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Introduction

This report outlines the findings of a detailed economic and socio-economic assessment of the
current and potential future impact of Aughinish Alumina Ltd (Aughinish). Aughinish is an
alumina refinery which has been located in County Limerick since 1983. The refinery site is a
major process manufacturing facility covering 601 hectares, directly employing 482 staff with an
additional 385 on-site contractor personnel. Aughinish is the only producer of alumina in Ireland
and the largest producer of alumina in Europe. It provides ~30% of the EU’s alumina, much of
which is used for aluminium in everything from food packaging to food preparation, from
medicines to medical devices, and power lines to mobile phones. Aughinish is among the top 5
alumina refineries in the world in terms of minimum carbon emissions.

The facility plays a significant role in the Mid-West and Irish economy. This report examines the
impacts of the facility at both national and regional levels across a number of core themes: 1.
Economy, 2. Demographic Profile and Spatial Impacts (including commuting patterns across the
region, and 3. Infrastructural and industrial impacts.

Key Summary Insights

= Aughinish’s operational activities and those of its supply chain generate €130 million in
value for the Irish economy. Each €1 spent by Aughinish results in an additional €0.40
spend by suppliers.

= Aughinish’s capital investment activities and the additional spend of suppliers generates
~€10 million in value for the Irish economy and, in particular, for the Mid-West.

= In 2021, capital investment will be more than 60% higher than in 2020 and will grow further
as Aughinish’s own contribution to decarbonisation, waste reduction, community amenities
and other environmental projects increases over the coming years.

= Aughinish supports ~965 jobs through its spend on suppliers and across its value chain:
~840 jobs arising from operational activities and ~125 jobs arising from its capital activities.

= Through its operational activities, Aughinish supports the payment of ~€50 million in labour
income across its supply chain. Additionally, labour income arising from capital activities is
~€6 million.

= The Aughinish CHP Plant (the largest in Ireland) produces 160 megawatts (MW) of
electricity, using 45 MW to power the refinery and exporting 115MW of power to the national
grid; enough to power 200,000 households.

= In 2020, the plant spent a total of €373 million on operational activities and €18 million on
capital investment activities — significant sums in the context of the Mid-West economy.

= Aughinish's natural deep-water port is the third largest nationally in total tonnage after
Dublin and Cork.
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Economic and spatial impacts

= Aughinish Alumina Limited (Aughinish) is an alumina refinery located in County Limerick
since 1983. The refinery site is a major process manufacturing facility covering 601
hectares, directly employing 482 staff with an additional 385 on site contractor
personnel.

= In 2020, the plant spent a total of €373 million on operational activities and €18 million
on capital investment activities — significant sums in the context of the Mid-West
economy. In the same year Aughinish spent over €35.4 million towards direct employee
salaries with additional spend of €11.2 million on benefits packages.

= Aughinish’s expenditure creates additional labour incomes throughout its value chain
totalling €56 million, with ~90% of this income generated as a result of the facility’s
operational activities.

= Total labour tax contributions from activities at Aughinish are estimated to be ~€35
million.

o Contributions through employer PRSI is estimated to sum to more than €10.5
million, with employee PRSI summing to circa €4.0 million.

o Income tax paid by direct employees and employees within the supply chain is
estimated to be greater than €17.5 million, with Universal Social Charge (USC)
payments estimated to be greater than €3.4 million

= Separate to the onsite contractor personnel the total number of jobs supported in its
supply chain is estimated to be 965 jobs of which 840 (87%) are supported as a result
of Aughinish’s operational activities and 125 arise from capital activities at Aughinish.

= Salaries of direct Aughinish employees are on average 51% higher than salaries in the
wider economy, meaning the refinery’s contribution to labour income is relatively
stronger than that of the wider population.

» Aughinish also provides premium benefit packages with base salaries across all
industries including pension package and health insurance.

= Amongst the craft and process operators’ group, the average salary at Aughinish is
€63,363, €16,259 higher when compared to the national average salary of €47,000.

= In the Support group, the average salary at Aughinish is €62,844, €30,773 higher than
the average salary for this group nationally of 32,071.
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Figure 1. Comparative Average Salary Range (€°000)

= The facility is estimated to generate ~€140 million for the Irish economy (GVA). Out of
this amount, 70% are direct impacts arising from Aughinish’s spend, with 30% arising
from suppliers spend.

= Aughinish contributes ~€4 million in local contributions to Limerick City, County Council
and Port Authority. This significant contribution supports local employment, local
services, and investments in communities.

» The facility has the potential to continue to operate and implement advanced
technologies, subject to approvals.

= A total of 10.41% of Aughinish direct employees live within a 15-minute commute from
the facility, 44.49% undertake a commute of 30 minutes, while 31.63% of employees
noted a 45-minute commute. The remaining 13.47% undertake a commute between 60
to 75 minutes to the facility.

Table 1 Commuting times of Direct Employees and Contractor Personnel

Commute Times <15 minutes <30 minutes | <45 minutes Other

Direct Aughinish Employees 10.41% 44.49% 31.63% 13.47%

Onsite Contractor Personnel 8.55% 40.79% 23.68% 26.97%
Socio-Economic Impact Assessment (Short_edition) - 10 September 2021 3
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= Co. Limerick is the preferred residence for Aughinish direct employees with 74%, Co
Kerry is the second largest with 16%, while Co. Clare recorded the third largest place of
residence with 4%. The remaining 5% of direct employees travel from Counties Tipperary,
Cork, and Offaly.

= Over 8.55% of onsite contractor personnel travel within 15 minutes to the facility. The
largest commute time is 30 minutes with 40.79%. The second largest recorded time was
45-minutes with 23.68%. The remaining 26.97% of onsite contractor personnel undertake
a commute between 60 to 75 minutes.
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Figure 2. Employee & Contractor Locations

= The counties of residence among onsite contractor personnel follows a similar trend of
direct employees with 56% residing in Co. Limerick while 30% reside in Co. Kerry, with
a further 13.5% on-site contractor personnel residing in Clare, Tipperary, and others.

= The main urban settlements in which direct employees reside are Limerick City and the
village of Glin, while on-site contractor personnel mostly reside in the settlements of
Rathkeale, Listowel, Glin and Newcastle West.
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Demographics

Aughinish currently employs 482 staff.

The greatest number of employees are plant operatives (177, 41% of total). A total of 90
fitters and 49 technical staff complete the second and third largest groupings,
respectively accounting for 19% and 10% of the entire workforce — together these job
categories make up 70% of all employees at Aughinish Alumina.

The facility’s workforce has an average age of 45, with 26% of all staff aged 60 or more,
40% of the workforce is aged between 30 and 45 years old. The average age of the
onsite contractor personnel is 42 years old.
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Figure 3. Demographic profile of staff and on-site contractors, number of members

Since 1983 Aughinish has provided continuous long-term employment to the region.
Between 2021 and 2025, 125 of the Aughinish’s direct employees will retire and all of
these positions will be refilled.

Direct employees of Aughinish each receive a minimum of 40 hours training per annum.
with funding provided by Aughinish for further education and post-graduate training.

Development of potential future leaders for the organisation includes a BA Management
programme at University of Limerick.

Aughinish participates in academic research through its long-standing relationship with
UL while also collaborating with a further 12 international research institutions
throughout the world.
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Infrastructural & Industrial impacts

Socio-Economic Impact Assessment (Short_edition) - 10 September 2021

Aughinish is the only producer of alumina in Ireland and the largest producer in Europe,
it provides 30 per cent of the EU’s alumina, much of which is used for aluminium in a

multitude of applications.

Aluminium is used in everything from food packaging to food preparation, from
medicines to medical devices, and power lines to mobile phones.

Aughinish is among the top 5 alumina refineries in the world in terms of minimum
carbon emissions.

Aughinish’s natural deep-water terminal is the third largest nationally in total tonnage
throughput (after Dublin and Cork). Since 2015, the port has handled 21% of all EU Dry
Bulk goods transported through Irish ports making it the second busiest nationally after
Dublin.

N -
Killybegs

(REUAND
. (o) 2 oo Belfast
<
Sho! Monaghan

Dundalk
‘Greenore

Drogheda

Galway = Dufi Ladghaire
Ou o \o
Wicklow
o
Shaniion Argow
Kilrush Formes
" O
New Ross
e feni, Waterford — Rosslare Tonnage
> = O <276
¥ O s
Cork Youghal
(0] O <2,524

Bantry KirBaIe a "O Eei2so

Castletownbere
o O O
<15,885

1050 10 20 30 40
™™ (Cilometers

Figure 4. Tonnage of Goods Handled to Other EU Ports in 2020

In 2014 two new Gas Boilers were installed at Aughinish, completing the move to 100%
natural gas and away from fuel oil.

The switch to natural gas enabled Aughinish to significantly improve its environmental
performance.

Aughinish consumes circa 10% of natural gas in the Irish market and up to 15% during
summer months. This large share contributes ~10% to the gas network transportation
revenues in Ireland helping to reduce the tariff burden on all other network users.
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The Aughinish CHP Plant (the largest in Ireland) produces 160 megawatts (MW) of
electricity, using 45 MW to power the refinery and exporting 115MW of power to the
national grid; enough to power 200,000 households.

Outside of renewable electricity, Aughinish’s CHP plant is the lowest carbon emitting
electricity producer in Ireland. Electricity generated by Aughinish CHP has a carbon
intensity of 0.240t carbon/MW.h which is lower than the current national grid average of
0.324t carbon/MW.h

Aughinish has participated in the EU Emissions Trading System since it started in 2005
and supports the reinforcement of Ireland's energy security needs by researching
feasible alternatives to natural gas and investing in energy efficiency measures such as
CHP generation.

Aughinish contributes significantly to the natural environment surrounding the facility.
Aughinish is a leading facility, operating in accordance with international standards:
ISO 14001 (environmental management standard)
ISO 9001 (quality management standard)

1ISO50001 (international energy standard
ISRS (health and safety management standard)
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External Emergency Plan — BRDA, Aughinish Alumina Ltd.

This External Emergency Plan for the Bauxite Residue Disposal Area, Aughinish
Alumina Ltd., Aughinish West, Askeaton, Co. Limerick has been developed and
approved by Limerick City & County Council in accordance with the requirements of
the Waste Management (Management of Waste from the Extractive Industries)
Regulations, 2009 (S.l. 566 of 2009).

Q_!DQL\;,—E\ Date: %'h/\\q:)lo 19

Limerick City & County Council
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RECORD OF ISSUES AND AMENDMENTS

NOTE:

Any changes made to the Aughinish Alumina Ltd. facility regarding site layout,
structure of plant, operating procedures or change/quantity of dangerous
substances stored on site, that may have an impact on this External Emergency Plan,
shall be notified to Limerick City & County Council.

External Emergency Plan Working Group (EEPWG)
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Senior Manager Limerick City & County Council

Gerrard Doherty

Senior Executive Engineer, Limerick City & County Council
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2. EPA Guidance on the Waste Management (Management of Waste from the
Extractive Industries) Regulations 2009 — published June 2012
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Dangerous Substances) Regulations 2015- October 2015. 7
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A copy of the reviewed External Emergency Plan shall be distributed to the following
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INTRODUCTION
This is the External Emergency Plan for:

BAUXITE RESIDUE DISPOSAL AREA (BRDA)
AUGHINISH ALUMINA LTD.

AUGHINISH WEST

ASKEATON,

CO. LIMERICK.

Aughinish Alumina Ltd. is an alumina refinery situated on Aughinish Island on the
south side of the Shannon estuary near Foynes, 20 miles downstream from Limerick
City.

The plant produces over 1.8 million tonnes of alumina (Al;03) per annum by
processing bauxite ore, a reddish brown earth, using the Bayer process. Alumina is a
fine white granular powder, which is exported to aluminium smelters for processing
into aluminium metal.

The Bayer Method results in the production of bauxite residues (primarily non-
hazardous but with a 1.0 -1.5% hazardous constituent} which is deposited in the lined
Bauxite Residue Disposal Area within the facility boundary. The process yields
approximately 0.3 tonnes of waste for disposal for each tonne of bauxite processed.
The BRDA comprises 2 separate phases. Phase 1 comprises 104 ha and is substantially
filled. Phase 2 comprises 78 ha and is currently being filled. It is estimated that there is
12 years of capacity within the constructed BRDA (to 2031).

The EPA has classified the Bauxite Residue Disposal Area at Aughinish Alumina Ltd. as
a Category A Waste Facility as defined in Waste Management (Management of Waste
from the Extractive Industries) Regulations, 2009 (S.I. 566 of 2009).

Golder Associates prepared a Risk Assessment and Break-out study of the BRDA in
2012, on behalf of Aughinish Alumina Ltd. This assessment concluded that the
probability of a breach or failure of BRDA containment is very unlikely to negligible.
Aughinish Alumina Ltd. Emergency Response Procedure considers two worst-case
scenarios in which a breach or failure of BRDA containment may occur:

1. A release of alkaline waste water in the Perimeter Interceptor Channel over
the top of the Outer Perimeter Embankment Wall of the Phase 1 BRDA

2. A release of red mud slurry into the Perimeter Interceptor Channel and over
the top of the Outer Perimeter Embankment Wall of the Phase 1 BRDA

This External Emergency Plan has been prepared by Limerick City and County Council,
in accordance with the requirements of the Waste Management (Management of
Waste from the Extractive Industries) Regulations, 2009 (S.1. 566 of 2009).
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The relevant Authorities in respect of this External Emergency Plan are:

. Environmental Protection Agency (in respect of IE (Industrial Emissions)
Licencing & Competent Authority under SI 566 of 2009)

® Limerick City & County Council (responsible for preparation of External
Emergency Plan as outlined in SI 566 of 2009 and Principal Response
Agency)

° An Garda Siochana (Limerick Division) (Principal Response Agency)

° Health Service Executive (West) (Principal Response Agency)

The objectives of this External Emergency Plan are to prepare for:

° Containment and control of major accidents and other incidents so as
to minimise their effects and in particular to limit damage to human
health and the environment;

° Implementation of measures necessary to protect human health and
the environment from the effects of major accidents and other
incidents;

° Communication of the necessary information to the public and to the
relevant services or authorities in the area;

° Provision for the rehabilitation, restoration and clean-up of the

environment following a major accident.
This External Emergency Plan may also be read and implemented in conjunction with:-
e RUSAL Aughinish Emergency Response Plan

e RUSAL Aughinish Emergency Procedures — BRDA Containment Failure
The Major Emergency Plans of:

o) Limerick City & County Council
o) An Garda Siochana (Limerick)
o) Health Service Executive (West)

In addition to other sources of information, responding organisations / agencies
should refer to this External Emergency Plan when responding to a major incident at
BRDA Facility, Aughinish Alumina Ltd.

NOTE: |

This External Ern_érgenéy Plan is a specifiE Sub-Plan of the MajoriEmergency Plan of |
|
Limerick City & County Council.

The activation of this External Emergency Plan may not warrant a declaration of a
Major Emergency and the activation of the procedures contained within the Major
Emergency Plan. A decision on whether or not the emergency requires the activation
of the Major Emergency Plan will reside with the authorized officer of Limerick City
and County Council.
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A “Framework for Major Emergency Management” sets out the co-ordination
arrangements and terminology for use in the event of a Major Emergency (e.g. Lead
Agency concept, Information Management System, On-Site Coordinator, Controller of
Operations and Media Liaison Officers etc.).

it is also appropriate that Framework arrangements and terminology are used in
emergency situations where a Major Emergency has not been declared. These
arrangements have been incorporated into this External Emergency Plan where
necessary.
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1.0 ACTIVATION AND STAND DOWN
1.1 When will this Plan be activated?

This Plan will be activated without delay when:
e A major accident occurs?; or
e An uncontrolled event occurs which could be reasonably expected to lead
to a major accident.

A major accident? is an occurrence on site in the course of an operation involving the
management of extractive waste in any establishment covered by Directive
2006/21/EC , leading to a serious danger to human health and/or the environment,
whether immediately or over time, on-site or off-site;

1.2 Responsibility for activating this Plan

The following personnel from Aughinish Alumina Ltd. may request the activation of
this plan:

Name Position ' Contact Number Mobile Number
Louise Clune Environmental Manager 061-604243 086-1064941
Ciaran Kelleher | Adminstration Manager 087-2791578
' John Horan Hydrate Plant Manager 087-2560499
Donie McEnery | BRDA Manager 087-4159336
|
-‘ — .

The following personnel from Limerick City & County Council are authorized to
activate this plan:

Name Position Contact Number | Mobile Number
Kieran Lehane Director of Services 061-557387 087-2693037
Stephane Duclot | Senior Manager 061-556445 087-2033317
Gerrard Doherty | Senior Executive Engineer | 061-556245 [ 087-2289955

1 The term ‘major accident’ is used to reflect its usage and definition in the Regulations — Waste
Management (Management of Waste from the Extractive Industries) Regulations, 2009 (S.I.
566 of 2009) Note that a ‘major accident at a Category A Waste Facility may NOT
NECESSARILY be of sufficient impact on the capabilities of the emergency services to require
the declaration of a Major Emergency under the Framework. The Site Operator should NOT
use the METHANE format.

2 “major accident” defined in Waste Management (Management of Waste from the Extractive
Industries) Regulations, 2009 (S.l. 566 of 2009);
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1.3  How this plan will be activated?

