicals, pathways and receptors
that require further consideration in subsequent phases of the risk assessment. A conservative
approach is followed during these screening steps to ensure that the specific constituents and
exposure pathways that might contribute significantly to risk are included, while at the same
time removing from further consideration those exposure pathways and chemicals that are likely

to be insignificant or irrelevant to this specific assessment.

During the Problem Formulation phase, a focused understanding of the site is developed and
working hypotheses are defined and illustrated in the Conceptual Model. The Conceptual Model
forms the basis for subsequent phases of the risk assessment. The ultimate goal of the Problem
Formulation phase is to develop a site-specific Conceptual Model that illustrates how chemicals
of potential concern may reach specific receptors, thus potentially creating risk to the receptor,

and how risk is to be evaluated.

Risk Analysis involves two discrete components: Exposure Assessment and Effects Assessment.
Exposure Assessment is the process of characterizing concentrations or doses, duration,
frequency and routes of exposure for the chemicals of potential concern and for all pertinent
exposure pathways. Effects Assessment is the process of assembling information on chemical
exposure conditions that cause particular effects and developing exposure limits based on
preventing effects or minimizing them to levels deemed to be acceptably low by regulatory
agencies. For humans, Effects Assessment is often based upon daily exposure limits developed
primarily by regulatory agencies such as Health Canada or the U.S. EPA for each of the
chemicals of concern. For wildlife, Effects Assessment is based on a literature review to help

develop exposure limits from animal studies.

Risk characterization is the iniegration of information from the Exposure and Effects

Assessments. It involves a quantitative comparison of estimates of exposure to the exposure
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limit of the chemicals of potential concern. This information along with findings from other
field and laboratory investigations are integrated, using a weight-of-evidence approach, to assess
whether the site poses a significant health risk to people or wildlife. Risk Characterization also
identifies and discusses sources of uncertainty, possible impacts of these uncertainties on the

results, and how uncertainties are handled (i.e., conservatism).

5.1 Local On-Site Effects
5.1.1 Problem Formulation

The objective of the Problem Formulation phase of a risk assessment is to develop a focused
understanding of how chemical releases from the site might contribute to health risks for people
or wildlife that might use the reclaimed landscape. This is achieved by characterizing the
setting, both physically and from a regulatory perspective, by identifying the wildlife and human
activity that is expected to occur on-site, by focusing on the chemicals that are present at
concentrations that may be hazardous and identifying the important chemical exposure
pathways. The outcome of the Problem Formulation phase is a list of chemicals of potential
concern and a qualitative Conceptual Model of the exposure pathways to be considered in the
quantitative risk analysis portion of the risk assessment. In the case of ecological health, the
Conceptual Model also includes statements about the ecosystem under consideration and the

relationship between assessment and measurement endpoints (U.S. EPA 1994),

As discussed above, the Problem Formulation is the critical initial phase of the risk assessment

and is conducted by completing three major steps as illustrated in Figure 5.1-1:

1) Preliminary Considerations
2) Screening Process

3) Development of the Conceptual Model
The geographical location, the scope of the problem, regulatory context and remediation plans

are outlined in the Preliminary Consideration step. Next, the chemicals, exposure pathways and

wildlife sub-populations of concern are identified and screened to focus the remainder of the
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assessment. This is a critical step since the existence of risk at any site is based on three
components, as illustrated in Figure 5.1-2: i) chemicals must be present at hazardous
concentrations; ii) people or wildlife must be present; and, iii) pathways must exist for the
chemicals to migrate from the source to the receptor. In the absence of any one of the three

components outlined in Figure 5.1-2, health risks cannot occur.

As discussed above, the product of Problem Formulation is the development of a site-specific
Conceptual Model, which is qualitative in nature, and provides both the basis for and guidance to

conduct the quantitative risk analysis phase.

Suncor’s development is located on the Athabasca River near Fort McMurray in northeastern
Alberta (Figure 1.0-1 and 1.0-2). Oil sands, which are a mixture of sand, clay, water and
hydrocarbons in the form of bitumen, occur naturally in the area in seams of varying thickness.
The oil-rich sand is excavated to produce high-quality, synthetic crude oil. However, the
extraction process generates large volume of tailings, consisting of water, sand and fine clay
particles, along with small quantities of unexiracted bitumen. The tailings are hydraulically
transported and deposited in tailings ponds, where the sand particles settle out and form a beach.
The fine particles (<22 pm), on the other hand, remain in suspension in the water and accumulate
in the ponds, eventually forming "mature” fine tails (MFT) with an average solids content of

30% by weight.

As of December 1995, MFT has been stored in ponds on Lease 86/17. Reclamation of these
ponds involves dewatering MFT using a mixture of sand and gypsum and incorporating the
resulting CT into various mined-out pits.” This chemical treatment results in rapid dewatering
such that a trafficable surface can be established within several years of treatment, as opposed to

the hundreds of years (or more) required for natural consolidation of MFT.
The ultimate reclamation of the Suncor mine site is governed by AEP and Alberta Energy and
Utility Board (AEUB). These regulatory authorities require that the reclaimed mine site

achieves a level of biological capability approximating the original undisturbed condition
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(AEP 1995). In addition, the reclaimed site must, over a reasonable period of time, develop into
a normal, healthy ecosystem that can maintain itself without further human intervention. The
health of organisms supported by the ecosystem must not be impaired by tailings chemicals, and
movement and/or cycling of water and nutrients must eliminate the need for further additions or
interventions. In addition, any potential for both short-term and long-term off-site impacts must

be mitigated in the reclamation design.
Details of the operating and reclamation plan are given in Section 2.0.

5.1.1.2 Chemical Screening

The objective of screening chemicals is to focus the list of chemicals measured in various media
(e.g., water, soil) to those chemicals that may be a concern because of their concentrations on-
site and their potential to adversely affect people or wildlife. This list of chemicals of potential
concern is used to assist in wildlife receptor and pathway screening, and the chemicals identified

here are carried forward into the Risk Analysis phase.

The screening process used for both the human health and ecological risk assessments followed a

methodical, step-wise process as shown schematically in Figure 5.1-3 and outlined in detail

below. Detailed screening tables are presented in Tables 5.1-1 to 5.1-27.

Site-specific data were collected, evaluated and appropriate concentrations were selected for the
screening process. For this assessment, the maximum concentrations measured were selected as
a conservative estimate of the chemical concentrations. This step is identical for both human and

wildlife health assessments.

Water - Three primary types of process-affected reclamation waters were screened: dyke

drainage (DD) water, CT release water and Plant 4 Tailings Sand Water (Table 4.1-2).
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DD water consists of process-affected water that is entrained in the coarse sand tailings that are
used to form some or all of the dykes surrounding tailings ponds 1/1A, 2/3, and 4. DD water
quality data are available from composite samples collected from the TID collection system
(ID: RW 127). These samples are assumed to be representative of water that will seep from
sand dykes structures associated with the reclaimed landscape. In addition, one area of particular
concern with respect to tailings sand is the quality of seepage water associated with Plant 4
tailing sand. This tailings sand is beached in Pond 1 resulting in a large area of exposed tailings
sand. Raw tailings from Plant 4, Beach #2 contain a wider range of PAHs, and generally higher
concentrations than those present in most other TID water and, thus, represents worst case
concentrations for dyke seepage water. Quality of Plant 4 tailings seepage waters are based on
groundwater samples (iD: RG 088 and RG 089) and Plant 4 tailings water (ID: ES504203-02,

Beach #2).

Samples of CT release waters were obtained from laboratory and field experiments conducted by

Suncor and Syncrude in 1995:

e Suncor’s 1995 CT field trial experiments - Pit 1 without nutrients, static pit (RW 163);
e Suncor’s 1995 CT field trial experiments - Pit 2 without nutrients (RW 164);

e Suncor’s 1995 CT field trial experiments - Pit 3 with nutrients (RW 162);

e  Suncor’s 1996 pilot CT study (1219 and PD 5); and

e Syncrude’s 1995 CT laboratory flume test experiment (CT 900; CT 1400).

Background water quality data used in this assessment included water samples that were
collected in the Athabasca River upstream of Lease 19 and water samples collected in the
tributaries of the Athabasca River within or adjacent to Lease 86, 17, 97 and 19 (i.e., Steepbank
River, Leggett Creek, McLean Creek and Wood Creek).

Soil - Two types of process-affected solid-phase material were screened: CT and tailings sand.
Only limited solid-phase CT data are available: (1) a low gypsum CT sample from Suncor’s
1995 CT field trial experiments and (2) a sample from Syncrude’s 1995 CT laboratory flume test

experiment (Table 4.1-1). Background soil data were represented by two samples: (1) an
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overburden clay shale from Syncrude’s site and (2) muskeg soil from Suncor’s Lease 86

(Table 4.1-1).

Wetlands Plants - The uptake of organic and inorganic chemicals into wetlands plant species has
been investigated by analyzing cattail, bulrush and reed canary grass tissues grown in a variety

of soils (Table 4.1-3).

Alberta Environment examined the uptake of inorganic chemicals from acid/lime CT into cattail
and reed canary grass leaves and stems (Xu 1995, 1996) and these data were used for screening
against wildlife species. Two plant species (reed canary grass and cattails) were grown in two
kinds of engineered tailings (freeze-thaw and acid-lime treated tailings) under greenhouse
conditions at the Alberta Environmental Centre, Vegreville. The residue data from plants grown
on CT were used as a basis for chemical screening of plant tissue that might be consumed by
wildlife species. The maximum of the mean residue concentration data reported were used for

screening.

As part of the constructed wetlands performance assessment, Nix et al. (1994) studied the uptake
of oil sands related inorganic chemicals into cattail and bulrush shoots. They reported mean
metal residue concentrations for shoots of bulrushes and cattails grown in three types of
constructed wetlands including: (1) experimental control (i.e., surface ruﬁoff from a nearby
lake); (2) DD water (i.e., seepage water from tailings ponds dykes); and, (3) Pond 1A recycle
water (i.e., water from surface of a tailings pond). Data were also collected from plants within a
reference wetlands (Shipyard Lake) located on Fee Lot#3 and Lease 25. Residue data from
plants grown in DD water and Pond 1A recycle water were used as a basis for chemical
screening of plant tissue that might be consumed by wildlife species. The residue data from the
experimental control and the reference wetlands were used to represent background data. The
maximum of the mean residue concentration data reported for each type of wetlands were used

for screening.

In addition, Syncrude (unpublished data) investigated the uptake of inorganic and organic
chemicals into cattails from growing in fine tails. The maximum residue concentration data

reported were used for screening.
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Terrestrial Plants - No data were available for terrestrial plants that might be ingested by
humans. Sandbar willow and balsam poplar are found in both upland and wetlands conditions
and both will be present in the reclaimed landscape. Data on the uptake of inorganic chemicals
into these two species grown in acid/lime treated tailings are presented in Table 4.1-4 (Xu 1995,
1996). These data serve as a conservative surrogate to plants grown in CT (no data are available)
as it is expected that for most trace metals, mobilization is higher in acid/lime treated tails than
in gypsum-treated tails because of the lower pH associated with the acid/lime treatment. Two
plant species (willow and poplar) were grown in acid-lime treated tailings under both field and
greenhouse conditions at the Alberta Environmental Centre, Vegreville. The residue data from
these plants grown on CT were used as a basis for chemical screening of plant tissue that might
be consumed by wildlife species. For comparison, residue data from plants on Erskine topsoil
and a clean agricultural soil, were used to represent background data. The maximum of the mean

residue concentration data reported were used for screening.

Animals - Wolfe and Norman (as cited in Bishay and Nix 1996) conducted a scoping and
feasibility study on the uptake of water-borne chemicals by ducklings exposed via the
constructed wetlands. The objective of the study was to determine the toxicity of CT and DD
water to mallard ducklings exposed via effluent in artificial wetlands reclamation ponds
compared to experimental controls exposed to untreated water and to natural wetlands. In
addition, tissue metal analysis was conducted for duckling livers. The duckling liver chemical
data obtained from this study were used in chemical screening as a surrogate for wild game
tissue that might be consumed by humans. It is recognized that liver is not the most appropriate
tissue for screening metals since metals tend to accumulate in other tissues. However, these
were the only data available and comparison between liver and other tissues from bison indicated

that the liver contained the highest metal concentrations.

Pauls et al. (1995) reported residue concentrations for adipose, skeletal muscle and liver tissue
from a female bison, which had been held on the toe berm pasture (an area consisting of tailing
sand with a 50 cm cap), and which died of injuries from handling. The liver sample was
analyzed for various PAHs and adipose, muscle and liver tissues were analyzed for trace metals.

In general, concentrations of metals in liver tissue were higher than those in other tissues and
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therefore were used in chemical screening as a surrogate for wild game tissue that might be

consumed by humans.

Fish - Fish tissue data were obtained from walleye, goldeye and longnose sucker collected from
the Athabasca River during spring and summer of 1995 and were analyzed for PAH/PANH,
alkylated PAH/PANH and trace metals (Golder 1996b). These data were considered to be
representative of baseline conditions. In addition, tissue analysis were performed on walleye and
rainbow trout held in 10% TID water in the laboratory and these data were considered to
represent a worst-case exposure scenario (HydroQual Laboratories 1996). Maximum

concentrations were used for screening purposes.

Background fish tissue data were obtained from laboratory experiments in which walleye and
rainbow trout were exposed to Athabasca River water collected upstream of the site (HydroQual
Laboratories 1996). The fish tissue samples were analyzed for PAH/PANH, alkylated
PAH/PANH and trace ICP metals.

Aquatic Invertebrates - Nix et al. (1995) investigated the use of constructed wetlands as a
method of treatment of oil sands wastewater. In that study, metal residue concentrations were
reported for benthic invertebrates and emergent insects from two types of constructed wetlands
including: (1) experimental control (i.e., surface runoff from a nearby lake), (2) DD water (i.e.,
seepage water from tailings ponds dykes). Reference data were also collected from a reference
drainage ditch. Residue data from invertebrates found in the DD water were used as a basis for
chemical screening of prey tissue that might be consumed by wildlife species (e.g., mallard).
Residue data from the experimental control, natural wetlands and a reference drainage ditch were

used as background data. The maximum residue concentrations were used for screening.
Air - Ambient air quality data in the local and regional study areas are summarized by Bovar

(1996a) and predicted changes associated with air emissions for Suncor, Syncrude and Solv-Ex

are given in Bovar (1996b).
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EOPLE

Sten 2: Compile Relevant Environmental Criteria and Select Screening Level Criteria;

Human health criteria were compiled from various published sources and used to identify
Screening Level Criteria (SLC). Each chemical identified in Step 1 and measured at
concentrations above the analytical detection limit was compared to the SLC as outlined below.
Chemicals for which SLCs were lacking were grouped according to their structure,
physiochemical and toxicological properties. Groupings and rationale are presented in

Appendix I1.

Water - Drinking water criteria included:

e Health and Welfare Canada (HWC) Guidelines for Canadian Drinking Water Quality.
Maximum Acceptable Concentration (HWC 1993);

e U.S. EPA’s (U.S. Environmental Protection Agency) Maximum Contaminant Level for

Drinking Water for Humans (U.S. EPA 1993b); and
e BC Environment (BCE) Water Quality Criteria. Ambient Criteria. Drinking Water (BCE

1994).

The lowest value of the three above criteria was used as the SLC for chemicals in drinking water

(Table 5.1-1).
Soil - Soil quality criteria for residential soils included:

e Canadian Council of Ministers of the Environment (CCME) Interim Canadian

Environmental Quality Criteria_for Contaminated Sites. Remediation Criteria for Soil.
Residential/Parkland (CCME 1991);

e Alberta Environment Albeﬂa Tier I Criteria_for Contaminated Soil Assessment and

Remediation (Alberta Environment 1990); and

e BC Environment (BCE) Criteria for Managing Contaminated Sites in British Columbia. Soil
Numerical Criteria. Residential (BCE 1995).
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The lowest value of the three above criteria was used as the SLC for chemicals in soils

(Table 5.1-2).
Meat - No pertinent criteria were located for screening chemicals in meat.

S : Comparison of Observed Backeround Concentrations L

The Suncor site is located in a unique environment, having near-surface pools of naturally
occurring petroleum hydrocarbons. Therefore, background concentrations of some petroleum-
derived chemicals would be naturally high in this region in comparison to other areas of Alberta.
Site-specific background concentrations of chemicals are important in defining those chemicals in

which exposure-point concentrations may increase as a result of site reclamation.

Observed background concentrations were compared to SLC (as defined in Step 2) to determine the
relevance of regulatory criteria for this unique site. If the observed background concentrations fell
below the SLC, then the criteria were considered to be appropriate for the site. If an observed
background concentration was greater than the SLC, then the applicability of the criterion was
further discussed as part of the risk characterization (for those chemicals retained for Risk
Analysis). Chemical detection limits were also reviewed at this stage. If a chemical detection limit
exceeded the SLC, then the chemical was identified and the implications were further discussed as

part of the risk characterization (for those chemicals retained for the Risk Analysis).

Water - Concentrations of aluminum, iron, manganese and phosphorus in Athabasca River and
reference tributaries exceeded the SLC for drinking water (Table 5.1-3). Several chemicals,

including benzo(a)pyrene, phosphorus and uranium, had chemical detection limits above the SLC

for water.

Soil - Concentrations of one inorganic (arsenic) and several organics (dibenzothiophene group,
naphthalene group and phenanthrene group) in overburden exceeded SLC for soils; however,
chemical concentrations in muskeg did not exceed SLC (Table 5.1-4). Arsenic was the only

chemical that had a chemical detection limit above the SLC for soil.
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Step 4: Comparison of Maximum Observed Concentration to SL.Cs:

If the concentration of a chemical exceeded its SLC, or if there was no SLC for a particular
chemical, then the chemical was retained for further analysis and carried forward to Step 5. If
the concentration of a chemical did not exceed the SLC, then the chemical was eliminated from

further consideration.

Water - The following chemicals exceeded SLCs for drinking water and were carried forward to

the next screening step (Table 5.1-5):

benzo(a)anthracene group benzo(a)pyrene group aluminum
cadmium chloride iron
manganese molybdenum phosphorus
sodium sulphate vanadium

The following chemicals did not have any relevant criteria to determine a SLC for drinking water

and were carried forward to the next screening step:

acenaphthylene acenaphthene group bcnzo(ghi)perylene
biphenyl dibenzothiophene group fluorene group
fluoranthene group naphthalene group phenanthrene group
pyrene quinoline group naphthenic acids
2,4-dimethylphenol ammonia calcium

cobalt lithium potassium

silicon strontium tin

zirconium

Several chemicals, including benzo(a)pyrene, ethylbenzene and uranium had chemical detection

limits above the SLC for water.
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Soils - The following chemicals exceeded SLCs for residential soils and were carried forward to

the next screening step (Table 5.1-6):

benzo(a)anthracene group benzo(a)pyrene group benzo(b&k)fluoranthene
dibenzothiophene group fluorene group fluoranthene group
naphthalene group phenanthrene group pyrene

The following chemicals did not have any relevant criteria to determine a SLC for residential

soils water and were carried forward to the next screening step:

bipheny! group aluminum calcium

iron magnesium manganese

Arsenic was the only chemical that had a chemical detection limit above the SLC for soils.

tep 5: mparison of Observed Chemical Concentrati Backeround Values:

The maximum chemical concentrations observed in environmental medium (i.e., water, soil, meat)
were compared to background levels. If the maximum chemical concentrations measured at the
site were less than or equal to maximum concentrations measured in background samples, then
these chemical concentrations were assumed to be natural in origin and typical of the area and were

removed from any further chemical screening.

Water - The maximum concentrations of the following chemicals exceeded background

concentrations and were carried forward to the next screening step (Table 5.1-7):

acenaphthylene acenaphthene group benzo(a)anthracene group
benzo(a)pyrene group benzo(ghi))perylene biphenyl
dibenzothiophene group fluorene group fluoranthene group
naphthalene group phenanthrene group pyrene

quinoline group naphthenic acids 2,4-dimethylphenol
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ammonia cadmium calcium
chloride cobalt iron

lithium manganese molybdenum
phosphorus potassium silicon
sodium strontium vanadium

The following chemicals did not have any relevant background data for surface water and were,

thus, carried forward to the next screening step:

tin : zirconium

Soils - The maximum concentrations of the following chemicals exceeded background

concentrations and were carried forward to the next screening step (Table 5.1-8):

benzo(a)anthracene group benzo(a)pyrene group benzo(b&k)fluoranthene
biphenyl group dibenzothiophene group fluorene group
fluoranthene group naphthalene group phenanthrene group
pyrene

Meat - The maximum concentrations of the following chemicals exceeded background

concentrations in meat and were carried forward to the next screening step (Table 5.1-9):

barium chromium copper

lead nickel

Risk-Based Concentrations (RBCs) for the ingestion of tap water, residential soils and fish are
available from U.S. EPA’s Region III Risk-Based Concentration Table (Smith 1995). In this step,
the maximum chemical concentrations measured in release waters, reclamation materials and meat
were compared to the RBCs. If the maximum concentration of a chemical exceeded the RBC or if

a RBC was not available, then the chemical was retained for further analysis. If the RBC was not
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exceeded, then the chemical was eliminated from further consideration. The RBCs used here are
based on the assumption that people will drink the source water, ingest soils and meat on a daily

basis, 350 days per year for 30 years.

Water - Concentrations of the following chemicals exceeded RBCs for drinking water and were

carried forward to the next screening step (Table 5.1-10):

benzo(a)anthracene group benzo(a)pyrene group ammonia

chloride manganese molybdenum

The following chemicals were retained because RBCs were not available:

naphthenic acids calcium iron
phosphorus potassium silicon
sodium sulphate zirconium

Soil - Concentrations of the following chemicals exceeded RBCs for residential soils and were

carried forward to the next screening step (Table 5.1-11):

benzo(a)anthracene group benzo(a)pyrene group

Meat - Concentrations of the following chemicals in duck and bison liver exceeded RBCs for

consumption of meat and were carried forward to the next screening step (Table 5.1.12):

copper -manganese

The following chemicals were retained because RBCs were not available:

calcium ' iron magnesium
phosphorus potassium silicon
sodium sulphur titanium
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ten 7: Substance is Essentially Non-Toxic Under Environmental ure Scenarios:

Certain constituents may be eliminated from further consideration based on their importance as a
dietary component, status as an essential nutrient, or general lack of toxic effects at the measured
concentrations. Calcium, magnesium, potassium, iron and sodium can generally be eliminated
from an evaluation at the screening stage based on dietary and nutritional status (U.S. EPA

1989a).

Although considered an odour nuisance at low concentrations in water, ammonia is not

considered a human health concern via the ingestion pathway (HEAST 1995).

Chloride is an essential nutrient for humans functioning to ensure the proper fluid-electrolyte
balance. Further, ingestion of chloride in drinking water is a relatively minor contributor of
chloride compared to intake from other sources such as food (CCREM 1987). Therefore, health
implications with respect to chloride are not considered to be significant. The main
consideration regarding chloride is preveniion of undesirabie taste in water and water-based
beverages. Given that chloride is essential for human health, chloride was eliminated from

further consideration.

Phosphorus is a natural element that may be removed from igneous and other types of rock by
leaching or weathering (CCREM 1987). Environmental concentrations in western Canada range
from 0.003 to 3 mg/L for total phosphorus NAQUADAT 1985). Concentrations in waters at the
site ranged from 0.006 to 0.43 mg/L (Table 4.1-2). Given that phosphorus occurs naturally and
that concentrations at the site fall within concentrations reported for western Canada,

phosphorus was eliminated from further consideration.
Silicon is insufficiently bioavailable to be absorbed following intake and is also considered

biologically inert (HSDB 1995), therefore, it is considered non-hazardous for the purpose of this

assessment and eliminated from further evaluation.
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Soluble sulphate salts of sodium, magnesium, potassium, lithium, etc. are rather slowly absorbed
from the alimentary tract. The amount of sulphate anion usually absorbed has no toxicological
significance (Gosselin et al. 1984); therefore, it is considered non-hazardous for the purpose of

this assessment.

Most zirconium compounds in common use are insoluble and considered inert (Sax 1975). The
limited toxicity data available suggest that zirconium is considered toxic via inhalation, however;
it does not appear to be a human health concern via the ingestion pathway (Gough et al. 1978).

Therefore, zirconium was eliminated from further consideration.

tep 8: List of Chemicals of Potential Concern following Chemical Screening:

The chemical screening process incorporated several conservative assumptions to ensure that

chemicals of potential concern would not fall through the screening process:

e The maximum recorded concentration of each chemical was used.

¢ No chemical-fate processes were incorporated into this screening. These processes would
substantially reduce chemical concentrations prior to exposure (e.g., dilution by Athabasca
River).

e SLCs were based on published criteria that are designed to prevent any adverse health
effects.

o If no SLC were available for a chemical, it was retained and carried forward to the next
chemical screening step.

o RBCs were based on extremely conservative exposure scenarios (e.g., assuming that people

drink untreated operational and reclamation waters 350 days of every year for 30 years).
Considering all of the above protective assumptions, chemicals that are retained for further

analysis after this screening are ones that require further investigation and do not necessarily

pose a risk to people’s health.
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Water - Based on this screening, the following chemicals were identified as ones that required
more detailed investigation with respect to people who might drink waters derived from the

reclamation landscape (Table 5.1-13):

benzo(a)anthracene group benzo(a)pyrene group manganese

molybdenum naphthenic acids

It is important to emphasize that this screening process was restricted to chemicals related to
Suncor’s operations. Other chemicals, such as chlorinated organics derived from pulp mills, were
not investigated here because Suncor is not a source for these chemicals. In addition, there are
natural hazards such as bacteria and viruses, associated with the river water that pose a health

hazard to people who drink untreated river water.

Soil - Based on this screening, the following chemicals were identified as ones that required
more detailed investigation with respect to people who might ingest soils derived from the
reclamation landscape (Table 5.1-13):

benzo(a)anthracene group benzo(a)pyrene group

Meat - Based on this screening, the following chemicals were identified as ones that required
more detailed investigation with respect to people who might ingest soils derived from the
reclamation landscape (Table 5.1-13):

copper manganese

WILDLIFE LTH

A similar, methodical step-wise screening process was applied to identify chemicals of potential

concern that might affect the health of wildlife drinking water from the Athabasca River

downstream of Suncor’s operations.
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This is identical to that described above for screening chemicals against human health criteria.
Step 2: ile Relevant Environmental Criteria and Select SLC:
Water - Pertinent drinking water criteria included:

e Canadian Council of Resource and Environment Ministers (CCREM) Water Quality
Guidelines. Guidelines for Livestock Drinking Water Quality (CCREM 1987); and,

e BC Environment (BCE) Water Quality Criteria. Ambient Criteria. Wildlife and/or
Livestock (BCE 1994).

The lowest available value of the two criteria was chosen as the SLC for wildlife species for

ingestion of water (Table 5.1-14).
Soils - Pertinent soil quality criteria included:

e Canadian Council of Ministers of the Environment (CCME) Interim Canadian
Environmental Quality Criteria for Contaminated Sites. Remediation Criteria for Soil.
Agricultural (CCME 1991);

e Alberta Environment Alberta Tier I Criteria for Contaminated Soil Assessment and
Remediation (Alberta Environment 1990);

e BC Environment (BCE) Criteria for Managing Contaminated Sites in British Columbia. Soil
Numerical Criteria. Agricultural (BCE 1995); ,

e Ontario Ministry of Environment and Energy (OMEE) Rationale for the Development of
Generic Soil, Groundwater and Sediment Criteria for Clean-up of Contaminated Sites.

Surface Soil and Groundwater Clean-up Criteria. Agricultural Land Use (OMEE 1994).

The lowest value of the four above criteria was used as the SLC for wildlife for ingestion of

solid-phase materials (Table 5.1-15).
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Step 3: Comparison of erved Backeround Concentrations to SLC:

Water - The chemical concentration of aluminum in the Athabasca River exceeded the SLC;

chemical concentrations in the reference tributaries did not exceed the SLC (Table 5.1-16).

Soil - The chemical concentration of several organics (dibenzothiophene group, naphthalene group,
phenanthrene group and pyrene) in overburden exceeded the SL.C; chemical concentrations in the

muskeg did not exceed the SLC (Table 5.1-17).

Step 4: Co son_of Maximu bserved Concentration to SLCs:
Wotor . The fn"nv&r;nn chemicale eveeeded the T or Adrinkinge water cnnnlice and were carried
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forward to the next screening step (Table 5.1-18):

molybdenum potassium sulphate

vanadium

The following chemicals did not have SLCs and were carried forward to the next screening step:

acenaphthene group acenaphthylene benzo(a)anthracene group
benzo(a)pyrene group benzo(ghi)perylene biphenyl
dibenzothiophene group fluorene group fluoranthene group
naphthalene group phenanthrene group pyrene

quinoline group naphthenic acids ethylbenzene
xylenes 2,4-dimethylphenol ammonia
antimony ~ barium chloride

cyanide iron magnesium
manganese phosphorus silicon

sodium strontium tin

titanium zirconium
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Soil - The following chemicals exceeded the SLC for agricultural soils and were carried forward

to the next screening step (Table 5.1-19):

benzo(a)anthracene group benzo(a)pyrene group benzo(b&k)fluoranthene
dibenzothiophene group fluorene group fluoranthene group
naphthalene group phenanthrene group _ pyrene

The following chemicals did not have SLCs and were carried forward to the next screening step:

aluminum calcium iron
magnesium manganese
Step 5: Comparison of Observed Chemical Concentrations to Background Values:

Water - The maximum concentrations of the following chemicals exceeded background

concentrations and were carried forward to the next screening step (Table 5.1-20):

acenaphthylene acenaphthene group benzo(a)anthracene group
benzo(a)pyrene group benzo(ghi)perylene biphenyl
dibenzothiophene group dibenzothiophene group fluorene group
fluoranthene group naphthalene group phenanthrene group
pyrene quinoline group naphthenic acids
ethylbenzene xylenes 2,4-dimethylphenol
ammonia antimony cadmium

barium chloride cyanide

iron magnesium manganese
molybdenum phosphorus potassium

silicon sodium strontium

sulphate titanium vanadium

The following chemical did not have any background water data available and were carried forward

to the next screening step:
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tin zirconium

Soils - The maximum concentrations of the following chemicals exceeded background soil

concentrations and were carried forward to the next screening step (Table 5.1-21):

benzo(a)anthracene group benzo(a)pyrene group benzo(b&k)fluoranthene
dibenzothiophene group fluorene group fluoranthene group
naphthalene group phenanthrene group pyrene

rrestrial Planis - There were a lack of appropriate background data for terrestrial plants,
therefore, chemical screening was not completed for terrestrial plants. Inorganic residue data from
plants grown in clean agricultural soils were available; however, these soils are not representative

of soils that naturally occur with the site area.

Emergent Wetlands Plants - The maximum concentrations of the following chemicals exceeded
background concentrations in bulrush and cattail shoots and were carried forward to the next

screening step (Table 5.1-22):

aluminum barium boron
lithium mercury nickel
phosphorus sodium strontium

Benthic Invertebrates - The maximum concentrations of the following chemicals exceeded
background concentrations in benthic invertebrates and were carried forward to the next screening

step (Table 5.1-23):

copper 7inge

Emergent Insects - The maximum concentrations of the following chemicals exceeded
background concentrations in emergent insects and were carried forward to the next screening step

(Table 5.1-23):
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barium titanium

Chironomid Larvae - The maximum concentrations of the following chemicals exceeded
background concentrations in chironomid larvae and were carried forward to the next screening

step (Table 5.1-23):

cadmium iron lead

RBCs were calculated for water, soils, plants and prey, and were based on the method by Opresko
et al. (1994) and chronic No-Observed-Adverse-Effect Levels (NOAEL) derived from the
toxicological literature (Appendix III). In general, adverse effects are observed at levels ten times
greater than the NOAEL,; therefore, an RBC based on a chronic NOAEL is considered to be

conservative (Opresko et al. 1994).

Water - The following chemicals were retained for further analysis because no RBC was available

(Table 5.1-24):

naphthenic acids ammonia chloride
magnesium phosphorus potassium
silicon sodium sulphate
tin

Soils - Concentrations of the following chemicals exceeded RBCs for soils and were carried

forward to the next screening step (Table 5.1-25):

benzo(a)pyrene group
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Terrestrial Plants - For a chemical to be of concern at the site, there must be a source for that
chemical. Given that no inorganic chemicals exceeded background or criteria for soils and only a
few inorganics exceeded background or criteria for water, it is not expected that the reclaimed soils

would be a source for metals. Therefore, chemical screening was not done for terrestrial plants.

Emergent Werlands Plants - Concentrations of the following chemicals exceeded RBCs for plants

and were carried forward to the next screening step (Table 5.1-26):

aluminum arsenic cadmium
molybdenum nickel strontium
thallium uranium vanadium
zirconium

The following chemicals were retained for further analysis because RBCs were not available

(Table 5.1-26):

calcium chloride iron
sodium tin thorium
titanium

Benthic Invertebrates - Concentrations of the following chemical exceeded the RBC for prey and

the chemical was carried forward to the next screening step (Table B.1-27):

zinc

Emergent Insects - Concentrations of the following chemical exceeded the RBC for prey and the

chemical was carried forward to the next screening step (Table B.1-27):

barium

The following chemicals were retained for further analysis because RBCs were not available

(Table B.1-27):
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iron titanium
tep 7: Su is Essentiallv Non- ic Unde ir ental Exposure Scenarios:

Certain constituents may be eliminated from further consideration based on their importance as a
dietary component, status as an essential nutrient, or general lack of toxic effects. Calcium,
magnesium, potassium, iron and sodium can generally be eliminated from an evaluation at the
screening stage based on dietary and nutritional status (NAS 1980). Therefore, these chemicals

were eliminated from further consideration.

Although considered an odour nuisance at low concentrations in water, ammonia was not

considered a wildlife health concern via the ingestion pathway (HSDB 1995).

Chloride is also an essential nutrient for the growth of plants (CCREM 1987) and is an essential
nutrient for animals, functioning to ensure the proper fluid-electrolyte balance (NAS 1980).
Typically, when animals suffer from sodium and chloride deficiency, they will be drawn to salt
licks (NAS 1980). Given that chloride is essential for plant and animal health and that there is

no anthropogenic source for this chemical, chlorine was eliminated from further consideration.

Phosphorus is a natural element that may be removed from igneous and other types of rock by
leaching or weathering (CCREM 1987). Environmental concentrations in western Canada range
from 0.003 to 3 mg/L for total phosphorus (NAQUADAT 1985). Concentrations in waters at the
site ranged from 0.006 to 0.43 mg/L (Table 4.1-2). Given that phosphorus occurs naturally and
that concentrations at the site fall within concentrations reported for western Canada,

phosphorus was eliminated from further consideration.

Silicon is important in the formation of bone in young animals and birds and toxicity does not
appear to be a serious problem in animals (NAS 1980). In addition, silicon is insufficiently
bioavailable to be absorbed following intake (HSDB 1995). Therefore, it is considered non-

hazardous for the purpose of this assessment and was eliminated from further consideration.
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High sulphate concentrations in water can be tolerated in livestock but a loss in agricultural
production (i.e., decreased water and food consumption and weight loss) can be expected at
concentrations above 1000 mg/L. Concentrations of sulphate in TID and CT water ranged from
29.1 to 1290 mg/L falling well within the reported range of environmental concentrations of
sulphate for western Canadian surface waters (i.e, 1 to 3,149 mg/L) (NAQUADAT 1985).
Given that sulphate is a major ion, and that measured concentrations fall within the reported
range for environmental concentrations, sulphate was not considered to be an ecological health

concern via the ingestion pathway and was eliminated from further consideration.

A number of trace inorganic parameters (i.e., tin, thorium, titanium) did not have RBCs for the
for wildlife (see Step 6). Kabata-Pendias and Pendias (1992) reported
approximate concentrations of trace elements in mature leaf tissue of terrestrial plants and the
concentrations of these elements measured by Xu (1995 and 1996) in willow fall within the
reported range. In addition, the potential for tin toxicity is negligible because this element is
poorly absorbed, while titanium is considered to be inert and innocuous and there has been no
evidence of oral toxicity of titanium in animals (NAS 1980). Therefore, given that there is no
anthropogenic source for these elements, that the concentrations measured in plants grown in CT
fall within the reported range and that these compounds appear to be innocuous, these chemicals

were eliminated from further consideration.

Step 8: List of Chemicals of Potential Concern following Chemical Screening:

The following is a list of chemicals of potential concern for one or more wildlife receptors
benzo(a)pyrene group aluminum arsenic

barium cadmium molybdenum

nickel strontium thallium

uranium vanadium zine

naphthenic acids
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5.1.1.3 Receptor Screening

EQPL

Suncor is located in northeastern Alberta approximately 46 kilometres from Fort McMurray and
20 kilometres from Fort MacKay. As such, it is reasonable to assume that following reclamation
the site might be used by members of the Fort McKay First Nations for traditional activities,

including hunting, trapping and gathering.

It was assumed that exposures by people would occur only following reclamation of Lease 86/17
or the Steepbank Mine, since access to the sites will be controlled during the operational phase of
the project. Although all ages of people might utilize these lands, the most extensive uses would
be from adults who might live on the land for extended periods of time while hunting and
trapping. Hence, the end-users evaluated in this assessment were assumed to be adult hunters
and trappers, who might reside on-site throughout the year. This is likely to be a conservative

assumption given the seasonal nature of these activities.

Potential food items for end-users of the reclaimed landscape include numerous herbs, berries,
shrubs, water tolerant plants, trees, big game animals, fur-bearers, migratory and predatory
birds, upland game birds and fish (Fort McKay Environmental Services Ltd. 1996). It was
assumed that 25% of the diet of these individuals would be from plants and animals harvested
from Lease 86/17 and that these foods are intensively exposed to chemicals derived from the
site. This is a very conservative assumption given the relatively small area of the site, the large

foraging areas of big-game animals and the climate that restricts the growing season for plants.

Potential sources of drinking water associated with the reclaimed landscape include
groundwater, surface water associated with wetlands, snow and nearby rivers and streams such

as the Athabasca River. Groundwater derived from the tailings sands deposits was excluded as a

- source of drinking water since the associated hydrocarbon odours would deter potential users. In

addition, CT deposits are of low permeability so it is unlikely that they would produce sufficient
quantities of water. Wetlands are expected on sections of the top of CT deposits and also along

sections of the base of the reclamation structures. However, these wetlands are expected to be
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intermittently dry and stagnant and would not offer good quality water considering the potential
for anoxia, warm temperatures and naturally-occurring pathogens. Snow is a potential source of
good quality water but only during winter. Thus, it was assumed that the primary source of
drinking water would be from the Athabasca River, since it offers a constant and accessible
source of water near the reclaimed landscape, and that people would obtain all of their drinking

water from the Athabasca River.

WILDLIF

Suncor’s reclaimed site must, according to government regulations (AEP 1995), develop into a
normal, healthy ecosystem. In addition, exposure to chemicals associated with the site must not
lead to unacceptable impacts in organisms supported by the ecosystem. It is, therefore,
necessary to assess potential impacts for all major trophic levels. It is of course, impossible, and
not necessary, to examine potential effects on every organism that might be exposed to
chemicals associated with the site. Instead, representative species (or receptors) were selected as

the basis for evaluating potential impacts.

Specific receptors representative of soil microbe, soil macroinvertebrate and plant communities
were not utilized in this study. Instead, effects on these communities were evaluated using a
combination of laboratory and field toxicity tests plus analysis of plant community structure as

discussed in Section 4.2.2.

The objective of screening wildlife receptors during the Problem Formulation phase is to:
i) identify wildlife that might use the reclaimed landscape and ii) to focus the assessment on a
manageable number of key receptors. Receptors were selected based on a wildlife inventory of
the area, discussions with wildlife biologists conducting baseline studies, and guidance from the
literature (Suter 1993; Algeo et al. 1994). The overall emphasis of the ecological receptor
screening was the selection of representative receptors that would be at greatest risk, that play a
key role in the food web and that have sufficient characterization data to facilitate calculations of
exposure and health risks. Receptors were also selected to include animals that have societal

relevance and that are a food source for people.
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Wildlife species determined to be Valued Ecosystem Components (VECs) for the Suncor EIA
(Westworth, Brusnyk & Associates 1996) were also given extra weight in the evaluation. An
attempt was also made to represent various trophic levels (i.e., large and small mammalian
herbivores, mammalian predators, mammalian omnivores, avian insectivores, avian predators,
avian omnivores). Herbivores were thought to be important as metals can potentially accumulate
in some plant tissues, and insectivores were considered important as PAHs may accumulate in
some invertebrate prey. Predators were included to assess potential for food chain effects.

Candidate wildlife species are is summarized in Table 5.1-28.

The following wildlife receptors were selected:

Mammalian Trophic Level Receptors
semi-aquatic herbivore beaver

large herbivore moose

small terrestrial herbivore snowshoe hare
terrestrial omnivore B deer mouse
small terrestrial predator ermine

Avian Trophic Level

semi-aquatic omnivore mallard
terrestrial herbivore ruffed grouse
terrestrial insectivore/omnivore American robin
terrestrial vertebrate predator American kestrel

5.1.1.4 Exposure Pathway Screening

The objective of screening exposure pathways during the Problem Formulation phase is to:
i) identify potential routes through which people and wildlife could be exposed to chemicals;
and, ii) determine the relative significance or importance of operable exposure pathways.  As
noted above, a chemical represents a health risk only if it can reach receptors through an

exposure pathway at a concentration that could potentially lead to adverse effects. If there is no
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pathway for a chemical to reach a receptor, there can be no risk, regardless of the source

concentration.

The goal of this task is to identify all possible exposure pathways and then to evaluate which
pathways are likely to be realistic and applicable to the site under investigation. The
characterization and quantification of exposure is conducted in the Exposure Assessment phase

of the study.

Suncor’s reclamation plan involves extensive use of CT to form trafficable surfaces and habitat

for native fauna and flora, as well as recreational land for people. The primary sources for all

e sediment-bound chemicals associated with CT deposits;
e sediment-bound chemicals associated with tailings sand deposits;
e soluble chemicals associated with water entrained in CT deposits; and

e soluble chemicals associated with water entrained in tailings sand deposits.

Natural processes such as erosion, leaching and volatilization can release the chemicals in the CT
and tailings sand, creating numerous chemical exposure pathways for people and wildlife.

Potential environmental residency and exposure media could include:

e surface water
e soil

e gediment

e biota

e air

Exposure pathways have been identified for the two major classes of chemicals: water soluble
(hydrophilic) compounds, such as naphthenic acids, volatile organic compounds (VOCs) and
some trace metals (depending on pH of solution); and non-water soluble (hydrophobic)
compounds, such as most PAHs and most metals at higher pH values. Potential transport and

exposure pathways associated with the reclamation of Suncor’s leases are outlined below for
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people and wildlife and shown diagramatically in Figure 5.1-4. Critical pathways to be modelled
for assessing health impacts on people and wildlife are shown in Figures 5.1-5 and 5.1-6,

respectively.

EXPOSURE PATHWAYS FOR PEOPLE
Inhalation:

Volatile Chemicals - Volatilization of VOCs from surface water and soils into the air can result
in direct exposure to people, particularly to those that might live on the reclaimed site following
reclamation, through inhalation of vapours. However, this pathway was not evaluated due to the

lack of air quality data from CT deposits

Fugitive dust generation from surface soils - Fugitive dust generated from surface soils can
result in exposure to people through inhalation of chemicals bound to soil particles. However,
this is not expected to be a significant exposure pathway because CT deposits will be capped
with sand and muskeg so erodible chemical concentrations of soils will be comparable to natural
background levels and landscapes will also be covered with vegetation; thereby further reducing
potential for dust generation. Therefore, this exposure pathway has been excluded from further

evaluation.

Dermal Exposure:

Direct contact with air - Volatilization of chemicals from surface water and soils into the air can
result in direct exposure to people through dermal uptake of chemicals present in air vapours.
this pathway was not evaluated due to the lack of air quality data from CT deposits. To date only
low levels of volatile compounds have been detected in tailings pond water. Elimination of these
large open water areas and entrainment of remaining waters in soils will reduce the extent of the
release of volatile compounds to the air. Hence, dermal uptake of volatile chemicals is not
expected to contribute significantly to exposure of people, and has been excluded from further

analysis.
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Direct contact with soils - Digging and fugitive dust generation can result in exposure to people
through dermal contact with soils. However, this is not expected to be a significant exposure
pathway because the proposed capping and reclamation scheme will prevent direct contact with
CT deposits.

Direct contact with surface water - Water soluble chemicals can leach from the tailings
materials into groundwater and ultimately seep into surface water bodies (e.g., springs, wetlands,
streams). People could be exposed by directly contacting surface water. Since large volumes of
water are associated with CT reclamation units, the presence of hydrophilic chemicals in surface
water is potentially a major environmental transport and residency media for exposure of people.
However, the contribution of dermal exposure to chemicals in surface water is expected to be
small relative to ingestion exposure (discussed below), and this pathway is evaluated in detail as
part of the assessment of off-site human health impacts (Golder 1996a). Hence, this pathway has

been excluded from further evaluation.

Ingestion:

Ingestion of fugitive dust - Fugitive dust generated from surface soils can result in exposure to
people through ingestion of chemicals bound to soil particles. However, this is not expected to
be a significant exposure pathway because the proposed capping and reclamation scheme will
prevent dust arising from wind-based erosion of CT deposits. Therefore this pathway has been

removed from further consideration.

Ingestion of surface water - Water soluble chemicals can leach from the tailings materials into
groundwater and ultimately seep into surface water bodies (e.g., springs, wetlands, streams).
People could be exposed by ingesting surface water intentionally or through incidental ingestion
while swimming. Since large volumes of water are associated with CT reclamation units,

drinking surface water is a potential exposure pathway for people.

Ingestion of soils/sediment - Digging and fugitive dust generation can result in exposure to
people through incidental ingestion of soils. However, this is not expected to be a significant
exposure pathway because the proposed capping and reclamation scheme will prevent ingestion

of CT deposits. Therefore this pathway has been removed from further consideration.
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Ingestion of plants - Plants that are growing on reclaimed surfaces may accumulate metals and
organic compounds in their tissue. People could be exposed by consuming these plants. Hence,

this is a potential exposure pathway for people.

Ingestion of animals - Animals living and feeding in the reclaimed landscape may accumulate
metals and organic compounds in their tissue. People could be exposed by consuming these

animals. Hence, this is a potential exposure pathway for people.

T Y WILDLIK

Inhalation;:

Volatile Chemicals - Volatilization of VOCs from surface water and soils into the air can result
in direct exposure to wildlife, especially soil dwelling and burrowing insects and mammals,
through inhalation of vapours. However, this pathway was not evaluated due to the lack of air

quality data from CT deposits.

Fugitive dust generation from surface soils - Fugitive dust generated from surface soils can
result in exposure to wildlife through inhalation of chemicals bound to soil particles. However,
this is not expected to be a significant exposure pathway because CT deposits will be capped
with sand and muskeg so erodible chemical concentrations of soils will be comparable to natural
background levels and landscapes will also be covered with vegetation; thereby further reducing
potential for dust generation. Therefore, this exposure pathway has been excluded from further

evaluation.

Dermal;

Direct contact with air - Volatilization of chemicals from surface water and soils into the air can
result in direct exposure to wildlife through dermal uptake of chemicals present in air vapours.
this pathway was not evaluated due to the lack of air quality data from CT deposits. To date only

low levels of volatile compounds have been detected in tailings pond water. Elimination of these
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large open water areas and entrainment of remaining waters in soils will reduce the extent of the
release of volatile compounds to the air. Hence, dermal uptake of volatile chemicals is not
expected to contribute significantly to exposure of wildlife, and has been excluded from further

analysis.

Direct contact with soils - Digging and fugitive dust generation can result in exposure to wildlife
through dermal contact with soils. However, this is not expected to be a significant exposure
pathway because of the proposed capping and reclamation scheme will prevent direct contact
with CT deposits. In addition, dermal exposure of birds and furbearing mammals is generally
considered an insignificant exposure pathway, except directly after pesticide spraying

(Environment Canada 1994). Therefore, this exposure pathway has been excluded from further

consideration.

Direct contact with surface water - Water soluble chemicals can leach from the tailings
materials into groundwater and ultimately seep into surface water bodies (e.g., springs, wetlands,
streams). Although wildlife could be exposed by directly contacting surface water, birds and
fur-bearing mammals likely receive insignificant doses through this route relative to other routes,
such as direct ingestion of water (Environment Canada 1994). Therefore, this pathway has been

excluded from further consideration.

Direct contact with surface water - Water soluble chemicals can leach from the tailings
materials into groundwater and ultimately seep into surface water bodies (e.g., springs, wetlands,
streams). Wildlife could be exposed by directly contacting surface water. Since large volumes
of water are associated with CT reclamation umits, the presence of hydrophilic chemicals in
surface water is potentially a major environmental transport and residency media for exposure of
wildlife. Although wildlife could be exposed by directly contacting surface water, birds and fur-
bearing mammals likely receive insignificant doses through this route relative to other routes,
such as direct ingestion of water (Environment Canada 1994). Therefore, this pathway has been

excluded from further consideration.
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Ingestion:

Ingestion of fugitive dust - Fugitive dust generated from surface soils can result in exposure to
wildlife through ingestion of chemicals bound to soil particles. However, this is not expected to
be a significant exposure pathway because the proposed capping and reclamation scheme will
prevent dust arising from wind-based erosion of CT deposits. Therefore this pathway has been

removed from further consideration.

Ingestion of surface water - Water soluble chemicals can leach from the tailings materials into
groundwater and ultimately seep into surface water bodies (e.g., springs, wetlands, streams).
Wildlife could be exposed by drinking surface water. Since large volumes of water are
associated with CT reclamation units, drinking surface water is a potential exposure pathway for

people.

Ingestion of soils/sediment - Digging and fugitive dust generation can result in exposure to
wildlife through incidental ingestion of soils. However, this is not expected to be a significant
exposure pathway because the proposed capping and reclamation scheme will prevent ingestion

of CT deposits. Therefore this pathway has been removed from further consideration.

Ingestion of plants - Plants that are growing on reclaimed surfaces may accumulate metals and
organic compounds in their tissue. Herbivorous wildlife could be exposed by consuming the
plants. Since large areas of reclaimed landscape are to be constructed, ingestion of plants is a

potential exposure pathway for wildlife.

Ingestion of animals -~ Carnivorous and omnivorous animals have the potential to accumulate
some metals and organic compounds in tissue from their prey. Since large areas of reclaimed
landscape are to be constructed, the consumption of prey is a potential exposure pathway for

wildlife.

Golder Associates



May 1996 - 76 - 952-2307

5.1.1.5 Assessment and Measurement Endpoints

Explicit definitions of assessment and measurement endpoints are not necessary for assessing
risks to human health since protection of senmsitive individuals from adverse effects is the
accepted endpoint for human health risk assessments. However, there is no general agreement

on endpoints for ecological risk assessments, so explicit definition of the endpoints are required.

Information compiled in the first stage of problem formulation is used to help select
ecologically-based endpoints that are relevant to decisions about protecting the environment
(U.S. EPA 19922). Endpoints
by exposure to a stressor (e.g., chemical). Assessment endpoints are explicit expressions of the
actual ecological value that is to be protected and are the ultimate focus in risk characterization.
For this investigation, the assessment endpoints include protection of the viability of populations
of wildlife species previously selected as VECs (Section 5.1.1.3). Since these species encompass

different taxa and trophic levels, it is assumed that they also serve as surrogates to other levels of

organization and/or species not directly included in this evaluation.

Assessment endpoints tend to be qualitative or semi-qualitative, and are rarely directly
measurable. As a result, measurement endpoints are usually defined as surrogates for assessment
endpoints. Measurement endpoints are the quantitative response of the ecosystem component or
receptor to the stressor, which is related to the characteristics of the assessment endpoint. In
other words, it is the response to which exposure to the chemicals of potential concern is related,
so that one can identify whether a specific exposure scenario might adversely affect wildlife.
For this study, measurement endpoints are based on laboratory, field and modelling studies of
adverse effects (e.g., mortality, reproduction, growth) on surrogate species that may ultimately
result in adverse effects on populations, communities or hierarchical structures or wildlife

(Table 5.1-29),
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5.1.1.6 Development of a Conceptual Model

The Conceptual Model is the end-point of the Problem Formulation phase of the risk assessment
and outlines how the chemical stressors might affect humans and wildlife. This involves
detailing the sources of chemicals, chemical release mechanisms, transport pathways and media
and important exposure routes that are to be pursued in the quantitative risk analysis portion of

the risk assessment.

A graphical representation of pertinent exposure pathways that will be pursued in the subsequent
phases of the risk assessment is given in Figures 5.1-5 and 5.1-6, and the critical pathways for

each receptor are listed in Table 5.1-30.

5.1.2 Risk Analysis

Risk Analysis involves two discrete components: Exposure Assessment and Effects Assessment.
Exposure Assessment is the process of characterizing concentrations or doses, duration,
frequency and routes of exposure for the chemicals of potential concern and for all pertinent
exposure pathways. Effects Assessment is the process of assembling information on chemical
exposure conditions that cause particular effects and developing exposure limits based on
preventing effects or minimizing them to levels deemed to be acceptably low by regulatory
agencies. For humans, Effects Assessment is often based upon daily exposure limits developed
primarily by regulatory agencies such as Health Canada or the U.S. EPA for each of the
chemicals of concern. For wildlife, Effects Assessment is based on a literature review to help

develop exposure limits from animal studies.

5.1.2.1 Exposure Assessment

Exposure Assessment is the process of describing and quantifying exposure concentrations and
doses for the chemicals of concern and for all pertinent exposure pathways identified during the
Problem Formulation phase. This includes analysis of the magnitude, duration, frequency and

route of exposure to chemicals using data on (1) chemical sources, (2) chemical distributions in
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water, soil and biota and (3) for wildlife, considerations of their ecology. A combination of data

collection, modelling, literature review and professional judgment are utilized.

People:

This section presents the methods and results for estimating the intake rate (dose) of chemicals
associated with on-site, post-reclamation exposures. Exposures by people are assumed to occur
only in the “long-term”, post-reclamation time frame because access to the site will be restricted
until that time. It was assumed that a trapper would be the end user receiving the highest
exposure to the reclaimed site. Given that the receptors are assumed to be hunters and trappers, -
younger receptors (infants and children) were not evaluated. Adults are assumed to reside on-
site throughout the year. This is likely to be a conservative assumption given the probable

seasonal nature of their activities.

It was assumed that the hypothetical trapper would reside on the reclaimed site throughout the
year (i.e., 365 days/year), live on the site from ages 20 to 70 years (Health Canada 1994a), obtain
25% of all food (both meat and plants) directly from the site and obtain all drinking water from
the Athabasca River. Other exposure pathways (incidental ingestion of CT, fugitive dust
inhalation, dermal exposures to CT) are assumed not to occur since the proposed capping scheme

will prevent direct access to CT.

Intake rates for meat and plant ingestion are estimated from (Health Canada 1994a):

IR % B4 % C, ot % EF x ED% SC
Intake = (5.1)
BW x AT
where:
Intake = chemical intake by meat consumption (ing chemical/kg body weight/day)
IR == ingestion rate (meat: adults = 0.183 kg/day; plant: adults = 0.436 kg/day) (Health
Canada 1994a)
BA = oral bioavailability of compound (chemical-specific, unitless)
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Coneatiplant = chemical concentration in meat or plant (mg /g; upper 95th percentile used for

deterministic modelling)

EF = frequency of exposure (365 days/year)

ED = duration of exposure (adult = 50 years)

SC = site contribution (0.25, unitless)

BW = receptor body weight (adult = 70 kg)

AT = averaging time (years; ED for noncarcinogens; 70 years for carcinogens)

The fraction of ingested meat and plants that is assumed to be affected by or grown in the
reclaimed landscape was set at 25%. That value is based on two considerations: it is unlikely
that many of the game animals will live and obtain food from within the reclaimed area; and it is
also unlikely that on-site residents will obtain a large portion of their food from the relatively

small area of the reclaimed site.

