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EXECUTIVE SUMMARY

At the request of the Hdifax Regiond Municipdity (HRM), Jacques Whitford Environment Limited (JWEL) has
undertaken a Screening Leve Risk Assessment (SLRA) to eva uate the potentid risksto public hedth associated
withthe congtruction and operation of four proposed municipa sewage treatment plants (STPs) that comprise the
proposed Halifax Harbour Solutions Project (HHSP).

The HHSP isaregiond trestment system to reduce the amount of raw sawagewhichis currently being discharged
into Haifax Harbour. The HHSP requires a screening level environmenta assessment pursuant to the Canadian
Environment Assessment Act (CEAA). The HHSP will dso require technica review and gpprovas from the
Nova Scotia Department of the Environment and Labour (NSDEL, formerly Nova Scotia Department of
Environment (NSDOE)) in order to construct and operate the STPs.

The purposeof thisstudy isto quditatively evauatethe potentia risksto human hedlth associated with three specific
aspects of STPs, including: potentia airborne contaminants from STP operations, waterborne contaminants from
sewage effluent entering the harbour; and the treatment of sawage dudge. The human receptors examined included
both adult and children neighbouring residents and aso recreational water users(i.e., SCUBA divers, svimmers,
etc). Therisksare compared to the current human exposures associated with the discharge of untreated sewage
through over 40 sewage outfdlsinto Hdifax Harbour.

This study concluded the following:

. Large volumes of untreated sewage are currently entering Hadifax Harbour resulting in a contribution of
inorganic, organic and biologica waste. This waste congsts of pathogens and chemicds, which have a
detrimenta impact on water quality, sediment quality, and may be accumulated by aguatic organismswhich
inhabit Halifax Harbour and are, or could potentialy be, harvested for food.

. Airborne contaminants, in the form of VOCs, are currently released from sewage at outfals. A small
amount of these contaminantswill be released from the STPs, however the concentrationswill be very low
and well below guideline limits developed to protect human hedlth.

. Recreational users of the harbour who are directly exposed to harbour water are currently at risk from

sewage related pathogens. Hedlth risk from this type of activity will be reduced due to a significant
decrease in pathogens and other contaminants related to sewage treatment.
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. The congtruction and operation of STPs are considered to be a positive step toward improving current
human exposures and associated hedth risks fromimpactsto harbour water, sediment and ambient air, as
wel| as the aguatic organismswhich are, or could potentidly be afood source for humans. Immediate and
ggnificant improvements will be redized as each of the four STPsis phased in over aten year period.

. Although current concentrations of persistent and bioaccumulative contaminants will remain, the addition
of new contaminants will proceed at a sgnificantly reduced rate. The benefit of sewage trestment must
therefore be regarded as an overadl significant improvement to the current discharges of chemica and
biologicad compounds currently entering Haifax Harbour.

Ingenerd, thereisexpected to be an overdl improvement inthewater qudity, sediment qudity, and air qudity due
to the HHSP resulting in decreased hed th risk from human exposuresthrough direct contact, inhalation or ingestion
of organisms harvested from Hdifax Harbour. The proposed sewage treatment project will provide a proven
means for HRM to reduce risks associated with existing exposure to untreated sewage.
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1.0 INTRODUCTION

At the request of the Hdifax Regiond Municipdity (HRM), Jacques Whitford Environment Limited (WEL) has
undertakena Screening Leve Risk Assessment (SLRA) to evauate the potentia risksto public hedlth associated
with the construction and operation of four proposed municipa sewage treatment plants (STPs) for the Haifax
Harbour Solutions Project (HHSP).

The STPs are located a: Hdifax North (Cornwallis and Barrington Streets); Dartmouth (Coast Guard Station
South of Dartmouth Cove); Haifax South (railyards ares); and Herring Cove. Refer to Appendix A for maps
indicating the locations of project infrastructure.

The HHSP is a regiond sawage treatment system to reduce and trest raw sewage which is currently being
discharged to the Harbour. The HHSP requires a screening level environmental assessment pursuant to the
Canadian Environment Assessment Act (CEAA).The HHSP will aso require technica review and approvals
fromEnvironmenta Hedlth Engineerswithin theNovaScotiaDepartment of the Environment and Labour (NSDEL,
formerly Nova Scotia Department of Environment).

The purpose of this study is to quditatively compare the potentid human hedlth risks to adjacent resdents from
exposure to contaminant discharges resulting from the ongoing operation of the STPs. Thisincludes an evauation
of the treeted sewage effluent, air quality, water quality and sawage dudge management practices. Thereceptors
of concerninclude both nearby adult and children residentsand al so adult recreationa harbour users(i.e., SCUBA
divers, svimmers, etc.). The study was conducted to review the concernsof HRM citizenswith respect thelocation
of sewage trestment plantsin proximity to existing resdential properties.

The SLRA has been undertaken utilizing a * quditative’ risk assessment approach. This includes a quditative
comparison between risks and exposures associated with the project and net increase or decreasein public hedlth
risk associated with the current Stuation (i.e., no sewage trestment).

1.1 Regulatory Framework

1.1.1 Canadian Environmental Assessment Act (CEAA)

The condruction and operation of the proposed STPstrigger an environmental assessment (EA) under the CEAA.
Triggersfor aCEAA assessment include thetransfer of federa land for one site (Dartmouth) and federa regulatory
authorization including approvas under the Fisheries Act and the Navigable Waters Protection Act (NWPA).
Federd funding, if provided, would congtitute another trigger for a CEAA assessment.
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A screening level EA is currently being undertaken with Fisheries and Oceans Canada as the federd department
respongible for theassessment. A number of Vdued Environmenta Components(V ECs) havebeenidentified upon
which to focus the assessment, including human hedth. An EA under the Nova Scotia Environment Act is not
required.

1.1.2 Nova Scotia Environment Act and Regulations

The Activity Designation Regulations under the Nova Scotia Environment Act identify certain activities which
requirearegulatory gpprova from NSDEL . Section 7(2) of theRegul ations des gnates the construction, operation
or reclamation of sewage works as an activity, where sewage works includes. sewage collection systems and
pumping gtations, retention or storage facilities; trestment facilities, and outfdls

Inaddition, the HHSPisexpected to include optionsfor the collection and of fa te treatment/composting of stabilized
sewage dudge removed from the primary treatment cells of the STPs. Section 26 of the Regulations aso
designates the “ congtruction , operation or reclamation of an industrial composting facility” as an activity, thereby
requiring regulatory approval from NSDEL.

1.1.3 Canadian Council of Minigtersof the Environment (CCME) Environmental Quality Criteria

NSDEL has not developed specific environmenta qudity criteria for contaminants in marine water or sediment,
however, it does endorse the Canadian Council of Minigers of the Environment (CCME) sediment and surface
water quality criteriafor use (which is aso approved by federd regulators). Criteria have been derived for both
marine and freshwater sediment and surface water aswell asfor soil and biotatissue. The CCME (1999) criteria
defines acceptable concentrations of specific contaminants in these media below which no adverse effects to
ecologicd receptors are expected. 1n addition to these guiddines, the CCME aso outlines acceptable hedth and
safety and aesthetic parameters for recreational water use. A copy of the Recreationa Water Use Guiddinesis
presented in Appendix B.

1.1.4 Composting Guidelines

The HHSP Concept Plan involves congtruction and operation of a centra dudge composting facility to process
dabilized sewage dudge for beneficia end use (e.g., compost or land spreading). CCME has developed
Guidelines for Compost Quality (1996) for composted materid intended for sdle or to be given awvay. These
Guiddines are based on four criteriainvolving product safety and qudity: foreign matter; maturity; pathogens; and
trace dements. The Guiddines apply to al compost produced from municipa solid waste or other feedstock as
determined by regulatory agencies. It provides guidelines for maximum concentrations of metas, carbon and
nitrogen, and pathogens acceptable in compost materid.
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NSDEL’s Composting Facility Guidelines (NSDOE 1998) establishes approva requirements for composting
fadlitiesin Nova Scotia, including generd Siting, operating procedures and acceptable concentrations of certain
trace dements in compost, groundwater, leachate and surface water.

1.1.5 NSDEL Air Quality Regulations

The Nova Scotia Air Quality Regulations establish limits on certain ar contaminants. Schedule “A” of the Air
Quality Regulationsoutlinesthe maximum permissibleground level concentrationsfor carbon monoxide, hydrogen
sulphide, nitrogen dioxide, ozone, sulphur dioxide and tota suspended particulates (TSP).

1.1.6 Ontario Ministry of the Environment Summary of Point of Impingement Standards, Air Quality
Criteria (AAQCs), and Approval Screening Levels (ASLS)

With the exception of those substances listed in the NSDEL Air Quality Regulations, Nova Scotia has no other
ambient air quaity objectivesfor other contaminants such as Volatile Organic Compounds (VOCs). The Ontario
Minigtry of the Environment (M OE) has, however, established air quality criteriaand gpprovad screening levelsfor
acceptable contaminant concentrations in air (MOE, 1992). The criteria are twofold. They contain point of
impingement sandardsincluding haf hour point of impingement limit (heal th based) and point of impingement limiting
effect (i.e., odour, hedlth reasons, etc.). They aso contain ambient air quality criteriafor annud, 24 hour, one hour,
and ten minute exposures. These criteria have been endorsed for use in Nova Scotia by NSDEL.

1.1.7 Regulatory Acceptance of Risk Assessment Process

Human Hedlth Risk Assessment is being used by governments, industry and public interest groups to analyze the
impactsof proposed activitieson public health. InNovaScotia, the Risk Based Corrective Action (RBCA) process
has been endorsed for use at petroleum contaminated sites. Nationaly the Canadian Council of Minigters of the
Environment (CCME) has embarked on the development of a number of Canada Wide Standards utilizing Risk
Assesament asthebadisfor devel oping scientificaly defendable environmenta quality standards. Toxicity dataused
in risk assessments are generdly taken from the fields of epidemiology, toxicology and ecology. The Risk
Assessment processisintended to integrate thisinformation into an evaluation of potential consequences of human
exposures to some identified potentid hazard.
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2.0 BACKGROUND

Hdifax Harbour currently receives more than 150 million litres of untreated sewage effluent per day from the
metropolitan area through approximately 40 sewer outfals. The discharge of raw sawage and surface runoff into
Halifax Harbour has €l evated the concentration of pathogenic microorganismsand chemical compoundsin harbour
waters. Public hedlthis a concern due to exposures to pathogens through direct contact (recreationd use of the
harbour), inhaation of vapours from sewage effluent, and through ingestion of marine organiams, such as shdllfish
and crustaceans, which may be harvested in the harbour.

In order to limit the volume of untrested sawage entering the harbour, HRM has proposed the congtruction of up
to four STPsin the Hdifax-Dartmouth area.

2.1 Previous Human Health Risk Assessment (1992)

In 1992, Hdifax Harbour Cleanup Inc. (HHCI) was commissioned to develop a regiond sewage treatment
grategy. HHCI proposed to construct one STP on an artificid idand at the north end of McNab's Idand, in
HalifaxHarbour. Aspart of thejoint federa/provincia environmental assessment conducted for the HHCI project,
ahuman hedlth risk assessment was conducted to assess potential risks to human receptors.

The focus of the previous risk assessment, conducted by Bio-Response Systems Ltd. and JWEL, (1992), wason
potential human health effects from microbiologica pathogenic organisms, trace dements, and organic chemica
compounds, for three primary harbour usages:.

C recreationa use in which people are in direct contact with water;
C consumption of shdllfish; and
C consumption of lobster.

Excerpts related to the toxicity of pathogens are presented in Appendix B.

Potentia impacts were evauated in relaion to the existing and acceptabl e risks as established in health guiddines
and other risk assessment sudies. Risks were ranked according the following criteria

C A dgnificant impact: defined as one that increases the risks to human hedlth beyond acceptable levels;

C An inggnificant risk: defined as one that increases risk to human health beyond existing risks but not
beyond acceptable risks; and

C A positive effect: defined as one that has the potentia to reduce exigting risk to human hedlth.
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The study concluded that the proposed primary sawage trestment, coupled with source control and monitoring,
would provide an effective method for managing potentia risks to humans from contaminants and pathogens
entering Halifax Harbour from the current sewer discharges.