An authorised member of Aughinish Alumina Ltd. will make a telephone call to the
following:

Limerick City & County Council

1. | Limerick City & County Council Planning & Environmental Services Section: 061-
556000

2. | Limerick City & Couinty Council Out of Hours Emergency Number: 061-417833

The following personnel will then be contacted to establish the status of the incident:

Planning & Environmental Services Section
1 Kieran Lehane, Director of Services
Stephane Duclot, Senior Manager

3. | Gerrard Doherty, Senior Executive Engineer

e

The above personnel of Limerick City & County Council will contact, via 999/122, the
following principal response agencies, as required:

Agency

1. | Limerick City & County Council Emergency Services via the Munster Regional
Communication Centre.

2. | H.S.E., National Ambulance Service, National Emergency Operations Centre
(NEOC), Rivers Building, Tallaght, Dublin.

3. | An Garda Siochana Divisional HQ, Henry Street, Limerick.

1.4 Information to be provided

When making the activation telephone call, Aughinish Alumina Ltd. must provide the
following information to Limerick City & County Council:

e Site Name and Address:

AUGHINISH ALUMINA LTD., Aughinish West, Askeaton, Co. Limerick.

e The fact that the BRDA at Aughinish Alumina Ltd. is a Category A Facility
and that the emergency requires the activation of the External Emergency
Plan. Note if the emergency is environmental and/or if there is risk to
human health.

e Provide details of the incident using the following ETHANE format:
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LMNEMONIC ‘ETHANE’ MESSAGE TO DELIVER l
E | Exact Location ) | Specific building or installation on site |

T Type of Incident Release of alkaline waste water/red
mud slurry in the Perimeter Interceptor
Channel and over the top of the Outer
Perimeter Embankment Wall of the

| Phase 1 BRDA.

H | Hazards | Current and potential -

A Access - | From which direction to approach

N Number of casualties The type/severity

E Emergency services - | Present and required

NOTE: |

If it appears to one or more of the Principal Response Agencies that a major accident
has occurred or an uncontrolled evnt has occurred which could be reasonably
expected to lead to a major accident at Bauxite Residue Disposal Area, Aughinish
Alumina Ltd., then Limerick City & County Council should activate this plan as set out
above for BRDA, Aughinish Alumina Ltd.

On activation of this plan Limerick City and County Council will implement their key
actions as outlined in Section 2.

1.5 Initial Actions of Limerick City and County Council

The Planning & Environmental Services Section of Limerick City and Council shall meet
the Site Manager at the pre-determined meeting point, which is the
reception/security building at Aughinish Alumina Ltd. The Aughinish Alumina Ltd. Plant

Management may change the location of the meeting point on activation of this plan.

The most senior person from Limerick City and County Council shall be the designated
Controller of Operations / On-Site Co-ordinator.

1.6 Major Emergency

DEFINITION

A Major Emergency is any event which, usually with little or no warning, causes or
threatens death or injury, serious disruption of essential services or damage to
property, the environment or infrastructure beyond the normal capabilities of the
principal emergency services in the area in which the event occurs, and requires the
| activation of specific additional procedures and the mobilization of additional
| resources to ensure an effective, co-coordinated response.

Any one of the three Principal Response Agencies (An Garda Siochana, Health Service
Executive and Limerick City & County Council) may declare a major emergency, which

Issue 2.0 August 2019 13-



External Emergency Plan

will activate each agencies pre-determined arrangement in response to a major
emergency.

1.7 Standing Down of the Plan

Where a Major Emergency has been declared, the decision to stand down the
incident at the site, and to announce an “All Clear” to the public, will be taken by the
On Site Co-ordinator, in consultation with the other Controllers of Operations at the
site and the Local Co-ordination Group.

Where a Major Emergency has NOT been declared, the decision to stand down this
External Emergency Plan and to announce an “All Clear” to the public will be taken by
Limerick City & County Council, in consultation with the Environmental Co-ordinator of
Aughinish Alumina Ltd.
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2.0 KEY ACTIONS

2.1 Aughinish Alumina Ltd.

KEY ACTIONS - Aughinish Alumina Ltd.
1. Implement the pre-determined emergency response arrangements as set out
in the Internal Emergency Plan (comprising Rusal Aughinish Emergency
Response Plan and BRDA Containment Failure — Emergency Procedure).

2. Contact Limerick City & County Council to prompt the activation of this
External Emergency Plan and provide all relevant information provided as per
sections 1.3 and 1.4 of this plan. Contact EPA as per Condition 9.3 of AAL’s

IPPC Licence.

3. Ensure that a Meeting Point is identified and communicated to the Planning &
Environmental Section of Limerick City and County Council.

4. Ensure the conference room in the on-site co-ordination centre is available

along with 4 information boards/flip charts to detail (1) Current Situation (2)
Key Issues (3) Strategic aims/priorities (4) Actions

5. Arrange for the Environmental Manager to meet with the Senior Officers of
Limerick City and County Council at the agreed Meeting Point.

6. Provide all relevant information to the Limerick City and County Council in
relation to the incident.

7. Provide site specific PPE and diphotherine spray to agencies where required.
Identify location of drench showers and additional supplementary supplies of
PPE / dipotherine on the BRDA road.

8. Provide a marshalling officer at Rendezvous Point (RVP).

9. Ensure that there is a co-ordinated public and media response, with Limerick
City & County Council, to the emergency as outlined in Section 6.0 of the
External Emergency Plan.

10. | If required, establish a Media Briefing Centre in con-junction with Limerick City
& County Council.
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2.2  Limerick City & County Council

KEY ACTIONS — LIMERICK CITY & COUNTY COUNCIL
1. Consider the requirement to declare a Major Emergency as per the Limerick
| City & County Council Major Emergency Plan.

If a Major Emergency is NOT declared:
2. Limerick City & County Council shall mobilise a Controller of Operations who
will take command of the response.

3. Activate the Limerick City and County Council’s Media Communications Plan
and prepare an initial draft communication. All media statements are to be
approved by the Controller of Operations.

If required, establish a Media Briefing Centre in con-junction with Aughinish
Alumina Ltd.

4. Establish on-site contact with the Aughinish Alumina Ltd. Environmental Co-
ordinator at the designated Meeting Point.

5. Confirm the Rendezvous Point (RVP) to be used with the Aughinish Alumina
Ltd. Environmental Co-ordinator.

6. Limerick City & County Council to liaise, as required, with*:-
An Garda Siochana,

HSE

Office of Public Works (OPW)

Shannon Foynes Port Authority

The Environmental Protection Agency (EPA)
National Parks and Wildlife Service (NPWS)
Inland Fisheries Ireland

LCCC Local Area Staff

Sm Mo on T

* (Refer to Section 9 for contact details)

6. Carry out a site specific risk assessment for the incident with the
Environmental Co-ordinator from Aughinish Alumina Ltd. or deputy and
determine what resources are required in the first instance to deal with the
incident.

This may include monitoring of watercourses adjacent to the BRDA to
establish the extent of the impact of the incident. (This may require support
from SEA-PT/ Civil Defence and LCCC Laboratory).

7 Review potential contamination pathways and receptors and Aughinish
Alumina Ltd. response. Provide additional resources to facilitate the response
as required.
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There is no direct public access to the river along the AAL boundary of the
BRDA. However, the public paths on the adjacent side of the river should be
managed and secured to prevent pedestrian access to the river. Residents
local to the Robertstown River should also be advised of the situation as per
Section 6 of this plan.

This may also include ambulance where there is risk to personnel, fire tender
where pumping arrangements may be required and machinery/materials to
strengthen and maintain earth barriers to limit contamination pathways.
Provide relevant information to responding units as it becomes available.

8. Establish affected BRDA area.

9. Establish an Operational Plan.

10. | Consult with the other responding agencies and Aughinish Alumina Ltd. about
what action should be taken to communicate the conclusion of the incident
and the “all clear” to the public.
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2.3  An Garda Siochana (AGS)
KEY ACTIONS — AN GARDA SIOCHANA

L Consider the requirement to declare a Major Emergency as per An Garda
Siochana Major Emergency Plan for the division.

If a Major Emergency is NOT declared. Limerick City & County Council may
request key actions from AGS as follows:

2. Establish the requirement to have a Garda Siochana officer-in-charge at the
site.

3. Establish clear and robust communications with An Garda Siochdana officer-in-
charge at the site.

4. Establish communications with other responding agencies. (Include Media
Liaison Officer contact with other agencies)

5. Activate a Traffic Management Plan (where required).

6. Pass to the Garda Press Office any necessary warning to the public, in |
accordance with the Limerick City & County Inter-Agency Media Plan and
Section 6.0 of this External Emergency Plan.

Z: Depending on information received as to risk scenario, identify safe approach
route to the primary Rendezvous Point. Once established, deploy an officer
there to liaise with the lead agency Controller of Operations.

8. Appoint a Garda Controller of Operations who will take command of Garda
resources in managing any off site consequences.

9. Identify locations for Garda Incident Command Vehicle.

10. | Ensure that sufficient Garda resources are deployed to the incident jointly with
Aughinish Alumina Ltd. and other responding agencies.

11. | Consider what action should be taken to communicate the conclusion of the
incident and the “All Clear” to the public.

12. | Manage personnel when they arrive at the assembly pointsj
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2.4 Health Service Executive (HSE) — West

KEY ACTIONS — HEALTH SERVICE EXECUTIVE -WEST
1. Consider the need to declare a Major Emergency as per the Health Service
Executive (West) Major Emergency Plan.

If a Major Emergency is NOT declared. Limerick City & County Council may
request key actions from HSE as follows:

2. Obtain more detailed information regarding the incident from the Operator, or
the other Principal Response Agencies, as appropriate.

3. Provide relevant information to responding units, as it becomes available.

4, Provide all responding staff with information pertaining to Health & Safety,
danger area and need for personal protective equipment.

5. Respond to designated RVP using pre-determined designated routes.

6. Alert University Hospital Limerick, UHL Dooradoyle.

7. Alert National Emergency Operations Centre (NEOC)

8. Consider the mobilisation of the Decontamination Unit

9. Determine availability of on-site facilities for:-
e Casualty Management
e Decontamination
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2.5  Healith Service Executive — (West) On-Site

KEY ACTIONS ~ HEALTH SERVICE EXECUTIVE ~WEST (ON-SITE)

The senior HSE Ambulance Officer at the site, if required should:-

1. Report to National Emergency Operations Centre (NEOC) using ETHANE.

2. Act as HSE Controller of Operations, if required.

3. Meet Controllers of Operations at the predetermined On-site Co-ordination
Centre.
4. In consultation with the Controller of Operators, agree locations for Incident

Control, Casualty Clearing Station, Ambulance Loading Point, Body Holding
Area and HSE Holding Area, as appropriate.

5 Prepare a report from the site for the Area Crisis Management Team, using the
normal reporting structure, and provide further updates, if appropriate.

6. Request the activation of additional HSE services through the Ambulance
Management Team to the HSE Area Crisis Management Team, if appropriate.

7. Liaise with other HSE services if required.

8. Consider the mobilisation of the Decontamination Unit.

B Update the National Emergency Operations Centre (NEOC), on a regular basis,
with information on the status of the incident, numbers and types of
casualties, dispatch of casualties to hospitals, etc.
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3.0 ON-SITE INFORMATION

3.1 Details of Materials present at BRDA, Aughinish Alumina Ltd.

This plan has been prepared to respond to major incidents involving materials that are
present at BRDA, Aughinish Alumina Ltd. The materials concerned are as follows:

Substance

Comments / Data relevant to Relevant Materials

Red Mud

This is the principal by-product of the alumina extraction process.
It is a red mud, a reddish brown bauxite residue which remains
after the extraction process and which derives its colour from the
iron oxide content. It is characterised by an alkaline pH (~11) due
to the presence of residual caustic soda from the alumina
extraction process. The mud is classified as a non-hazardous
waste (EWC 01 03 09) and its typical analysis is:

Red Mud

Dry Basis %
Iron oxide (Fe203) 45
Alumina (Al203) 20
Silicon dioxide (SiO02) 11
Titanium dioxide (TiO2) 10
Calcium oxide (Ca0) 7
Sodium oxide (Na20) 6
P205 04
Cr203 0.3
MgO 0.1
MnO 0.05

Alkaline Water

Run-off from the surface of the BRDA is also alkaline due to its
contact with the mud, this collects into the perimeter channel
and also has a pH of <11.5. During storms with heavy rainfall, the
pH will be reduced and closer to pH 11.

Table 3.1: Summary of Materials at BRDA

3.3.1 Human Health

Both the red mud slurry and associated run-off water are alkaline in nature (mud with
a pH of 10.5-11 and water with a pH of <11.5). Direct contact with either of these
substances can result in skin and eye irritation and possible worsening of any pre-
existing skin disorders. This may be from direct contact from splashes while working
adjacent to the alkaline water channels.
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3.3.2 Environmental Impact

Alkaline water release into the Estuary or Robertstown Creek could have an effect on
aquatic life. The communities most likely to be impacted would be sessile sublittoral
and littoral communities and benthic communities. This would include barnacles,
mussels, oysters and shore crabs. Larger mobile species such as dolphins, salmon,
otters and shore birds can easily move on to other areas away from the effects of any
pollutant.

It is expected that the impact of any alkaline water release would be minimal due to
the assimilative capacity of the large watercourse and the tidal influence. Laboratory
testing indicates that at a ratio of 1:1 water with pH of <11.5 (such as that contained in
perimeter channels) and water with pH of 8.2 (Estuary Water) neutralise to a pH of 10.
At a ratio of 25:1 the resulting pH would be 9.

Sampling of the waters would be undertaken to determine any increase in alkalinity
and sampling would be continued until such time as the baseline alkalinity is re-
established. Landowners adjacent to the potential affected areas (shown in Appendix
F) would be notified of any risk.

The release of red mud or alkaline water could also introduce increased suspended
solids to the watercourses. This could result in increased siltation and a greater risk of
smothering of organisms and habitats.

3.4 Possible Major Accident Scenarios for Aughinish Alumina Ltd.

The major accident scenarios which are considered for this facility are tabulated below
and are discussed in more detail in Appendix E of this External Emergency Plan.

It is noted that there is instrumentation present in the perimeter channels and that
regular inspections are carried out throughout the day/night of the BRDA by AAL staff.
Therefore, it is expected that any breach/failure would be identified soon after
occurring. There is also CCTV present in the BRDA

It is also noted that the outfall from the lowlands of the BRDA is via a penstock
control, which by design is easy to close, and a tidal flap valve.

Scenario | Description
1. Release of alkaline waste water in the Perimeter Interceptor Channel
' and over the top of the Outer Perimeter Embankment Wall of the Phase
| 1BRDA.
2 Release of red mud slurry into the Perimeter Interceptor Channel and
over the top of the Outer Perimeter Embankment Wall of the Phase 1
BRDA.

Table 3.4: Summary of Major Accident Scenarios for Aughinish Alumina Ltd.
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4.0 INFORMATION FOR RESPONSE AGENCIES
4.1 The Specified Area

The Specified Area is the area which is liable to be affected by a major accident at the
establishment. This area has been determined by Golder Associates in preparing the
Risk Assessment and Break-out study of the BRDA.

The impact of a discharge via a sluice outlet known as “OPW Sluice” to the
Robertstown Creek has also been considered. The impact of this discharge is
dependent on the flow rate via the sluice and while it is anticipated that the
assimilative capacity of the river will ensure there is minimal risk, which would be
confirmed by on-site testing, by way of precaution, those living within a 100m distance
from the high water level should be alerted in the event of any such discharge.

The Specified Area for BRDA, Aughinish Alumina Ltd.is outlined in Appendix C of this
plan.

Appendix F details those landowners located within the Specified Area or deemed to
be sufficiently close to warrant notification in the event of an incident.

4.2 The External Emergency Planning Zone

The Major Accident Scenarios are outlined in Section 3.4 of this plan. The landowners
to be notified are detailed in Appendix F. Once the exact extent of the incident is
established, the Controller of Operations may decide to amend the zones and to
facilitate the movement of traffic and local community.

4.3 Details of Site Access and Egress Routes

4.3.1 Primary Access

The primary access and egress route to the BRDA at Aughinish Alumina Ltd.is from the
N69 from the Askeaton side (East) via Local Road L1234 and into the main entrance of
Aughinish Alumina Ltd. This is shown in Appendix B of this plan.

4.3.2 Alternative Access

The alternative access and egress route to the Aughinish Alumina Ltd. facility is from
the N69 from the Foynes side (West) via Local Road L1234 into the main entrance. This
is shown in Appendix B of this plan.

4.4 Location of the Primary Rendezvous Point
The primary Rendezvous Point (RVP) is situated at the carpark adjacent to the

Reception/Security building (Area 79). This location is outlined on the site layout plan
shown in Appendix B of this plan.
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4.5 Location of the On-Site Co-ordination Centre

On declaration of a Major Emergency, the location of the On-site Co-ordination Centre
(OSCC) has been identified as:

e Conference Room: Reception / Security Building (Area 79) at Aughinish
Alumina Ltd.

This is identified in Appendix B of this plan.
4.6 Adjacent Buildings

There are a total of 13 private dwellings within 100m of the Robertstown Creek and
these are shown in Appendix F.

4.7 Details of Environmentally Sensitive Areas

The Specified Area associated with the BRDA includes the Lower River Shannon Special
Area of Conservation (SAC). In addition the Specified Area includes the River Shannon
and Fergus Estuaries Special Protection Area (SPA) and the proposed National Heritage

Area (pNHA) of Inner Shannon Estuary — South Shore

Details about these environmentally sensitive areas are described in Appendix E.