Chemical concentrations assumed for meat were based on mean concentrations measured in the
muscle of a buffalo that grazed in a pasture in a reclaimed tailing sands area (Table 5.1-31). Itis
reasonable to use muscle data for this assessment because muscle tissue represents the largest
source of edible meat from a buffalo. Benzo(a)anthracene and benzo(a)pyrene concentrations

were not detected and were thus set at zero.

Inorganic chemical concentrations in plants were set at upper 95th percentile concentrations
measured in terrestrial plants (willow and poplar) growing in: acid/lime CT; muskeg and CT;
and sand, muskeg and CT (Xu 1995, 1996; Table 5.1-31). Organic chemical concentrations in
plants were modeled using the method presented in Travis and Arms (1988). This model
provides reasonable estimates of tissue concentrations for plants grown in MFT deposits (Golder
1994a) and is thus expected to provide reasonable estimates for plants grown on reclaimed

landscapes.

Exposure to chemicals through ingestion of water is calculated using the following equation:

1
Intake = R x B4 x Cwuler x EF x ED (5.2)
BW x AT
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where:

Intake = chemical intake from water consumption (mg chemical’kg body weight/day)

IR = ingestion rate (adults = 1.5 L/day) (Health Canada 1994a)

BA = oral bioavailability of compound (chemical-specific, unitless)

Coater = chemical concentration in water (mg /L)

EF = frequency of exposure (365 days/year)

ED = duration of exposure (adult = 50 years)

BW = receptor body weight (adult = 70 kg)

AT = averaging time (years; ED for noncarcinogens; 70 years for carcinogens)

T T ol SV S-S R PPy Adl nlemoan T Surme o
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Table 5.1-31); upper 95 percentile concentrations were used in this assessment.

Oral bioavailability is used to estimate the amount of a chemical which will enter the
bloodstream following ingestion of the chemical. This is an important issue because many
chemicals exert their toxic effects only following absorption, which is a chemical-specific
process. For the human health risk assessment, the oral bioavailability of each chemical via
ingestion is assumed to be 100%. This is a conservative assumption since it implies that all of an
ingested chemical is absorbed into the blood. A more refined assessment of bioavailability may

indicate that absorption is significantly less than 100%.

Using the equations and parameter values presented above, the calculated intake values are given
in Table 5.1-32. These intake rate calculations are preliminary. The available input data, upon
which the intake rate calculations are based, are changing rapidly and being updated as the study
continues.  Also, human health intake does not take into account background chemical
exposures, and therefore, exposure ratios represent incremental exposure to chemicals via

exposure to the mine-affected site.
Wildlife:

As discussed in section 5.1.1.5, the assessmenti endpoint for the assessment of wildlife health

impacts is the protection of populations of wildlife species present. An exposure model was
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therefore developed to assess the potential for population level effects for terrestrial wildlife
exposed to chemicals associated with CT reclaimed landscapes. The model incorporates
information on the spatial distribution of chemicals within the landscape as well as foraging and
movement of the wildlife species. For this model, a wildlife species population was defined as
the hypothetical population bounded by the regional study area which includes both mine-site

affected areas and natural areas.

Exposure pathways include ingestion of seven (7) different food and water types that may be
present within fifteen (15) different ELCs associated with the reclaimed landscape. Each ELC
may contain up to eight (8) different soil types (7x15x8=840 possible exposure sources).
Depending upon the receptor, exposure may occur due to ingestion of water, invertebrates
(aquatic or terrestrial), vertebrates (aquatic or terrestrial) and/or plants (aquatic or terrestrial)
growing on the reclaimed landscape. The amount consumed by a given receptor is determined
by ingestion rates and foraging ranges of each species, which were assigned a probabilistic
distribution following a literature review (Table 5.1-33). It was assumed that each species would

move randomly among the preferred habitat types.

The wildlife exposure model predicted chemical concentrations in food (vegetation, vertebrates,
invertebrates and water) expected for the reclaimed landscape. The model then computed a dose
by randomly selecting foraging areas for each wildlife species according to foraging preferences
and areas for each species. By repeating this exposure calculation many times, an estimate of the

dose distribution that might be expected for the regional population was determined.

Daily intake rates were estimated for water, plant and prey (mg chemical per kg-body weight per

day) according to (EDL,uter, EDIygp, and EDI,,,, respectively):

EDIwa’er o walerB Wv;alerf (5.3)
an amf .

EDI,,, = ——’-”——'é—p;—’——-— (5.4)
e, re’ f

EDI,,, = —J’—YEV”—-L- (5.5)
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where:
R = ingestion rates of soil, water, plants and prey (kg dry weight per day, except
water, L, per day)
f = fraction of food, water and soil derived from the site (receptor specific; unitless)
C = chemical concentration in water, plants and prey (mg/kg in plants and prey,
mg/L in water)
BwW = receptor body weight (receptor specific; kg)

Because of the uncertainties associated with wildlife parameter estimates, a probabilistic
assessment was used to quantify intake rates. The probabilistic method offers advantages over
deterministic (single point) methods. First, all valid data collected from the site and obtained
from the scientific literature can be incorporated into the analysis, rather than limiting the
analysis to a single data point or study. Second, the approach provides an accurate estimate of
the upperbound or maximum plausible risk, since statistically-derived input distributions are
used in the models rather than single upperbound values. Third, the results of the probabilistic
assessment provide a quantitative estimate of the conservatism of the deterministic point
estimate of risk, i.e., the probability of occurrence of the deterministic risk estimate can be
identified. Fourth, the probabilistic analysis can be used to identify the variables that are most
strongly affecting predicted exposure estimates (i.e., through the use of uncertainty analysis).

These features provide valuable additional information for making informed decisions about

reclamation options.

Intake rate distributions are estimated by modelling the exposure of a typical individual using
probabilistic input parameters, then repeating the simulation for 500 iterations using Monte
Carlo simulation. Monte Carlo simulation is the process of estimating the intake rate using
random deviates for each input in the mathematical equations, then repeating the calculations
with new random deviates on each cycle of the simulation, to determine the distribution of
possible outcomes. Each iteration consists of a unique set of input values, which are specified by
sampling the input parameters from assumed probability distributions. The iterations are

repeated many times, such that the full range of the input distributions are adequately sampled in
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combination with the ranges from other input distributions. The Monte Carlo simulation was

© ©
conducted using Excel with Crystal Ball.

Foraging and movement patterns of wildlife were accounted for by assuming that each species
would prefer specific habitat types for foraging, and that ELCs could be used to represent
preferred habitats. The landscape of the reclaimed terrain has been classified using 15 ELC units
as discussed in Section 4.2.2. Each wildlife species’ preference towards specific ELCs was
taken into account by specifying the likelihood that a particular species will visit a specific ELC
unit on the reclaimed mine site and the surrounding region, based on each species’ habitat
preferences (see Section 4.2.5 and Table 5.1-34). The number of ELC areas selected by a
specific species is dependent on the size of a species home range and the size of the ELC area.
The foraging areas that would be used by each species were selected randomly in the model

based on information in Table 5.1-34.

The spatial distribution of chemicals in the reclaimed landscape was accounted for in differences
of food tissue concentrations, where tissue concentrations were assumed to vary as a function of
reclamation material. Specifically, the reclaimed mine site is divided into eight soil types:
natural, CT covered with sand, gypsum, overburden, coke pile, other (primarily the old Suncor
processing site), sand dykes plus open water areas. Chemical concentrations in soil, and the
approaches used to estimate plant and animal tissue concentrations, are described in

Section 4.1.1

A chemical fate model was used to predict chemical concentrations in environmental media and
biota when measured concentrations were not available. Predicted concentrations were then
used as input concentrations for the wildlife exposure model. In particular, exposure point
concentrations are required for water (Athabasca River and on-site surface water for wildlife),

plant and animal tissues.

The concentrations of the chemicals of potential concern in waters will be highly variable within
the reclaimed landscape, given the diversity of sources (CT release water, groundwater seepage
and surface runoff from many different reclamation units). Estimates of on-site concentrations

were made using a mixing model, where the various on-site waters combine at several nodes
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prior to discharge to the Athabasca River (see Golder 1996a for a detailed description of this
model). These on-site surface waters are assumed to be available to wildlife as a source of
drinking water and are composed of water from south mine drainage discharge point, TID
seepage, wastewater discharge point, mid-plant drainage discharge point, Pond 4 seepage, north
mine drainage point, Pond 5 seepage and Pond 6 seepage. These on-site concentrations represent
worst-case conditions since biodegradation processes (e.g., wetlands processing) were not

accounted for in the water quality model.

Soil concentration data were required since chemical concentrations in plant and terrestrial
invertebrate tissues were based on bioconcentration models. The mine landscape will have four
soil types for the purposes of the risk analysis modelling: natural soil (the chemistry of which
was derived from available data on the overburden and clay-shale soils), gypsum, CT and beach
sands. For the final reclamation landscape, sand will be used as a capping layer to the process-
affected material such as CT. However, for this assessment it was assumed that plants and soil
invertebrates would be exposed directly to the reclamation deposits (e.g., CT). Measured soil

concentrations were available for each of the four soil types (Table 5.1-35).

Chemical tissue data for terrestrial plants and aquatic plants were available from laboratory
experiments of plants grown in acid-lime soil (Xu 1995, 1996). Site specific bioconcentration
factors were derived from these data. Tissue concentrations for plants growing on the four soil

types were determined using:

Cplam =B C‘F;Jlani Csoil (S°6)

where Cy,y (mg/kg) is the chemical concentration in the soil, BCF,,, is the chemical-specific

bioconcentration factor and Cp,,, (mg/kg) is the estimated plant concentration, see Table 5.1-36.
Soil invertebrate tissue concentrations were required to compute doses for wildlife that feed on

this food source. Soil inveriebraies were divided into terrestrial and aquatic groups. The

terrestrial invertebrate food group ftissue concentrations were predicted based on soil
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concentrations, Cy,;, (mg/kg) and terrestrial invertebrate prey bioconcentration factors, BCFrp.
Tissue concentrations in terrestrial invertebrate prey were determined according to:

C,p = BCF,

soil

Csoil . (5‘7)

where Cpp [mg/kg dry wt] is the chemical concentration in the terrestrial invertebrate prey.
Aquatic invertebrate prey tissue concentrations, Cp, (mg/kg) were estimated based on observed

concentrations in organisms collected from experimental wetlands (Table 4.1-5).

Benzo(a)pyrene is the only chemical of potential concern with respect to vertebrate prey, which
is a food source for American kestrel. In general, PAHs show little tendenéy to biomagnify in
food chains since they are rapidly metabolized (Eisler 1987). The biological half-life of PAHs is
extremely rapid, for example, benzo(a)pyrene in rat blood and liver had a half-life of 5-10
minutes. In addition, PAHs also show little tendency for bioaccumulation (e.g., most food
contains 1-10 pg total PAH/g fresh weight). There was no evidence of bioconcentration in
vertebrates collected in the regional study area; concentrations of benzo(a)pyrene measured in
duck, muskrat and bison were all less than detection limit (<0.002 mg/kg). Therefore, vertebrate
prey tissue concentrations used in the simulation were taken from available measured

concentrations of benzo(a)pyrene (<0.002 mg/kg; Table 4.1-6).

In summary, a wildlife exposure model was developed to compute chemical intake for wildlife
populations, taking into account spatial differences in chemical concentrations and use of the
reclaimed landscape. Intake rates for individuals within the regional study area were estimated

as follows:

1. Predict chemical concentration distribution for water, soil, plants and animals within the
reclaimed landscape.
2. Assume each species forages randomly within the regional study area based on preferences

for habitat, as defined by ELC type.
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3. Simulate the movement of an individual within the regional study according to its foraging
habitat.

4. Compute chemical intake rates according to Eq. (5.3) to (5.5).

5. Repeat steps (3) and (4). The number of ELC areas the individual moves to depends on the
foraging requirements of the species and the area of the ELC type. If the species foraging
area requirement is greater than the area of the selected ELC, additional ELC areas are added
to the forage range for the individual until its foraging requirements are met.

6. Repeat steps (2) to (5) for many individuals. On each loop, a new set of input parameters are

selected based on random sampling of the input data distributions.

of a given species within the regional study area (Table 5.1-37). The table shows relative
proportions of doses received from different exposure pathways. For nearly all receptors and

chemicals, ingestion of plants is the single most important exposure pathway.

The intake rate estimates presented here are preliminary, since the chemical database on which
the calculations are based is rapidly expanding. Also, the wildlife rate estimates presented here
assume background exposures are nil, therefore, the intake rates represent incremental doses

resulting from exposure to the reclaimed landscape.

5.1.2.2 Effects Assessment

Effects Assessment is the identification and quantification of the chemical concentration or dose
above which exposure to a receptor might cause an adverse effect (U.S. EPA 1988a). In this
section of the report, available foxicological data were compiled for each chemical of potential

concern for people and wildlife.

People:
The effects assessment section presents toxicity information used to provide qualitative and
quantitative estimates of health effects associated with exposure to site chemicals. The human

health effects assessment considers both the cancer or noncancer (threshold) effects that a
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chemical may cause. Quantitative toxicity reference values (i.e., exposure limits) used to
evaluate carcinogens are called Risk Specific Doses (RsDs); toxicity values used to evaluate

noncarcinogens are called Reference Doses (RfDs).

Reference values are daily exposure rates that could occur over a lifetime of a sensitive person
without causing any measurable, adverse effect. These values are based on information on
concentrations or doses of chemicals that cause particular effects. This information is usually
available through toxicological databases such as IRIS (Integrated Risk Information System);
RTECS (Registry of Toxic Effects of Chemical Substances),; TOXLINE (Toxicology information
on-line), MEDLINE (Medlars on-line); HSDB (Hazardous Substances Databank) and
OHMTADS (Oil and Hazardous Materials/Technical Assistance Data System.

Carcinogens are assumed not to exhibit a dose-response threshold since mutations in the DNA
are passed on from one cell generation to the next generation (assuming no repair); therefore,
effects are assumed even at doses approaching zero. For such chemicals, an exposure limit is
derived from mathematical models that estimate a unit risk carcinogenic slope factor (depending
on potency) from which an RsD is developed. The RsD is calculated from the carcinogenic
slope factor by dividing the lifetime risk of cancer development by the slope factor value (i.e.,

RsD = 1 x10"%/slope factor).

Benzo(a)pyrene has been classified as a B2 carcinogen indicating that benzo(a)pyrene is a
probable human carcinogen based on sufficient evidence from animal experiments but
inadequate or limited evidence from human exposure data. An oral slope factor of 7.3 mg/kg-

day was developed based on stomach tumours (U.S. EPA 1996); hence the RsD is 1.4 x 10
mg/kg-day.

Although benzo(a)anthracene has been classified as a B2 carcinogen indicating that
benzo(a)anthracene is a probable human carcinogen, a slope factor has not been developed for
benzo(a)anthracene (U.S. EPA 1996). However, the carcinogenic potency of certain PAHs, such
as benzo(a)anthracene, can be estimated by using toxicity equivalency factors (TEFs). TEFs are
unitless factors used to estimate the carcinogenicity of carcinogenic PAHs. The approach

simplifies the evaluation of PAHs by relating their carcinogenic potential to that of
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benzo(a)pyrene. The TEF for benzo(a)anthracene used in this report (0.1) was provided by the
U.S. EPA (1992b) memo “Risk Assessment for Polyaromatic Hydrocarbons”. An oral slope
factor for a particular PAH is calculated by multiplying the oral slope factor of benzo(a)pyrene
by the associated TEF for that PAH. For example, the slope factor for benzo(a)anthracene is 7.3
mg/kg-day x 0.1 = 0.73 mg/kg-bw/day, hence the RsD is 1.4 x 10° mg/kg-day.

Copper, manganese, molybdenum and naphthenic acids are not evaluated for their carcinogenic
potential. Manganese falls within the Group D Class (not classifiable as to human
carcinogenicity). Copper and molybdenum have not been assigned to a group. There are

insufficient data with which to classify naphthenic acids with respect to carcinogenic potential.

For noncarcinogens, the exposure limit used in this assessment is a chemical’s RfD. An RfD is
defined as an estimate of a daily exposure level for the human population, including sensitive
populations, that is likely to be without an appreciable risk of deleterious effects during a
lifetime. Chronic RfDs are specifically developed to be protective for long-term exposure to a

compound.

To date, there are insufficient mammalian toxicological data to calculate a defensible RfD for
naphthenic acids (Appendix IV). RfDs are normally calculated based on chronic or subchronic
studies in laboratory animals. Currently, there are only acute toxicity mammalian data available
for naphthenic acids. Methylcyclohexane has been used as a surrogate for determining the RfD
for naphthenates (Syncrude 1993). If methylcyclohexane had been used to derive an RfD for
naphthenates, then we would have concluded that naphthenates pose no risk to human health
under the exposure scenarios discussed above. However, upon further review, we have
concluded that methylcyclohexane was not an adequate surrogate because of the differences in
ring chemistry (e.g., planarity, number of rings), substituted side chains (methyl versus
carboxylic acid, alkyl, allyl, aryl and functional-substituted chains), polarity (nonpolar versus
polar/bipolar), surfactant properties (hydrophobic versus bipolar with high degree of surfactant
action), molecular weight (low versus medium to high) and salt formation capacity (none versus
high probability). In addition, the toxicity information available for methylcyclohexane is
limited to short-term toxicity determinations with high concentrations. The toxicity of

naphthenic acids is, therefore, identified as a data gap. Intakes of naphthenic acids are presented
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(as shown in Section 5.1.2), but these intakes are not interpreted with respect to impacts on

human health.

RfD values have not been developed for benzo(a)pyrene and benzo(a)anthracene. However, if
RfDs for these chemicals were to be identified, it is likely that their carcinogenic potential would

be of greater concern.

The RfD for copper (0.04 mg/kg-day) is based on a “safe and adequate” intake for adults that
protects against the adverse health effects associated with copper deficiency; that is, the level
0.04 mg/kg-day represents the upper end of the recommended daily allowance for copper. A
World Health Organization expert committee on food additives concluded that a copper intake
(from dietary sources) as high as 0.5 mg/kg-day would not result in adverse health effects (U.S.
EPA 1991). An RfD range of 0.04 to 0.07 mg/kg-day for an RfD has been suggested by U.S.
EPA (1991).

The RfD for manganese in water (0.005 mg/kg-day) is provided by U.S. EPA (1996).
Manganese is an essential element found in varying amounts in all diets. For comparison, the
average daily intake of manganese in water is estimated to be 0.008 mg/kg-day (ATSDR 1991).
The LOAEL for manganese in water (0.06 mg/kg-day, U.S. EPA 1996) is approximately ten
times the RfD.

The RfD for manganese in food is based on a NOAEL of 10 mg/day which is considered to be
safe for an occasional intake by the National Research Council. The RfD for manganese (0.14
mg/kg-day) is equal to the NOAEL divided by the body weight of an adult (70 kg). The Food
and Nutrition Board for the NRC (NRC 1989) has also determined an “adequate and safe” intake
of manganese to be 2-5 mg/day; this level represents a recommended daily allowance. For
comparison, an average daily intake of manganese in food is estimated to be 3.8 mg/day

(ATSDR 1991).
Molybdenum is an essential dietary nutrient which has established Estimated Safe and Adequate
Daily Intake values of 0.002-0.004 mg/kg—day for infants, 0.002-0.005 mg/kg-day for children,

and 0.002-0.004 mg/kg-day for adults (NRC 1989). The RfD (0.005 mg/kg-day) is formed from
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a LOAEL (0.14 mg/kg-day) that is based on an epidemiological study correlating the dietary
intake of molybdenum with serum uric acid levels in a human six year-to-lifetime dietary

exposure study (U.S. EPA 1996).
Reference values are summarized in Table 5.1-38.

ildlife:

Exposure limits for terrestrial wildlife are based on the daily exposure rates that may occur over
a lifetime, without causing any measurable, adverse effect on typical individuals from the

. Chronic oral NOAEI s were derived for all chemicals of concern since in

L o U ) ANJA @Ea wda
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the most significant pathway of exposure for terrestrial wildlife.

The general method used to derive chronic NOAELs for wildlife species is based on U.S. EPA
methodology for deriving human toxicity values from animal data (U.S. EPA 1986a; 1986b;
1988b, 1989b). For this assessment, experimentally derived NOAELs and LOAELSs were used to
estimate receptor-specific NOAELSs for wildlife by adjusting the dose according to differences in

body size as outlined in the Opresko et al. (1994):

NOAELyidgite = NOAEL ot (BWiegr / BWyyirgiice)'”

where: NOAELviqiee = receptor-specific adjusted NOAEL
NOAEL s = test species NOAEL (derived experimentally)
BW s = body weight of the test species

BW yidiite = body weight of the wildlife receptor species

NOAELs and LOAELs for terrestrial wildlife were obtained from several sources including the
Opresko et al. (1994); U.S. Fish and Wildlife Contaminant Hozard Reviews, on-line searches of
toxicological databases (TOXLINE/MEDLINE), and a general review of the available
toxicological literature. If there was a lack of wildlife data, the EPA’s on-line database,
Integrated Risk Information System (IRIS), was searched and the NOAEL or LOAEL from the

best available laboraitory animal study was chosen. These data were reviewed and the most
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appropriate available NOAEL or LOAEL was chosen from the most appropriate study and was
used to calculate the chronic receptor-specific NOAEL. In general, the lowest NOAEL or
LOAEL for the most sensitive species is used to derive the chronic NOAEL. Consequently, a
high degree of conservatism is built into the chronic NOAEL, and it is likely that the chronic
NOAEL is an overestimate of the dose that would cause potential effects to wildlife populations.
The rationale for deriving the chronic NOAELSs for each of the chemicals of potential concern

are outlined in Appendix I'V.

If a NOAEL was not available for either wildlife or laboratory species but a LOAEL has been
determined experimentally, the NOAEL can be estimated by applying an uncertainty factor to
the LOAEL to account for the difference between an observed effect and the threshold for no
effects. In the U.S. EPA methodology, the LOAEL can be reduced by a factor of <10 to derive
the NOAEL (i.e, NOAEL = LOAEL/<10). Although a factor of 10 is usually used in the
calculation, the true NOAEL may be only slightly lower than the experimental LOAEL,
particularly if the observed effect is of low severity. For this assessment, an uncertainty factor of

10 was used to extrapolate from the LOAEL to the NOAEL.

If the only data available consists of a NOAEL or LOAEL for subchronic exposure, then the
equivalent NOAEL or LOAEL for a chronic exposure can be estimated by applying an
uncertainty factor of <10 (i.e, chronic NOAEL = subchronic NOAEL/10). The minimum
requirement for subchronic exposure is 90-days for mammalian species and 28-days for avian
species (U.S. EPA 1993c). Exposure is considered to be chronic if it exceeds greater than 50%
of a species lifespan. For this assessment, an uncertainty factor of 10 was applied to extrapolate

from subchronic exposure to chronic exposure for wildlife.

In addition to duration of exposure, the time when chemical exposure occurs is critical.
Reproduction is a very sensitive lifestage due to the stressed condition of the adults and the rapid
growth and differentiation occurring within the embryo. For many species, chemical exposure of
a few days to as little as a few hours during gestation and embryo development may produce
severe adverse effects. Since the chronic NOAELs are intended to evaluate the potential for

adverse effects on wildlife populations and impairéé reproduction is likely to affect populations,
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chemical exposures that are less than one year (mammals) or ten weeks (birds) but occur during

reproduction were considered to represent chronic exposures.

Cancer risks were not considered for wildlife. Threshold-response effects such as reproductive
and developmental toxicity were considered to be more appropriate than cancer effects for
wildlife, given that impaired reproduction rather than cancer is more likely to affect populations
of wildlife (Opresko et al. 1994). In addition, cancer effects often take many years to develop

whereas threshold effects tend to produce more immediate toxic effects on wildlife populations.
Table 5.1-38 summarizes the RfDs derived for wildlife.

5.1.3 Risk Characterization

Risk Characterization is the integration of information from Exposure and Effects Assessments.
It involves a quantitative comparison of estimated chemical dose to the chemical exposure limits.
Moreover, the results of the risk assessment are discussed with respect to the types and extent of

effects o assess the relevance of these findings.

In particular, Exposure Ratios (ER) are calculated as the ratio of the predicted dose to the
reference value. For non-carcinogenic chemicals, an ER value of less than one represents
exposure scenarios that do not pose a significant health risk to exposed individuals and wildlife

(Environment Canada 1994, Health Canada 1995).

ER = (chronic daily intake) / (RfD)
For carcinogenic chemicals, an ER value that is less than one indicates that the rate of intake for
a chemical or group of chemicals is less than that attributed to an incremental lifetime risk of

cancer of one per 100,000 individuals (lxl()'s)g which does not pose a significant health risk to

exposed individuals (Health Canada 1995). It is important to note that ER values greater than
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one do not necessarily indicate that adverse health effects will occur. However, when the ER is

greater than one, the scenarios pose a potential concern and require further investigation.

ER = (chronic daily intake) / (RsD)

5.1.3.1 People

An ER is calculated for each chemical of concern and for each exposure scenario. Using the
intake values presented in Section 5.1.2.2.1 and the exposure limits presented in Section 5.1.2.3,

Table 5.1-39 lists the ERs for the meat, water and plant ingestion pathways.

An ER value greater than 1 means that the predicted exposure for a chemical exceeds its
associated exposure limit, suggesting that an adverse human health effect may occur.
Conversely, an ER value less than 1 suggests that adverse health effects are not expected to

occur.

The Exposure Ratio value for copper is below one, therefore, this chemical does not pose a
significant health risk to exposed individuals (Health Canada 1995). This result suggests that
residential exposure to this chemical at the reclaimed Suncor site would not cause adverse effects

for the scenario investigated here.

Exposure Ratio values were slightly greater than one for the other chemicals. These relatively
high values are attributable primarily to ingestion of plants (Table 5.1-39). However, it is
probable that this exposure pathway will be effectively eliminated by the proposed capping
sequence using sand and muskeg. In addition, because this assessment was based on multiple
conservative assumptions, the actual health risks are likely to be considerably lower than those
suggested by the ER values and may be as low as zero. Notwithstanding these mitigating
factors, ER values above one indicate that intake of plant food from the reclaimed landscape is

an issue that requires further scrutiny.

In reporting the results of the risk assessment, it is necessary to consider the uncertainty

associated with ER estimates. An examination of each of the input parameter values indicates
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that they are biased in a way that tends to overestimate the estimate (also known as a
conservative or protective bias). For example, exposure point concentrations represent a 95%
confidence limit on the mean annual concentration. Exposure parameter values represent
reasonable maximum exposure values; that is, they are reasonable upper bounds and not average
values. Bioavailability is set to a maximum value (100%). Exposure limits for noncarcinogens

are designed to be protective of sensitive populations under chronic exposure conditions.

As indicated in Section 5.1.2.3, benzo(a)pyrene and benzo(a)anthracene are classified as B2
(probable human) carcinogens (U.S. EPA 1996). Human data specifically linking these
chemicals to a carcinogenic effect are lacking. There are, however, animal studies in several
emonstrating benzo(a)pyrene to be carcinogenic followi
numerous routes. Benzo(a)anthracene is a component of mixtures (e.g., coal tar, soots, cigarette
smoke) that have been associated with human cancer. It is not possible, however, to conclude
from this information that benzo(a)anthracene is the responsible agent. In spite of this lack of
direct evidence of human carcinogenicity, cancer risks are calculated as if the slope factor

represent carcinogenic potential to people.

With respect to the confidence in the effects assessment for manganese, it is important to
consider a number of factors. In spite of the low uncertainty and modifying factors, confidence
in the RfD is classified as medium. While several studies have determined average levels of
manganese in various diets, no quantitative information is available to indicate toxic levels of
manganese in people’s diet (U.S. EPA 1996). Because of the homeostatic control people
maintain over manganese, it is generally not considered to be very toxic when ingested with the
diet. It is important to recognize that while the RfD process involves the determination of a
point estimate on an oral intake, it is also stated that this estimate is associated with uncertainty
spanning perhaps an order of magniiude. All of this information suggests that manganese may

not be as toxic as suggested by the current RfD.

It is important to note that molybdenum is an essential dietary nutrient, and that the oral RfD is
equal to the upper limit of recommended daily allowances (0.005 mg/kg-day). An exposure ratio
of 3 means that intake is three times this recommended daily allowance (or 0.015 mg/kg-day).

There is no evidence that such an exposure level results in adverse health effects. This level of
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exposure is still ten times lower than the lowest observed adverse effects level of 0.14 mg/kg-

day.

In addition to these conservative biases of the individual input parameters, the use of multiple
conservative assumptions itself mathematically compounds the conservative bias in the ER
values. Consequently, cancer risk estimates are likely to be lower than those reported here, and

ER values greater than 1 do not necessarily represent a human health concern.

5.1.3.2 Wildlife

Ecological risks are a function of the severity of ecological effects, the area over which effects
occur, and the duration of effects (Suter et al. 1995). However, there is no standard scale for
defining bounds that represent de minimis or de manifestis risk. De minimis risks include mild,
transient or localized effects on ecological entities. De manifestis risks include risks that are
severe, long-lasting or widespread. The severity, extent and duration of estimated effects on
these entities are attributes that help define whether risks are de minimis or de manifestis (Suter

et al. 1995).

Suter et al. (1994) outlined a convincing argument suggesting that a 20% reduction in ecological
parameters (e.g., growth, fecundity) would be indistinguishable from normal variability and
should be considered as an “effect threshold” in characterizing ecological risks. This argument
is based on a practical assessment of the limitations in measuring changes in wild populations,
statistical changes in laboratory studies and on the basic principles of population ecology.
Citing examples from currently accepted practices in aquatic and terrestrial assessments, a
change of 20% or greater is required to distinguish the change from normal background
variability, implying that a 20% or less reduction in ecological parameters could be considered

de minimis with respect to potential severity of the estimated effect.

Similarly, the extent of the potential impact also is important in characterizing risk. For
example, a potential effect on only a few individuals is insignificant with respect to populations
of small mammals such as deer mice but may be significant with respect to threatened and

endangered species. For this assessment, de minimis risks were defined as those in which 20%
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or fewer of the individuals in a non-threatened or endangered population are potentially affected

by exposure to the site.

Similarly, the duration of exposure and the effect is of importance in characterizing risks. For
example, potential effects that are short-lived (e.g., less than one generation) will have no long-
term impact on a population. In contrast, the same effect sustained over several generations may

pose significant ecological risks to the population.

This information is brought together in the Risk Characterization phase of the assessment, using

a weight of evidence approach to assess whether the site poses a significant health risk to

For wildlife, Exposure Ratios (ER) were computed as discussed above, where:
ER = Intake / [Exposure Limit (RfD)]

An ER value greater than 1 means that the predicted exposure for a chemical exceeds its
associated exposure limit, suggesting that an adverse health effect may occur. Conversely, an

ER value less than 1 suggests that adverse health effects are not expected to occur.

For this assessment, distributions of exposure concentrations and doses were derived using
Monte Carlo simulations. An ER was calculated for each chemical of concern identified for
specific wildlife species as described in Section 5.1.1.2. The results of the ER calculations are
given in Appendix VI and summarized in Table 5.1-40. This table also gives the proportion of
the individuals within the simulated population for which ERs are greater than 1. In other words,
this represents the proportion of the population that might be adversely affected by exposure to

the site.
ER values for benzo(a)pyrene, barium, nickel, strontium, thallivm, uranium and zinc were below

one for all simulations and wildlife species modelled (Figure 5.1-7). Therefore, risks to wildlife

associated with exposure to these chemicals were considered to be de minimis.
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ER values exceeded one for less than 20% of the simulations for seven cases: intake of
aluminum by deer mice, arsenic by beaver, cadmium by moose, molybdenum by beaver,
molybdenum by deer mice, vanadium by deer mice and vanadium by snowshoe hare
(Figure 5.1-7; Table 5.1-40). Thus, there is no risk to the viability of wildlife populations living

at the reclaimed site from exposure to these chemicals.

ER values exceeded one for more than 20% of the simulations for four cases: cadmium by
beaver, cadmium by deer mice, cadmium by snowshoe hare and vanadium by beaver
(Table 5.1-40; Figure 5.1-7). Therefore, the health risks associated with these chemicals were
considered to be de manifestis. In all cases, the pathway driving the risk is ingestion of plants

(Table 5.1-37). However, there are several mitigating factors that need to be considered:

e Data used for the quantitative risk assessment modelling were derived from experimental
studies in plants grown directly in CT (Xu 1995, 1996).

e The CT used in the experiments was acid-lime and might be different from gypsum-treated
CT that is to be used for the reclamation area.

e The proposed capping scheme includes a layer of sand and muskeg over the CT. This layer
will provide a direct barrier between the plants and the CT, thus, reducing or eliminating

intake via plant ingestion.

In addition, a number of conservative assumptions were incorporated into the Exposure and

Effects Assessments, including:

e water concentrations represent worst-case conditions since biodegradation processes (e.g.,
wetlands processing) were not accounted for in the water quality model;

e plants and soil invertebrates (i.e., food sources) were assumed to be exposed directly to the
reclamation deposits (e.g., CT);

e all wildlife species, with the exception of migratory species, were assumed to frequent the
area year-round; and

e the lowest NOAEL or LOAEL for the most sensitive species was used to derive the chrénic

NOAEL for the effects assessment.
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Because this assessment was based on multiple conservative assumptions, the actual health risks
are likely to be considerably lower than those suggested by the ER values and may be as low as
zero. Nonetheless, the findings of the study indicate that intake of plant food from the reclaimed

landscape is an issue that requires further scrutiny.

52 Regional Off-Site Effects

A detailed investigation of regional off-site effects were reported in Golder (1996a) and are

summarized below.

5.2.1 Adquatic Biota

Three separate approaches were used to investigate potential impacts on aquatic biota: chemical-

specific wasteload allocation, toxicity testing and a risk-based assessment.

The chemical-specific wasteload allocation approach indicates that it is unlikely that Suncor’s
release waters either are currently affecting or will in the future affect aquatic biota in the

Athabasca River.

There is no evidence from the battery of laboratory toxicity tests used that the cumulative impact
from operational and reclamation waters will adversely affect ecosystem health in either the

Athabasca or Steepbank Rivers.

Similarly, the risk-based assessment of fish health suggest that it is extrerely unlikely that fish
populations either are currently being affected or will, in the future be affected by the cumulative
releases of operational and reclamation waters associated with oil sands operations. These
predictions are supported by observations of current fish populations, which have been exposed
to water releases from Suncor operations for the past three decades. These populations continue
to successfully utilize habitat in the Suncor study area, and exhibit normal growth and
reproduction. Since future concentrations of water releases to the Athabasca River are predicted

to be lower than current conditions, future populations of fish should continue to be healthy.

Golder Associates




May 1996 -99 - 952-2307

5.2.2 People

A quantitative, human health risk assessment was conducted to examine potential health effects
associated with the release of operational and reclamation waters from oil sands operations. The
potential for exposure to these chemicals was investigated by estimating the chemical dose that
people might receive who occasionally drink water or swim in the Athabasca River, downstream
of Suncor’s operations. The results of the risk assessment indicated that the use of the Athabasca
River, downstream of Suncor’s operations, does not currently or will not in the future pose a risk

to people’s health.

5.2.3 Wildlife

No chemicals of concern were identified with respect to off-site exposure to wildlife. Hence, no

adverse effects on terrestrial wildlife from current or proposed water releases are expected.
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6.0 CONCLUSIONS

A preliminary assessment was conducted to examine risks to people and wildlife associated with
the use of Suncor’s reclaimed landscape. The assessment was based on limited data; additional
data are being collected and, in future, should be incorporated to more accurately predict risks to
people and wildlife using the site. Nonetheless, this preliminary assessment provides useful
information and identifies the primary issues of concern for people and wildlife using the

reclaimed landscape.

6.1 People

A quantitative risk assessment was conducted to examine the potential health risks for a
hypothetical adult trapper who might live year-round on the reclaimed landscape. That
individual was assumed to obtain all of his/her drinking water from the Athabasca River and
obtain 25% of his/her food directly from the site. The findings of the study indicate that with the
possible exception of a few chemicals, health risks associated with the use of the reclaimed site
are negligible. One issue that requires additional investigation is chemical uptake of plants
grown on the reclaimed landscape and use of these plants as a source of food. However, it is
likely that this exposure pathway will be effectively eliminated by the proposed capping

sequence using sand and muskeg.

6.2 Wildlife

A quantitative risk assessment was conducted to examine the potential health risks for
representative wildlife species, American kestrel, mallard, deer mice, beaver, snowshoe hare,
ruffed grouse and moose, that might use the reclaimed landscape. The findings of the study
indicate that with the possible exception of a few chemicals, wildlife health risks associated with
the use of the reclaimed site are negligible. One issue that requires additional investigation is
chemical uptake of plants grown on the reclaimed landscape and use of these plants as a source
of food. However, it is likely that this exposure pathway will be effectively eliminated by the

proposed capping sequence using sand and muskeg.
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8.0 GLOSSARY OF TERMS

Acute

Acute Tests

Acute Toxicity

Advection

Adverse Effect

AEP

AEUB

Ambient

Assessment Endpoint

Having a sudden onset lasting a short time. Of a stimulus, severe
enough to induce a response rapidly. Can be used to define either the
exposure or the response of an exposure (effect). The duration of an
acute aquatic toxicity test is generally 4 days or less and mortality is

the response usually measured.

A toxicity test of short duration, typically 4 days or less, and usually of

a short duration relative to the lifespan of the test organism.

Toxicity expressed over a short period of time relative to the lifespan

of the organism, usually minutes to days.

Physical transport of materials (e.g., dust) by the bulk movement of an

environmental medium (e.g., air).

An undesirable or harmful effect to an organism (human, animal or
plant) indicated by some result such as mortality, altered food
consumption, altered body and organ weights, altered enzyme
concentrations or visible pathological changes.

Alberta Environmental Protection

Alberta Energy and Utility Board

The conditions surrounding an organism or area.

An explicit expression of the environmental value that is to be

protected.

Background Concentration The concentration of a chemical in a defined control area during a fixed
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period of time before, during, or after a data-gathering operation.
BCF Bioconcentration Factor.

Benthic Community

(Benthos)

Benthic Inveriebrates

Bioaccumulation

Bioavailability

Bioconcentration

The community of organisms dwelling at the bottom of a river, lake or

ocean.

Invertebrate organisms living at, in or associated with the bottom
(benthic) substrate of lakes, ponds and streams. Examples of benthic
invertebrates include several aquatic insect species (such as caddisfly
larvae) which spend at least part of their lifestages dwelling on bottom
sediments in the river. These organisms are involved in mineralization
and recycling of organic matter produced in the open water above or
brought in from external sources, and they are important second and
third links in the trophic sequence of aquatic communities. Many

benthic invertebrates are maior food sources for small fish.

A general term, meaning that an organism stores within its body, a
higher concentration of a substance than is found in the environment.
This is not necessarily harmful. For example, freshwater fish must

bioaccumulate salt in order to survive in intertidal waters. Many

bioaccumulative substances because they can be handled and excreted

by aquatic organisms.

The amount of chemical that enters the general circulation of the body

following administration or exposure.

A process by which there is a net accumulation of a chemical directly

from an exposure medium into an organism.
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Biodegradation

Biomagnification

Cancer

Carcinogen

Chronic

Chronic Exposure

Chronic Tests

Chronic Toxicity

Decomposition into more elementary compounds by the action of

microorganisms such as bacteria.

Result of the process of bioaccumulation by which tissue
concentrations of chemicals increase as the chemical passes up through
two or more trophic levels. The term implies an efficient transfer of

the chemical from food to consumer.

A disease characterized by the rapid and uncontrolled growth of

aberrant cells into malignant tumours.
An agent that is reactive or toxic enough to act directly to cause cancer.

Involving stimulus that is lingering or continues for a long time; often
signifies periods from several weeks to years, depending on the
reproductive life cycle of the species. Can be used to define either the
exposure or the response to an exposure (effect). Chronic exposures
typically induce a biological response of relatively slow progress and

long duration.

A relatively long duration of time (Health Canada considers periods of
human exposure greater than three months to be chronic while the U.S.
EPA only considers human exposure that are greater than seven years

to be chronic).

A toxicity test used to study the effects of continuous, long-term
exposure of a chemical or the potentially toxic material on an

organism.

The development of adverse effects after an extended exposure of time
relative to the life span of the organism, usually from several weeks to

years depending on the reproductive cycle of the organism.
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Community An assemblage of populations of different species within a specified
location and time.

Computer Model Equations that represent a mathematical interpretation of a natural
phenomenon.

Concentration Quantifiable amount of a chemical in environmental media.

Conceptual Model A model developed at an early stage of the risk assessment process that
describes a series of working hypotheses of how the chemicals of
concern may affect potentially exposed populations. The model
identifies and describes the populations potentially at risk and exposure
pathways and scenarios.

Consolidated Tailings (CT) Consolidated tailings (CT) is a non-segregating mixture of plant

Conservative Approach

Control

Critical Exposure Pathway

tailings which consolidates relatively quickly in tailings deposits. At
Suncor, consolidated tailings will be prepared by combining mature
fine tails with thickened (cycloned) fresh sand tailings. This mixture is
chemically stabilized to prevent segregation of the fine and coarse

mineral solids using gypsum (CaSO,).

Approach taken to incorporate protective assumptions to ensure that

risks will not be underestimated.

A treatment in a toxicity test that duplicates all the conditions of the
exposure treatments but contains no test material. The control is used
to determine basic test conditions in the absence of toxicity (e.g. health

of test organisms, quality of dilution water).

The exposure pathway which either maximizes the dose or is the

primary pathway of exposure to an identified receptor of concern.
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CT Release Water

Degradation

Detection Limit (DL)

Deterministic

Dispersion

Dose

Dose Rate

Dose-Response

Ecological Risk

Assessment

Water derived from consolidated tailings deposits.

Conversion of an organic compound to one containing a smaller

number of carbon atoms.

The lowest concentration at which individual measurement results for
a specific analyte are statistically different from a blank (that may be
zero) with a specified confidence level for a given method and

representative matrix.

Risk approach using a single number from each parameter set in the

risk calculation and producing a single value of risk.
Physical processes of mixing.

A measure of integral exposure. Examples include (1) the amount of
a chemical ingested, (2) the amount of a chemical taken up, (3) the
product of ambient exposure concentration and the duration of

exposure.

Dose per unit time, for example in mg/day, sometimes also called
dosage. Dose rates are often expressed on a per-unit body-weight
basis, yielding units such as mg/kg body weight/day expressed as

averages over some time period, for example a lifetime.

The quantitative relationship between exposure of an organism to a
chemical and the extent of the adverse effect resulting from that

exposure.

The process that evaluates the likelihood that adverse ecological effects
may occur or are occurring as a result of exposure to one or more

stressors,
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Ecosystem

Ecotoxicology

Effects Assessment

A

Do

uent

EIA

ELC

Environmental Media

Exposure

Exposure Assessment

Exposure Concentration

Exposure Limit

An integrated and stable association of living and nonliving resources

functioning with a defined physical location.

A subfield of toxicology, dealing with the effects of chemicals and

other stressors on natural systems, as opposed to human health effects.

Review of literature regarding the toxicity of any given material to an

appropriate receptor. Also known as Toxicity Assessment.

Stream of water discharging from a source.

Environmental Impact Assessment

Ecological Land Classification

One of the major categories of material found in the physical
environment that surrounds or contacts organisms (e.g., surface water,
groundwater, soil, food or air) and through which chemicals can move

and reach the organism.

The contact reaction between a chemical and a biological system, or

3
r\r(_,rar\ QI
WA g iraxny

39494

The determination or estimation (qualitative or quantitative) of the

magnitude, frequency, duration, and route of exposure.

The concentration of a chemical in its transport or carrier medium at

the point of contact.

The maximum acceptable dose (per unit-body-weight and unit of time)
of a chemical to which a specified receptor can be exposed to,

assuming a specified risk (e.g., one in a hundred thousand). May be

Golder Associates
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Exposure Pathway

Exposure Pathway Model

Exposure Ratio (ER)

Exposure Route

Exposure Scenario

Fate

expressed as a Reference Dose (RfD) for threshold-response chemicals
(i.e., noncarcinogens) or as a Risk Specific Dose (RsD) for non-

threshold response chemicals (i.e., carcinogens).

The path a chemical or physical agent takes from a source to exposed
organism. Each exposure pathway includes a source or release from
a source exposure point, and an exposure route. Examples of exposure
pathways include the ingestion of water, food and soil, the inhalation

of air and dust, and dermal absorption.

A model in which potential pathways of exposure are identified for the

selected receptor species.

A comparison between total exposure from all predicted routes of
exposure and exposure limits for chemicals of concern. This
comparison is calculated by dividing the predicted exposure by the

exposure limit.

The way a chemical or physical agent comes in contact with an

organism (e.g., by ingestion, inhalation, or dermal contact).

A set of facts, assumptions and inferences about how exposure takes
place that aid the risk assessor in evaluating, estimating and

quantifying exposures

In the context of the study of contaminants, fate refers to the chemical
form of a contaminant when it enters the environment and the
compartment of the ecosystem in which that chemical is primarily
concentrated (e.g., water or sediments). Fate also includes transport of
the chemical within the ecosystem (via water, air or mobile biota) and

the potential for food chain accumulation.
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Fecundity The most common measure of reproductive potential in fish. It is the
number of eggs in the ovary of a female fish. Fecundity increases with
the size of the female.

FGD Flue Gas Desulphurization

Food Chain Transfer A process by which materials accumulate in the tissues of lower
trophic level organisms and are passed on to higher trophic level
organisms by dietary intake.

Forage (Feeding) Area The area utilized by an organism for hunting or gathering food.

Golder Golder Associates Ltd.

Habitat The place where a plant or animal naturally or normally lives and
grows, for example, a stream habitat or a forest habitat.

Hazard Likelihood that a chemical will cause an injury or adverse effect under

Histology/Histological

Home Range

Hydrophilic

Hydrophobic

ICP (Metals)

specified conditions.

The microscopic study of tissues.

The area to which an animal confines its activities.

A characteristic of charged molecules in which they tend to interact

with water molecules.

With regard to a molecule or side group, tending to dissolve readily in
organic solvents, but not in water, resisting wetting, not containing
polar groups.

Inductively Couple Plasma (Atomic Emission Spectroscopy). This

Golder Associates
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Ingestion Rate

Lowest-Observable-
adverse
Adverse-Effect-Level
(LOAEL)

Measurement Endpoint

Media

Metabolism

Metabolites

analytical method is a U.S. EPA designated method (Method 6010).
The method determines elements within samples of groundwater,
aqueous samples, leachates, industrial wastes, soil sludges, sediments
and other solid wastes. Sample require chemicals digestion prior to

analysis.

The rate at which an organism consumes food, water, or other material
(e.g., soil, sediment). Ingestion rate is usually expressed in terms of

unit of mass or volume per unit of time (e.g., kg/day, L/day).
The lowest dose to an organism that has a statistically significant

Effect on the exposed population of test organisms as compared with

controls.

A measurable ecological characteristic that is related to the valued
characteristic chosen as the assessment endpoint. Measurement
endpoints are often expressed as the statistical or arithmetic summaries

of the observations that make up the measurement.

The physical form of environmental sample under study (e.g. soil,

water, air).

Metabolism is the total of all enzymatic reactions occurring in the cell;
a highly coordinated activity of interrelated enzyme systems .
exchanging matter and energy between the cell and the environment.
Metabolism involves both the synthesis and breakdown (catabolism)

of individual compounds.

Organisms alter or change compounds in many various ways like
removing parts of the original or parent compound or in other cases

adding new parts. Then, the parent compound has been metabolized

Golder Associates
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and the newly converted compound is called a metabolite.

MFT Mature Fine Tails, fine tailings that have dewatered to a level of about
30% solids.

Mortality Death

NESSA Northeast Sand Storage Area

Noncarcinogen A chemical that does not cause cancer and has a threshold

concentration.

No Observed Adverse The highest level of a stressor evaluated in a test that causes no

Effect Level (NOAEL) statistically significant difference in effect as compared with the
controls. Same as NOEL (no observed effect level).

Nutrients Environmental substances (elements or compounds), such as nitrogen

Operational Waters

OSRPAF

OSWRTWG

or phosphorus, which are necessary for the growth and development of

plants and animals.

Waters that are discharged from a channel or outfall, discharged over
the life of the project, or a shorter time frame, controllable, treatable in
a managed treatment system, amenable to comparing to ambient water
quality criteria and potentially of concern with respect to regional off-
site impacts. Sources of operational waters include CT, drainage
waters collected from dykes and structures, mine drainage, upgrading

process, cooling water and sewage treatment facility.

Qil Sands Reclamation Performance Assessment Framework

Oil Sands Water Release Technical Working Group
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PAH(s)

PANH

PASH

Pathology

Physiological

Population

Problem Formulation

Polycyclic aromatic hydrocarbon(s). A chemical by-product of
petroleum-related industry. Aromatics are considered to be highly
toxic components of petroleum products. PAHs are composed of at
least two fused benzene rings, many of which are potential
carcinogens. Toxicity increases along with molecular size and degree

of alkylation of the aromatic nucleus.

Polycyclic aromatic nitrogen heterocycles.

Polycyclic aromatic sulphur heterocycles.

The science which deals with the cause and nature of disease or

diseased tissues.

Related to function in the cells, organs or entire organisms, in

accordance with the nature processes of life.

An aggregate of individuals of a species within a specified location in

space and time.

The first phase in a risk assessment where the geographical location,
scope fo the project and future plans are outlined. In addition,
receptors, chemical and exposure pathways of concern are identified
and screened to focus the remainder of the assessment. A focused
understanding of the site is developed and brought together in a
Conceptual Model that illustrates how chemicals mayb reach specific
receptors, thus potentially creating risk to the receptor, and how risk is

to be evaluated.

Risk-Based Concentration. Concentration in environmental media

below which health risks are not expected to occur.
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Receptor

Reclaimed Landscape

Reclamation Waters

Reference Site

RfD (Reference Dose)

Risk

The person or plant or animal subjected to exposure to chemical or

physical agents.

Dry landscape created following the reclamation of tailings generated
in the mining process where the tailings are chemically treated and

dewatered to form a trafficable surface,

Waters derived from a non-point source, released at slow rates over
large areas for extended periods of time, non-controllable,
nonireaiabie, not amenabie to conventionai end-of-pipe approval
requirements and primarily an on-site water management concern and
a component of a maintenance-free reclamation landscape. Sources of
reclamation waters include surface runoff and groundwater seepage
from sand dumps and dykes, CT deposits, coke piles, gypsum storage
units and other waste dumps, overburden dumps and dykes and

wetlands treatment system.

A relatively unpolluted site used for comparison to polluted sites in
environmental monitoring studies, often incorrectly referred to as a

control.

a threshold (highly nonlinear) dose-response (i.e., noncarcinogen)
based upon the NOAEL determined for the chemical from human

and/or animals studies and the use of an appropriate uncertainty factor.

The likelihood or probability, that the toxic effects associated with a
chemical will be produced in populations of individuals under their
actual conditions of exposure. Risk is usnally expressed as the
probability of occurrence of an adverse effect, i.e., the expected ratio
between the number of individuals that would experience an adverse

effect at a given time and the total number of individuals exposed to
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Risk Assessment

Risk Characterization

RsD (Risk Specific Dose)

Sample

Screening

Seepage

Site

the factor. Risk is expressed as a fraction without units and takes
values from 0 (absolute certainty that there is no risk, which can never
be shown) to 1.0, where there is absolute certainty that a risk will

occur.

The process that evaluates the probability of adverse effects that may
occur, or are occurring on target organism(s) as a result of exposure to

one or more stressors.

A phase of ecological risk assessment that integrates the results of the
exposure and ecological effects analyses to evaluate the likelihood of
adverse ecological effects associated with exposure to the stressor.
The ecological significance of the adverse effects is discussed,
including consideration of the types and magnitudes of the effects,

their spatial and temporal patterns, and the likelihood of recovery.

The exposure limit determined for chemicals assumed to act as
genotoxic, non-threshold carcinogens. An RsD is a function of
carcinogenic potency (q,")and defined acceptable risk (i.e., RsD =

target level of risk + q;").

Representative fraction of a material tested or analysed; a selection or

collection from a larger collection.

The process of filtering and removal of implausible or unlikely
exposure pathways, chemical or substances, or populations from the
risk assessment process to focus the analysis on the chemicals,

pathways and populations of greatest concern.
The act of trickling from a substrate.

The area determined to be significantly impacted after the iterative
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SLC

Species

Species Composition

Statistic

Stressor

Subchronic Toxicity

Suncor

Syncrude

TEF

Threshold Concentration

TID

evaluaitons of the risk asessment. Also can be applied to political or

legal boundaries.

Screening Level Criteria. The lowest of available published criteria

used for screening for chemicals of concern.

A group of organisms that actually or potentially interbreed and are
reproductively isolated from all other such groups; a taxonomic
grouping of genetically and morphologically similar individuals; the
category beiow genus.

A term that refers to the species found in the sampling area.

A computed or estimated statistical quantity such as the mean, the

standard deviation, or the correlation coefficient.

Any physical, chemical, or biological entity that can induce an adverse

effect on an organism.

The adverse effects occurring as a result of the repeated daily exposure

to a chemical for a short time.

Suncor Inc., Oil Sands Group

Syncrude Canada Lid.

Toxicity Equivalent Factor.

A conceniration above which some effect (or response) will be

produced and below which it will not.

Tar Island Dyke

Golder Associates
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TIRA

Toxic

Toxic Threshold

Toxicity

Toxicity Assessment

Toxicity Test

Trafficable

Trophic Level

Uncertainty

Uncertainty Factor

Tar Island Reclamation Area
A substance, dose or concentration that is harmful to a living organism.

Almost all compounds become toxic at some level with no evident
harm or adverse effect below that level. Scientists refer to the level or
concentrations where they first see evidence for an adverse effect on

an organism as the toxic threshold.

The inherent potential or capacity of a material to cause adverse effects

in a living organism.

Review of literature regarding the toxicity of any given material to an

appropriate receptor.

The means by which the toxicity of a chemical or other test material is
determined. A toxicity test is used to measure the degree of response
produced by exposure to a specific level of stimulus (or concentration

of chemical).
A solid material capable of supporting weight.

A functional classification of taxa within a community that is based on
feeding relationships (e.g., aquatic and terrestrial plants make up the

first trophic level and herbivores make up the sécond),

Imperfect knowledge concerning the present or future state of the
system under consideration; a component of risk resulting from
imperfect knowledge of the degree of hazard or of its spatial and

temporal distribution.

A unitless numerical value that is applied to a reference toxicological
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Uptake

U.S. EPA

Valued Ecosystem

Component (VEC)

VOC(s).

Volatilization

Worst-Case

value (i.e., NOAEL) to account for uncertainties in the experimental
data used to derive the toxicological value (e.g., short testing period,
lack of species diversity, small test group, etc.) And to increase
confidence in the safety of the exposure dose as it applies to species
other than the test species (e.g., sensitive individuals in the human

population). RfD equals the NOAEL divided by the uncertainty factor.

The process by which a chemical crosses an absorption barrier and is

absorbed in the body.
U.S. Environmental Protection Agency

Components of an ecosystem (either plant, animal, or abiotic feature)

considered valuable by various sectors of the public.
Volatile Organic Compound(s).

The conversion of a chemical substance from a liquid or solid state to

a gaseous vapour state.