2.2 Current Study

On May 30, 2000, a Request for Proposals (RFP) was issued by HRM for a public-private partnership for the
HHSP including the design, congtruction and commissioning of sewage collection and trestment facilities as well
as dudge handling and management systems. Conceptua plans of the sewage collection and treatment system and
other related drawings included in the RFP are provided in Appendix A.

2.2.1 Outfall and STP Siting Criteria

The location of the proposed sawage trestment facilities is in part dependent on the location of sdlected outfalls.
Finding acceptablelocationsfor these outfallswas consdered critica to minimizing potential environmenta impacts
to Haifax Harbour and maximizing the effectiveness of the proposed sysem. Significant outfall placement
congderationsincluded the following:

C Incorporation of the principle of “containment” of potentia environmentd effects to the area of the Inner
Harbour dready affected by current discharges.

C No outfal in Bedford Basin due to concerns with assmilative capacity of these receiving waters (must be
south of the MacDonad Bridge).

C No outfdl in the area of the Northwest Arm due to the significant recreationd use in the area.

C Optimize conditions to include sufficient depth (>20 m) and strong currents to promote mixing and
disoersgon, aswell asthe provison for an engineered diffuson system to maximize effluent disperson.

C The proposed outfall locations should be sited to reduce conflicts with anchorages and recrestiond
beaches.

2.2.2 Proposed Collector Sewers

A system of new collector sewersis proposed to be built to intercept sewage flows currently discharging untreeted
into Haifax Harbour. These flows will be conveyed to up to four proposed STP locations. The collection system
will be gpproximatdy 14 km in length and will include approximately nine mgjor pumping stations.

Project No. 13960-6029 C Screening Level Health Risk Assessment C April 24, 2001 Page 5



2.2.3 Proposed Sewage Treatment Plants

The proposed STPs will include advanced primary leve of treetment asaminimum, and will dsoinclude ultraviolet
(UV) dignfection of theeffluent prior tofind discharge. NSDEL hasestablished treatment criteriafor effluent qudity
from the STPs. These criteriainclude: fecd coliforms of less than 5000/100 mL; Biologicd Oxygen Demand
(BOD) of 50 mg/L; and suspended solids (SS) of 40 mg/L. The STPs must also be designed to provide for
possible future expanson and possible upgrades to secondary treatment. Each of the STPs must be totally
enclosed, under negative pressure, to provide noise and odour control. The odour control system will be designed
and operated to ensure that no odours are detectable at the STP property boundary.

2.2.4 Proposed Sludge Management Operations

All STPs must be designed to include enclosed ondite dudge dewatering. Dewatered dudge is intended to be
collected and transported by trucks to a central facility for stabilization, treatment and possible composting in
preparationfor environmentally beneficid end use. The specific natureand location of thisfacility will be determined
when a successful proponent is chosen by HRM. The specific design details will not be known until thistime.

2.25 Impact on Exigting Treatment Facilities

Thetwo exiging STPs on Halifax Harbour (Mill Cove and Eastern Passage) are not expected to be affected by
the scope of the project. The exigting piping systems will be joined to a new collection infragtructure. There will
be no decommissioning of exigting collection systems. Some existing outfallsmay continueto be used as combined
sewer overflows after they are upgraded to include screening.

2.3 Community ConcerngSummary of Key Issues

As part of the most recent discussions on sawage trestment in Haifax Harbour, public information sessons were
held a a number of locations in Haifax and Dartmouth. During these sessions anumber of concernswere raised
by local residents regarding the potentia hedlth effects of the proposed STPs adjacent to residentia properties.

These concernsweresummarized inavariety of correspondence and briefing materid sto government officidsfrom
local residents groups. In generd, the comments of the residents, can be categorized into three main concerns.

C exposures and hedth impacts from airborne emissons from the STPs;
C exposures and hedth impacts from waterborne and sediment contaminants through recregtiona water
contact and through consumption of lobster harvested from Haifax Harbour; and
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C potential exposures and hedth effects from the offste management of sawage dudge.

This SLRA is intended to evduate these concerns by utilizing a quditative risk assessment gpproach to identify
potentia risksto human receptorsfrom air emissons, exposure to harbour water and sediments (indirectly through
ingestion of shellfish and crustaceans), and sewage dudges. The context of thisreview isto evauate generic public
hedlth concerns that would be common to al proposed Sites, and not strictly with regard to any particular Ste.
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3.0 RISK ASSESSMENT METHODOLOGY

The risk assessment gpproach has become an accepted tool to evauate potentia impacts of proposed activities
on identified human receptors.

The risk assessment processtypicaly containsfour main components. hazard identification; receptor identification;
exposure assessment; and risk characterization. The SLRA gpproach utilized in this report follows the following
methodology:

C Hazard Identification - Identification of the environmental or Elements of Risk
biologica hazards that may pose a hedth risk (e.g. chemicals
or biologica pathogens). Thechemica hazardsto bereviewed
are generdly based on the results of field testing programs and
an understanding of the toxicology of the chemicasof concern
(COC).

C Receptor Identification - Identification of the human and other
organisms that may be exposed to the above hazard(s). A
receptor survey is generdly carried out to identify the most
sengitive receptors for the hazards identified at the Site.

C Exposure Assessment - Thisinvolves a quditative or quantitative evauation of the likelihood or degreeto
which the receptors will be exposed to the hazard. For the exposure assessment, all potentia exposure
pathways are identified for each hazard-receptor combination. From thislist, aquaitative assessment of
the likelihood of exposure can be made for each receptor- pathway combination. Those pathways with
the highest likelihood of exposure (and thus with the highest likelihood to contribute a hedlth risk) are
recommended for elther further assessment or risk management.

C Risk Characterization - Qudlitative assessment of the actud hedlth risk of each hazard to each receptor,
based on the anticipated degree of exposure.

Uncertainty assessment is then performed to qudlitatively assess the uncertainty associated with therisk estimation.
All asssumptions utilized and al uncertainties encountered in the study are described with an assessment of their
acceptability. Detalls of the SLRA methodology developed by JWEL and used in this evauation is presented in
Appendix C .
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3.1 Hazard Identification
3.1.1 Biological Hazardsand Chemicalsof Concern

Withthe exception of potentia exposureto volatile organic compounds (V OCs), the potentia pathogensand other
chemicals of concernin domestic sewage and the associated hazards of exposure to these have been well defined
in previous reports (Land and Sea, 1991; Bio-Response Systems Ltd. and JWEL, 1992; SNC Lavalin, 1999;
Coastal Ocean Associates Inc., 1999). A summary of these hazards as follows:

C Bacteria: Campylobacter spp., enteropathogenic Escherichia coli, Proteus spp., Pseudomonas
aeruginosa, Salmonella spp., Shigdla spp., Staphylococcus spp., Vibrio cholerae, and Yersinia
enterocolitica;

C Viruses: Adenoviruses, coxcackieviruses, echoviruses, hepatitis A virus, non-A, non-B hepatitis virus,
Norwalk virus, poliovirusis, reoviruses, and rotaviruses,

C Protozoa: Entamoeba hystolytica and Giardia lamblia;

C M etals: includes those expected to be identified dissolved in sawage, such as cadmium, nickel, copper,
lead and zinc. Additiond metals which may be present include: duminum, arsenic, barium, boron,
chromium, iron, manganese, mercury, molybdenum, slenium, silver, strontium;

C Volatile Organic Compounds (VOCs): sudiesof STPsin other jurisdictionshaveidentified thefollowing
VOCs which may result from STP operations. acetone, benzene, chloroform, dichloromethane or
Methylene Chloride (MC), tetrachloroethylene (Perc), toluene, trichloroethylene (TCE) 1,11,
Trichloroethane (TCA); and

C Other contaminants: polycyclic aromatic hydrocarbons (PAHS), polychlorinated biphenyls (PCBs),
petroleum hydrocarbons (TPH).

The assumed discharges and distribution of these chemicals and biological contaminants varies widdy throughout
the harbour. Analytical datacollected from previous characterization studies are presented in Appendix D and the
concentrations of selected hazards have been predicted using oceanographic modeing (Coasta Ocean Associates
Inc., 1999). In order to account for potential VOCs present in the untreated sewage influent, specific VOC
concentrations have been assumed based on other studies of municipal wastewater characteristics in other
jurisdictions (Zhu et al., 1999).

Toxicity summaries of each of the chemicad and biologica hazards are presented in Appendix E.
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3.1.2 Propertiesand Toxicity of |dentified Contaminants of Concern

Depending on their physica and chemica properties, the contaminants and pathogens of concern may be present
in one or more media (air, water, sediment or organismtissues). Appendix E identifiesthe expected mediawhere
each identified substance could potentialy be present, the likely exposure route, and the potentia toxic effectsfor
human receptors.

3.2 Receptor Identification

The potentia human “receptors’, or people which may be most affected by the potentid hazards identified in the
study induded the following:

C adult and child residents in the vicinity of the STPs;,
C harbour related recreationd users (i.e. divers, swimmers, boaters, etc.); and
C adults and children consuming shellfish and crustaceans harvested from Halifax Harbour.

For the purpose of this SLRA, the potentia receptors are characterized as an adult or child with no extreme
sengtivities

Adult employees at the STPs were not specifically assessed as part of thisstudy. It isassumed that the hedth and
safety of workerswill be addressed by operationa procedures established for the facility and managed according
to relevant occupationd hedth and safety legidation and guideines.

3.3 EXxposure Assessment

The exposure assessment evaluates the likelihood that the potential receptors can come into contact with the
identified hazards. The likelihood of exposure is determined through consideration of the properties of individua
contaminants which control chemica mohility, and the various pathways through which the hazard could moveto
contact the receptor, or through which the receptor could moveto contact with the hazard. The exposureanadysis
aso consders the possible contact mechanisms through which a hazard can be introduced to a human receptor
(i.e., ingestion, derma contact, inhdation).

3.3.1 Potential Transport Pathways

The principa pathways through which theidentified environmenta hazards cantypicaly contact one or more of the
potentia receptors include the following:

C direct contact (with sediment or water);

C trangport in marine surface weter;
C arborne trangport (as dust or a vapour) and
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C uptake into biologicd tissue (shellfish and crustaceans).

3.3.2 Potential Exposure Mechanisms

The mechanisms by which receptors typicaly become exposed to these potentid hazards include:
inhaation of vapours and particulates,

direct ingestion of impacted sediment or water;

indirect ingestion by ingestion of contaminated biota (i.e., shdllfish and crustaceans); and
dermal contact.

D OO OO

Congderation of potentid trangport pathways and exposure mechanisms for the HHSP have been considered in
the development of potential exposure scenarios for human receptors (Table 3.1). Based on the likelihood of
exposure, judtification is provided in Table 3.1 for the sdlection of the following three risk pathways for further
evauation in this SLRA:

C derma contact with harbour water;
C ingestion of shdl fish/crustaceans, and
C inhaation of VOCs (outdoor air).

Table3.1 Potential Exposure Scenarios - Human Receptors

Carried
oo Likelihood of | Forward for e
Exposur e Pathway Description Justification
Exposure Further
Analysis?

The only identified receptor which may bein direct
contact with harbour sediment is the recreational adult
diver/swimmer. Given the depth of the harbour, the
limited amount of sediment at shallow depths, the
Unlikely No average temperature of the harbour water
(necessitating the use of a‘wet-suit’ or ‘dry-suit’ with
protective hand covering), long-term exposure to the
sediments is not expected to be a significant pathway
and has not been further assessed.

lngestion/derma] contact with
ontaminated sediments

The only identified receptor which may bein direct
contact with harbour water is the recreational adult

Il ngestion of harbour water Unlikely No diver/swimmer. Significant ingestion of marine water
is not expected to be a significant pathway and has
not ben further assessed.