4.8  Details of Land Use

The use of land surrounding BRDA - Aughinish Alumina Ltd. is identified as landscaped
buffer area with the Limerick City & County Council Shannon Estuary Water Treatment
Works to the South East of the BRDA.

4.9 Hazards to Peoplein the Area

There are a number of residential dwellings within a 100m distance from the high
water level of Robertstown River. People may be at risk if they come in contact with
waters with high pH as per Section 3.3.1 of this External Emergency Plan.

4.10 Specific Hazards to the Environment

See 3.3.2
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5.0 INFORMATION AVAILABLE TO THE PUBLIC

5.1 Information provided to the public prior to an incident occurring

Any persons occupying the specified area will be informed by Aughinish Alumina Ltd.
in the event of an actual or threatened major emergency.

The defined specified area is entirely in the ownership of Aughinish Alumina Ltd. and
therefore the occupants will primarily consist of Aughinish Alumina Ltd. staff and/or
any other occupants of the lands.

Separately, Limerick City & County Council has defined an Area which is adjacent to
‘the Specified Area and any residents within this area will be provided with information
advising of the procedures to be taken in the event of an actual or threatened major
emergency.

The information issued beforehand advises the public to:

e Avoid contact with watercourses in the area.

¢ Follow any instructions from the Principal Response Agencies (HSE, Gardai,
Limerick City & County Council)

5.2  When the Information will be issued
An information leaflet containing all the relevant information has been provided to
those residents located with a 100m distance from the high water level of
Robertstown River. An updated version of this leaflet will issue as part of the review of
External Emergency Plan.
5.3 Method of Providing Information to the public

The relevant information will be provided to the public using the following means:

e An information leaflet, produced by Limerick City & County Council,
distributed to households in the area.
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6.0 WARNING AND INFORMING THE PUBLIC DURING AN
INCIDENT

6.1 How the Public will be notified of an Incident

Following the determination of the extent of the incident, Limerick City & County
Council will inform the public of an incident by directly contacting people residing
within the 100m high water level. (Appendix F).

6.2 How the Public will be kept Informed during an Incident

information regarding the emergency will be communicated using media such as
house-to-house visits and/or direct telephone.

Procedures will be put in place by the responding agencies to keep the public
informed during and after an incident. This is outlined in Section 8.

6.3 How the Public will be notified of the ‘ALL CLEAR’

Where a Major Emergency has been declared, the decision to stand down the
incident at the site, and to announce an “All Clear” to the public, will be taken by the
On Site Co-ordinator, in consultation with the other Controllers of Operations at the
site and the Local Co-ordination Group.

Where a Major Emergency has NOT been declared, the decision to stand down this
External Emergency Plan and to announce an “All Clear” to the public will be taken by
Limerick City & County Council, in consultation with the Environmental Co-ordinator of
Aughinish Alumina Ltd.

The methods chosen to notify the ‘All Clear’ for Aughinish Alumina Ltd. will depend on
the nature and extent of the incident and it's impact on the public.

Notwithstanding that the site has been declared clear, the Controller of Operations
together with the a Media Liaison Officer(s) should prepare and issue advice on any
measures necessary for members of the public to manage the aftermath of the
incident.
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7.0 WORKING WITH THE MEDIA

7.1 Inter-Agency Media Plan

Limerick City and County Council shall activate its Media Communications Plan on
activation of the External Emergency Plan.

In the event of a major emergency, the Mid-West Inter-Agency Media
Communications Plan shall be activated and the Media Liaison Officers from the
Principal Response Agencies shall initiate a teleconference to decide on the
appropriate response.

The activities of the Media Liaison Officers at the site will be co-ordinated by the
Media Liaison Officer of Limerick City & County Council. All statements to the media
should be approved by the On-Site Co-ordinator.

If required, Limerick City & County Council, in conjunction with Aughinish Alumina
Ltd., shall establish a Media Briefing Centre.

7.2 Co-ordination with Aughinish Alumina Ltd. Media Strategy

The media liaison contact provided by Aughinish Alumina Ltd. should liaise with the

Media Liaison Officers of Limerick City & County Council to ensure a co-ordinated
response to the incident.
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8.0 RECOVERY

8.1 Clean-up Operations

RUSAL Aughinish BRDA Containment Failure Emergency Procedure details suitable and
sufficient provisions for the restoration and clean up of the environment within the
site ownership following a major accident.

Environmental Clean-Up operations required where there is a discharge to the Estuary
and/or Robertstown River will be determined following testing of the waters to

confirm contamination.

8.2 Organisations to be consulted

Contact Details

Name Address Contact Number
Environmental P.0O. Box 3000, Ph: 053-9160600
Protection Agency (EPA) | Johnstown Castle Estate, Fax: 053-9160699
Wexford Emergency Pager
Number: 0890 335599
HSE (Public Health) Department of Public Health, 061 - 483338

HSE, Mount Kennett House,
Henry Street, Limerick

National Parks & Wildlife | 7 Ely Place, Dublin 2. 01-8883242
Service (NPWS)

83 Arrangements that the Site Operator has to support the Community
following an Incident

To support the Community following the incident, Aughinish Alumina Ltd. will ensure
that they have all relevant insurances in place.
8.4  Arrangements that An Garda Siochana will put in place to support the

Community following an Incident

An Garda Siochédna shall provide all necessary and appropriate information on the
investigations, as soon as it is possible.

Otherwise, An Garda Siochana will comply with the provisions of the Major Emergency

Plan, as applicable in the circumstances during the recovery phase.

8.5  Arrangements that Health Service Executive will put in place to support the
Community following an Incident
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The HSE shall assess the health needs of the community and consider the scale of
immediate and ongoing needs for assistance in the circumstances of the emergency.
The following needs in particular will be considered:

The health needs of any persons affected by the emergency.

Provide a point of contact for the provision of information and for dealing
with the health concerns of the community.

Provide advice on environmental health in the circumstances of the
emergency

8.6  Arrangements that Limerick City & County Council will put in place to support
the Community following an Incident

Limerick City & County Council shall:

Make arrangements to provide appropriate support, assistance and advice
to people affected by the emergency.

Establish a list, in priority order, of remedial works / actions, with a view to
dealing with such works / actions in a speedy and efficient manner.
Establish any remedial works / actions, which are outside its own control /
function, and shall determine the speediest means of their alleviation,
including legal remedy, if necessary.

Advise on testing requirements, carrying out the clean-up and restoration
in the event of a major environmental emergency.

Prepare a post-incident evaluation and a resulting Incident Report for
circulation to all other agencies.
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9.0

CONTACT DIRECTORY

NOTE: A more comprehensive contact list is provided in each of the Principal
Response Agencies Major Emergency Plan.

Aughinish Alumina Ltd.

Name |

Position

Contact Number

Aughinish Alumina Ltd.

Fax: 061 604090

Phone: 061 604000

Louise Clune

Environmental Manager

Mobile: 0861064941

Michael O’ Toole

Human Resources, Health, Safety
and Community Affairs Manager

Mobile: 087-8604567

Please refer to Section 8 of RUSAL Aughinish BRDA Containment Failure Emergency
Procedure for more contact details.

Principal Response Agencies

Management Office,
Merlin Park Hospital,
Galway.

Limerick City & County County Hall, Office Hours: 061-556000
Council Dooradoyle Out of Office Hours: 061-417833
An Garda Siochana Henry Street 061-212400

Garda Station
Health Service Executive | Emergency 091-775080

Media Communication Team

Denis Tierney

Communications
Officer, Limerick City
& County Council

061-557224 / 087-0907037

Michael O'Toole

Human Resources,
Health, Safety and
Community Affairs
Manager, Aughinish
Alumina Ltd.

061-604000 / 087-8604567

Office of
Communications &
Corporate Services

EPA

053-9170770

National Parks & Wildlife Service

Eamonn Meskill — Regional Manager

| 064 6631440

Environmental Protection Agency (EPA)

EPA -Wexford

| 053-9160600
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EPA - Cork — OEE Inspector

021 4875540

Emergency Pager Number

1890 355 599

Health Service Executive

Ambulance Service

999/112

University Hospital Limerick UHL
Dooradoyle, Co. Limerick

Ph: 061-301111
Fax: 061-301165

Regional Emergency Management Office

091-775080

Medical Assistance

Croagh Medical Centre 069-63444
Dr. Susanne Fitzgibbon — Askeaton 061-392267
Foynes Clinic 069-65196
Shannon Doc 1850 212999
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10.0 SCHEDULE OF APPENDICES

Appendix Title

Site Location Map

Site Layout Map

Specified Area

Environmentally Sensitive Areas

Summary of Risk Assessment and Break-Out Study by AAL

Residential Properties to be Informed Prior to and during an
Incident

G Definitions
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APPENDIX A -SITE LOCATION MAP
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APPENDIX D — ENVIRONMENTALLY SENSITIVE AREAS

SAC - LOWER RIVER SHANNON

pNHA - [INNER SHANNON ESTUARY SOUTH SHORE

SPA - RIVER FERGUS AND RIVER SHANNON ESTUARIES
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APPENDIX E — SUMMARY OF RISK ASSESSMENT AND BREAK OUT STUDY

Note: The following summary has been prepared by Limerick City and County Council
from information provided in the Executive Summary of the Golder Associates (UK)Risk
Assessment and Break-Out Study, prepared in March 2013 for Aughinish Alumina Ltd..

The risk assessment and break-out study prepared on behalf of Aughinish Alumina Ltd
(AAL) and submitted to the EPA was scoped to provide an indication of the possible
mechanisms of catastrophic failure of the dam wall that could lead to a breach of the
Bauxite Residue Disposal Area (BRDA), Storm Water Pond (SWP), Liquid Waste Pond
(LWP) and the Perimeter Interceptor Channel (PIC), resulting in the subsequent
release of waste water and/or liquefied red mud slurry to the downstream
environment.

The Risk Assessment considered an estimation of the probability of failure occurring,
an indication of the route and geometry of a flow of water and liquefied red mud
slurry following a breach of the dam wall of the BRDA or ancillary structures and
details of procedures to mitigate the risk of the failure scenarios identified.

The key components of the AAL BRDA are:

Low Permeability Outer Perimeter Embankment Wall;

Permeable Inner Perimeter Embankment Wall;

Perimeter Interceptor Channel;

Composite Lined System throughout the Phase 1 Extension and Phase 2 BRDA;
Stage Raises;

Upper level bench to reduce the overall side slopes

Protection from the Robertstown River and River Shannon by a flood tidal
defence berm

The risk assessment considered the potential “pathways” of the BRDA dam wall breaks
that could conceivably result in release of significant volumes of material to the
downstream environment.

The main failure modes or events identified leading to the loss of red mud and/or
water into the environment:

¢ Loss of containment, through slope or foundation failure, or erosion;

e Overtopping of the SWP, LWP and PIC; and

¢ Failure through storm surge.

Having established a number of cause/consequence trees that model the potential
pathways from the hazards to the target, probabilities were assigned to the
cause/consequence trees. The probabilities were assigned on the basis of professional
judgement and calculations, where appropriate.

A general guide used to describe annual probability of occurrences used is given
below.
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Description of Probabilities

Annual Probability
of Occurrence

Description

1e-6 (1 in 1 million)

Almost impossible or negligible (no published information on a similar
case exists)

1e-5 (1 in 100,000)

Highly improbable (published information exists, but in a slightly
different context)

le-4 (1 in 10,000)

Very Unlikely (it has happened elsewhere, but some time ago)

1e-3 (1 in 1,000)

Unlikely (recorded recently elsewhere)

1e-2 (1 in 100)

Possible {could have occurred already without intervention)

0.1 (1in 10)

Highly probable (a previous incident of a similar nature has occurred
already)

0.2-05(1in5to1
in 2)

Uncertain (nearly equal chance of occurring to that of not occurring)

0.5-0.9(>1in 2)

Nearly certain (one or more incidents of a similar nature have

1 (or 0.999)

occurred recently) _
Certain (or as near to, as makes no significant difference) l

As a comparison, the average risk of death from various human causes and natural
accidents is tabulated below for data from the USA.

Description of Probabilities

Annual Probability of Occurrence

Description of Accident Resulting in Death

1E-7 (1 in 10 million)

Falling Aircraft

5E-7 (1 in 2 million)

Lightning Strike

6.25E-6 (1 in 160,000)

Electrocution

1E-5 (1 in 100,000) Air Travel

3.3E-5 (1 in 30,000) Drowning

4E-5 (1 in 25,000) Fire and Hot Substances
5E-5 (1 in 20,000) Struck By A Motor Vehicle
1E-4 (1 in 10,000) Falls

2.0E-4 (1 in 5,000) influenza

| 2.5E-4 (1 in 4,000)

Motor Vehicle

Probability of failure and stability factors of safety have been investigated for various
soil slopes in dams, embankments, cuts and excavations designed with usual factors of
safety and site investigation procedures.

Based on this work the annual probability of failure for given factors of safety can be
related and are tabulated below.
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Probability of Failure and Factor of Safety

Annual Probability of Failure Factor of Safety
1E-6 (1 in 1 million) 2.0
1E-5 (1 in 100,000) 1.8
1E-4 (1 in 10,000) 1.6
1E-3 (1 in 1,000) B 1.4
1E-2 (1 in 100) i
0.1 (1in 10) 1.0

It was established that the risks associated with containment and wave surge failure
for the BRDA are significantly lower in relation to the annual probability of failure for
modern engineered embankment dams which is about 1.65E-4°

The probabilities for release of red mud from the BRDA were deemed to be negligible.
These low probabilities reflect the absence of water on the BRDA and the shallow
slopes resulting in relatively safe stable conditions.

For the Storm Water Pond, the annual risk from overtopping and wave surge failure
was shown to be less than that for a modern engineered dam at 1.65E-4. However,
the probability of containment failure is slightly higher but has an equivalent stability
factor of safety of 1.44 which is satisfactory.

The overall probability of release of alkaline water from the Storm Water Pond is
slightly higher than that for a modern engineered dam and equates to a stability factor
of safety of 1.41 which is satisfactory.

The Liquid Waste Pond has a similar but slightly lower overall annual probability risk
which equates to a stability factor of safety of 1.49 which is satisfactory

In the negligible likelihood of a BRDA failure, the theoretical volume of red mud that
could be released from the BRDA is estimated to be in the order of 15,000 m3 to
30,000 m3. The flow model used indicated that the red mud could move a distance of
5m for the farmed red mud and 80 metres for red mud which has liquefied. The flood
tidal defence berm will be able to retain the liquefiable red mud provided it has not
been washed away as a result of tidal surge. The volume of water released from the
SWP, LWP and PIC will depend on their inventory at the time of failure although it is
likely to be at their maximum level. The worst case for the SWP and LWP would relate
to the facilities being completely full with nearly 300,000m3 of water. If released, the
water would be retained within the FTDB although there could be escape through the
sluice gate valve into the Robertstown River. Similarly, for the two number PICs, when

3 The annual probability of failure for modern engineered embankment dams is 1.65E-4which
equates to a factor of safety in terms of stability of approximately 1.56 based on the data above.
The source of dam failure data used in the study is from ICOLD’s (International Committee on
Large Dams) Bulletin 99 and from the Wise Uranium Project which collate data on dam failures
for water retaining dams, tailings dam incidents. In addition, ICOLD’s Bulletin 121 assesses the
risk of dangerous occurrences associated with tailings dams.
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full retains a combined volume of approximately 226,000m3 of water. If released, the
water would be retained within the FTDB although again there could be escape
through the sluice gate valve into the Robertstown River.

The most important hazards identified in the study by the risk analysis relate to:
e Displacement of alkaline water in the PIC as a result of wave surge without
breaching the embankment wall and indirectly displacement of the alkaline

water in the SWP and waste water in the LWP.

o Slope failure of the containment walls for the SWP, LWP, and the Outer
Perimeter Wall under static load conditions; and

e Containment failure from the 2200 year wave surge in the PIC.

Issue 2.0 August 2019 -40 -



External Emergency Plan

APPENDIX F - Residential Properties to be Informed Prior to and during an Incident
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APPENDIX G — DEFINITIONS

Definitions are taken from A Framework for Major Emergency Management —
Guidance Document 10: A Guide for PRA Local Competent Authorities under S.l No.209
of 2015 European Communities (Control of Major Accident Hazards Involving
Dangerous Substances) Regulations 2015- October 2015, except where amended as
shown*

Controller of Operations The person given authority by a principal
response agency to control all elements
of its activities at and about the site.

Crisis Management Team A tactical level management group, which
consists of senior managers from within
the principal response agency, which is
assembled to manage a crisis and deal
with issues arising for the agency both
during the emergency and the
subsequent recovery phase.

Danger Area Areas where there is a definite risk to
rescue personnel, over and above that
which  would normally pertain at
emergency operations.

Decontamination A procedure employed to remove
hazardous materials from people and
equipment.

Holding Area An area at the site, to which resources

and personnel, which are not immediately
required, are directed to await
deployment.

Information Management System The Information Management System is
to assemble available data and to present
decision makers with relevant
information as a sound basis for their
decision making function. The
Information Management System s
structured into four fields, which consist
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of Recognised Current Situation, Key
Issues, Strategic Aim/Priorities and
Actions.

‘»

Lead Agency

The Principal Response Agency that is
assigned the responsibility and mandate
for the coordination function in response
to a major emergency.

Local Co-ordination Centre

A pre-nominated building, typically at
county or subcounty level, with support
arrangements in place, and used for
meetings of the Local Co-ordination
Group.