A semi-quantitative term referring to the maximum possible exposure,
dose or risk, that can conceivably occur, whether orn
dose or risk actually occurs is observed in a specific population. It
should refer to a hypothetical situation in which everything that can
plausibly happen to maximize exposure, dose, or risk does happen.
‘The worst-case may occur in a given population, but since it is usually
a very unlikely set of circumstances in most cases, a worst-case

estimate will be somewhat higher than what occurs for a specific

population.
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TABLE 4.1-1

SUMMARY TABLE OF CHEMICAL CONCENTRATIONS IN SUNCOR'S OPERATIONAL AND RECLAMATION MATERIALS
Page 1 of 3

CHEMICAL -

Total Petroleum Hydrocarbons (ug/g)

Total Petroleum Hydrocarbons I - ' 221 l - I 2480 I - l - l -
Polynuclear Aromatic Hydrocarbons (119/g)

1-Methyl-7-isopropylphenanthrene (Retene) <0.01 <0.02 <0.01 <0.08 <0.01 <0.06 -
lacenaphthene 1.1 <0.01 <0.01 <0.04 - 0.05 <0.01 0.35 -
lAcenaphthylene <0.01 <0.01 <0.01 <0.01 - <0.04 <0.01 <0.03 -
IAnthracene <0.01 <0.01 <0.01 <0.01 - <0.04 <0.01 0.04 -
Benzo(a)anthracene/Chrysene 7 0.01 <0.01 0.02-0.32 0.15 0.44 -
liBenzo(@)pyrene 0.92 <0.01 <0.01 0.02-0.05 <0.01 0.05 -
IBenzo(bak) fiuoranthene <0.01 <0.01 <0.01 0.02-0.12 0.03 0.04 -
IIBenzo(ghiperylene <0.01 <0.01 <0.01 <0.01 - <0.04 <0.01 <0.03 -
iBiphenyt <0.01 <0.02 <0.01 <0.02 - <0.08 0.01 <0.06 -
llc2 sub'd benzo(a)anthracene/chrysene 13 0.02 <0.01 0.12-0.46 0.29 0.53 -
{lc2 sub'd benzo(b&k)fiucranthenelbenzo(a) pyrene 22 <0.02 <0.01 <0.02-0.12 0.07 0.07 -
Jlc2 sub'd biphenyi <0.01 <0.02 <0.01 <0.08 - 0.19 <0.01 22 -
IC2 sub'd dibenzothiophene 36 <0.02 0.01 0.27 - 0.51 0.07 1 -
1IC2 sub'd fluorene 1.2 <0.02 <0.01 <0.08-0.25 <0.01 3.7 -
"CZ sub'd naphthatene 0.12 <0.02 0.39 <0.08 - 0.02 <0.01 0.49 -
“CZ sub'd phenanthrene/anthracene 40 <0.02 0.02 0.29-1 0.12 10 -
{lc3 sub'd dibenzothiophene 55 <0.02 0.05 0.53-1.7 0.19 15 -
{lc3 sub'd naphthalene 1.5 <0.02 0.06 <0.08 - 0.22 <0.01 3 -
fLCS sub'd phenanthrene/anthracene 40 0.03 0.03 14-16 0.11 6.9 -
Jlc4 sub'd dibenzothiophene 10 <0.02 0.11 0.83-4.5 0.52 10 -
"C4 sub'd naphthalene 7.9 <0.02 <0.01 <0.08-0.4 <0.01 57 -
“04 sub‘d phenanthrene/anthracene 25 <0.02 <0.01 1.1-43 0.23 3.1 -
Ilpibenzo(a hanthracene <0.01 <0.01 <0.01 <0.01 - <0.04 <0.01 <0.03 -
lIbibenzothiophene <0.01 <0.01 0.05 <0.04 - 0.02 <0.01 <0.03 -
j[Fluoranthene 0.69 <0.01 <0.01 <0.04 - 0.04 <0.01 0.13 -
I[Fluorene 0.14 <0.01 0.05 <0.04 - 0.06 <0.01 <0.03 -
"lndeno(c,d—123)pyrene <0.01 <0.01 <0.01 <0.01 - <0.04 <0.01 <0.03 -
{iMethy! acenaphihene <0.01 <0.02 <0.01 <0.01 - <0.08 <0.01 0.92 -
"Methyl benzo(a)anthracene/chrysene 18 <0.02 <0.01 0.12-0.42 0.21 0.39 -
Methy! benzo(b&k)fluoranthene/methyl benzo(a)

pyrene 0.03 <0.02 <0.01 <0.02-0.29 0.13 0.11 -
L\/Ielhyi bipheny! <0.01 <0.02 <0.01 <0.02 - <0.08 <0.01 0.43 -
{IMethy! dibenzothiophene 9 <0.02 0.02 <0.08 - 0.28 0.02 2.3 -

£\1995\2307\6000\6500\6580\reportitables\TAB4-1-1.XLS:TABLE 4.1-1 Golder Associates
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SUMMARY TABLE OF CHEMICAL CONCENTRATEONS IN SUNCOR'S OPERATIONAL AND RECLAMATION MATERIALS

Page 20f3

- Ok

O CHEMICAL - 0 [ Sands® | ‘Tailings™ Beacl 3
Methyl fluoranthene/pyrene 1 . . 0.41-0.53 i 1.4 -
{Methyl fluorene 1.8 <0.02 <0.01 <0.08 - 0.23 <0.01 0.73 -
{Methyl naphthalene <0.01 0.04 0.04 <0.01 - <0.04 <0.01 0.12 -
{Methy! phenanthrensfanthracene 35 <0.02 0.04 0.15-0.75 0.08 13 -
HiNaphthatene <0.01 0.01 <0.01 <0.01 - <0.04 <0.01 0.05 -
lPhenanthrene 47 <0.01 0.06 <0.04 - 0.45 0.02 0.92 -
Pyrene 2 <0.01 <0.01 <0.01-0.15 0.04 0.08 -
Polycyclic, Aromatic Nitrogen containing Heterocycles {(ug/g)
7-Methyl quinoline - <0.01 <0.01 <0.01 - <0.04 - - -
lAcridine - <0.01 <0.01 <0.01 - <0.04 - - -
C2 Alky! subst'd carbazoles - <0.01 <0.01 <0.01 - <0.04 - - -
1iC2 Alky! substd quinolines - <0.01 <0.01 <0.01 - <0.04 - - -
Hica Alkyl substd quinolines - <0.01 <0.01 <0.01 - <0.04 - - -
{{carbazole - <0.01 <0.01 <0.01 - <0.04 - - -
IMethyl acridine - <0.01 <0.01 <0.01 - <0.04 - - -
{Methy! carbazoles - <0.01 <0.01 <0.01 - <0.04 - - -
{IPhenanthridine - <0.01 <0.01 <0.01 - <0.04 - - -
Quinoline - <0.01 <0.01 <0.01 - <0.04 - - -
Phenols (ug/g)
2 4-Dimethyiphencl - <0.02 <0.01 <0.02 - - -
2 4-Dinitrophenol - <1 <0.01 <1 - - -
2-Nitrophenol - <0.04 <0.01 <0.04 - - -
4,6-Dinitro-2-methylphenol - <1 <0.01 <1 - - -
4-Nitrophenol - <1 <0.01 < - - -
m-Cresol - <Q.02 <0.01 <0.02 - - -
lo-Cresoal - <0.02 <0.01 <0.62 - - -
p-Cresol - <0.02 <0.01 <0.02 - - -
Phenol - <0.02 <0.01 <0.02 - - -
Metals and Trace Elements {ug/g)
Aluminum 748 - 10500 - 172 - -
Antimony <0.05 - 0.06 - <0.05 - -
)Arsenic 1.55 <20 15.8 <20 0.63 - -
Barium 18.7 121 219 19.1 49 - 20.1
HBenyliium 0.4 0.3 1 0.3 <0.1 - <1
IBaron 29 - 7.2 - <0.1 - .
£11895\2307\6000\6500\6560reporitables\TAB4-1-1 XLS:TABLE 4.1-1 Golder Associates
‘ bog © : s B g
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SUMMARY TABLE OF CHEMICAL CONCENTRATIONS IN SUNCOR'S OPERATIONAL AND RECLAMATION MATERIALS

r\1395\2307\6000\6500\6560veport\tables\TAB4-1-1 XLS.TABLE 4.1-1

Page 3 of 3
Cédmium . .
{[Calcium 2570 - 8540 - 559 -
#{Chromium 2 6.2 5.1 154 <0.5 26.9
liCobalt 4 238 12 2 2 6
iiCopper 2 8.4 25.1 27 <0.5 13
firon 7450 - 23400 - 3350 -
[ILead <2 2.5 10 4.4 <2 8
lIMagnesium 1230 - 8060 - 133 .
{Manganese 217 - 117 - 56.5 -
[IMercury 0.02 0.037 0.07 <0.02 0.03 X
Molybdenum <2 1.4 <2 1.1 <2 81
[[Nickel 15 8.4 30 14.4 2 312
{Phosphorus 54 - 450 - 22 -
{Potassium 267 - 2330 - 110 -
ISelenium <0.02 <0.2 0.74 <4 <0.02 -
Silver - - - - - <1
Sodium 207 - 5550 - <50 -
Strontium - - - - - 127
Thallium - <0.1 - 0.1 - <1
Tin - - - - - <5
(Vanadium 26.2 12.3 15.1 23.7 2.8 916
Zinc 10.7 255 72.7 13.6 5.8 22.2

VETL (1993). Sample ID: CP10, n=1.

2 Suncor unpublished data, n=1.

3 ETL (1993). Sample ID: CP3, n=1.

* Suncor and Syncrude, 1995 unpublished data from Consolidated Tailings Field Study, n=2 organics, n=1 inorganics.

® ETL (1993). Sample ID: CP5, n=1.

® Suncor, 1995 unpublished data, n=1.

7 Suncor, 1995 unpublished data from FGD Plant Study (sample is mixture of 50% FGD Gypsum and 50% Flyash Solids), n=1.
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TABLE 4.1-2

SUMMARY OF CHEMICAL CONCENTRATIONS IN SUNCOR'S OPERATIONAL WATERS

952-2307.6560

Page 10f5

Total Petroieum Hydrocarbons {mg/L)}

Total Petroleum Hydrocarbons - - - 98-113 -

Hydrocarbons, Recoverable <q-1 <1-9 <122 <1-19| - <1 <1 <1 -

Total Extractable Hydrocarbons {mg/L)

Total Extractable Hydrocarbons ] | I 38.9-59.8] - ] - i ] <1] <1] -

Naphthenic Acids (mg/L.}

Naphthenic acids | <1 <1} 62-94] 47-55| - [ <2-5} <1-4| <4-5] -

Polycyclic Aromatic Hydrocarbons {ug/L)

1-Methyl-7-isopropylphenanthrene <0.04 <0.04 <0.04 <0.04 <0.04-0.1 <0.04 <0.04 <0.04 -

{Retene)

Acenaphthene <0.02 <0.02 <0.02-<0.08 <0.02 <0.02-0.12 <0.02) <0.02 <0.02 -

‘Acenaphihyiens <0.02 <0.02 <0.02-0.16 <(.02 <0.02-<().05 <0.02 <0.02, <0.02 -

Anthracene <0.02 <0.02 <0,02-<0.04| <0.02, <0.02-<().05, <0.02 <0.02 <0.02 -

Benzo{a)anthracene/chrysene <0.02 <0.02 <0,02-0.27, <0.02 <0.02-0.1 <0.02 <0.02-1 <0.02 -
{iBenzo(a)pyrene <0.02 <0.02 <0.02-<0.04 <0.02 <0.02-0.02 <0.02 <0.02) <0.02 -
IIBenzo(b&k)fiucranthene <0.02 <0.02 <0.02-<0.04 <0.02 <0.02-<0.05 <0.02 <0.02 <0.02 -
{Benzo(ghi)perylene <0.02 <0.02 <0.02-<0.04 <0.02 <0.02-0.03 <0.02 0.02-0.03 <0.02 -
{{Bipheny! <0.04 <0.04 <0.04-0.08 <0.04] <0.04-<0.1 <0.04 <0.04 <0.04] -
1IC2 sub'd benzo{ajanthracenel/chrysene <0.04 <0.04 <0.04-0.83 <0.04 <0.04-0.05 <0.04 <0.04-0.12 <0.04 -

C2 sub'd benzo(b&kjfluoranthene/ <0.04 <0.04 <0.04-0.18 <0.04 <0.04-0.04 <0.04 <0.04-0.07 <0.04 -

benzo{a)pyrene
IIC2 sub'd bipheny! <0.04 <0.04 <0.04-0.25 <0.04 <0.04-<0.1 <0.04 <0.04 <0.04 -
IIC2 sub'd dibenzothiophene <0.04 <0.04 <0.04-2.2) <0.04 <0.1-0.52 <0.04 <0.04-0.19 <0.04 -
{IC2 sup'd flucrene <0.04 <0.04 <0.04-1.1 <0.04-0.28| <0.04-0.35 <0.04) <0.04-0.16 <0.04] -
1IC2 sub'd naphthalene <0.04 <0.04 <0.04-0.25 <0.04-0.07, 0.25-0.3 <0.04 <0.04-0.04 <0.04 -
JIC2 sub'd phenanthrene/anthracene <0.04 <0.04 <0.04-4.5 <0.04-0.06 <0.1-0.39, <0.04 <0.04-0.22 <0.04 -
JIC3 sub'd dibenzothiopherie <0.04 <0.04 <0.04-4.1 <0.04 <0.1-0.08 <0.04 <0.04-0.12 <0.04 -
1IC3 sub'd naphthalene <0.04 <0.04 <0.04-0.3 <0.04-0.27 <0.1-0.78 <0.04 <0.04-0.34 <0.04 -
{IC3 sub'd phenanthrens/anthracene <0.04 <0.04 <0.04-3.6 <0.06-0.12 <0.1-0.21 <0.04 <0.04-0.25 <0.04 -
iIC4 sub'd dibenzothiophene <0.04 <0.04 <0.04-4.4 <0.04 <0.1-0.08| <0.04 <0.04) <0.04 -
1IC4 sub'd naphthalene <0.04 <0.04 <0.04-2 0.04-0.56 <0.1-0.8 <0.04 <0.04-0.09 <0.04 -
/IC4 sub'd phenanthrene/anthracene <0.04 <0.04 <0.04-1.7 <0.04-0.08] <0.04-<0.1 <0.04/ <0.04-0.33 <0.04 -
IIDibenzo(a,h)anthracene <0.02 <0.02 <0.02-<0.04 <0.02 <0.02-<0.05 <0.02 <0.02 <0.02 -
{iDibenzothicphene <0.02 <0.02 <0.02-0.07, <0.02 <0.02-0.03 <0.02 <0.02-0.09 <0.02 -
{[Fluoranthene <0.02 <0.02 <0.02-<0.04 <0.02 <0.02-0.03] <0.02 <0.02 <0.02 -
{Fluorene <0.02 <0.02 <0.02-0.03 <0.02) <0.02-0.14 <0.02 <0.02 <0.02 -
lindenof(c,d-123)pyrene <0.02 <0.02 <0.02) <0.02) <0.02-<0.05] <0.02 <0.02 <0.02 -
\IMethy! acenaphthene <0.04 <0.04 <0.04-0.19 <0.04-0.28) <0.04-<0.1 <0.04 <0.04 <0.04 -
{iMethyi benzo(a)anthracene/chrysene <0.04 <0.04 <0.04-0.5 <0.04 <0.04-0.11 <0.04 <0.04-0.12 <0.04 -
&) € TAB4-3-2. XL\TABLE 4.9-2
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" Gypsum.
, Ch Chemical it aries? Seepage Water? epage’ ik “teachate?
Methy! benzo(b&k)flucranthene/ methyl <0.04 <0.04 <0.04-0.3 <0.04 <0.04-0.05 <0.04 .
benzo{a)pyrene
IIMethy! biphenyl <0.04 <0.04 <0.04-<0.08 <0.04 <0.04-<0.1 <0.04 <0.04 <0.04 -
iIMethyl dibenzothiophene <0.04 <0.04 <0.04-0.85 <0.04-0.05 <0.1-0.21 <0.04 <0.04-0.21 <0.04 -
{IMethyl fluoranthene/pyrene <0.04 <0.04 <0.04-0.65| <0.04-0.08 <0.1-0.12 <0.04 <0.04-0.31 <0.04 -
iiMethy! fluorene <0.04 <0.04 <0.04-0.3 <0.04-0.26] <0,04-0.25 <0.04 <0.04 <0.04) -
{iMethy! naphthalene <0.02-<0.1 <0.02 <0.02-<0.08 <0.02-0.05| <0,02-0.34 <0.02 <0.02-0.1 <0.02 -
{IMethyt phenanthrene/anthracene <0.04 <0.04 <0.04-0.79| <0.04-0.07 <0.1-0.46 <0.04 <0.04-0.19 <0.04 -
{INaphthalene <0.02 <0.02-0.02 <0.02-0.05 <0.02-0.09| 0.23-0.56 <0.02 <0.02 <0.02 -
lPhenanthrene <0.02 <0.02 <0.02-0.09) <0.02 <0.02-0.12| <0.02 <0.02 <0.02 -
Pyrene <0.02 <0.02 <0.02-0.04 <0.02 <0.02-0.09) <0.02 <0.02-0.18! <0.02 -
Polycyclic Aromatic Nitrogen Heterocycles (ug/L)
7-Methy! quinoline <0.02 <0.02 <0.02 <0.02) <0.02) <0.02 0.12-0.46 <0.02 -
Acridine <0.02 <0.02 <0.02 <0.02 <0.02) <0.02 <0.02-0.13 <0.02 -
C2 Alky! subst'd carbazoles <0.02 <0.02 <0.02] <0.02 <0.02 <0.02 <0.02 <0.02 -
JIC2 Alkyl subst'd quinolines <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.09-0.4 <0.02 -
{IC3 Alkyl subst'd quinolines <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 -
licarbazole <0.02 <0.02 <0.02) <0.02) <0.02) <0.02) <0.02) <0.02) -
IIMethy! acridine <0.02 <0.02 <0.02-<0.04 <0.02) <0.02 <0.02 <0.02-0.6 <0.02 -
{IMethyl carbazoles <0.02 <0.02 <0.02) <0.02) <0.02) <0.02 <0.02) <0.02 -
IiPhenanthridine <0.02 <0.02 <0.02 <0.02 <0.02) <0.02 <0.02-0.21 <0.02 -
Quinoline <0.02 <0.02 <0.02 <0.02-0.09 <0.02) <0.02 <0.02-0.71 <0.02 -
Phenois (ug/L)
2,4-Dimethylphenol <0.1 <0.1 <0.2-1 <0.02! <0.1 <0.1 <0.1-1 <0.4 -
2,4-Dinitrophenol <2 <2 <4-<20 <1-<20 <20 <2 <2 <2] -
2-Nitrophenol <0.2 <0.2 <0,4-<2 <0.4-<2 <2 <0.2 <0.2) <0.2 -
4,6-Dinitro-2-methylphenol <2 <2 <20 <4-<20 <20 <2 <2 <2 -
4-Nitrophenol <2 <2 <4-<20 <4-<20) <20| <2 <2 <2 -
m-Cresol <0.1 <0.1 <0.1-<1 <0.1-<1 <0.1 <0.1 <0.1 <0.1 -
[lo-Cresol <0.1 <0.1 <0.1-<1 <0.1-<1 <0.1 <0.1 <0.1 <0.1 -
Hp—Cresol <0.1 <0.1 <0.1-<1 <0.1-<1 <0.1 <0.1 <0.1 <0.1 -
Phenol <0.1 <0.1 <0.1-<1 <0.1-<1 <0.1 <0.1 <0.1 <0.1 -
Phenols - - <0.002] <0.002 - <0.002 <0.002 <0.002) -
Volatiles (ug/L)
1,1,1-Trichloroethane <1 <1 <1-<15 <1 <1 <1 <1-4 <1 -
1,1,2,2-Tetrachloroethane <5 <5 <5-<75 <§| <§| <5 <5 <5 -
1,1,2-Trichloroethane <t <1 <1-<15 <1 <1 <1 <1 <1 -
1,1-Dichioroethane <1 <1 <{-<15 <1 <1 <1 <1 <1 -
1,1-Dichloroethene <1 <1 <1-<15 <1 <1 <1 <1 <1 -
1,2,3-Trichloropropane <2 <2 <2-<30| <2 <2 <2 <2 <2 -
1,2-Dichlorobenzene <1 <1 <1-<15] <1 <1 <1 <1 <1 -
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7 Chemical
1,2-Dichloroethane
1,2-Dichloropropane <9 <{-<15] <1 <1 <1 <1 <1 -
1,3-Dichlorobenzene <1 <§<15 <1 <1 <1 <1 <1 -
1,4-Dichlorobenzene <1 <{-<15 <1 <1 <1 <1 <1 -
2-Butanone {MEK) <100 <100-<1500 <100 <100l <100/ <100 <100 -
2-Chioroethylvinylether <5 <5-<75 <5| <5| <5 <5| <5 -
2-Hexanone <200 <200 <200-<3000 <200 <200 <200 <200 <200 -
4-Methyl-2-pentanone (MIBK) <200 <200 <200-<3000 <200 <200 <200 <200 <200 -
Acetone <100 <100 <100-<1500 <100 <100 <100 <100, <100] -
lAcrolein <100 <100 <100-<1500 <100, <100 <100, <100 <100, -
iAcrylonitrile <100 <100 <100-<1500 <100 <100 <100 <100! <100 -
Benzene <i <1 <1-<15 <1 <q <1 <14 <1 -
IIBromodichloromethane <1 <1 <1-<15 <1 <1 <1 <1 <1 -
|Bromoform <1 <1 <1-<15 <1 <1 <1 <1 <1 -
IIBromomethane <10 <10 <10-<150 <10 <10) <10 <10 <10 -
\[Carbon disulfide <1 <1 <1-<15 <1 <1 <1 <1 <1 -
{{Carbon tetrachioride <1 <1 <1-<15 <1 <1 <1 <1-3 <1 -
Chiorobenzene <i <1 <1-<15 <1 <1 <1 <1 <1 -
Chloroethane <i0 <10 <10-<150 <10 <10 <10 <10) <10 -
Chloroform <1 <1 <1-<15 <1 <1 <1 <1-3 <1 -
Chioromethane <10 <10 <10-<150 <10 <10 <10 <10 <10 ~
cis-1,3-Dichloropropene <1 <i <}-<15 <q <1 <1 <1 <1 -
cis-1,4-Dichloro-2-butene <2 <2 <2-<30 <2 <2 <2, <2 <2| -
Dibromochicromethane <1 <1 <1-<15§ <1 <1 <{ <1 <4 -
iIDibromomethane <1 <1 <1-<15 <1 <1 <1 <1 <4 -
{IDichlorodifluoromethane <1 <1 <1-<15 <1 <1 <1 <1 <1 -
J{Ethanol <100 <100 <100-<1500 <100 <100 <100 <100 <100] -
{Ethyl methacrylate <200 <200 <200-<3000 <200 <200 <200 <200, <200 -
{Ethylbenzene <1 <1 <1-<15 <1-1.5 <1 <1-4.2 <1-1.2 <{-1.5 -
iEthylene dibromide <1 <1 <1-<15 <1 <1 <1 <1 <1 -
iicdomethane <1 <1 <1-<15 <1 <1 <1 <1 <1 -
{m*p-Xylenes <1 <1 <115 <15 <1 <T-41 <145 <157 -
iMethylene chioride <1 <1 <1-<30 <1 <1 <1 <1-5.7 <1 -
o-Xylene <1 <1 <1-15 <1-2.7| <1 <1-1.7 <1-2.2 <1-2.8 -
Styrene < <1 <1-<15 <1 <9 <1 <1 <1 -
Tetrachiorosthylene <1 <1 <§-<15 <1 < <1 <1 <9 -
Toluene <1 <1 <{-<15 <1 <1 <1 <i-1 <i -
trans-1,2-Dichioroethene <1 <1 <1-<15 <1 <1 <{ <1 <1 -
{trans-1,3-Dichioropropene <1 <1 <1-<15 <1 <1 <4 <1 <1 N
lirans-1,4-Dichloro-2-butene <5 <5-5 <5-<75 <5 < <5 <5 <5 -
i Trichloroethens <1 <1 <1-<15 <1 <1 <1 <1 <4 -
1995230 AB4-1-2 XLSUTABLE 4.9-2

Golder Associates




May 1996

PN——

TABLE 4.1-2

SUMMARY OF CHEMICAL CONCENTRATIONS IN SUNCOR’'S OPERATIONAL WATERS

952-2307.6560

Page 4 of 5
: : Gypsum -~

R Chemical - _Leachate’ -
Trichlorofluoromethane -

Vinyl acetate <100-<1500 <100 <100 <100 <100| <100 -

Vinyl chloride <20-<300 <20 <20 <20 <20 <20 -
General (mg/L)

pH (pH units) 7.63-7.82 7.4-8.18) 7.91-8.54 7.99-8.2 8.01-8.07 7.66-8.31 6.8-8.9 7.3-8.4 6.6
I'Speciﬁc Conductance (uSfcm) 200-268 159-572 1891-4900 1325-1514 1740-1790 588-747] 381-1650 209-465 -
{Caicium 27-33 19-60] 33.3-118 23.5-57.1 29.9-43.2 54-99 32-69 26-55 -
{[Chioride 3.1-14.8 <0.5-57 45.4-510 15.3-17.3 <0.5-33.4 29-41 30-354 1.0-18 -
lIMagnesium 7.8-21 6.4-18.4 7.2-28 8.7-11.3 2.73-18.1 19-30) 8-18.7 6.0-16| -
liPotassium 0.9-2.65 0.41-2.2 <11.5-29 8.4-10.8 0.5-18.9 1.9-3.1 1.2-9.3 0.7-8 -
[ISodium 8.6-25 7.5-61 347-1170 273-335) 7.7-16600 26-53 28-246 5.0-23 -
IiBicarbonate 108-267 97-29) 330.84-800 847-884) 34-1210 222-309| 116-220 116-207 -
j[Carbonate <0.5-10 <0.5 <0.05-20 <0.5 <0.5 <0.5-4 <0.5-10 <0.5-5 -
IiBiological Oxygen Demand 0.1-3.3 - 1.6-6.9 5-9.6 - <0.1-0.9 <0.1-11.2 <0.1-2.5 -
{{Chemical Oxygen Demand <5-28 - 200-430 120-360 - 19-47 11-305) <5-49 -
IDissolved Qrganic Carbon 1-17.2 12-27.5 52-65.3 36.1-42.5 - 9.8-15 5.0-42 4.0-17 -
IINitrate & Nitrite <0.001-0.19 <0.003-0.1 <0.003-0.05 0.11-0.26 0.011 <0.003-0.01 <0.003-0.01 <0.003-0.12 0.2
lPhenols <0,001-0.01]  <0.001-0.005 <0.002-0.02 <0.001-0.004 0.01 <0.001-0.08 <0.001 <0.001-0.001 -
IISulphate 13.1-58 1.6-53 555-1290 29.1-143 6.7-118 60-142) 30-116 15-49) -
Sulphide <0.001-0.002 - - - - - - - A

Total Ammonia <0.01-0.08| <0.01-0.11 0.098-3.98| 4.37-6.01 17.2-19.9 <0.001-0.04 <0.006-25] <0.01-0.22 -

Total Dissolved Solids 117-319 87-339 1400-1805 878-1007 1090-1100) 365-518) 440-510) 145-175 -

Total Kjeldaht Nitrogen 0.26-0.46 - 0.95-6.8 7.4-8.75 - 0.3-0.44 0.5-36.3 0.19-0.7 -

Total Organic Carbon 3.2-19 - 56.1-68) 38.4-45| - 10.1-12.2 8.2-16 6.5-15.3 -

Total Phosphorus 0.003-0.39 0.014-0.20 0.006-0.1 0.14-0.43 <0.1-0.2 0.01-0.04]  <0.003-0.29 0.02-0.17! -

Total Sulphur 6.6 2.1-17.3 186-266| 12.7-48.4 5.6-12.2 20.5-44] 15-19) 5.9-7.9) -

Totat Suspended Solids 4-624 0.4-211 <0.4-17 17-64 <0.4-20 6.0-27 2-126 -
Metals and Trace Elements (mg/L)

Aluminum <0.01-8.64 <0.01-1.89 <0.01-1.92 0.08-1.15 <0.01-0.88 <0.01-0.07| 0.23-5.93 0.05-1.15 -
Antimony <0.0002 - 0.0002| <0.0002-0.0003 - - 0.0006 - 0.002) - <09
IArsenic 0.0004-0.007| <0.0002-0.002) 0.0007-0.0058) 0.0026-0.003 0.0036{  <0.0002-0.002]  <0.0001-0.17 0.0002-0.004 <0.2
Barium 0.04-0.2 0.02-0.07 0.05-0.18 0.08-0.1 0.15-0.77 0.07-0.12 0.05-0.1 0.05-0.1 0.13
IIBeryllium <0.001-0.004]  <0.001-0.004) <0.001-0.004| <0.001-0.002 <0.001 <0.001-0.003] _ <0.001-0.005] <0.001-0.002 <0.01
{Boron 0.01-0.09 0.05-0.14 2.26-4.26 1.65-1.88 0.21-2.31 0.12-0.22) 0.05-0.15 0.01-0.07 1.21)
{Cadmium <0.0002-0.003] _ <0.003-0.005 <0.003-0.007 <0.003-0.004] <0.0002-<0.001 <0.003-0.003]  <0.001-0.01 <0.001-0.003 <0.01
liChromium <0.002-0.032]  <0.002-0.014] <0.002-0.003 <0.002-0.002 <0.002-0.03]  <0.002-0.002f  <0.0002-0.03 <0.002-0.01 <0.005
liCobalt <0.001-0.01] _ <0.003-0.005) <0.003-0.007 <0.003-0.005 0.003-0.02 <0.003-0.01 <0.001-0.01 <0.001-0.004 <0.02}
{Copper <0.001-0.01]  <0.001-0.002 <0.001-0.004 0.002-0.01 <0.001 <0.001-0.01] _ <0.001-0.064 0.006-0.03 0.01
[iCyanide <0.001-0.005f  <0.001-0.03] <0.001-0.06 0.001-0.002 - <0.001-0.002]  <0.002-0.003 <0.001-0.001 0.07]
IFluoride 0.08-0.18 0.14-0.24 - - 2.1-2.8 - 0.07-0.38 - 0.9

185
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© MATURAL WATERS . -0
S TR i “Athabasca | - Reference , : :
. 5 Chemieal st 0 Rwer o] Tributaries? eepage Wate Jeepag ne Drainage’ Y -1Cooling Pond.E™.} ..

iron 0.101-17.9 0.38-4.81 1.24-2.21 0.01-22.5 0.007-0.3 0.005-2.56 0.22-2.28 0.38
ifLead <0.001-0.01 <0.02, <0.0003-0.02 <0.02 <0.0003-<0.014 <0.02] <0.002-0.05 <0.02-<0.05 <0.05
HLi{hium <(0.005-0.02, 0.006-0.02! 0.16-0.27 0.12-0.14 0.19-0.23 <0.013-0.02 0.008-0.022 0.004-0.01
ﬁManganese <0.604-0.51 0.014-0.21 <0.001-0.06 0.12-0.21 0.08 - 1.76 0.02-0.11 <0.001-0.12 0.012-0.15 1.41
IVfercury(ug/Ly <0.05-6.2 <0.05 <0.05-0.05 <0.05-0.26 0.4 <0.05-0.59 <0.05-0.62 <0.05.0.52 <0.1
{!Moiybdenum <0.001-0.01 <{3,003-0.004 0.15-1.42 <0.003-0.02 <(.003-0.07 <0.003-0.003 <0.004-0.6 <0.002-0.002 2.23

Nickel <0.005-0.01 <.005-0.012 <0.005-0.03 <0.005-0.01 0.005-0.06 <0.005-0.01 <0.002-0.15 <0.001-0.02 0.5

Selenium <0,0001-0.0004] <0.0002-0.0003 <0.0002-0.004, <0.0002-0.0002 <0.00004, <0.0002] <0.0001-0.006 <0.0001-0.0005 <0.2

Silicon 2.12 1.13-3.6 2.32-5,58 5.63-10.1 1.1-6.12) 2.82-3.89 2.45-3.53 2.17-5.05!

Silver <0.001-0.001 <,002-0.003 <(0.0002-0.002 <0.002] <0.0002-<0.001 <0.002-0.002 <0.002-0.005 <0.002 <0.01

Strontium 0.48-0.36 0.073-0.21 0.75-2.12 0.27-0.34 0.42-0.77) 0.15-0.28, 0.24-0.29 0.18-0.22]

Thallium - - - - <0.0003-<0.01 - <0.01-<1 <0.1 <0.05

Tin - - - - <0.0003-0.44 - - -

Titanium 0.004-0.08, <0.003-0.05 <0.003-0.02 <0.003-0.02 0.004-0.01 <0.003-0.003 <0.003-0.047 <0.003-0.01

Uranium <0.5 <0.5 <0.5-0.007, <0.5 <0.0002-<0.1 <0.5 <0.5 <0.5 <0.2

Vanadium <0.002-0.02 <{).002-0.008 <0.002-0.17 0.003-0.01 <0.002-0.05, <0.002-0.005] 0.005-1.61 <0.002-0.013| 0.13

Zinc <(.001-0.09 0.012-0.16 0.003-0.06 0.01-0.06 0.01-0.07] 0.003-0.04, 0.001-0.273 <(.005-0.05 0.12

Zirconium - - - - 0.0012-0.0013) - - -

' Golder, 1995 unpublished data (site: upstream of L18, n= 1 to 4); NAQUADAT { code: D0ALO7CCO600, 1985-1995, n= 1 {o 26).
2 Data from the tributaries were grouped and included data from Legget Creek, McLean Creek, Steepbank River and Wood Creek sampled by Golder during 1995 (Golder 1996b; n= 1 o 20).

% Suncor and Syncrude, 1995 unpublished data from CT field stuclies, {n=56to 18).
% Suncor, 1995 unpublished data from Lease 86 Study, ID: RW 127, {n= 1 {0 4).

° Suncor, 1995 unpublished data, samples from Plant 4 Beach #2 aqueous exiract and RG088/088, {n=1 to 4).
& Suncor, 1995 unpublished data from Lease 86 Study (Suncor ID: RW250 & 252, n= 2 {0 8).

7 Suncor, 1995 unpublished data from Lease 86 Study {Suncor 1D: RW254, n= 2 to 4); NAQUADAT {(codes: 20AL07DA1000/1001, 1980-1995, (n=1 to 80); Suncos’'s Monthly Water Monitoring Reports.

8 Suncor, 1895 unpublished data from Lease 86 Study (Suncor ID: RW256, n= 1 {o 4); NAQUADAT (code: 20A1L07DA1013, 1980-1995, n= 1 to 18); Suncor's Monthly Water Monitoring Reports.
® Suncor, 1995 unpublished FGD Pilot Study (Sample is 50% gypsum : 50% flyash, n=1).

Fa) BBOONE50C

TAB4-5-2.ALS\TABLE 4.3-2

Golder Asscciates




™ A—— —y et Rl - -~ had
s
May 1996 TABLE 4.1-3 952-2307.6560
SUMMARY TABLE OF CHEMICAL CONCENTRATIONS IN TERRESTRIAL PLANTS
RN : _.BACKGROUND: T y R
S R " Willow Stems’ |~ Willaw Leaves’: Poplar Stems> Poplar Leaves!’ - Poplar Leaves’ - | Willow Composites™
- GHEMIGAL - - Clean Agi Clean Agric. Sdils | - Clean Agric. $dils AcidiLime CT: Acidflime G~

L Range.
INORGANICS _
liGeneral
Caicium 824§_{ 17554 9289 19103 11197 5146-7933 8329-12844 50325704 9119-11178 7424-19068|
Magnesium 1275 4796) 1057 4908] 193§ 926-1476 33174338 1060-1278 3951-36804 19464218
Potassi 4419] 18177 4096 21337 4391-8077 17084-18352 51256209 16136-22031 N
Sodium 20.7] 20.1 68.4) 165 37.5-133 3489622 33.7-386 50.8-422 -
|Metals and Trace Organics R

yminum 11.0] 28.5] 20.9] 26.6) 30] 544889 95.2-150 267-316 367522 47.1-418
[Antimony 0.006 0.004 0.004] 0.005] 0.006]  0.004-0.008 0.01 0.004-0.006 0.01-0.02 0.02-0.03
[Arsenic 0.04) 0.11 0.67] 0.08) 0.06]_ 0.05-0.07 0.03-0.10 0.03-0.08 <0.03-0.08 0.40-061
iBarium 10,6} 7.1 156 235 16.7] 12.0-16.3 10.6-15.7 139-155 10.1-12.8 346-86.5
[Boron 15.5 78.1 17.3 §5.5 222 219272 90.3569 158215 70.8-295 156232
Cadmium 0.9] 173 0.62 1.09] 1.2 0.72-1.37 0.751.15 0.35-0.62 0.35-0.55 275869
Chiorine 733 5683 1503} 4523 1459 554-1062 3911-7886 377-1341 2510-4896 4628-4669
Chromium 0.2 0.47] 0.38) 0.55 0.27) 0.42-0.67 0.42:0.67 0.28-033 0.36-0.48 1.17-1.19
Cobait 0.08] 0.51 0.11 1.01 142 0.38-0.74 166542 056211 357-21.7 4.15-7.00
[Copper - 4.09] 7.91 2.34) 3.34) 5.19) 3.465.90 2.705.27 1.57-2.96 0.50-2.41 6.40-8.91
iron 28.9] 111 85.4) 122 54.8) 115-134 167-202 61.167.3 103-140 272442
Cead 0.02] 0.11 0.07] 0.14 0.12) 0.09-0.25 0.11-0.15 0.05-0.07 0.09-0.11 0.93-1.02]
Lithium 0.08 0.52) o.Tg! 2.77) 0.37] 0.39-2.54 0.95-10.9 0.18065 206207 8.02-8.09)
Manganese 52.7] 224] 355 93 4] 711 30.7-54.8 945171 23.4.76.3 90.5-194 112-307
{Molybdenum 0.03] 0.43] 0.04 6.29) 0.42) 0.13-0.17 1,14-2.58 0.05-011 0.76-1.52 3.02-17.4)
Pickel 0,43 0.77] 0.51 0.37] 2.57) 0.86-1.31 2.06-4.93 0.74-1.63 1.03-3.82 4.49-8.60
Selenium 0.09) 0.12] <0.09) 0.21 0.05] <0.05-0.10 0.08-0.37 <0.02-<0.07 0.13-0.16 0.07-0.19)
{iStrontium 351 83.9] 430 85.2) 63| 255366 31.9586 212463 30.1-49.6 60.4-129
Thallium 0.002 0.603] 0.006} 0.603) 6.008 0.003-0.006 0.003-0.004 0.003-0.004 0.001-0.603 0.01-0.03
Thorum 0.07] 0.008] 0.02) 0.01 0.005 0.02-0.07 6.02-0.05, 0.01-0.07 0.02.0.06 0.02-0.09
Tin 0.08) 0.1§] 0.02] 0.1 0.01 0.002-0,02 0.002-0.01 0.003-0.06 0.006:0.05 0.057-0.064
Titanium 366 9.72) 4.82 8.1 484 335541 5.90-9.72 2.80-3.51 403632 10.3-22.3
Uranium 0.0003] 0.003] 0.003] 0.004 .00 0.005-0.008 0.01-0.02 6.002-0.004 0.004-0.01 0.01-0.05,
Vanadium 0.03 0.1] 0.08 .08 0.071 0.27-043 0.560.74 0.12-0.19 0.28-0.42 12544.7
Zinc sz.si 268] 82.5] 181 41.9] 512-74.6 67.1-66.2 440511 25662.2 74.9-183

"Willow stem background uptake data from Xu (1996). Plants grown in clean agricuftural soils (n=1).
“Willow leaf background uptake data from Xu (1996). Plants grown in clean agricultural soils (n=1).
Poplar stem background uptake data from Xu (1996). Plants grown in clean agricultural soils (n=1).
*Popiar leaf background uptake data from Xu (1996). Plants grown in clean agricultural soils (n=1).

Swillow composite background uptake data from Xu (1895). Plants grown in reference erskine topsoil (n=1).

“Willow stem data from Xu (1996). Plants grown acid/li

*Poplar stem data from Xu (1996). Plants grown

treated cor

treated

“Yillow composite samples from Xu (1995). Plants grown in acid/lime-treated consolidated tails (n=2).

RV523T600RO T BIRS S i2 18

lidated tails (CT), CT with muskeg, and CT, sand and muskeg (n=3).
"Willow leaf data from Xu (1996). Plants grown acidflime-treated consolidated tails (CT), CT with muskeg, and CT, sand and muskeg (n=3).
i tails {CT), CT with muskeg, and CT, sand and muskeg {n=3).
®Poplar leaf data from Xu (1896). Plants grown acidfime-treated consolidated tails {CT), CT with muskeg, and CT, sand and muskeg (n=3).

Golder Associates
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TABLE 4.1-4

SUMMARY TABLE OF CHEMICAL CONCENTRATIONS iN WETLANDS PLANTS
Page { of2

Revd Ganaty Grags! Reed Conayy Grags
Ll Stemel
ORGAMICS ..~~~ Ll
Polycyelic Aromatic Hydrocarbons
t-Methyl-7-isopropyl phenanthrene - - - hd - - g - ke hd = hd hd
Acenaphthene - - - - - - - - N - - - N
Acenaphthylene - - - - - - - - - - - ~ N
Anthracene - - - - - - - - - - - - -
{Benzo{ajanthracene/chrysene e hd - e - - bl - - hd - hd -
1204] 7233] 1123 - - 4556 845 1295-1668 5732-7252 14145-16634 - - 3285-3306)
677 2883 208 - - 1804} 260 898-1344 2198-3266 1413-1560 - - 1943-2378
- N N B - - 166 - Py - 5 - B
1535% 28180, 2564 - - - 12201 15235-25762 17841-24633 5588-21720. - - -
98. 72.5] 97 - - - 375 117-548 183-924 2838-3701 i - - - -
59.1 47. 7% 366-227] 83. 1—§§g 136 144ﬂ 13.2-43.2 110-132 160-614] 55.6-683; 115-702 £84.5-108 1420-1810
0.004 0.0 0.00: - - A <Q. 0.004-0.0 0.02-0.03 - ] - - 0.008-0.02 <0, 1
6.13 0. 0. - - .06 A 0.05-0.14 0.07-0.31 0.03-0.56_‘ - - 0.32-0.55 1.4-18
7.8 25. $2.8) - - 1. 21.! 5.10-¢ .55 12.7-26.8, 20.3-24.3 - - 27.0-305 28.4-28.7
- - - - - - 0.1 - » - - - - 0.13-0.14
- - - - - - <0, - - - - - - <0.1]
2.0 23.5 20.7 - - i2. KE| .26-6.59 5.8-41.4 25,0-69.0: - - 114-344 29-44
0.23 8.1 0.11 9.05-0. 0.05-0. 4] 0. 0.34; .23-1.01 ,13-4.47 0.34-0.48 0.05-0.06 0.05-0.07 0.17-0.22 0.28-0.2-§
4 990 180@ - ! - 338 - 7516-10468 28174-39205 18516-41818} - - 6714-3352?‘ -
0.23] 0.5! 0.54] - § - 0.4 58] .34-0.43 .89-3.69 0.92-2.05] - - 0.49-0.821 37
Bolder Assosiates
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TABLE 4.14

SUMMARY TABLE OF CHEMICAL CONCENTRATIONS IN WETLANDS PLANTS

Page20f2

9

952-2307.6560

Range
= . 0.40-2.06. .
163-1.71 2.18.3.66] 5.04 9.74) 3.38-5.14 3.18-4.89 2.654.26 1.21-2.36 206-2.82 322307 €.06.2
257-33 170-937] 13! 4400] 4251 185256 238-1196 189-508] zzmal 105118 30
- - 03 12 0.04-0.14 020-0.28 0.26-1.12] - - 0.260.31 5-0.
- - 12 < 0.56-2.16 171567 1.08-5.34] - - 4.46-95.7 <405
536681 404459 45, 82 39.2-114 58,1-117, 78.4-200} 153-303 108-183 209-248, 21121
0.01-0; 0.01.0. - - - 0.01-0.11 0.01-0.07 - <0.0:
y N N X 28-063] 85441 34587 N - 8412 51 :
0. .95 .39 zo;z.ﬁ 2.0-2.2 .81, .  44-6.60! . 48-7.22| .57-12.9] 20227 20201 12-115 3.3-3.
0.01] A7 0.23 - 5 XE <. .31-0.14 .37-0.38 .50-0.64 - - .22.0.58 <0,
- - - 30: - - - - - - 27428
761 335 51.4 - - 27.9 341 588-15 17.4464 45.399.2 - - 283387 59.7-60.
- - - 30608 - - - - - - 2880-2540
0. 0.007] 0.001 - - [ 0.002-0.01 0.002-0.004 <0.0002-0.01 - - 0.008.0.01 -
X 0. - - 0: <0.4 .02-0.08 .02-0.07 0.02-018 - - 101-0.03 <0.4
.01 ] [ - - .0 <2 .51-6.09 -0.07 0.0010.02 - - .03-0.04 <2
[Titanium .54 .57 12 - - 8! 163 460571 115 .02-17.3 - - 65-6.49 8.73—9.ﬁ
Uraniurm 0.00; 01 0 - - 07 < 0,001-0.01 0.93] ,02-0.22] - - 0.008-0.04 <A
Vanadium ©.13} 0.1 X! - - 3 X 0.30.0.20| . 74-1.86 .84-11.9 - - 03116 444,
Zinc 101, 50.9 1. 18.8-27 4] 22.3-41.4] 38. 4.1 39.5-56.3 6.0-27.4 16164 11.2.33.8 13.7-25.2 475849 21.9-22.9)
$Zirconium I - - - { 15 = - - - - - 1.72.0

'Reed canary grass stems background plant uptake data from Xu (1996). Plants grown In clean agricultural soils {n=1).
'Reed canaty grass leaves background plant uptake data from Xu (1996). Plants grown in clean agricuttural soils (n=1).
Cattail leaves background plant uptake data from Xu {1996). Plants grown in ciean agricultural soils {n=1).
“Cattail shoots background plant uplake data from Nix et al (1994). Plants grown in control and reference wetlands (n=5).
*Bulirush shoots background plant uptake data from Nix et al. (1884), Plants grown in control and reference wetiands (n=5).
*Reed canary grass composites background plant uptake data from Xu {1995). Plants grown in refarence erskine topsoil (n=1).
Cattait follage background plant uptake data frem Syncrude reference wetiand (1934; unpublished data; n=1).
®Reed canary grass stem data from Xu (1996). Plants grown in acid/flime-treated consolidated tails (CT), CT and muskeg, and CT, sand, and muskeg (n=3),
*Reed canary grass leaf data from Xu (1996). Plants grown in acid/lime-treated consolidated tails {CT), C and muskeg, and CT, sand, and muskeg (n=3).
W attail teaf data from Xu {1836). Plants grown in acidfime-treated consolidated tails {CT), CT and muskeg, and CT, sand, and muskeg (n=3).
*'Cattait shoot data from Nix et al. {1994). Plants grown in Suncor Dyke and Pond 1A drainage wetiands {n=6).
*Bulirush shoot data from Nix et ai. {1094). Plants grown in Suncor Dyke and Pond 1A drainage wetlands {n=6).
“Reed canary grass composite samples from Xu {1895). Plants grown in acid/ime-treated consolidated tails (n=2).
"“Cattail foliage uptake data from Syncrude, PR 7 (1994; unpublished data). Plants grown in fine tails (n=2).
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TABLE 4.1-5
SUMMARY TABLE OF CHEMICAL CONCENTRATIONS IN FiSH AND AQUATIC MACROINVERTEBRATES
Page {1 of 3

ORGANICS © R

Total Exiractable Hydrocarbons |

Polycyclic Aromatic Hydrocarbons

1-Methyl-7-isopropyi - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 -
Acenaphthens - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02 <0.001
Acenaphthylene - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02; <0.0002]
Apthracene - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02{ <0.0008)
iT'Benzo(a)antl'u‘acane - - - - - - - - - - - - <0.00009;
Benzo{a)anthracane/chrysene - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02 -
Benzo(a)pyrene - - ~ <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02 0.001
Benzo(ejpyrense - - - - - - - - ~ - - - 0.004
Benzo(b&k)fluoranthene - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02] <0.0008}
Benzo{ghi)perylene - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02 <0.001
IBiphenyl - B - <0.04 <0.04 <0.04 <6.04 - - - <0.04 <0.04 -

C2 sub'd benzo{a)anthracens/

chrysene - - - <0.04 <0.04 <0.04 <0.04 - - - ] <0.04 <0.04 -

C2 sub'd benzo(b&k)fiuoranthene/

benzo{a)pyrene - - - <0.04 <0.04 <0.04 <0.04 - - - <0,04 <0.04 -

C2 sub'd biphenyl - - - 0.06 <0.04 <0.04 <0.04 M - - <0.04 <0.04 -

C2 sub'd dibenzothiophene - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 <0.01
C2 sub'd flucrene - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 -

C2 sub'd naphthalens - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 <0.01
C2 sub'd phenanthrene/antharacene - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 <0.01
C3 sub'd dibenzothiophane - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 -

C3 sub'd naphthalens - - B <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 <0.01
C3 sub'd phenanthrene/anthracene - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 <0.01
C4 sub'd dibenzothiophene - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 -

C4 sub'd naphthalens - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 <0.01
C4 sub'd phenanthrene/anthracene - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 <0.01
Chrysene - - - - - - - - - - - - <0.00007
Dibenzo{a,h)anthracene - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02 <0.002;
Dibenzothiophene - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02 <0.01
[Fluoranthene - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02]  <0.001
Fluorene - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02 0.003§
indeno(c,d-123)pyrene - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02 <0.001
Methyl acenaphthene - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 -
{Methyi - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 -
Methy! benzo(b&k)flucranthene/

benzo(a)pyrene - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 -
E@hy! biphenyi . - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <0.04 -
Methyt dibenzothiophene - - - <0.04 <0.04 <0.04 <0.04 - - - <0.04 <Q.04] <001
iMethyl fluoranthenelpyrene - - - <0.04 <0.04 <0.04 <0.04 - z N <004 <004 M

Methyl fluorens - - - 0.06 <0.04 <004 <0.04 - - - <0.04 <0.04 -
Methy! naphthalene - - - <0.02 <0.02-0.03 <0.02-0.03 <0.02 - - - 0.03 <0.02{ 0.006
Methyl phenanthrene/anthracene - - - <0.04 <0.04 <0.04 <0,04 - - - <0.04 <0.04] <D0

TISUDAT2XLS Table 435 Golder Associates
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SUMMARY TABLE OF CHEMICAL CONCENTRATIONS IN FISH AND AQUATIC MACROINVERTEBRATES

TABLE 4.1-6

952-2307.6560

Page20f3
SR | Ralinbow
Walfeye'? | Trout
10% TiD | Syncrude,
Water | |- Pond #5
T g} : : - {ng/g) - | {uglg)
Naphthaleng <0.02-0.04 <0.02-0.02 <0.02 0.005
Perylene - - - - - - - - - - <0.001
Phenanthrene - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02 0.001
Pyrene - - - <0.02 <0.02 <0.02 <0.02 - - - <0.02 <0.02{ <0.0008§
Polycyclic Aromatic Nitrogen Heterocycles
7-Methy! quinoline - - - <0.02 <0.02 <0.02 - - - <0.02 <0.02 -
Acridine - - - <0.02 <0.02 <0.02 - - - <0.02 <0.02 -
C2 Alkyl subst'd carbazoles - - - <0.02 <0.02 <0.02 - - - <0.02 <0.02 -
C2 Alkyl subst'd quinolines - - - <0.02 <0.02 <0.02 - - - <0.02 <0.02 -
C3 Alkyl substd quinolines - - - <0.02 <0.02 <0.02 - - - <0.02 <0.02 -
Carbazole - - - <0.02 <0.02 <0.02 - - - <0.02 <0.02 -
Methyl acridine - - - <0.02 <0.02 <0.02 - - - <0.02 <0.02 -
HIMethyi carbazoles - - - <0.02 <0,02 <0.02 - - - <0.02 <0.02 -
IPhenanthridine - - - <0.02 <0.02 <0.02 - - - <0.02 <0.02 -
Quinoline - - - <0.02 <0.02 <0.02 - - - <0.02 <0.02 -
INORGANICS - T I e
General - - - - N - - N ~
Calcium - - - 7940 246-680 2260 7090 - - - 261 7660 -
{IMagnesium - - - 2230 277-331 380 457 - - - 302 371 -
Phosphorus - - - 3950 2140-2960 3620 6060 - - - 2640 5820 -
Potassium - - - 4560 3950-5180 4840 5090 - - - 4880 4390 -
Sodium - - - 4270 338-409 471 635 - - - 480 748 -
Metals and Trace El¢ - - -
Aluminum 17.9-71.0 70-220 20-40] <2-11 18 14] 15.8-18.4) 100-1800 20-70 12) 12) -
Arsenic - - _jl - 0.8 <0.5 <o.1{ 23] - - - <0.1 1.1 -
Barium 7-52.6 <2-41 44 <0.5] <0.5 0.9 - 8-71.5 <20-84.4 <0.5] 0.9 -
Beryllium - - - 0.2 <(ﬂ <1 <1 - - - <1 <1 -
IBoron - - - 10| <§{ <5 <EE‘ - - - <5 <5| -
Cadmium 0.06-0.34 <1 <1 <0.3 <0.5 <0.5 <0.5 0.17-0.57] <1 <1 <0.5] <0.5 -
Chromium - - - 31.8| <0.5] <0.5 <Q.5 - - - <0.5 <Q.5] -
Cobalt - - - 3.8 <0.8] <1 <1 R z - <1 <1 N
Copper - <8-20 <60-70 13.7] <1-2) <{ <1 - 10-40 60-70 <1 <1 -
iron 3080-4528 810-2100] 420-1800] 5660 7-16| 23| 8| 1431-6590 1070-2970 220650 4 <1 -
Lead 0624 <1 <1 3 2 5| 5| 384573 a <1 <5 S
Lithium - - - 3.2 - - B - - - 5
[Manganese - 20-46 20-80] 193 <0.5-0.9 0.9 5.1 - 20-110 <30-180 0.2 6.1 -
Mercury 3.0-8.5 <1 <3 0.06 - 0.04) 0.45] 3.84.5.39 <1 3 0.03 044 -
iMoiybdenum - - - 2.2 <1 <1 <1 - - - <1 <1 -
Nickel - - - 23 <1-2 <2 <2 - - - <2 <2 -
H§elenium - - - <0.2) <0.5-0.3] 0.3 0.4} - - - <0.4] 0.4 -
{Silicon - - - 654 4-12! <50 <50 - - - <50/ <50 -
{Sitver - - - <0.2 - <1 <1 - - - <1 <1 .
Strontium - - - 21.7; <0.5-0.9 2| 8 - - - <1 8 -
Thallium - - - <1 <1 <1 - - - <1 <1 .
Tin - - - <2 <5 <5 - - - <§ <5 -
Titanium - 3-9 <3-<30)f 38.9 - - - 4-30 8-10 - -
Uranium - - - <50)] - - - - - - -
DATZ.XLS Tabio 4.1-§ Golder Associates
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TABLE 4.1-5

SUMMARY TABLE OF CHEMICAL CONCENTRATIONS IN FISH AND AQUATIC MACROINVERTEBRATES
Page 30f3

Synérud
‘Pond #5.
ug/g) -

Vanadium
Zinc

131-145]

*Chironomid larvae background uptake date from Nix el al. {1584). Chironemid jarvae collected from contrel sites {na3),

2Benihic macroinveriebsate background uptuke data from Nix ot al. {1894). Macroinvertebrates collected from control sites {1=3).

*Emergent insect background uptake data from Nix et o, {1994). Emergent insects collected from control sifes (n=8).

*Benthic i from River of TID { Golder $984b, n=1).

SAthabasca River basefine uptake data Fom Golder Associates Lid, (1996b). Data are ranges of composite samples based on filets from 10 fish/composite, seperated by gender and species (walleye, goldeye and fongnose sucker, n26-7).
SRainbow frout background uplake data from HydroQual (1996). Fish were held for 28 days in Athabasca River water (n=1).

“Walleye background uptake data from HydroQual {1956). Fish were held for 28 days in Athabasca River water (n=1).

Chironomid uptake data from Nix et af. (1994). Chironomids sampled rom Suncor Dyke Drainage senches {n=3).

“Benthic macroinvertedrate uptake data from Niz st al. {1994). Macroinvertebrates sampled ffom Suncor Dyke Drainages and Split Dyke Drainages {n=5).
YEmergent insect uptake date Fom Nix el al, {1984). Emergent insects cofiected from Suncor Dyke Drainages (n=9).