Recreational use of the harbour may result in exposure

ermal contact with harbour water Possible Yes by human receptors to harbour water (diving, sailing,
swimming, etc.)
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Exposur e Pathway Description

Likelihood of
Exposure

Carried
Forward for
Further
Analysis?

Justification

Harvesting of shellfish and crustaceans occursin
various areas of Halifax Harbour. Human receptors

Il ngestion of shellfish/crustaceans Possible Yes i . . .
may ingest potentially contaminated shellfish and/or
crustaceans.
Sewage related VOCs may be emitted from the STP
lnhalation of VOCs (outdoor air) Possible Yes and may migrate to adjacent p.ropertles. On-§|te and
off-site human receptors may inhale vapoursin
outdoor air.
Sewage related VOCs may be emitted from the STP
and may migrate to outdoor air at adjacent properties.
Iinhalation of VOCs (indoor air) Very Unlikely No However, significant infiltration is not expected
between outdoor and indoor air. Outdoor air would be
considered a more significant exposure pathway
) ) Areawould be blocked from public access while
irect contact with sludge as a ) ) . .
) i Unlikely No cleanup is ongoing. Proper cleanup after the incident
esult of atraffic accident .
would eliminate any unacceptable exposure.
\V OC emissions from sludge Possible No VOC exposures from plant emissions considered a
freatment facility (outdoor air) more significant pathway (already considered).
. No incidents of pathogen related illness has been
| nhalation of pathogens through i . . - o
. Unlikely No reported from the operation of existing facilities within
utdoor air
HRM.
irect contact with . - .
hemical§/oathoaens from Compost quality guidelines have been established for
P g Unlikely No acceptable levels of chemical and biological

omposted sludge used on
esidential properties

compounds in treated compost.

3.4 Risk Characterization

Using ste-specific information, the qualitative risk andys's was performed for the contaminants and pathogens of
concern as identified in Section 3.1 of this report based on the exposure scenarios involving airborne VOCs,
waterborne contaminants and pathogens and sewage dudge. No unacceptable exposures are expected from the
proposed dudge management options due to regulaory approva requirements and compost qudity restrictions

(refer to Section 6.0).

The exposure scenarios which were considered most relevant for this study were the following:

C Off-gte adult and child residents in contact with vapoursin the outdoor air resulting from STP operations.
Adults and children may inhale the vapours,
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Off-gte adult recregtiond users swinvsail/dive in Halifax Harbour. Adult recreationd users are exposed
to potentia contaminantsand pathogensthrough dermal contact of marinewater containing sewage effluent.

Off-gte adults and children ingest shellfish and/or crustaceans that were harvested in Halifax Harbour.
Adults and children may ingest potentid contaminants which have accumulated in these organisms from
exposure to contaminated sediment and surface water.
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40 AIRBORNE CONTAMINANTSAND PATHOGENS
4.1 Current Exposures

JWEL has identified the potentid for VOCs to be present in wastewater effluent. Currently, over 40 outfals
discharge untreated sewage to Halifax Harbour. These outfdls are located in close proximity to residentia and
recregtiona areas dong the Hdifax and Dartmouth waterfronts. Consequently a broad cross section of the
population is exposed to untreated VOC emissions from many of these outfdls.

4.2 ldentification of Potential Air Contaminants from STPs

Municipa wastewater treatment plantsin generd emit low levels of VOCs that may be found intheinfluent. Due
to the potentid for influents to occasondly contain smdl quantities of chemicds from commercid and industrid
sources and theidentified concerns of locad resdents, theair pathway requires somelevel of quantitative evauation
inthisSLRA.

Studies have indicated that any hazardous ar pollutants emitted from STPs are likdly to be in the form of VOCs.
However, VOCs were not included in the testing parameters of the wastewater characterization study which was
undertaken for the Harbour Solutions Project in 1999 (SNC, 1999). In order to account for and evaluate the
potentid air quality impacts from VOC emissons, a number of technica paperswere reviewed which identified a
variety of VOC compounds commonly found in municipa wastewater influents. The list of compounds eva uated
in this sudy indude the fallowing:

C Acetone C Benzene

C Toluene C 1,1,1, Trichloroethane (TCA)
C Dichloromethane (Methylene Chloride, MC) C Trichloroethylene (TCE)

C Tetrachloroethylene (Perc) C Chloroform

Thelist of VOCs identified above has been compiled from published information collected from other studies of
sewage treatment plants and are generdly representative of municipa treatment plant influents. Other specific
chemicas have not been considered due to lack of data or their low frequency of occurrence.

421 Moddled Scenarios

Based on the quditative exposure evauation completed in Section 3.3, it is expected that the most likely hazard
for resdentsfrom a proposed trestment plant would be in the form of exposure to VOCs viainhdation of outdoor
ar. In order to eva uate these potential exposures, WEL has undertaken air digpersion moddling to determine the
relaionship between the potentia releases from an STP to the exposure of residents in the adjacent
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neighbourhoods. This relaionship is then used to evauate the safety of forecast emissions, and, if required, to
provide suggested operating guidance to ensure that safe levels of emissions are maintained.

It isacknowledged that in many cases VVOCs can partition or become attached to solid particlesin wastewater and
be carried with the solidsto dudge treatment facilities. It isa so acknowledged that VV OCs have been reported from
dudge treatment facilities. However, VOCs are generaly destroyed during the composting process, and because
any proposed dudge trestment facility would also have to meet the separation distances established by NSDEL,
itisvery unlikely that \VOC generation from such facilitieswould result in airborne concentrations gregter than those
generated from the sewage treatment plant site. ThisVVOC exposure scenario at dudge treatment facilitieshasthus
not been sdected for further evauation.

4.2.2 Air Quality Standards

Nova Scotia has not developed air quality standards for the VOCs under consideration, therefore JWEL has
sel ected the regulated limits of the Province of Ontario (MOE, 1992). Thesearein theform of one-half hour Point
of Impingement Standards. The standards used in this assessment are primarily health-based; that is, the limitsare
deemed to represent levelsthat are protective of the generd population.

4.2.3 Moddling Tools

JWEL has undertaken quantitative air disperson modeling using the ISC3 model (Industria Source Complex -
Verson3). Thismode isrecommended by the United States Environmenta Protection Agency (USEPA) and has
ben endorsed for usein modeing air emissionsby numerous regulatory authoritiesin Canadaincluding the NSDEL .
The model is used to predict the dispersion of pollutants from sources in the atmosphere using local weather
information and the well-accepted “ Gaussan” formulation for disperson models.

V OCs are discharged from apoint source and travel with wind speed, dispersing both laterdly and verticaly. The
turbulence of the atmosphereisreflected in the parameters of the norma distribution that the VOC concentrations
follow in the horizonta and verticad dimensons.

The modd smulates the dispersion for each hour of weether dataprovided. For thisstudy, five years of datawere
evauated, thereforethemodel smulated over 40,000 concentrationsat various points. In each of the 40,000 cases
the concentration were predicted at 400 data points in the vicinity of a hypothetical sewage trestment plant.
Meteorologica data inputs to the modd include wind speed, direction, temperature, atmospheric stability, and
mixing height. The mode was used together with the assumed VOC emissons rates to complete the andyss.

4.2.4 Methodology and Mode Input Data

Because the STP design hasnot yet been findized, WEL has made anumber of assumptionsregarding the specific
exposures and pathway scenarios for the emission of VOCs from an operating facility. In this case, conservetive
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assumptions can be made about the likely configuration and dimensions of the proposed plant as well as the
transport mechanisms to assst in the evauation. These assumptions are presented in Table 4.1.

For thisevauation, WEL has used the results of the | SC3 model to determine the contaminant emisson ratesfrom
the plant that would cause an exceedence of the air quaity objectives at the plant boundaries. These maximum
dlowable emissons were then compared to unmitigeted emission rates prorated from influent concentrations
measured at other facilities (Zhu et al.,1999).

Atmospheric data input for the modd has been sdlected from representative data collected at the Haifax
Internationd Airport by Environment Canada. Although the Shearwater weether sation is physicaly closer tothe
Project Sites, thiswegther station has operated intermittently over the past severa years, resultingin datagaps. The

high qudity data set for Hdifax Airport is sufficiently representative for this analyss.

Table4.1 Evaluation of Assumptionsused for Air Dispersion Model
Risk Analysis Study Factor/ Justification AnalysisLikely Acceptable
Assumption to Over/Under Awmp“on?
Estimate Risk
Facility Length= 50 metres These assumptions represent the minimum physical
Facility Width = 50 metres dimensions required to house the facility based on Neutral Yes
Facility Height = 10 metres maximum anticipated flow rates.
Stack Height = 5 metresabove | A nominal stack height was used for the purposes of
the top of the building this analysis as the specific plant construction
details were not available. This scenario represents i
) ) Over-estimate Yes
the worst case for low stack heights (<2x height of
STP building) as it is anticipated that air emissions
will be emitted by vent at roof level, rather than stack.
Surface area of primary | Estimated surface area based on existing facilities Neutral Yes
treatment vessel = 1440 m? with similar flow rates.
Surface Area of Disinfection | Estimated surface area based on other existing
. - e Neutral Yes
unit 5 m? facilities with similar flow rates.
Influent Flow Rate = 5.0 m¥/s Based on average daily influent flow rates for the .
Over-Estimate Yes
year 2000.
VOC removal efficiency of air | Details of the scrubber system were not available at
scrubber the time of this analysis. Efficiencies may vary with
scrubber media, design and operating conditions. Over-Estimate Yes
This assumption represents the worst case
scenario.
Evaluation of Exposure to Thisisthe standard number used to site facilitiesin
modified 24 hr Point of Ontairo and has been endorsed by NSDEL N/A Yes
Impingement criteriafrom
MOE

Project No. 13960-6029 C Screening Level Health Risk Assessment C April 24, 2001

Page 16




425 Modeling Results
The results of the quantitative modeling indicate the following:

C The ISC 3 Mode has been used to predict “dlowable’” emission rates for sdected VOCs from a point
source (one of the proposed STPs) such that the Ontario air quality standards would not be exceeded in
the surrounding community.

C Emissonrateswere predicted for VOCsto be generated above primary treatment tanks at typical sewage
trestment plants. These emission rateswere cal culated by prorating measured flow and emisson ratesfrom
exiging trestment plants to predicted inflow rates for the Haifax STPs.

C The caculated “maximum alowable’ emission rates were then compared to the predicted emission rates
froman STP as proposed. This andyssindicates that the predicted VOC emission rates from the Haifax
STPsaresgnificantly lower than the maximum alowable emission rates cal cul ated by themodd (see Table
4.2).

C The1SC 3modéd predicted VVOC concentrationswould decrease rapidly with distance from the proposed
STPs.

C The highest levels predicted were within 150 metres from the facility.

C Thisanalyssindicatesthat the highest exposure concentrations at the property boundary would not exceed
MOE criteriafor the specified VOCs of concern.

C The predicted emisson rates and maximum alowable emisson rates for selected VOCs are provided in
Table 4.2. for comparison.
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Table4.2 Maximum Allowable VOC Emission Rates At Source Compar ed to Acceptable Point
of Exposure Concentrations

Parameter Assumed Assumed Maximum 24 Hour Acceptable? Multiplication
Influent Unmitigated Allowable Ambient Air Concentration Factor to
Concentration Emission Emission Quality Does Not Exceed MOE
(mg/me)* (9/s) Rate Criteria Exceed MOE Criteria
(gls) (ng/md) Criteria
Acetone 24.08 0.120 347.8 48,000 Yes 2,898
Benzene 3.08 0.015 Pending Pending Yes n/a
Chloroform 252 0.013 36 500 Yes 277
Dichloromethane 371 0.019 12.8 1,765 Yes 674
(MC)
Tetrachlorethyle 4.66 0.023 29.0 4,000 Yes 1,260
ne (Perc)
Toluene 7.14 0.036 145 2,000 Yes 403
Trichloroethylen 1.62 0.008 202.9 28,000 Yes 25,363
e (TCE)
Trichloroethane 0.44 0.002 833.3 115,000 Yes 416,650
(TCA)

* Prorated from concentrations and flowrates from measure concentrations above dissolved air flotation (DAF) treatment units
at other treatment municipal waste treatment plants with industrial discharges (Zhuet al., 1999).