Local Co-ordination Group

A group of senior representatives from
the three Principal Response Agencies (An
Garda Siochana, HSE and Local Authority)
whose function is to facilitate strategic
level co-ordination, make policy decisions,
liaise  with  regional/national level
coordination centres, if appropriate, and
facilitate the distribution of information
to the media and the public.

:

Major Emergency Plan

A plan prepared by each of the Principal
Response Agencies in responding to a
major emergency.

Major Emergency

Any event which, usually with little or no
warning, causes or threatens death or
injury, serious disruption of essential
services, or damage to property, the
environment or infrastructure beyond the
normal capabilities of the principal
emergency services in the area in which
the event occurs, and requiring the
activation of  specific additional
procedures to ensure effective, co-
ordinated response.

Major Accident*

A major accident is an occurrence on site
in the course of an operation involving
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the management of extractive waste in
any establishment covered by Directive
2006/21/EC 1, leading to a serious
danger to human health and/or the
environment, whether immediately or
over time, on-site or off-site;

Meeting Point

An agreed location for the initial meeting
of the Principal Response Agencies with
the site operator.

On-Site Coordinator

The person from the lead agency with the
role of coordinating the activities of all
agencies responding to an emergency.

On-Site Coordination Centre

Specific area/facility at the Site Control
Point where the On-Site Co-ordinator is
located and the On-Site Coordination
Group meet.

Principal Emergency Services (PES)

—

The services which respond to normal
emergencies in Ireland, namely An Garda
Siochdna, the Ambulance Service and the
Fire Service.

Principal Response Agencies (PRA)

The agencies designated by the
Government to respond to Major
Emergencies i.e. An Garda Siochana, the
Health Service Executive and the Local
Authorities.

Rendezvous Point (RVP)

The Rendezvous Point is the location to
which all resources responding to the
emergency site are directed in the first
instance. An Garda Siochana will organise
the Rendezvous Point. Other services may
have one of their officers present to
direct responding vehicles into action or
to that service’s Holding Area.
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582 LANCASTER STREET WEST
KITCHENER, ON
CANADA N2K 1M3

T:+1519 743-8778
wsp.com

November 26, 2021
ISSUE TO CLIENT

AUGHINISH ALUMINA LTD.

Attention:
Dear Sir / Madam:
Subject: Human Health Assessment for Bauxite Residue and Salt Cake in Support of

the Environmental Impact Assessment for the Expansion of the Alumina
Production Facility, Askeaton, County of Limerick, Ireland

WSP Canada Inc. (WSP), in collaboration with Golder Associates Ltd. (a member of WSP Canada
Inc.), has been retained to prepare a Human Health Assessment (HHA) for the bauxite residue and
salt cake produced as a by-product from the existing alumina production facility located in the
townlands of Aughinish East, Aughinish West, Island Mac Teige, Glenbane West, and

Fawnamore at or adjacent to Aughinish Island, Askeaton, County of Limerick (herein referred to
as “the Project”). The Project is owned and operated by Aughinish Alumina Ltd (“AAL”). The
HHA has been completed in support of the Environmental Impact Assessment (EIA) that forms
part of the Planning Application by AAL.

Please find attached for your review and comment, the draft HHA, including tables, figures, and
appendices.

Sincerely,

Theresa Repaso-Subang, BSc, DABT, ERT, Brian Keenan

QPRA Project Manager
Senior Technical Lead, Toxicology & Risk Golder Associates Ireland Ltd.
Assessment

WSP ref.: 211-09062-02
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Theresa Repaso-Subang, DABT, ERT, QPRA Brian Keenan
Senior Technical Lead — Toxicology & Risk Project Manager
Assessment Golder Associates Ireland Ltd.

%77

Ahmed Negm, M.Env.Sc Lindsay Furtado, M.Sc.
Risk Assessor Risk Assessor

Sanggan Chen

Yangfan Chen, M.Sc.
Risk Assessor

The report is intended to be used in its entirety. No excerpts may be taken to be representative of the findings in the assessment.

The conclusions presented in this report are based on work performed by trained, professional and technical staff, in accordance
with their reasonable interpretation of current and accepted engineering and scientific practices at the time the work was performed.

The content and opinions contained in the present report are based on the observations and/or information available to WSP at the
time of preparation, using investigation techniques and engineering analysis methods consistent with those ordinarily exercised by
WSP and other engineering/scientific practitioners working under similar conditions, and subject to the same time, financial and
physical constraints applicable to this project.

The intended recipient is solely responsible for the disclosure of any information contained in this report. If a third party makes use
of, relies on, or makes decisions in accordance with this report, said third party is solely responsible for such use, reliance or
decisions. WSP does not accept responsibility for damages, if any, suffered by any third party as a result of decisions made or
actions taken by said third party based on this report.

In preparing this report, WSP has relied in good faith on information provided by others, as noted in the report. WSP has reasonably
assumed that the information provided is correct and WSP is not responsible for the accuracy or completeness of such information.

This limitations statement is considered an integral part of this report.
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LIST OF ACRONYMS

ACRONYM DEFINITION

AAL Aughinish Alumina Limited

AAQC Ambient Air Quality Criteria

AAQO Ambient Air Quality Objective

ACGIH American Conference of Government Industrial Hygienists
ACS American Cancer Society

AENV Alberta Environment

AMCV Air Monitoring Comparison Value

AML Acute Myeloid Leukemia

ANL Acute Nonlymphocytic Leukemia

AQA Air Quality Assessment

AQO Air Quality Objective

ATSDR Agency for Toxic Substances and Disease Registry
AWN AWN Consulting

BC MoECCS British Columbia Ministry of Environment and Climate Change Strategy
BRDA Bauxite Residue Disposal Area

BMD Benchmark Dose

BMDL Benchmark Dose Level

Bq Bequerel

CAAQS California Ambient Air Quality Standards

Cal OEHHA California Office of Environmental Health Hazard Assessment
CCME Canadian Council of Ministers of the Environment
CDC Centers of Disease Control

COPC Chemicals of Potential Concern

CSM Conceptual Site Exposure Model

DABT Diplomate of the American Board of Toxicology
EC European Commission

ECHA European Chemical Agency

EDI Estimated Daily Intake

EE Exposure Estimate

EIAR Environmental Impact Assessment Report
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ACRONYM DEFINITION

EPC Exposure Point Concentration

ER Exposure Ratio

ERT European Registered Toxicologist

ERV Emergency Room Visits

ESA Environmental Site Assessment

ESL Effect Screening Level

ET Exposure Time

GHS United Nations Globally Harmonised System of Classification and Labelling of Chemicals
GRAS Generally Recognized as safe

HA Hospital Admissions

HHA Human Health Risk Assessment

HQ Hazard Quotient

Hr hour

IAEA International Atomic Energy Agency

IARC International Agency for Research on Cancer

ICE Isolated Chicken Eye

ILCR Incremental Lifetime Cancer Risk

1Q Intelligence quotient

IUR Inhalation Unit Risk

kg Kilogram

mg milligram

M meter

mOD Metres above Ordnance Datum

MV Metro Vancouver

mSv microSieverts

NAAQS National Ambient Air Quality Standard

NO; Nitrogen Dioxide

NOAEL No Observed Adverse Effect Level

NORM Naturally Occurring Radioactive Material

NRC National Research Council

OECD Organisation for Economic Cooperation and Development
ON MECP Ontario Ministry of Environment, Conservation and Parks
PEC Predicted Exposure Concentration
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ACRONYM

DEFINITION

PM Particulate Matter

PM1o Coarse Particulate Matter

PMzs Fine Particulate Matter

PNOS Particulate (insoluble) Not Otherwise Specified
QPRA Qualified Person for Risk Assessments

RA Risk Assessment

REACH Evaluation, Authorisation and Restriction of Chemicals
POD Point of Departure

SCDC Salt Cake Disposal Cell

SF Slope Factor

TCEQ Texas Commission on Environmental Quality
TRV Toxicity Reference Value

pg/m3 Microgram per cubic meter

UF Uncertainty Factor

URF Unit risk factor

US EPA United States Environmental Protection Agency
US FDA US Food and Drug Administration

VOC Volatile Organic Compound

WHO World Health Organization
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EXECUTIVE SUMMARY

Aughinish Alumina Limited (AAL) retained WSP Canada Inc. (WSP), in collaboration with Golder Associates Ireland
Ltd. (Golder), to complete this Human Health Assessment (HHA) to support the Environmental Impact Assessment
for the proposed expansion of the Bauxite Residue Disposal Area (BRDA) and the Salt Cake Disposal Cell (SCDC).
AAL operates a long-established alumina plant, located on Aughinish Island on the southern side of the Shannon
Estuary near the village of Foynes, County of Limerick. The landholding extends to c. 601 hectares and is located c.
6 km north-west of Askeaton and c. 30 km west of Limerick City Centre.

Bauxite residue, a by-product of the alumina production process, is deposited within the BRDA located to the south-
west of the plant. The BRDA covers an area of approximately 184 hectares (ha). The SCDC, located within the BRDA,
is an engineered cell that stores the salt cake hazardous waste created from removing the organic impurities when the
bauxite is dissolved. The Project site plan is shown on Figure 1.1.

The proposed development consists of works to the BRDA comprising of an expansion to increase its disposal capacity
to accommodate additional bauxite residue arising from the continued operation of the permitted alumina plant located
on the wider AAL facility. The proposed increase in disposal capacity to the BRDA will result in a proposed increase
in height of ¢.12m above the currently permitted stage 10 level (c. 32m OD) to a final stage 16 level (c. 44m OD). No
increase to the existing footprint of the BRDA is proposed.

The proposed method of raising the BRDA will be the upstream method, consistent with the construction methodology
for the current BRDA and involves the construction of rock fill embankments (Stages), offset internally, and founded
on the previously deposited and farmed bauxite residue, in 2 m high vertical lifts. The overall stack is raised
systematically as the stages are filled with bauxite residue, farmed, carbonated, and compacted, prior to deposition of
the next layer.

To complete the HHA, WSP evaluated the toxicity of bauxite residue and salt cake by-products, assessed the source-
pathway-receptor linkage to understand causal relationship between predicted exposures and bauxite residues, as well
as characterized health risks, if any, of nearby human populations with potential exposures released from the Project.

Given that bauxite residues and salt cake waste by-products are mixtures and due to their limited (or absent) toxicology
data, a literature search and review was completed for their constituents to determine the toxicology and associated
health effects from exposures to solid waste mixtures as well as identify which chemicals of potential concern (or
COPCs) will be carried forward for further evaluation in the HHA. All constituents were identified as COPCs for
further assessment in the HHA, with exception of those constituents that were listed as “Generally Recognized as
Safe” (“GRAS”) by the US Food and Drug Administration (FDA).

Those substances listed as GRAS have been concluded to have “no evidence in the available information ...that
demonstrates, or suggests reasonable grounds to suspect, a hazard to the public when they are used at levels that
are now current or might reasonably be expected in the future” (US FDA, 2018).

It was determined that constituents of bauxite residue and salt cake that would be screened out from further assessment
included: moisture, Bayer sodalite, Gibbsite, Quartz, Sodium carbonate (baking soda), Carbonate apatite, Sodium
bicarbonate (baking soda), Sodium aluminate, Sodium hydroxide, Magnesium oxide, and potassium carbonate. The
constituents of bauxite residue and salt cake that were screened out from further evaluation in the HHA totaled 33.5%
and 61.5% of the total weight percentage, respectively. Table 4.1 and Table 4.2 summarize the compositions of
bauxite residue and salt cake, as well as indicate which constituents were carried forward as COPCs.

Before assessing the potential health effects of Project-related emissions, the HHA characterized existing community
health (i.e., Limerick County) by referring to several credible health-related sources including a 2015 Health Profile
for the City of Limerick, a 2019 Health in Ireland report, and key health statistics from Ireland Central Statistics
Office. Collectively, these sources suggested that the death rate for many diseases in Limerick is lower or equivalent
to other counties and the national average. Death rates were only marginally higher for diseases such as myocardial
infraction and other diseases of the circulatory system, and two times higher for diseases of the blood, blood forming
organs, and immunological disorders. However, it is important to note that data between 2009 to 2017 indicates that
death rates for these diseases (and many others) are on a steady decline in Limerick.
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The human receptors evaluated in the HHA were identified based on land use(s) within the Project Study Area and
included sensitive subpopulations such as children and residents. The following human receptors were considered and
evaluated in the HHA:

— Young children and teen students in a primary school (Scoil Naisiunta Sheanain);
— Adult workers (e.g., teachers) at the primary school; and,
— Individuals who live in residential communities near the Project.

A toxicological and jurisdictional review of available ambient air exposure limits was completed for all identified
COPCs. Health-based TRVs were selected for each COPC and averaging period, if available, based on information
obtained during this review.

For non-cancer health endpoints, the findings of the risk analysis concluded the following:

e There are no health concerns associated with exposures to Project-related COPCs for students and teachers
at the nearby primary school.

e Predicted health risks for students and teachers at the nearby primary school are associated with exposures
to background ambient concentrations of PM1 and PM;s; constituting over 45% to as high as 99% of the
predicted health risks.

e There are no health concerns associated with exposures to Project-related COPCs for nearby residents, for
all life stages (i.e., infancy, toddler, child, teen, and adult).

For cancer health endpoints, the findings of the risk analysis concluded the following:

o Potential inhalation exposures of chromium trioxide, arsenic trioxide and PMio from Project-related
emissions are associated with de minimis incremental risk of cancer for students and teachers at the primary
school as well as nearby residents.

The HHA was carried out to err on the side of caution to ensure that the results are protective of human health. As
such, it is important to highlight that the conclusions were based on the following conservative approach that have
been applied in the HHA:

e The risk analysis applied worst-case Project emissions of PM1o and PM. s at the Project boundary. That is, all
human receptors evaluated in the HHA were assumed to be exposed to maximum 24-hr concentrations,
calculated as 90™ percentile concentrations, at the Project boundary. In addition, the exposure assessment
only considered predicted air concentrations from scenario 1, which represents the earliest stage of BRDA
elevation construction and the worst-case predicted air concentrations. Predicted air concentrations show a
slight decrease as the BRDA is raised (i.e., with each successive scenario), with the final scenario (5) having
the lowest predicted air concentrations as the surface area of the BRDA is significantly reduced compared to
the other scenarios. Therefore, using predicted air concentrations from scenario 1 in addition to assuming
that human receptors are present at the Project boundary exposed to maximum concentrations for the purpose
of the exposure assessment is considered an overly conservative approach, and is likely to overestimate risk.

e These worst-case concentrations were selected to develop the COPC-specific exposure concentrations used
for the purpose of the exposure assessment. Given that these concentrations are based along the AAL facility
boundary, and that the nearest off-site receptor is located approximately 1.9 kilometres to the west of the
AAL facility, use of these worst-case concentrations is considered a conservative approach, and is likely to
overestimate risk.

e The HHA assumed that emissions of the bauxite residue and salt cake predominantly occurs as particulates
or fugitive dusts. To assess potential exposures to bauxite residue and salt cake, this HHA assumed their
constituents will be present in the dusts emitted from the Project at the same percentage composition. That
is, the predicted concentration for each COPC is based on the percentage of each COPC modelled PM1o
(annual and 24-hr) and PM2s (annual and 24-hr) concentrations to reflect the percentage of each COPC in
the dust. Therefore, this HHA assumes that both bauxite residue and salt cake are both present as dust, with
levels of their constituents present at the same percentage composition as in the solid waste by-product. This
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assumption maintains an overly conservative approach given that the moisture content of both bauxite residue
(21%) and salt cake (41% to 46%, with a mean of 44%) are high. The presence of salt cake constituents as
particulates or dust is highly unlikely given that moisture content is approximately 50%.

e Conservative assumptions were applied when calculating the exposure estimates (i.e., conservative
assumptions for exposure durations and frequencies). For example, residents were assumed to be exposed to
predicted exposure concentrations at the Project boundary continuously, for 24-hours, daily.

e Based on the findings of this HHA based on the use of maximum predicted exposure concentrations of PM1o
and PM;, and in combination with the use of overly conservative exposure assumptions applied in the risk
analysis, bauxite residue and salt cake do not pose a health concern to human receptors in the nearby primary
school and nearby residences.
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1 INTRODUCTION

1.1 BACKGROUND

Aughinish Alumina Limited (referred to herein as “the Applicant” or “AAL”) operates a long-established alumina
plant, located on Aughinish Island on the southern side of the Shannon Estuary near the village of Foynes, County of
Limerick. The landholding extends to c. 601 hectares and is located c. 6 km north-west of Askeaton and c. 30 km
west of Limerick City Centre.

Bauxite residue, a by-product of the alumina production process, is deposited within the Bauxite Residue Disposal
Area (BRDA) located to the south-west of the plant. The BRDA covers an area of approximately 184 hectares (ha).
A Salt Cake Disposal Cell (SCDC) is also located within the BRDA. The SCDC is an engineered cell that stores the
salt cake hazardous waste created from removing the organic impurities when the bauxite is dissolved. The Project
site plan is shown on Figure 1.1.

The proposed development consists of works to the BRDA comprising of an expansion to increase its disposal
capacity to accommodate additional bauxite residue arising from the continued operation of the permitted alumina
plant located on the wider AAL facility. The proposed increase in disposal capacity to the BRDA will result in a
proposed increase in height of ¢c.12m above the currently permitted stage 10 level (c. 32m OD) to a final stage 16
level (c. 44m OD). No increase to the existing footprint of the BRDA is proposed.