'Rainbow frout uptake data from HydroQuat {1986). Fish were held for 28 days in 10% Tar Island Dyke Waler (n=1}.

*alleye uptake data fom HydroQual (1886). Fish were held for 28 days in 10% Tar Istand Oyke Wates {n=1).

BRainbow out uptake data Fom Syncrude {1992; unpublished data). Fish were held for 10 weeks in water from Syncrude Pond #5 (n=1}.
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TABLE 4.1-6

SUMMARY TABLE OF CHEMICAL CONCENTRATIONS IN BIRDS AND MAMMALS

Page 1 of 3
Polycyclic Aromatic Hydrocarbons
IAcenaphthene - - - - <DL <0.002
[Acenaphthylene - - - - <DL <0.002
Benzo(a)anthracene/chrysene - - - - <DL <0.002
{[Benzo(a)pyrene - - - - <DL <0.002
{Benzo(b&k)fluoranthene - - - - <DL <0.002
[Benzo(ghi)perylene - - - - <DL <0.002
IIBiphenyl - - - - <DL <0.002
IC2 sub'd naphthalene - - - - <DL <0.002
IC3 sub'd naphthalene - - - - <DL <0.002
iC4 sub'd naphthalene - - - - <DL <0.002
IDibenzo(a,h)anthracene - - - - <DL <0.002
IDibenzothiophene - - - - <DL <0.002
|IFluoranthene - - - - <DL <0.002
[Fluorene - - - - <DL <0.002
indeno(c,d-123)pyrene - - - - <DL <0.002
[Methyl naphthalene - - - - <DL <0.002
|Methyl phenanthrene/anthracene - - - - <DL <0.002
INaphthalene - - - - <DL 0.008
|IPhenanthrene - - - - <DL <0.002
[iPyrene - - - - <DL <0.002
INGRGANIGS ™~ r——— e e e e
General
Calcium 5 - - - - 40-160 20-312
{Magnesium - - - - 170-260 6-802

RA1885\23076000\6560report\tablas\tissudat? xis . .
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TABLE 4.1-6
SUMMARY TABLE OF CHEMICAL CONCENTRATIONS IN BIRDS AND MAMMALS
Page20of 3
| Duckling' - | ‘Déer|
../ CHEMICAL - | Control Wetland |
i gy

R S Range = n ng : nge- . -
Phosphorus - - - 1730-2820 85.7-7100
Potassium - - 2430-3840 240-12700
Sodium - - 700-1580 436-2770
Metals and Trace Elements

Aluminum 3-5 43.0-172 17.5-356 <1-5 <1-13 <0.8-43
Antimony - - - <0.1
Arsenic <2 - <2 - <0.1
Barium 0.14-0.92 9.8-19.3 7.3-11.5 0.08-1.09 <1-2 0.1-2.8
Beryllium - - - <0.1 <0.04
Cadmium - - - <0.3 <0.02-0.27
Chromium 0.1 6.5-13 4.0-18.0 0.08-0.5 0.3-0.5 0.2-0.4
{Cobalt - - - <0.1 <0.08-0.2
[Copper 221-278 6.5-9.9 6.5-8.6 207-281 0.8-1.9 0.4-52.4
fliron - - - 56-1700 4.6-434
liLead <1 - <0.9-1 <2 <0.8
ILithium - - - <0.5 <4
IIManganese - 6.5-22.5 5.4-42.0 - <0.1-2 <0.08-12.4
{Mercury <0.1 - <0.1 <0.02 <0.05
iIMolybdenum - - - <0.3 <0.2-4.7
Nickel <0.2 - <0.2-0.2 <0.5 0.1-1.0
Selenium - - - - <0.1-1.0
Silicon - - - 5.0-15 <2-103
Strontium - - - <0.2-0.6 <(0.4-2.3
Suiphur - - - - 308-7500
Thorium - - : - <04
Tin - - - - <2
R:119952307\6000\8560veporiiables\tissudat? xis GOI der ASSOiC§a tes |
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TABLE 4.1-6

SUMMARY TABLE OF CHEMICAL CONCENTRATIONS IN BIRDS AND MAMMALS
Page 3 of 3

Titanidfn —

0.9-5.7 <0.3-0.8
Uranium - - - <50 <4
\anadium <0.2 - - <0.2 <0.2 <0.2
Zinc - 77.8-109 82.0-108 12.4-31.7 1.95-138

1Background duckling uptake data from tissue uptake study on duckling livers. Duckling kept in an experimental control wetland (Wolfe and Norman,

as cited in Bishay and Nix 1996; unpublished data; n=2-3).

2Deer mice background uptake data from Pauls and Arner (1989). Concentrations reported are from samples 17B-22; collected from areas unimpacted

by mining, west of Fort McMurray (n=4).

3Red-backed vole background uptake data from Pauls and Arner (1989). Concentrations reported are from samples 17B-22; collected from areas unimpacted
by mining, west of Fort McMurray (n=6 for most samples).

4Duckling data from tissue uptake study on duckling livers. Ducklings exposed via CT pond, CT wetland, dyke drainage pond and dyke drainage wetiand (Wolfe
and Norman, as cited in Bishay and Nix 1996; unpublished data; n=9-10)

*Muskrat collected from Suncor wetland trench, spring 1995 (unpublished data). Data presented are maximum concentrations detected in brain, fiver and muscl
tissues (n=3 tissue types).

®All muskrat organic tissue data was below detection level. Detection levels ranged from 0.01 - 0.2 ppm depending on the tissue and compound being analyzed.

"Bison uptake data from Pauls, Peden and Johnson (1995; unpublished data). Bison collected from Syncrude toe berm pasture (kept on tailings sand capped
with 50 cm cap). Bison liver was analyzed for organic residues (n=1), and liver, adipose and muscle tissues were analyzed for inorganic chemical
concentrations (n=3).

R:\1995\2307\6000\6560reportitables\issudat? xis
, Golder Assoiciates
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TABLE 4.2-1

ASSUMPTIONS FOR TIME-TABLE FOR SUCCESSION OF
RECLAMATION VEGETATION TYPES

952-2307.6560

: S s o ERC Vegdetation Type. - Existing and Projected: 2001, 2010, 2020, 2100
'Reclamation ks i
Vegetation Type | oo o S R R
“Time Frame: - Existing: 0 0 2004 T 2010 0 1 2020 2100
Spruce/Poplar/Pine |Disturbed HG | Disturbed HG | Mixedwood Mixedwood Mixedwood
Spruce domn. | Spruce domn. | Spruce domn.
Spruce/Pine/Poplar |Disturbed HG | Disturbed HG | Mixedwood Mixedwood Mixedwood
Spruce domn. | Spruce domn. | Spruce domn.
Spruce/Poplar Disturbed HG | Disturbed HG | Mixedwood Mixedwood Mixedwood
Spruce domn, | Spruce domn. | Spruce domn.
Spruce Disturbed HG | Disturbed HG | Closed White | Closed White | Closed White
Spruce Spruce Spruce
Spruce/Grass Disturbed HG | Disturbed HG | Disturbed HG | Closed White | Closed White
Spruce Spruce
Poplar/Pine/Spruce |Disturbed HG | Disturbed HG | Mixedwood Mixedwood Mixedwood
Spruce domn.
Poplar/Spruce Disturbed HG | Disturbed HG | Mixedwood Mixedwood Mixedwood
Spruce domn.
Poplar/Pine Disturbed HG | Disturbed HG | Mixedwood Mixedwood Mixedwood
Popiar Disturbed HG | Disturbed HG | Closed Shrub | Closed Closed
_ Deciduous Deciduous
Pine/Poplar/Spruce |Disturbed HG | Disturbed HG | Disturbed HG | Closed Pine | Closed Pine
pockets within
within Mixedwood
Mixedwood
Pine/Poplar Disturbed HG | Disturbed HG | Disturbed HG | Closed Pine | Closed Pine
pockets within
within Mixedwood
Mixedwood
Pine Disturbed HG | Disturbed HG | Disturbed HG | Closed Pine | Closed Pine
Pine/Grass Disturbed HG | Disturbed HG | Disturbed HG | Closed Pine | Closed Pine

RiV199512307\6000\6500\6S60\REPORTVTABLES\TAR4-2-1.000C
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TABLE 4.2-2

FORAGE TIMES BY WILDLIFE SPECIES AND ELC

B

-

952-2307.6560

ruffed 0-10 0 0-5 40-65 0-20 0-5 0-20 30-50 20-40 0-5 0-5 0-5 0-5 0-5
g:gllljasred 0-50 0 0-15 0 0 0-5 0-5 0 0 0-5 0 0-25 0-5 | 50-100
moose 0 0 | 50-100 50-100 0-10 0-25 0-25 0-25 0-25 0-25 0-35 0-35 0-25 25-75
snowshoe 0-20 0 0-20 25-75 0-10 0-5 0-10 10-65 0-25 0-5 0-10 0-5 0-5 0-5
Ezgfler 0 0 0 25-50 0 0-5 0-5 50-100 25-50 0-5 0 0 0 65100
American 25-75 0] 0-20 0-15 0-50 0-5 0-5 0-50 0-50 0-5 0-5 0-5 0-15 0-5
zer:;rr?lan 0-35 c 0-5 50-100 20-60 0-5 0-35 20-60 20-60 0-5 0-5 0-5 0-5 20-60
;orrt:;zle 0-2 0 0-5 0-25 20-80 20-80 25-75 25-75 25-75 0-50 | 25-75 0-25 0-5 0-5
deer 0-100 0-100 { 0-100 0-100 0-100 0-100 0-100 0-100 0-100 | 0-100 | 0-100 0-100 0-100 0-100
mouse i

R:\1895\2307\6000\6500\6560\REPORT\TABLES\TAB4-2-2.D0C
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SCREENING LEVEL CRITERIA FOR CHEMICALS IN DRINKING WATER FOR PEOPLE

TABLE 5.1-1

Page 1 of 3

952-2307.6560

IPA_ S AR

D SUBSTITUTED PAHS

%cenaphthyiene

|
|
ﬂAcenaphthene group®
gEBenzo(a)anthracene group

0.0001

0.0001

IBenzo{a)pyrene gs'oup

0.0002

0.00001

iBenzo(ghs}perylene

§Biphenyl

Fluorene group

gF!uoranthene gmup

|
|
%iD;benzomiophene greup
%
i

iNaphthaiene grozsp

“Phenanthreﬂe group®

§§Naphther§§c acxdsy )

[No :

agAiummum - 0.2’ 0.2 0.2
flammonia -5 -5 - -
f|antimony =S - 0.006 0.008

portiTables\TABE-1. XL
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SCREENING LEVEL CRITERIA FOR CHEMICALS IN DRINKING WATER FOR PEOPLE

TABLE 5.1-1

(7)‘"""20’

-

952-2307.6560

Page 2 of 3
Arsenic 0.05 0.025
{|Barium 1 2 1 1
[Berytiium - 0.004 -5 0.004
“Boron 5 S 5 5
[lcadmium 0.005 0.005 0.005 0.005
"Calcium ol > 5 £
fiChioride 250 -2 2507 2507
flchromium 0.05 0.1 0.05 0.05
[lcobatt -5 S -5 -5
{(Copper 1% 1.3 0.5 0.5
[lcyanide 0.2 0.2 0.2 0.2
fliron 0.3’ - 0.3 0.3’
llLead 0.01 0.015 0.05 0.01
"Lithium -5 - = -
"M‘agnesium - -5 100° 100®
{Manganese 0.05° - 0.05° 0.05°
fMercury 0.001 0.002 0.001 0.001
{[Molybdenum S S 0.25 0.25
[INickel - 0.1 0.2 0.1
flPhosphorus -5 -5 0.01 0.01
[IPotassium -5 - -° -5
Selenium 0.01 0.05 0.01 0.01
Silicon - -5 -5 -5
Sodium 2007 -5 2007 200’
Strontium -° -5 - -
Sulphate 500" -° 5007 500’
Tin 5 5 5 5
Golder Associates
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TABLE 5.1-1

SCREENING LEVEL CRITERIA FOR CHEMICALS IN DRINKING WATER FOR PEOPLE

Page30f3

a2 e myg
Titanium » 5 0.1 0.1
Uranium -5 0.02 0.4 0.02
\Vanadium S S 0.1 0.1
Zinc 57 5 57 57
Zirconium 5 5 5 5

' Health and Welfare Canada Maximum Acceptable Concentrations (MAC) have been derived to safeguard haalth assuming lifelong consumption of
drinking water containing the substance at that concentration (HWC 1983).

2 y.s. Environmental Protection Agency Maximum Contaminants Level for drinking water for human health (U.S. EPA 1993, as cited in CRWQCB 1993).

® BC criteria are generally intended to serve as benchmarks related to the protection of human health (BCE 1994).

4 Screening Level Criteria were based the lowest available criteria.

No criterion.

® For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix II.

7 Based on an aesthetic objective for drinking water.

Based on taste threshold for sensitive people.

Golder Associates
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TABLE 5.1-2

SCREENING LEVEL CRITERIA FOR CHEMICALS IN SOILS FOR PEOPLE

Page 1 0of 2

952-2307.6560

PAHS AND SUB!

cenaphthene - 0.1 - 0.1
{|Benzo(a)anthracene group6 1 0.1 1 0.1
[IBenzo(a)pyrene group® 1 0.1 1 0.1
"Benzo(b&k)ﬂuoranthene 1 0.1 1 0.1
"Biphenyl group® S S S S
{IDiibenzothiophene group® S 0.1 S 0.1
HF—luorene group‘5 S 0.1 S 0.1
[[Fluoranthene group® B 0.1 S 0.1
“Naphthalene groups 5 0.1 5 0.1
"Phenanthrene group6 5 0.1 5 0.1

luminum
|Arsenic 30 10 30 10
flBarium 500 400 500 400
uBeryllium 4 5 4 4
[lcaicium S A - S
fichromium 250 100 250 100
flcobait 50 20 50 20
flcopper 100 80 100 80
“lron 5 5 5 5
f{Lead 500 50 500 50
[Magnesium S - > S
{iManganese S £ N -

R:\1995\23076000\65006560\REPORT\TABLES\TABS-2.XLS
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TABLE 5.1-2
SCREENING LEVEL CRITERIA FOR CHEMICALS IN SOILS FOR PEOPLE
Page 2 of 2

RI\1985\23076000\ESC0\B560REPORTITABLESITABS-2.4LS

952-2307.6560

Chemicals’

IMercury 2 0.2 2 0.2
ﬂMolybden um 10 4 10 4
[INickel 100 40 100 40
[Thaliium S 1 S 1
{Ivanadium 200 50 200 50
Iizinc 500 120 500 120

' CCME remediation criteria are considered generally protective of human and environmental health for specified uses of soil at contaminated sites (CCME 1891).
2 Alberia Tier | values are generic and approximate acceptable concentrations of soil contaminants for all site conditions and land uses without defining actual risk

{Alberta Environment 1890},

® BC criteria are generally intended to serve as benchmarks related to the protection of human health and the environment with respect to current or future land uses

of soil and water at contaminated sites (BCE 1995).
4 Screening Level Criteria are the lowest of the listed criteria values.

L

No criterion.
& For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix 1.

i

Golder Associates
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TABLE 5.1-3

A

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN REFERENCE BACKGROUND SAMPLES TO SCREENING LEVEL CRITERIA

FOR WATER FOR PEOPLE
Page 1 of 3

P  SUBSTITUTED PAH

cenaphthylene <0.00002 <0.00002 No criterion
[Acenaphthene group® <0.00004 <(.00004 -2 No criterion
iBenzo(a)anthracene group® - <0.00004 <0.00004 0.0001 Does not exceed.
{[Benzo(a)pyrene group® <0.00004 <0.00004 0.00001 Does not exceed.
[Benzo(ghi)perylens <0.00002 <0.00002 > No criterion
{IBiphenyi <0.00004 <0.00004 S No criterion
{Ipibenzothiophene group® <0.00004 <0.00004 S No criterion
{[Fluorene group® <0.00004 <0.00004 - No criterion
[[Fiuoranthene group® <0.00004 <0.00004 S No criterion
{INaphthalene group® <0.00002 0.00002 -5 No criterion.
, "Phenanthrene group® <0.00004 <0.00004 - No criterion
" lIPyrene ” <0.00002 <0.00002 5 No criterion

SU

flQuinoline group®

| <0.00002

<0.00002

No criterion

[INAPHTHENIC ACIDS

Naphthenic acids No criterion
VOl i
Ethylbenzene <0.001 <0.001 0.0024" Does not exceed.
[Im-+p-xylenes <0.001 <0.001 0.3 Does not exceed.
flo-xylene: <0.001 <0.001 0.3’ Does not exceed.

-112,4-Dimethylphenol <0.0001 i <0.0001 - No criterion
{lAtuminum 8.64 { 1.890 0.2 EXCEEDS
Golder Associates
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TABLE 5.1-3

COMPARISON OF CHEMICAL CONCENTRATIONS IN REFERENCE BACKGROUND SAMPLES TO SCREENING LEVEL CRITERIA

FOR WATER FOR PECPLE
Page 2 of 3
Chemical = =+
Ammonia No criterion.
Antimony 0.0003 0.006 Does not exceed.
Arsenic 0.0015 0.025 Does not exceed.
Barium 0.076 1 Does not exceed.
Beryliium 0.004 0.004 Does not exceed.
§§Boron 0.140 5 Does not exceed.
ﬂCadmium 0.005 0.005 Does not exceed.
licalcium 60 -5 No criterion
[[Chioride 56.900 2507 Does not exceed.
ichromium 0.014 0.05” Does not exceed.
{iCobalt 0.005 5 No criterion.
}%Copper 0.002 0.5 Does not exceed.
giCyanide 0.025 0.2 Does not exceed.
fliron 4.810 03’ EXCEEDS
}gLead <0.02 0.01 Does not exceed.
[iLithium 0.020 - No criterion.
i]Magnesium 21 18.4 100® Does not exceed.
IManganese 0.509 0.210 0.05" EXCEEDS
{IMercury 0.0002 <0.00005 0.001 Does not exceed.
E!Moiybdenum 0.01 0.004 0.25 Does not exceed.
INicke! 0.01 0.012 0.1 Does not exceed,
|Phosphorus 0.4 <0.1 0.01 EXCEEDS
Potassium 2.65 2.2 -8 No criterion
Selenium . 0.0004 0.0003 0.01 Does not exceed.
Jisiticon 2.12 3.7600 -5 No criterion
R:A§995\2307\500065 ORT\TABLESITABS-3.4LS Golder Associates
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May 1996 952-2307.6560
TABLE 5.1-3

COMPARISON OF CHEMICAL CONCENTRATIONS IN REFERENCE BACKGROUND SAMPLES TO SCREENING LEVEL CRITERIA
FOR WATER FOR PEOPLE

Page 3 of 3

"S”(Sdfum

Does not exceed.

[Istrontium 0.36 0.210 -5 No criterion.
Sulphate 58 53.200 5007 Does not exceed.
Tin - - - No data
Titanium 0.085 0.046 0.1 Does not exceed.
Uranium <0.5 <0.5 0.02 Does not exceed.
\Vanadium 0.02 0.008 0.1 Does not exceed.
Zinc 0.085 0.162 57 Does not exceed.
Zirconium -2 -5 - No data

' Athabasca River upstream of Lease 19 sampled by Golder during 1995 (Suncor EIA data, Golder 1996b) and NAQUADAT data (n=26)
sampled in 1985-1995 (site: 00ALO7CC0600).

2 Data from the tributaries were grouped and included data from Legget Creek, MclLean Creek, Steepbank River and Wood Creek sampled

by Golder during 1995 (Golder 1996b).

Screening Level Criteria were based on water quality criteria for human drinking water. Please see table 5.1-1 for derivation of values.

These compounds were not detected above detection limits.

No data or criterion. '

For information on grouping of chemicals and the use of surrogate chemicals, please refer o Appendix H.

Based on an aesthetic objective for drinking water.

Based on taste threshoid for sensitive people.

RA1995\2307\6000\6500\6560\REPORT\TABLES\TABS-3 XLS Golder Associates
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TABLE 5.14
COMPARISON OF CHEMICAL CONCENTRATIONS IN REFERENCE SOILS TO SCREENING LEVEL CRITERIA FOR PEOPLE
Page 1 0of 2
Chemicals " 1
PAHS AND SUBSTITUTEDPAHS | 0 oo p e e e s 5 5
Acenaphthene . Does not exceed
Benzo({a)anthracene groups 0.1 Does not exceed
g!Benzo(a)pyrene gmup‘5 0.1 Does not exceed
HBenzo(b&k)ﬂuoranthene 0.1 Does not exceed
E?Bipheny% group® S No criterion
lIpibenzothiophene group® 0.1 EXCEEDS
ﬂFiuorene groups 0.1 Does not exceed
gﬂﬁuoranthene gmup8 0.1 Does not exceed
|INaphthalene group® 0.1 EXCEEDS
}F}henanthrene group® 0.4 EXCEEDS
nPyrene 0.1 Does not exceed
INORGANICS s y -
Aluminum 10500 - - No criterion
Arsenic 15.8 <20° 10 EXCEEDS
Barium 219 121 400 Does not exceed
g;Beryi!ium 1 0.3 4 Does not exceed
§§Caieium 8540 S 5 No criterion
EiChromium 5.1 8.2 100 Does not exceed
glCQbait 12 2.8 20 Does not exceed
%iCopper 25.1 8.4 80 Does not exceed
lliron 23400 S S No criterion
EiLead 10 2.5 50 Does not exceed
HMagnesium 8060 S S No criterion
ﬂMangaﬂese 117 3 2 No criterion
F4805\2ITE0! BblestTABS-4.XLS Golder Associates
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COMPARISON OF CHEMICAL CONCENTRATIONS IN REFERENCE SOILS TO SCREENING LEVEL CRITERIA FOR PEOPLE

TABLE 5.14

Page 2 of 2

(Meroury

0.07

Does not exceed

0.037 0.2
"Molybdenum <2 1.4 4 Does not exceed
Nickel 30 84 40 Does not exceed
Thallium S <0.1 1 Does not exceed
Vanadium 15.1 12.3 50 Does not exceed
inc 72.7 255 120 Does not exceed

! Overburden {(KCa; CP3) data as reported by ETL (1993). This sample is considered to be representative of background soils (n=1).
2 Muskeg soil analyzed by CHEMEX {abs Alberta Inc. Oct. 30, 1995. This sample is considered to be representative of background soils (n=1)

£\1895\237\6000\650016560\re parttables\TABS-4. XLS

Golder Associates

Screening Level Criteria were based on soil quality criteria. Please see Table 5.1-2 for derivation of values.
These compounds were not detected above detection limits.

Not analyzed or no data available.

For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix Il.
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TABLE 5.1-5

COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO SCREENING LEVEL CRITERIA FOR PEOPLE

Page 10of 3

PAHS AND SUBSTITUTED PAHS . i :

Acenaphthylene <0.00002" <0.00005 0.00016 -5 No criterion.
IAcenaphthene group® 0.00028 0.00012 0.00019 -5 No criterion.
IBenzo(a)anthracene group® <0.00004 0.00026 0.0016 0.0001 EXCEEDS
[[Benzo(a)pyrene group® <0.00004 0.00011 <0.00002 0.00001 EXCEEDS
IBenzo(ghi)perylene <0.00002 0.60003 <0.00004 S No criterion.
|IBipheny! <0.00004 <0.00004 0.00008 S No criterion.
IDibenzothiophene group® 0.00005 0.0009 0.01142 5 No criterion.
Fiuorene group® 0.00026 0.00074 0.00143 S No criterion.
IFluoranthene group® 0.00008 0.00015 0.00065 = No criterion.
INaphthalene group® 0.00104 0.00258 0.00268 = No criterion.
IPhenanthrene group® 0.00031 0.00118 0.01068 - No criterion.
|lPyrene <0.0000 0.00009 0.00004 -5 No criterion.
ISUBSTITUTED PANHCOMPOUNDS .~~~ s
llquinoline group® ] 0.0000 <0.00002 <0.00002
P ETS = —— —

i Naphthenic acids |

VOLATILES =~ " Ly e e

Ethylbenzene <0.001 <0.015 0.0024° Does not exceed
{im-+p-xylenes 0.005 <0.001 0.015 0.3° Does not exceed
flo-xylene 0.0027 <0.001 0.015 0.3° Does not exceed
PHENOLS T B e e R
2,4-Dimethylphenol <0.001 <0.0001 | 0.001 - | No criterion.

T P s L T G — —
IAlurninum 1.15 0.88 1.92 0.2 EXCEEDS
llAmmonia 6.01 19.9 3.98 -5 No criterion.

R:A199512307\6000\5500\6 560REPORT\TABLESITABS-5.XLS Golder Associates
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TABLE 5.1-5

COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO SCREENING LEVEL CRITERIA FOR PEOPLE

9562-2307.6560

Page 2 of 3

Chemit

Antimony 0.0006 S 0.006 Does not exceed

Arsenic 0.003 0.0036 0.0058 0.025 Does not exceed

Barium 0.1 0.772 0.18 1 Does not exceed
{Beryliium 0.002 <0.001 0.004 0.004 Does not exceed
flBoron 1.88 2.31 426 5 Does not exceed
ficadmium 0.004 <0.001 0.007 0.005 EXCEEDS
flcalcium 57.1 43.2 118 -5 No criterion.
lichioride 17.3 33.4 510 250° EXCEEDS
[ichromium 0.002 0.028 0.003 0.05° Does not exceed
{icopalt 0.005 0.018 0.007 - No criterion.
ficopper 0.006 0.001 0.004 0.5° Does not exceed
{lcyanide 0.002 - 0.055 0.2 Does not exceed
[iron 2.21 22.5 1.01 0.3° EXCEEDS
|lLead <0.0003 <0.005 <0.0003 0.01 Does not exceed
flLithium 0.144 0.229 0.272 - No criterion.
"Magnesium 11.3 18.1 28 100° Does not exceed
[[Manganese 0.213 1.76 0.058 0.05° EXCEEDS
[IMercury 0.00026 0.0004 <0.00005 0.001 Does not exceed
IMolybdenum 0.018 0.071 1.42 0.25 EXCEEDS
[INicke! 0.005 0.055 0.0295 0.1 Does not exceed
{Phosphorus 0.43 0.2 0.096 0.01 EXCEEDS

Potassium 10.8 18.9 29 - No criterion.

Selenium 0.0002 <0.00004 0.0036 0.01 Does not exceed

Silicon 10.1 6.12 5.58 - No criterion.

Sodium 335 16600 1170 200° EXCEEDS

Strontium 0.337 0.771 212 - No criterion.

R:A1995\2307\6000\85006560\REPORT\TABLES\TABS-5.XLS
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May 1996
TABLE 5.1-5
COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO SCREENING LEVEL CRITERIA FOR PEOPLE
Page 30of 3
Chem‘i}i;a; : *f-‘_lfaa,' !s!andj T
e - Dyke Water:
o (mly
S T Ma
Sulphate 143 500° EXCEEDS
Thanium 0.02 0.1 Does not exceed
Tin S = No criterion.
Uranium <0.5 0.1 Does not exceed
{vanadium 0.01 0.1 EXCEEDS
lizinc 0.058 0.068 0.056 5° Does not exceed.
[zirconium -5 0.0013 -° - No criterion.
' Tar island Dyke Seepage Water taken from TID collection system; composite sample from tanks (RW-127).
2 Groundwater samples (ID: R(G088 and GG08Y) and Plant 4 Beach #2 Tailings water sample (ID: E504203-02).
® Consolidated Tailings Release Waters samples RW-162, RW-163 and RWW164; and 1995 Suncor and Syncrude CT field study.
* The Screening Leve! Criteria were based on water quality criteria for drinking water. Please see table 5.1-1 for derivation of values.
® Mo data or criterion.
8 For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix 1i.
7 These compounds were not detected above detection limits.
8 Based on an aesthetic objective for drinking water.
® Based on taste threshold for sensitive people.
199512307 EPORTITABLESITABS-5.XLS Golder Associates
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TABLE 5.1-6

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN RECLAMATION MATERIALS TO SCREENING LEVEL CRITERIA

FOR SOILS FOR PEOPLE
Page 1 of 2

{Acenaphthene

Does not exceed

“Benzo(a)anthracene group® 1.2 0.65 0.1 EXCEEDS
|iBenzo(a)pyrene group® 0.46 0.2 0.1 EXCEEDS
[[Benzo(bek)fluoranthene 0.12 0.03 0.1 EXCEEDS
([Bipheny! group® 0.19 <0.01 5 No criterion
"Dibenzothiophene group® 7.01 0.8 0.1 EXCEEDS
fIFiuorene group® 0.59 <0.01 0.1 EXCEEDS
[IFiuoranthene group® 0.57 0.01 0.1 EXCEEDS
{INaphthalene group® 0.64 <0.01 0.1 EXCEEDS
{lPhenanthrene group® 8.11 0.56 0.1 EXCEEDS

"Pyreng )

EXCEEDS

llNoRGANIC:

wxlumim;m

No criterion

Arsenic <20 0.63 10 Does not exceed
Barium 19.1 4.9 400 Does not exceed
[IBerytiium 0.3 <0.1 4 Does not exceed
{lcatcium S 559 S No criterion
[lchromium (total) 15.4 <0.5 100 Does not exceed
”Cobalt 2 2 20 Does not exceed
"Copper 27 <0.5 80 Does not exceed
fliron - 3350 2 No criterion
[lLead 4.4 <2 50 Does not exceed
"Magnesium 0.6 133 S No criterion
!Manganese S 56.5 S No criterion
[Mercury <0.02 0.03 0.2 Does not exceed

R:\199512307\5000\65006560\REPORT\TABLES\TABS-8.XLS
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TABLE 5.1-6

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN RECLAMATION MATERIALS TO SCREENING LEVEL CRITERIA

FOR SOILS FOR PEOPLE
Page 2 of 2

HMQ-bedénum

Does not exceed
ggNickei 40 Does not exceed
ﬁ'fhamum 1 Does not exceed
B}Vanadium 50 Does not exceed
!lZinc 1386 5.8 120 Does not exceed

T Low Gypsum Consolidated Tailings analyzed by CHEMEX Labs Alberta inc., October 1995 and Envirotest Laboratories, May and November, 1895.
2 Tailings Sand (Suncor Beach; CP3) data as reported by ETL {1993; n=1).

4 The Screening Level Criteria ware based on scil quality criteria. Please see table 5.1-2 for derivation of values.

4 These compounds were not detected above detection limits.
5 Not anaylzed or no data available.

8 For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix 1.

R1995'2307

\REPORT\TABLES\TABS-8.XLS
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TABLE 5.1-7

COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO BACKGROUND CONCENTRATIONS AT REFERENCE SITES

Page 1 of 2

IChemic:

PAHS AND SUBSTITUTED PAHS - .

<0.00002

EXCEEDS

Acenaphthylene <0.00005 0.00016 <0.00002 <0.00002
iAcenaphthene groups 0.00028 0.00012 0.00019 <0.00004 <0.00004 EXCEEDS
{Benzo(a)anthracene group® <0.00004 0.00026 0.0016 <0.00004 <0.00004 EXCEEDS
[[Benzo(a)pyrene group® <0.00004 0.00011 0.00048 <0.00004 <0.00004 EXCEEDS
|Benzo(ghi)perylene <0.00002 0.00003 <0.00002 <0.00002 <0.00002 EXCEEDS
{IBipheny! <0.00004 <0.00004 0.00008 <0.00004 <0.00004 EXCEEDS
"D—ibenzothiophene group® 0.00005 0.0009 0.01142 <0.00004 <0.00004 EXCEEDS
[IFiuorene group® 0.00054 0.00074 0.00143 <0.00004 <0.00004 EXCEEDS
{[Fluoranthene group® 0.00008 0.00015 0.00065 <0.00004 <0.00004 EXCEEDS
[[INaphthalene group® 0.00104 0.00258 0.00268 <0.00002 0.00002 EXCEEDS
lPhenanthrene group® 0.00031 0.00118 0.01068 <0.00004 <0.00004 EXCEEDS
l Pyrene

<0.0000

0.00009

0.00004

<0.00002

<0.00002

SUBSTITUTED PANH COMPOUNDS .

EXCEEDS

l

JiQuinoline grc'mp6

0.00009

<0.00002

<0.00002

<0.00002

<0.00002

EXCEEDS

INAPHTHENIC ACIDS

EXCEEDS

"Naphthenic acids

lPHENOLS , G
2,4-Dimethylphenol <0.001 <0.0001 0.001 <0.0001 <0.0001 EXCEEDS
INORGANICS | iR i N
Aluminum 0.88 1.92 8.64 1.89 Does not exceed
{Ammonia 6.01 19.9 3.98 0.08 0.11 EXCEEDS
flcadmium 0.004 <0.001 0.007 0.003 0.005 EXCEEDS
ficaicium 57.1 432 118 74 60 EXCEEDS
[ichioride 17.3 33.4 510 14.8 56.9 EXCEEDS
[lcobatt 0.005 0.018 0.007 0.01 0.005 EXCEEDS

R:1995123071600016500\6S60REPORTVTABLESITABS-7.XLS Golder Associates
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TABLE 5.1-7

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO BACKGROUND CONCENTRATIONS AT REFERENCE SITES

Page 2 of 2
Tarﬁszand’ 41 Plant.
s Dyke Water -
Coo e b mglle mgit) - L) mail) Water |
§i ron 2.21 22.5 1.01 17.9 4.81 EXCEEDS
{lLithium 0.144 0.229 0.272 0.02 0.02 EXCEEDS
IManganese 0.213 1.76 0.058 0.509 0.21 EXCEEDS
{IMolybdenum 0.018 0.071 1.42 0.01 0.004 EXCEEDS
{IPhosphorus 0.43 0.2 0.096 0.4 <0.1 EXCEEDS
Potassium 10.8 18.9 29 2.65 2.2 EXCEEDS
Silicon 10.1 8.12 5.58 212 3.76 EXCEEDS
Sodium 335 16600 1170 24.6 61.3 EXCEEDS
Strontium 0.337 0.771 212 0.36 0.21 EXCEEDS
Sulphate 143 118 1290 58 53.2 EXCEEDS
Tin -8 0.44 -8 -8 -8 No background data
Vanadium 0.01 0.05 0.17 0.02 0.008 EXCEEDS
Zirconium -8 0.0013 -8 -8 -8 No background data

! Tar island Dyke Seepage Water taken from TID coliection system; composite sample from tanks (RW-127).

2 Groundwater samples {ID: RG088 and RG08S) and Plant 4 Beach #2 Tailings water sample (ID: E504203-02).

% Consslidated Tailings Release Waters sampies RW-162, RW-163 and RW164; and 1995 Suncor and Syncrude field CT study.

* Athabasca River upstream of Lease 19 sampled by Golder during 1995 (Suncor EIA data, Golder 1996b) and NAQUADAT data (n=26)
sampled in 1985-1995 (site: 00ALO7CCO800).

5 Daia from the tributaries were grouped and included data from Legget Creek, McLean Creek, Steepbank River and Wood Creek sampled
by Golder during 1995 {Golder 1996b).

& For information on grouping of chemicals and the use of surrogate chemicals, please refer tc Appendix 1.

’ These compounds were not detected above detection limits.

® Mo data or criteria available.

Golder Associates
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TABLE 5.1-8

-

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN RECLAMATION MATERIALS TO BACKGROUND SOILS

"Benzo(a)anthracene group 1.2 0.65 <0.01 0.04 EXCEEDS
"aenzo(a)pyrene group 0.46 0.2 <0.01 0.025 EXCEEDS
{[Benzo(b&k)fluoranthene 0.12 0.03 <0.01° <0.01 EXCEEDS
[IBiphenyi group® 0.19 ,0.01 <0.01 <0.01 EXCEEDS
lbibenzothiophene group® 7.01 0.8 0.24 0.04 EXCEEDS
[IFiuorene group® 0.59 <0.01 0.05 <0.01 EXCEEDS
|[Fiuoranthene group® 0.57 0.01 <0.01 <0.01 EXCEEDS
fINaphthalene group® 0.64 <0.01 0.49 0.05 EXCEEDS
[lPhenanthrene group® 8.11 0.56 0.155 0.065 EXCEEDS
Pyrene 0.16 0.04 <0.01 <0.01 EXCEEDS
IINORGANICS.

IAluminum 172 10500 Does not exceed
Calcium J 559 8540 7 Does not exceed
"lron 7 3350 23400 7 Does not exceed
"l\Tagnesium 0.6 133 8060 7 Does not exceed
[IManganese 7 56.5 17 7 Does not exceed

' Low Gypsum Consolidated Tailings analyzed by CHEMEX Labs Alberta Inc., October 1995 and EnviroTest Laboratories, May and November, 1895.

SN

N

R:1895\2307\6000\6500\8 560\REPORT\TABLES\TABS-8.XLS

Tailings Sand (Suncor Beach; CP5) data as reported by ETL (1993; n=1).
Overburden (KCa; CP3) data as reported by ETL (1993). This sample is considered to be representative of background soils (n=1).

Muskeg soil analyzed by CHEMEX labs Alberta Inc. Oct. 30, 1995. This sample is considered to be representative of background soils (n=1).
These compounds were not detected above detection limits,

For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix Ii.
Not analyzed or no data available.

Golder Associates
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TABLE 5.1-9

952-2307.6560

COMPARISON OF METAL RESIDUES IN MEAT FROM VARIOUS WETLANDS

i

gﬁA!uminum 5 4 2 3 5 Does nof exceed
|Barium 0.92 1.09 0.35 0.2 0.23 EXCEEDS
lichromium 0.1 0.5 0.03 0.2 0.1 EXCEEDS
licopper 278 281 255 247 251 EXCEEDS
lLead <13 <1 <1 <1 1 EXCEEDS
INickel <0.2 0.2 <0.2 <0.2 <0.2 EXCEEDS

! Duckling fiver tissue residue data {max. detected) from Wolfe and Normian as cited in Bishay and Nix (1996). These samples were considered
o be background reference values.

2 Duckiing liver tissue residue data (max. detected) from Wolfe and Norman as cited in Bishay and Nix (1996). These were samples treated

with consolidated tailings or dyke drainage water.
® ‘These compounds were not detected above detection limits.

1119952307600 500\EE60\REPORTITABLES\TABS- 9. XLS
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TABLE 5.1-10

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO RISK-BASED CONCENTRATIONS (RBCs)

FOR DRINKING WATER
Page 1 0of 2

pars

“Acenaphthylene <0.00005 0.00016 2.2 Does not exceed
"Acenaphthene group® 0.00028 0.00012 0.00019 2.2 Does not exceed
{Benzo(a)anthracene group® <0.00004 0.00026 0.0016 0.000092 EXCEEDS

|Benzo(a)pyrene group® <0.00004 0.00011 0.00048 0.0000092 EXCEEDS

IBenzo(ghi)perylene <0.00002 0.00003 <0.00002 1.1° Does not exceed
[Biphenyi <0.00004 <0.00004 0.00008 1.8 Does not exceed
"Ebenzothiophene group® 0.00005 0.0008 0.01142 1.1° Does not exceed
"Fluorene group® 0.00054 0.00074 0.00143 1.5° Does not exceed
[[Fiuoranthene group® 0.00008 0.00015 0.00065 1.1° Does not exceed
{INaphthalene group® 0.00104 0.00258 0.00268 1.6° Does not exceed
{[Phenanthrene group® 0.00031 0.00118 0.01068 1.1° Does not exceed
Pyrene <0.00002 0.00009 0.00004 1.1° Does not exceed

{lQuinoline group®

<0.00002

<0.00002

Does not exceed

INAPHTRE |
"Naphthenic acids No RBC
2,4-Dimethyiphenol <0.001 <0.0001 ! 0.73 Does not exceed
e —— e T —
mmonia 19.9 1 EXCEEDS
lIBarium 0.772 2.6 Does not exceed
flcadmium 0.004 <0.001 0.018 Does not exceed
llcatcium 57.1 43.2 7 No RBC
[[chioride 17.3 334 3.7 EXCEEDS
licobat 0.005 0.018 2.2 Does not exceed
Golder Associates
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TABLE 5.1-10

COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO RISK-BASED CONCENTRATIONS (RBCs)

FOR DRINKING WATER
Page20f2
Himn 2.21 225 1.01 N No RBC
IlLithium 0.144 0.229 0.272 0.73 Does not exceed
[Manganese 0.213 1.76 0.058 0.18 EXCEEDS
IMolybdenum 0.018 0.071 1.42 0.18 EXCEEDS
lPhosphorus 0.43 0.2 0.096 J No RBC
Potassium 10.8 18.9 29 J No RBC
Silicon 10.1 8.12 5.58 J No RBC
Sodium 335 16600 1170 No RBC
Strontium 0.337 0.771 2.12 22 Does not exceed
Sulphate 143 118 1200 No RBC
Tin ~ 0.44 -~ 22 Does not exceed
Vanadium 0.01 0.05 0.17 0.26 Does not exceed
Zirconium - 0.0013 - Ky No RBC

' Tar island Dyke Seepage Water taken from TID collection system; composite sample from tanks (RW-127).
2 Groundwater samples (ID: RG088 and RG089) and Plant 4 Beach #2 Tailings sand water sample (ID: E504203-02).
% Consolidated Tailings Release Watsrs samples RW-162, RW-163 and RW164; 1995 Suncor and Syncrude CT field study.
4 RBCs were based on EPA Region 11l Risk-Based Concentrations {Smith 1995).
" % These compounds were not detected above detection limits.
® Refar to Appendix If for grouping of chemnicals for screening and the use of surrogate data.
7 No data.

R:11895\2307\5000\5500\6560\REPORT\TABLES\TABS-10.XLS Golder Associates
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TABLE 5.1-11

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN RECLAMATION MATERIALS TO RISK-BASED CONCENTRATIONS

1.2

0.65

0.88

EXCEEDS

[[Benzo(a)pyrene group* 0.46 0.2 0.088 EXCEEDS

"Benzo(b&k)ﬂuoranthene 0.12 0.03 0.88 Does not exceed
“Biphenyl group“ 0.19 <0.01 3800 Does not exceed
"Dibenzothiophene group4 7.01 0.8 2300 Does not exceed
“Fluorene group“ 0.59 <0.01 3100 Does not exceed
lﬁuoranthene group" 0.57 0.01 3100 Does not exceed
"ﬁaphthalene group* 0.64 <0.01 3100 Does not exceed
[[Phenanthrene group® 8.11 0.56 2300 Does not exceed
"Pyrene 0.16 0.04 2300 Does not exceed

* Low Gypsum Consolidated Tailings analyzed by CHEMEX Labs Alberta Inc., October 1995 and EnviroTest Laboratories, May and November, 1995.

2 Tailings Sand (Suncor Beach; CP5) data as reported by ETL (1993, n=1).

3 Risk-Based Concentrations were based on EPA Region Il{ Risk-Based Concentrations (Smith 1995).
* For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix Il.

R:A1995\2307\6000\8 500\ 56\REPORT\TABLES\TABS-11.XLS
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TABLE 5.1-12

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN DUCKLING AND BISON LIVER TISSUE TO REFERENCE CONCENTRATIONS FOR PEOPLE

ﬂiNaphthalene Does not exceed
ﬂAlummum Does not exceed
iBarium 0.2 0.23 2.8 85 Does not exceed
lcadmium B B - N 0.27 0.68 Does not exceed
HCalcium N - A K 312 S No RBC
lichromium 0.5 0.09 0.2 0.1 0.4 6.8 Does not exceed
{icobatt B - EE - 0.2 81 Does not exceed
l[Copper 281 255 247 251 52.4 50 EXCEEDS
lhron N - K K 434 - No RBC
llLead <1 <1 < 1 <0.3 4.8° Does not exceed
%?Vlagnesium B - - 4 736 A No RBC
iManganese A - A S 12.4 6.8 EXCEEDS
IMolybdenum - - - - 4.7 6.8 Does not exceed
igNicke! 0.2 <0.2 <0.2 <0.2 1 27 Does not exceed
lPhosphorus - - - K 7100 4 No RBC
IPotassium - 4 S K 10900 A No RBC
liselenium A - S 4 1 6.8 Does not exceed
iIsilicon - - A - 102 K No RBC
ISodium < - B - 2770 - No RBC
ISutfur # £ 4 # 7550 - No RBC
Titanium 4 4 - - 1.89 - No RBC
Zine - & K S 121 410 Does not exceed

! Duckling liver tissue residue data from Wolfe and Norman as cited in Bishay and Nix (1996).
2 Bison liver lissue residue data from Pauls et al. {1995).
% The Risk-Based Concentration was based on EPA Region Ill Risk-Based Concentration Table (Smith 1995).
4 Not analyzed or no dala.
These compounds were not detected above detection limits.
& RBG based on EPA Region il methodology and oral RD of 3.57 mg/kg-ow/day as reporied by Health Canada (1994b).

R soesor T RITABL - 118 Golder Associates
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TABLE 5.1-13

LIST OF CHEMICALS OF CONCERN IN WATER RETAINED FOLLOWING CHEMICAL SCREENING FOR PEOPLE

(IDRINKI

{Benzo(a)anthracene group® <0.00004* 0.00026 0.0016 EXCEEDS RBC
[Benzo(a)pyrene group® <0.00004 0.00011 0.00048 EXCEEDS RBC
[[Naphthenic acids 55 - 94 No RBC
[IManganese 0.213 1.76 0.058 EXCEEDS RBC
[[Molybdenum 0.018 0.071 1.42 EXCEEDS RBC

Benzo(a)anthracene group®

0.205 EXCEEDS RBC

Benzo(a)pyrene group®

IICopper

52.4 EXCEEDS RBC

"Manganese

124 EXCEEDS RBC

! Tar Island Dyke Seepage Water taken from TID collection system; composite sample from tanks (RW-127).

w N

No data.

- A T S

RA188512307\5000\650016560\REPORT\TABLES\TABS-13.XLS

Groundwater samples (ID: RG088 and RG089) and Plant 4 Beach #2 Tailings water sample (ID: E504203-02).
Consolidated Tailings Release Waters samples RW-162, RW-163 and RW164 and Syncrude CT water.

These compounds were not detected above detection limits.

Refer to Appendix Il for grouping of chemicals for screening and the use of surrogate data.

Low Gypsum Consolidated Tailings analyzed by CHEMEX Labs Alberta Inc., October 1995 and Envirotest Laboratories, May and November, 1995.
Tailings Sand (Suncor Beach; CP5) data as reported by ETL (1993; n=1).

Residue data from Wolfe and Norman as cited in Nix and Bishay (1994).

% Residue data from Pauls et al. (1995).

Golder Associates
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TABLE 5.1-14

SCREENING LEVEL CRITERIA FOR CHEMICALS IN WATER FOR WILDLIFE

Page 10of3

952-2307.6560

Chemicals . & oo

PAHS

Acenaphthylene
Acenapthene group® 4 ] 3
Benzo(a)anthracene group® 4 ) i
Benzo(a)pyrene group® ) ] )
ﬁBenzo(ghi)perylene -4 4 A4
[Benzo(b&K)fluoranthene = 3 )
HBiphenyl group® -4 4 4
||Ditbenzothiophene group® 4 3 K]
!lFiuorene group® -4 -4 -4
[Fuoranthene group® a 3 ]
INaphthalene group® 4 A =
{lPhenanthrene group® 4 ] 3
7 )

iP—yrene

Quinoline group'?

[INAPHTHEN

Ethylbenzene

Hm--z-p-xyienes -4 -4 -4
!!emy!ene 4 -4 4
fPHENOLS ~ o7 G 1 i
IPhenol 4 -4 4
2,4-Dimethylphenol 4 4 4
m-Cresol 4 _4 4
RYVTASLES\TABS-14.XLS
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.TABLE 5.1-14

SCREENING LEVEL CRITERIA FOR CHEMICALS IN WATER FOR WILDLIFE

Page 2 of 3

Aluminum

Ammonia -4 -4 A
[Antimony -4 -4 -4
Arsenic 0.5 0.5 0.5
{{Barium -4 - -4
(IBeryliium 0.1 0.1 0.1
"Boron 5 5 5
{lcadmium 0.02 0.02 0.02
[icalcium 1000 1000 1000
fichloride 4 - -
"Chromium 1 1 1
flcobalt 1 1 1
ficopper 0.5 0.3 0.3
|lcyanide -4 -4 -4
"Iron -4 -4 4
[lLead 0.1 0.1 0.1
[ILithium -4 5 5
IMagnesium 4 - -
[IManganese -4 4 -4
[IMercury 0.003 0.003 0.003
[IMolybdenum 0.5 0.05 0.05
[INicke! 1 1 1
{lPhosphorus -4 - -4
llPotassium - 20 20

Golder Associates
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May 1098
TABLE 5.1-14
SCREENING LEVEL CRITERIA FOR CHEMICALS IN WATER FOR WILDLIFE
Page 30of 3
Selenium . .
Silicon A o -4
Sodium 4 -4 -4
Strontium 4 - -4
Sulphide -4 4 4
Sulphate 1000 1000 1000
Tin 2 4 3
Titanium -4 - -4
Vanadium 0.1 0.1 0.1
Zinc 50 50 50
Zirconium -4 A -4
! Ganadian Council of Resource and Environment Ministers Water Quality Guidelines for Livestock Drinking Water Quality (CCREM 1987).
2 BC Water Quality Criteria are safe levels of contaminants for the protection of livestock and/or wildlife (BBCE 1994).
s Screening Level Criteria are the lowest of the listed criteria values.
* No criterion.
® For information on grouping of chemicals and the use of surrogate chemicals, pleass refer to Appendix il
x 6715000 AREPCRTITABLES\TARS- 1448 Golder Associates
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May 1996 952-2307.6560
TABLE 5.1-15
SCREENING LEVEL CRITERIA FOR CHEMICALS IN SOILS FOR WILDLIFE
Page 1 of 2

fenemicats

PAHS AND SUBSTITU

JAcenaphthene . 0.1 15

iBenzo(a)anthracene group’ 0.1 0.1 6.6 0.1
{IBenzo(a)pyrene group’ 0.1 0.1 1.2 0.1
"Benzo(b&k)ﬂuoranthene 0.1 : 0.1 12 0.1
[IBipheny! group’ S 2 S 0.89 0.89
{IDiibenzothiophene group’ 0.1 0.1 0.1 0.1
{IFiuorene group’ L 2 340 0.1
{IFluoranthene group’ 0.1
{INaphthalene group” 0.1
{Phenanthrene group” 0.1
"Pyrene 0.1
linoReANGs = T
[Aluminum 8
IArsenic 10
Barium 400 750 750.0 750 400
[[Beryliium 5 4 4.0 25 2.5
[[calcium S 8 n S S
[[Chromium 100 750 750.0 750 100
ficobart 20 40 40.0 40 20
ficopper 80 150 150.0 150 80
“Iron _6 _6 _5 _6 .ﬁ
liLead 50 375 375.0 60 50
iMagnesium S 8 S S S8
[[Manganese s B S 2 8
iMercury 02 0.8 0.8 10 0.2
RA\2895\2307\6 0008500\ 560\REPORT\TABLESITABS- 15.XLS Golder Associates
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TABLE 5.1-15
SCREENING LEVEL CRITERIA FOR CHEMICALS IN SOILS FOR WILDLIFE
Page 2 of 2
Chemicals . . . . ' q'ééni_n_gf}Levé’l;‘-, '
Moiyt‘:de‘n’z.’irﬁ |
Nickel
Thallium
Vanadium
Zinc 120 600 600.C 600 120

T Alpberta Tier | values are generic and approximate acceptable concentrations of soil contaminants for all site conditions and land uses without defining actual risk
{Alberta Environment 1990}.

2 CCME remediation criteria are considered generally protective of human and environmental health for specified uses of soil at contaminated sites (CCME 1991).

 BC criteria are generally intended to serve as benchmarks related {o the protection of human health and the environment with respect to current or future land uses of soll
and water at confaminated sites (BCE 1985}.

* Ontario MOE criteria are ecologically based designed to protect grazing animals and bicaccumulating plant species (OMIZE 1994).

Screening Level Criteria are the lowast of the listed criteria values.

w»

No criterion.
7 For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix .

RA25952307'5000 80\REPORT\TABLES\TABS-15.XLS ,Golder Asgociates
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TABLE 5.1-16

COMPARISON OF REFERENCE BACKGROUND WATER SAMPLES TO SCREENING LEVEL CRITERIA

052-2307.6560

FOR WILDLIFE
Page 1 of 3

[lPAHS AND SUBSTITUTED PAHS - :
[lacenaphthytene <0.00002* <0.00002 No criterion
flacenaphthene group® <0.00004 <0.00004 =5 No criterion
I[Benzo(a)anthracene group® <0.00004 <0.00004 -5 No criterion
[[Benzo(a)pyrene group® <0.00004 <0.00004 -5 No criterion
IIBenzo(bax)fioranthene <0.00004 <0.00004 -5 No criterion
[[Benzo(ghiyperylene <0.00002 <0.00002 S No criterion
[Bipheny! group® <0.00004 <0.00004 - No criterion
“Diibenzothiophene group6 <0.00004 <0.00004 - No criterion
[[Fluorene group® <0.00004 <0.00004 -5 No criterion
"F luoranthene group® <0.00004 <0.00004 -3 No criterion
[INaphthalene group® <0.00002 0.00002 S No criterion
"Phenanthrene group® <0.00004 <0.00004 5 No criterion
{IPyrene <0.00002 <0.00002 -5 i
{lSUBSTITUTED PANH COMPOUN s L : '

"Quinolme group® <0.00002 <0.00002 No criterion
IaprTiENC AGDS
"Naphthenic acids No criterion
VOLATIES , T
“Ethylbenzene <0.001 <0.001 No criterion
!ﬁn«*p-xylenes <0.001 <0.001 > No criterion
{fo-xylene <0.001 <0.001 -8 No criterion
fPHENOLS 1 . T
2,4-Dimethylphenol - | No criterion
5 | Athabasca River EXCEEDS

R:A1995\2307\6000\6500\6560\REPORT\TABLES\TABS-16.XLS Golder Associates



May 1966 . 952-2307.6560
TABLE 5.1-16

COMPARISON OF REFERENCE BACKGROUND WATER SAMPLES TO SCREENING LEVEL CRITERIA
FOR WILDLIFE

Page 2 of 3

feremical

. RiverWater
tmgll)

" Reference’ |

Ammonia

0.08

-~ No criterion
Antimony 0.0002 0.0003 2 No criterion
Arsenic 0.007 0.0015 0.5 Does not exceed
Barium 0.2 0.07 -5 No criterion
Beryliium 0.004 0.004 0.1 Does not exceed
%!Boron 0.09 0.14 5 Does not exceed
§§Cadmium 0.003 0.005 0.02 Does not exceed
Caicium 74 80 1000 Does not exceed
|[Chioride 14.8 56.9 = No criterion
EiChromium 0.032 0.014 1 Does not exceed
giCobait 0.01 0.005 1 Does not exceed
licopper 0.01 0.002 0.3 Does not exceed
licyanide 0.005 0.025 = No criterion
Ei!ron 17.9 4.81 -5 No criterion
llLead <0.02 <0.02 0.1 Does not exceed
IILithium 0.02 0.02 5 Does not exceed
glMagnesium 21 18.4 5 No criterion
[IManganese 0.509 0.21 -5 No criterion
[IMercury 0.0002 <0.00005 0.003 Does not exceed
ﬁMalybdenum 0.01 0.004 0.05 Does not exceed
[INicke 0.01 0.012 1 Does not exceed
Q{Phosphoms 04 <0.1 -5 No criterion
Potassium 2.65 2.2 20 Does not exceed
Selenium 0.0004 0.0003 0.05 Does not exceed
Silicon 2142 3.76 S No criterion
Sodium 246 61.3 -5 No criterion
R 50001650 EPORTTABLESITABS-15.XLS ) Golder Associates
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COMPARISON OF REFERENCE BACKGRO

oo =
e .,,.u eertmts !