4.3 Conclusions and Risk Characterization from Airborne VOCs

VOCs measured from other sewage treatment plants are released to the atmosphere primarily through the
agitation/aeration systems used to floccul ate suspended particles and/or to provide a mechaniam for oxidation of
organics contaminantsin thewastewater. Inthis case, the STPs proposed for the HHSP utilize advanced primary
treatment which includes solidsremova and gravity separation. Thedissolved air flotation and other forced aeration
systems are not expected to be present, and thus the emission rates from the proposed STPs are expected to be
sgnificantly lower than emisson rates developed for thisandysis.

VOC emission rates have been caculated using the 1ISC3 modd to identify alowable emisson rates. These have
then been compared to anticipated emission rates from the proposed STPs. The analysis has indicated that
expected emissonswould haveto be 277 times greater to exceed the chloroform criteria, and asmuch as417,000
timesgreater to exceed the air qudity objectivefor TCA. Thisresult indicates that the proposed treatment plants
will adequatdly attain the Ontario Standards.

Itisanticipated that the design of thefacility will be enclosed under negativeair pressure, and will incorporate awet
ar scrubbing system to control odours and remove VOCs from the air stream.  Scrubber systems can achieve up
to 99 percent reduction of VOC emissions, thereby providing an additiond margin of safety for the surrounding
community.
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5.0 WATERBORNE CONTAMINANTSAND PATHOGENS
5.1 Identification of Potential Human Exposuresto Water bor ne Contaminants

Previous risk assessments (Bio-Response Systems Ltd. and JWEL, 1992) have identified that waterborne
contaminants and pathogens from untreated sewage being discharged into Halifax Harbour are asignificant public
hedlth hazard. The previous assessment focused on areview of recreationa exposures and indirect contact with
contaminants viaingestion of contaminated shdlfish and crustaceans.

The exposure assessment component of thisreport hasal so i dentified human exposuresto waterborne contaminants
and pathogensassgnificant. Thesgnificant potentia pathwaysidentified for waterborne contaminantsinclude the

fallowing:

C derma contact with harbour water through recreationa contacts (i.e., svimming, saling, SCUBA diving,
etc.); and

C ingestion of shellfish and crustaceans harvested from Halifax Harbour.

5.2 Predictive Modeling of Pathogen Distributionsin Halifax Har bour

Modding and prediction of faecal coliform concentrationsin harbour water has been undertaken by Coastal Ocean
Associates for the environmenta assessment. A comparison between untreated 1991 conditions and those
predicted for theyear 2041 (untrested) showsan increasein the aereal extent and concentration of bacteria loading
in the harbour as the predicted volume of discharge increases over thistime period (Figure 5.1).

Fgure 5.2 compares the predicted 2041 conditions with and without the proposed treatment program. These
modding results predict asignificant decreasein feaca coliform concentrations with the proposed use of advanced
primary trestment and UV disinfection.

5.3 Risk Characterization from Water bor ne Contaminants and Pathogens

The following section provides a discussion about the sgnificance of exigting and potentia future exposures to
waterborne contaminants and pathogens.
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5.3.1 Recreational Users

Faecal caliform is commonly used an indicator for regulatory purposes as a measure of sewage contamination in
water as wdl as the risk to humans through typica direct contact exposures such as svimming, diving or sailing
activities. High levels of coliform indicators have been detected in 88% of the waterborne disease outbregks in
North America(Mooreet al., 1994).

The recreational limit for faecal coliform bacteria for contact recreation is 200 coliform bacteria /100 mL.
Modeling has shown that these limits are cons stently exceeded in the Inner Harbour, the Northwest Arm and near
Herring Cove (Figure 5.1). It is predicted that the HHSP, which includes advanced primary trestment and UV
disnfection, will dramatically reduce the concentration of faeca coliform and associated pathogensin the harbour.
It is anticipated that post-treatment bacteria levels will be acceptable for contact recreation in most aress of the
harbour. Figure 5.2 indicates that without the Project, bacteria levels will continue to rise with increased future
flows.

Where chlorine has been used for disinfection, the reduction of coliform numbersto target limits provides sufficient
reductionto pathogens and virusesto prevent the transmission of communicabledisease. UV disinfection hasbeen
shown to achieve better virus inactivation than the comparable chlorine dose (Yip and Konasewick, 1972).

5.3.2 Consumption of Shellfish

5.3.2.1 Mollusks

The harbour is closed to harvesting of mollusks, therefore theoreticaly, there is no risk to humans under present
conditions. However, there have been cases of illness associated with the consumption of mollusks from Halifax
Harbour. At present thereis no indicator of pathogenic contamination of mollusks. Therefore, thereisarisk to
those that choose to ignore harvesting prohibition and to those that purchase (wholesale or retail) mollusks from
unknown suppliers.

As discussed above, modding shows areduction in faecal coliform bacteria concentration throughout the harbour
to levels well below the shelfish limit of 14 counts’100 mL with the proposed trestment system (COA, 2000)
(Figure5.1). However, faeca coliformscannot be used to quantify therisk of illnessfrom consumption of mollusks.
Only amonitoring program using adequate indicators will evaluate the potentid for harvesting and aquaculture in
some aress of the harbour.
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5.3.2.2 Lobster

The Human Hedlth Risk Assessment Component Study Report (Bio-Response Systems Ltd. and IWEL, 1992)
evaluatesin detal the dose-response for the consumption of lobster taken from Hdifax Harbour. The results of
that risk assessment concluded that consuming lobster hepatopancreas (commonly caled tomaley) presents a
higher risk for both PCBs and PAHs than consuming only lobster meat. The highest estimated contaminantslevels
for both meat and hepatopancreas from the consumption of lobsters are from those lobsterstaken from Dartmouth
Cove and Bedford Basin.

Consumption of only lobster meat does not exceed the acceptable levels of risk in any scenario condderedinthe
previous risk assessment (Bio-Response SystemsLtd. and WEL, 1992). Theconsumption of wholelobster (meat
and tomdley) taken from Dartmouth Cove, Bedford Basin and the Harbour mouth exceedsthe range of acceptable
risk with respect to PCB levels. The consumption of wholelobster taken from Dartmouth Cove and Bedford Basin
exceeds the range of acceptable risk with respect to carcinogenic PAH (CPAH) levels. Thisanalysisisbased on
a“Mogt Exposed Individua” who consumes lobster from Halifax Harbour as a significant portion of hisher diet.
The consumption of tomalley exceeds an acceptableleve of risk rangefor PCB and CPAH if it ismade exclusvely
from Dartmouth Cove lobgters; if made from Bedford Basin lobsters, the range for CPAH isexceeded. Thedata
and anaysis suggeststhat anyonewith apersona concern of exposure to the compounds andyzed in the sudy can
sgnificantly reduce risk by avoiding consumption of lobster hepatopancreas (tomdly).

The mode predictions show a 25 percent reduction in metals discharge due to primary trestment. However, no
analysis was undertaken for PCBs or PAHs. These organic contaminants will be largely adsorbed onto organic
and particulate matter rather thanin adissolved state. Theremova efficiency of total suspended solidsis predicted
to be gpproximately 75 percent. Therefore, asignificant reduction of PCB and PAH loadings to the harbour is
anticipated. Over the long term, contaminant uptake by lobstersislikely to reduce in areas outside the zones of
influence of settleable solids from the four outfals. There is expected to be an overal long term reduction in
contaminant uptake by harbour lobster and a consequent reduction in risk to humans who consume them.
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6.0 SEWAGE SLUDGE MANAGEMENT

Resdents have expressed concern about hedth effects from potentiad exposure to unstabilized sewage dudge,
including transportation of that dudge to a management facility and exposures from treated dudges.

6.1 Current Sewage Sludge Composting Activitiesin Nova Scotia

Composting of municipa sewage dudge is currently undertaken at severd facilities in Nova Scotia, including
Colchegter, Pictou and Lunenburg Counties. In addition, there are severd other composting facilitieswhich collect
and compogt anima manure (NSDEL, 2000). It is understood that these existing compost facilities would not be
used to process the sewage d udge which would be collected from the proposed STPs. A new dudge management
facility is expected to be congtructed in the HRM area which would be constructed and operated in accordance
with al gpplicable provincid and federd guiddines.

6.2 Composting Guidelines

The CCME have developed Guidelines for Compost Quality (1996). Compost must meet al criteria as
established for foreign matter, maturity, pathogens and trace eements. Testing of compost is required for every
1000 tonnes of compost produced or every three months. The guiddines have dso established minimum testing
procedures.

According to the Solid Waste Resour ce Management Regulations and Section 26 of the Activity Designation
Regulations made under the Nova Scotia Environment Act, a regulatory approvd is required in order to
condruct, expand or modify an industrial composting facility or afacility which can process more than sixty cubic
metres annually of finished compost. All zoning requirements and municipa bylaws must be satisfied prior to
congtruction or modification of such a facility. NSDEL has also developed operating guidelines for composting
fadlitiesin Nova Scotia. The Composting Facility Guidelines (NSDOE, 1998) outline the requirements for
congtructionand operation of acompost facility in Nova Scotiaaswell asincorporate the CCME compost quality
criteria

According to these Composting Facility Guidelines, dl composting facilitiesare required to include the following
components and specifications.

C Impermesble pads for receiving and tipping areas including enclosed structures.

C Containment systems for the actua composting and curing areas must including drainage control and
leachate collection and treatment.
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C Specific leachate management systems must be designed to collect, monitor, control and treet |eachate.

C Discharge standards for liquid effluents from composting facilities must meet background water quaity in
the recalving water body and the Canadian Water Quality Guidelines. Effluentsmust not belethd tofish
as required by the Section 34 of the Fisheries Act.

C Facilities are required to develop and submit surface water management plansincluding a comprehensive
monitoring program.

C Groundwater monitoring plansare required to beimplemented and must remain in force throughout the life-
cyde of thefadility. Groundwater monitoring must include background and down gradient groundwater
sampling in close proximity to operating areas to ensure early detection of contaminant migration laterdly
or verticdly.

C Odours must be controlled as a condition of approva of al composting facilities. Handling areas must be
enclosed and operate under negative atmospheric pressure in order to avoid the escape of odours.
Ventilation systems must incorporate trestment systems.

C Separation distances are imposed on composting facilities. Separation distances required by the operating
gpprovas are asfollows.

Resdentid or Indtitutiona Buildings 500 metres
Commercid or indugtrid buildings 250 metres
Property Boundaries 100 metres
Property Boundaries (engineered facilities)* 30 metres
Watercourses (fresh water or marine) 30 metres

*Note: Any modification of separation distanceswill only be permitted with the written consent of all adjacent property owners.

Feedstocks are aso restricted by the approval. All facilities are required to prepare and implement emergency
response plansto deal with reasonably foreseeable emergenciesincluding fires, explosions, leachate leaks or spills.

6.3 Risk Characterization for Exposures from Sludge Management Activities
Sewage dudge fromother exising HRM facilities, aswell asfrom domestic sourcesisroutindy transported in and

around urban areas of HRM without incident to the dudge lagoon at Aerotech Park for treatment and disposal.
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N o unacceptabl erisksto human receptors are expected from the exposure to sewage d udge management activities
due to the following:

C The composting facility where the dudge will be disposed of must meet the required Conditions of
Approvd interms of gting, containment, odour management, leachate testing, distance to off-gte human
receptors, etc. as defined by CCME and NSDEL.

C Workerswho arein direct contact with the dudgewill berequired to wear persond protective equipment
to minimize exposure. Details of required equipment are expected to be described in a hedth and safety
plan for each STP.

C Prior to remova for offsite applications, the dudge is required to be analysed for various disposa

parameters (including metds and pathogens), and any dudge in excess of these concentrations will not be
accepted.