The proposed method of raising the BRDA will be the upstream method, consistent with the construction
methodology for the current BRDA and involves the construction of rock fill embankments (Stages), offset
internationally, and founded on the previously deposited and farmed bauxite residue, in 2 m high vertical lifts. The
overall stack is raised systematically as the stages are filled with bauxite residue, farmed, carbonated, and
compacted, prior to deposition of the next layer.

Additional works proposed as part of the application include the following:

e A vertical extension to the existing SCDC to accommodate further disposal of salt cake resulting in an
increase in height of ¢.2.25m. The SCDC is located within the BRDA. A description of the SCDC and its
function is provided in Chapter 2 of the Environmental Assessment Impact Report (EIAR).

e An extension of the existing borrow pit, located to the east of the BRDA, is also proposed. This extension
proposes to increase the footprint of the borrow pit from c.4.5ha to ¢.8.4ha. This expansion will provide an
additional 380,000m3 of rock fill material which is needed to satisfy the requirements of the construction
and operation of the BRDA.

e The continued use of an existing stockpile area at the southeast of the subject site to store topsoil to satisfy
the additional restoration requirements of the extended BRDA.

e  Upgrades to the existing water management infrastructure to accommodate the BRDA development to
Stage 16 which will also allow for greater Inflow Design Flood (IDF) capacity for the entirety of the
BRDA.

Given that the proposed BRDA Raise and the proposed SCDC Raise sit entirely within the footprint of the existing
BRDA, where reference is made to the BRDA within the following text, this will refer to both the BRDA and the
SCDC areas unless otherwise stated. Please refer to Chapter 3.0 of the EIAR and the Engineering Design Report
(provided as Appendix A of the EIAR) for a more detailed description of the proposed development.

WSP Canada Inc., in collaboration with Golder Associates Ltd. (a member of WSP Canada Inc.), has been retained
to complete this Human Health Assessment (“HHA”) in support of the EIAR. This HHA supports the human health
assessment provided in Chapter 6 of the EIAR.
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1.2 OBJECTIVES

This HHA is intended to provide a technical assessment that evaluates human health risks, if any, associated with
exposures to potential emissions of bauxite residue and salt cake by-product from the Project.

The objectives of the HHA include the following:
— Evaluate the toxicity of the bauxite residue and salt cake by-products;

— Establish a “source-pathway-receptor” linkage to determine causal relationship between predicted exposures to
bauxite residues and known health effects reported in publicly available epidemiological, occupational and/or
animal toxicology studies. Priority will be given to primary literature and reviews prepared by credible sources
including regulatory agencies and non-governmental organizations; and

— Characterize the health risks, if any, of nearby human populations associated with potential exposures to bauxite
residues and salt cake by-products that may potentially be released from the Project.

HUMAN HEALTH ASSESSMENT FOR BAUXITE RESIDUE AND SALT CAKE - WSP
PROJECT NO. 211-09062-02 November 26 2021
AUGHINISH ALUMINA LTD. Page 5



Figure 1.1 Project Area (Source: Tom Phillips + Associates 2020)
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2 PROJECT TEAM MEMBERSHIP

The project team has the necessary expertise to complete the HHA in a manner that meets international regulatory
and technical requirements. The following provides a brief synopsis of the expertise and project experience of each
team member in the completion of the HHA.

Theresa Repaso-Subang, DABT, ERT, QPRA - Lead Human Health Toxicologist

Ms. Theresa Repaso-Subang has 30 years of experience in environmental and human health toxicology and risk
assessment. In 1995, Theresa received a certificate from Harvard School of Public Health in Risk Analyses and Risk
Communications. Since 2004, Theresa has been a board-certified toxicologist with the American Board of
Toxicology (DABT) and a European Registered Toxicologist (ERT) under the United Kingdom Registry of
Toxicologists since 2015. As such, Theresa is bound by the codes of conduct of the American Board of Toxicology,
Royal Society of Biology and British Toxicology Society. Theresa also received certification for the ethical conduct
for research involving humans. Theresa is designated as a Qualified Person for Risk Assessments in the Province of
Ontario and Saskatchewan in Canada. Theresa has been involved in the comprehensive reviews of toxicology data to
support the development of ambient air quality standards on behalf of Health Canada, Ontario Ministry of
Environment, Alberta Environment and Parks and World Health Organization. In support of permit applications,
Theresa has been involved in the human health assessment of ambient air concentrations potentially impacted by
ongoing and/or proposed infrastructure projects.

Ahmed Negm, M.Env.Sc. - Risk Assessor & Technical Resource

Mr. Ahmed Negm is a Risk Assessor with WSP’s Toxicology & Risk Assessment Group located in Toronto,
Ontario. He is a graduate of the University of Toronto and York University, with over five years of experience in
environmental management. His experience specifically includes risk assessments and environmental site
assessments. Ahmed specializes in providing support to human and ecological health RA projects, with
responsibilities including data analysis and interpretation, exposure modelling (including vapour intrusion modeling
of volatiles), toxicity assessments, risk characterization, development of risk management measures, report writing,
and overall project coordination.

Lindsay Furtado, M.Sc. - Risk Assessor & Technical Resource

Ms. Lindsay Furtado is a Risk Assessor with WSP’s Toxicology and Risk Assessment Group located in Kitchener,
Ontario. Ms. Furtado holds a B.Sc. and M.Sc. in environmental toxicology. She has over 7 years of experience in the
areas of environmental site assessment, and in human health and ecological risk assessment. These responsibilities
have included records reviews, sample planning, sample collection, data and statistical analysis, conceptual site
models, contaminant fate and exposure modelling, toxicity assessments, risk characterization, property specific
standards, risk management measures, risk management plans, and report writing.

Yangfan Chen, M.Sc. — Risk Assessor & Technical Resource

Ms. Yangfan Chen is a Risk Assessor, with experience collaborating with the Canadian government, the Chinese
government, universities and companies on human health risks projects and air pollution projects. Yangfan is
currently a member of WSP’s Toxicology and Risk Assessment Group located in Windsor, Ontario. She is
supporting our clients on risk assessments, involved in data management and statistical analysis, exposure modelling
and toxicology reviews. As a member of a project funded by Ontario Ministry of Economic Development, Job
Creation and Trade (Canada) and the Natural Sciences and Engineering Research Council of Canada, Yangfan
completed a Human Health Risk Assessment of PM.s. She is proficient at human health risk assessment, data
interpretation and management, and environmental modelling. She is fluent in Mandarin.
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3 OVERVIEW OF HEALTH RISK
ASSESSMENT APPROACH

Risk assessment provides a quantitative description of the safety of a site. Generic regulatory guidelines do not
consider site-specific conditions such as the types of people, wildlife, or fish present at a site. In addition, regulatory
guidelines are not always available for all chemicals of potential concern (COPC). For these reasons, risk
assessment is often used to identify COPCs and areas within a site that pose a human health risk. This information
can be used to guide decisions about how risks can be managed, including if and where reduction of risks is
required.

Risk assessment methods provide opportunities for the incorporation of public concerns and issues. This is
particularly true for the problem formulation stage, as it is important that the right questions are asked, and the
appropriate focus be given to subsequent stages in the assessment. Public involvement is also important in the risk
reduction planning stage.

Risk assessment is widely used and recognized by regulators and the scientific community. Methods and guidance
documents have been available for several years, and there is a growing body of experience in the development of
risk reduction plans for proposed infrastructure projects. The risk assessment method used in this report is based on
the following guidance documents:

— Guidance on the Management of Contaminated Land and Groundwater at EPA Licensed Sites, Ireland
Environmental Protection Agency, Office of Environmental Enforcement, 2013;

— Risk Assessment in the Federal Government: Managing the Process, United States National Research Council,
National Academy Press, Washington, D.C., 1983; and

— Risk Assessment Guidance for Superfund Volume 1: Human Health Evaluation Manual (Part A), U.S.
Environmental Protection Agency, EPA/540/1-89/002, dated December 1989.

Risk assessment informs the decision-making process by providing the information to “match the effort with the
risk”. This means that the risk assessment findings inform the risk reduction plans so that they can be tailored to: (1)
achieve an effective net reduction in risk; and (2) address the primary risk drivers whether these are the sources of
contamination or specific pathways that link sources with receptors. Risk assessment also allows risks to be ruled
out; that is, it identifies COPCs and pathways that do not represent a potential risk and can, therefore, be ruled out of
consideration for risk reduction.

The source-pathway-receptor model is the foundation, the core framework for this HHA that establishes the basis for
understanding how risks can be reduced or eliminated.

3.1 RISKASSESSMENT FRAMEWORK

This HHA follows a widely recognized risk assessment framework, as illustrated in Figure 3.1, established by the
National Research Council (NRC) and applied by US EPA and other international agencies. The four components of
the risk assessment framework are: 1) Problem Formulation; 2) Exposure Assessment; 3) Toxicity or Effects
Assessment; and 4) Risk Characterization. Each of the four components is described in the following sections.

3.1.1 PROBLEM FORMULATION

Problem formulation is used to focus the risk assessment on the chemicals, exposure pathways, and receptors that
are most applicable to the Project. This focus is provided by using a fundamental principle in risk assessment that a
risk cannot occur if there are no links between sources of exposure and people. As such, three elements are
required: 1) sources of chemicals must be present; 2) receptors (e.g., people) must be present; and 3) exposure
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pathways must exist between the source of the chemicals and the receptors (Figure 3.2). In the absence of any one
of the three elements (source, pathway, or receptor), risks cannot occur. This source-pathway-receptor principle
serves as the basis for this HHA for the Project and is also the basis for the remaining steps of the HHA.

The presence of all three elements in Figure 3.2 does not necessarily indicate an unacceptable risk. Rather, source-
pathway-receptor links indicate the potential for risk. This potential for risk is further investigated during problem
formulation by a screening process. The screening process defines the following source-pathway-receptor linkages:

e Source: COPCs that occur at concentrations above regulatory guidelines and/or background levels; and

e Pathway: critical pathways that serve as the primary routes of exposure to COPC; and

e Receptor: receptors of concern that serve as representatives of human populations or communities because
of their proximity to the Project, their sensitivity, and their anticipated exposure to emissions from the Project.

Figure 3.1 Risk Assessment Framework
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Figure 3.2 Three Elements of Risk
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The methods used to screen chemicals, receptors, and pathways are briefly outlined below.

— Chemical screening: The objective of the chemical screening step is to focus on the chemicals of potential
concern to be evaluated in the assessment. For this HHA, the COPCs are related to the by-products of the
alumina processes including bauxite residues and salt cake. A literature search and review has been completed
to assess bauxite residues and salt cake, and their constituents. This is further discussed in Section 4.

— Exposure pathway screening: The objective of exposure pathway screening step is to determine the potential
routes by which human receptors could potentially be exposed to COPCs from the Project. The primary exposures
evaluated in this HHA is inhalation of bauxite residues and salt cake (as particulates) and deposition of
particulates.

— Receptor screening: The objective of the receptor screening process is to select a representative set of receptors
who may be exposed to COPCs from the Project. For this HHA, young children who may be attending the
closest school located 1.9 kilometres from the Project has been identified as a sensitive receptor. In addition,
residents who are living approximately 0.5 km to the east in the vicinity of the Project have been identified as
sensitive receptors.

Once the screening process is complete, the Problem Formulation continues with the development of a Conceptual
Site Exposure Model of the source-pathway-receptor linkages that are expected to be the primary drivers of risk
from the Project. Conceptual Site Exposure Model is a diagram or drawing that is used to present the results of the
problem formulation.

— The problem formulation is complete when:

— COPCs are identified; and

— A Conceptual Site Exposure Model of source-pathway-receptor links have been developed.

The results of the problem formulation are carried forward to the next steps in the risk assessment.

3.1.2 EXPOSURE ASSESSMENT

An exposure assessment is completed for each chemical of potential concern identified in the problem formulation.
For humans, exposure to chemicals is determined as a dose. This value is called the estimated daily intake (EDI)
and is typically expressed as milligram (mg) of a chemical per kilogram (kg) of body weight per day (mg/kg-day).
The EDI is calculated from site-specific concentrations of COPCs in air, the amount of time a receptor spends at the
study area, and receptor-specific parameters such as body weight. For this HHA, it is conservatively assumed that
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human receptors would spend their entire life in the study area and would be exposed to the concentrations of
COPCs predicted in that area.

3.1.3 TOXICITY OR EFFECTS ASSESSMENT

The toxicity or effects assessment provides the basis for evaluating what is an acceptable exposure and what level of
exposure may adversely affect human health. This involves identification of the potentially toxic effects of
chemicals and determination of the dose that a receptor can be exposed to without experiencing unacceptable
effects. This value is called the toxicity reference value (TRV) and is expressed as mg of a chemical per kg of body
weight per day (mg/kg-day).

3.1.4 RISK CHARACTERIZATION

The final step in a risk assessment, referred to as risk characterization, involves comparing the estimated exposure to
the TRV. The exposure ratio (ER) values for each COPC are calculated as the ratio of the estimated exposure
(based on the exposure assessment) to the TRV (based on the toxicity assessment), according to the following
equation:

_EDI

ER=——
TRV

Where:

ER = exposure ratio;

EDI = estimated daily intake; and

TRV = toxicity reference value based on dose or daily intake.

The ER indicates whether the amount of a COPC taken in by people is greater than the amount of the COPC below
which there would be essentially no risk of adverse health effects or no unacceptable risk of cancer (i.e., if the ER is
less than 1 it is extremely unlikely that adverse health effects would occur). If the ER is greater than 1 (i.e., the
exposure amount is greater than the threshold amount), the possibility of adverse effects cannot be ruled out and
further consideration may be warranted.

Carcinogenic metals, in theory, do not exhibit threshold-response behaviour. Rather, even at low doses, there is
some risk of genetic damage, although nature provides ways of repairing this to some extent. Human health effects
for arsenic, a COPC that is known or suspected to cause cancer, were evaluated using the Incremental Lifetime
Cancer Risk (ILCR). The ILCR is the increased risk attributed to exposure, above and beyond background cancer
risks caused by genetics, lifestyle, and other non-chemical factors. The ILCR was calculated using the following
equation:

ILCR = EDI x SF

Where:

ILCR = Incremental Lifetime Cancer Risk;
EDI = Estimated Daily Intake (mg/kg-d); and
SF = Slope Factor (mg/kg-d)™.

To evaluate the acceptability of environmental exposures to carcinogenic substances, regulatory agencies (such as
World Health Organization, US Environmental Protection Agency (EPA) and Health Canada) have established that
an incremental increase in cancer incidence of 1 in 100,000 is essentially negligible. Irish EPA relies on the United
Kingdom’s Contaminated Land Exposure Assessment (CLEA) model, which applies a cancer risk of 1 in 100,000 as
an acceptable target risk. The Irish Cancer Society (Cancer statistics | Irish Cancer Society, 2020) states that
approximately 45,753 people in Ireland will develop cancer each year comprising of both invasive and non-invasive
tumours. As such, the lifetime probability of developing cancer in Ireland is approximately 46% (a risk level of
46,000 in 100,000). Thus, an incremental cancer risk of 1 in 100,000 increases a person’s lifetime cancer risk from
0.46000 to 0.46001. This increase would be undetectable using available epidemiological data and statistics,
particularly in smaller populations that may reside near the Project.
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4 PROBLEM FORMULATION

The problem formulation section of the HHA is the first step in the assessment that lays out the source-pathway-
receptor linkage based on possible interactions of Project-related emissions and their interactions with human
receptors who are present near the Project. This stage of the HHA describes the chemical screening, the receptor
screening, and the exposure pathway screening to identify the chemicals of potential concern, human receptors of
concern and exposure pathways to be evaluated further in the HHA.

4.1 CONTAMINANTS OF POTENTIAL CONCERN

This section describes how chemicals of potential concern (COPCs) are screened for further evaluation in this HHA.
This section first discusses the primary COPCs including bauxite residue and salt cake, and the findings of the
literature review that may be relevant for the Project. The constituents of the primary COPCs are discussed in more
detail in Section 4.1.2 including detailed breakdown of the bauxite residue and salt cake.

4.1.1 ALUMINA PROCESS BY-PRODUCTS

The contaminants of concern for this assessment include the solid waste by-products of the alumina processes,
namely bauxite residues and salt cake. Farmed bauxite residue is the terminology applied to describe bauxite residue
which has undergone a process of partial neutralisation. Within the Alumina Industry bauxite residue may also be
termed red mud. Given that bauxite residues and salt cake solid waste by-products are mixtures of chemicals, a
literature search and review was completed to determine the available studies related to the toxicology and
associated health effects from exposures to solid waste mixtures.

Using “bauxite residue” as key words for the literature search, the findings of the publication search and review are
summarized as follows:
— Three (3) comprehensive reviews on bauxite residue were identified.

— These comprehensive reviews discuss waste management and not toxicology, human or environmental health
associated with bauxite residue.

— The findings of the literature review are summarized in Appendix A, Table A-1.

Using “aluminium”, “bauxite dust” and “red mud” as key words for the literature search, the findings of the
publication search and review are summarized as follows:

— Twenty-eight (28) studies that contained one or a combination of the above noted key words were identified
pertaining to environmental impacts, occupational and human health risks.

— Of these studies, eight (8) studies were considered potentially relevant as they involved laboratory animal or
human health findings related to bauxite residue as an industrial solid waste.

— The remaining studies were related to occupational exposures to bauxite mining and smelting operations. These
studies involved exposures that were considered not relevant to the Project due to differences in operational
activities, exposure intensity and difference in by-product composition. As such, these studies were not included
in this assessment.