TABLE 5.1-16

-

952-2307.6560

UND WATER SAMPLES TO SCREENING LEVEL CRITERIA

FOR WILDLIFE
Page 3 of 3
Strontium 0.36 0.21 S No criterion
Sulphate 58 53.2 1000 Does not exceed
Tin S > -5 No criterion
Titanium 0.085 0.046 S No criterion
\Vanadium 0.02 0.008 0.1 Does not exceed
Zinc 0.085 0.162 50 Does not exceed
Zirconium -2 -+ N No criterion

! Athabasca River upstream of Lease 19 sampled by Golder during 1995 (Suncor EIA data, Golder 1996b) and NAQUADAT data (n=26)

sampled in 1985-1995 (site: 00ALO7CCO0600).

2 pata from the tributaries were grouped and included data from Legget Creek, McLean Creek, Steepbank River and Wood Creek sampled

by Golder during 1995 (Golder 1996b).

3 Screening Level Criteria were based on water quality criteria for wildlife or livestock. Please see table 5.1-14 for derivation of values.

4 These compounds were not detected above detection limits.
® No data or criterion.
8 For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix H.
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COMPARISON OF REFERENCE SOIL SAMPLES TO SCREENING LEVEL CRITERIA FOR SOILS
Page 1 of2

TABLE 5.1-17

c;t;émicalsf: s

3PAHS AND SUBST!TUTED PAHS

{[Acenaphinene <0.01* <0.01 0.1 Does not exceed
iiBenzo(a)anthracene group <0.01 0.03 0.1 Does not exceed
giBenzo(a)pyrene group <0.01 <0.01 0.1 Does not exceed
ilBenzo(b&k}ﬂuoranthene <0.01 <0.01 0.1 Does not exceed
il&phenyi group® <0.01 <0.02 0.89 Does not exceed
aéDabenzethlophene group 0.24 <0.01 0.1 Overburden EXCEEDS
QF!uorene group® 0.05 <0.01 0.1 Does not exceed
§§F!uoranthene group <0.01 <0.01 0.1 Does not exceed
{INaphthalene group® 0.49 0.05 0.1 Overburden EXCEEDS
{Phenanthrene group® 0.15 0.03 0.1 Overburden EXCEEDS
IPyrene <0.01 <0.01 0.1 Overburden EXCEEDS
INORGANICS 3
Aluminum 10500 2 No criterion
Arsenic 15.8 <20 20 Does not exceed
Barium 219 121 750 Does not exceed
EEBeryHium 1 0.3 2.5 Does not exceed
licaicium 8540 S S No criterion
§§Chromium 5.1 6.2 750 Does not exceed
ﬁCobait 12 2.8 40 Does not exceed
EECoppes 25.4 8.4 80 Does not exceed
fliron 23400 o S No criterion
i!i_ead 10 2.5 50 Does not exceed
%gMagnesium 8060 S S No criterion
IManganese 117 S S No criterion
R:\1985\6000\6500\8560\REPORTITABLES\TABS-17.40L8
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May 1996

TABLE 5.1-17

COMPARISON OF REFERENCE SOIL SAMPLES TO SCREENING LEVEL CRITERIA FOR SOILS
Page 2 of 2

"Mercury 0.07 0.037 0.2 Does not exceed

"Molybdenum <2 1.4 4 Does not exceed
"Nickel 30 84 40 Does not exceed
"Thallium S <0.1 1 Does not exceed
[(vanadium 15.1 12.3 50 Does not exceed
[lzinc 72.7 255 120 Does not exceed

' Overburden (KCa; CP3) data as reported by ETL (1993). This sample is considered to be representative of background soils (n=1).

2 Muskeg soil analyzed by CHEMEX labs Alberta Inc. Oct. 30, 1995. This sample is considered to be representative of background soils (n=1).
8 Screening Level Criteria were based on soil quality criteria. Please see table 5.1-15 for derivation of values.

4 These compounds were not detected above detection limits.

5 Not analyzed or no data available.

® For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix Ii.

RA1995\6000\6500\6560\REPORTTABLESITABS-17.XLS Golder Associates
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TABLE 5.1-18

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO SCREENING LEVEL CRITERIA FOR WILDLIFE

Page 10of3
Chemical ©, Tarisland’ - | Pl solidated” | :Screening Leve
e ’ o ailings Water

IIPAHS AND SUBSTITUTED PAHS e v
fAcenaphthyiene <0.000027 <0.00005 0.00018 No criterion
Acenaphthene grs:;up6 0.00028 0.00012 0.0001S No criterion

Benzo(a)anthracene gmup"3 <0.00004 0.00026 0.0016 No criterion
IBenzo(a)pyrene group® <0.00004 0.00011 0.00048 No criterion
lBenzo(ghijperylene <0.00002 0.00003 <0.00002 No criterion
Bipheny! <0.00004 <0.00004 0.00008 No criterion
||Ipibenzothiophene group® 0.00005 0.0009 0.01142 No criterion
|[Fiuorene group® 0.00054 0.00074 0.00143 No criterion
BHF luoranthene group® 0.00008 0.00015 0.00065 No criterion
INaphthalene group® 0.00104 0.00258 0.00268 No criterion
{iPhenanthrene group® 0.00031 0.00118 0.01068 No criterion
[Pyrene <0.00002 0.00009 0.00004 No criterion
|ISUBSTITUTED PANHCOMPOUNDS ~ "% 7. o e " R Laie
llquincline group® | 0.00009 <0.00002 <0.00002 No criterion
IINAPHTHENIC AGIDS T :
?iNaphthenic acids 55 No criterion
[VOLATILES. L s T
{[Ethylbenzene 0.0015 <0.001 No criterion
ﬁgm--iﬂp-xylenes 6.005 0.015 No criterion
lo-xylene 0.0027 0.015 No criterion
PHENOLS ~ - e R ERERE o
2,4-Dimethyiphenol <0.0001 <0.0001 0.001 ! No criterion
INORGANIGS o T B .
Aluminum 1.15 0.88 1.92 Does not exceed
Ammonia 6.01 19.9 3.98 No criterion

R:\1895\2307\5000\5500\560\REPORTATABLES\TABS-48.XLS
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TABLE 5.1-18

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO SCREENING LEVEL CRITERIA FOR WILDLIFE

Page 2 of 3
IChemical: - TarIsland’
Antimony - 0.0006 = No criterion
senic 0.003 0.0036 0.0058 05 Does not exceed
Barium 0.1 0.772 0.18 -5 No criterion
{[Berytlium 0.002 <0.001 0.004 0.1 Does not exceed
[IBoron 1.88 2.31 4.26 5 Does not exceed
[lcadmium 0.004 <0.001 0.007 0.02 Does not exceed
licaicium 57.1 43.2 118 1000 Does not exceed
|ichioride 17.3 33.4 510 -5 No criterion
fichromium 0.002 0.028 0.003 1 Does not exceed
flcobait 0.005 0.018 0.007 1 Does not exceed
[lcopper 0.006 0.001 0.004 0.3 Does not exceed
flcyanide 0.002 -5 0.055 -5 No criterion
fliron 2.21 225 1.01 S No criterion
"Lead <0.0003 <0.005 <0.0003 0.1 Does not exceed
[lLithium 0.144 0.229 0.272 5 Does not exceed
"Magnesium 11.3 18.1 28 S No criterion
"Manganese 0.213 1.76 0.058 -5 No criterion
(Mercury 0.00026 0.0004 <0.00005 0.003 Does not exceed
[IMolybdenum 10.018 0.071 1.42 0.05 EXCEEDS
[INickel 0.005 0.055 0.0295 1 Does not exceed
|lPhosphorus 0.43 0.2 0.073 -5 No criterion
Potassium 10.8 18.9 29 20 EXCEEDS
Selenium 0.0002 <0.00004 0.0036 0.05 Does not exceed
Silicon 10.1 6.12 5.58 -5 No criterion
Sodium 335 16600 1170 - No criterion
Strontium 0.337 0.771 2.12 -5 No criterion
Golder Associates
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RIV192512307 60005 5C0\6560\REPORTITABLESITABS-18.XLS

COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO SCREENING LEVEL CRITERIA FOR WILDLIFE

TABLE 5.1-18

952-2307.6560

Page 30of 3
Chemical ©Taristand’-: ¢
: . Dyke Walter
Ry 0 mglLy - ol

Sulphate 143 EXCEEDS
Tin S No criterion
Titanium 0.02 No criterion
Uranium <0.5 Does not exceed
Vanadium 0.01 EXCEEDS
Zinc 0.058 Does not exceed
Zirconium 5 No criterion

T Tar Island Dyke Seepage Water taken from TID collection system; composite sample from tanks (RW-127).

? Groundwater samples (ID: RG088 and (3G089) and Plant 4 Beach #2 Tailings sand water sample (ID: £504203-02).

® Consolidated Tailings Release Waters samples RW-162, RW-163 and RW164; 1995 Suncor and Syncrude CT field study.

4 gereening Level Criteria were based on water quality criteria for wildlife or livestock. Please see table 5.1-14 for derivation of vaiues.

No data or criterion.
® For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix 1.

These compounds were not detected above detection limits.

Golder Assoclates
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TABLE 5.1-19

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN RECLAMATION MATERIALS TO SCREENING LEVEL CRITERIA

FOR WILDLIFE
Page 1 of 2

PAHS AND SUBSTITUTED PAHS _

Acenaphthene 0.05 <0.01* 0.1 Does not exceed
Benzo(a)anthracene group® 1.2 0.65 0.1 EXCEEDS
{Benzo(a)pyrene group® 0.46 0.2 0.1 EXCEEDS
[[Benzo(b&k)fluoranthene 0.12 0.03 0.1 EXCEEDS
{IBiphenyl group® 0.19 0.01 0.89 Does not exceed
“Dibenzothiophene group® 7.01 0.8 0.1 EXCEEDS
[IFiuorene group® 0.59 <0.01 0.1 EXCEEDS
[[Fiuoranthene group® 0.57 0.01 0.1 EXCEEDS
fINaphthalene group® 0.64 <0.01 0.1 EXCEEDS
[[Phenanthrene group® 8.11 0.56 0.1 EXCEEDS
Pyrene 0.16 0.04 0.1 EXCEEDS
INORGANICS

Aluminum S 172 S No criterion
fArsenic <20 0.63 20 Does not exceed
"Barium 19.1 49 750 Does not exceed
"Beryllium 0.3 <0.2 2.5 Does not exceed
licatcium 5 559 - No criterion
flchromium 15.4 <0.5 750 Does not exceed
“Cobalt 2 2 40 Does not exceed
“Copper 27 <0.5 80 Does not exceed
"lron S 3350 S No criterion
“Lead 4.4 <2 50 Does not exceed
I[Magnesium S 133 S No criterion
"Manganese 5 56.5 S No criterion
nMercury <0.02 0.03 0.2 Does not exceed

RA1996\2307\6000'65006560\REPORTTABLES\TABS-19.XLS Golder Associates
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TABLE 5.1-19

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN RECLAMATION MATERIALS TO SCREENING LEVEL CRITERIA

FOR WILDLIFE
Page 2 of 2

1.1 <2 4 Does not exceed
144 2 40 Does not exceed
0.1 N 1 Does not exceed
23.7 2.8 50 Does not exceed
138 5.8 120 Does not exceed

Low Gypsum Consofidated Tailings analyzed by CHEMEX Labs Alberta Inc. in October 1985 and by EnviroTest Laboratories on May and November 1895.

Tailings Sand (Suncor Beach; CP5) data as reported by ETL (1893; n=1).
Screening Level Criteria are based on soil quality criteria. Please see Table 5.1-15 for derivation of values.
These compounds were not detected above detection limits.

Not analyzed or no dala available.

For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix i,

R:A1995\2307\5000\5500\8560\REPORT\TABLES\TABS-18.XLS
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May 1996 ‘ 9562-2307.6560
TABLE 5.1-20

COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO BACKGROUND CONCENTRATIONS AT REFERENCE SITES

Page 1 0f2
cenaphthylene <0.00002 <0.00005 0.00016 <0.00002 <0.00002 EXCEEDS
cenaphthene group® 0.00028 ~0.00012 0.00019 <0.00004 <0.00004 EXCEEDS
iBenzo(a)anthracene group® <0.00004 0.00026 0.0016 <0.00004 <0.00004 EXCEEDS
{[Benzo(a)pyrene group® <0.00004 0.00011 0.00048 <0.00004 <0.00004 EXCEEDS
[IBenzo(ghi)perylene <0.00002 0.00003 <0.00002 <0.00002 <0.00002 EXCEEDS
[[Biphenyi <0.00004 <0.00004 0.00008 <0.00004 <0.00004 EXCEEDS-
IIpibenzothiophene group® 0.00005 0.0009 0.01142 <0.00004 <0.00004 EXCEEDS
[IFluorene group® 0.00054 0.00074 0.00143 <0.00004 <0.00004 EXCEEDS
{IFluoranthene group® 0.00008 0.00015 0.00065 <0.00004 <0.00004 EXCEEDS
[[Naphthalene group® 0.00104 0.00258 0.00268 <0.00002 0.00002 EXCEEDS
[[Phenanthrene group® 0.00031 0.00118 0.01068 <0.00004 <0.00004 EXCEEDS
Pyrene <0.00002 0.00009 0.00004 <0.00002 <0.00002 EXCEEDS

SUBSTITUTED PANH COMPOUNDS
Quinoline group® | 0.00009 { <0.00002 | <0.00002

<0.00002 J <0.00002 EXCEEDS

Naphthenic acids EXCEEDS
Ethylbenzene <0.001 <0.001 <0.001 <0.001 EXCEEDS
{Im-+p-xylenes 0.005 <0.001 0.015 <0.001 <0.001 EXCEEDS
[lo-xylene 0.0027 <0.001 0.015 <0.001 <0.001 EXCEEDS
2 .4-Dimethylphenol <0.001 <0.0001 [ 0.001 | <0.0001 ] <0.0001 [ EXCEEDS
Ammonia 6.01 19.9 3.98 0.08 0.11 EXCEEDS
Antimony -8 0.0006 -8 0.0002 0.0003 EXCEEDS
|cadmium 0.004 <0.001 0.007 0.003 0.005 EXCEEDS

RAM895\2307/600016500\6560\REPORTITABLESITABS-20.XLS Golder Associates DRAFT
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TABLE 5.1-20

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO BACKGROUND CONCENTRATIONS AT REFERENCE SITES
Page 20f2

Chemical S

S - Tarlsiandg’

. Dyke Water . :

ﬂeanum 0.1 0.772 0.18 0.2 EXCEEDS
{|chioride 17.3 33.4 510 14.8 EXCEEDS
licyanide 0.002 * 0.055 0.005 EXCEEDS
lliron 2.21 22.5 1.01 17.9 EXCEEDS
|Magnesium 113 18.1 28 21 EXCEEDS
IManganese 0.213 1.76 0.058 0.509 EXCEEDS
iIMolybdenum 0.018 0.071 1.42 0.01 EXCEEDS
[lPhosphorus 0.43 0.2 0.096 0.4 EXCEEDS
Potassiurmn 10.8 18.9 29 2.85 EXCEEDS -
Silicon 10.1 6.12 5.58 212 EXCEEDS
Sodium 335 16600 1170 24.6 EXCEEDS
Strontium 0.337 0.771 212 0.36 EXCEEDS
Sulphate 143 118 1290 58 EXCEEDS
Titanium 0.02 0.013 0.02 0.085 Does not exceed
Tin - 0.44 - -2 - No bkgd data.
Vanadium 0.01 0.05 0.17 0.02 0.008 EXCEEDS
Zirconium - 0.0013 # -8 -8 No bkgd data.

¥ Tarisland Dyke Seepage Water taken from TiD collection system; composite sample from tanks (RW-127).
2 Groundwater samples {(ID: RG088 and RG089) and Plant 4 Beach #2 Tailings water sample (ID: E504203-02).

® Consolidated Tailings Release Waters samples RW-162, RW-163 and RW164; and 1995, Suncor and Syncrude CT field study.

4 Athabasca River upstream of Lease 18 sampled by Golder during 1995 (Suncor EIA data, Golder 1996b) and NAQUADAT data (n=26)
sampled in 1985-19985 (site: 00ALO7CC0600).
% Data from the iributaries were grouped and included data from Legget Creek, McLean Creek, Steepbank River and Wood Creek sampled
by Golder during 1895 (Golder 1896b).
® For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix ii.
7 These compounds were not detected above detection limits.

® No data or criteria available.
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TABLE 5.1-21

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN RECLAMATION MATERIALS TO BACKGROUND SOILS

Chemicals. .

{lBenzo(a)anthracene group 1.2 0.65 <0.01 0.03 EXCEEDS
{IBenzo(a)pyrene group® 0.46 0.2 <0.01 <0.01 EXCEEDS
[IBenzo(bak)fluoranthene 0.12 0.03 <0.01° <0.01 EXCEEDS
|[Diibenzothiophene group® 7.01 0.8 0.24 <0.01 EXCEEDS
[[Fiuorene group® 0.59 <0.01 0.05 <0.01 EXCEEDS
"Fluoranthene group® 0.57 0.01 <0.01 <0.01 EXCEEDS
[INaphthaiene group® 0.64 <0.01 0.49 0.05 EXCEEDS
"Phenanthrene group® 8.11 0.56 0.15 0.003 EXCEEDS
fiPyrene 0.16 0.04 <0.01 <0.01 EXCEEDS
(INORGANICS & 1 i e , iy
laluminum J 172 10500 7 Does not exceed
[[catcium Y 559 8540 7 Does not exceed
fliron - 3350 23400 - Does not exceed
[Magnesium 0.6 133 8060 7 Does not exceed
{IManganese 7 56.5 117 - Does not exceed

T Low Gypsum Consolidated Tailings analyzed by CHEMEX Labs Alberta Inc., October 1995 and ETL, May and November, 1985.

2 Tailings Sand (Suncor Beach; CP5) data as reported by ETL (1993; n=1).

® Overburden (KCa; CP3) data as reported by ETL (1993). This sample is considered to be representative of background soils (n=1).

Muskeg soil analyzed by CHEMEX labs Alberta Inc. Oct. 30, 1995. This sample is considered to be representative of background soils (n=1).
These compounds were not detected above detection fimits.

For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix |l

Not analyzed or no data available.

~N o »n A
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TABLE 5.1-22
COMPARISON OF CHEMICAL CONCENTRATIONS IN EMERGENT MACROPHYTES GROWN IN

TREATED WETLANDS TO BACKGROUND WETLANDS
Page 1 of 2

HORGAN?GS T

lIAcenaphthene group® 7 7 0.013 <0.001° 7 EXCEEDS
IBenzo(a)anthracene group® 7 N 0.118 <0.001 7 EXCEEDS
HBenzo(a)pyrene group® ) 7 0.019 <0.001 7 EXCEEDS
{IBipheny! N 7 0.002 0.001 7 EXCEEDS
{IDibenzo(a,hjanthracene 7 7 0.001 <0.001 7 EXCEEDS
giDibenzoihiophene group® ol 7 0.774 0.001 - EXCEEDS
{[Fluoranthens grom;s6 7 7 0.035 <0.001 Ry EXCEEDS
{IFuorene group® J 7 0.141 0.018 N EXCEEDS
HNaphtha!ene group® J 7 0.299 0.013 J EXCEEDS
Phenanthrene group® - N 1.762 <0.001 7 EXCEEDS
§§Pyrene K 7 0.001 <0.001 J EXCEEDS
§§Ammmum 367 701.86 1610 1440 358.67 EXCEEDS
[lArsenic J 7 1.6 2.5 M Does not EXCEED
{Barium 7 7 28.7 21.5 7 EXCEEDS
{IBeryliium N < 0.14 0.15 - Does not EXCEED
{Boron J K 44 15 7 EXCEEDS
ficadmium 0.06 0.07 0.29 0.34 0.07 Does not EXCEED
{icaicium - - 6150 8490 7 Does not EXCEED
lIcopper 2.29 2.82 6.2 9.74 3.66 Does not EXCEED
liLead M N 0.6 1.2 7 Does not EXCEED
{ILithium - - 5 <4 - EXCEEDS
lhiron 642.67 363.43 2300 4400 936.78 Does not EXCEED

RA1995\230715000\6500\6560REPORTITABLESITABS-22.XLS Golder Associates
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TABLE 5.1-22

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN EMERGENT MACROPHYTES GROWN IN

TREATED WETLANDS TO BACKGROUND WETLANDS

Page 2 of 2
Magnesium 7 7 2130 2600 7 Does not EXCEED
[Manganese 266.88 303 217 828 741.5 Does not EXCEED
Mercury 0.07 0.1 7 - 0.02 EXCEEDS
[INicke! 2.22 2.27 3.5 27 2.66 EXCEEDS
[lPhosphorus - - 1350 1060 N EXCEEDS
Potassium 7 7 6730 12200 7 Does not EXCEED
[Isiticon - 7 283 302 7 Does not EXCEED
Sodium - ol 11100 3750 K EXCEEDS
Strontium - - 60.3 34.1 7 EXCEEDS
Titanium 7 - 9.48 16.3 s Does not EXCEED
Vanadium - - 4.7 5.1 - Does not EXCEED
Zinc 33.75 20.78 22.1 34.1 41.35 Does not EXCEED
Zirconium - - 2 1.5 41.35 Does not EXCEED

! Data from dyke drainage water constructed wetland (Nix et al. 1995).

2 Data from Pond 1A constructed wetfand (Nix et al. 1995).

3 Data from Syncrude, Pit 7 (unpublished data). Plants grown in fine tails.

4 pata from Syncrude reference wetlands (unpublished data). This sample was considered to be representative of background values.
5 Data from control constructed wetlands (Nix et al. 1995). This sample was considered to be representative of background values.

® For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix Il

7 Not analyzed or no data available.

® These compounds were not detected above detection limits,

R ORT\TABLES\TABS-22.XLS Golder Associates
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TABLE 5.1-23

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN AQUATIC INVERTEBRATE TISSUE TO BACKGROUND CONCENTRATIONS

Page 1 of 2

b

Be : 3
Aluminum 450 1800 220 Does not exceed
Barium 71.5 29 52.6 Does not exceed
icadmium <* < < Does not exceed
§§]Capper 40 20 20 EXCEEDS background
g‘siron 2650 2970 2100 Does not exceed
L ead < < <* Does not exceed
%Manganese 77 110 48 Does not exceed
Mercury <* <* < Does not exceed
Titanium 20 30 9 Does not exceed
Total Extractable Hydrocarbons 74.% 66.8 88.8 Does not exceed

Zinc

EXCEEDS background

Emergent Insects ©

Does not exceed

F:11995\2307\3000\6500\6560\REPORTITABLES\TARS-23.XLS

f

Aluminum

Barium 84.4 4 41 EXCEEDS background
licadmium <* - < Does not exceed
ElCopper 70 A 70 Does not exceed
lliron 650 A 1300 Does not exceed
{lLead < 4 < Does not exceed
ﬂManganese 190 - 80 Does not exceed
HMercury <4 4 < Does not exceed
{ITitanium 10 K <30 EXCEEDS background
llzinc 220 A 200 Does not exceed
{iChironomid Larvae - S T T — :
HAluminum 18.38 A 71 Do not exceed
lIcadmium 0.57 K 0.34 EXCEEDS background

Golder Associates
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TABLE 5.1-23

COMPARISON OF CHEMICAL CONCENTRATIONS IN AQUATIC INVERTEBRATE TISSUE TO BACKGROUND CONCENTRATIONS
Page 2 of 2

EXCEEDS background
EXCEEDS background
Do not exceed

Do not exceed

' Data from dyke drainage water constructed wetland (Nix et al. 1995).

2 Data from control constructed wetlands (Nix et al. 1995) considered to be representative of background values.
3 Not detected. Detection limit not specified.
4 Not analyzed.

R:\199512307\600046 500 6560\REPORT\TABLES\TABS-23.XLS Golder Associates
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TABLE 5.1-24
COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO RISK-BASED CONCENTRATIONS {(RBCs) FOR WILDLIFE
Page 10f2 '
iChemical “Tapisland’ | Plant4® | Consolidated” | = RBCfor’ - 7 RBC for*
S BykeWater | * Taifings - | Tailings | | Beaver ~ | Mattard
Gl sand water | {maL), L (mglL) ¢
_ Amgily o mely i

PAHS Do Lo o
Acenaphthylene <0.006002 <0.00005 0.0001¢ 182 Does not exceed
Acenaphthene group’ 0.00028 0.00012 0.0001% 182 Does not exceed

Benzo(a)anthracene gmup7 <0.00004 0.00026 0.0016 0.65 Does not exceed
IBenzo(a)pyrene group” <6.00004 0.00011 <0.00002 0.067 Does not exceed
{Benzo(ghperylene <0.80002 £.00003 <0.00004 182 Does not exceed
iBiphenyl <0.00004 <0.00004 0.00008 181 89 899 664 324 S = S B Does niot exceed
Ipibenzothiophene group” 0.00005 0.0008 0.01142 12 5.9 59 44 21 216 193 224 182 Does not exceed
[Fucrene groug’ 0.00054 0.00074 0.00143 20 10 99 73 36 216 193 224 182 Does not exceed
glFluorantheﬂe group’ $.00008 0.00015 0.00065 12 5.8 59 44 21 218 193 224 182 Does not exceed
INaphthalene group” 0.00104 0.00258 0.00268 21 10 105 78 38 S S £ S Does not exceed
glphenanthrene grsup7 ©.00031 0.00118 08.01068 8.4 Does not exceed
lpyrene <0.60002 0.00009 0.00004 12 Does not exceed
I5UBSTITUTED PANR COMPOUNDS - SO i
{Quincline group’ | 0.00008 <0.00002 <0.00002 | Does not exceed
INAPHTHENIC ACIDS 000 o e e
[INaphthenic acids | 55 - No RBC
IVoLATILES S - T

Ethylbenzene 0.0015 <0.001 Does not exceed

m-+p-xylenes 8.005 <0.001 Does not exceed
c-xylene 0.0027 <0.001 X Does not exceed

PHENOLS i R o S R
|[2.4-Dimethylphenol <0.0001 <0.0001 0.001 8.0 3.9 40 29 14 S S S S Does not exceed

INORGANICS s s L 5 E B i ‘
Armmonia 8.01 18.9 3.98 K s s s S 5 S s K No RBC
Antimony K 0.0006 S 0.2 0.1 1 0.73 0.36 S S S S Does not exceed

Cadmium 0.004 <0.001 0.007 0.3 0.15 1.5 1.1 0.55 15 13 18 12 Does not exceed
llcnioride 17.3 33.4 510 B S S 2 S - S B -5 No RBC
flcyanide 0.002 5 0.055 114 84 41 23 11 K 5 K K Does not exceed
IMagnesium 11.3 18.1 28 K 5 3 3 E S 5 K 5 No RBC
%iManganese 0.213 1.78 0.058 318 156 1583 1169 570 1543 1381 1605 1301 Does not exceed

r: ORTITABLES\TABS-24 XLS Golder Assocjates
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COMPARISON OF CHEMICAL CONCENTRATIONS IN WATER TO RISK-BASED CONCENTRATIONS (RBCs) FOR WILDLIFE

TABLE 5.1-24

952-2307.6560

Page 2 of 2
hemical - Qqﬁﬁﬁlidaféal o . Comments:

"Molybdenum X X Does not exceed
“Phosphorus 0.096 F -8 5 B S - -5 - S No RBC
flPotassium 20.2 £ - S > S K S - - No RBC
{Isilicon 5.58 S S S S S S S S K No RBC
‘Eodium 500 S5 S 5 S S 5 5 i 5 No RBC
"Stronﬁum 1.09 950 468 4731 3494 1702 S S N 3 Does not exceed
Sulphate 1290 S S5 S 3 S 3 S S S No RBC

Tin -3 _5 _5 _5 _5 _5 .5 _5 _5 _5 N o RBC
Vanadium 0.17 0.69 0.34 34 25 1.2 115 103 119 97 Does not exceed
iZirconium - 6.3 1.4 14 10 6 S s s B Does not exceed

' Tar Island Dyke Seepage Water taken from TiD collection system; composite sample from tanks (RW-127).

2

3

4 Risk-Based Concentration (RBCs) as derived in Appendix Iil.

No data or criterion.

7

These compounds were not detected above detection limits.

ORMTABLESITABS-24.LS

Groundwater samples (ID: RG088 and GG088) and Plant 4 Beach #2 Tailings water sample (ID: E504203-02).
Consolidated Tailings Release Waters samples RW-162, RW-163 and RW164; and 1995, Suncor and Syncrude CT field study.

For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix If.

Golder Associates
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TABLE 5.1-25

952-2307.6560

COMPARISON OF CHEMICAL CONCENTRATIONS IN RECLAMATION MATERIALS TO RISK-BASED CONCENTRATIONS (RBCs)

IN SOILS FOR WILDLIFE

Chemicals =

‘Low Gypsum’_
Consolidated

PAHS AND

TITUTED PAHS

IIBenzo(a)anthracene group® 3378 380 550 497 1237 8.5 3.9 46 42 Does not exceed
{Benzo(a)pyrene group® 338 38 55 50 124 0.87 0.40 4.7 4.3 | EXCEEDS for kestrel
HBenzo(b&k)ﬂuoranthene 3378 380 550 497 1237 8.5 3.9 46 42 Does not exceed
|IDibenzothiophene group® 2534 285 412 373 928 2377 1094 12793 11771 Does not exceed
[Fluorene group® <0.01* 4223 474 687 621 1546 2377 1094 12793 11771 Does not exceed
{Fluoranthene group” 0.01 2534 285 412 373 928 2377 1094 12793 11771 Does not exceed
{INaphthalene group® <0.01 4493 505 731 661 1645 S - * 5 Does not exceed
|Phenanthrene group® 0.56 1351 152 220 199 495 2377 1094 12793 11771 Does not exceed
§[Pyrene 0.04 2534 285 412 373 928 2377 1094 12793 11771 Does not exceed

' low Gypsum Consolidaied Tailings analyzed by CHEMEX Labs Alberta Inc. in October 1995 and by ETL on May and November 1995.

2 Tailings Sand {Suncor Beach; CP5) data as reported in ETL (1983; n=1).

® Risk-Based Concentration (RBCs) as derived in Appendix 1.
* These compounds were not detecied above detection limits.

5 For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix Ii.

€ No data available.

R:AIBI52I07VE00015500ES80REPORTITABLESITARS-25.XLE
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TABLE 5.1-26

COMPARISON OF CHEMICAL CONCENTRATIONS IN AQUATIC PLANTS TO RISK-BASED CONCENTRATIONS (RBCs) FOR WILDLIFE

Page 10of2
| Comments -

|[cattals and buirushe S
lacenaphthene group’ Does not exceed
"Benzo(a)anthracene grou 5 R 0.118 £ 5.5 30 25 116 35 1.4 Does not exceed
I[Benzo(a)pyrene £ R 0.019 £ 0.56 3 2.5 12 35 0.14 Does not exceed
{iBipheny! £ S 0.002 2 s 5633 281 1320 393 £ Does not exceed
[[Dibenzo(a.h)anthracene £ * 0.001 - 0.112 0.6 0.5 2.3 0.69 0.028 Does not exceed
[Ibibenzothiophene group” £ K 0.774 £ 1533 373 19 87 26 384 Does not exceed
{[Fluoranthene group’ -5 S 0.035 S 1533 621 31 146 687 384 Does not exceed
{IFtuorene group’ S5 S 0.141 S5 1533 621 31 146 687 384 Does not exceed
|INaphthatene group’ I S5 0.299 8 8 661 33 155 731 g Does not exceed
{{Phenanthrene group’ s & 1.47 5 1533 199 10 47 220 384 Does not exceed
Aluminum - o 614.4 1610 701.86 - 0.37 0.31 1.5 0.43 -2 EXCEEDS
Antimony s ©0.04 8 K 8 0.37 . 031 1.5 043 £ Does not exceed
Arsenic - 0.56 o - 349 0.38 0.31 1.5 0.44 15 EXCEEDS
Barium -5 24.25 28.70 -5 700 37 31 144 43 175 Does not exceed
{iBoron > 69.0 36.5 5 819 238 198 929 276 205 Does not exceed
flcadmium = 0.49 £ S 103 0.57 0.47 2.2 0.66 26 EXCEEDS
[lcaicium S 16634.44 S 5 8 8 K 8 S S No RBC
|IChloride N 41818.44 2 K] £ K 2 - b K No RBC
fichromium 5 2.05 e S 73 22 18 2513 © 26 18 Does not exceed
flcobalt o 7.55 2.2 S 56 16 13 61 18 14 Does not exceed
licopper - S 4.26 S L 1832 112 93 439 131 459 Does not exceed
fliron £ 1196.21 2 S S s £ S £ S No RBC
flLead K 1.12 B 5 133 54 45 211 63 33 Does not exceed
[lLithium S 5.34 5 S S 90 75 352 105 2 Does not exceed
[Mercury 5 £ S 0.07 0.44 0.14 0.12 £ S S Does not exceed

RA\19951230716000\650016560\REPORT\TABLESTABS-26. XLS Golder Associates
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TABLE 5.1-26
COMPARISON OF CHEMICAL CONCENTRATIONS IN AQUATIC PLANTS TO RISK-BASED CONCENTRATIONS (RBCs) FOR WILDLIFE
Page20of2
Consolidated ' | Consofidated | - Syncrude’ | Tailings® | RBCfor” | RBGfor” /| RBCfor’: | RBC
| Tailings ilings
Lo | (mgikg plant) | (malkg plant) (mgika p g plant
Molybdenum S 5.87 18 137 EXCEEDS
Nickei 5 12.94 3. - 314 1214 EXCEEDS
Selenium 8 0.64 S B 1.9 7 Does not exceed
Sodium g 3701.33 11100 £ K 8 £ 5 2 £ No RBC
Strontium £ 99.22 60.3 2 5 1777 1479 18 2066 £ EXCEEDS
Thalfium S 0.01 5 B £ 0.051 0.042 0.00051 0.059 £ EXCEEDS
Thorium i 0.19 8 S £ K S S K 5 No RBC
Tin s 0.023 & £ £ 5 K 2 5 B No RBC
Titanium £ 17.32 K £ K 8 £ S £ 5 No RBC
Uranium £ 0.22 £ £ 1172 8.9 7.4 0.091 10 293 EXCEEDS
anadium 2 11.87 2 2 815 1.3 1.1 0.013 15 204 EXCEEDS
Zinc £ S5 8 33.75 204 1081 900 K S S5 Does not exceed
Zirconium B K 2 S5 S5 12 43 0.052 7.3 K EXCEEDS
 Metal concenirations in plants grown on consolidated tailings (Xu 1995; greenhouse experiments).
2 Metal concenirations in plants grown on consclidated tailings (Xu 1996; field experiments).
3 Unpublished data from Syncrude experiments as analyzed by Envirotest Laboratories.
4 Data from constructed wetlands (Nix et al. 1995).
® The Risk-based Concentration as derived in Appendix i1,
5 Not analyzed or no data available.
7 For information on grouping of chemicals and the use of surrogate chemicals, please refer to Appendix H.
- ; ORTTABLESTABS28XLS Golder Associates
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COMPARISON OF CHEMICAL CONCENTRATIONS IN AQUATIC INVERTEBRATE TISSUE TO
RISK-BASED CONCENTRATIONS FOR WILDLIFE

TABLE 5.1-27

Does not exceed

EXCEEDS for mallard

EXCEEDS for mallard

"T itanium

No RBC

oromid.Larvae:

o~

0.57 - 35 Does not exceed
fliron 6590.6 2 3 No RBC
[lLead 5.73 S 45 Does not exceed

' Data from dyke drainage water constructed wetland (Nix et al. 1995).
2 Risk-Based Concentration (RBCs} as derived in Appendix Iil.

3 Not analyzed, or no data available.

AREPORT\TABLES\TABS-27 XS
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Table 5.1-28

952-2307.6560

CANDIDATE WILDLIFE RECEPTORS FOR THE SUNCOR RISK ASSESSMENT

Page 10f8

. mith
insectivore e damp meadows to uplands, deadfall, all types of forest
o shrews usu nest under deadfall or in grass nests in litter
e common {0 very common
Dusky shrew Sorex monticolus insectivore o ubiquitous
o  Ccommon
Water shrew Sorex palustris insectivore e  pear water
e uncommon
Arctic shrew Sorex arclicus insectivore e damp meadows, aspen groves, black spruce-larch bogs,
deadfall, lodgepole pine-aspen forest
o relatively common
Pygmy shraw Sorex hoyi insectivore e dry upland coniferous and deciduous
e uncommon
Snowshoe hare Lepus americanus herbivore e forests, shrubby areas, no nest, lives under shrubs
e common
Least chipmunk Tamias minimus omnivore {but more of a e uses a variety of forest types
]

herbivore)

nests beneath stumps, logs, rocks, makes own burrow,
hibernates
common

Woodchuck Marmota monax herbivore e dens extensive, burrow may be 4-5 ft (120-150 cm) deep
and 25-30 f. (8-9.5 m) long
e hibernates
e home range 40-160 acres (16.2-65 ha)
beneficial as its burrow is home to many other mammals
such as game or furbearers
e locally may be common, generally uncommon
Red squirrel Tamiasciurus herbivore o coniferous and mixed wood forests, tree squirrel, nests in
hudonicus frees
Northern flying Glaucomys sabrinus herbivore coniferous and mixed woods, nests in holes in {rees
squirrel common
R:\1995\2307\500018500\6560\REPORT\TABLES\TABS-28.00C Golder Assoclates
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Table 5.1-28

952-2307.6560

CANDIDATE WILDLIFE RECEPTORS FOR THE SUNCOR RISK ASSESSMENT

Page 2 of 8

requires water, builds lodges, may burrow in banks‘(hign;ﬁ“

Beaver Castor canadensis herbivore .
potential for consuming dirt)
e common
Deer mouse Peromyscus omnivore (seeds, insects) [eo all habitats
maniculatus ¢ burrow in ground or under rocks, stumps (could use
groundhog holes)
e common
Southern red- Clethrionomys gapperi | herbivore (eats a few ¢ nest under roots, logs
backed vole insects) s« common and abundant
Heather vole Phenacomys herbivore e shrubby areas, nests aboveground in winter, below in
intermedius summer (gen. under rocks and debris)
e uncommon in forested areas
Meadow vole Microtus herbivore ¢ nests either above or below ground, burrows along
pennsylvanicus surface runways
Muskrat Ondatra zibethicus omnivore (aquatic e builds houses in shallow water, also burrows in banks,
vegetation, clams, frogs entrance underwater
and fish) e common
Northern bog Synaptomys borealis herbivore ¢ muskeg, heath, sedges
lemming + winter nest aboveground, summer below surface
e uncommon
Meadow jumping | Zapus hudsonius omnivore (seeds, insects) |o moist meadows, esp. along streams and bogs
mouse + winter nest 2-3 ft. (61-91 cm) below surface in well-
drained site; hibernates; summer nest on surface or
beneath brush, logs, stumps
s CcOmmon
Porcupine Erethizon dorsatum herbivore ¢ mixed woods, wooded riparian
o dens in hollow trees or natural caves in rocks
s common
Coyote Canis latrans omnivore (predom. rabbits, j» variable
small rodents) ¢ dens in ground, also other shelters
s common

R:\1905\2307\3000\8500\6660\REPORT\TABLES\TABS-28.00C
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Table 5.1-28

952-2307.6560

CANDIDATE WILDLIFE RECEPTORS FOR THE SUNCOR RISK ASSESSMENT

Page 30f8
e | Scientific Name -~
Gray wolf Canis lupus carnivore (primarily birds, |e variable
‘ mammals) o dens in ground, also other shelters
. e COommon
Red fox Vulpes vuipes omnivore (insects, mice, e variable habitats
rabbits, fruits) e builds dens (and spare dens) on slopes in porous soil
e common to uncommon
Black bear Ursus americanus omnivore (does a lot of e  coniferous and mixed woods
digging for food, tubers, e digs dens, winters in hollow trees
grubs, roots) o common
Marten Martes americana carnivore (red squirrels e mature coniferous forest
and small mammals, alsc |e dens in logs and hollow trees, will use previously dug
fruits and nuts) burrows
e common
Fisher Martes pennanif carnivore e dense coniferous forest
e dens in hollow tree or in ground (likely uses previously
dug burrows)
e uncommon {o rare
Ermine Mustela erminea carnivore (expert mouser} |e coniferous and mixed woods
e dens in ground, burrows, under stumps, rock piles
e common
Least weasel Mustela nivalis carnivore (almost entirely e  coniferous and mixed woods
feeds on mice) o dens in ground (may take over mouse nests)
e common
Mink Mustela vison carnivore (primarily small |e margins of lakes, sloughs, creeks, rivers and marshes
mammals, birds, eggs, o dens along streams or in lake banks
frogs, crayfish and fish) e common
Wolverine Gulo gulo carnivore e dense foresis
o dens in any sheltered place
e rare
R:119952307\8000BSI0B5E0\REPORT\TABLES\TABS-25.00C
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Table 5.1-28

CANDIDATE WILDLIFE RECEPTORS FOR THE SUNCOR RISK ASSESSMENT
Page4of 8

Striped skunk Mephistes mephistes omnivorous o variable habitats, prefer uplands where their burrows
cannot be flooded
¢ dens in ground burrows, under rock piles or wood piles
: s common
River otter -1 Lutra canadensis carnivore (fish, frogs, s rivers, creeks, lakes, ponds
crayfish, aquatic inverts) » dens in banks, entrance below water
s uncommon
Canada lynx Lynx canadensis carnivore (hares and e coniferous and mixed woods
rodents) + dens in hollow logs, beneath roots or other sheltered
places
s common
Mule deer Odocoileus hemionus herbivore ¢ river valleys, mixed woods
e uncommon in northern part of range
White-tailed deer | Odocoileus virginianus | herbivore e deciduous forests with clearings, riparian forests
e common to uncommon
Moose Alces alces herbivore ¢ mixed woods
s common
Caribou Rangifer tarandus herbivore ¢ mature coniferous and mixed woods
caribou e rare

R:\1995\2307\6000\6500\6560\REPORT\TABLES\TABS-28.D0C Golder Associates
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Table 5.1-28

Page 50f 8

952-2307.6560

CANDIDATE WILDLIFE RECEPTORS FOR THE SUNCOR RISK ASSESSMENT

“Diet.

Ground-dwelling o ground-feeding bird spa
the Suncor.EIA (Golder 1996¢c). = -

Spruce Grouse

Dendragapus canadensis

herbivore (mostly spruce,
fir and jackpine buds and
needies; include. insects
esp grasshoppers)

mature, old growth conif forest, oft with
dense understory
resident year-round

Ruffed Grouse

Bonasa umbelius

omivorous, ~80% buds,
leaves and flowers, seeds
and fruit; 20% bugs

deci and mixed forest with dense
understory, strongly associated with aspen
resident year round

Sharp-tailed Grouse

Tympanuchus phasianellus

herbivore (yg are

grassland, savanna, partially cleared boreal

occ seeds, nuts, grain)

insectivorous) forest, shrubland, sagebrush
e resident year-round
Sandhili Crane Grus canadensis omnivore o shallow wetlands, freshwater margins
s breedsin NE AB
Killdeer Charadrius vociferous insectivore e fields, meadows, pastures, mudflats,
freshwater margins
e breedsin NE AB
Spotted Sandpiper Actitis macularia insectivore e variety of habitats, us feeds near water
e breeds in NE AB
Northern Flicker Colaptes auratus insectivore (esp ants, also | o  ubiquitous below tree line where nest sites

®

and open feeding areas are available
breeds in NE AB

Swainson's Thrush

Catharus ustulatus

insectivore (also eats fruit)

woodiand, conif. forest edge (esp where
damp), riparian thickets
breeds in NE AB

Hermit Thrush

Catharus guftatus

insectivore (also eats fruit)
include spiders,
earthworms, small
salamanders

conif, mixed or decid forest and forest edge
breeds in NE AB

R:V1995\2307\880016500\5560\REPORTITABLES\TABS-28.00C
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Table 5.1-28

852-2307.6560

CANDIDATE WILDLIFE RECEPTORS FOR THE SUNCOR RISK ASSESSMENT

Page 6 of 8

Ameficén Robin

Turdus migratorius insectivore (also eats fruit) habitat generalist, forest woodlands,
include earthworms, snails gardens parks
breeds in NE AB

Ovenbird Seiurus aurocapillus insectivore (include decid, rarely pine forests
worms, spiders, snails and breeds in NE AB
seeds)

Northern Waterthrush Seiurus noveboracensis insectivore (aquatic and wooded swamps, forests (oft conif) with
terrestrial insects, standing or slow-moving water
molluscs, crustaceans, occ breeds in NE AB
small fish)

Chipping Sparrow Spizella passerina insectivore (include open conif forest, forest edge, thickets
spiders, seeds of grass breeds in NE AB
and forbs)

Clay-coloured Sparrow Spizella pallida insectivore thickets, esp near water, forest openings,

fields with scattered shrubs
breeds in NE AB

Vesper Sparrow

Pooecetes gramineus

omnivore (50% insects;
50% seeds)

grassland, prairie, savanna, old fields, arid
scrub, woodland clearings
breeds in NE AB

Savannah Sparrow

Passerculus sandwichensis

insectivore (include
spiders, snails and seeds)

grassland, meadow, tundra, marsh, bog,
cultivated grassy areas
breeds in NE AB

LeConte's Sparrow

Ammodramus leconteii

insectivore (include
spiders, grass and forb
seeds; yg almost all
insects)

moist meadows, marsh and bog edges
breeds in NE AB

Fox Sparrow

Passerella iliaca

insectivore (include
spiders, millipedes, buds,
seeds, berries)

conif or decid forest undergrowth, edge,
woodland thickets, scrub, riparian woodland
breeds in NE AB

R:\1995\2307\6000\6500\6560\REPORT\TABLES\TABS-28.00C
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Table 5.1-28

952-2307.6560

CANDIDATE WILDLIFE RECEPTORS FOR THE SUNCOR RISK ASSESSMENT

Page 7 of 8

| Selentic Name.

Sdng Sparrow

T Welospiza melodia

insectivore (include grass
and forb seeds, some
berries)

dense veg along watercourses, marshes, k
forest edge, clearings, bogs
breeds in NE AB

Lincoln's Sparrow

Melospiza lincolnii

insectivore

bogs, wet meadows, riparian thickets
breeds in NE AB

Swamp Sparrow

Melospiza georgiana

insectivore (include seeds)

ele o©|e

emergent veg around water, marsh, bog,
wet meadow
breeds in NE AB

White-throated Sparrow

Zonotrichia aibicollis

insectivore (include few
spiders, millipedes, snails,
seeds)

conif and mixed conif-decid forest, edge and
clearings, thickets, open woodland
breeds in NE AB

Dark-eyed Junco

Junco hyemalis

seeds, and insects

conif and decid forest and edge, open
woodiand and bogs
breeds in NE AB

Rusty Blackbird

Euphagus carolinus

insectivore (include few
spiders, crustaceans,
snails, salamanders, fish,
little fruit)

moist conif woodland, bogs, riparian habitats
breeds in NE AB

Brewer's Blackbird

Euphagus cyanocephalus

insectivore (include
spiders, crustaceans,
snails, seeds)

shrubby, brushy areas (esp near water),
riparian woodland, aspen parkland
breeds in NE AB

Common Grackle

Quiscalus quiscula

omnivore (insects,
crustaceans, other
terrestrial and aquatic
inverts, fish, small verts,
bird eggs, nestlings, fruit,
grain and seeds, acomns
and nuis)

partly open areas with scattered trees, open
woodiands, around human habitation
breeds in NE AB

Brown-headed Cowbird

Molothrus ater

insectivore (spiders, snails,
seeds)

woodland, forest (esp decid), forest edge,
grassland
breeds in NE AB

Ri41995\2307\8000\8500\5560\REFORTITABLESITABS-28.00C Golder Associates
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Table 5.1-28

Page 8 of 8

952-2307.6560

CANDIDATE WILDLIFE RECEPTORS FOR THE SUNCOR RISK ASSESSMENT

American Kestrel Falco sparverius omnivore (mostly mice but deciduous, mixedwood forest, forest edge,
also large insects) open grasslands
breeds in NE AB
Mallard Anas platyrhyncos omnivore (invertebrates, marshes, meadows, small islands

seeds shoots of aquatic
macrophytes)

breeds in NE AB

Canada Goose

Branta canadensis

herbivore (shoots, roots,
seeds, grain, bulbs)

marshes, meadows, small islands
breeds in NE AB

R:\1995\23078000\8500\6560\REPORT\TABLES\TABS-28.00C
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TABLE 5.1-29

TOOLS FOR ASSESSING ECOLOGICAL RISKS
{adapted from Pastorok and Linder (1993))

Habitat: e A
Media: oo Water Sediment.
Regeptors: - Fish inveriebrat
T Wiscroinverisbrates
Field/Laboratory Data:
Chemical Analysis {media) ®
Soil/Sediment/Water ®
Tissue (receptors) ®
Toxicity Tests ®
Community Analysis ®
Models:
Exposure Models® ® ®
Ecological Modeis® ® @
® Primary Tool
© Secondary Tool
?  Subject of separate studies - Golder (1996a,b).
b

This report

® Includes transport and fate models to estimate exposure concentrations and doses

9 Includes models to extrapolate measurement endpoints (e.g., organism - level effects) to assessment endpoints (e.g., population - level
effects).

RA1805\2307\5000\6500\6560\REPORTIT ABLESITABS-29.00C Golder Associates
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TABLE 5.1-30

PERTINENT EXPOSURE PATHWAYS FOR SELECTED RECEPTORS

q 1afli

People v v X X v v v v X X X v v
Wildlife:

Moose v v X X X X v v X X X X X
Snowshoe hare v v X X X X X v X X X X X
Beaver v v X X X X v v X X X X X
Ruffed grouse v v X v X X X v X X X X X
Deer mouse v v X v X X X v X X X X X
Mallard duck v v v v X X v V. X X X X X
American robin v v v v X X X v X X X X X
Ermine v v X v X v X X X X X X X
American kestrel v v X v X v X X X X X X X

v = Critical pathway
X = Insignificant pathway, not modelled

R:\1995\2307\6000\6500\5560\REPORT\TABLES\TABS-30.00C Golder Associates
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TABLE 5.1-31

EXPOSURE PARAMETERS FOR PEOPLE FOR THE RECLAMATION LANDSCAPE SCENARIO

~ Source:
Body Welght (kg) 70 Health Canada (1994a)
Water Ingestion Rate (L/d) 1.5 Health Canada (1994a)
Site Contribution (unitless) 1.0 For drinking water
[Meat Ingestion Rate (kg/d) 0.183 Health Canada (1994a)
Plant Ingestion Rate (kg/d) 0.436 Health Canada (1994a)
Site Contribution (unitless) 0.25 For meat and plants
Exposure Frequency (events/year) 365 Assumed for this report
i'Exposure Duration (years) 50 Assumed for this report
Averaging Time- Non-carcin. (years) 50 Assumed for this report
Averaging Time- Carcinogens (vears) .70 Hna!th Canuda ( 199 a)
Drinking Water Concentrations (mg/L) .~ - EETE : ; —
{Benzo(a)anthracene/Chrysene 0. 00000062 Predxcted Athabasca Rlver Concentratlons (Golder 1996a)
Benzo(a)pyrene 0.00000093 |Predicted Athabasca River Concentrations (Golder 1996a)
Naphthenic Acids 0.36 Predicted Athabasca River Concentrations (Golder 1996a)
{{Copper 0.0090 |[Predicted Athabasca River Concentrations (Golder 1996a)
Manganese 0.24 Predicted Athabasca River Concentrations (Golder 1996a)
"T\/Iolybdenum 0.013 Predlcted Athabasca Rlver Concentratlons (Golder 19963)

F:on’cje_'ntr.atidn's:;;‘ijtiiz-'Méatzi-r;é_('mglkgf);z;.;
Benzo(a)anthracene/Chrysene

Bison liver tlssue (vPauls et al 1995)

Benzo(a)pyrene Bison liver tissue (Pauls et al. 1995)
Naphthenic Acids - No data available

Copper 52.4 Bison liver tissue (Pauls et al. 1995)
F\Aanganese 12.4 Bison liver tissue (Pauls et al. 1995)
Molybdenum 4.7 BlSOl’l llver tlssue (Pauls et al 1995)
Concentrations:inPlants (mglkg) oo a9 i : sl o
Benzo(a)anthracene/Chrysene 0.025 Predlcted concentratlons

Benzo(a)pyrene 0.0046 Predicted concentrations

Naphthenic Acids o= No data available

Copper 7.28 Willow and poplar tissue (Xu 1995 and 1996)
Manganese 224 Willow and popiar tissue (Xu 1995 and 1996)
”'Molybdenum 8.05 Willow and poplar tissue (Xu 1995 and 1996)

RALYYS2IVNGHONGSDNGI6OREPORTNTABLESVFBLS-31.XLS table ¢4.2-2
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TABLE 5.1-32

ON-SITE EXPOSURE SCENARIO - MEAT, WATER, AND PLANT
CALCULATED INTAKES (mg/kg-day)

E;enzo(a)anthracene 0 0.0000000095 0.000028 0.000028
benzo(a)pyrene 0 0.000000014 0.0000051 0.0000051
naphthenic acids - 0.0055 - 0.0055
copper 0.025 0.00014 0.0081 0.033
manganese 0.0081 0.0052 0.3644 0.38
molybdenum 0.0031 0.00029 0.0125 0.016

Golder Associates
R:A1995\2307\8000\500\6560\REPORT\TABLES\TBLS-32.D0C
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vTABLE 5.1-33

PHYSIOLOGICAL PARAMETER DISTRIBUTIONS' FOR WILDLIFE

952-2307.6560

- Species |

80% x 0.0582 BW&!

20% x 0.0582 BW*%!

0.123 BW*™

Ruffed Grouse norm({0.543,0.0303) - uni(4.1,22.9) 1
{iMaxaard norm(1.107,0.129) | 25% x 0.0582 BW®®' - 75% x 0.0582 BA*®' | 0.123 BW*"® | uni(307,719) 0.54
Moose uni(272,436) 0.0875 BWO7 - - 0.099 BW*® | uni(7000,33000) 1
Snowshoe Hare uni(1.05,2.05) 0.0875 BW*'¥ - - 0.099 BW*® uni(4,7) 1
Beaver norm(17.9,2.62) 0.0875 BW>'¥ - - 0.099 BW"® 45 1
American Kestrel | norm(0.137,0.0057) - 75% x 0.0604 BW*7*° | 25% x 0.0604 BW*™° | 0.123 BW*"® 1i(13,13,130) 0.46
Deer Mouse norm(0.0187,0.0043) | 41.7% x 0.0306 BW*** - 58.3% x 0.0306 BW*** |  0.099 BW*® | 1i(0.01,0.22,1.1) 1

* Distribution types: uni {uniform), norm (normal} and tri {triangutar).
2 Please refer to Appendix IV for derivation of values.
® Food intake of plants, vertebrates and invertebrates may be aquatic or terrestrial depending on ELC and species.

RA1595

ORTITABLESITABS-31.XLS Physic
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'TABLE 5.1-34

WILDLIFE HABITAT PREFERENCE SPECIFIED AS PERCENT LIKELIHOOD OF FINDING THE SPECIES IN THE ELC

Ruffed Grouse 0 | 20§ 0| 5 jJ40)65030]50)07]2})0]5}]J0)]5)]2})49}10]|s5§01Ss 0] 10 0] 5
"Mallard 0oflsjo]s]o]s 0| s5]oj2s]o]15] 050 50 | 100
Moose 0 10§ 0 | 351501100} 0 §25f O | 25 0|25 025 0 ]25) 0 25} 0 | 3517501100 25 1 75
Snowshoe Hare 0 j10op o0 101257175110} 651 010 0] 5101510125001 510] 51012080120 0 1S
Beaver 25 1 501 50 |100] O 5 0 5 0 5 25 | 50 65 | 100
American Kestrel 015141 0 5 0 115§ 015010 5 0 5 0 5 0 150§ 0]15}] 0 5 0120825} 75 0 5

Deer Mouse 100 | 100 100 | 100 ) 100 { 100 ] 100§ 100} 100 | 100} 100 | 100] 100 ] 100 ]} 100 | 100 } 100 | 100 100 ] 100 § 100§ 100

ORT\TABLESITABS-31.XLS Habitst Golder Associates
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TABLE 5.1-35

SOIL CONCENTRATION DISTRIBUTIONS' USED FOR WILDLIFE EXPOSURE MODEL

[malkg] | [mglkal | - Img/kg] nglkg]
Benzo(a)pyrene uni(0,0.05) | uni(0,0.2) | uni(0,0.46) -~
Aluminum 10500 172 - -
Arsenic 15.8 0.63 uni{0,20) -
Barium 219 4.9 19.1 20.1
liCadmium uni(0,0.3) | uni(0,0.3) | uni(0,0.3) | uni(0,0.5)
[Molybdenum 1.4 uni(0,2) 1.1 81
[[Nickel 30 2 14.4 312
IIStrontium - - - 127
IThallium uni(0,0.1) - 0.1 uni(0,1)
HlUranium - - - -
{IVanadium 15.1 2.8 23.7 916
iiZinc 72.7 5.8 13.6 22.2

! Distribution types: uni (uniform), norm {normal), tri (triangular),

- {no data available).
2 Natural soil concentrations were estimated from the maximum of

muskeg (Suncor, unpublished data; n=1) and overburden (ETL 1993

(CP 3); n=1) soil chemistry.
® Tailings sand chemistry data from ETL (1993; CP 5; n=1).
* CT chemistry data from Suncor and Syncrude (1995 unpublished data;

n=2 for org., n=1 for inorg.).
® Gypsum chemistry data from FGD Pilot Study (Suncor 1885 unpublished

data; n=1).