C Trangportation of the sewage dudge from the STP is to be undertaken with appropriate equipment and
containment of the materid to prevent leakage. Using sealed containerswill act to minimize odour migration
during dudge transfer from the STP to the collection truck. If a spill were to occur, an  Emergency
Response Plan would be activated. 1n an extreme case, residentswould be evacuated. The residuewould
likely be removed by using high-pressure wash water systems and effluentswould be collected or directed
back to the STP. Unacceptable risks are therefore not expected as a result of sewage dudge handling.
Sewage dudge is currently trangported in and around urban areas of HRM from existing STPs and
domestic sources to the dudge management facility a Aerotech Park.
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7.0 SCREENING LEVEL RISK ASSESSMENT RESULTS

The results of the screening level risk assessment are summarized in Table 7.1.

Table7.1

Screening Level Risk Assessment Results

Exposure Scenario

Current Effects

Effects- Post Treatment

Overall Impact to Human
Health

Airborne
Contaminants (via
outdoor air)

Airborne contaminants
partition to air from sewage
effluent at the current 40+
outfalls, many of which are
located near residential and
recreational areas

Anticipated levels of
contaminants emitted from STPs
are very low and below
Guideline limits.

Net improvement due to
reduction in airborne
emissions compared with
current situations.
Emissions from STPs will
not exceed health related
criteria. Scrubberswill
provide added level of
contaminant removal.

Waterborne
contaminants/pathog
ens (viadirect contact
with harbour water)

Recreational harbour users
(diving, swimming, sailing, etc)
may be exposed through
dermal contact with
contaminants and pathogens

Sewage treatment will decrease
the overall contaminant and
pathogen concentrationsin the
harbour water.

Net improvement due to
lower contaminant/
pathogen concentrations
which may decrease the
potential for illness
associated with exposure.

Ingestion of tainted
shellfish and
crustaceans from
pathogensin water
and sediment in
Halifax Harbour

No significant effect on
current consumers of shellfish
as the harbour is closed to
shellfish harvesting due to
high faecal coliform
concentrations. Pathogensin
crustaceans are killed by
proper cooking methods.

Lower pathogenic discharges
and potential uptake by food
species.

Net improvement due to
fewer pathogens, better
water quality, improved
quality of shellfish and

crustaceans.

Ingestion of tainted
shellfish and
crustaceans from
chemical
contaminationin
Halifax Harbour water
and sediment
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Many of the contaminantsin
the sediment may concentrate
in organisms which arein
direct contact with the
contaminated media. People
ingesting the ‘fatty’ tissue or
detoxifying organs (i.e.,
lobster tomalley) of these
organisms may ingest any
contaminants which have
accumulated in these
organisms.

Given that many of the
contaminants are persistent and
bioaccumulative, there may be
little or no short-term
improvement in contaminant
concentrations in shellfish or
crustaceans. Inthelong-term, a
decrease in contaminant loading
into the harbour will decrease
overall water and sediment
contaminant concentrations
available for uptake, and lower
contaminant concentrations will
be expected in future
generations of these organisms.

Net long-term improvement
dueto reductionin
persistent contaminants
taken up by food species.
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Table7.1

Screening Level Risk Assessment Results

Exposur e Scenario

Current Effects

Effects- Post Treatment

Overall Impact to Human
Health

Exposure to sewage
sludge

Untreated sewage is currently
discharged directly into Halifax
Harbour including floatables
and other solids

Sewage sludge will be generated
through the removal of solidsin
the treatment process. Sludge
stabilization at the STP will kill
most pathogens. Sludge will be
further processed at a
composting facility that is
operated according to provincial
regulations and will be tested to
ensure that the quality of the
composed sludge is acceptable
for intended end use including
potential use at residential
properties.

Net improvement compared
with current situation
whereby sludge will be
managed to ensure there
are no unacceptable
exposures/risks to
potential receptors.

In generd, thereisexpected to bean overadl improvement inthe water quaity, sediment qudity, and air qudity due
to the HHSP resulting in decreased hedl th risk from human exposuresthrough direct contact, inhalation or ingestion
of organisms harvested from Hdifax Harbour. The proposed sewage treatment project will provide a proven
means for HRM to reduce risks associated with existing exposure to untreated sewage.
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8.0 UNCERTAINTY ANALYSIS

Risk estimates normally include an ement of uncertainty, and generadly these uncertainties are addressed by
incorporating overly consarvative assumptionsin the anadlyss. Asaresult, risk assessments tend to overdate the
actud risk. Although many factors are consdered in preparation of arisk andyss, andysis results are generaly
only sengtive to very few of these factors. The uncertainty andyssisincluded to demondrate that assumptions
used are consarvative, or that the andysis result is not senstive to this assumption.

A risk assessment containing a high degree of confidence will be based on:

C conditions where the problem is defined with a high level of certainty based on data and physca
observations,

C an acceptable and reasonable level of conservatism in assumptions which will ensure that risks are
overstated; or

C an gppreciaion of the bounds and limitations of the find solution.
The exposure assessment performed as part of this study was based on:

C available data to describe proposed sewage treatment Strategy;
C sound conservative assumptions for certain parameters, as required; and
C well-understood and generaly accepted methods for risk prediction.

Table 8.1 contains a summary of the assumptions used in this risk anayss, provides an evaudtion for each
assumption and an opinion as to whether the assumption is acceptable.
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Table8.1 Evaluation of Assumptionsin the Risk Analysis

Risk Analysis Justification AnalysisLikely Acceptable
Study Factor/Assumption to Over/Under Assumption?
Estimate Risk ?
No dataregarding VOC Study used V OCs measured above
contaminant concentrationsin dissolved air flotation systemsin STPs
sewage based on Halifax Harbour from other jurisdictions to assess likely
or Atlantic Canada data contaminant concentrations resulting from Neutral Yes
the HRM STPs. Thisdata has been
prorated according to the projected STP
flows.
Receptor/exposure characteristics Receptors selected for study were
are applicable considered to be the most significant from
an exposure perspective. All other )
i Over-estimate Yes
potential receptors were assumed to only
bein potential contact with sewage for
very limited periods of time.
Assumed that all sewagetreatment | Sincethisprojectisfederally and
operations and disposal would be provincially regulated, all applicable
conducted according to standard guidelines and regulations must be adhered Likely Ves
practices, guidelines and to in the design and operation of all Over-estimate
regulations aspects of the STP and sludge
management.
No information regarding the actual | Where possible, the SLRA assumed the
design of the STP building would be constructed similar to Likely
other STPs, with conservative assumptions . Yes
i i o Over-Estimate
regarding stack height and facility
dimensions.
Ultraviolet disinfectionisassumed | Most bacteriaand viruses require relatively
to remove alarge majority of low UV doses for inactivation. UV dose
pathogens .reqw rclemen.t for |n§ct|vat| on of pathogens, Over Esiimate Yes
including viruses, islessthan afactor of 5
greater than that required for FC (Sakamoto
1999).
No sludge management facility Facility must be built and operated in
design or location accordance with established standard.
Compost must meet national quality criteria n/a ves
prior to off-site use.
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9.0 CONCLUSIONS

Large volumes of untrested sawage are currently entering Haifax Harbour resulting in a contribution of inorganic,
organic and biologica waste. Thiswaste consists of pathogens and chemicas, which have a detrimenta impact
on water quaity, sediment qudity, and may be accumulated by aquatic organisms which inhabit Haifax Harbour
and are, or could potentialy be, harvested for food.

Airborne contaminants, in the form of VOCs, are currently released from sewage a outfdls. A smal amount of
these contaminants will be released from the STPs, however the concentrations will be very low and well below
guiddine limits developed to protect human hedlth.

Recreationa users of the harbour who are directly exposed to harbour water are currently at risk from sewage
related pathogens. Hedth risk from thistype of activity will be reduced due to a significant decrease in pathogens
and other contaminants related to sewage treatment.

The congtruction and operation of STPs are considered to be a positive step toward improving current human
exposures and associated hedlth risks from impacts to harbour water, sediment and ambient ar, as well as the
aquatic organisms which are, or could potentidly be a food source for humans. Immediate and significant
improvements will be redized as each of the four STPsis phased in over aten year period.

Although current concentrations of persstent and biocaccumulative contaminants will remain, the addition of new
contaminants will proceed at a significantly reduced rate. The benefit of sewage trestment must therefore be
regarded as a overdl sgnificant improvement to the current discharges of chemica and biologicad compounds
currently entering Halifax Harbour.

In generd, thereis expected to be an overal improvement inthe water quality, sediment qudity, and air quaity due
to the HHSP resulting in decreased hedlth risk from human exposuresthrough direct contact, inhal ation or ingestion
of organisms harvested from Halifax Harbour. The proposed sewage trestment project will provide a proven
means for HRM to reduce risks associated with existing exposure to untreated sewage.
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10.0 RECOMMENDATIONS

The following recommendations should beimplemented by HRM to verify the predictions of thisreport and ensure
that the proposed sawage collection trestment systems will operate in such as way to redlize an overal reduction
inrisk of exposure from sewage discharges to Haifax Harbour.

C Characterize sewage effluent for the presence and concentrations of VOCs to determine if these are
consstent with those assumed in this report.

C Review proposed building design and performance criteria for the proposed STPs to ensure they are
congstent with the assumptions of this assessment.

C Continue implementation of HRM source control programs to reduce potentia discharges of VOC and
other chemicd contaminants to Haifax Harbour.
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11.0 CLOSURE

The locations of potentia contaminant sources are based on availableinformation for the proposed systems. The
data and interpretations presented in this report are based solely on the reports prepared for the previous and
current Halifax Harbour sewage trestment studies.

Theresults of this sudy are based on our current understanding of environmental and/or human hedlth effects of
the hazards in question and the mechanisms of their exposure. This document evauates only the risks posed by
identified environmenta hazards.

Thiswork is specific to the sewage treatment strategy proposed by the Halifax Harbour Solutions Project, and is
not intended to be gpplied genericaly to other Sites or locations that have not been specificaly outlined in this

report.

The information presented in this report is based upon work undertaken according to sound engineering and
sdentific practicesby trained professiond and technicd saff. Should futureinvestigationsprovideinformationwhich
supplements or differs from the information presented in this report, we request to be notified and permitted to

reassess the results and interpretations provided herein.

This report was prepared by John Henderson, P.Eng., John Walker, Ph.D., Susan Belford, M.Sc. and Allison
Denning M.E.S. Review was provided by Robert Federico, M.P.A.

Yourstruly,

JACQUES, WHITFORD ENVIRONMENT LIMITED

John Henderson, P.Eng. Robert Federico, M.P.A.
Environmental Engineer Project Manager
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APPENDIX A

SEWAGE TREATMENT CONCEPT PLAN FIGURES
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Dartmouth STP Collection System Halifax Harbour Solutions Project

LEGEND

<
Sewage Treatment Plant v Interception Location HAI‘ IIFZW

e Forcemain

Collector Sewer

Tunnel

_ REGIONAL MUNICIPALITY
Y  Combined Sewer Overflow

A Pumping Station Jacques Whitford
V_J Environment Limited

Outfall/Diffuser




0.25
Kilometres

Halifax Harbour Solutions Project

t

Poin
Pleauéan
Park

‘\Nﬁs%\\o\s‘\\&\%ﬁ%\ ,\
1K N

/
UTERM)

Pier/'C

o

Il

Figure 2.4
Halifax South STP Collection System (Alternative A )

MTM

112500

Map Parameters:
Map Projection: 3°
Datum: ATS77

Zone : 5
Scale: 1

LEGEND

Sewage Treatment Plant

a— Forcemain

-
3
Y omm
E R E
: 83
E ¥ w
Q = =
= @
Fw = E
aﬂM w =
v O
I
7z < =
5 ]
Ti:
Q
o, h
& Mv
2
o
T
(0]
[ >
S O
.mu. o
(0] c
8 = S 5
- (O] ..nw. »
c 0 += S5
S - » £
s 2 2 9
o o Q ‘©
5 € £ £
-— (o) =1 >
£ O o O
> a <

e Collector Sewer

Tunnel

Grid Spacing: 1 km
Data Source:

Halifax Harbour Solutions Project;

Basemap Provided by HRM.