— There were no studies identified for salt cake.

— The findings of the literature review are summarized in Appendix A, Tables A-2 and A-3 using “aluminium”,
“bauxite residue”, “red mud” and “health risks” as key words in the literature search.

4.1.1.1 WASTE CHARACTERIZATION OF BAUXITE RESIDUE

The farmed bauxite waste characterization was completed in accordance with Annex Il of the Extractive Waste
Directive that stated, “classification of the waste shall be according to the relevant entry in Directive 2000/532/EC
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with particular regard to its hazardous characteristics.” The following methodology was applied to classify the
farmed bauxite waste:

o Isthe waste a ‘Special Waste’ subject to its own specific legislative provisions and therefore excluded from
the scope of general Hazardous Waste legislation e.g., radioactive waste or decommissioned explosives.
Note: While bauxite residue disposal is primarily legislated via the Extractive Waste Directive 2006/21/EC,
its waste classification follows the Hazardous Waste legislation.

o Isthe Waste already coded/classified in the EU ‘List of Wastes’? Note: Regarding bauxite residue there
are two possible codes, one being hazardous and the other being non-hazardous. Thus, an assessment of
each bauxite residue type from each Alumina Refinery BRDA is required to determine which code on the
official EU ‘List of Wastes’ should be applied to the bauxite residue in question.

e Determine the detailed composition of the waste mixture down to 0.1% concentration. Note: It is necessary
to identify the specific compounds present in the waste rather than employ elemental analysis.

e Determine the contribution to Hazardous Property of each compound present in the waste.

e For each compound present in the waste identify if it is classified as dangerous i.e., is there an associated
Risk phrase and Hazardous Property (HP) associated with that compound?

e For each HP (there are 15 potential HPs in total) sum of all percent compositions of compounds that
contribute to the HP in question.

o Determine if the summation of the % compositions contributing to any specific HP causes the waste to
exceed the threshold for that HP. If so, the bauxite residue would then be classified as having that HP and
must be classified as hazardous due to the HP in question unless direct HP testing confirms that the waste is
not hazardous.

The report detailing the non-hazardous classification of farmed bauxite residue and supporting laboratory analyses
are provided in Appendix B.

The report summarises an assessment of AAL farmed bauxite residue which employs the following legislation:
1. EU Waste Framework Directive (2008/98/EC),

2. Commission Decision of 18 December 2014 amending Decision 2000/532/EC on the list of waste pursuant
to Directive 2008/98/EC of the European parliament and of the Council (2014/955/EEC),

3. Commission Regulation (EU) No 1357/2014 of 18 December 2014, replacing Annex Il1 to Directive
2008/98/EC of the European Parliament and of the Council on waste and repealing certain Directives,

4. Council Regulation (EU) 2017/997 of 8 June 2017 amending Annex 111 to Directive 2008/98/EC of the
European Parliament and of the Council as regards the hazardous property HP 14 “Ecotoxic”, and

5. Extractive Waste Directive (2006/21/EC). and the Extractive Waste Directive (2006/21/EC).

The report concludes that the summation of the hazard statement codes for each compound present in farmed
bauxite residue shows no threshold is exceeded for any of the hazard properties.

In addition, the European Commission ruling, pertaining to Petition 0010/2006 by Patrick Culhane on behalf of
Cappagh Farmers Support Group on the waste characterisation for the AAL Plant is also provided in Appendix B.
This document summarizes the petitioner’s concerns related to the AAL plant and the actions of the Irish EPA in
allowing and facilitating the plant’s alleged breaches of environmental law. The European Commission investigated
the actions of the Irish EPA and other authorities and, concluded that they have not identified a breach of EU
environmental law regarding the operation of the AAL plant.

4.1.1.2 PHYSICO-CHEMICAL PROPERTIES

Czovek (2011) and Gelencser et al (2011) characterized the physical properties and chemical composition of
respirable fugitive dusts following an accidental collapse of the red mud containing reservoir on October 4, 2010,
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whereby a highly alkaline red mud sludge was discharged into agricultural and residential lands near Ajka in
Hungary.

The chemical composition of red mud samples included major elements such as iron and aluminium (particularly
from hematite, cancrinite, calcite, and hydrogarnet) followed by calcium, silicon, titanium, potassium, and
magnesium (Gelencser et al, 2011; Czovek, 2011). Other elements such as cesium, chromium, lanthanum,
manganese, nickel, neodymium, scandium, thorium, uranium, vanadium, and zirconium are present at trace levels.
The concentrations of measured metals (cadmium, cobalt, copper, and nickel) in the red mud dust were below the
analytical detection limit (10 ppb).

The specific alkalinity of the PM10 fraction of resuspended dust was 3.7 pekv g-1 (Gelencser et al, 2011). The
author concluded that the inhaled alkalinity from red mud dust is well below the recommended no-effect limit and
the alkalinity of the red mud dust is unlikely to cause severe acute or chronic symptoms in healthy adults.

With respect to particulate size distribution, Gelencser et al (2011) reported that most of the mass of the red mud
dust is concentrated at or above the aerodynamically equivalent diameter of 10 um, with a smaller secondary mode
around 4 um. The number size distribution is dominated by particles with diameters of about 2 pm. The typical
number size distribution of the red mud aerosol exhibits a pronounced peak in the range between optical diameters
of 3 and 8 um. Given the dominant size fraction of the red mud dust, the author stated that the red mud dust would
primarily be deposited in the upper respiratory tract and can cause irritation in that region of the airway as well as
irritation of the eyes (Gelencser et al, 2011). Also, particles are generally irregularly shaped with a coarse surface
that might facilitate the adhesion of these particles on the airway epithelium (Czovek, 2011). Eye irritation was
reported by residents of the affected area and workers involved in the cleanup in the weeks immediately following
the accidental spill in Hungary (Czovek, 2011). The author did not discuss the length of time before the eye irritation
cleared nor did the author report necessary treatments, if any.

Gelencser et al (2011) concluded that depending on meteorological conditions and dryness of the red mud,
respirable alkaline particles could be emitted into ambient air. Depending on the dryness of the red mud, there is a
high resuspension potential and alkalinity of the dust may cause irritation of the upper respiratory tract and eyes. The
authors (Gelencser et al, 2011; Czovek, 2011) concluded that based on its size distribution and composition, the red
mud dust appears to be less hazardous to human health than urban particulate matter.

4.1.1.3 SKIN CORROSIVITY

Four samples of farmed bauxite residue (collected from Q2 2019, Q4 2019, Q3 2020 and Q4 2020) and three
samples of farmed red mud (collected from February 22, 2015) from the AAL facility were tested for skin
corrosivity in humans. Skin corrosivity tests were completed in accordance with Organisation for Economic
Cooperation and Development (OECD) Test Guideline 431 that addresses the human health endpoint skin corrosion
by using in vitro test methods involving reconstructed human epidermis that closely mimics the properties of the
upper parts of the human skin (i.e., the epidermis) (OECD 431, 2019).

Skin corrosion refers to the production of irreversible damage to the skin manifested as visible necrosis (defined as a
form of cell injury leading to premature cell death) through the epidermis and into the dermis, following the
application of a test chemical, as defined by the United Nations Globally Harmonised System of Classification and
Labelling of Chemicals (GHS).

All in vitro studies concluded that bauxite residue samples were classified as non-corrosive. Test results are
provided in Appendix C.

4.1.1.4 EYE IRRITATION

Four samples of farmed bauxite residue (collected from Q2 2019, Q4 2019, Q1 2020 and Q4 2020) from the AAL
facility were tested for ocular irritation tests in accordance with OECD Test Guideline 438. The OECD Test
Guideline 438 is an isolated chicken eye test method for identifying: i) chemicals inducing serious eye damage and
ii) chemicals not requiring classification for eye irritation or serious eye damage. OECD Test Guideline 438 is an in
vitro test method that can be used to classify substances as causing serious eye damage (UN GHS Category 1) or as
not requiring classification (UN GHS No Category). This test method uses eyes collected from chickens obtained
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from slaughterhouses. The eye is surgically removed and mounted in an eye holder with the cornea positioned
horizontally. The test substance and negative/positive controls are applied to the cornea (OECD 438, 2018).

Ocular corrosion and irritation are measured by a qualitative assessment of opacity (damage to epithelium based on
fluorescence retention), quantitative measurement of swelling and a qualitative evaluation of macroscopic
morphological damage to the surface. The endpoints are evaluated separately to generate an Isolated Chicken Eye
(ICE) class for each endpoint, which are then combined to generate an Irritancy Classification for each test
substance.

All in vitro studies concluded that bauxite residue samples were classified as non-irritant (UN GHS Classification:
No Category). Test results are provided in Appendix C.

Three samples of farmed bauxite residue (collected from Q2 2016) were tested for acute eye irritation tests in
accordance with OECD Test Guideline 405. The OECD Test Guideline 405 is an in vivo test using live rabbits
intended to identify eye irritation and serious eye damage potential of chemicals. This method provides information
on health hazard likely to arise by applying the test substance in a single dose in the conjunctival sac of one eye of
each animal. The other eye, which remains untreated, serves as a control. The duration of the observation period is
carried out to sufficiently evaluate the magnitude and reversibility of the effects observed. The eyes of the test
animals are examined at 1, 24, 48, and 72 hours after test substance application. The ocular irritation scores are then
evaluated in conjunction with the nature and severity of lesions, and their reversibility or lack of reversibility.

Following 1-hr of application to rabbit eye mucosa, all three samples of bauxite residue caused conjunctival effects
to rabbit eye mucosa which were fully reversible within 72-hrs. All in vivo studies concluded that bauxite residue
does not require classification as an eye irritant. Test results are provided in Appendix C.

4.1.2 COMPOSITION OF BAUXITE RESIDUE AND SALT CAKE

Given that bauxite residues and salt cake waste by-products are mixtures and due to their limited (or absent)
toxicology data, a literature search and review was completed for their constituents.

AAL commissioned testing of the bauxite residue to determine its composition and classification, the results of this
testing are summarised in Table 4.1 for bauxite residue and Table 4.2 for salt cake. All constituents were identified
as chemicals of potential concern (or COPCs) and they were carried forward for further assessment in the HHA,
with exception of those constituents that were listed as “Generally Recognized as Safe” (“GRAS”) by the US Food
and Drug Administration (FDA). Those substances listed as GRAS have been concluded to have “no evidence in
the available information ...that demonstrates, or suggests reasonable grounds to suspect, a hazard to the public
when they are used at levels that are now current or might reasonably be expected in the future” (US FDA, 2018).
Zinc oxide has been assigned as Type 2, on the basis that “there is no evidence in the available information ... that
demonstrates a hazard to the public when it is used at levels that are now current and, in the manner, now
practiced. However, it is not possible to determine without additional data, whether a significant increase in
consumption would constitute a dietary hazard.” Given this uncertainty, zinc oxide has been identified as a COPC
for further evaluation in this HHA.

Salt cake is a mixture of organic and inorganic impurities which originate from the naturally occurring raw material,
bauxite. These organic impurities are removed in a deep evaporation and crystallisation area. A side stream of liquor
is evaporated to twice its initial caustic concentration followed by cooling to crystallise out a Salt cake slurry that is
filtered to produce a moist cake that is then stored in a dedicated cell in the BRDA. Salt cake is hazardous because
of the caustic content which cannot be washed from the salt cake, as doing so would dissolve sodium oxalate, which
is soluble in hot water.

Constituents of bauxite residue and salt cake that were listed by US FDA as GRAS and were screened out from
further assessment included moisture, Bayer sodalite, Gibbsite, Quartz, Sodium carbonate (baking soda), Carbonate
apatite, Sodium bicarbonate (baking soda), Sodium aluminate, Sodium hydroxide, Magnesium oxide, and potassium
carbonate. The constituents of bauxite residue and salt cake that were screened out from further evaluation in the
HHA total 33.5% and 61.5% of the total weight percentage, respectively. It is noted that the moisture content in
bauxite residue and salt cake constitute 21.9% and 44%, respectively.
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Table 4.1 Summary of Bauxite Residue Compaosition

US FDA GRAS
COMPOUND CAS NO. FORMULA WEIGHT (%) HAZARD STATEMENT CODE (YES/NO?) COPC?
FULL CHEMICAL ANALYSIS
Moisture Free H20 21.9 No
Aluminium Goethite 1310-14-1 (Fe,Al)203. H20 20.9 * No Yes
Hematite 1317-60-8 Fe203 18.75 * No Yes
(Iron Oxide)
Calcium Cancrinite 12172-98-4 3(Na20.Al203.2Si02)2CaC03 12.15 * No Yes
Bayer Sodalite 1344-00-9 3(Na20.Al203.2Si02.2H20)0.8 5.35 * Yes No
Na2C03.0.2Na2504
(Silicic acid,
Aluminium sodium
salt)
Gibbsite 21645-51-2 Al203.3H20 4.85 H319 Causes serious Yes No
eye irritation
(Aluminium
hydroxide)
Perovskite 12049-50-2 CaTiO3 4.1 * No Yes
(Calcium titanium
trioxide)
Anatase and Rutile 131770-0/ TiOo2 4.1 H332 Harmful if inhaled No Yes
13463-67-7 H319 Causes serious
(Titanium dioxide) eye irritation
H335 May cause respiratory
irritation
H315 Causes skin irritation
Hydrogarnet 68131-78-8 3Ca0.Al203.Si02.4H20 2.95 * No Yes
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US FDA GRAS

COMPOUND CAS NO. FORMULA WEIGHT (%) HAZARD STATEMENT CODE (YES/NO?) COPC?
Boehmite 1318-23-6 Al203.H20 2.15 * No Yes
(Aluminium oxide
hydroxide)
Quartz 14808-60-7 Sio2 0.7 H372 Causes damage to Yes No
organs
(Silica; Silicon H373 May cause damage to
Dioxide) organs
Sodium Carbonate 497-19-8 Na2C03 0.31 H319 Causes serious Yes No
eye irritation
(Disodium
carbonate)
Zircon 10101-52-7 ZrSio4 0.3 H332 Harmful if inhaled No Yes
H319 Causes serious
(Zirconium silicate) eye irritation
H335 May cause respiratory
irritation
Causes skin irritation
H315
Carbonate Apatite 471-34-1 5.2Ca0.0.8Na20.2.5C02.P205 0.2 H319 Causes serious Yes No
eye irritation
(Calcium carbonate)
Gypsum 10101-41-4 CaS04.2H20 0.15 * No Yes
(Calcium sulfate
dihydrate)
Sodium Sulphate 7757-82-6 Na2S0O4 0.075 * No Yes
Sodium Bicarbonate 144-55-8 NaHCO3 0.045 H315 Causes skin irritation Yes No
Causes serious
(Sodium hydrogen- H319 eye irritation
carbonate)
Sodium Fluoride 7681-49-4 NaF 0.02 H300 (cat 2) | Fatal if swallowed No Yes
H315
Causes skin irritation
H319 Causes serious
eye irritation
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US FDA GRAS

COMPOUND CAS NO. FORMULA WEIGHT (%) HAZARD STATEMENT CODE (YES/NO?) COPC?
Sodium Aluminate 11138-49-1 NaAl(OH)4 0.005 H290 May be corrosive to Yes No
metals
(Aluminium sodium H314 Causes severe skin
oxide) burns and eye damage
Sodium Hydroxide 1310-73-2 NaOH 0 H314 Causes severe skin Yes No
burns and eye damage
TRACE METALS
Chromium Trioxide 1308-38-9 Cr203 0.2 * No Yes
Vanadium 1314-62-1 V205 0.2 H302 Harmful if swallowed No Yes
Pentoxide H332 Harmful if inhaled
H318 Causes serious eye
H341 damage
H361 Suspected of causing
H335 genetic defects
H372 Suspected of damaging
H411 fertility or the unborn
child
May cause respiratory
irritation
Causes damage to
organs
Harmful if inhaled
Magnesium Oxide 1309-48-4 MgO 0.12 * Yes No
Cerium Oxide 1306-38-3 CeO 0.02 * No Yes
Potassium 584-08-7 K2CO3 0.03 H302 Harmful if swallowed Yes No
Carbonate May cause respiratory
H335 irritation
Causes skin irritation
H315 Causes serious
eye irritation
H319
Manganese Oxide 1344-43-0 MnO 0.035 * No Yes
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US FDA GRAS

COMPOUND CAS NO. FORMULA WEIGHT (%) HAZARD STATEMENT CODE (YES/NO?) COPC?
Gallium Trioxide 12024-21-4 Ga203 0.0085 * No Yes
Arsenic Trioxide 1327-53-3 As203 0.01 H300 Fatal if swallowed No Yes

H314 Causes severe skin
burns and eye damage
May cause cancer
H350 Very toxic to aquatic
H400 life
Very toxic to aquatic
H410 life with long lasting
effects
Niobium Pentoxide 1313-96-8 Nb205 0.014 H315 Causes skin irritation No Yes
Causes serious
H319 eye irritation
May cause respiratory
H335 irritation
Zinc Oxide 1314-13-2 ZnO 0.005 H410 Very toxic to aquatic 2 Yes
life with long lasting
effects
Lead oxide 1317-36-8 PbO 0.007 H302 Harmful if swallowed No Yes
Harmful if inhaled
H332 May damage fertility or
H360 the unborn child
May cause damage to
organs
H373 Very toxic to aquatic
life with long lasting
H410 effects
Yttrium Trioxide 1314-36-9 Y203 0.0095 H315 Causes skin irritation No Yes
May cause respiratory
H335 irritation
Strontium Oxide 1314-11-0 SrO 0.0095 H314 Causes severe skin No Yes
burns and eye damage
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US FDA GRAS

COMPOUND CAS NO. FORMULA WEIGHT (%) HAZARD STATEMENT CODE (YES/NO?) COPC?
Copper Oxide 1317-38-0 CuO 0.004 H400 Very toxic to aquatic No Yes
life
H412 Harmful to aquatic life
with long lasting effects
Thorium Oxide 1314-20-1 ThO 0.01 H301 Toxic if swallowed No Yes
H311 Toxic in contact with
skin
H331 Toxic if inhaled
H350 May cause cancer
H373 May cause damage to
organs
Table 4.2 Summary of Salt Cake Composition
HAZARD STATEMENT US FDA GRAS
COMPOUND CAS NO. FORMULA WEIGHT (%) CODE (YES/NO?) COPC
FULL CHEMICAL ANALYSIS
Moisture H20 >41 to <46% No
(44% average)
Sodium Oxalate 62-76-0 Na2C204 20.9 H302 |Harmful if swallowed No Yes
Harmful in contact
H312 |with skin
Aluminium Oxide 1344-28-1 AlOs 18.75 None No Yes
Sodium Hydroxide 1310-73-2 NaOH 12.15 Yes No
Sodium Carbonate 497-19-8 NazCO:s 5.35 Yes No
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4.1.2.1 PHYSICO-CHEMICAL PROPERTIES

The following agencies were consulted (in order of priority) with respect to available physical and chemical
properties for constituents of bauxite residue and salt cake:

— ECHA's Database for REACH Registered Substances (https://echa.europa.eu/information-on-
chemicals/registered-substances);

— OECD eChemportal (https://www.echemportal.org/echemportal/index.action and OECD's Work on Co-
operating in the Investigation of High Production Volume Chemicals - List of all chemicals);

— International Chemical Safety Cards (wwwv.ilo.org/dyn/icsc/showcard.display);
— Agency for Toxic Substance and Disease Registry (Agency for Toxic Substances and Disease Registry

(cdc.gov); and

— Hazard Substance Data Bank (https://www.toxnet.nlm.nih.gov/newtoxnet/hsdb.htm).