Golder Associates

=
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TABLE 5.1-36

SOIL TO PLANT BCF DISTRIBUTIONS'
USED FOR WILDLIFE EXPOSURE MODEL

{Benzo(a)pyrene 0.010 0.010
lAluminum -4 -
lArsenic uni(0.042,0.058) | uni(0.163,0.295)
[Barium uni(0.067,0.103) uni(0.083,0.139)
liCadmium uni(9.722,28.611) | uni(9.444,124.167)
[Molybdenum uni(1.6,2.716) uni(4.642,6.179)
[INickel uni(0.268,0.345) uni(0.506,0.906)
Strontium uni(1.815,2.142) uni(1.699,3.629)
Thallium uni(0.007,0.021) uni(0.014,0.029)
Uranium uni(0.012,0.023) uni(0.015,0.333)
Vanadium uni(0.01,0.021) uni(0.053,0.34)
Zinc uni(1.873,4.874) uni(1.164,1.191)

1
2

Distribution types: uni (uniform), norm (normal) and tri (triangular).
Inorganic chemical BCFs calcuiated using soil and plant

concentrations from the AEP plant uptake studies (Xu 1995

and 1996).

BCF for Benzo{a)pyrene calculated from octanol-water

partitioning coeficient using the equation provided by Travis

and Arms (1988).

Golder Associates

insufficient data to calculate soil:plant BCF for aluminum.
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TABLE 5.1-37

CONTRIBUTION OF iNGEST!ON PATHWAYS FOR WILDLIFE

*. Parameter S ,
R - | (ma/kg-day) Ll Inges
Benzo(a)pyrene | American Kestrel .000076 0.00 0.00 83.64 34.73
Aluminum Beaver 0.12 0.00 0.00 0.00 100.00
Aluminum Deer Mouse 69 0.00 §9.98 0.00 0.35
Aluminum Moose 0.0049 0.00 0.00 0.00 100.00
Aluminum Snowshoe Hare 0.15 0.00 0.00 0.00 100.00
Arsenic Beaver 0.053 99.37 0.00 0.00 1.53
Arsenic Moose 0.0012 97.46 0.00 0.00 2.94
Arsenic Snowshoe Hare 0.029 98.44 0.00 0.00 2.25
Barium Mallard 0.377 0.82 98.76 0.00 1.11
Cadmium Beaver 0.67 90.97 0.00 0.00 .06
Cadmium Deer Mouse 1.14 4474 56.98 0.00 0.07
Cadmium Moose 0.012 99.60 0.00 0.00 0.18
Cadmium Snowshoe hare 0.56 99.95 0.00 0.00 0.09
Molybdenum Beaver 9.2 99.67 0.00 0.00 1.27
Molybdenum Deer Mouse 12 99.81 0.00 0.00 2.00
Molybdenum Moose 0.023 83.04 0.00 0.00 24.17
Nickel Deer Mouse 5.71 40.85 28.59 ' 0.00 0.14
Strontium Deer Mouse 15.03 99.12 0.00 0.00 1.87
Thallium Deer Mouse 0.00027 100.60 0.00 0.00 0.00
Uranium Deer Mouse 0.06 0.00 0.00 0.00 100.00
Vanadium Beaver 1.62 099.42 0.00 0.00 0.68
Yanadium Deer Mouse 0.88 99.89 0.00 0.00 2.50
Vanadium Moose 0.0055 94.67 0.00 0.00 8.25
Yanadium Ruffed Grouse 0.75 98.94 0.00 0.00 2.86
Vanadium Snowshoe hare 0.93 99.29 0.00 0.00 1.53
Zinc Mailard 1.43 5.36 98.17 0.00 0.09

Mote: Percentages don't necessarilly add to 100% because they are derived from the 85% of
the individual distributions.

Golder Associates
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TABLE 5.1-38

REFERENCE VALUES FOR
CHEMICALS OF CONCERN FOR PEOPLE AND WILDLIFE

lorGANIC

0.000014"
0.0000014"

"Eenzo(a)anthracene

Aluminum - - - 23 0.23 0.52 0.083
IArsenic - - - - 0.015 0.034 0.0054
Barium - - 10 - - - -
"Cadmium - - - - - - 0.0082
|Eopper 0.04 - - - - - -
[Manganese (food) 0.14 - - - - Z -
“Manganese (water) 0.005 - - - - - -
{Molybdenum 0.005 - ~ 6.2 ~ _ _
"Eckel - - - 106 - - -
Strontium - - - 698 - - -
Thallium - - - 0.020 - - -
{Uranium - - - 3.50 — - -
IVanadium - - ~ 0.50 0.051 0.12 0.018
Zinc - - 29 - - - -

' Risk-specific doses for carcinogens.
2 Please see Appendix IV for derivation of RfD values.

R:11995\2307\6000\6500\8560\REPORT\TABLESITABS-39.XLS Golder Associates
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EXPOSURE RATIOS AND PATHWAY CONTRIBUTIONS FOR PEOPLE

TABLE 5.1-39

lbenzo(a)anthracene | 0.00069

[lbenzo(a)pyrene 0.010 0 3.7 3.7
[lcopper 0.0034 0.61 0.20 0.8
[[manganese 0.036 0.056 2.5 2.6
[[molybdenum 0.058 0.61 2.5 3.2

Golder Associates
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TABLE 5.1-40

EXPOSURE RATIOS FOR WILDLIFE

Benzo(a)pyrene | American Kestrel 0.005
Aluminum Beaver 0.5
Aluminum Deer Mouse 30.7
Aluminum Moose 0.06
Aluminum Snowshoe Hare 0.3

Arsenic Beaver 3.6
Arsenic Moose 0.2
Arsenic Snowshoe Hare 0.9
Barium Mallard 0.038
Cadmium Beaver 28.9
Cadmium Deer Mouse 5.1
Cadmium Moose 1.5
Cadmium Snowshoe Hare 10.8
Moiybdenum Beaver 14.6
Molybdenum Deer Mouse 1.9
Molybdenum Moose 0.1
Nickel Deer Mouse 0.05
Strontium Deer Mouse 0.022
Thallium Deer Mouse 0.01
Uranium Deer Mouse 0.02
Vanadium Beaver 31.8
Vanadium Deer Mouse 1.8
Vanadium Moose 0.3
Vanadium Ruffed Grouse 0.05
Vanadium Snowshoe Hare 7.9
Zinc Mallard 0.49

* 500 iterations were used in the simulation; none of the populations
exceeded an ER=1.

Golder Associates
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Figure 5.1-3
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Figure 5.1-4
Potential Pathways For Exposure of People and Wildlife
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Figure 5.1-5

Conceptual Model For Human Health
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Figure 5.1-6
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Figure 5.1-7: Percent of population with exposure ratios greater than unity.
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Figure 4.1-1

Conceptual Overview of Chemical Transport and Fate Pathways

@ ‘ Athabasca River
1. WATER 2. SOILS 3. AR 4. BIOTA
1a. Exfiltration water 2a. Consolidated tails 3a. Volatilization 4a. Terrestrial plants
1b. Surface runoff 2b. Tailings sand/overburden 3b. Fugitive dust generation 4b. Wetland plants
1c. Groundwater

4c. Terrestrial soil invertebrates
4d. Terrestrial vertebrates
4e. Aquatic organisms
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APPENDIX I
RATIONALE FOR CHEMICAL ANALYSES

Naphthenic Acids - Oil sands wastewater and fine tailings originate from extracting bitumen from
oil sands, so it is not surprising that the predominant issues identified to date are related to organic
compounds. The most important issue with respect to acute toxicity to aquatic organisms is
elevated concentrations of naphthenic acids in oil sands tailings recycle and pore waters.
Naphthenic acids, which are a complex group of naturally-occurring organic acids/surfactants
leached from the oil sands during the hot water extraction process, account for nearly all of the
acute toxicity to aquatic organisms of tailings pond water and porewater from Suncor's and
Syncrude’s wastewater ponds. These compounds naturally detoxify in aerobic environments due to
biodegradation, however, it is not known whether significant detoxification occurs within anaerobic
groundwater. In addition, these compounds are highly soluble and it is unlikely that they readily
partition to solid-phase material. Hence, they are likely persistent and mobile in groundwater, so

seepage of naphthenic acids to surface waters is of potential concern.

Benthic invertebrates (small, bottom-dwelling animals) and fish are the primary organisms at risk
with respect to exposure to these compounds. The mode of toxicity may be related to adherence of
the compounds to organism membranes, thus disrupting oxygen transfer and resulting in

suffocation.

Limited naphthenic acids data exists because of the difficulty in measuring naphthenic acid
concentrations. However, Syncrude Canada Ltd. has developed a promising method for
quantifying total naphthenic acid concentrations using Fourier Transform Infra-Red
Spectroscopy (FTIR) and absorbance at two wave numbers present in the 1700-1800 em” range.
Typical naphthenic aids concentrations based on the FTIR method range from 1-2 mg/L in the

Athabasca River to over 100 mg/L in fresh tailings water.

Substituted PAHs and PASHs - While concentrations of unsubstituted polycyclic aromatic
hydrocarbons (PAHs) are generally low or below detection limits even in tailings pond recycle
water, the presence of alkyl-substituted PAHs is an emerging issue. In many oil sands waste

Golder Associates
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samples, concentrations of alkyl-substituted PAHs are considerably higher than the parent
compounds. The lower molecular weight PAHs (2-3 rings such as naphthalene and phenanthrene)
are generally more acutely toxic to aquatic organisms than the higher molecular weight PAHs.
However, the higher weight PAHs have a greater affinity to lipids and therefore bioconcentrate
more in animal tissue. Hence, they are a potential issue with respect to food chain
biomagnification.  Further, alkyl-substituted PAHs are a particular concern because alkyl

substituents may enhance both the carcinogenic potency and the persistence of these compounds.

Another issue is the potential for tainting of fish flesh, primarily associated with polycyclic
aromatic sulphur heterocycles (PASHs) such as dibenzothiophene and alkyl-substituted
dibenzothiophenes. These compounds have been detected in oil sands wastewater and in the
Athabasca River downstream of Suncor’s lease. PASHs are generally more persistent and more

toxic than other PAHs. In addition, they readily bioaccumulate in animal tissues .

PANHSs - Polycyclic aromatic nitrogen heterocycles (PANHs) such as quinoline and alkyl-
substituted quinolines have been identified in both natural and synthetic crude oils. These
compounds have been detected in oil sands wastewater and in the Athabasca River downstream of

Suncor’s lease. PANHs can be toxic, teratogenic, mutagenic, and/or carcinogenic.

Non-Chiorinated Phenols - Concentrations of phenols and cresols ranging from 25-152 pg/L
have been measured in samples from Syncrude's settling pond. A number of simple alkylphenols
were also identified in the pond samples. Samples from dyke drainage, groundwaters and
surface waters contained <1 pg/L of the simple phenols analyzed and did not contain any of the
simple alkylphenols identified in the MLSB samples. A sample of surface water that drained
over exposed oil sands contained low concentrations of phenol (4 pg/L) but no detectable
concentrations of cresols or simple alkylphenols. Low concentrations of simple phenols are of

concern because of the potential for tainting fish flesh.
Volatile Organics - Low molecular weight, non-polar, volatile organic compounds represent

another potential issue as they account for up to 20 % of the acute toxicity of Suncor’s Pond 1A

surface water. The exact compound(s) cavsing the toxicity have not been identified, however,

Golder Assoclates
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naphtha, which is used as a dilutant in the bitumen froth treatment, is likely the source of these

light-end hydrocarbons.

Oil and Grease/Total Extractable Hydrocarbons - TEH is a parameter that indicates of the
quantity of hydrocarbons in a sample. Typically, the bulk of hydrocarbons in process-affected
waters are in the C;5 to Cyg range, which is consistent with the presence of naphthenic acids. In
addition, work on Suncor’s constructed wetlands indicates that the GC chromatographs can serve
as a useful marker to monitor oil sands wastewater and to assist in identifying the source of
hydrocarbons in water. However, since (1) most of the TEH in process-affected waters and in
natural waters exposed to bitumen is naphthenic acids and (2) naphthenic acids are being

measured on all water samples collected from the site, it would be redundant to measure TEH in

water samples. We are, therefore, proposing to measure oil and grease, gravimetrically,

following silica gel clean-up. Silica gel removes polar compounds (such as naphthenic acids),

thus, the residual represents the non-polar component of the hydrocarbons.

Cyanide and Phenolics - These groups of compounds are associated with oil sands water and are

potentially toxic to aquatic life.

Organic Carbon and Particle Size - Organic carbon content and particle size of soils are key
parameters to assist in understanding partitioning between water and sediments and are required

for modelling contaminant-fate processes.

Nutrients - The nutrients nitrogen and phosphorus are essential elements for growth of plants in
aquatic environments. However, high levels of these nutrients can lead to excessive plant growth
in lakes and streams.. In addition, ammonia-nitrogen is toxic to aquatic life at high

concentrations.

Metals and Trace Elements - Metal concentrations in Suncor’s process-affected waters are
typically within the range observed in background groundwater and surface waters; the only
notable exception appears to be arsenic. Arsenic is, however, toxic to aquatic life and wildlife
and is classed as a human carcinogen. Lead has also been observed at relatively high

concentrations in emergent insects from Suncor’s constructed wetlands.
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APPENDIX 11
GROUPING OF CHEMICALS FOR SCREENING AND THE USE
OF TOXICITY SURROGATES
Chemical Groupings

All chemicals detected were classified and grouped for screening purposes according to their .

structure and physiochemical and toxicological properties.

Closely-related chemicals were combined together to form chemical groups when insufficient
human and/or ecological toxicity data were available to evaluate them individually. Maximum
detected concentrations for each member of a chemical group were summed to provide a total
concentration for each group in each sampling media. Within each chemical group, chemicals

that were not detected in a particular media did not contribute to the overall group concentration.

For example, a chemical group designated the Naphthalene Group includes naphthalene, methyl
naphthalene as well as the C,, C;, and C, substituted naphthalenes. Details of chemical grouping

are summarized in Table 1.

Selection urrogate Toxicity Valu ning Pur

For the purpose of risk-based screening, all the chemicals of a group are assumed to have the
same toxicological properties. Therefore, the quantitative toxicity value of a single compound
(i.e., the toxicity surrogate) was used to characterize the toxicity of the group. In selecting a
toxicity surrogate for a group, the first choice was the parent compound found within that group.
For example, naphthalene was chosen as the toxicity surrogate for the Naphthalene Group. For
the Benzo(a)anthracene Group, sufficient data existed for two parent compounds
(benzo(a)anthracene and chrysene). In this case, the chemical with the more protective toxicity

value (benzo(a)anthracene) was selected as the toxicity surrogate.

RAIISQIONGORNGS KNG SSOREPORTVAPPENDIX\APPNDX2.DOC Golder Associates
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When adequate toxicity data were not available or a more protective toxicity value was desired, a
toxicity surrogate not present within the chemical group was chosen. For example, pyrene was
chosen as a toxicity surrogate for the Phenanthrene and Dibenzothiophene Groups. Pyrene was

selected as a surrogate for these groups for the following reasons:

e pyrene and the constituents of these three groups are classified as noncarcinogens;
e of the PAHSs with sufficient toxicity data, pyrene has the second lowest reference dose (RfD)
(naphthalene has the lowest RfD). However, there is greater uncertainty associated with the

naphthalene RfD compared to the pyrene RfD.

Therefore, the use of pyrene as a toxicity surrogate for noncarcinogenic PAHs for which

insufficient toxicity was available data is assumed to be sufficiently protective.

In some cases, toxicity surrogates were used for individual compounds (not groups of
compounds) that have insufficient toxicity data. For example, acenaphthene was chosen as a
surrogate for acenaphthylene based on their similar chemical structures and similar physio-

chemical properties.

The toxicity surrogates used in the risk analysis for each of these chemical groups and other

chemicals are listed in Table II-1.
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TABLE II-1

CHEMICAL GROUPINGS AND TOXICITY SURROGATES

Acenaphthene Group

acenapthene
methy! acenaphthene

acenaphthene

Acenaphthylene

acenaphthylene

acenaphthene

Benzo(a)anthracene
Group

benzo(a)anthracene/chrysene
methyl
benzo(a)anthracene/chrysene
C, substituted
benzo(a)anthracene/chrysene

benzo(a)anthracene’

Benzo(ghi)perylene

benzo(ghi)perylene

pyrene

Benzo(a)pyrene Group

benzo(a)pyrene

methyl benzo(b or
k)fluoranthene/methyl
benzo(a)pyrene

C, substituted benzo(b or
k)fluoranthene/benzo(a)pyrene

benzo(a)pyrene

Biphenyl Group

bipheny!
methyl biphenyl
C2 substituted biphenyl

biphenyl

Dibenzothiophene Group

dibenzothiophene

methyl dibenzothiophene
C,, C;, and C, substituted
dibenzothiophenes

pyrene

Fluoranthene Group

fluoranthene
methy! fluoranthene/pyrene

fluoranthene

Fluorene Group

fluorene
methyl fluorene
C, substituted fluorene

fluorene

Naphthalene Group

® ole o ol o

naphthalene

C,, C;, and C, substituted
naphthalenes

methy! naphthalene

naphthalene

Phenanthrene Group

phenanthrene/anthracene
methyl phenanthrene/anthracene
C,, C,, and C, substituted
phenanthrene/anthracene

pyrene

Acridine Group

acridine
methyl acridine

anthracene

Quinoline Group

quinoline
7-methy! quinoline
C, alkyl substituted quinolines

pyridine

' Based on B(a)P and toxicity equivalent factors for ecological receptors due to lack of data for benzo(a)anthracene.
% Based on B(a)P and toxicity equivalent factors for ecological receptors due to lack of data for benzo(ghi)perylene.
* Based on phenanthrene as there was sufficient laboratory data for ecological receptors.
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TABLE lii-1

SUMMARY OF CHRONIC WILDLIFE NOAELS FOR WILDLIFE
Page 1 of 10

Deéer Mouse - -

Acenaphthene laboratory mice hepatotoxicity U.S. EPA 1889a.

jAcenaphthylene laboratory mice 17.5 hepatotoxicity 20 Based on acenaphthene.
|Anthracene laboratory mice 100 mortality, clinical signs, body weight 0.03 0.0187 117 U.S. EPA 1989b.
Benzo(a)anthracene laboratory mice 10 reproduction 0.03 0.0187 12 Based on benzo(a)pyrene and TEFS.
!IBenzo(a)pyrene laboratory mice 1 reproduction 0.03 0.0187 1.2 Mackenzie and Angevine 1981.
||Benzo(b,k)ﬂuoranthene {aboratory mice 10 reproduction 0.03 0.0187 12 Based on benzo(a)pyrene and TEFS,
[iBipheny! laboratory rats 50 reproduction 0.35 0.0187 133 Ambrose et al. 1960.
{Ethylbenzene taboratory rats 8.71 liver and kidney toxicity 0.35 0.0187 26 Wolf et al. 1956.

iXylene laboratory mice 2.06 reproduction 0.03 0.0187 2.4 Marks et al. 1982.

lIPhenol laboratory rats 60 reproduction 0.35 0.0187 159 NTP 1983.

12, 4-Dimethylphenol laboratory mice 5 clinical signs and blood changes 0.03 0.0187 5.9 U.S. EPA 198gc.

|Im-cresol mink 216.2 reproduction 1 0.0187 815 Based on o-cresol.

llo-cresol mink 216.2 reproduction 1 0.0187 815 Hornshaw et al. 1986.
llDibenzo(a,h)anthracene laboratory mice 0.2 reproduction 0.03 0.0187 0.23 Based on benzo{a)pyrene and TEFS.
iDibenzothiophene laboratory mice 7.5 kidney effects 0.03 0.0187 8.8 Based on pyrene.

IFiuoranthene laboratory mice 12.5 nephropathy, liver changes, 0.03 0.0187 15 U.S. EPA 1988.

{[Fiuorene laboratory mice 12.5 hematological effects 0.03 0.0187 15 U.S. EPA 1989d.

[INaphthalene taboratory mice 13.3 mortality, body & organ weights 0.03 0.0187 16 Shopp et al. 1984.

llPhenanthrene laboratory mice 4 mortality, clinical signs 0.03 0.0187 47 Buening et al. 1979.
{Pyrene laboratory mice 75 kidney effects 0.03 0.0187 8.8 U.S. EPA 1988e.

Quinoline laboratory rat 1 increased liver weight 0.35 0.0187 2.7 U.S. EPA 1986. Based on pyridine.
IAluminum laboratory mice 1.93 reproduction 0.03 0.0187 2.3 Ondreicka et al. 1966.
ntimony laboratory mice 0.125 lifespan, longevity 0.03 0.0187 0.15 Schroeder et al. 1968.

JArsenic laboratory mice 0.126 reproduction 0.03 0.0187 0.15 Schroeder and Mitchener 1971.
Barium laboratory rat 5.06 growth, hypertension 0.435 0.0187 14 Perry et al. 1983.
IBoron cattle 3.63 maximum tolerable level 318 0.0187 93 NAS 1980.

"Cadmium laboratory mice 0.1913 reproduction 0.03 0.0187 0.22 Schroeder and Mitchener 1971.
"Chromium (hexavalent) laboratory rat 3.28 body weight; food consumption 0.35 0.0187 8.7 Mackenzie et al. 1958.

{{Chromium (trivalent) laboratory rat 2737 reproduction, longevity 0.35 0.0187 7267 tvankovic and Preussmann 1975.
jICobalt cattle 0.24 maximum tolerable level 318 0.0187 6.2 NAS 1980.

{ICopper mink 11.71 reproduction 1 0.0187 44 Aulerich et al. 1982

llcyanide laboratory rat 6.87 reproduction 0.273 0.0187 17 Tewe and Maner 1981.

JlLead iaboratory rat 8 reproduction 0.35 0.0187 21 Azar et al. 1973.

JLithium laboratory rat 9.39 reproduction 1 0.0187 35 Marathe and Thomas 1986.
IManganese laboratory rat 88 reproduction 0.35 0.0187 234 Laskey et al. 1982,

R:\M99512307\60006500 6560\REPORTAPPENDIXAPX3-1. XLSAPX3-1.XLS
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TABLE 11
SUMMARY OF CHRONIC WILDLIFE NOAELS FOR WILDLIFE
Page 2 of 10

Chemicals -~ .-

(Mercury

rmink

clinical intoxication

—[Wobeser ef al. 1976.

{IMolybdenum cattle 242 maximum folerable level 318 0.0187 6.2 NAS 1980.

IINicke! laboratory rat 40 reproduction 0.35 0.0187 106 Ambrose et. al 1978.

Selenium iaboratory rat 0.24 anemia, spleen, liver, pancreas effec 0.35 0.0187 0.64 Halverson et al. 1966.

Strontium {aboratory rat 263 body weight and bone changes 0.35 0.0187 698 Skornya 1981.

Thatlium faboratory rat 0.0074 reproduction 0.365 0.0187 Formigii et al. 1986.

Uranium iaboratory mice 3.07 reproduction 0.028 0.0187 Paternain et al. 1989.

Vanadium {aboratory rat reproduction 0.26 0.0187 Domingo et al. 1986.

Zinc iaboratory rat reproduction 0.35 0.0187 Schiicker and Cox 1968.

Zirconium laboratory mice lifespan; longevity 0.03 0.0187 Schroeder et al. 1968.

Erming” e A AT SRR o R
Acenaphthene laboratory mice hepatotoxicity 0.0692 U.S. EPA 1589a.

Acenaphthylens iaboratory mice hepatotoxicity 0.0692 Based on acenaphthene.
Benzo(a)anthracene jaboratory mice 10 reproduction 0.03 0.0692 . Based on benzo(a)pyrene and TEFS.
IBenzo(a)pyrene laboratory mice 1 reproduction 0.03 0.0692 0.76 Mackenzie and Angevine 1981.
iBenzo(b,k)fluoranthene laboratory mice 10 reproduction 0.03 0.0692 7.8 Based on benzo(a)pyrene and TEFS.
iiBiphenyl laboratory rats 50 reproduction 0.35 0.0692 86 Ambrose et al. 1960.
iIDibenzothiophens laboratory mice 7.5 kidney effects 0.03 0.0692 5.7 Based on pyrene.

Fluorene laboratory mice 12.5 hematological effects 0.03 0.0692 8.5 U.S. EPA 1989d.

IINaphthalene laboratory mice 13,3 mortality, body & organ weights 0.03 0.0692 10 Shopp et al. 1984.

IIPhenanthrene laboratory mice 4 mortality, clinical signs 0.03 0.0692 3.0 Buening et al. 1979.

IPyrene laboratory mice 75 kidney effects 0.03 0.0692 5.7 U.S. EPA 198%e.

{Quinoline laboratory rat 1 increased liver weight 0.35 0.0692 17 U.S. EPA 1986. Based on pyridine.
§§Ethyibenzene iaboratory rats 9.71 liver and kidney toxicity 0.35 0.0692 17 Wolf et al. 1956.

i{Xerne laboratory mice 2.08 reproduction 0.03 0.0692 1.6 Marks et al. 1982.

{IPhenol laboratory rats 80 reproduction 0.35 0.0692 103 NTP 1983.

[12,4-Dimethyiphenol laboratory mice 5 ciinical signs and blood changes 0.03 0.0692 3.8 U.S. EPA 1089c.

iim-cresol mink 216.2 reproduction 1 0.0692 527 Based on o-cresol.

o-cresoi mink 216.2 reproduction 1 0.0692 527 Hornshaw et al. 1986.

iAluminum {aboratory mice 1.93 reproduction 0.03 0.0692 1.5 Ondreicka et. al 1966.

Antimony laboratory mice 0.125 lifespan, longevity 0.03 0.06892 0.095 Schroeder et al. 1968.