P:\envsci\13xxx\13960\6027\maps\fig4Ar1.wor

january 2001




515000@
3]
551“000
!
Pleasant | "

i'ﬂ:

i !:lﬁ-—.kg —
Map Par?m(_eters:
ap rcion. & MTH Figure 2.5 . . ,
Datum: ATS77 Halifax South STP Collection System (Alternative B) Halifax Harbour Solutions Project

Scale: 1:12 500
Grid Spacing: 1 km

Data Source:
Halifax Harbour Solutions Project; |— EG E N D =
Basemap Provided by HRM. HA}[‘II]E}W
Sewage TreatmentPlant ¥ Interception Location
REGIONAL MUNICIPALITY
——— Forcemain Y Combined Sewer Overflow
. . acques Whitford
e Collector Sewer A Pumping Station l q P
Environment Limited
Tunnel e Outfall/Diffuser

January 2001
P:\envsci\13xxx\13960\6027\maps\figure4Br1.wor




Map Pargmgters:

g/l:r;])elirgjectlon: 3°MTM Figure 26

gatTm:1AT1357goo Herring Cove STP Collection System Halifax Harbour Solutions Project
cale: 1:

Grid Spacing: 1 km

Data Source:

Halifax Harbour Solutions Project; L EG EN D

Basemap

REGIONAL MUNICIPALITY

Sewage Treatment Plant ‘ Combined Sewer Overflow

e FOrcemain A Pumping Station Jacques Whitford

V_J Environment Limited

e Collector Sewer Outfall/Diffuser

aaaaaaaaaa




APPENDIX B

RECREATIONAL WATER QUALITY GUIDELINESAND AESTHETICS,
TOXICITY OF PATHOGENS (BIO-RESPONSE SYSTEMS AND JWEL 1992)



and Aesthetics

Recreational Water Quality Guidelines

ecreational water refers to surface waters that are

used primarily for activities in which the user

comes into frequent direct contact with the water,
either as part of the activity or incidental to the activity.
Examples include swimming, windsurfing, waterskiing,
white water sports, scuba diving, and dinghy sailing.
Secondary recreational uses include boating, canoeing,
and fishing, which generally have less frequent body
contact with water.

General Requirements

Health and Safety

Water used for primary recreational purposes should be
sufficiently free from microbiological, chemical, and
physical hazards, e.g., poor visibility, to ensure that there
is negligible risk to the health and safety of the user.
Recreational water quality guidelines, summarized in
Table I, were prepared by the Federal-Provincial
Advisory Committee on Environmental and Occupational
Health and published by Health and Welfare Canada
(1992).

These guidelines deal mainly with potential health
hazards related to primary recreational water use, but also
relate to water quality aesthetics and nuisance conditions.
Health hazards associated with direct recreational contact
with water include infections transmitted by pathogenic
microorganisms and injuries resulting from impaired
visibility in turbid waters. The determination of the risk of
infection is based on a number of factors, including
results of environmental health assessments, results of
epidemiological studies, levels of indicator organisms,
and the presence of pathogens. Sampling and enumeration
of microbiological indicators and pathogens in
recreational waters are also discussed. New guidelines for
safe recreational water environments are currently being
prepared by the World Health Organization with the
assistance of Health Canada.

Canadian Environmental Quality Guidelines
Canadian Council of Ministers of the Environment, 1999

Aesthetics

The local setting of recreational water bodies is also
important, as the surrounding countryside has a strong
visual effect on the enjoyment of lakes and rivers,
whether the activity is physically active or passive, such
as gazing on the scenery.

In northern waters, swimming is not a major recreational
activity, and factors other than microbiological are major
components when determining the suitability of lakes and
rivers and their environments as recreational areas. Visual
impact of the whole area is as important as the quality of
the water.

Impacts on a water source come from many activities.
These include logging, mining, drainage of wetlands,
dredging, dam construction, agricultural runoff, industrial
and municipal wastes, land erosion, road construction,
and land development. These factors all have to be
considered in areas of natural beauty that are used for the
many recreational activities engaged in by Canadians and
visitors to Canada.

References

Health and Welfare Canada. 1992, Guidelines for Canadian recreational
water quality. Cat. No. H49-70/1991E. Minister of Supply and
Services Canada, Ottawa.

Moody, R.P, and [. Chu. 1995. Dermal exposure to environmental
contaminants in the Great Lakes. Environ. Health Perspect
103(Suppl. 9):103-114.



Recreational Water Quality Guidelines

and Aesthetics
Summary — Guidelines for Canadian recreational water quality.,
Parameter Guideline
Microbiological
Escherichia coli (fecal coliforms) The geometric mean of at least five samples taken during a period not to exceed 30 d should not

exceed 2000 £ coli per litre. Resampling should be performed when any sample exceeds 4000 £ coli
per litre. See Health and Welfare Canada (1992) for additional information on application of guideline.

Enterococci The geometric mean of at least five samples taken during a period not to exceed 30 d should not
exceed 350 enterococci per litre. Resampling should be performed when any sample exceeds 700
enterococci per litre. See Health and Welfare Canada (1992) for additional information on application

of guideline. _
Coliphages Lh:ﬂumcnlipfngaémnmh::putﬂedlthislim. See Health and Welfare Canada (1992) for
additional information,
Waterbome pathogens The pathogens most frequently responsible for diseases associated with recreational water use are

described in Health and Welfare Canada (1992), i.c., Pseudomonas aeruginosa, Staphylococcus
aureus, Salmonella, Shigella, Aeromonas, Campylobacter jejuni, Legionella, human enteric viruses,
Giardia lamblia, and Cryprosporidium.

Cyanobacteria (blue-green algae) Limits have not been specified. Health Canada is in the process of developing a numerical guideline
for microcystin, a cyanobacterial toxin. Water with blue-green surface scum should be avoided because
of reduced clarity and possible presence of toxins.

Chemical characteristics Limits for chemicals have not been specified because of lack of data. Decisions for use should be based
on an environmental health assessment and the aesthetic quality. Dermal exposures t0 environmental
contaminants has recently been reviewed by Moody and Chu (1995).

Temperature The thermal characteristics of water should not cause an appreciable increase or decrease in the deep
body temperature of bathers and swimmers.
Clarity The water should be sufficiently clear that a Secchi disc is visible at a minimum of 1.2 m.
pH When the buffering capacity of the water is very low, 6.5 to 8.5; range of 5.0 10 9.0 is acceptable.
Turbidity The turbidity of water should not be increased more than 5.0 NTU over natural turbidity when turbidity
_ is low (<50 NTU),
Oil and grease Oil or petrochemicals should not be present in concentrations that

¢ can be detected as a visible film, sheen, or discoloration on the surface;
» can be detected by odour; or
« can form deposits on shorelines and bottom deposits that are detectable by sight and odour.

Aquatic plants Bathers should avoid areas with rooted or floating plants; very dense growths could affect other
activities such as boating and fishing.
Aesthetics All water should be free from

» materials that will settle to form objectionable deposits;

¢ floating debris, oil, scum, and other matter;

* substances producing objectionable colour, odour, taste, or turbidity; and

* substances and conditions or combinations thereof in concentrations that produce undesirable
aquatic life.

Nuisance organisms Bathing areas should be as free as possible from nuisance organisms that
* endanger the health and physical comfort of users or
e render the area unusable.
Common examples include biting and nonbiting insects and poisonous organisms, for example jelly-
fish.

“



Recreational Water Quality Guidelines
and Aesthetics
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Canadian Council of Ministers of the Environment. 1999. Recreational water quality guidelines and aesthetics. In: Canadian
environmental quality guidelines, 1999, Canadian Council of Ministers of the Environment, Winnipeg.

For further scientific information, contact: For additional copies, contact:
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Tunney’s Pasture, Postal Locator 1912A Winnipeg, MB R3C ITS
Ottawa, ON KI1A 0K9 _ Phone:  (204) 945-4664
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Shigella spp.

(1) Sh. sonnei

Clinical symptoms are generally mild, with diarrhoea usually subsiding by the second day,
although stools may be loose and rather frequent for another 3-4 days. Abdominal pain is not
usually prominent but there may be severe pain resembling appendicitis. Populations of
greatest concern are infants, who may easily develop symptoms of dehydration, and the
elderly. Convulsions may occur in younger children and infants.

(2) Sh. flexneri and Sh. dysenteriae
Symptoms may sometimes be no more severe than dysentery caused by Sh. sonnei: in most

cases, however, the illness is more acute. Abdominal pain and tenderness, fever, headache,
generalized pain, chills, and malaise are often present. Diarrhoea is most severe on the first
two days, but often persists for more than a week.

Campylobacter spp.
The clinical manifestations of infection with Campylobacter include diarrhoea preceded by

fever and malaise. Diarrhoea is usually severe and watery, sometimes with blood in the
stool. Diarrhoea generally lasts for 2-3 days, but stools may be loose for much longer.
Abdominal pain may be quite severe and persist for several days. A retrospective study
among patients admitted to a hospital with Guillain-Barré syndrome provided evidence for a
relationship between Campylobacter infection and incidence of this syndrome.

Pseudomonas spp.
Otitis externa is the most common form of Pseudomonas infection involving the ear and is

Characterized by chronic serosanguineous and purulent drainage from the external auditory
canal. Corneal ulceration is the most severe form of ocular Pseudomonas infection, which

usually follows a traumatic abrasion.

Enteropathogenic Escherichia coli

Enteropathogenic E. coli causes a gastroenteritis, which is generally found in infants less
than two years old and rarely seen in adults. The severity of the gastroenteritis varies from
mild cases, which consist of diarrhoea that quickly returns to normal, to severe cases with
vomiting and diarrhoea that increases until stools are passed almost hourly and consist only
of clear watery fluid. Severe cases may be fatal unless fluids and electrolytes are promptly

replaced.

Salmonella typhi and S. paratyphi
Presenting symptoms of typhoid fever are generally malaise, chills, and a nagging headache.
In the majority of patients, the fever is prolonged and the patient’s condition deteriorates



steadily. Many patients develop frank psychosis, delirium, or mania. Intestinal complaints
develop rapidly and include abdominal pain, constipation, anorexia, and nausea.

Paratyphoid fever is usually milder, shorter in duration, and with fewer complications.
Symptoms are very frequently those of acute gastroenteritis rather than of an invasive fever.

Staphylococcus spp.

The onset of symptoms is usually abrupt with severe nausea, vomiting, cramping abdominal
pain, and diarrhoea. The disease is brief and requires no treatment. Rare fatalities have
occurred in the elderly.

Proreus spp.

There are four pathogenic species of Proreus. They have been implicated as a cause of
epidemic diarrhoea in infants, but the evidence is inconclusive. Proteus organisms are rarely
primary invaders, but produce disease in locations previously infected by other organisms.
These locations include the skin, ears and mastoid sinuses, eyes, peritoneal cavity, urinary
tract, meninges, lung, and bloodstream.

Yersinia enterocolitica
The most common symptoms of Y. enrerocolitica infection are diarrhoea, fever, and
abdominal pain, which can be severe.

Vibrio cholerae

Most people with symptoms of V. cholerae infection have a mild illness. In the mild case,
there is a looseness of stools lasting five to seven days. In severe cases, there are copious
fluid stools, vomiting, and dehydration. The patient may go into shock from loss of fluid

within a few hours; severe cholera can rapidly lead to death.



Coxsackieviruses and Echoviruses
The coxsackie- and echoviruses produce a similar variety of illnesses (ranging from mild to
severe or life-threatening) and therefore will be discussed together.

Gastroenteritis
Infections are often mild with diarrhoea as the main symptom.