Table 4.3 summarizes the available physico-chemical properties for constituents of bauxite residue and salt cake.
Water solubility and log Kow are important parameters that affect bioavailability of a substance in environmental
media; thereby influencing its toxicity. Substances with very low water solubilities are likely to be less bioavailable
in the environment. Note that many of the constituents of bauxite residue and salt cake are oxides and are insoluble
in water with some slightly soluble. Constituents that are hydroxides have limited solubility in water. There are no
available log Kow for constituents of bauxite residue and salt cake.

4.1.3 NATURALLY OCCURING RADIOACTIVE MATERIAL (NORM)

Naturally occurring radioactive material (NORM) is found in the environment that contains radioactive elements of
natural origin. Two sources of NORM are present at the Site as discussed below.

— The Radon Map for Ireland (Radon map | Environmental Protection Agency (epa.ie)) indicates that the
Proposed Development is located in an area where between 1% and 5% of homes are estimated to be above the
radon reference level (reflecting the nature of the underlying bedrock geology). The majority of the Study Area
has the same radon reference level as the Site area. A small area in the east of the Study Area has a higher
radon reference level where between 10% and 20% of homes in the 10 km grid are estimated to be above the
reference level. The area south of the estuary also has a reference level which is higher than the Site area level
with between 5% and 10% of homes likely to show exceedances in radon levels.

— In addition to naturally occurring radon in the bedrock, mineral raw materials such as bauxite exhibit natural
radioactivity which is slightly above the average level in the earth’s crust. In bauxite, both thorium 232 (Th-
232) and uranium 238 (U-238) are present in measurable amounts. The EPA is currently the competent
Authority in Ireland for dealing with regulatory, monitoring, and advisory responsibilities in matters pertaining
to ionising radiation and radioactive contamination in the environment. Formerly, the Radiological Protection
Institute of Ireland (RPII) was the competent Authority. The RPII has previously surveyed the Site and assessed
the facility, raw materials (bauxite) and bauxite residue for NORM properties as part of the industry-specific
radiological assessment undertaken for four (4) large industries operating in Ireland, dealing with NORM,
which were prioritized to determine the level of radiation to which workers and members of the public were
potentially exposed because of their work practices (RPIl 2008). The results of the gamma spectrometry
analysis of the samples collected by the RPII at the AAL facility are replicated in below, along with published
data from similar facilities in other countries for comparison.

Activity concentrations for both Th-232 and U-238 decay series were detected and found to be in radioactive
equilibrium in the bauxite residue. All measured activity concentrations were found to be below the European
Commission (EC) and the International Atomic Energy Agency (IAEA) indicative recommended exclusion /
exemption values for NORM materials. Below these concentrations, the radiation dose received by a worker or a
member of the public dealing with this type of material is unlikely to exceed 300 microSieverts (mSv) per year. The
threshold for an effective dose to workers or members of the public being > 1,000 mSv per year.
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Figure 4.1 Radionuclide activity concentrations (Bq / kg dry weight) in samples collected at the AAL
BRDA and compared with other published data (RPIl 2008)

RPI1I (2008) concluded that the low levels of NORM at the AAL plant comply with safe levels and below the

Reference and material (mg;iz;gm) (mT:an‘?fm) U-235
This study
Bauxite slurry 140 120 <10
Scale top digester 250 260 20
Scale decanter 40 40 <10
Red sand 150 170 7
Red mud 240 460 7
Liquid effluent (Bg/1) 3 03 <10
[Von Philipsborn and Kiihnast, 1992]
Bauxite ore (Sierra Leone)Bauxite 30 30
ore (Boké - Rep. Guinea) 130 160
Bauxite ore (Queensland - Australia) 90 100
Red mud (unspecified origin) 120 210
[Beretka and Mathews, 1985]
Red mud (Australia) 330 1130
Red sand (Australia) 50 390
[FNCA, 2005]
Bauxite (Australia) 120 500
Red mud (Australia) 400 1300
[Cooper, 2005]
Bauxite (Western Australia) 120-350 450-1050
Red sand (Western Australia) 5-200 300-800
Red mud (Western Australia) 150-600 1000-1900
[European Commission, 2007]
Red mud (Hungary) 250-570 260-400 7-11
Red mud (Bosnia and Herzegovina) 72 190 3
[European Commission, 2001a]
Bauxite 50-500 50-500
Red mud 260-540 340-500
[Timmermans and van der Steen, 1996]
Bauxite 500 400
[IAEA, 2003]
Bauxite 10-9000 35-1400
Red mud [ 100-3000 100-3000
[Marsh, 1991]
Average in Irish soils 46 25

threshold at which the facility would come within the scope of the Irish Regulations from a radiological point of

view.

AAL undertook additional radioactive assessment of the farmed bauxite residue and process sand during 2021. Two
(2) samples of farmed bauxite residue (composite samples from Q3 2020 and Q4 2020) and one sample (1) of
process sand (composite sample produced during 2020) were tested via alpha- and gamma-spectrometry for the
presence of thorium and uranium isotopes at the Socotec Laboratories in Oxfordshire, UK. One (1) thorium (Th-
232) and three (3) uranium (U-234, U-235 and U238) decay series were detected.

HUMAN HEALTH ASSESSMENT FOR BAUXITE RESIDUE AND SALT CAKE -

PROJECT NO. 211-09062-02
AUGHINISH ALUMINA LTD.

WSP
November 26, 2021
Page 22



Figure 4.2 Thorium Isotope Testing (AAL 2021) — Ac is the proxy for Th-232

Customer Laboratory Ac-228 Ra-224 Pb-212 Bi-212 TI-208
Reference Reference | (Bqkg”) | (Bakg") | (Bakg”") | (Bakg') | (Bakg”)
Farmed Bauxite Residue 4 ) )
Q3 2020 NA3281 31326 25157 314 £ 26 350 + 51 101.0+89
Farmed Bauxite Residue
Q4 2020 NA3282 * 304 £25 267 £ 59 31225 329 +48 105.0+89
Process Sand 2020 NA3283 * 164 £15 120 £45 151+ 14 160 + 39 473+52

The direct daughter of 2*2Th is “®Ra which does not produce any significant gamma ray emissions.
We can estimate the activity of *’Ra from the daughter radionuclide *’Ac but the ?’Ra may not be
in equilibrium with the 22Th. Radium-224 is a good estimator of the activity of 222Th. The immediate
daughter of **Ra is “°Rn which is a gas and thus it is possible for *'*Bi & 2'*Pb to underestimate
the 2°Ra activity however that is not the case for these samples. Bismuth-212 decays to two
possible radionuclides with only a 35.9% probability to 287 and allowing for this it appears that
there is reasonable equilibrium from 22Ac through to 2%6TI.

Table notes

Results are presented as Bq.kg'1 of sample as received and are decay corrected to the sampling date provided.
Analyses and/or samples marked with an asterisk are not UKAS accredited under schedule 1252.

Uncertainties are rounded to 2 significant figures; results are rounded to the same precision.

For results below the Limit of Detection, the LoD is rounded up to 2 significant figures.

Detector calibrations are based upon homogeneous standard solutions. For quantification purposes the sample is
assumed to be homogeneous.

o

Figure 4.3 Uranium Isotope Testing (AAL 2021)
Customer Laboratory U-234 U-235 U-238
Reference Reference
Reference Date: 31 August 2021
Farmed Bauxite Residue Q3 2020 NA3281* 68 + 11 55+28 58+ 10
Farmed Bauxite Residue Q4 2020 NA3282* 91.2+85 50+15 927+86
Process Sand 2020 NA3283* 82.0+9.7 4017 79.7+96
Notes:
1. Results and/or samples marked with an asterisk are not UKAS accredited.
2. Results are presented as Bq.kg'1 of sample as received, relative to the reference date.
3. Uncertainties are quoted at 2 s.d. based on a total uncertainty budget.

A comparison of the 2008 and the 2021 results shows:

— Th-232 was present in the unfarmed bauxite residue at an average value of 460 Bq / kg in 2008 and was present
in the farmed bauxite residue at an average value of 309 +/- 25 Bq / kg in 2020 (average of Q3 value of 313 and
Q4 value of 304 for Ac-208).

— Th-232 was present in the process sand at an average value of 170 Bq / kg in 2008 and was present in the
process sand at 164 +/- 15 Bq / kg in 2020.

— U-238 was present in the unfarmed bauxite residue at an average value of 240 Bq / kg in 2008 and was present
in the farmed bauxite residue at an average value of 75 +/- 10 Bq / kg in 2020 (average of Q3 value of 58 and
Q4 value of 93 for U-238).

— U-238 was present in the process sand at an average value of 150 Bq / kg in 2008 and at 80 +/- 10 Bq /kg in
2020.

— U-235 was present in the unfarmed bauxite residue and the process sand at average values of 7 Bq / kg in 2008
and was present in the farmed bauxite residue and process sand at average values of 5.3 +/- 2.8 Bq / kg (average
of Q3 value of 5.5 and Q4 value of 5.0 for U-235) and 4 +/- 1.7 Bq / kg, in 2020, respectively.
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The 2021 test results are either comparable to or slightly lower in comparison with previous RPII assessment. As
such, the BRDA does not present a radiation hazard to the surrounding environment and is not considered further in
the assessment. The analytical results are provided in Appendix D.
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Table 4.3

Summary of Physical and Chemical Properties for Constituents of Bauxite Residue and Salt cake

Solubility Henry's
Molecula . Melting Boiling | . Thresholds | Log Log Vapour Law . . __
CASNO. | FORMULA r Weight Physical State Point Point in v;/eslgér at (TLVITWA) | Kow | Koc | Pressure pH Constant (if Flammability Explosives Limit Other Sources
available)
1310-14-1 geADZO&HZ 88.85 NA Immiscible 5-7.5 (10 gm/250 https://datasheets.scht.com/sc-252863.pdf
(Data sheets) ml) (Data Sheets)
8 hr Time
Sold (at 20°C and 1565°C A XVeig(tJF\eAc}A) Prellirginary _data Phylsicgl Stl‘f"tez t}oilin?zg(:_ilrx, vapour pressure, PH, flammability,
olid (at 20°C an above . vg : exclude a mixture . explosive limit from
IO Fe203 159.69 1013 hPa) I(je;t)lOlBZS 300°C insoluble 5 mg/cum NA NA auto-flammability until non -explosive REACH:https://echa.europa.eu/registration-dossier/-/registered-
(respirable 400°C. dossier/7586/4/4.
fraction)
3(Na20.Al203. .
12172-98-4 Z(SiOZ)ZCaCOS no link
FINE, WHITE,
AMORPHOUS
POWDER OR insoluble
3(Na20.AI2C))3. I(BEﬁDhS \ 1710°C (PubChem); ( < et } ] .
2Si02.2H20)0. PubChem), ca. 68 - ca. 6.5-10.5 (20% . ECHA REACH: https://echa.europa.eu/registration-dossier/-
L 8Na2C03.0.2N 202.14 Physical state at (REEC EC':AI\-D NA 79 mg/L SLURRY) NA (ECHA REACH) Not explosive (ECHA REACH) [registered-dossier/15116/4/15
a2s04 20°C and 1013 (ECHA
hPa: REACH)
solid (ECHA
REACH)
Insoluble
(PubChem);
ﬁxlumln_lum_ 8 hr Time
. ydroxide is -
Boiling oorl Weighted Vapor ECHA REACH: https://echa.europa.eu/registration-dossier/-
point at poorly = Avg (TWA): P aluminium hydroxide is not . - NHps: ’ pa. . g
21645-51-2 | Al203.3H20 78.004 | Solid 300 °C 101325 | Soluble.with |4 eim pressure, | \1ax. 10. (MSDS) non flammable (ECHA | ¢ ciered to be explosive Iregistered-dossier/15529/4/15 MSDS:
g , p .
Pa- 2 a water respirable Pa at 20 REACH) (ECHA REACH) https.//wwvv_.c_dhflnechem_lcal.com/lmages/productlmsds/183_23485
980 °C solubility of fraction. TLV °C: 6393_AluminiumHydroxide-CASNO-21645-51-2-MSDS.pdf
0.00009 g/L | . '
at 20 °C. :
(ECHA
REACH)
The
melting
1980°C (F:);)Ilgitu(r;: NA not highly
12049-50-2 | CaTiO3 135.94 | solid (ECHA titanate is 0.3 mg/L at (ECHA NA flammable (ECHA non explosive (ECHA REACH)
REACH) >300°C 25°C REACH) REACH)
(ECHA
REACH)
4532 to
5432 °F at
760 mm
Hg; 2500-
3000 °C
o (Weast,
3380 °F .
(decompos | (o | blel Svr;:;r:gg OommHg | SUSPENSIONIN
131770-0/ Tio2 79.866 | Solid es) (NTP, of less than 1 Avg (TWA): at 68 °F WATER (1 IN 10) Noncombustible; Not ICSC:
13463-67-7 ' 1992)/185 Chemistr mL 10 ma/ ' E iall ISNEUTRAL TO combustible (ICSC) https://www.ilo.org/dyn/icsc/showcard.display?p_card_id=0338
5 °C/3326- y | mg/m mg/cu m ssentially | \"r\ils
and
3362°F .
Physics.
69th ed.
Boca
Raton, FL:
CRC Press
Inc., 1988-
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Solubility Henry's
Molecula . Melting Boiling | . Thresholds | Log Log Vapour Law - . .
CASNO. | FORMULA r Weight Physical State Point Point in v;/eslgér at (TLVITWA) | Kow | Koc | Pressure pH Constant (if Flammability Explosives Limit Other Sources
available)
1989., p.
B-140)
3Ca0.Al203.Si
68131-78-8 02.4H20 NA NA
NA(ECHA NA
Dry Powder >300 °C REACH) _ (ECH NA ECHA REACH _:https://echa.europa.eu/_registration-dossier/-
1318-23-6 Al203.H20 59.988 | (Pubchem); Solid thus NA NA(ECHA | insoluble in A (ECHA non-flammable /reglstered-dossmr{lS111/4/14 Chemical BO(_)k: )
(ECHA REACH) (ECHA REACH) H20 ) REAC REACH) (ECHA REACH) https://iwww.chemicalbook.com/ProductChemicalPropertiesCB1212
REACH) (Chemical H) 426_EN.htm
book)
1710 8 hr Time
°C(Pubche Weighted CESAR: http://www.ec.gc.ca/ese-ees/IEB4FAEF-88EE-4679-9A6C-
m); 1610 Av g(TW A): 10 mm H 008FOCBC191C/FSAR_B12%20-%2014464-46-
14808-60-7 | SiO2 60.084 | solid °C 2230 °C insoluble 0 ogs mg /cu. @ 1732 % NA non-combustible non-combustible( ICSC) 1%20%26%2014808-60-7%20%28QC%29_EN.pdf
(CESAR); : . ICSC:https://pubchem.ncbi.nlm.nih.gov/compound/24261#section=
o m, respirable . : ]
1610 °C fraction Chemical-and-Physical-Properties
(ICSC)
Decompos
eson
heating by
Cco2
loss(Pubch
em);Not
possible to
determine
the boiling Aqueous solutions
point of are strongly
856 sodium alkaline. At 25 °C,
°C/851 carbonate. the pH of 1, 5and
Dry °C(PubCh | It soluble in Negligible 10 wt% sodium ECHA REACH:https://echa.europa.eu/registration-dossier/-
Powder(Pubchem) | em); 856 decompose carbonate . [registered-dossier/15432/4/15
TR Na2CO3 105.988 ;Solid (ECHA °C(ECHA | sabove Vﬁtgé (30.7 NA SEEC :& solutions are non-flammable non-explosive ICSC:https://www.ilo.org/dyn/icsc/showcard.display?p_card_id=113
REACH) REACH); | 400 9/100 9) )| 11.37, 11.58 and 5
851 °C centigrade 11.70,
(ICSC) to CO2 respectively.
and Na20 (PubChem); 10.33
thus (ECHA REACH)
making
determinat
ion of a
boiling
point
impossible
( Echa
REACH)
10101-52-7 | ZrSiO4 183.31 | Solid NA NA
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Henry's