Arsenic laboratory mice 0.126 reproduction 0.03 0.0682 0.10 Schroeder and Miichener 1871.
Barium laboratory rat 5.06 growth, hypertension 0.435 0.0692 9.3 Perry et al. 1983.
iBoron caitle 3.63 maximurs tolerable level 318 0.0682 60 NAS 1980,
{iCadmium laboratory mice 0.1913 reproduction 0.03 0.0682 0.14 Schroeder and Mitchener 1971.
H{:hromium {hexavalent) iaboratory rat 3.28 bedy weight; food consumption 0.35 0.0652 5.6 Mackenzie ef al. 1858.
9552307 SO0DESCOBSE0REPORTAP PENDICAPKS-1 XLSAPXE-1 XLS Golder Associates
& - i - P ] ’ e




~~~~~~~~~~~~ ~u 3 B -7 B .8 . 2
May 1996 ©52-2307-6560
TABLE ill-1
SUMMARY OF CHRONIC WILDLIFE NOAELS FOR WILDLIFE
Page 3 of 10

Chem:cals —

{iChromium (trivatent)

. laboraiory rat

‘reproduction, longevity

Ivankovic and Pred‘s'sr;nabnn 1975,

{iCobalt cattle maximum tolerable level 318 4.0 NAS 1980.

IiCopper mink Teproduction 1 0.0692 29 Aulerich et al. 1982.

{iCyanide laboratory rat reproduction 0.273 0.0692 11 Tewe and Maner 1981.

jlLead laboratory rat reproduction 0.35 0.0692 14 Azar et al. 1973.

ilLithium laboratory rat reproduction 1 0.0692 23 Marathe and Thomas 1986.
IManganese laboratory rat reproduction 0.35 0.0692 151 Laskey et al. 1982.

{Mercury mink clinical intoxication 1 0.0892 0.037 Wobeser et al. 1976.

IIMolybdenum cattle maximum tolerable level NAS 1980.

Nickel laboratory rat reproduction Ambrose et. al 1976.

Selenium laboratory rat anemia, spleen, liver, pancreas effec Halverson et al. 1966.

Strontium laboratory rat body weight and bone changes Skornya 1981.

[Thallium laboratory rat reproduction Formigli et al. 1986.

Uranium laboratory mice reproduction Paternain et al. 1989.

WVanadium laboratory rat reproduction Domingo et al. 1986.

iZinc laboratory rat reproduction Schlicker and Cox 1968.

Zirconium laboratory mice lifespan; longevity Schroeder et al. 1968.
Y - . . —
jAcenaphthene laboratory mice 17.5 hepatotoxicity 0.03 1.505 4.7 U.S. EPA 1989a.

IAcenaphthylene laboratory mice 17.5 hepatotoxicity 0.03 1.505 47 Based on acenaphthene.
Benzo(a)anthracene laboratory mice 10 reproduction 0.03 1.505 27 Based on benzo(a)pyrene and TEFS.
IIBenzo(a)pyrene laboratory mice 1 reproduction 0.03 1.505 0.27 Mackenzie and Angevine 1981.
lIBenzo(b,k)fluoranthene laboratory mice 10 reproduction 0.03 1.506 2.7 Based on benzo(a)pyrene and TEFS.
{Biphenyl , laboratory rats 50 reproduction 0.35 1.505 31 Ambrose et al. 1960.

{IDibenzo(a h)anthracene laboratory mice 0.2 reproduction 0.03 1.505 0.054 Based on benzo(a)pyrene and TEFS.
lIDibenzethiophene laboratory mice 7.5 kidney effects 0.03 1.505 2.0 Based on pyrene.

{Fluoranthene Iaboratory mice 12.5 nephropathy, liver changes, 0.03 1.505 34 U.S. EPA 1988.

[[Fluorene taboratory mice 12.5 hematological effects 0.03 1.505 3.4 U.S. EPA 1989d.

"Naphthalene laboratory mice 13.3 mortality, body & organ weights 0.03 1.505 3.6 Shopp et al. 1984.

{Phenanthrene laboratory mice 4 mortality, clinical signs 0.03 1.505 1.1 Buening et al. 1979.

[iPyrene laboratory mice 75 kidney effects 0.03 1.505 2.0 U.S. EPA 198%.

{iQuinoiine laboratory rat 1 increased liver weight 0.35 1.505 0.61 U.S. EPA 1986. Based on pyridine,
lIEthylbenzene lahoratory rats 9.71 fiver and kidney toxicity 0.35 1.505 6.0 Wolf et al. 1956.

[Xylene laboratory mice 2.06 reproduction 0.03 1.505 0.56 Marks et al. 1982,

JIPhenol laboratory rats 60 reproduction 0.35 1.505 37 NTP 1983,

|]2,4-Dimethylphenol laboratory mice 5 clinical signs and blood changes 0.03 1.505 1.4 U.S. EPA 1989c.

R:\19952307\600065006560\REPORTUPPENDIXAPXS- 1. XLSAPX3-1.XLS
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TABLE -1
SUMMARY OF CHRONIC WILDLIFE NOAELS FOR WILDLIFE
Page 4 of 10

Chemicals . o Test i

m-cresol mink . reproduction 1 1.505 189 Based on o-cresol.

0-cresol mink W reproduction 1 1.505 189 Homshaw et al. 1986.

Aluminum laboratory mice 1.93 reproduction 0.03 1.505 0.52 Ondreicka et. al 1966.

Antimony laboratory mice 0.125 lifespan, longevity 0.03 1.505 0.034 Schroeder et al. 1968.

Arsenic jaboratory mice 0.126 reproduction 0.03 1.505 0.034 Schroeder and Mitchener 1571.

Barium iaboratory rat 5.06 growth, hypertension 0.435 1.505 3.3 Perry et al. 1983.

IIBoron cattle 3.63 maximum tolerable level 318 1.505 22 NAS 1980.

{iCadmium laboratory mice 0.1913 reproduction 0.03 1.505 0.052 Schroeder and Mitchener 1971.
ﬂChromium {hexavalent) {aboratory rat 3.28 body weight; food consumption 0.35 1.505 2.0 Mackenzie ef al. 1958.

§§Chromium {trivalent) laboratory rat 2737 reproduction, longevity 0.35 1.505 1683 lvankovic and Preussmann 1975.
{ICobatt cattie 0.24 maximum tolerable level 318 1.505 1.4 NAS 1980.

ICopper mink 11.71 reproduction 1 1.505 10 Aulerich et al. 1882.

iCyanide laboratory rat .87 reproduction 0.273 1.505 3.9 Tewe and Maner 1981.

dLead faboratory rat 8 reproduction 0.35 1.505 4.9 Azar et al. 1973.

ILithium {aboratory rat 9.3¢ reproduction 1 1.505 8.2 Marathe and Thomas 1986.
IIManganese iaboratory rat 88 reproduction 0.35 1.505 54 Laskey et al. 1982.

IMercury mink 0.015 clinical intoxication 1 1.505 0.013 Wobeser et al. 1976.

IIvolybdenum cattle 0.242 maximum tolerable level 318 1.505 1.4 NAS 1980.

Nickel laboratory rat 40 reproduction 0.35 1.505 25 Ambrose et al. 1976.

Selenium laboratory rat 0.24 anemia, spleen, liver, pancreas effec| 0.35 1.505 0.15 Halverson et al. 1966.

Strontium laboratory rat 283 body weight and bone changes 0.35 1.505 162 Skornya 1981.

Thallium laboratory rat 0.0074 reproduction 0.365 1.505 0.0046 Formigli et al. 1986.

Uranium {aboratory mice 3.07 reproduction 0.028 1.505 0.81 Paternain et al. 1989.

Vanadium {aboratory rat 0.21 reproduction 0.26 1.505 0.12 Domingo et al. 1986.

Zinc laboratory rat 160 reproduction 0.35 1.505 98 Schiicker and Cox 1968.

Zirconium laboratory mice 1.738 lifespan; longevity 0.03 1.505 0.47 Schroeder et al. 1968.

P — T e T T ST

Acenaphthene laboratory mice 17.5 hepatotoxicity U.S. EPA 1989a.

Acenaphihylene laboratory mice 17.5 hepatotoxicity Based on acenaphthene.
Benzo{a)anthracene laboratory mice 10 reproduction . Based on benzo(a)pyrene and TEFS.
!{Benzo(a)pyrene laboratory mice i reproduction 0.03 18.275 0.12 Mackenzie and Angevine 1981.
HBenze(b,k)ﬂucranthene laboratory mice 10 reproduction 0.03 18.275 1.2 Based on benzo(a)pyrene and TEFS.
iBiphenyi laboratory rats 50 reproduction 0.35 18.275 13 Ambrose et al. 1960.
Q}Dibenzo(a,h}amhracene {aboratory mice 0.2 reproduction 0.03 18.275 0.024 Based on benzo(a)pyrene and TEFS.
{IDibenzothiophene laboratory mice 7.5 kidney effects 0.03 18.275 0.8§ Based on pyrene.
IFluoranthene laboratory mice 12.5 nephropathy, liver changes, 0.03 18.275 1.5 U.S. EPA 1988.
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laboratory mice 12.5 hematological effects 0.03 1.5 U.S. EPA 1989d.
{Naphthalene laboratory mice 13.3 mortality, body & organ weights 0.03 18.275 16 Shopp et al. 1984.
[lPhenantbrene laboratory mice 4 mortality, clinical signs 0.03 18.275 0.47 Buening et al. 1979.
{{Pyrene laboratory mice 75 kidney effects 0.03 18.275 0.88 U.S. EPA 1989e.
IlQuinoline laboratory rat 1 increased liver weight 0.35 18.275 0.27 U.S. EPA 1986. Based on pyridine.
|[Ethylbenzene laboratory rats 9.71 liver and kidney toxicity 0.35 18.275 26 Wolf et al. 1956.
iXyiene faboratory mice 2.06 reproduction 0.03 18.275 0.24 Marks et al. 1982,
{Phenol laboratory rats 60 reproduction 0.35 18.275 16 NTP 1983,
i2,4-Dimethylphenol laboratory mice 5 clinical signs and blood changes 0.03 18.275 0.59 U.S. EPA 1989c.
im-cresol mink 216.2 reproduction 1 18.275 82 Based on 0-cresol.
o-cresol mink 216.2 reproduction 1 18.275 82 Hornshaw et al. 1986.
Aluminum laboratory mice 1.93 reproduction 0.03 18.275 0.23 Ondreicka et. al 1966.
Antimony laboratory mice 0.125 lifespan, longevity 0.03 18.275 0.015 Schroeder et al. 1968.
senic laboratory mice 0.126 reproduction 0.03 18.275 0.015 Schroeder and Mitchener 1971.
|Barium laboratory rat 5.06 growth, hypertension 0.435 18.275 1.5 Perry et al. 1983.
{IBoron cattle 3.63 maximum tolerable level 318 18.275 9.4 NAS 1980.
[[Cadmium laboratory mice 0.1913 reproduction 0.03 18.275 0.023 Schroeder and Mitchener 1971.
fChromium (hexavalent) laboratory rat 3.28 body weight; food consumption 0.35 18.275 0.88 Mackenzie et al. 1958.
ﬂChromium (trivalent) laboratory rat 2737 reproduction, longevity 0.35 18.275 732 lvankovic and Preussmann 1975.
fiCobalt cattle 0.24 maximun tolerable level 318 18.275 0.62 NAS 1980.
{iCopper mink 11.71 reproduction 1 18.275 4.4 Aulerich et al. 1982.
liCyanide laboratory rat 6.87 reproduction 0.273 18.275 1.7 Tewe and Maner 1981.
lLead iaboratory rat 8 reproduction 0.35 18.275 2.1 Azar et al. 1973.
J[Lithium iaboratory rat 9.39 reproduction 1 18.275 36 Marathe and Thomas 1986.
[IManganese laboratory rat 88 reproduction 0.35 18.275 24 Laskey et al. 1982.
[IMercury mink 0.015 clinical intoxication 1 18.275 0.0057 Wobeser et al. 1976.
{[Molybdenum cattle 0.242 maximum tolerable level 318 18.275 0.63 NAS 1980.
IINickel laboratory rat 40 reproduction 0.35 18.275 1 Ambrose et. al 1976.
{[Selenium laboratory rat 0.24 anemia, spleen, liver, pancreas effec 0.35 18.275 0.064 Halverson et al. 1966.
"Strontium {aboratory rat 263 body weight and bone changes 0.35 18.275 70 Skornya 1981.
[Thallium laboratory rat 0.0074 reproduction 0.365 18.275 0.0020 Formigli et al. 1986.
Uranium laboratory mice 3.07 reproduction 0.028 18.275 0.35 Paternain et al. 1989.
Vanadium {aboratory rat reproduction 0.26 18.275 0.051 Domingo et al. 1986.
Zinc laboratory rat reproduction 0.35 18.275 43 Schiicker and Cox 1968.
Zirconium laboratory mice lifespan; longevity 0.03 1.505 0.47 Schroeder et al. 1968.
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| {mgrkg:BWiday) leight Jeig?

Acenaphthene iaboratory mice 17.5 hepatotoxicity 0.03 381 0.75 U.S. EPA 188%a.

Acenaphthylene iaboratory mice 17.5 hepatotoxicity 0.03 381 0.75 Based on acenaphthene.
Benzo(a)anthracene iaboratory mice 10 reproduction 0.03 381 0.43 Based on benzo(a)pyrene and TEFS.
{[Benzo(a)pyrene laboratory mice 1 reproduction 0.03 381 0.043 Mackenzie and Angevine 1981.
nBenzo(b,k)ﬂuoramhene iaboratory mice 10 reproduction 0.03 381 0.43 Based on benzo{a)pyrene and TEFS.
iBiphenyl laboratory rats 50 reproduction 0.35 381 4.9 Ambrose et al. 1960.
J!Dibenzo{a,h)anthracene iaboratory mice 0.2 reproduction 0.03 381 0.0086 Based on benzo{a)pyrene and TEFS.
ijDibenzothiophene laboratory mice 7.5 kidney effects 0.03 381 0.32 Based on pyrene.

IFlucranthene iaboratory mice 12.5 nephropathy, liver changes, 0.03 381 0.54 U.S. EPA 1088,
JFluorene laboratory mice 12.5 hematological effects 0.03 381 0.54 U.S. EPA 1989d.
iNaphthalene laboratory mice 13.3 mortality, body & organ weights 0.03 381 0.57 Shopp et al. 1984,
IPhenanthrene jaboratory mice 4 mortality, clinical signs 0.03 381 0.17 Buening et al. 1979.
IPyrene laboratory mice 7.5 kidney effects 0.03 381 0.32 U.S. EPA 198%.
llQuinoline laboratory rat 1 increased liver weight 0.35 381 0.10 U.S. EPA 1986. Based on pyridine.
{[Ethylbenzene laboratory rats 9.71 tiver and kidney toxicity 0.35 381 0.84 Wolf et al. 1956.
iXylene laboratory mice 2.06 reproduction 0.03 381 0.088 Marks et al. 1982.

}Pheno! iaboratory rals 60 reproduction 0.35 381 5.8 NTP 1983.

12,4-Dimethylpheno! laboratory mice 5 clinical signs and blood changes 0.03 381 0.21 U.S. EPA 1988c.

im-cresol mmink 216.2 reproduction 1 381 30 Based on o-cresol.

o-cresol mink 216.2 reproduction i 381 30 Hornshaw et al. 1986.

Aluminum iaboratory mice 1.93 reproduction 0.03 381 0.083 Ondreicka et. al 1966.

Antimony laboratory mice 0.128 lifespan, longevity 0.03 381 0.0054 Schroeder et al. 1968.

Arsenic laboratory mice 0.126 reproduction 0.03 381 0.0054 Schroeder and Mitchener 1971.
Barium laboratory rat 5.06 growth, hypertension 0.435 381 0.53 Perry et al. 1983.
iIBoron cattle 3.63 maximum tolerable level 318 381 3.4 NAS 1980.
iCadmium faboratory mice 0.1813 reproduction 0.03 381 0.0082 Schroeder and Mitchener 1871.
lIChromium (hexavalent) laboratory rat 3.28 body weight; food consumption 0.35 381 0.32 Mackenzie et al. 1958.
ﬁChromium {trivalent) laboratory rat 2737 reproduction, longevity 0.35 381 266 lvankovic and Preussmann 1975.
liCobalt catile 0.24 maximum tolerable level 318 381 0.23 NAS 1980.
liCopper mink 11.71 reproduction 1 381 1.6 Aulerich et al. 1982.
IiCyanide Jaboratory rat 6.87 reproduction 0.273 381 0.61 Tewe and Maner 1981.
iLead laboratory rat 8 reproduction 0.35 381 0.78 Azar et al. 1973.
iLithium laboratory rat 9.39 reproduction 1 381 1.3 Marathe and Thomas 1986.
lManganese laboratory rat 88 reproduction 0.35 381 8.6 Laskey et al. 1982.
[IMercury mink 0.015 clinical infoxication 1 387 0.0021 Wobeser et al. 1976.
{IMolybdenum catile 0.242 maximum tolerable ievel 318 387 0.23 NAS 1980.
RA1$352307 6000 SS00ESSIREPOR TAPPEADISRPX3-1 XLSAPKSLXLS Goider Associates -

N ” o e - - &




May 1996

SUMMARY OF CHRONIC WILDLIFE NOAELS FOR WILDLIFE

TABLE il-1

952-2307-6560

Page 7 of 10
Nickel laboratory rat reproduction 0.35 381 3.9 Ambrose et. al 1976.
Selenium laboratory rat anemia, spleen, liver, pancreas effec| 0.35 381 0.023 Halverson et al. 1966.
Strontium laboratory rat body weight and bone changes 0.35 381 26 Skornya 1981.
[Thallium laboratory rat reproduction 381 0.00073 Formigli et al. 1986.
Uranium laboratory mice reproduction 381 0.13 Paternain et al. 1989.
Vanadium laboratory rat reproduction 381 0.018 Domingo et al. 1986.
IZinc laboratory rat reproduction 381 Schlicker and Cox 1968.
IZirconium laboratory mice lifespan; longevity 381 Schroeder et al. 1968.
IAmerican rob : L L
jAcenaphthene mallard 22.55 liver weights, blood flow 1 0.0836 52 Patton and Dieter 1980.
iAcenaphthylene mallard 22.55 liver weights, blood flow 1 0.0836 52 Based on acenaphthene.
Benzo(a)anthracene herring gull 0.11 weight gain; osmoregulation 04 0.0836 0.19 Based on benzo{a)pyrene and TEFS.
lIBenzo(a)pyrene herring gull 0.0112 weight gain; osmoregulation 0.4 0.0836 0.019 Peakall et al. 1982,
I[Benzo(b,k)ﬂuoranthene herring gull 0.11 weight gain; osmoregulation 0.4 0.0836 0.19 Based on benzo{a)pyrene and TEFS.
IlDibenzothiophene mallard 22.55 liver weights, blood flow 1 0.0836 52 Based on pyrene
IIFluorene mallard 22.55 liver weights, blood flow 1 0.0836 52 Patton and Dieter 1980.
lPhenanthrene mallard 22.55 liver weights, biood fiow 1 0.0836 52 Patton and Dieter 1980.
Pyrene mallard 22.55 liver weights, blood flow 1 0.0836 52 Patton and Dieter 1980.
JAluminum ringed dove 111.4 reproduction 0.155 0.0836 137 Carriere et al. 1986.
JArsenic cowbird 2.46 mortality 0.049 0.0836 2.1 USFWS 1969.
IArsenic mallard 5.135 mortality 1 0.0836 12 USFWS 1964.
Barium day-old chicks: 20.826 mortality 0.121 0.0836 24 Johnson et al. 1960.
|[Boron chicken 10.3 maximum tolerable level 1.6 0.0836 28 NAS 1980.
{Cadmium mallard 1.45 reproduction 1.153 0.0836 3.5 White and Finley 1978.
{{Chromium black duck 1 reproduction 1.25 0.0836 2.5 Haseltine et al., unpub. data.
jiCobait chicken 0.7 maximum tolerable level 1.6 0.0836 1.9 NAS 1980.
{iCopper day-old chicks 33.21 growth 0.534 0.0836 62 Mehring et al. 1960.
flLead american kestrel 3.85 reproduction 0.13 0.0836 4.5 Pattee 1984.
[Manganese chicken 138 maximunm tolerable level 1.6 0.0836 369 NAS 1980.
IMercury mallard 0.0064 reproduction 1 0.0836 0.015 Heinz 1979.
{iMolybdenum chicken 6.875 maximum tolerable level 1.6 0.0836 18 NAS 1980.
"Nickel mallard duckling 77.4 mortality, growth, behavior 0.782 0.0836 163 Cain and Pafford 1981.
|[Selenium mallard 0.5 reproduction 1 0.0836 1.1 Heinz et al. 1987.
iSelenium maliard 0.4 reproduction 1 0.0836 0.81 Heinz et al. 1989.
"Uranium black duck 16 mortality, body weight 1.25 0.0836 39 Haseltine and Sileo 1983.
{Vanadium mallard 11.38 mortality, body weight 1.17 0.0836 27 White and Dieter 1978.
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Ciawi NOAEL |
{mg/kg:BWiday) i
Zinc mallard 3 mortality, body weight 1 0.0836 Gasaway and Buss 1972.
\American kestrel. ol L S R I T T T i : oy S
Acenaphthene mallard 22.55 liver weights, blood flow 1 0.137 44 Patton and Dieter 1980.
iAcenaphthylene mallard 22.55 liver weights, blood flow 1 0.137 44 Based on acenaphthene.
Anthracene mallard 22.55 liver weights, blood flow 1 0.137 44 Patton and Dieter 1980.
Benzo(a)anihracene herring gull 0.11 weight gain; osmoregulation 0.4 0.137 0.16 Based on benzo(a)pyrene and TEFS.
IBenzo(a)pyrene herring gull 0.0112 weight gain; osmoregulation 0.4 0.137 0.016 Peakall et al. 1982.
ﬁBenzo(b,k)ﬂuoranthene herring gull 0.11 weight gain; osmoregulation 0.4 0.137 0.16 Based on benzo(a)pyrene and TEFS.
|IDibenzothiophene mallard 22.55 liver weights, blocd flow 1 0.137 44 Based on pyrene
[Fiuorene mallard 22.55 liver weights, blood fiow 1 0.137 44 Pation and Dieter 1980.
IIPhenanthrene mailard 22.55 liver weights, blood flow 1 0.137 44 Patton and Dieter 1980.
Pyrene mallard 22.55 liver weights, blood flow 1 0.137 44 Patton and Dieter 1980.
Aluminum ringed dove 1114 reproduction 0.155 0.137 116 Carriere et al. 1986.
Arsenic cowbird 2.48 mortality 0.049 0.137 1.7 USFWS 1968.
Arsenic mallard 5135 mortality 1 0.137 10 USFWS 1964.
Barium day-old chicks 20.826 morfality 0.121 0.137 20 Johnson et al. 1960.
Boron chicken 10.3 maximum folerable level 1.6 0.137 23 NAS 1980.
I{Cadmium mallard 1.45 reproduction 1.153 0.137 2.9 White and Finley 1978.
{iChromium black duck 1 reproduction 1.25 0.137 2.1 Haseltine et al., unpub. data,
{[Cobalt chicken 0.7 maximum tolerable level 1.6 0.13 1.8 NAS 1880.
{IiCopper day-old chicks 33.21 growth 0.534 0.137 52 Mehring et al. 1960.
I ead american kestrel 3.85 reproduction 0.13 0.137 3.8 Pattee 1984.
[Mangansse chicken 138 maximum tolerable level 1.6 0.137 313 NAS 1980.
Mercury matlard 0.0064 reproduction 1 0.137 0.012 Heinz 1979.
iIMotybdenum chicken 6.875 maximum tolerable level 16 0.137 16 NAS 1980.
Nickel maliard duckiing 77.4 mortality, growth, behavior 0.782 0.137 138 Cain and Pafford 1981.
Selenium mallard 0.5 reproduction 1 0.137 1.0 Heinz ef al. 1987,
Selenium mallard 0.4 reproduction 1 0.137 0.78 Heinz et ai. 1989.
Uranium black duck 16 mortality, body weight 1.25 0.137 33 Haseltine and Sileo 1983.
Vanadium mallard 11.38 mortality, body weight 1.17 3.137 23 White and Dieter 1978.
Zinc mallard 3 mortality, body weight 1 0.137 5.8 Gasaway and Buss 1972.
SRR p— T T T T — T -
Acenaphthene mallard 22.55 lood flow 1 0.54285 28 Patton and Dieter 1980.
Acsnaphihylene mallard 22.55 liver weights, blood flow 1 0.54285 28 Based on acenaphthens.
Benzo(a)anthracene herring guli 0.11 weight gain; osmoregulation 0.4 0.54285 0.10 Based on benzo(a)pyrene and TEFS.
ﬂBenzo(a}pyrene herring gull 0.0112 weight gain; osmoregulation 0.4 0.54285 0.010 Peakall et al. 1982.
ORTAPPENDIXAPKS-f XLSAPX3-! XL Golder Assoclates
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nBenzo(b,k)ﬂuoranthene herring gull 0.11 weight gain; osmoregulation 0.4 0.54285 Based on benzo(a)pyrene and TEFS.
lIDibenzothiophene mallard 22.55 liver weights, bioad flow 1 0.54285 Based on pyrene
lIFluorene mallard 22.55 fiver weights, biood flow 1 0.54285 Patton and Dieter 1980.
[iPhenanthrene mailard 22.55 liver weights, blood flow 1 0.54285 Patton and Dieter 1980.
Pyrene mallard 22.55 liver weights, blood flow 1 0.54285 Patton and Dieter 1980.
IAluminum ringed dove 111.4 reproduction 0.155 0.54285 Carriere et al. 1986.
|Arsenic cowbird 2.46 mortality 0.049 0.54285 . USFWS 1969.
Arsenic maillard 5.135 mortality 1 0.54285 . USFWS 1964.
Barium day-old chicks 20.826 mortality 0.121 0.54285 Johnson et al. 1960.
{[Boron chicken 10.3 maximum tolerable level 1.6 0.54285 NAS 1980.
liCadmium mailard 1.45 reproduction 1.153 0.54285 . White and Finley 1978.
([Chromium black duck 1 reproduction 1.25 0.54285 ] Haseltine et al., unpub. data.
f[Cobait chicken 0.7 maximum tolerable level 16 0.54285 i NAS 1980.
liCopper day-old chicks 33.21 growth 0.534 0.54285 Mehring et al. 1960.
[lLead american kestrel 3.85 reproduction 0.13 0.54285 . Pattee 1984.
[Manganese chicken 138 maximum tolerable level 1.6 0.54285 198 NAS 1980.
{IMercury mallard 0.0064 reproduction 1 0.54285 0.0078 Heinz 1979.
{(Molybdenum chicken 6.875 maximum tolerable level 16 0.54285 10 NAS 1980.
Nickel mallard duckiing 77.4 mortality, growth, behavior 0.782 0.54285 87 Cain and Pafford 1981.
Selenium mallard 0.5 reproduction 1 0.54285 0.61 Heinz et al. 1987.
Selenium maliard 0.4 reproduction 1 0.54285 0.49 Heinz et al. 1989.
Uranium black duck 16 mortality, body weight 1.25 0.54285 21 Haseltine and Sileo 1983.
Vanadium mallard 11.38 mortality, body weight 117 0.54285 15 White and Dieter 1978.
Zinc mallard mortality, body weight 1.0 0.54285 37 Gasaway and Buss 1972.

Mallard: < 0 & : R b i i

jAcenaphthene mallard 22.55 liver weights, blood flow Patton and Dieter 1880.
IAcenaphthylene mallard 22.55 liver weights, blood flow 1 1.107 22 Based on acenaphthene.
iBenzo(a)anthracene herring guil 0.1 weight gain; osmoregulation 0.4 1.107 0.078 Based on benzo{(a)pyrene and TEFS.
lIBenzo(a)pyrene hérring gull 0.0112 weight gain; osmoregulation 0.4 1.107 0.0080 Peakall et al. 1982.
]IBenzo(b,k)ﬂuoranthene herring gull 0.11 weight gain; osmoregulation 0.4 1.107 0.078 Based on benzo{a)pyrene and TEFS.
{IDibenzathiophene mallard 2255 liver weights, blood flow 1 1.107 22 Based on pyrene
JIFluorene mallard 22.55 liver weights, blood flow 1 1.107 22 Patton and Dieter 1980.
IPhenanthrene mallard 22.55 liver weights, blood flow 1 1.107 22 Patton and Dieter 1980.

Pyrene mallard 22.55 liver weights, blood flow 1 1.107 22 Patton and Dieter 1980.

lAluminum ringed dove 111.4 reproduction 0.155 1.107 58 Carriere et al. 1986.

IArsenic cowbird 2.46 mortality 0.049 1.107 0.87 USFWS 19689.
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Arsenic maliard 5.135 mortality 1 1.107 5.0 USFWS 1964.

Barium day-old chicks 20.826 mortality 0.121 1.107 10 Johnson et al. 1960.

iIBoron chicken 10.3 maximum tolerable level 1.6 1.107 12 NAS 1980.

IICadmium maliard 1.45 reproduction 1.153 1.107 1.5 White and Finley 1978.
IiChromium black duck 1 reproduction 1.25 1.107 1.0 Haseitine et al., unpub. data.
ICobalt chicken 0.7 maximum folerable level 1.6 1.107 0.79 NAS 1980.
{|Copper day-old chicks 33.29 growth 0.534 1.107 26 Mehring et al. 1960.
llLead american kestrel 3.85 reproduction 0.13 1.407 1.9 Pattee 1084.
IManganese chicken 138 maximum tolerable level 1.6 1.407 156 NAS 1980.
iMercury mallard 0.0084 reproduction 1 1.107 0.0062 Heinz 1979.

[Molybdenum chicken 8.875 maximum iolerable level 1.6 1.107 7.8 NAS 1980.

Nickel mallard duckling 77.4 mortality, growth, behavior 0.782 1.107 69 Cain and Pafford 1981.
Selenium mallard 0.5 reproduction 1 1.107 0.48 Heinz et al. 1987.

Selenium mallard 0.4 reproduction 1 1.107 0.38 Heinz et al. 1988.

Uranium black duck 16 mortality, body weight 1.25 1.107 17 Haseltine and Sileo 1983.
Vanadium maliard 11.38 moriality, body weight 1.17 1.107 12 White and Dieter 1878.

Zinc mallard 3 moriality, bedy weight 1 1.107 2.9 Gasaway and Buss 1972,
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Acenaphthene 205 0.0187 0.0000648 | 000188 | 0.00136 | 0.00276 5912 204 282 139
IAcenaphthylene 205 0.0187 0.0000648 | 0.00188 | 0.00136 | 0.00276 5912 204 282 139
[lBenzo(@janthracene 11.7 0.0187 0.0000648 | 0.00188 | 0.00136 | 0.00276 3378 116 161 79
{iBenzo(a)pyrene 117 0.0187 0.0000648 | 000188 | 000136 | 000276 338 12 16 7.9
[lBenzo(b k)fuoranthene 11.7 0.0187 0.0000648 | 000188 | 0.00136 | 0.00276 3378 116 161 79
{IBipheny! 133 0.0187 0.0000648 | 0.00188 | 0.00136 | 0.00276 38310 1320 1825 899
[Ipibenzo(a,hyanthracene 0.23 0.0187 0.0000648 | 000188 | 0.00136 | 0.00276 66 2.3 3.2 16
{IDibenzothiophene 8.78 0.0187 0.0000648 | 0.00188 | 0.00136 | 0.00276 2534 87 121 59
HIFluoranthene 14.6 0.0187 0.0000648 | 0.00188 | 0.00136 | 0.00276 4223 146 201 99
[Fiuorene 146 0.0187 0.0000648 | 0.00188 0.00136 0.00276 4223 146 201 99
[iNaphthalene 15.6 0.0187 0.0000648 | 000188 | 0.00136 | 0.00276 4493 155 214 105
Phenanthrene 4.68 0.0187 0.0000648 | 0.00188 | 0.00136 | 0.00276 1351 47 64 32
[Pyrene 8.78 0.0187 0.0000648 | 0.00188 0.00136 | 0.00276 2534 87 121 59
[lQuinotine 2.7 0.0187 0.0000648 | 0.00188 | 0.00136 | 0.00276 768 26 37 18
Ethylbenzene 26 0.0187 0.0000648 | 0.00188 | 0.00136 | 0.00276 7440 256 354 175
ylene 24 0.0187 0.0000648 | 000188 | 000136 | 0.00276 696 24 33 16
Phenol 159 0.0187 0.0000648 | 0.00188 | 000136 | 0.00276 45972 1585 2190 1079
2,4-Dimethylphenol 5.9 0.0187 0.0000648 | 000188 | 0.00136 | 0.00276 1689 58 80 40
m-cresol 815 0.0187 0.0000648 | 000188 | 000136 | 0.00276 235058 8102 11200 5519
ffo-cresol 815 0.0187 0.0000648 | 0.00188 | 0.00136 | 0.00276 235058 8102 11200 5519
laiuminum 2.26 0.0187 0.0000648 | 0.00188 0.00136 | 0.00276 652 22 31 15
{lantimony 0.146 0.0187 0.0000648 | 0.00188 0.00136 0.00276 42 15 2.0 1.0
flarsenic 0.148 0.0187 0.0000648 | 0.00188 | 0.00136 | 0.00276 43 15 2.0 1.0
([Barium 14.4 0.0187 0.0000648 | 000188 | 000136 | 0.00276 4168 144 199 98
{iBoron 93 0.0187 0.0000648 | 000188 | 0.00136 | 0.00276 26938 929 1284 632
icadmium 0.224 0.0187 0.0000648 | 000188 | 0.00136 | 0.00276 65 2.2 3.1 1.5
Golder Associates
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el . Chromic' - | Species - Concsntration
 Wildife NOAEL | - Body te {mg/L water)
: - {malkg-BWiday) | Weight - | (& =k {kglday)’ . | {LId; . A
lIchromium (nexavalent) 8.71 0.0187 0.0000648 | 0.00188 0.00136 0.00276 2513 87 120 59
{{Chromium (rivalent) 7267 0.0187 0.0000648 | 0.00188 0.00136 0.00276 2097089 72283 99920 49236
i[Cobalt ' 8.2 0.0187 0.0000648 | 0.00188 0.00136 0.00276 1781 61 85 42
licopper ' 44.1 0.0187 0.0000648 | 0.00188 0.00136 0.00276 12731 439 607 299
licyanide . 1838 0.0187 00000648 | 0.00188 0.00136 0.00276 4845 167 231 114
lLead 212 0.0187 00000648 | 0.00188 0.00136 0.00276 6130 211 292 144
|[Lithium 354 0.0187 0.0000648 | 0.00188 0.00136 0.00276 10209 352 486 240
[IManganese 234 0.0187 0.0000648 | 0.00188 0.00136 0.00276 67426 2324 3213 1583
IMercury 0.0565 0.0187 0.0000648 0.7236 0.00136 0.00276 16 0.0015 078 0.38
[Molybdenum 6.2 0.0187 0.0000648 0.7236 0.00136 0.00276 1796 0.16 86 42
IINicke! 106 0.0187 0.0000648 0.7236 0.00136 0.00276 30648 27 1460 720
lIsetenium .~ 0.64 0.0187 0.0000648 0.7236 0.00136 0.00276 184 0.016 8.8 43
Strontium 698 0.0187 0.0000648 0.7236 0.00136 0.00276 201511 18 9601 4731
Thallium 0.0198 0.0187 0.0000648 0.7236 0.00136 0.00276 5.7 0.00051 0.27 0.13
Uranium 3.51 0.0187 0.0000648 0.7236 0.00136 0.00276 1014 0.091 48 24
anadium 0.505 0.0187 0.0000648 0.7236 0.00136 0.00278 146 0.013 6.9 34
Zinc 425 0.0187 0.0000648 0.7236 0.00136 0.00276 122592 11 5841 2878
Zirconium 2.0 0.0187 0.0000648 0.7236 0.00136 0.00276 577 0.052 14
ey s e
Acenaphthene 13.2 0.0692 0.00138 - 0.01239 0.00894 664 - 103
Acenaphthylene ; 13.2 0.0692 0.00138 - 0.01239 0.00894 €64 - 74 103
Benzo{a)anthracene 7.6 0.0692 0.00138 - 0.01239 0.00894 380 - 42 59
|Benzo(ajpyrene ‘ 0.76 0.0692 0.00138 - 0.01239 0.00894 38 - 42 5.9
{Benzo(b,k)fuoranthene 76 0.0692 0.00138 - 0.01239 0.00894 380 R 423 59
{iBipheny! 86 0.0692 0.00138 - 0.01239 0.00894 4304 . 479 664
IIDibenzothiophene 5.68 0.0692 0.00138 . 0.01239 | 0.00894 285 - 32 44
IFluorene 8.5 0.0692 0.00138 - 0.01239 0.00894 474 - 53 73
[INaphthalene 10.1 0.0692 0.00138 - 001239 | 0.00894 505 - 56 78
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Page 3 of 13

RiéfokrB'aSed?-__;

Concentration

(mglL water)

A, y) /da kglday) | - (LIds et
flPhenanthrene 0.0692 0.00138 - 0.01239 0.00894 152 17 23
Pyrene 0.0692 0.00138 - 0.01239 | 0.00894 285 32 44
[lquinoline 0.0692 0.00138 - 001239 | 0.00894 86 10 13
[IEthylbenzene 0.0692 0.00138 - 001239 | 0.00894 © 836 93 129
Xylene 0.0692 0.00138 - 0.01239 | 0.00894 78 9 12
Phenol 0.0692 0.00138 - 001239 | 0.00894 5165 575 797
2 4-Dimethylphenol 38. 0.0692 0.00138 - 001233 | 0.00894 190 21 29
Im-cresol 527 0.0692 0.00138 - 0.01239 | 0.00894 26407 2941 4076
flo-cresol 527 0.0692 0.00138 - 001239 | 0.00894 26407 2941 4076
Aluminum 1.46 0.0692 0.00138 - . 001239 | 0.00894 73 8.2 11
Antimony 0.095 0.0692 0.00138 - 001233 | 0.00894 4.7 0.53 0.73
larsenic 0.095 0.0692 0.00138 - 001239 | 0.00894 438 0.53 0.74
flBarium 9.3 0.0692 0.00138 - 001233 | 0.00894 468 52 72
[Boron 60 0.0692 0.00138 - 0.01239 | 0.00894 3026 337 467
ficadmium 0.145 0.0692 0.00138 - 0.01239 | 0.00894 7.3 0.81 1.1
[lchromium (hexavalent) 563 0.0692 0.00138 - 0.01239 0.00894 282 31 44
{Ichromium (trivalent) 4698 0.0692 0.00138 - 001239 | 0.00894 235589 26240 36366
{icobalt 4.0 0.0692 0.00138 - 0.01239 | 0.00894 200 22 31
llcopper 285 0.0692 0.00138 - 001239 | 0.00894 1430 159 221
{(Cyanide 10.9 0.0692 0.00138 - 0.01239 | 0.00894 544 61 84
flLead 13.7 0.0692 0.00138 - 0.01239 | 0.00894 689 77 106
flLithium 229 0.0692 0.00138 - 001239 | 0.00894 1147 128 177
lIManganese 151 0.0692 0.00138 - 0.01239 | 0.00894 7575 844 1169
fiMercury 0.037 0.0692 0.00138 . 0.01239 | 0.00894 1.8 0.20 0.28
{Molybdenum 4.0 0.0692 0.00138 - 001239 | 0.00894 202 22 31
[INickel 69 0.0692 0.00138 - 0.01239 | 0.00894 3443 383 531
[lsetenium 0.41 0.0692 0.00138 - 0.01239 | 0.00894 21 2.3 3.2
{lstrontium 451 0.0692 0.00138 - 0.01239 | 0.00894 22638 2521 3494
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gChemacais :
wlsdme NOAEL . Rate

i | mglkg-BWiday) * (kglday) | (kelda glday) | . (U il
Thallium 0.0129 0.00138 - 001239 | 0.00894 0.65 - 0.072 0.10
Uranium 2.27 0.00138 - 0.01239 | 0.00894 114 - 13 18

anadium 0.326 0.00138 - 0.01239 | 0.00894 16 - 1.8 25
Zinc 275 0.00138 - 0.01239 | 0.00894 13772 - 1534 2126
Zirconium 1.3 0.00138 - 0.01239 65 -

Snowshoshare -l - e Gem T _ G Cchlimen ‘ n

Acenaphthene 4.7 0.00742 0.1178 - 0.143 962 61 -

Acenaphthylene 4.7 0.00742 0.1178 - 0.143 962 61 - 50
Benzo(a)anthracene 2.7 0.00742 0.1178 . 0.143 550 35 - 29
Benzo(a)pyrene 0.27 0.00742 0.1178 - 0.143 55 3.5 - 2.9
{IBenzo(b k)fluoranthene 2.7 0.00742 0.1178 - 0.143 550 35 - 29
{IBipheny! 31 0.00742 0.1178 - 0.143 €237 393 - 324
IDibenzo(a hjanthracene 0.054 0.00742 0.1178 - 0.143 1 0.69 - 0.57
IDibenzothiophene 2.03 0.00742 0.1178 - 0.143 412 26 - 21
[Fluoranthene 3.4 0.00742 0.1178 - 0.143 587 43 - 36
{[Fluorene 3.4 0.00742 0.1178 - 0.143 587 43 - 36
lINaphthalene 36 0.00742 0.1178 - 0.143 731 46 - 38
{|Phenanthrene 1.08 0.00742 0.1178 - 0.143 220 14 - 11
|Pyrene 2.03 0.00742 0.1178 - 0.143 412 26 - 21
lQuinoline 0.61 0.00742 0.1178 - 0.143 124 7.8 - 6.4
Ethylbenzene 5.97 0.00742 0.1178 - 0.143 1211 76 - 63

ylene 0.56 0.00742 0.1178 - 0.143 113 7.1 - 5.9
Phenol 37 0.00742 0.1178 - 0.143 7484 471 - 388
2,4-Dimethyiphenol 1.4 0.00742 0.1178 - 0.143 275 17 - 14
m-cresol 189 0.00742 0.1178 - 0.143 38266 2410 - 1986
o-cresol 189 0.00742 0.1178 - 0.143 38266 2410 - 1986
Aluminum 0.52 0.00742 0.1178 - 0.143 106 6.7 - 55
Antimony 0.034 0.00742 0.1178 - 0.143 5.9 0.43 - 0.36
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~ Risk-Based®
L ‘ “Cbhq_énﬁa_tion
e L | (malL water)
| | (mg/kg-BWiday) _(kgiday) | (kgids i a
flarsenic 0.034 0.00742 0.1178 - 6.9 0.44
[lBarium 33 0.00742 0.1178 - 679 43
[Boron 22 0.00742 0.1178 - 4385 276 228
icadmium 0.052 0.00742 0.1178 - 11 0.66 0.55
fchromium (hexavalenty 2.02 0.00742 0.1178 - 409 26 21
flchromium (trivalent) 1683 0.00742 0.1178 . 341390 21504 17714
{iCobait 14 0.00742 0.1178 - 290 18 15
jiCopper 10.2 0.00742 0.1178 - 2073 131 108
[lcyanide 3.9 0.00742 0.1178 - 789 50 41
[lLead 49 0.00742 0.1178 - 998 63 52
[lLithium 8.2 0.00742 0.1178 . 1662 105 86
IManganese 54 0.00742 0.1178 - 10976 691 570
[Mercury 0.013 0.00742 0.1178 - 2.7 0.17 0.14
[Molybdenum 14 0.00742 0.1178 - 292 18 15
{iNickel 25 0.00742 0.1178 - 4989 314 259
Selenium 0.15 0.00742 0.1178 - 30 1.9 16
Strontium 162 0.00742 0.1178 - 32804 2066 1702
Thallium 0.0046 0.00742 0.1178 - 0.94 0.059 0.049
[Uranium 0.81 0.00742 0.1178 - 165 10 8.6
IVanadium 0.117 0.00742 0.1178 - 24 15 1.2
Zinc 98 0.00742 19957 1257 1036
Zirconium 0.00742 116 6.0
Peaver . i S Lt
Acenaphthene 2.06 A 1.353 869 28
AAcenaphthylene 2.06 0.0434 0.7237 - 1.353 869 52 28
||Benzo(a)anthracene 1.2 0.0434 0.7237 - 1.353 497 30 16
{IBenzo(a)pyrene 0.12 0.0434 0.7237 - 1.353 50 3.0 16
ﬂBenzo(b,k)ﬂuoranlhene 1.2 0.0434 0.7237 - 1.353 497 30 16
R:\1995\3407\6000\6500\6560\REPORTWPPENDIXWAPX3-2. XLS Golder Associates
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~ Endpoint’. R_lska,aseds

oo Ch Eh -Specsas v

Wildifo NOAEL . |~ Body:
S e mglkg-BWiday) | - _W:elght ;
Eﬁaxphenya 13.4 18.275
EED;benzo(a hanthracene 0.024 18.275
|IDibenzothiophene 0.88 18.275
ﬁi’-‘iuoramhene 1.47 18.275
EﬁF!uorene 1.47 18.275
{INaphthalene 1.57 18.275
{Phenanthrene 0.47 18.275
iPyrene 0.88 18.275
lQuinoline 0.27 18.275
Ethylbenzene 2.50 18.275
Xylene 0.24 18.278
Phenol 16 18.275
2,4-Dimethyiphenol 0.8 18.275
m-cresol 82.1 18.275
lo-cresol 82.1 18.275
Aluminum 0.228 18.275
Antimony 0.0147 18.275
Arsenic 0.0449 18.275
Barium 1.46 18.275 - 1.363 513 37 - 20
||Boron 9.4 18.275 - 1.353 3961 238 - 127
llcadmium 0.0226 18.275 - 1.353 10 0.57 - 0.30
HChrom;um (hexavalent) 0.38 18.275 - 1.353 370 22 - 12
llChromium (irivatent) 732 18.275 - 1.353 308351 18492 - 9891
llcobait 0.62 18.275 . 1.353 262 16 - 8.4
iICopper 4.4 18.275 - 1.353 1872 112 - 60
Cyanide 1,69 18.275 - 1.353 712 43 - 23
flLead 2.44 18.275 - 1.353 901 54 - 29
{lLithium 3.6 18.275 - 1.353 1501 90 - 48
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...... -Risk-Based”
Concentration
 (mgiL water)
“Manganese 318
fMercury . 0.077
[IMolybdenum 0.63 - 1.353 264 16 8.5
{INickel 10.7 - 1.353 4506 270 145
{lsetenium 0.064 - 1.353 27 16 0.87
[istrontium 70 - 1.353 29630 1777 950
|{Thatlium 0.00201 - 1.353 0.85 0.051 0.027
fluranium 035 - 1.353 149 8.9 438
[Vanadium 0.051 - 1.353 21 1.3 0.69
Zinc 43 - 1.353 18026 1081 578
IZirconium 0.47 - 1.353 198 12 6.3
cose v Sl i S
Acenaphthene 0.75 381 0.132 6.586 - 20.83 2165 43 14
Acenaphthylene 0.75 381 0.132 6.586 - 20.83 2165 43 14
{IBenzo(a)anthracene 0.43 381 0.132 6.586 - 20.83 1237 25 7.8
Benzo(a)pyrene 0.043 381 0.132 6.586 - 20.83 124 2.5 0.78
[IBenzo(b k)fluoranthene 043 381 0.132 6.586 - 20.83 1237 25 7.8
{lBiphenyi 4.9 381 0.132 6.586 . 20.83 14029 281 89
{Ipibenzo(a hyanthracene 0.0086 381 0.132 6.586 - 20.83 25 0.50 0.16
{{Dibenzothiophene 032 381 0.132 6.586 - 20.83 928 19 5.9
Fuoranthene 0.54 381 0.132 6.586 - 20.83 1546 31 10
[IFiuorene 0.54 381 0.132 6.586 - 20.83 1546 31 10
{INaphthalene 0.57 381 0.132 6.586 . 20.83 1645 33 10
Phenanthrene 0.17 381 0.132 6.586 - 20.83 495 10 3.1
[Pyrene 0.32 381 0.132 6.586 - 20.83 928 19 5.9
[lauinotine 0.10 381 0.132 6.586 - 20.83 289 5.8 1.8
[iEthyibenzene 0.94 381 0.132 6.586 - 20.83 2724 55 17
[{xyiene 0.09 381 0.132 6.586 - 20.83 255 5.1 16
R:\199513407\60001650016360REPORTAPPENDIXWPX3-2.XLS Golder Associates




May 1996

TABLE lll-2

962-2307-6560

SUMMARY OF RISK-BASED CONCENTRATIONS (RBCs) FOR THE INGESTION OF SOIL, FOOD AND WATER FOR WILDLIFE

Page 80f 13
[Chemicals *- - Estimated' " Endpoint® Risk-Based®.
R . Chronic | Species - v : Concentration
© WildlifeNOAEL | ‘Body | .. {mglkg plant) - {mg/L water)
ol - {mglkg-BWiday) | Weight | S
Phenol 8 381 16835 337 107
2,4-Dimethyiphenol 0.2 381 619 12 3.9
m-cresol 29.8 381 86079 1725 545
Hlo-cresol 29.8 381 86079 1725 545
Aluminum 0.083 381 239 4.8 1.5
lantimony 0.0054 381 15 0.31 0.10
llarsenic 0.0054 381 16 0.31 0.10
{IBarium 0.53 381 1526 31 10
IBoron 34 381 9865 198 63
ficadmium 0.0082 381 24 0.47 0.15
{ichromium (hexavalent) 032 381 920 18 5.8
lichromium (trivalent) 266 381 767963 15392 4867
{[Cobat 0.23 381 652 13 4.1
iCopper 15 381 4562 93 30
licyanide 0.51 381 1774 36 11
liLead 0.78 381 2245 45 14
|ILithium 13 381 3739 75 24
IManganese 8.6 381 24692 495 156
IMercury 0.0021 381 6.0 0.12 0.038
{Molybdenum 0.23 381 658 13 4.2
Nickel 3.9 381 11223 225 71
Selenium 0.023 381 67 1.3 0.43
Strontium 26 381 73794 1479 468
Thallium 0.00073 381 2.1 0.042 0.013
Uranium 0.13 381 371 7.4 2.4
Vanadium 0.018 381 53 1.1 0.34
Zinc 16 381 44894 900 284
Zirconium 0.07 381 214 43 14
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Cher isk-Based” . | - Risk-Based"
Goncentration | Goncentration
mg/kg prey) | (mglL water)’
Ametica : s S S S
Acenaphthene 52 0.0836 0.001814 | 0.004884 | 001256 | o0.019227 2377 883 343 224
Acenaphthylene 52 0.0836 0.001814 | 0.004884 | 001256 | 0.019227 2377 883 343 224
Benzo(a)anthracene 0.19 0.0836 0001814 | 0004884 | 001256 | 0.019227 8.5 3.2 1.2 0.81
[Benzo(a)pyrene 0.019 0.0836 0.001814 | 0004884 | 001256 | 0.019227 0.87 0.32 0.13 0.082
[[Benzo(b,k)flucranthene 0.19 0.0836 0.001814 | 0004884 | 001256 | o0.019227 8.5 3.2 1.2 0.81
{Ipibenzothiophene 52 0.0836 0.001814 | 0.004884 | 001256 | 0019227 2377 883 343 224
{IFuorene 52 0.0836 0.001814 | 0.004884 | 001256 | 0.019227 2377 883 343 224
[lPhenanthrene 52 0.0836 0.001814 | 0004884 | 0.01256 | 0.019227 2377 883 343 224
{Pyrene 52 0.0836 0.001814 | 0004884 | 001256 | 0.019227 2377 883 343 224
lAtuminum 137 0.0836 0.001814 | 0.004884 | 001256 | 0.019227 6307 2343 911 595
rsenic 2.1 0.0836 0.001814 | 0004884 | 001256 | 0019227 95 35 14 9.0
[larsenic 12 0.0836 0.001814 | 0.004884 | 0.01256 | 0.019227 541 201 78 51
[IBarium 24 0.0836 0.001814 | 0004884 | 001256 | 0.019227 1086 403 157 102
{{Boron 28 0.0836 0001814 | 0004884 | 001256 | 0019227 1270 472 183 120
[Icadmium 35 0.0836 0.001814 | 0.004884 | 0.01256 | 0.019227 160 60 23 15
{ichromium 25 0.0836 0.001814 | 0004884 | 001256 | 0019227 114 42 16 11
ficobalt 1.9 0.0836 0.001814 | 0004884 | 001256 | 0019227 86 32 12 8.1
[lcopper 62 0.0836 0.001814 | 0004884 | 001256 | o0.019227 2840 1055 410 268
flLead 45 0.0836 0.001814 | 0004884 | 001256 | 0019227 206 76 30 19
|{{Manganese 369 0.0836 0.001814 | 0.004884 | 001256 | 0.019227 17012 6319 2457 1605
fMercury 0.015 0.0836 0.001814 | 0004884 | 001256 | 0.019227 0.67 0.25 0.10 0.064
{Molybdenum 18 0.0836 0001814 | 0004884 | 001256 | 0.019227 848 315 122 80
{{Nicke! 163 0.0836 0.001814 | 0.004884 | 001256 | 0.019227 7516 2792 1085 709
fisetenium 1.1 0.0836 0.001814 | 0.004884 | 001256 | o0.019227 53 20 7.6 5.0
Selenium 091 0.0836 0001814 | 0004884 | 001256 | 0019227 42 16 6.1 40
fluranium 39 0.0836 0.001814 | 0.004884 | 0.01256 | 0.019227 1817 675 262 171
fvanadium 27 0.0836 0001814 | 0.004884 | 001256 | o0.019227 1264 469 183 119
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Chemicais . - Endpoint® | .- Sc | Risk-Based®
o | species | ingestio oncentration | Concentration

‘Wildlifs NOAEL |~ Body | -.Rat (ma/kg prey) | (mg/L water)

(mglkg-BWiday) | = Weight | (keiday yiday) | (kglday) (R
Zinc 6.9 0.0836 0.001814 | 0.004884 | 0.01256
lamerican kestrel BE R SRR ]
Acenaphthene 44 0.137 0.00548 0.01211 1094 495 216
Acenaphthylene 44 0.137 0.00548 0.01241 0.0278 1094 495 216
Benzo(a)anthracene 0.16 0.137 0.00548 0.01211 0.0278 3.9 1.8 0.77
[[Benzo(a)pyrene 0.016 0.137 0.00548 0.01211 0.0278 0.40 0.18 0.079
|Benzo(v kyfiuoranthene 0.16 0.137 0.00548 0.01211 0.0278 3.9 1.8 0.77
IIDibenzothiophene 44 0.137 0.00548 0.01211 0.0278 1094 495 216
[IFiuorene 44 0.137 0.00548 0.01211 0.0278 1094 495 216
[|Phenanthrene 44 0.137 0.00548 0.01211 0.0278 1094 495 216
Pyrene 44 0.137 0.00548 0.01211 0.0278 1094 495 216
\Aluminum 116 0.137 0.00548 0.01211 0.0278 2902 1313 572
\|Arsenic 1.75 0.137 0.00548 0.01211 0.0278 44 20 8.6
llArsenic 10.0 0.137 0.00548 0.01211 0.0278 249 113 49
IBarium 20 0.137 0.00548 0.01211 0.0278 500 226 98
Boron 23 0.137 0.00548 0.01211 0.0278 584 264 115
liCadmium 29 0.137 0.00548 0.01211 0.0278 74 33 15
{Chromium 2.1 0.137 0.00548 0.01211 0.0278 52 24 10
lIcobatt 1.59 0.137 0.00548 0.01211 0.0278 40 18 7.8
licopper 52 0.137 0.00548 0.01211 0.0278 1307 591 258
[lLead 38 0.137 0.00548 0.01211 0.0278 95 43 19
[IManganese 313 0.137 0.00548 0.01211 0.0278 7827 3542 1543
fiMercury 0.012 0.137 0.00548 0.01211 0.0278 0.31 0.14 0.061
IMolybdenum 16 0.137 0.00548 0.01211 0.0278 390 176 77
Nickel 138 0.137 0.00548 0.01211 0.0278 3458 1565 682
Selenium 0.97 0.137 0.00548 0.01211 0.0278 24 11 4.8
Selenium 0.78 0.137 0.00548 0.01211 0.0278 19 8.8 3.8
Uranium 33 0.137 0.00548 0.01211 0.0278 836 378 165
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' ‘Qon‘cehtréti_cy:jﬁ

] - {mglL water)

T “Akglday kglday, : RNt
fivanadium 0.00548 - 0.01211 0.0278 582 . 263 115
Zinc 0.00548 - 0.01211 0.0278 145 - 66 29

[Ruffed Grouse - - .+ - ; T
[Acenaphthene 28 0.54285 0.001173 0.0391 - 0.07776 12793 384 - 193
{Acenaphthylene 28 0.54285 0.001173 0.0391 - 0.07776 12793 384 . 193
|lBenzo(a)anthracene 0.098 0.54285 0.001173 0.0391 - 0.07776 46 1.4 - 0.69
{[Benzo(a)pyrene 0.010 0.54285 0.001173 0.0391 - 0.07776 47 0.14 - 0.071
{[Benzo(b,K)fluoranthene 0.099 0.54285 0.001173 0.0391 - 0.07776 46 14 - 0.69
{[Dibenzothiophene 28 0.54285 0.001173 0.0391 - 0.07776 12793 384 - 193
[Fiuorene 28 0.54285 0.001173 0.0391 - 0.07776 12793 384 - 193
[Phenanthrene 28 0.54285 0.001173 0.0391 - 0.07776 12793 384 - 193
[lPyrene 28 0.54285 0.001173 0.0391 - 0.07776 12793 384 - 193
iAuminum 73 0.54285 0.001173 0.0391 - 0.07776 33948 1018 - 512
flarsenic 1.1 0.54285 0.001173 0.0391 - 0.07776 511 15 - 7.7
[larsenic 6.3 0.54285 0.001173 0.0391 - 0.07776 2913 87 - 44
|Barium 13 0.54285 0.001173 0.0391 - 0.07776 5844 175 - 88
{iBoron 15 054285 | 0.001173 0.0391 - 007776 6834 205 - 103
[lcadmium 19 0.54285 0.001173 0.0391 - 0.07776 863 26 - 13
fichromium 13 0.54285 0.001173 0.0391 - 0.07776 611 18 - 9.2
ficobalt 1.0 0.54285 0.001173 0.0391 - 0.07776 464 14 - 7.0
{icopper 33 0.54285 0.001173 0.0391 - 0.07776 15285 459 - 231
flLead 2.4 0.54285 0.001173 0.0391 - 0.07776 1106 33 - 17
fManganese 198 0.54285 0.001173 |  0.0391 - 0.07776 91567 2747 - 1381
Mercury 0.0078 0.54285 | 0.001173 0.0391 - 0.07776 36 0.11 - 0.055
[Molybdenum 9.9 0.54285 0.001173 0.0391 . 0.07776 4562 137 - 69
Nickel 87 0.54285 0.001173 0.0391 - 0.07776 40454 1214 . 610
Selenium 0.61 0.54285 0.001173 0.0391 - 0.07776 284 8.5 - 4.3
[Isetenium 0.49 0.54285 0.001173 0.0391 - 0.07776 227 6.8 - 3.4
Golder Associates
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| TABLE -2

SUMMARY OF RISK-BASED CONCENTRATIONS (RBCs) FOR THE INGESTION OF SOIL, FOOD AND WATER FOR WILDLIFE

Page 12 0f 13

Chemicals -~~~ | Estimated’ = | Endpoint | " Risk-Based®

e * Chronic | - Species = | I n | Concentration

Wildlife NOAEL - |- Body | . Rate | (mgiL water)

] imoikg-BWIday) | Weight | | (koiday) | - (kg/day) "1 (Uday). , o
Uranium 21 0.54285 0.001173 0.0391 - 0.07776 9778 293 - 147
NVanadium 15 0.54285 0.001173 0.0391 - 0.07776 6803 204 . 103
Zinc 37 0.54285 0.001173 0.0391 - 0.07776 1702 51 - 26
Mallard - e T T T
IAcenaphthene 22 1.107 0.00205 0.01574 0.0464 0.13277 11771 1533 520 182
Icenaphthylene 22 1.407 0.00205 0.01574 0.0464 0.13277 1771 1533 520 182
Benzo(a)anthracene 0.078 1.107 0.00205 0.01574 0.0464 0.13277 42 5.5 1.9 0.65
IIBenzo(a)pyrene 0.0080 1.107 0.00205 0.01574 0.0464 0.13277 43 0.56 0.19 0.067
{IBenzo(b k)fluoranthene 0.078 1.107 0.00205 0.01574 0.0464 0.13277 42 5.5 1.9 0.65
[IDibenzothiophene 22 1.107 0.00205 0.01574 0.0464 0.13277 1771 1533 520 182
[Fluorene 22 1.107 0.00205 0.01574 0.0464 0.13277 11771 1533 520 182
|Phenanthrene 22 1.107 0.00205 0.01574 0.0464 0.13277 11771 1533 520 182
Pyrene 22 1.107 0.00205 0.01574 0.0464 0.13277 11771 1533 520 182
Aluminum 58 1.107 0.00205 0.01574 0.0464 0.13277 31237 4068 1380 482
Arsenic 0.87 1.107 0.00205 0.01574 0.0464 0.13277 470 61 21 7.3
|arsenic 5.0 1.107 0.00205 0.01574 0.0464 0.13277 2681 349 118 41
[Barium 10 1.107 0.00205 0.01574 0.0464 0.13277 5377 700 238 83
lBoron 12 1.107 0.00205 0.01574 0.0464 0.13277 6289 819 278 97
iCadmium 15 1.107 0.00205 0.01574 0.0464 0.13277 794 103 35 12
lichromium 1.0 1.107 0.00205 0.01574 0.0464 0.13277 562 73 25 8.7
liCobalt 0.79 1.107 0.00205 0.01574 0.0464 0.13277 427 56 19 6.6
licopper 26 1.107 0.00205 0.01574 0.0464 0.13277 14085 1832 621 217
llLead 1.9 1.107 0.00205 0.01574 0.0464 0.13277 1018 133 45 16
Manganese 156 1.107 0.00205 0.01574 0.0464 0.13277 84255 10974 3722 1301
IMercury 0.0062 1.107 0.00205 0.01574 0.0464 0.13277 3.3 0.44 0.15 0.052
{IMolybdenum 7.8 1.107 0.00205 0.01574 0.0464 013277 4197 547 185 85
IINickel 69 1.107 0.00205 0.01574 0.0464 0.13277 37224 4848 1645 575
llsetenium 0.48 1.407 0.00205 0.01574 0.0464 0.13277 261 34 12 4.0
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TABLE 1lI-2

952-2307-6560

(kg/day)

| Risk-Based®
“ | Concentration

iR -BW - Weight | - (kglda - (kgld: kglday Liday) g0
Selenium 0.39 1.107 0.00205 0.01574 0.0464 0.13277 209 27 9.2 3.2
Uranium 17 1.107 0.00205 0.01574 0.0464 0.13277 8997 1172 397 138
"Vanadium 12 1.107 0.00205 0.01574 0.0464 0.13277 6260 815 277 97
Zinc 29 1.107 0.00205 0.01574 0.0464 0.13277 1566 204 69 24

! No-Observed Adverse Effect Level (NOAEL) based on the toxicological literature and the method by Opresko et. al. 1994. See Table lfi-1.
2 Based on literature derived values. See Appendix V for derivation and summary.
% Risk-Based Concentration (RBC) = (NOAEL x body weight) / (ingestion rate x exposure frequency ratio x bioavailability factor)

Note that for the screening assessment, both exposure frequency and bioavailability factors were set equal to one.

R:\199513407\6000\6500\6560\REPORTAPPENDIXWPX3-2XLS

Golder Associates




May 1996 111-24 952-2307

REFERENCES

Ambrose, A.M., P.S. Larson, JF. Borzelleca and G.R. Hennigar, Jr. 1976. Long-term

toxicologic assessment of nickel in rats and dogs. J. Food Sci. Tech. 13:181-187.

Ambrose, AM., AN. Booth, F. DeEds and AJ. Cox, Jr. 1960. A toxicological study of
biphenyl, a citrus fungistat. Food Res. 25:328-336. Cited in: HEAST (1995).

Aulerich, R.J., RX. Ringer and M.R Bleavins. 1982. Effects of supplementary dietary copper
on growth, reproductive performance and kit survival of standard dark mink and the

acute toxicity of copper to mink. J. Animal Sci. 55:337-343.

Azar, A., H.J. Trochimowicz and M.E. Maxwell. 1973. Review of lead studies in animals
carried out at Haskell Laboratory: Two-year feeding study and response to hemorrhage
study. In: D. Barth et al., editors. Environmental health aspects of lead: Proceedings,

International Symposium. Commission of European Communities. pp. 199-210.

Buening, M.K., W. Levin, JM. Karle, H. Yagi, D.M. Jerina and A.H. Conney. 1979.
Tumourigenicity of bay region epoxides and other derivatives of chrysene and

phenanthrene in newborn mice. Cancer Res. 39:5063-5068.

Cain, B.W. and E.A. Pafford. 1981. Effects of dietary nickel on survival and growth of mallard
ducklings. Arch. Envir. Contam. Toxicol. 10:737-745.

Carriere, D., K. Fischer, D. Peakall and P. Angehrn. 1986. Effects of dietary aluminum in
combination with reduced calcium and phosphorus on the ring dove (Streptopelia

risoria). Wat. Air. Soil Poll. 30: 757-764.
Domingo, J.L., J.L. Paternain, J.M. Llobet and J. Corbella. 1986. Effects of vanadium on

reproduction, gestation, parturation and lactation in rats upon oral adminisiration. Life

Sci. 39:819-824.

RAI9952307\6000\6500\6560REPOR TAPPENDDOWEXREFS. DocBOld er Associates

{

&&Z‘W‘%

i



o

.

May 1996 II1-25 952-2307

Formigli, L., R. Scelsi, P. Poggi, C. Gregotti, A. DiNucci, E. Sabbioni, L. Gottardi and L.
Manxo. 1986. Thallium-induced testicular toxicity in the rat. Environ. Res. 40: 531-

539.

Gasaway, W.C. and 1.O. Buss. 1972. Zinc toxicity in the mallard. J. Wildl. Manage. 36:1107-
1117.

Halverson, A.W., I.S. Palmer and P.L. Guss. 1966. Toxicity of selenium to post-weanling rats.

Toxicol. Appl. Pharm. 9:477-484.

Haseltine, S.D. and L. Sileo. 1983. Response of American black ducks to dietary uranium: A
proposed substitute for lead shot. J. Wildl. Manage. 47:1124-1129.

HEAST (Health Effects Assessment Summary Tables). 1995. National Center for
Environmental Assessment, United States Environmental Protection Agency, Cincinnati,

OH.

Heinz, G.H. 1979. Methyl mercury: Reproductive and behavioral effects on three generations of
mallard ducks. J. Wildl. Manage. 43: 394-401.

Heinz, G.H., D.J. Hoffman, A.J. Krynitsky and D.M.G. Weller. 1987. Reproduction in mallards
fed selenium. Environ. Toxicol. Chem. 6: 423-433.

Heinz, G.H., D.J. Hoffman and L.G. Gold. 1989. Impaired reproduction of mallards fed an
organic form of selenium. J. Wildl. Manage. 53: 418-428.

Hornshaw, T.C., R.J. Aulerich and K.K. Ringer. 1986. Toxicity of o-cresol to mink and

European ferrets. Environ. Toxicol. 5:713-720.

Golder Associates



May 1996 II-26 952-2307

Ivankovic, S. and R. Preussmann. 1975. Absence of toxic and carcinogenic effects after
administration of high doses of chromic oxide pigment in subacute and long-term

feeding experiments in rats. Fd. Cosmet. Toxicol. 13: 347-351.

Johnson, D. Jr., A.L. Mehring, Jr. and H.W. Titus. 1960. Tolerance of chickens for barium.
Proc. Soc. Exp. Biol. Med. 104:436-438.

Laskey, J.W., G.L. Rehnberg, J.F. Hein and S.D. Carter. 1982. Effects of chronic manganese
(Mn3;0,) exposure on selected reproductive parameters in rats. J. Toxicol. Environ.

Health. 9:677-687.

Mackenzie, K.M. and D.M. Angevine. 1981. Infertility in mice exposed in utero to
benzo[a]pyrene. Biol Reprod. 24:183-191.

Mackenzie, R.D., R.U. Byerrum, C.F. Decker, C.A. Hoppert and R.F. Langham. 1958. Chronic
toxicity studies, II: Hexavalent and trivalent chromium administered in drinking water to

rats. Am. Med. Assoc. Arch. Ind. Health. 18: 232-234,

Marks, T.A., T.A. Ledoux and J.A. Moore. 1982. Teratogenicity of a commercial xylene

mixture in the mouse, J. Toxico. Environ. Health, 9:97-105.

Marathe, M.R. and G.P. Thomas. 1986. Embryotoxicity and teratogenicity of lithium carbonate

in Wistar rat. Toxicol. Lett, 34: 115-120.

Mehring, A.L. Jr., JH. Brumbaugh, A.J. Sutherland and H.W. Titus. 1960. The tolerance of
growing chickens for dietary copper. Poult. Sci. 39:713-719.

NAS (National Acadamy of Sciences). 1980. Arsenic. Nat’l Acad. Aci., Washington, D.C.
332pp.

Golder Associates

et

-




May 1996 11-27 952-2307

NTP (National Toxicology Program). 1983. Teratogenic evaluation of phenol in CD rats and
mice. Report prepared by Resarch Triangle Institute. Research Triangle Park. NC. NTIS
PB83-247726. Gov. Rep. Announce. Index. 83(25) : 6247. Cited in: U.S. EPA (1996).

Ondreicka, R., E. Ginter and J. Kortus. 1966. Chronic toxicity of aluminum in rats and mice and

its effects on phosphorus metabolism. Brit. J. Indust. Med. 23:305-313.

Paternain, J.L., J.L. Domingo, A. Ortega and J.M. Llobet. 1989. The effects of uranium on
- reproduction, gestation and postnatal survival in mice. Ecotoxicol. Environ. Saf.

17:291-296.

Pattee, O.H. 1984. Eggshell thickness and reproduction in American kestrels exposed to chronic

dietary lead. Arch. Environ. Contam. Toxicol. 13: 29-34.

Patton, J.F. and M.P. Dieter. 1980. Effects of petroleum hydrocarbons on hepatic function in
the duck. Comp. Biochen. Physiol. 65C:33-36.

Peakall, D.B., D.J. Hallet, J.R. Bend, G.L. Foureman and D.S. Miller. 1982. Toxicity of Prudhoe
Bay crude oil and its aromatic fractions to nestling herring gulls. Environ. Res. 27:206-

215. Cited in: Environmental Applications Group Ltd. (1988).
Perry, HM., E.F. Perry, M.N. Erlanger and S.J. Kopp. 1983. Cardiovascular effects of chronic
barium ingestion. In: Proc. 17th Ann. Conf. Trace Substances in Environ. Health,

Volume 17. University of Missouri Press, Columbia, Missouri.

Schlicker, S.A. and D.H. Cox. 1968. Maternal dietary zinc, and development and zinc, iron and

copper content of the rat fetus. J. Nutr..95:287-294.

Schroeder, H.A. and M. Mitchener. 1971. Toxic effects of trace elements on the reproduction of

mice and rats. Arch. Environ. Health. 23: 102-106.

Golder Associates



May 1996 111-28 952-2307

Schroeder, H.A., M. Mitchener, J.J. Balassa, M. Kanisawa and A.P. Nason. 1968. Zirconium,
niobium, antimony and fluroene in mice: effects on growth, survival and tissue levels. J.

Nutr. 95:95-101.

Shopp, G.M., K.L. White, M.P. Holsapple, D.W. Barnes, S.S. Duke, A.C. Anderson, L.W.
Condie, J. Hayes and J.F. Borzelleca. 1984. Naphthalene toxicity in CD-1 mice:
General toxicology and immunology. Fund. Appl. Toxicol. 4:406-419.

Skornya, S.C. 1981. Effects of oral supplementation with stable straontium. Can. Med. Assoc.
J. 125:703-712.

Tewe, 0.0. and J.LH. Maner. 1981. Long-term and carry-over effect of dietary inorganic cyanide
(KCN) in the life cycle performance and metabolism of rats. Toxicol. Appl. Pharmacol.

58: 1-7.

U.S. EPA (United States Environmental Protection Agency). 1989a. Mouse oral subchronic
study with acenaphthene. Final report. Prepared by Hazelion Laboratories, Inc., for the

Office of Solid Waste, Washington, D.C. Cited in: U.S. EPA (1996).

U.S. EPA (United States Environmental Protection Agency). 1989b. Subchronic study in mice
with anthracene. Final report. Prepared by Hazelton Laboratories, Inc., for the Office of

Solid Waste, Washington, D.C. Cited in: U.S. EPA (1996).

U.S. EPA (United States Environmental Protection Agency). 1989¢c. Ninety day gavage study in
albino mice using 2,4-dimethylphenol. Study No. 410-2831. Prepared by Dynamic
Corporation, Rockville, Maryland for the Office of Solid Waste and Emergency
Response. Washington, D.C. Cited in: U.S. EPA (1996).

U.S. EPA (United States Environmental Protection Agency). 1989d. Mouse oral subchronic

toxicity study. Prepared by Toxicity Research Laboratories Lid., Muskegon, Michigan

for the Office of Solid Waste. Washington, D.C. Cited in: U.S. EPA (1996).

Golder Associates

o5

T



e

4

May 1996 I1-29 952-2307

U.S. EPA (United States Environmental Protection Agency). 1989e. Mouse oral subchronic
toxicity of pyrene. Prepared by Toxicity Research Laboratories, Muskegon, Michigan
for the Office of Solid Waste, Washington, D.C. Cited in: U.S. EPA (1996).

U.S. EPA (United States Environmental Protection Agency). 1986. Pyridine, 90 day subchronic
oral toxicity in rats. Sponsered by the Office of Solid Waste, Washington, D.C. Cited
in: U.S. EPA (1996).

U.S. EPA (United States Environmental Protection Agency). 1988. 13-week mouse oral
subchronic toxicity study. Prepared by Toxicity Research Laboratories Ltd., Muskegon,
Michigan for the Office of Solid Waste. Washington, D.C. Cited in U.S. EPA (1996).

U.S. EPA (United States Environmental Protection Agency). 1996. Integrated Risk Information
System (IRIS). Access date: November 1995. United States Department of Health and
Human Services, National Library of Medicine Toxicology Data Network (TOXNET),
Bethesda, Maryland.

USFWS (United States Fish and Wildlife Service). 1964. Pesticide-wildlife studies. 1963: A
review of Fish and Wildlife Service investigations during the calendar year. FWS

Circular 199,

USFWS (United States Fish and Wildlife Service). 1969. Bureau of sport fisheries and wildlife.
Publication 74, pp. 56-57.

White, D.H. and M.P. Dieter. 1978. Effects of dietary vanadium in mallard ducks. J. Toxicol.
Environ. Health. 4:43-50.

| White, D.H. and M.T. Finley. 1978. Uptake and retention of dietary cadmium in mallard ducks.

Environ. Res. 17: 53-59.

Golder Associates



May 1996 I11-30 952-2307

Wobeser, G., N.O. Nielson and B. Schiefer. 1976. Mercury and mink II: Experimental methyl
mercury intoxication. Can. J. Comp. Med. 34-45.

Wolf, M.A., VK. Rowe, D.D. McCollister, R.L. Hollingsworth and R. Oyen. 1956.

Toxicological studies of certain alkylated benzenes and benzene. Arch. Ind. Health.

14:387-398.

Golder Associates



1 T

APPENDIX IV

DERIVATION OF EXPOSURE LIMITS FOR CHEMICALS OF CONCERN



-1

3

May 1996 IV-1 962-2307

APPENDIX IV
DERIVATION OF EXPOSURE LIMITS FOR CHEMICALS OF CONCERN

1.0 HUMAN RECEPTORS

1.1 Naphthenic Acids

An extensive literature search was performed to identify toxicity information on naphthenic
acids that would be applicable to human and ecological health risk assessment. The following is

a summary of the toxicity data available

Acute and Subchronic Toxicity Studies

An oral (gavage) dose of 3,500 mg/kg and an intraperitoneal dose of 860 mg/kg of naphthenic
acid each resulted in 50% mortality (LDsp) in young male white mice. These lethal doses also
demonstrated symptoms of toxicity including central nervous depression without analgesia,
corneal eye opacity, dryness of mouth, convulsions and diarrhea. Death was due to respiratory
arrest. A daily oral (gavage) dose of 1,000 mg/kg/day repeated for 30 days produced central
nervous system depression without loss of analgesia, hematological changes, weight loss and
death due to respiratory arrest. Gross morphological changes in the liver and stomach were
noted as well as histopathological changes in a few selected organs (Pennisi and dePaul

Lynch 1977).

The acute oral toxicities of two naphthenic acid fractions and seven commercial metal
naphthenates were determined in rats using oral gavage. A fraction of naphthenate derived from
crude kerosene acids produced 50% mortality at a dose of 3,000 mg/kg and a fraction derived
from mixed crude acids proved lethal at 5,200 mg/kg. The metal naphthenates, with their
respective metal contents (calcium, 4%; cobalt, 6%; copper, 8%; lead, 24%; mercury, 10 %;
manganese, 6% and zinc, 8%) produced 50% mortality at various concentrations. Four of the
metal salts (Mn, Cu, Zn and Ca) possessed an LDs, greater than 6,000 mg/kg, while lead was
slightly below at 5,100 mg/kg and cobalt was at 3,900 mg/kg. Only the phenyl mercury
naphthenate proved to be more toxic than the naphthenic acids at 390 mg/kg. Symptomatically,
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the deaths appeared to result from gastrointestinal disturbances including anorexia, diarrhea, and
severe weakness (Rockhold 1955). This study also included an investigation of the subchronic
toxicity of lead naphthenate administered orally. Rats received 20 daily doses of 1% (as Pb)
solution of lead naphthenate over a four week period. No abnormal characteristics in either
action or appearance were observed. No deaths occurred and no changes were noted during
gross and histopathological examinations conducted on animals sacrificed on termination of the

30 day experimentation period.

A developmental and teratogenic toxicity study evaluated zinc naphthenate administered to
pregnant rats during the major period of fetal organogenesis. Maternal toxicity was confined to
the highest dose group (938 mg/kg/day) and indicated symptoms of lethargy and less body
weight gain. That dosage also produced a higher incidence of resorptions and lower average
fetal body weight. Dams receiving 94.0 or 188 mg/kg/day were not affected, nor were their
developing fetuses. It was concluded that zinc naphthenate only affected the developing fetus at

a dosage level which produced signs of maternal toxicity (Angerhofer et al. 1991).

Chronic Toxicity Studies

No chronic studies assessing the effects of naphthenic acids were available in the literature.

Human Toxicity Studies
Insufficient data regarding the effects of naphthenic acids on human health were available in the
literature. There was also insufficient evidence to suggest that naphthenic acids are carcinogenic

to humans.

Human Health Criteria

Studies were identified that assessed the acute toxicity of naphthenic acids as well as the acute
and subchronic toxicity of various naphthenic compounds. These investigations did not,
however, provide a range of data adequate to derive human health criteria. Therefore, an RfD

was not derived for naphthenic acids
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The table below compares the doses that cause 50% mortality in various species:

Chemic ] EDsy mice. “Reference
naphthenic acids 3550 mg/kg NA Rockhold 1955,
Pennisi &
dePaul Lynch
1977
calcium naphthenate >6,000 mg/kg | NA NA Rockhold 1955
cobalt naphthenate 3,900 mg/kg NA NA Rockhold 1955
copper naphthenate >6,000 mg/kg | NA NA Rockhold 1955
lead naphthenate 5,100 mg/kg NA NA Rockhold 1955
phenyl mercury 390 mg/kg NA NA Rockhold 1955
naphthenate
manganese naphthenate >6000 mg/kg | NA NA Rockhold 1955
zinc naphthenate >6000 mg/kg | NA NA Rockhold 1955
References

Angerhofer, R.A., M.W. Michie, M.P. Barlow and P.A. Beall. 1991. Assessment of the
developmental toxicity of zinc naphthenate in rats. Govt. Reports Announcements &

Index. Issue 18, 32p.

Pennisi, S.C. and V. dePaul Lynch. 1977. Acute and sub-acute toxicity of naphthenic acids.

The Pharmacologist.

Rockhold, W. 1955. Toxicity of naphthenic acids and their metal salts. AMA Archives of
Industrial Health. 12:477-481.
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20 ECOLOGICAL RECEPTORS
21  BENZO(A)PYRENE

No specific data were found on the oral toxicity of benzo(a)pyrene to avian wildlife. Most
toxicological studies have been conducted on polyaromatic mixtures such as crude oils. A study
was reviewed in which Prudhoe Bay crude oil was administered in single oral doses ranging from
200 to 2000 mg/kg body weight to nestling herring gulls (Peakall et al. 1982). Herring gulls were
observed to have a reduced weight gain and a transient impairment of their osmoregulatory
capacity. The high molecular weight fraction of Prudhoe Bay Crude Oil was reported as being
responsible for these effects. In the absence of receptor specific and chemical-specific data, oral
RfDs were derived based on the acute LDso of 200 mg/kg body weight derived for this study. It has
been reported that benzo(a)pyrene constitutes 0.75-2.8% of crude oil. Assuming that the crude oil
contains 2.8% of benzo(a)pyrene, an acute LD, of 5.6 mg/kg body weight was derived. For avian