Bomholm disease (epidemic myalgia)

This illness is marked by a severe, disabling pain in the lower part of the chest or the upper
abdomen, with headache and a rise in temperature during the spasms. The infection generally
lasts two to four days but may persist for two to three weeks. The only frequent complication
is orchitis,

Lymphocytic meningitis

Aseptic meningitis is one of the more common manifestations of enteroviral infections. The
onset is usually abrupt, with headache, vomiting, pain, and rigidity of the neck frequently
observed. Fever is almost always present. Lymphadenitis and conjunctivitis are present in
many patients. Transient paralyses (usually mild but at times severe) have been common in
some outbreaks of enteroviral infections. Lymphocytic meningitis is a self-limiting disease
and not a fatal condition, Patients usually recover in two weeks.

Acute febrile illness
Thas iliness presents with mild symptoms of malaise and headache with a rise in temperature.

Rashes
Echovirus and coxsackievirus infections have been associated with a variety of rashes that

may accompany the febrile illness. The type and presentation of the rash depends on the viral
type causing the infections. Symptoms are generally mild and often not diagnosed as a viral
disease.

Hand, foot, and mouth disease
Thas illness is characterized by ulcers in the mouth and on the hands and feet. The disease is
self-limiting, with ulcers resolving in seven to ten days, and no complications.

Herpangina
This disease is generally seen in children and is characterized by ulcerative lesions at the

back of the throat, fever, vomiting, and headache. Young infants with high temperatures may
have convulsions. Symptoms usually last for about four days.



Acute haemorrhagic conjunctivitis

This 1s a self-limiting disease with acute conjunctivitis lasting six to ten days. The main
concern is with neurological complications, which generally occur approximately 18 days
after infection. Flaccid paralysis occurs, often referred to as poliomyelitis-like illness, with
the incidence highly variable and apparently dependent on the area and/or outbreak.

Pericarditis and myocarditis

Fever, tachycardia, and dyspnoea are the common symptoms. There may be precordial pain
and sometimes a pericardial effusion. The symptoms of myocarditis are those of heart
failure. The tendency in older children and adults is towards recovery; however, it may take
several weeks or months for electrocardiographic changes to return to normal.

Orchitis

Orchitis, an inflammation of the testicles, is not common and usually occurs as a
complication of one of the more severe illnesses, especially Bornholm disease or lymphocytic
meningitis, but may also occur alone. Coxsackie B viruses are the only enteroviruses

concemed.

Hepatitis A and non-A, non-B Hepatitis Viruses
The clinical manifestations of hepatitis vary widely in severity, from trivial to severe enough
to cause death. Most cases of hepatitis are mild. The three diseases (A, B, and non-A, non-

B) cannot be distinguished clinically. Hepatitis may be anicteric or icteric.

Anicteric hepatitis
Patients feel mildly unwell and may have abdominal discomfort and no appetite for a few
days. Anicteric infections may result in post-necrotic cirrhosis.

Icteric hepatitis

In the pre-icteric stage, the most common symptom is malaise, often with a pronounced
abdominal or gastrointestinal element. This is accompanied by headache and generalized
aches and pains. These symptoms usually last one week, occasionally two to three. The
icteric stage is marked by jaundice and itching. In the milder cases, the patient’s symptoms
abate quickly (two days). After a week to 10 days, nearly all patients feel well.

The disease, however, may take several different courses including acute hepatitis with
cholestatis, fulminant hepatitis, subacute fatal hepatitis, chronic persistent hepatitis, and
chronic active hepatitis. In acute hepatitis with cholestasis, jaundice may become deeper and
may persist for two to three months before gradually clearing. Nearly all patients make a
complete recovery. Fulminant hepatitis occurs rarely, but generally leads to death. In
subacute fatal hepatitis, there are signs of liver failure as well as central nervous system



involvement and death may occur within two to three months of onset. In some cases,
chronic persistent hepatitis may occur, which rarely progresses to chronic active hepatitis or
cirrhosis. Chronic active hepatitis results in considerable hepatocellular damage, with bouts
of fever and mild attacks of jaundice. There is enlargement of the liver and spleen. The
course 1s one of deterioration and possible cirrhosis.

Norwalk Virus
The Norwalk virus produces symptoms of gastroenteritis, generally vomiting and diarrhoea.

Rotaviruses

Rotaviruses cause acute gastroenteritis with vomiting and diarrhoea that cannot be clinically
distinguished from the gastroenteritis of E. coli. The infection is usually mild, even in
infants, but can be severe and the diarrhoea choleraic in type. The disease is generally not
severe, although fatal cases have occurred.

Adenoviruses
Infections restricted to the gastrointestinal tract cause only mild symptoms of gastroenteritis,
or none at all (WHO 1979).

Reoviruses
The clinical illness associated with reovirus infections has not been well defined.

Poliovirus

Most infections with poliovirus cause no symptoms, and the symptoms it does cause may
differ greatly from the classical picture of paralysis. Minor illness consists of non-specific
symptoms of malaise, fever, mild sore throat, upper respiratory catarrh, or mild headache. In
a minornty of patients, paralysis occurs varying from mild to severe cases.



Giardia lamblia

The most prominent symptom of Giardia infections is protracted diarrhoea. It can be mild or
intene and debilitating. Untreated, diarrhoea may last for weeks or months, although it may
vary in intensity, with exacerbations and remissions. The average length of illness is 44 days,
but symptoms have been reported in some cases for as long as three to four years.

Entamoeba histolytica

Entamoeba histolytica is the causative agent of amoebic dysentery. Less frequently, it also
causes extraintestinal infections. The majority of infected individuals are free of symptoms;
however, those who are symptomatic experience a wide range of manifestations. The most
common is nonspecific diarrhoea lasting more than the usual few days. Ulcerative colitis
represents the next stage of severity and can be either localized and cause few or no
symptoms, or extensive, resulting in dysentery. Untreated infections may result in more
severe complications.
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1.0 SCREENING LEVEL RISK ASSESSMENT METHODOLOGY

The following sections describe the methodology used in the qualitative assessment of risk in the Screening Leve
Risk Assessment (SLRA). The SLRA qudlitatively evauates the risk which known or potentia hazards may
present to known or potentia receptors. Thismethodology, developed by Jacques Whitford Environment Limited
(QWEL) is consgstent with the Canadian Council of Minigters of the Environment (CCME) tiered gpproach to risk
asessment (CCME, 199648). The SLRA is intended to provide a record of the assumptions employed in
performing the quditative estimation of risk and to identify the limitations of the data used in this risk estimation
process. The results of the SLRA can then be used to make risk management decisions or used as inputs to the
next stages of quantitative risk assessment, if required.

The SLRA is performed in three steps:

1) Hazard Characterization and Assessment;
2) Exposure Assessment;

3) Quditative Risk Edtimation.

1.1 Hazard Characterization and Assessment

Chemicd Screening

The chemicds carried forward for andysisin the SLRA include the following:
C Chemicals with on-site concentrations that exceed established regulatory guidelines

C Chemicals that may cause adverse hedlth effects with prolonged or repested exposure
C Chemicas with concentrations that substantially exceed the naturd background levels

Each chemica carried forward in thisway is consdered a Contaminant of Potential Concern, or a Potential
Hazard.

Quditative Assessment

Each potentid hazard is consdered and evauated in terms of its relative severity based onthe following series of
definitions.



Severity Receptor Definition
Minimal Human No effects expected.

Minor Human Small and temporary (reversible effects expected)
Moderate | Human Short-term disability or potential chronic effects possible.
Severe Human Long-term disability, acute effects, or death likely

The potentid hazards identified in the sudy are quditatively ranked in severity according to the severity of their
toxicologica effects. Thisassessment isindependent of the concentration of the chemica or the degree of exposure
to any receptors. Chemicals with a high potentid for bioaccumulation or biomagnification (such as PCBs) are
considered severe hazards.

1.2 Exposure Assessment

The exposure assessment involves two steps:

a) Exposure Pathway Characterization
b) Receptor Identification

1.2.1 ExposurePathway Characterization

The potential exposure pathways are characterized by identifying the possible mechanisms by which a potentia
hazard can travel from the known or potentia source areas and affect apotentia receptor. Each exposure pathway
is consgdered and evduated. The likelihood of exposure is then defined for each pathway based on the
understanding of exposure mechanism and the fate and transport characteristics of the hazard, according to the
fallowing definitions

Very Unlikely - Leve of exposure that could result in adverse effects is not expected

Unlikely - Leve of exposure that could result in adverse effects would probably not occur

Possible - Leved of exposure that could result in adverse effects might be expected

Likely - Level of exposure that could result in adverse effects is expected. Exceedence of this exposure
level might be expected.

DO O O O



1.3 Qualitative Risk Estimation

The potentia risks associated with each potential hazard-exposure-receptor scenario are estimated by comparing
the severity of the hazard with the likelihood of exposure as per the following chart:

Exposure Assessment I

Very Unlikely Unlikely Possible Likely

Minimal Low Low Low Low

Hazard ] . .
Minor Low Low Medium Medium
Assessment
Moderate Low Medium Medium High
Severe Low Medium High High

In addition to estimating the risk according to the hazard severity and likelihood of exposure, the SLRA dso
provides an assessment of the data qudity which was used to estimate the risks and an evauation of the work
required to confirm this assessment.

1.3.1 Data Assessment

The qudity of the data used to make the qualitative assessment of the severity of the hazard and the likeihood of
exposure is evauated for each exposure pathway. The generd definitions identified below are used:

Assessment | Definition l

High Additional datawill not change therisk estimate

Medium More datawill not likely change therisk estimate - but is necessary to accurately quantify risk
Poor Additional data could change therisk estimate
None Risk estimate based on assumptions
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Table 5-2: Analytical Results - Roaches Pond

Sample ID| Roaches Pond-01 Roaches Pond-02 Roaches Pond-03

Date| June 14 - June 15 | June 15 - June 16 | June 16 - June 17
Period] 11:40am - 11:40am| 11:40am - 11:40am| 11:40am - 11:40am

Manganese
Molybdenum

EQL = Estimated Quantitation Limit for Routine Analysis

nd = not detected above standard EQL

nd () = not detected at the elevated EQL specified due to matirx interference or sample pre-dilution
- = Parameter not requested in sample



Table 5-4: Analytical Results - Point Pleasant Park

Sample ID} Point Pleasant-01 Point Pleasant-02 Point Pleasant-03

June 7 - June B June 8 - June 9 June 9 - June 10
Period] 11:10am - 11:10am | 11:10am - 11:10am/| 11:10am - 11:10am

TR A SR ) N e e, RS T
s T R, ) (e s

pH

Carbonaceous BOD

Total Suspended Solids
Volatile Suspended Solids

Total Oil & Grease

Uranium
Vanadium

EQL = Estimated Quantitation Limit for Routine Analysis

nd = not detected above standard EQL

nd (} = not detected at the elevated EQL specified due to matirx interference or sample pre-dilution
- = Parameter not requested in sample
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Table 5-8: Analytical Results - Bell Road

Bell Rd-01

Sample ID

Date| June 21 - June 22
Period] 7:00pm - 7:00pm

Bell Rd-02

June 22 - June 23
7:00pm - 7:00pm

Bell Road-03

June 23 - June 24
7:00pm - 7:00pm

S R | A el ({ —
T R | e, W v

pH
Carbonaceous BOD

Molybdenum
Nickel

Selenium
Silver
Strontium

353334 33 3

g

EQL = Estimated Quantitation Limit for Routine Analysis
nd = not detected above standard EQL

nd () = not detected at the elevated EQL specified due to matirx interference or sample pre-dilution

- = Parameter not requested in sample



Table 5-10: Analytical Results - Tufts Cove

Tufts Cove-01 Tufts Cove-02 Tufts Cove-03

Sample ID

Date] June 28 - June 29 | June 29 - June 30 | June 30 - July 01
Period] 9:05am - 9:05am 9:05am - 9:05am 9:05am - 9:05am

pH

Carbonaceous BOD

Total Suspended Solids
Volatile Suspended Solids

EQL = Estimated Quantitation Limit for Routine Analysis

nd = not detected above standard EQL

nd () = not detected at the elevated EQL specified due to matirx interference or sample pre-dilution
- = Parameter not requested in sample
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Table 5-12: Analytical Results - Jamieson Street

Jamieson St-01 Jamieson St-02

Sample ID

Jamieson St-03

Date] June 21 - June 22 | June 22 - June 23 | June 23 - June 24
Period] 11:00am - 11:00am| 11:00am - 11:00am| 11:00am - 11:00am

el S o T ST
miegt:_—_——— RN = b ——— =

pH

Carbonaceous BOD

Total Suspended Solids
Volatile Suspended Solids

Total Oil & Grease

Aluminum

EQL = Estimated Quantitation Limit for Routine Analysis
nd = not detected above standard EQL

nd () = not detected at the elevated EQL specified due to matirx interference or sample pre-dilution
- = Parameter not requested in sample



Table 5-14: Analytical Resuits - Chamber#1

Sample ID Chamber1-01 Chamber 1-02 Chamber 1-03

Date| June 14 - June 15 | June 15 - June 16 | June 16 - June 17
Period] 12:00pm - 12:00pm| 12:00pm 12:00pm | 12:00pm - 12:00pm

T | et e, SR
Parameter | €QL[Oms | | |

pH
Carbonaceous BOD

Total Suspended Solids
Volatile Suspended Solids

Total Oil & Grease

Aluminum
Antimony
Arsenic
Barnum
Beryllium
Boron
Cadmium
Chromium
Cobait
Copper
Iron

Lead
Manganese

Silver
Strontium
Thallium
Tin
Uranium
Vanadium
Zinc
Mercury

EQL = Estimated Quantitation Limit for Routine Analysis
nd = not detected above standard EQL

nd {} = not detected at the elevated EQL specified due to matirx interference or sample pre-dilution
- = Parameter not requested in sample




Table 5-16: Analytical Results - Dartmouth Cove

Sample ID Dart. Cove-01 Dart. Cove-02 Dart. Cove-03

Date] June 28 - June 29 | June 29 - June 30 | June 30 - July 01
Period|] 9:30am - 9:30am 9:30am - 9:30am 9:30am - 9:30am

fe O RIS (Sl S e
e e ¢ |

pH
Carbonaceous BOD

Total Suspended Solids
Volatile Suspended Solids

Total Oil & Grease

Aluminum
Antimony
Arsenic
Banum
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
iron

Lead
Manganese
Molybdenum
Nickel
Selenium
Silver
Strontium
Thallium
Tin
Uranium
Vanadium
Zinc
Mercury

SEEEEREEEEAaAREEEREEEREE ¢

EQL = Estimated Quantitation Limit for Routine Analysis
nd = not detected above standard EQL

nd () = not detected at the elevated EQL specified due to matirx interference or sample pre-dilution
- = Parameter not requested in sample
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APPENDIX E

SUMMARY OF TOXICITY EFFECTSFROM SELECTED BIOLOGICAL
AND CHEMICAL HAZARDS



Summary of Toxicity Effects from Selected Biological and Chemical Hazards

The following table summarizes potentia hedth effects from exposure to selected contaminants identified in the
wastewater characterization study completed for the project. Actua effects will vary based on individuads and
exposureconditions. Excerptsfrom occupationa exposuredata, epidemiol ogicd studiesand other observed effects
have been summarized here for information on hazard identification data on the bads of a variety of exposure

scenarios.

Note: The effects listed here are not to be construed as likely or probable effects expected from
exposuretotreated or untreated harbour sewage. Therisk from expected exposureisanalyzed in the
main body of thereport and summarized in Section 7.

TableE.1 Summary of Toxicity Effectsfrom Selected Biological and Chemical Hazards
Potential Hazards Media Where Expected Exposure Toxic Effects
Expected to be Route
Identified
Biological
Microbial Dermal Symptoms range from gastrointestinal effects (i.e.
Pathogens contact/ingestion of | diarrhea), fever, chills, headache, nausea, vomiting,
o Surface water ) ) N i
(bacteria, viruses, surface water cramping, rashes. See Appendix B for specific details on
and protozoa)! effects from each pathogen.
Metals
Ingestion can result in gastrointestinal irritation or
Aluminum Dissolved in Dermal corrosion, with nausea, vomiting, abdominal pain and
water (limited) contact/ingestion of | diarrhea
surface water (limited) | Ingestion of water high in inorganic arsenic can result in
Arsenic multipleinternal organ cancers (liver, kidney, lung, and
Sorbed to Dermal contact with | pjadder) and skin cancer
sediment sediment (limited) || ygeqtion exposure may result in increased incidences of
Barium hypertension. No-observed effect level (NOEL) of 0.21
Ingestion of mg/kg-day
Uptake by contaminated Chronic ingestion may cause anorexia, weight loss,
shellfish/ shellfish/ crustaceans - - . . .
Boron vomiting, mild diarrhea, skin rash, alopecia, convulsions
crustaceans .
and anaemia
) Ingestion can result in severe nausea, vomiting, diarrhea,
Cadmium ) .
muscular cramps, vertigo, exhaustion, shock (rare)
The US Food and Nutrition Board has recommended a
Chromium safe and adequate dietary intake of 50-200 ug
chromium/day
Ingestion can result in gastrointestinal disturbance,
Copper -
nausea, vomiting




TableE.1

Summary of Toxicity Effects from Selected Biological and Chemical Hazards

Potential Hazards

Media Where
Expected to be
Identified

Expected Exposure
Route

Toxic Effects

Iron

Lead

Manganese

Mercury

Molybdenum

Nickel

Selenium

Silver

Strontium

zZinc

Iron isan essential element. Exposure to elevated
concentrations of iron can cause heart disease, liver
disease

Ingestion can result in hematological, gastrointestinal,
and neurological dysfunction

Essential element, severe exposure may result in apathy,
anorexia, euphoria, impulsiveness, insomnia, headache,
cramps

Ingestion can result in immediate burning pain, sense of
constriction, and ashen discoloration of the mucous
membrane in mouth and pharynx, followed by intense
epigastric and abdominal pain, severevomiting, andin
severe cases, death

Ingestion can result in increased blood uric levels and

cause gout-like symptoms

Dermal contact may cause dermatitis. Ingestion can
result in emetic effects, capillary damage (esp. in brain
and adrenals), renal injury, and central nervous system
depression

Ingestion can result in gastrointestinal disturbances,
icteroid discolouration of skin, decayed teeth, jaundice,
dermatitis

Ingestion may cause generalized argyria

Ingestion may cause gastrointestinal disorders, painful
contractionsin limbs

Essential element, severe exposure may result in gastritis
with vomiting, diarrhea

TPH

Dissolved in
water

Dermal
contact/ingestion of
surface water

Symptoms of exposure to elevated concentrations of
TPH include hepatoxicity, nephrotoxicity, decreased
body weight, hepatic and hematological changes
(TPHCWG, 1997a and 1997b)

PCBs

Sorbed to

sediment

Uptake by
shellfish/
crustaceans

Dermal contact with
sediment

Ingestion of
contaminated
shellfish/ crustaceans

PCBs may be carcinogenic to humans; they are liver
toxins and can cause chloroacne, and possible peripheral
neuropathy, one study indicated increased brown
pigmentation of nails and skin, follicular accentuation,
acneform eruptions, increased eye discharge, increased
sweating at the palms, feeling of weakness




TableE.1

Summary of Toxicity Effects from Selected Biological and Chemical Hazards

Potential Hazards MediaWhere Expected Exposure Toxic Effects
Expected to be Route
Identified
Sorbed to Dermal contact with | Heavier end PAHstend to be lipophilic, hydrophobic,
sediment sediment bioaccumulative and are likely human carcinogens, may
produce multiple organ cancer with sufficient doses
PAHS Uptake by Ingestion of (including skin, colon, lung)
shellfish/ contaminated
crustaceans shellfish/crustaceans
Volatile Organic Compounds (VOCSs)
Acetoneisrapidly cleared from the body by metabolism
and excretion through exhalation (major route of
elimination for acetone and its terminal metabolite CO2);
the fraction of administered acetone that is exhaled as
unchanged acetone is dose-related. Inhalation can cause
) Inhalation of outdoor | central nervous system depression, cardiorespiratory
Acetone Outdoor air ) ) )
ar failure and death at high doses; acute exposure to
atmospheric concentrations have produced no gross
toxic effects or minor transient effects, such as eye
irritation; more severe transient effects (vomiting,
fainting) were reported for workers exposed to acetone
vapour concentrations for four hours.
Dichloromethane is rapidly absorbed through the lung
alveoli into the systemic circulation. Methylene chloride
is quiterapidly excreted, mostly viathe lungsin the
Dichloromethane ) exhaled air. It can cross the blood-brain barrier. The
Inhalation of outdoor
(methylene Outdoor air air majority of DCM is metabolized to carbon monoxide,
chloride) carbon dioxide, and inorganic chloride. Inhalation can

cause headache, giddiness, stupor, irritability, numbness
and tingling in the limbs. Potential human carcinogen-
carcinogenic in several rat and mouse studies




TableE.1

Summary of Toxicity Effects from Selected Biological and Chemical Hazards

Potential Hazards

Media Where
Expected to be
Identified

Expected Exposure
Route

Toxic Effects

Chloroform

Outdoor air

Inhalation of outdoor
ar

At high concentrations, exposure to chloroform can
result in anaesthesia, central nervous system depression
(14,000 ppm), renal damage and liver damage. At lower
concentrations, exposure can result in inebriation,
excitation, central nervous system depression, vomiting
and gastrointestinal upsets (1000 ppm). Acute exposure
to chloroform at 4096 ppm has been associated with
fainting and vomiting, dizziness and salivation after afew
minutes exposed to 1475 ppm and fatigue and headache
after exposure to 1024 ppm for several hours. Signs of
chloroform poisoning in humans include a characteristic
sweetish odor on the breath, dilated pupils, cold and
clammy skin, initial excitation alternating with apathy,
loss of sensation, abolition of motor functions,
prostration, unconsciousness and eventual death.
Concentrations of chloroform up to 400 ppm can be
endured for 30 minutes without complaint.

Toluene

Qutdoor air

Inhalation of outdoor
ar

Inhalation exposure caused noticeable irritation to human
eyes at 300-400 ppm in air; exposure produced reversible
effects upon liver, renal, and nervous systems; lower
level exposure produced dizziness, exhilaration and
confusion;

high level toluene exposures produced in-coordination,
ataxia, unconsciousness and eventually death.

1,11
Trichloroethane
(TCA)

Outdoor air

Inhalation of outdoor

ar

1,1,1-TCE isacentral nervous system depressant that
produces changes ranging from headache,
lightheadedness, impaired coordination, disequilibrium,
drowsiness, and convulsion to gait disturbances, stupor,
coma, and death presumably from respiratory depression.
Death has occurred both with industrial use in small,
poorly ventilated spaces and with recreational abuse of
decongestant aerosols. Concentrations greater than 5000
ppm in air have been associated with potentially life-
threatening central nervous system depression, and from
500-350 ppm have been associated with an obvious TCE
odour and slight changesin and individual's perception,
with 100 ppm considered the odour threshold.

Tetrachloroethyle
ne
(Perc)

Outdoor air

Inhalation of outdoor
ar

Suspected human carcinogen; in high doses inhalation
can act is a central nervous system depressant, with
symptoms of exposure including unconsciousness,

dizziness, headache, vertigo.



TableE.1 Summary of Toxicity Effects from Selected Biological and Chemical Hazards

Potential Hazards Media Where Expected Exposure Toxic Effects
Expected to be Route
Identified

Suspected human carcinogen; inhal ation exposure was

associated with headaches, dizziness and sleepiness,
severe exposure may result in liver and kidney lesions,
. . reversible trigeminal (or other nerve) degeneration, and
Trichloroethylene ] Inhalation of outdoor o
(TCE) Outdoor air air psychic disturbances prolonged exposure may be
associated impairment of the nervous system, persistent
neuritis. disturbances; prolonged exposure may be
associated impairment of the nervous system, persistent

neuritis.

ISource: Toxicology Data Network (TOXNET), 2000 (except where otherwise referenced) I
-
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