wildlife, the following uncertainty factors were applied: 5 to extrapolate from the acute LDsy to a
acute NOEL; 10 to extrapolate from an acute dose to a subchronic dose; 10 to extrapolate from
subchronic dose to a chronic dose. These uncertainty factors were applied to the acute LDsg of 5.6
mg/kg body weight/day to derive an oral RfD of 0.011 mg/kg body weight/day (RfD = 5.6 mg/kg
body weight/day/500).

For this assessment, the chronic RfD was used to estimate receptor-specific RfD for avian
wildlife by adjusting the dose according to differences in body size as outlined in the Opresko et
al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For the American kestrel], a

receptor-specific RfD of 0.016 mg/kg-BW/day was derived.

For the current assessment, the ingestion bioavailability for benzo(a)pyrene was assumed to

be 100%.
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2.2 ALUMINUM

No specific data were located on the oral toxicity of aluminum to mammalian wildlife. A LOAEL
of 19.3 mg/kg-BW/day was reported for reproductive effects (i.e., decreased growth in generations
two and three) in laboratory mice that were exposed to aluminum in drinking water for three
generations (Ondreicka et al. 1966). An uncertainty factor of 10 was applied to the LOAEL to
extrapolate from the LOAEL to a NOAEL resulting in an RfD of 1.93 mg/kg-BW/day. Exposure
was considered to be chronic because it was greater than one year and occurred during a critical

lifestage.

For this assessment, the chronic RfD was used to estimate a receptor-specific RfD for
mammalian wildlife by adjusting the dose according to differences in body size as outlined in the
Opresko et al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For deer mice,

beaver, snowshoe hare and moose, receptor-specific RfDs of 2.3, 0.23, 0.52 and 0.083 mg/kg-
BW/day, respectively, were derived.

For the current assessmer, the ingestion bioavailability for aluminum was assumed to be 100%.
References

Ondreicka, R., E. Ginter and J. Kortus. 1966. Chronic toxicity of aluminum in rats and mice and

its effects on phosphorus metabolism. Brit. J. Indust. Med. 23:305-313.

Opresko, D.M., B.E. Sample and G.W. Suter II. 1994, Toxicological benchmarks for wildlife:
1994 revision. Oak Ridge National Laboratory. Oak Ridge, Tennessee.
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23 ARSENIC

No specific data were located on the oral toxicity of arsenic to mammalian wildlife. A LOAEL of
1.261 mg/kg-BW/day was reported for reproductive effects (i.e., declining litter sizes) in laboratory
mice that were exposed to arsenic in drinking water for three generations (Schroeder and Mitchener
1971). An uncertainty factor of 10 was applied to the LOAEL to extrapolate from the LOAEL to a
NOAEL resulting in an RfD of 0.1261 mg/kg-BW/day. Exposure was considered to be chronic

because it was greater than one year and occurred during a critical lifestage.

For this assessment, the chronic RfD was used to estimate receptor-specific RfD for mammalian
wildlife by adjusting the dose according to differences in body size as outlined in the Opresko et
al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For beaver, snowshoe hare and
moose, receptor-specific RfDs of 0.015, 0.034 and 0.0054 mg/kg-BW/day, respectively, were

derived.

For the current assessment, the ingestion bioavailability for arsenic was assumed to be 100%.

References

Opresko, D.M,, B.E. Sample and G.W. Suter II. 1994. Toxicological benchmarks for wildlife:
1994 revision. Oak Ridge National Laboratory. Oak Ridge, Tennessee.

Schroeder, H.A. and M. Mitchener. 1971. Toxic effects of trace elements on the reproduction of

mice and rats. Arch. Environ. Health. 23:102-106.
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2.4 BARIUM

No specific data were located on the oral toxicity of barium to avian wildlife. A NOAEL of 208.26
mg/kg-BW/day was reported for mortality for day-old chicks that were exposed to barium
hydroxide in the diet for four weeks (Johnson et al. 1960). An uncertainty factor of 10 was applied
to the NOAEL to extrapolate from subchronic to chronic exposure resulting in a chronic RfD of
20.826 mg/kg-BW/day.

For this assessment, the chronic RfD was used to estimate receptor-specific RfD for avian
wildlife by adjusting the dose according to differences in body size as outlined in the Opresko et
al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For mallard, a receptor-
specific RfD of 10 mg/kg-BW/day was derived.

For the current assessment, the ingestion bioavailability for barium was assumed to be 100%.
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2.5 CADMIUM

No specific data were located on the oral toxicity of cadmium to mammalian wildlife. A LOAEL
of 1.913 mg/kg-BW/day was reported for reproductive effects (i.e., reduced survival and congenital
deformities) in laboratory mice that were exposed to cadmium for two generations (Schroeder and
Mitchener 1971). An uncertainty factor of 10 was applied to the LOAEL to extrapolate from the
LOAEL to a NOAEL resulting in an RfD of 0.1913 mg/kg-BW/day. Exposure was considered to

be chronic because it was greater than one year and occurred during a critical lifestage.

For this assessment, the chronic RfD was used to estimate receptor-specific RfD for mammalian
wildlife by adjusting the dose according to differences in body size as outlined in the Opresko et
al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For moose, a receptor-specific
RD of and 0.0082 mg/kg-BW/day was derived.

For the current assessment, the ingestion bioavailability for cadmium was assumed to be 100%.
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2.6 MOLYBDENUM

No suitable toxicological studies were located in the literature from which an exposure limit could
be derived for molybdenum. However, the National Research Council reported maximum tolerable
levels for molybdenum of 10 mg/kg diet for cattle that would not be expected to result in adverse
effects (INAS 1980). This maximum tolerable level converts to a concentration of 0.24 mg/kg body
weight/day for cattle (assuming a grazing steer eats 7.7 kg food/day and weighs 318 kg). Therefore
in the absence of molybdenum toxicity data for mammals, the maximum tolerable level for cattle of
0.24 mg/kg body weight/day was assumed to represent a conservative estimate of a chronic

NOAEL for mammalian wildlife.
For this assessment, the chronic RfD was used to estimate receptor-specific RfD for mammalian
wildlife by adjusting the dose according to differences in body size as outlined in the Opresko et

al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For deer mice, a receptor-
specific RfD of 6.2 mg/kg-BW/day was derived.
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2.7 NICKEL

No specific data were located on the oral toxicity of nickel to mammalian wildlife. A NOAEL of
40 mg/kg-BW/day was reported for reproductive effects in laboratory rats that were exposed to
nickel sulfate hexahydrate in the diet for three generations (Ambrose et al. 1976). Exposure was

considered to be chronic because it was greater than one year and occurred during a critical

lifestage.
For this assessment, the chronic RfD was used to estimate receptor-specific RfD for mammalian
wildlife by adjusting the dose according to differences in body size as outlined in the Opresko et

al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For deer mice, a receptor-

specific RfD of 106 mg/kg-BW/day was derived.
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2.8 STRONTIUM

No specific data were located on the oral toxicity of strontium to mammalian wildlife. A NOAEL
of 263 mg/kg-BW/day was reported for body weight and bone changes in laboratory rats that were
exposed to strontium chloride (55% strontium) in drinking water for three years (Skoryna 1981).

Exposure was considered to be chronic because it was greater than one year.
For this assessment, the chronic RfD was used to estimate receptor-specific RfD for mammalian
wildlife by adjusting the dose according to differences in body size as outlined in the Opresko et

al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For deer mice, a receptor-

specific RfD of 698 mg/kg-BW/day was derived.
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2.9 THALLIUM

No specific data were located on the oral toxicity of thallium to mammalian wildlife. A LOAEL of
0.74 mg/kg-BW/day was reported for reproductive effects (i.e, male testicular function) in
laboratory rats that were exposed to thallium sulfate in drinking water for 60 days (Formigli et al.
1986). Uncertainty factors of 10 were applied to the NOAEL to extrapolate from subchronic to
chronic exposure, and additional uncertainty factors of 10 were applied to extrapolate from LOAEL
to NOAEL, resulting in a chronic RfD of 0.0074 mg/kg-BW/day.

For this assessment, the chronic RfD was used to estimate receptor-specific RfD for mammalian
wildlife by adjusting the dose according to differences in body size as outlined in the Opresko et
al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For deer mice, a receptor-
specific RfD of 0.02 mg/kg-BW/day was derived.
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2.10 URANIUM

No specific data were located on the oral toxicity of uranium to mammalian wildlife. A NOAEL of
3.07 mg/kg-BW/day was reported for reproductive effects (i.e., decreased survival, reduced number
of young per litter, reduced size and weight of offspring) in laboratory mice that were exposed to
urany! acetate by oral gavage for 60 days prior to gestation, during gestation, delivery and lactation
(Paternain et al. 1989). Exposure was considered to be chronic because it occurred during a critical

lifestage.

For this assessment, the chronic RfD was used to estimate receptor-specific RfD for mammalian
wildlife by adjusting the dose according to differences in body size as outlined in the Opresko et
al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For deer mice, a receptor-

specific RfD of 3.5 mg/kg-BW/day was derived.
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2.11 VANADIUM

No specific data were located on the oral toxicity of vanadium to mammalian wildlife. A LOAEL
of 2.1 mg/kg-BW/day was reported for reproductive effects (i.e., decreased survival, reduced
number of young per litter, reduced size and weight of offspring) in laboratory rats that were
exposed to sodium metavanadate by oral gavage for 60 days prior to gestation, during gestation,
delivery and lactation (Domingo et al. 1986). An uncertainty factor of 10 was applied to the
LOAEL to extrapolate from the LOAEL to a NOAEL, resulting in an RfD of 0.21 mg/kg-BW/day.

Exposure was considered to be chronic because it occurred during a critical lifestage.

For this assessment, the chronic RfD was used to estimate receptor-specific RfD for mammalian
wildlife by adjusting the dose according to differences in body size as outlined in the Opresko et
al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For deer mice, beaver,
snowshoe hare and moose, receptor-specific RfDs of 0.5, 0.051, 0.12 and 0.018 mg/kg-BW/day,

respectively, were derived.

No specific data were located on the oral toxicity of vanadium to avian wildlife. A NOAEL of
11.38 mg/kg-BW/day was reported for mortality, body weight changes and blood chemistry
changes in mallards that were exposed to vanady! sulfate in the diet for 12 weeks (White and Dieter

1978). Exposure was considered to be chronic because it was greater than 10 weeks duration.

For this assessment, the chronic RfD was used to estimate receptor-specific RfD for avian
wildlife by adjusting the dose according to differences in body size as outlined in the Opresko et
al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For ruffed grouse, a receptor-
specific RfD of 15 mg/kg-BW/day was derived.
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212 ZINC

No specific data were located on the oral toxicity of zinc to avian wildlife. A LOAEL of 300
mg/kg-BW/day was reported for mortality, body weight changes and blood chemistry changes in
mallards that were exposed to zinc carbonate in the diet for 60 days (Gasaway and Buss 1972).
Uncertainty factors of 10 were applied to the LOAEL to extrapolate from subchronic to chronic
exposure, and 10 to extrapolate from LOAEL to NOAEL, resulting in a chronic RfD of 3 mg/kg-
BW/day.

For this assessment, the chronic RfD was used to estimate receptor-specific RfD for avian
wildlife by adjusting the dose according to differences in body size as outlined in the Opresko et

al. (1994) and summarized in Section 5.1.2.3.2 and Table 5.1-34. For mallards, a receptor-
specific RfD of 2.9 mg/kg-BW/day was derived.
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APPENDIX V

WILDLIFE EXPOSURE FACTORS

1.0 ECOLOGICAL AND PHYSIOLOGICAL ASSUMPTIONS FOR RUFFED
GROUSE (Bonasa umbellus)

Body Weight:

Food Ingestion Rate:

Mean body mass adult female grouse

(kg)" 0.543
standard deviation (SD) 0.0303
coefficient of variation (CV) 0.0558
sample size 12

Distribution: Normal

Deterministic value for body mass 0.482
(minimum mean body mass; mean -
28SD)
" Mean body mass for female ruffed grouse given in Bump et al. (1947)
for New York, USA.

Primarily herbivorous, ruffed grouse consume 80% buds, leaves, flowers,
seeds and fruit and the remaining 20% of their diet consists of insects,
spiders, snails and young vertebrates (Ehrlich et al. 1988). Principal
species of trees, shrubs and forbs consumed (i.e., buds, catkins, fruits and
leaves) include aspen, poplar, apple, grape, sumac, beech and alder
(Johnsgard 1983). Other plants include, clover, greenbrier, hazelnut
blueberry, birches, chokecherry, maple, rosehips, dogwood fruits, willow
buds, wild strawberry leaves and fruit, wintergreen leaves, saskatoon
berries (see Johnsgard 1983). Ruffed grouse chicks consume primarily
insects during the first week to 10 days of life (Bump et al. 1947).
Approximately 70% of the food taken in the first 2 weeks consists of
insects, as compared with 30% during the third and fourth weeks and
dropping to 5% by the end of July (Bump et al. 1947). Ants are a frequent
food item and other invertebrate species consumed include sawflies,
ichneumons, beetles, spiders, grasshoppers and a variety of caterpillar
species (Bump et al. 1947). Plant foods taken include sedge achenes and
the fruits of strawberries, raspberries, blackberries and cherries (Bump et
al. 1947).

For modelling purposes, we will assume an adult female grouse eating a
completely herbivorous diet.
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Food imgestion rate’ (FI rate) (kg/day):
(dry weight - herbivorous diet)

for birds with mean mass (0.532 kg) 0.0391
for birds with minimum mass (0.482 kg)  0.0362
Standard deviation® 0.0022

Distribution: Normal®

Deterministic value for food ingestion rate

(maximum FI rate; mean + 28SD):
for birds with mean mass (0.532 kg) 0.0435 kg/day
for birds with minimum mass (0.482 kg)  0.0406 kg/day

“ Food ingestion rates estimate based on an allometric equation for all

birds (Nagy 1987): FI (kg dry weight /day) = 0.0582(Body weight

1.2\0-651
1\5} .

tandard deviation for food ingestion based on the coefficient of
variation for body mass as FI is correlated to body mass (standard
deviation = CV x FI rate for mean mass bird).

* Assumed to be the same as for body mass.

Foraging Home Range Size:

Fraction of Food
Derived From Site:

Water Ingestion Rate:

Mean home range size® gha) 11.3
standard deviation (SD) 4.6
coefficient of variation (CV) 0.41
sample size® 3

e . em 4o 7
Distribution: not normal

’ Mean foraging home range size calculated from three study groups

(Godfrey 1975, Maxon 1978).

¢ Standard deviation calculated from the three studies.

7 . » . . .
Distribution considered not normal due to variat

wven ;rn d—ﬂw »
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(1975).

Ruffed grouse could obtain 100% of their annual food requirements on-
site as they are present and active in the area year-round (Semenchuk
1992).

Water ingestion rate’ (W1 rate) (L/day):

for birds with mean mass (0.532 kg) 0.0780
for birds with minimum mass (0.482 kg) 0.0712
standard deviation (SD)’ 0.0043

Distribution: Given mean and standard deviation, ME] is a normal
distribution.'
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Fraction of Water

Derived From Site:

Soil Ingestion Rate:

Fraction of Soil

Derived From Site:

Deterministic value for food ingestion rate (mean
WI rate; mean + 2SD):
for birds with mean mass (0.532 kg) 0.0864
for birds with minimum mass (0.482 kg) 0.080
® Water ingestion rate estimated using four allometric equations: (12
Calder and Braun (1983), WI (L/day) = 0.059(Body weight kgg)°'6 ;
Ohmart et al. (1970), WI (L/day) = 0.111(Body weight kg)o'6 ; Thomas
and Phillips (1975) WI (L/day) = 0.203(Body Weight k7g5)°-8‘; Walter and
Hughes (1978), WI (L/day) = 0.119(Body Weight kg)o' .
® Standard deviation for water ingestion based on the coefficient of
variation for body mass as W1 is correlated to body mass (standard
deviation = CV x WI rate for mean mass grouse).
1 Assumed to be the same as for body mass.

Ruffed grouse could obtain 100% of their annual water requirements on-
site as they are present and active in the area year-round (Semenchuk
1992).

Beyer et al. (1994) estimate that soil in the diet of a ruffed grouse amounts
to approximately 2-4% of daily food intake (food in dry mass). For

modelling purposes, we assume 4% soil in the diet.

Soil ingestion rate’ (SI rate) (kg/day):

for birds with mean mass (0.532 kg) 0.0016
for birds with minimum mass (0.482 kg) 0.0015
standard deviation (SD)" . 0.0022

Distribution: Normal®

Deterministic value for soil ingestion rate, kg/day

(maximum SI rate; mean + 2SD):
for birds with mean mass (0.532 kg) 0.0059
for birds with minimum mass (0.482 kg) 0.0058

"' Soil ingestion rate estimated.

12 Standard deviation for soil ingestion based on the coefficient of variation
for body mass as Sl is correlated to body mass (standard deviation = CV
x SI rate for mean mass ruffed grouse).

13 Assumed to be the same as for body mass.

Ruffed grouse could obtain 100% of the soil they ingest from the study
area as they are present and active in the area year-round (Semenchuk
(1992).
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L

Time Spent On Site

Ruffed grouse are present and active year-round in the study area
(Semenchuk 1992).

Habitat Preferences

In Alberta, ruffed grouse are most abundant in aspen-dominated and
mixed wood forests (Semenchuk 1992). Small openings in the
deciduous forest function as brood cover and represent an important part v
of their overall preferred habitat type (Johnsgard 1973). A heavy ‘
understory is needed for drumming sites (Johnsgard 1973).

Alberta populations of ruffed grouse are quite healthy and populations
generally vary on a 10 year cycle (Semenchuk 1992). High winter
mortality is often experienced due to predators (i.e., raptors) and severe
weather conditions (Semenchuk 1992).

E
@
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2.0 ECOLOGICAL AND PHYSIOLOGICAL ASSUMPTIONS FOR MALLARDS
{(Anas platyrhyncos)

Body Weight:

Food Ingestion Rate:

Mean body mass adult female (lkg)14 1.107

standard deviation (SD) 0.129
coefficient of variation (CV) 0.117
sample size (# studies) 3

Distribution: Normal

Deterministic value for body mass
(minimum mean body mass; mean -  0.849 kg
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Mallards are considered ‘dabbling’ ducks which means that they feed in
shallow water tipping up and down while foraging on bulrush seeds, snails
and invertebrates from the bottom (Gadd 1995). Infrequently, they may
also ingest tadpoles or scavenge dead fish (Gadd 1995). Other items
included in the diet are crustacea, annelids, various seeds, tubers and stems
(Dillon 1959, Swanson et al. 1985).

Food ingestion rate’ (FI rate) (kg/day):
{dry weight - 75% invertebrates; 25% plant

material)16 animal plant
for birds with mean mass (1.107 kg) 0.0464 0.0157
for birds with minimum mass (0.849 kg) 0.039 0.0132

standard deviation (SD)"’ 0.0072

Distribution: Normal (based on the fact that FI is dependant on
body mass which is normally distributed.’®

Deterministic value for food ingestion rate

(maximum FI rate; mean -+ 2SD): animal plant
for birds with mean mass (1.107 kg) 0.0573 0.0194
for birds with minimum mass (0.849 kg) 0.0499 0.0169

" Food ingestion rates estimate based on an allometric equation for all
birds (Nagy 1987): FI (g dry weight /day) = 0.648 (Body weight g)**".

“Diet composition from Swanson et al. (1985).

'7 Standard deviation for food ingestion based on the coefficient of
variation for body mass as FI is correlated to body mass (standard
deviation = CV x FI rate for mean mass bird).

'8 Assumed to be the same as for body mass.
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~ Foraging Home Range Size:
Mean home range size" (ha) 468
standard deviation (SD) 159
coefficient of variation (CV) 0.34
sample size (n) 6

Fraction of Food
Derived From Site:

Water Ingestion Rate:

Fraction of Water
Derived From Site:

Distribution: not normal

' Mean foraging home range size calculated from data given in Dwyer
et al. (1979) in north Dakota.

Mallards are likely in this area for a maximum of 197 days per year
(Semenchuk 1992). Assuming that birds spend 100% of their time on site
while in Canada, the maximum fraction of food from the contaminated
sites would be 197/365 = 0.54 of their annual food requirements.

Water ingestion rate”’ (WI rate) (I/day):

for birds with mean mass (1.107 kg) 0.133
for birds with minimum mass (0.849kg)  0.109
standard deviation (SD)*! 0.016

Distribution: Given mean and standard deviation, MEI is a normal
distribution.”?

Deterministic value for water ingestion rate

(mean W1 rate; mean + 2SD):
for birds with mean mass (1.107 kg) 0.164 L/day
for birds with minimum mass (0.849 kg)  0.140 L/day

“" Water ingestion rate estimated using four allometric equations: (1)
Calder and Braun (1983), WI (L/day) = 0.059(Body weight kg)™*’;
Ohmart et al. (1970), WI (L/day) = 0.111(Body weight kg)*®’; Thomas
and Phillips (1975) WI (L/day) = 0.203(Body Weight k%)""“; Walter and
Hughes (1978), WI (L/day) = 0.119(Body Weight kg)o' .

?! Standard deviation for water ingestion based on the coefficient of
variation for body mass as W1 is correlated to body mass (standard
deviation = CV x WI rate for mean mass duck).

22 Assumed to be the same as for body mass.

Mallards are likely in this area for a maximum of 197 days per year
(Semenchuk 1992). Assuming that birds spend 100% of their time on site
while in Canada, the maximum fraction of water from the contaminated
sites would be 197/365 = 0.54 of their annual water requirements.
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Soil Ingestion Rate:

Fraction of Soil
Derived From Site:

Time Spent On Site

Habitat Preferences

Beyer et al. (1994) estimate that soil in the diet of a mallard amounts to
approximately 3.3% of daily food intake (food in dry mass) based on 88
samples from Minnesota mallards.

Soil ingestion rate’’ (SI rate) (kg/day):

for birds with mean mass (1.107 kg) 0.0021
for birds with mxmmum mass (0.849 kg) 0.0017
standard deviation (SD) 0.00024

Distribution: Normal®

Deterministic value for soil ingestion rate, kg/day
(maximum SI rate; mean + 2SD):

for birds with mean mass (1.107 kg) 0.0025
for birds with minimum mass \0 849 kg[ 0022

PRI, gy gt PR I W

“ Soil lilngUUIl rate estimated based on mgcsuon raies for mallard ducks
(Beyer et al. 1994).
? Standard deviation for soil i ingestion based on the coefficient of variation
for body mass as SI is correlated to body mass (standard deviation = CV
x SI rate for mean mass duck).

%> Assumed to be the same as for body mass.

Mallards are likely in this area for a maximum of 197 days per year
(Semenchuk 1992). Assuming that birds spend 100% of their time on site
while in Canada, the maximum fraction of soil from the contaminated sites
would be 197/365 = 0.54 of their annual soil ingestion.

Mallards are mioratorv birds which breed in the studv area duri ing the

VS Gae andapma elUs y ARARwAR R WA AV DelAs 7 OE G b A8

summer months. Mallards arrive in Alberta in late March, early April and
leave by late November (estimated number of days present is
approximately 197) (Semenchuk 1992). Some birds may overwinter in
Fort McMurray (Semenchuk 1992).

Habitat preferences for mallards are variable. They are adaptable birds
that may use marshes, ponds, the margins of small and large lakes, islands,
quiet waters of rivers, ditches, or flooded land in both treeless and wooded
country (Semenchuk 1992).
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3.0 ECOLOGICAIL AND PHYSIOLOGICAL ASSUMPTIONS FOR MOOSE (dlces alces)

Body Weight:

Food Ingestion Rate:

Mean body mass (kg)*® 381.17
standard deviation (SD) 35.14
coefficient of variation (CV) 0.0922
sample size (# studies) 3

Distribution: Normal

Deterministic value for body mass 310.88
(minimum body mass; mean - 2S8D)

°Mean body mass for female moose calculated for data given in Doutt
(1 70\ Smith (}99’2\ and Stelfox (1 003)"

A7 IV gy WIRAR Jlull\l VLUA\]}/

Common forages for moose include a variety of tree and shrub species,
fallen leaves, bark, forbs, sedges and horsetail (Stelfox 1993, see table
below for list of species).

Food ingestion rate’’ (FI rate) (kg/day):

for moose with mean mass (381.17 kg) 6.59
for moose with minimum mass (310.88 kg)  5.68
standard deviation (SD)*® 0.607

Distribution: Normal (based on the fact that FI is dependant on
body mass which is normally distributed.”’

Deterministic value for food ingestion rate (maximum FI rate;
mean + 2SD)
for moose with mean mass (381.17 kg) 7.801 kg/day
for moose with minimum mass (48.9 kg) 6.894 kg/day

“" food ingestinn rate calculated as a function of hnAy mass 1ginge one

W 1A LAl as & & A NAa UV XGOSRy URIY

allometric equation FI (g dry weight /day) = 0.577(Body weight g)*'*'

(Nagy 1987).

?% Standard deviation for food ingestion based on the coefficient of

variation for body mass as FI is correlated to body mass (standard
deviation = CV x FI rate for mean mass moose).

» Assumed to be the same as for body mass.
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Home Range:

Fraction of Food
Derived From Site:

Water Ingestion Rate:

Mean home range‘?’0 (ha)
we have three very different values for home range 1352 ha; 25800 ha
(sd=6820) and 8180 ha (sd=1120)

standard deviation (SD)
coefficient of variation (CV)

sample size (n)

Distribution: not normal

*” Home range calculated from data given in Ballard et al. (1991) and from
Harestad and Bunnell’s (1979) allometric equation: Home range (ha) =
6.06(Body weight kg)™*' .

Water ingestion rate’! (WI rate) (L /day):

for moose with mean mass (381.17 kg) 20.83
for moose with minimum mass (310.88 kg) 17.34
standard deviation (SD)* 1.92

Distribution: Normal®

Deterministic value for water ingestion rate, L/day

(maximum WI rate; mean + 2SD):
for moose with mean mass (381.17 kg) 24.67
for moose with minimum mass (310.88 kg) 21.18

" Water ingestion rate estimated based on one allometric equation, Calder
and Braun (1983).

32 Standard deviation for water ingestion based on the coefficient of
variation for body mass as WI is correlated to body mass (standard
deviation = CV x WI rate for mean mass moose).

3 Assumed to be the same as for body mass.
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Fractior of Water
Derived From Site:

Soil Ingestion Rate:

Time Spent On Site

Habitat Preferences

Beyer et al. (1994) estimate that soil in the diet of moose amounts to
approximately 2.0% of daily food intake (food in dry mass).

Soil ingestion rate™ (SI rate) (kg/day):

for moose with mean mass (381.17 kg) 0.1317
for moose with m;mmum mass (310.88 ko) 0.1136
standard deviation (SD) 0.0122

Distribution: Normal*®

Deterministic value for c:! :..gest:en rate, kg/day
{maximum SI rate; mean + 2SD):
for moose with mean mass (381.17 kg) 0.1560
for moose with minimum mass (310.88 kg) 0.1379
Soﬂ ingestion rate estimated based data from Beyer et al. (1994).
% Standard deviation for soil ingestion based on the coefficient of variation
for body mass as SI is correlated to body mass (standard deviation = CV
x SI rate for mean mass moose).
% Assumed to be the same as for body mass.

Moose are present in the area year-round (Burt 1976, Smith 1993, Gadd
1995).

Preferred habitat of moose in Alberta is mixedwoods (Smith 1993).
Moose are often found near the edges of lakes, bogs and streams (Smith
1993).
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LIST OF COMMON FORAGES FOR MOOSE (Stelfox 1993):

Trees and Shrubs

alder

alpine fir

aspen

balsam poplar
beaked hazelnut
buckbrush
buffaioberry
choke cherry
clematis

Douglas fir

dwarf birch
high-bush cranberry
honeysuckle
Jjuniper

Labrador tea
low-bush cranberry
paper birch

pin cherry

pine

raspberry
red-osier dogwood
rose

saskatoon

spruce

I3
oar hirnkh
‘v‘v’at\a XA WAN

wild gooseberry
willow

Fallen Leaves and Barlk

Alnus spp.

Abies lasiocarpa
Populus tremuloides
Populus balsamifera
Corylus cornuta
Symphoricarpos occidentalis
Sheperdia canadensis
Prunus virginiana
Clematis spp.
Pseudotsuga menziesii
Betula glandulosa
Vibirnum opulus
Lonicera spp.
Juniperus spp.

Ledum groenlandicum
Vibirnum edule
Betula papyrifera
Prunus pensylvanica
Pinus spp.

Rubus idaeus

Cornus stolonifera
Rosa spp.
Amelanchier alnifolia
Picea spp.

Betula occidentalis
Ribes oxyacanthoides
Salix spp.

aspen Populus tremuloides
balsam poplar Populus balsamifera
willow Salix spp.

Forbs

Canada thistle Cirsium arvense
clover Trifolium spp.
COmMmMmOon yarrow Achillea millefolium
fleabane Erigeron spp.
Indian paint-brush Castilleja spp.
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cientific Name:

loirnum edule

Urtica dioica
pea vine Lathyrus spp.
Sago pondweed Potamogeton pectinatus
wild raspberry Rubus idaeus
yellow pond lily Nuphar variegatum
Graminoids
common cattail Typha latifolia
sedge Carex spp.
Horsetail Equisetum spp.
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4.0 ECOLOGICAL AND PHYSIOLOGICAL ASSUMPTIONS FOR SNOWSHOE HARE

(Lepus americanus)
Body Weight:
Mean body mass (kg)® 1.505
standard deviation (SD) 0.065
coefficient of variation (CV) 0.043
sample size(# studies) 4

Food Ingestion Rate:

Distribution: Normal

Deterministic value for body mass (kg) 1.376
(minimum body mass, mean - 2SD)

7 - T
Mean body mass for snowshoe hare based on data from four studies
\1\Uluau and Keith 11959, SOpEi‘ 11973, Windbei g and Keith 1976 and

Smith 1993).

During summer, snowshoe hares feed on succulent vegetation and during
winter, twigs, buds and bark (Burt 1976). Summer foods include grasses,
wildflowers (especially pea-family plants and clover) and new leaves of
aspen, willow and birch (Gadd 1995). In winter they eat the leaves of
plants that stay green, such as kinnikinnick and wintergreen, the twig-ends
and buds of shrubs and sometimes lichens (Gadd 1995).

Food ingestion rate’ (¥ rate) (kg/day):

for hare with mean mass (1.505 kg) 0.118
for hare with mmlmum mass (1.376 kg) 0.110
standard deviation (SI)) 0.005

Distribution: Normal (based on the fact that FI is dependant on
body mass which is normally distributed.’

Deterministic value for food ingestion rate (maximum F1 rate; mean
+ 28D)
for hare with mean mass (1.505 kg) 0.128 kg/day
for hare with minimum mass (1.376 kg) 0.121 kg/day

**Food ingestion rate calculated as a function of body mass using the
allometric equation FI (g dry weight /day) = 0.577(Body weight g)*"*’
(Nagy 1987).

? Standard deviation for food mgestlon based on the coefficient of
variation for body mass as FI is correlated to body mass (standard
deviation = CV x FI rate for mean mass hare).

‘0 Assumed io be the same as for body mass.
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Home Range:

Mean home range41 (ha) 4-7

standard deviation (SD)

coefficient of variation (CV)
sample size (n)

Distribution: not normal

*' Home range size estimate given in the U.S. EPA Exposure Factors
Handbook (1993) and Gadd (1995); see also Burt (1976).

Fraction of Food
Derived From Site:

Water Ingestion Rate:
Water ingestion rate? (WI rate) (L. /day):
for snowshoe hare with mean mass (1.505 kg) 0.143
for snowshoe hare with min. mass (1.376 kg) 0.132
standard deviation (SD)* 0.006

Distribution: Normal®

Deterministic value for water ingestion rate (L/day)
(maximum WI rate; mean + 2SD):
for snowshoe hare with mean mass (1.505 kg) 0.155
for snowshoe hare with min. mass (1.376 kg) 0.144

*“Water m§estlon rate estimated an allometric equation, WI (L/day) =
0 099Wt™"" where Wt is body weight in (kg) (Calder and Braun 1983).
3 Standard deviation for water ingestion based on the coefficient of
variation for body mass as W1 is correlated to body mass (standard
deviation = CV x WI rate for mean mass hare).

* Assumed to be the same as for body mass.

Fraction of Water
Derived From Site:
Soil Ingestion Rate:  Arthur and Gates (1988) estimate that soil in the diet of a similar species,

the black-tailed jackrabbit, amounts to approximately 6.3% of dax]y food
intake (food in dry mass).

Soil ingestion rate® (SI rate) (kg/day):

for hare with mean mass (1.505 kg) 0.0074
for hare with mmlmum mass (1.376 kg) 0.0070
standard deviation (SD) 0.00032

Distribution: Normal®’
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Deterministic value for soil ingestion rate, kg/day
(maximum SI rate; mean + 2SD):
for hare with mean mass (1.505 kg) 0.0081
for hare with minimum mass (1.376 kg) 0.0076
" Soil ingestion rate estimated based data for black-tailed jackrabbits from
Arthur and Gates (1988).
% Standard deviation for soil ingestion based on the coefficient of variation
for body mass as SI is correlated to body mass (standard deviation = CV
x SI rate for mean mass hare).
47 Assumed to be the same as for body mass.
Time Spent On Site
Snowshoe hares are resident year round on the study area (Burt 1976,
Smiih 1993, Gadd 1995).
Habitat Preference

General Information

Snowshoe hares prefer forests and shrubby areas and will use open areas
only rarely and only if a quick route to brushy cover is available (Smith
1993). Daytime resting spots are called ‘forms’ which consist of a
beaten-down spot under the drooping, thickly needled lower branches of
spruce trees, sometime in dense brush and long grass, or under a log in a
tangle of fallen trees (Gadd 1995).

Generally, snowshoe hares are common throughout their range although
populations may fluctuate dramatically (Smith 1993).
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5.0 ECOLOGICAL AND PHYSIOLOGICAL ASSUMPTIONS FOR BEAVER (Castor

canadensis)

Body Weight:

Food Ingestion Rate:

Mean body mass (kg)* 18.275
standard deviation (SD) 3.02
coefficient of variation (CV) 0.165
sample size (# studies) 4

Distribution: Normal

Deterministic value for body mass (kg) 12.232
(minimum body mass; mean - 2SD)
** Mean body mass for beaver calculated from four estimaies in three
ia et ith 1
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Preferred food includes, the cambium layer of aspen, poplar, birch, maple,
willow and alder. Beaver also feed on leaves, bark and small twigs and
they will store branches and small sections of logs underwater near their
lodge (Burt 1976, Gadd 1995). They will also eat the seeds of some water
plants (Gadd 1995).

Food ingestion rate®® (FI rate) (kg/day):

for beaver with mean mass (18.275 kg) 0.724
for beaver with mlmmum mass (12232 kg)  0.541
standard deviation (SD) 0.120

Distribution: Normal (based on the fact that FI is dependant on
body mass which is normally distributed.™

Deterministic value for food ingestion r:
mean + 25D)
for beaver with mean mass (18.275 kg) 0.963
for beaver with minimum mass (12.232 kg)  0.780
*Food ingestion rate calculated as a function of body mass using the
allometric equation FI (g dry weight /day) = 0.577(Body weight g)o‘727
(Nagy 1987).
* Standard deviation for food ingestion based on the coefficient of
variation for body mass as FI is correlated to body mass (standard
dev1atlon CV x FI rate for mean mass beaver).
*! Assumed to be the same as for body mass.
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Home Range:

Mean home range52 (ha) 4.5

standard deviation (SD)

Fraction of Food
Derived From Site:

Water Ingestion Rate:

coefficient of variation (CV)
sample size (n)

Distribution: not normal
*2 Home range size estimated based on a family unit of 7 kits and two

adult beavers and a requirement of 0.5 ha per beaver to support it for one
year (Gadd 1995).

Water ingestion rate> (WI rate) (L /day):

for beaver with mean mass (18.275 kg) 1.353
for beaver with minimum mass (12.232 kg) - 0.943
standard deviation (SD)* 0.224

Distribution: Normal®

Deterministic value for water ingestion rate (L/day)
(maximum WI rate; mean + 2SD):
for beaver with mean mass (18.275 kg) 1.8
for beaver with minimum mass (12.232 kg) 1.39
> Water in§estion rate estimated an allometric equation, WI (L/day) =
0.099Wt " where Wt is body weight in (kg) (Calder and Braun 1983).
> Standard deviation for water ingestion based on the coefficient of
variation for body mass as WI is correlated to body mass (standard
deviation = CV x WI rate for mean mass beaver).
55 Assumed to be the same as for body weight.
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Fraction of Water
Derived From Site:

Soil Ingestion Rate:

Time Spent On Site

Habitat Preference

Soil ingestion rate likely varies depending on activity and type of food
ingested. High soil ingestion would be expected when beavers are digging
bank burrows, canals, building lodges or dams and when foraging on
tubers and roots (e.g., cattail roots). Proportion of soil ingested in the diet
likely ranges between 2-6%. To be conservative, an estimate of 6% soil
ingestion is used.

Soil ingestion rate™ (SI rate) (kg/day):

for beaver with mean mass (18.275 kg) 0.043
for beaver with minimum mass (12.232 kg) 0.032
standard deviation (SD)57 0.0072
Distribution: Normal™
Deterministic value for soil ingestion rate, kg/day
(maximum SI rate; mean + 2SD):
for beaver with mean mass (18.275 kg) 0.058
for beaver with minimum mass (12.232 kg) 0.047

“°Soil ingestion rate estimated.

% Standard deviation for soil ingestion based on the coefficient of variation
for body mass as SI is correlated to body mass (standard deviation = CV
x SI rate for mean mass beaver).

%% Assumed to be the same as for body mass.

Beaver are on site year round and do not hibernate (Smith 1993, Gadd
1995).

Beavers require water. Areas attracting beavers include sloughs, rivers,
creeks and lakes with trees (for foraging) within easy access (Smith
1993). Aspen is a favoured forage species (Gadd 1995).
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6.0 ECOLOGICAL AND PHYSIOLOGICAL ASSUMPTIONS FOR AMERICAN
KESTREL (Falco sparverius)

Body Weight: ‘
Mean body mass® 0.137 kg had
standard deviation (SD) 0.0057 _
coefficient of variation (CV) 0.042 o
sample size 73 o

Distribution: Normal i

Deterministic value for body mass 0.1256 kg
(minimum mean body mass; mean -
2SD)
" Mean body mass caiculated from data given in Boriolotti et ai. (1991)
for a population in north-central Saskatchewan.

Food Ingestion Rate: The diet of American kestrels is estimated to include 75% vertebrate and
25% invertebrate prey during the summer breeding period (Gard and Bird

1990).
Food ingestion rate®® (FI rate) (kg/day): dry dry o
weight  weight
mice  insects !
for birds with mean mass (0.137 kg) 0.0091  0.0030 -
for birds with minimum mass (0.1256 kg)  0.0085  0.0028
standard deviation (SD)m 0.0005

Distribution: Normal (based on the fact that FI is dependant on
body mass which is normally distributed.”

Deterministic value for food ingestion rate dry dry
(maximum FI rate; mean + 28D): weight  weight
mice insects -
for birds with mean mass (0.137 kg) 0.0098  0.0033

for birds with minimum mass (0.1256 kg)  0.0093  0.0031

“Food ingestion rates estimate based on an allometric equation for non-
passerines where FI (g/day) = 0.301W>"! where weight is in (g) (Nagy
1987).

8! Standard deviation for food ingestion based on the coefficient of
variation for body mass as FI is correlated to body mass (standard
deviation = CV x FI rate for mean mass bird).

62 Assumed to be the same as for body mass.
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Foraging Home Range Size:

Mean home range size® (ha) 13.1

standard deviation (SD) 3.99

coefficient of variation (CV) 031

sample size 15

Fraction of Food
Derived From Site:

‘Water Ingestion Rate:

Fraction of Water
Derived From Site:

Distribution: Normal

83 Mean foraging home range size calculated from data givén in Gard and
Bird (1990) in Quebec.

American kestrels are likely in this area for a maximum of approximately
168 days per year (Semenchuk 1992). Assuming that birds spend 100% of
their time on site while in Canada, the maximum fraction of food from the
contaminated sites would be 168/365 = 0.46 of their annual food
requirements.

Water ingestion rate” (WI rate) (L/day):

for birds with mean mass (0.137 kg) 0.028
for birds with mlmmum mass (0.1256kg)  0.026
standard deviation (SD) 0.0012

Distribution: Given mean and standard deviation, MEI is a normal
distribution.%

Deterministic value for food ingestion rate (mean
WI rate; mean + 2SD):
for birds with mean mass (g) 0.0301
for birds with minimum mass (g) 0.0284
® Water ingestion rate estimated using four allometric equations: (1
Calder and Braun (1983), WI (L/day) = 0.059(Body wexght k Y067,
Ohmart et al. (1970), WI (L/day) = 0.111(Body weight kg ; Thomas
and Phillips (1975) WI (L/day) = 0.203(Body Weight k_;) Walter and
Hughes (1978), WI (L/day) = 0.119(Body Weight kg)
65 Standard deviation for water ingestion based on the coefﬁclent of
variation for body mass as W1 is correlated to body mass (standard
dev1at10n CV x Wl rate for mean mass bird).
66 Assumed to be the same as for body mass.

American kestrels are likely in this area for a maximum of approximately
168 days per year (Semenchuk 1992). Assuming that birds spend 100% of
their time on site while in Canada, the maximum fraction of water from
the contaminated sites would be 168/365 = 0.46 of their annual water
requirements.
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Soil Ingestion Rate:

Fraction of Soil
Derived From Site:

Time Spent in Area

Habitat Preference

We make a conservative estimate of soil in the diet of American kestrels to
be represented by 4% of the bird’s body mass. Soil ingestion for this
species may be relatively high as a result of feeding on terrestrial
invertebrates and vertebrates taken from the ground surface.

Soil ingestion rate® (SI rate) (kg/day):

for birds with mean mass (2.204 kg) 0.0055
for birds with minimum mass (1.53 kg) 0.0050
standard deviation (SD)® 0.00023

Distribution: Normal®

Deterministic value for soil ingestion rate, kg/day
{(maximum SI rate; mean + 2SD):
for birds with mean mass (2.204 kg) 0.0059
for birds with minimum mass (1.53
°"Soil ingestion rate estimated.
% Standard deviation for soil ingestion based on the coefficient of variation
for body mass as SI is correlated to body mass (standard deviation = CV
x SI rate for mean mass kestrel).

% Assumed to be the same as for body mass.

vvvvvv

American kestrels are likely in this area for a maximum of approximately
168 days per year (Semenchuk 1992). Assuming that birds spend 100% of
their time on site while in Canada, the maximum fraction of soil ingested
from the contaminated sites would be 168/365 = 0.46 of their annual soil
ingestion.

American kestrels start arriving in northern Alberta in mid-April and leave
by the end of September for an estimated total of 168 days per year
(Semenchuk 1992).

Preferred habitat types include semi-open to open country, breeding
where trees, man-made structures or cliffs provide cavities for nesting
(Semenchuk 1992). Typical habitat types include grasslands, farms,
woodlots, river bottom lands, woodland edges, burns, meadows, wooded
lakeshores and highway or railway rights-of-way (Semenchuk 1992).
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7.0 ECOLOGICAL AND PHYSIOLOGICAL ASSUMPTIONS FOR AMERICAN
ROBIN (Turdus migratorius)

Body Weight:

Food Ingestion Rate:

Mean body mass (kg) " 0.0836 kg
standard deviation (SD) 0.0064
coefficient of variation (CV) 0.077
sample size 18

Distribution: Normal

Deterministic value for body mass
{minimum mean body mass; mean -
28D} 0.0708

WIRS §

1
ng

“"Mean body mass calculated from data given in Wheelwright (1988).

Robins primarily consume invertebrates and fruits (Ehrlich et al. 1988).
Specifically, their diet includes earthworms, snails, beetles, caterpillars,
moths, grasshoppers, spiders and millipedes (Martin et al. 1951,
Wheelwright 1988, Paszkowski 1982) and various fruits including plums,
dogwood, sumac, hackberries, blackberries, cherries, greenbriers,
raspberries and juniper (Martin et al. 1951, Wheelwright 1988). Based on
data in Howell (1942) and Wheelwright (1988), the diet of the American
robin consists of 72% invertebrate material and 28% vegetative material
on average over the breeding season (i.e., the period during which they are
on-site).

Food ingestion rate’ (FI rate) Invertebrate Vegetatio
(kg/day): n
for birds with mean mass (0.0836 0.0126 0.0049
kg)
for birds with minimum mass 0.0111 0.0043
(0.0708 kg)

Standard deviation >

Distribution: Normal (based on the fact that FI is dependant on
body mass which is normally distributed.”

Deterministic value for food ingestion  Invertebrate Vegetation
rate (maximum FI{ rate; mean +

2SD):
for birds with mean mass (0.0836 0.0145 0.0056
kg)
for birds with minimum mass 0.0130 0.0051
(0.0708 kg)
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7! Food ingestion rates estimate based on an allometric equation for the
free-living metabolic rate for passerines (Nagy 1987): FMR (kcal/day) =
2. 123(Wt)0'749 where Wt is in (g); and assuming an omnivorous diet
with a metabolizable energy value of 3.35 kcal/g (Nagy 1987).

Standard deviation for food ingestion based on the coefficient of
variation for body mass as FI is correlated to body mass (standard
deviation == CV x FI rate for mean mass bird).

3 Assumed to be the same as for body mass.

Foraging Home Range Size:

Fraction of Food
Derived From Site:

Water Ingestion Rate:

Mean home range size’! (ha) 0.25
standard deviation (SD) 0.16
coefficient of variation (CV) 0.64
sample size (n) 3

Distribution: not normal

Mean foraging home range size” 0.48
(ha)

standard deviation (SD) 0.47
coefficient of variation (CV) 0.97
sample size (n) 2

Distribution: not normal

" Mean territory size calculated from data given in Pitts (1984) and
Howell (1942).

" Mean foraging home range size calculated from data given in
Weatherhead and McRae (1990).

Water ingestion rate”” (WI rate) (L/day):
for birds with mean mass (0.0836 kg) 0.019
for birds with minimum mass (0.0708 kg)  0.017
standard deviation (SD)"’ 0.0015

Distribution: Given mean and standard deviation, MEI is a normal
distribution.”

Deterministic value for food ingestion rate
(mean WI rate; mean + 2SD):
for birds with mean mass (0.0836 kg) 0.022
for birds with minimum mass (0.0708 kg)  0.020
"> Water ingestion rate estimated using four allometric equations: (1)
Calder and Braun (1983), WI (L/day) = 0.059(Body weight kg)**’;
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¥raction of Water
Derived From Site:

Soil Ingestion Rate:

Fraction of Soil
Derived From Site:

Time Spent On Site

Ohmart et al. (1970), WI (L/day) = 0.111(Body weight kg)>®’; Thomas
and Phillips (1975) WI (L/day) = 0.203(Body Weight k%)"-"'; Walter and
Hughes (1978), WI (I/day) = 0.119(Body Weight kg)o' .

77 Standard deviation for water ingestion based on the coefficient of
variation for body mass as W1 is correlated to body mass (standard
deviation = CV x WI rate for mean mass bird).

7® Assumed to be the same as for body mass.

Based on the assumption that the diet of American woodcock represents
the diet of American robins (both species probe the soil and ingest

earthworms) soil in the diet of an American robin amounts to

ViFaaakS e A%/R AwERAS ANSCIANL CARAANT LAAX

apprex;mafn!y IO_AOA nf r]rn'ly fand :nfake {frnd in dwy e o aatienato fG

AARACARLYY T /U WA Rt AVIURS 1RAR LAWUAS 1R

soil ingestion are from Beyer et al. 1994).

Soil ingestion rate” (SI rate) (kg/day):

for birds with mean mass (0.0836 kg) 0.0018
for birds with minimum mass (0.0708 kg) 0.0016
standard deviation (SD)* 0.00014

Distribution: Normal®

Deterministic value for soil ingestion rate, kg/day
{maximum SI rate; mean + 2SD):
for birds with mean mass (0.0836 kg) 0.0021
for birds with minimum mass (0.0708 kg) 0.0019
*”Soil ingestion rate estimated based on an ecologically similar species,
the American Woodcock (data from Beyer et al. 1994)..
% Standard deviation for soil ingestion based on the coefficient of variation
for body mass as Sl is correlated to body mass (standard deviation = CV
x SI rate for mean mass robin).
#1 Assumed to be the same as for body mass.

American robins are reported to arrive in Alberta in early March and
move south by October (Semenchuk 1992). The estimated number of
days on site is 214.
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Habitat Preferences

American robins require open, grassy ground for feeding and sturdy
trees and shrubbery for nesting (Semenchuk 1992). In forested areas,
this species inhabits open and broken woodlands, forest edges along
rivers, lakes and natural openings and second growth in burnt or cut-
over areas (Semenchuk 1992). Breeding areas also include moist
forests, swamps, open woodlands, orchards, parks and lawns (U.S. EPA
Exposure Factors Handbook 1993).

Robins forage on the ground in open areas, along habitat edges, or the
edges of streams; they also forage above the ground in shrubs and within
the lower branches of trees (Paszkowski 1982, Malmborg and Wilson
1988).
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8.0 ECOLOGICAL AND PHYSIOLOGICAL ASSUMPTIONS FOR ERMINE (Mustela

erminea)

Body Weight:

Food Ingestion Rate:

Mean body mass® (kg) 0.0692
standard deviation (SD)® 0.00692
coefficient of variation (CV) 0.23
sample size (# studies) 3

Distribution: Normal

Deterministic value for body mass (kg) 0.0554
(minimum body mass; mean - 2SD)
*Mean body mass for ermine calculated from Burt (1976), Soper (1973),
Qe SITNANAN L 30 R FANSNN
Smuth (1993) ana Seiael (1559).
3 o s . . N
8 The standard deviation in this case was estimated to be 10% of the
mean. This value reflects a distribution which is closer to the range of

28-85 g given by Burt (1976) and 54.8-90.2 g given by Smith (1993).

Ermine primarily prey upon small mammals such as voles and mice but
will also take ground squirrels their own size and even young snowshoe
hares (Burt 1976, Gadd 1995). They have also been known to climb trees
and kill birds, will readily swim and sometimes catch fish (Gadd 1995).
Ermine kill their prey by biting through the neck vertebrae, after which
they usually carry their prey home to their burrow or to a nearby storage
burrow nearby for consumption at a later date (Burt 1976, Gadd 1995).
They may also eat carrion (Gadd 1995).

Food ingestion rate™ (FI rate) (kg/day):

for an ermine with mean mass (0.0692 kg): 0.0077
for an ermine with minimum mass (0.0554 kg)  0.0064
standard deviation (Sl))85 0.0017

Distribution: Normal (based on the fact that FI is dependant om
body mass which is normally distributed.®

Deterministic value for food ingestion rate (maximum FI rates
mean + 2SI)
for an ermine with mean mass (0.0692 kg): 0.011
for an ermine with minimum mass (0.0554 kg)  0.0098

“*Food ingestion rate calculated as a function of body mass using the
allometric equation FI (g dry weight /day) = 0.0687(Body weight g)
(Nagy 1987).

% Standard deviation for food ingestion based on the coefficient of
variation for body mass as F1 is correlated to body mass (standard
deviation = CV x F1I rate for mean mass weasel).

% Assumed to be the same as for body mass.
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Home Range:

Fraction of Food
Derived From Site:

Water Ingestion Rate:

Fraction of Water
Derived From Site:

Soil Ingestion Rate:

Mean home ramge87 (ha) 0.8
standard deviation (SD)

coefficient of variation (CV)

sample size (n)

Distribution: not normal

# Home range size given in Burt (1976).

Water ingestion rate™ (WI rate) (L /day):

for an ermine with mean mass (0.0692 kg): 0.00895
for an ermine with minimum mass (0.0554 kg) 0.0073
standard deviation (SD)89 0.002

Distribution: Normal™®

Deterministic value for water ingestion rate (L/day)

(maximum WI rate; mean + 2SD):

for an ermine with mean mass (0.0692 kg): 0.0130
for an ermine with minimum mass (0.0554 kg) 0.0114

**Water in§estion rate estimated an allometric equation, W1 (L/day) =
0.099Wt*® where Wt is body weight in (kg) (Calder and Braun 1983).

8 Standard deviation for water ingestion based on the coefficient of
variation for body mass as W1 is correlated to body mass (standard
deviation = CV x WI rate for mean mass ermine).

0 Assumed to be the same as for body weight.

Soil ingestion rate likely varies depending on activity and type of food
ingested. Low soil ingestion for this species is expected as it primarily will
be attacking small mammals. Proportion of soil ingested in the diet likely
ranges between 1-2% of the animal’s body mass. To be conservative a
soil ingestion rate of 2% of the animal’s body mass was used.

Soil ingestion rate’” (SI rate) (kg/day):

for an ermine with mean mass (0.0692 kg): 0.0014
for an ermine with minimum mass (0.0554 kg) 0.0011
standard deviation (SD)’ 0.0003

Distribution: Normal’>
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Deterministic value for soil ingestion rate, kg/day
(maximum SI rate; mean + 2SD):
for an ermine with mean mass (0.0692 kg): 0.0020
for an ermine with minimum mass (0.0554 kg) 0.0017
“Soil ingestion rate estimated.
*! Standard deviation for soil ingestion based on the coefficient of variation
for body mass as Sl is correlated to body mass (standard deviation = CV
x SI rate for mean mass ermine).
%2 Assumed to be the same as for body mass,

Time Spent On Site
Ermine are active and present in the area year-round (Smith 1993, Gadd
1995).

Habitat Preferences
Ermine prefer coniferous and mixed forests (Smith 1993). Common in
the north, this species is less common through the parklands and
groveland areas (Smith 1993).

General Information
Ermine populations tend to cycle up and down with their prey

populations (i.e., mice and voles). Thus, when there are lots of mice,
there are also lots of ermine (Gadd 1995).
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2.0 ECOLOGICAL AND PHYSIOLOGICAL ASSUMPTIONS FOR DEER MOUSE
(Peromyscus maniculatus)

Body Weight:

Food Ingestion Rate:

Mean body mass (kg)92 0.0187
standard deviation (SD) 0.0043
coefficient of variation (CV) 0.23
sample size (n) 73

Distribution: Normal

Deterministic value for body mass 0.0101 kg
(minimum body mass; mean - 2SD)

Y o A f
Mean body mass for pre-parous female in the Kananaskis region of

1
s 1009
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Generally, deer mice diets vary with the time of year. For example,
during spring deer mice rely heavily on invertebrates. During summer,
they largely consume seeds and some insects; and throughout winter, it
believed that deer mice rely entirely on cached and gathered seeds (pers.
commun. S. Sharpe, B.C.M.O.E., Smithers, B.C.). Based on this
information, deer mice diet is assumed to be composed as reported
below.

Diet Composition:

May through June: 100% insects
July through Sept.: 25% insects, 75% seeds
Oct. through April: 100% seeds

Food § ing stion rnto (FF rnfn\ ( kc/dmz\

for mouse w1th mean mass (0 0187 kg) 0.00324
for mouse with mnmmum mass (0.0101 kg) 0.0023

standard deviation (SD) 0.0007

Distribution: Normal (based on the fact that FI is dependant on

body mass which is normally distributed.>

Deterministic value for food ingestion rate (maximuwm FI rate; mean
+28D)

for mouse with mean mass (0.0187 kg) 0.00473 kg/day
for mouse with minimum mass (0.0101 kg)  0.00378 kg/day

94

" Food ingestion rate calculated as a function of body mass using Nagy’s
(1987) allometric equ%tggp for rodents, F1 (g dry weight /day) =
0.621(Body weight g)

Standard deviation for food ingestion based on the coefficient of
variation for body mass as F1 is correlated to body mass (standard
deviation = CV x FI rate for mean mass deer mouse).
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% Assumed to be the same as for body mass.

Home Range:
Mean home range96 (ha) 0.223
standard deviation (SD) 0.222
coefficient of variation (CV) 1
sample size (n) 10
Distribution: not normal
% Home range calculated from data given in Banfield (1974), Mullican
(1988) and King (1968).
Fraction of Food
Derived From Site:
Water Ingestion Rate:
Water ingestion rate’’ (WI rate) (L /day):
for mouse with mean mass (0.0187 kg) 0.0028
for a mouse with minimum mass (0.0101 kg)  0.0016
standard deviation (SD)’® 0.000634

Distribution: Normal®”

Deterministic value for water ingestion rate
(maximum WI rate; mean + 2SD):
for mouse with mean mass (0.0187 kg) 0.004 L/day
for mouse with minimum mass (0.0101 kg) 0.003 L/day
°7 Water ingestion rate estimated one allometric equation, Calder and
Braun (1983).

%8 Standard deviation for water ingestion based on the coefficient of
variation for body mass as W1 is correlated to body mass (standard
deviation = CV x WI rate for mean mass deer mouse).

% Assumed to be the same as for body mass.

Fraction of Water
Derived From Site:

Soil Ingestion Rate:  Beyer et al. (1994) estimate that soil in the diet of a white-footed mouse
amounts to approximately 2.0% of daily food intake (food in dry mass).
Deer mice are ecologically very similar to white-footed mice and therefore
likely ingest similar amounts of soil (i.e., 2.0% of daily food intake).

Soil ingestion rate'” (SI rate) (kg/day):
for mouse with mean mass (0.0187 kg) 6.5x% 107
for mouse with minimum mass (0.0101 kg) 46x10°
standard deviation (SD)101

Distribution: Normal'®
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Deterministic value for soil ingestion rate, kg/day

(maximum SI rate; mean + 2SD):
for mouse with mean mass (0.0187 kg) 9.6 x 107
for mouse with minimum mass (0.0101 kg) 7.6 x 107

"7 Soil ingestion rate estimated based on ingestion rates for white-footed
mice (Beyer et al. 1994).

19! Standard deviation for soil ingestion based on the coefficient of
variation for body mass as Sl is correlated to body mass (standard
deviation = CV x Sl rate for mean mass deer mouse).

192 Assumed to be the same as for body mass.

Time Spent in Area

Deer mice are present on site vear round and are active vear round (Burt

1976, Gadd 1995). Peromyscus maniculatus is active throughout the
year in Alberta (Robinson and Bolen 1989).

Habitat Preference

Deer mice are found in almost all habitats in the province from human
habitation to open sand dunes, dense northern forests, alpine meadows
and open grasslands (Smith 1993). A common species, the deer mouse
is likely the most abundant mammal in the province (Smith 1993).

Body fat composition of Peromyscus is required to calculate
contaminant tissue concentrations. Millar (1975) calculated the body fat
of non-breeding, pregnant and lactating females as follows:

standard :

- condition: | - | deviation (SD)
non-breeding 10 21.6 0.00018
pregnant 5 22.3 0.0161
lactating 4 20.1 0.081
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SNOWSHOE HARE

Snowshoe Hare — Aluminum
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AMERICAN KESTREL

American Kestral — Benzo(a)pyrene
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DEER MOUSE

Deer Mouse — Aluminum
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DEER MOUSE (CONTINUED)

Deer Mouse — Strontium
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Beaver — Aluminum
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BEAVER (CONTINUED)

Beaver — Vanadium
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MOOSE (CONTINUED)

Moose — Molybdenum
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This material is provided under educational reproduction permissions
included in Alberta Environment and Sustainable Resource
Development's Copyright and Disclosure Statement, see terms at
http://www.environment.alberta.ca/copyright.html. This Statement
requires the following identification:

"The source of the materials is Alberta Environment and Sustainable
Resource Development http://www.environment.gov.ab.ca/. The use
of these materials by the end user is done without any affiliation with
or endorsement by the Government of Alberta. Reliance upon the end
user's use of these materials is at the risk of the end user.
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