. - Solubility
Molecula . Melting Boiling | . Thresholds | Log Log Vapour Law - . L
CASNO. | FORMULA r Weight Physical State Point Point in v;/eslgér at (TLVITWA) | Kow | Koc | Pressure pH Constant (if Flammability Explosives Limit Other Sources
available)
The
melting TLV-TWA
point of (Time
calcium Weighted 0.000000003 ECHA REACH: https://echa.europa.eu/registration-dossier/-
5 9Ca0.0.8Na2 Dry carbonate slightly Average):10 NA 7.8 atm- Iregistered-dossier/16050/4/7  US EPA:
. i 3 - o . b — .
471341 | 0.25C02.P20 10009 | POWder(Pubchem) | as | NABCHA | (0 g, | Ma/m NA (ECHA | 7-9@20°C m3/mole Not combustible. Noncombustible Solid hitps://cfoub.epa.gov/ecotox/explore.cfm?cas=471341  MSDS:
; Solid (ECHA aragonite REACH) (inhalable (MSDS) . https://www.fishersci.ca/store/msds?partNumber=AC192721000&pr
5 . o 100 mg/L) - REACH) (Predicted by N : .
REACH) is 825 °C particles), 3 US EPA) oductDescription=calcium-carbonate-99-biochemistry-acros-
and as mg/m3 organics-2&language=en&countryCode=CA
calcite is (respirable
1339 °C. particles)
(ECHA
REACH)
facion). uSDs
A . 100-150 0.2g/100ml 7 0 mm Hg . . https://www.fishersci.com/store/msds?partNumber=AA33301A1&pr
el C3504.2H20 172.17 | Solid °C (very poor) g:ggggﬁcy (approx) Not combustible Not combustible oductDescription=CLCM+SULFATE+DIHYDRATE+99%25+1KG
risk group: C. 7 5% ag. solution &vendorld=VN00024248&countryCode=US&language=en
(MSDS)
884
C(Pubc?e log ECHA REACH: https://echa.europa.eu/registration-dossier/-
der/solid En)/ 800 °C 28.1g/100 Kow pF: of a 5% Not combustible | ( ) Iregistered-dossier/13138/4/15
7757-82-6 Na2S04 142.02 | Dry powder/soli ECHA ’ =- solution = 9.0 not explosive (ECHA REACH . . . . . L
REACH)/ g(very good) 138 (typical value) (ICsC) IZCSC.https.//www.|Io.org/dynllcsc/showcard.d|splay?p_card_|d—095
884 (est)
°C(ICSC)
144-55.8 NaHCO3 84.007 | Drv powder eDSegtO ?2%9,5 8.7g/100ml Between 8,0 and Not combustible not explosive (ECHA REACH) ECHA REACH: https://echa.europa.eu/registration-dossier/-
) yp F at 20 °C: 8,6 (1 % solution) ' P Iregistered-dossier/16157/4/15
8 hr Time 1 mm Hg 7.4 (Freshly
6L . o o Weighted at 1971 °F; ) ECHA REACH: https://echa.europa.eu/registration-dossier/-
7681-49-4 NaF 41.588 | Solid dry powder 993 °C 1700 °C 4.3 9/100 mi Avg (TWA): 5 mm Hg prepared saturated Not flammable Not flammable Iregistered-dossier/14274
o soln)
2.5 mg/cu m. at2167° F
32 °F 8 hr Time USCG: U.S. Coast Guard. 1999. Chemical Hazard Response
o - Weighted Information System (CHRIS) - Hazardous Chemical Data.
(USCG, 239 °F at Solubility . AQ SOLN IS - - .
11138-49-1 | NaAI(OH)4 81.97 | powder 1999)/165 | 760 mm | in water: Avg (TWA): STRONGLY Not combustible. Not combustible. Commandant Instruction 16465.12C. Washington, D.C.: U.S.
o 1 mg/cum Government Printing Office./ICSC:
0°C Hg very good - ALKALINE i . - . L
(Respirable https://www.ilo.org/dyn/icsc/showcard.display?p_version=2&p_card
(Icsc) F tps
fraction). _id=0566
pH of a 0.05%
wt/wt solution
at 20 °C: 109 . o - 0.59
1310-73-2 NaOH 39.997 | Dry powder 323 o 1388 °C g/100ml Ceiling Limit: 0 mm Hg abou? 12;0.5% . Not flammable Not combustible.
C/318 °C (very good) 2 mg/cu m. (approx) solution about 13;
Ve 5% solution about
14
;nl\gagg;l‘ at 3\/22 'I;]itr:g ZIEAC\H Waived Trivalent chromiu ECHA REACH: https://echa.europa.eu/registration-dossier/-
1308-38-9 Cr203 151.99 | Dry powder 2435 °C 4000 °C 20 °C, pH 6; g . A (ECHA m compounds are Not combustible Not combustible . - NHps. ; pa. 9
Avg (TWA): - Iregistered-dossier/15477/4/7
2.96 ug/L at 0.5 ma/cu m REAC REACH) amphoteric
20°C,pH8 | >°>Md H)
8 hr Time Approxima pH =27
681 1750 °C 0.07 g/100 Weighted tely 0 mm o . .
1314-62-1 V205 181.88 | Dry powder °C/690 °C | (decomp) g water Average: 0.05 Hg at 68 satlurfited aqzueEUS Not combustible. Not combustible.
mg/cu m oF solution at 20 °C

HUMAN HEALTH ASSESSMENT FOR BAUXITE RESIDUE AND SALT CAKE - DRAFT
PROJECT NO. 211-09062-02
AUGHINISH ALUMINA LTD.

WSP
November 26, 2021
Page 27



Solubility

Henry's

Molecula . Melting Boiling | . Thresholds | Log Log Vapour Law - . .
CASNO. | FORMULA r Weight Physical State Point Point in v;/eslgér at (TLVITWA) | Kow | Koc | Pressure pH Constant (if Flammability Explosives Limit Other Sources
available)
(inhalable
fraction)
8 hr Time
Weighted
2825 ) pH =10.3
1309-48-4 MgO 40.305 | Solid °C/2800 3,600 °C 3806029/L a '163/ ?n(mlﬁ) ?amTot(')g (saturated aqueous Not combustible. Not combustible.
°C Y PP solution)
(Inhalable
fraction).
<0.123 Data -
Dry powder o > 400°C o L between 6.01 and not highly . . At Ancciar]
1306383 | CeO 172115 | (Pubchemy/Solid | 2290°C | cha | 9L at20°C WaIvING | 6 41 (ECHA flammable (ECHA non explosive (ECHA REACH) | ECHA REACH: https://echa.europa.eu/registration-dossier/
(ECHA REACH) (ECHA REACH) (ECHA (ECHA REACH) REACH) Iregistered-dossier/15783/4/3
REACH) REACH) REACH)
899
°C/891 °C .
111 g/100 Waived R .
L (PubChem | Decompos pH=11.6 . . ECHA REACH: https://echa.europa.eu/registration-dossier/-
584-08-7 K2CO3 138.205 | Dry powder )/891°C es gcwater at 25 EEEC:&) (aqueous solution) Not combustible. Not combustible. Iregistered-dossier/15221/4/7
(ECHA
REACH)
above 8 hr Time Waived
o 300°C insoluble Weighted - - ECHA REACH: https://echa.europa.eu/registration-dossier/-
1344-43-0 MnO 70.937 | Dry Powder 1840 °C (ECHA in water Avg: 0.2 (REEC:(:,AI\-D NA Non combustible Non combustible Iregistered-dossier/14280/4/4
REACH) mg/cu
No MSDS:
P 3236 to information No information https://www.fishersci.ca/store/msds?partNumber=AA3210206&prod
el G203 187.44 | powder 3290 °F available available (MSDS) uctDescription=gallium-iii-oxide-99-99-metals-basis-
(MSDS) 2&language=en&countryCode=CA
AICIS:
https://www.industrialchemicals.gov.au/sites/default/files/ Trivalent
very soluble %?20arsenites_Human%20health%20tier%2011%20assessment.pdf
313 °C 460 °C TLV:0.01 0.033 Pa . . ECHA REACH: https://echa.europa.eu/registration-dossier/-
1327-53-3 As203 325(2%1'%; E%Vfglr_l()ECHA (ECHA (ECHA E,: }E;)(OEOCH mg/m3, as (ECHA 23{;{;;8;21?&%%5) gc:g;g:;mable (ECHA non explosive Iregistered-dossier/14857/4/3
REACH) REACH) AgRE ACH) TWA (ICSC) REACH) ICSC:https://www.ilo.org/dyn/icsc/showcard.display?p_card_id=037
8 MSDS:
https://www.alfa.com/en/msds/?language=EN&subformat=AGHS&s
ku=43488
1512°C (2)05 tlg/L o ?IIE%H pH=8 (ECHA non flammable (ECHA ECHA REACH: https://echa.europa.eu/registration-dossier/-
CEE Sl Nb205 26581 | Dry powder (REEC;C':AI-D NA (ECHA PeAC REACH) REACH) non explosive Iregistered-dossier/14981/4/9
REACH) H)
0.00042 _
g/100 cu p": =6.95
om water at (_ merican process
18°C zinc oxide); 7.37
L o 0 mm Hg (French process) - - ECHA REACH: https://echa.europa.eu/registration-dossier/-
1314-13-2 ZnO 81.4 | Powder 1974 °C gP;tr)T(]:k}eLn;)t/ (approx) (PubChem)/ 6.72 Not combustible. Not combustible. Iregistered-dossier/16139/4/9
26 °Cg (uncoated)/ 6.75
(ECHA (coated) (ECHA
REACH) REACH)
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Solubility

Henry's

Molecula . Melting Boiling | . Thresholds | Log Log Vapour Law - . .
CASNO. | FORMULA r Weight Physical State Point Point in v;/eslgér at (TLVITWA) | Kow | Koc | Pressure pH Constant (if Flammability Explosives Limit Other Sources
available)
1 Paat724
°C; 10 Pa
at 816 °C;
8 hr Time NA 100 Pa at
1470 Weighted (ECH 928 °C; . . . . .
1317-36-8 | PbO 223 | Dry powder 887°C | °C/1472 | 0.0504g/L | Avg (TWA): | A 1kPaal | Strong base Non-combustible Non-combustible FCHA REACH: NipsJlechacuropa.eultegistration-dosster/-
oc 0.05 ma/cu REAC 1065 °C: registered-dossier/15541/4/8
g ;
m. H) 10 kPa at
1241 °C;
100 kPa at
1471 °C
ECHA REACH: https://echa.europa.eu/registration-dossier/-
ig?)\"/?: EC igg\‘fg EC 0.7 mg/L at No information non flammable (ECHA fregistered-dossier/14370/4/15
1314-36-9 Y203 225.81 | Dry powder HA ( HA ( 20 °C available (MSDS) REACH) ( non explosive(ECHA REACH) MSDS:https://www.fishersci.com/store/msds?partNumber=AA1118
REACH) REACH) (ECHA 2A1&productDescription=Y TTM%28111%29+0XIDE+99.999%25+
REACH) 1KG&vendorld=VN00024248&countryCode=US&language=en
7.63 g/L at
Solid(ECHA o NA(ECHA | 20 °C 13.2 (ECHA . ECHA REACH: https://echa.europa.eu/registration-dossier/-
1314-11-0 SrO 103.62 REACH) 2430 °C REACH) (ECHA REACH) NA (ECHA REACH) non explosive(ECHA REACH) Iregistered-dossier/25528/4/9
REACH)
0.0000
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4.1.4 SUMMARY OF CONTAMINANTS OF POTENTIAL CONCERN

Bauxite residue is classified as “non-corrosive”, “non-irritant to the eyes” and “non-hazardous”. Salt cake is classified
as hazardous. Given that the solid waste by-products are mixtures and due to their limited (or absent) toxicology data,
the HHA identified the constituents of the bauxite residue and salt cake as COPCs. Except for those constituents that
were listed as “Generally Recognized as Safe” (“GRAS”) by the US FDA, the following COPCs are further evaluated

in the HHA:
Table 4.4 Summary of Identified Contaminants of Potential Concern
CONTAMINANTS OF POTENTIAL CONCERN CAS NO.
BAUXITE RESIDUE
Aluminium Goethite 1310-14-1
Hematite 1317-60-8
(Iron Oxide)
Calcium Cancrinite 12172-98-4
Perovskite 12049-50-2
(Calcium titanium trioxide)
Anatase and Rutile 131770-0/
(Titanium dioxide) 13463-67-7
Hydrogarnet 68131-78-8
Boehmite 1318-23-6
(Aluminium oxide hydroxide)
Zircon 10101-52-7
(Zirconium silicate)
Gypsum 10101-41-4
(Calcium sulfate dihydrate)
Sodium Sulphate 7757-82-6
Sodium Fluoride 7681-49-4
Chromium Trioxide 1308-38-9
Vanadium Pentoxide 1314-62-1
Cerium Oxide 1306-38-3
Manganese Oxide 1344-43-0
Gallium Trioxide 12024-21-4
Arsenic Trioxide 1327-53-3
Niobium Pentoxide 1313-96-8
Zinc Oxide 1314-13-2
Lead oxide 1317-36-8
Yttrium Trioxide 1314-36-9
Strontium Oxide 1314-11-0
Copper Oxide 1317-38-0
Thorium Oxide 1314-20-1
SALT CAKE
Sodium Oxalate 62-76-0
Aluminium Oxide 1344-28-1
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4.2 RECEPTORS OF POTENTIAL CONCERN

This HHA evaluated the source-pathway-receptor linkage within the Project Study Area defined in the Air Quality
Impact Assessment (see Chapter 11 of the EIAR) (AWN, 2021). The Study Area is defined as the 10-kilometre (km)
x 10 km box centered on the Project, as shown on Figure 4.4 below (adapted from Figure 1 from AWN, 2021).

Figure 4.4 Study Area for the HHA

Project
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The human receptors evaluated in the HHA were identified based on land use(s) within the Project Study Area. The
human receptors associated with the identified land uses are intended to be inclusive of human populations including
sensitive subpopulations such as children and residents. As such, the following human receptors were identified
within the Project Study Area:

— Schools — Scoil Naisiunta Sheanain, a primary school with approximately 90 students, is the closest school
located 1.9 km to the west of the BRDA. The HHA evaluated children, aged 5 to 13 years old, who are
attending this school for a typical nine-hour day (including before and after school programs), five days per
week, for 10 months (i.e., school year);

— Workers — Workers are considered adult teachers who work at the Scoil Naisiunta Sheanain primary school for
a typical nine-hour work shift, five days per week, for 48 weeks of the year (i.e., assuming 4 weeks of vacation
per year); and

— Residential Community —individuals who live in the residential communities near the Project.
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The exposure modelling, described below in Section 5, considered that all above noted human receptors may be
exposed to maximum impacts associated with ambient concentrations of identified COPCs that may be influenced
by emissions from the Project. Potential exposure by human receptors was assumed to occur at the worst-case
location at the Project boundary (i.e., fence line). This approach may be overly conservative if the likelihood of
human presence is not accounted for in the risk characterization.

4.2.1 CHARACTERIZATION OF EXISTING COMMUNITY HEALTH

This subsection provides a description of the existing health of the community near the Project. The characterization
of the existing community health serves as the baseline condition for which the environmental effects of the Project
are predicted and assessed.

The following sources of information were used to gather health-related information pertaining to the existing health
of the community near the Project, where available.

1. 2015 Health Profile for the City of Limerick and Limerick County [Reference: Limerick County.pdf
(lenus.ie)]

The report discusses four (4) principal disease groups including cancer, heart disease and stroke; respiratory disease;
and injury and poisoning.

The hospital (age-standardized) discharge rate per 100,000 population between 2007-2011 for the four diseases was
examined. The cancer rate for Limerick was lower than the Ireland rate (~ 1500 vs. 2500). For the three other
disease categories, the Limerick rate was marginally higher than the Ireland rate.

The death rate per 100,000 for the four diseases as well as the death rate for those under 75 years (premature
mortality) between 2007-2012 was examined. For all four disease types, the Limerick rate was higher than the
Ireland rate. However, it should be noted that for heart disease & stroke as well as respiratory disease, Limerick (as
well as Ireland as a whole) seem to be moving towards a steady decline.

The report also examined the following additional health metrics:

— Neonatal mortality (2012 data) per 1,000 live births: Limerick rate (3.4) vs Ireland rate (2.7);
— Infant mortality (2012 data) per 1,000 live births: Limerick rate (4.3) vs Ireland rate (3.5);

— Persons whose health is bad or very bad (based on 2011 self-health reporting census): Limerick (%) rate (1.3)
vs Ireland (%) rate (1.5); and

— Cancer incidence (age standardized) rates (2011 data) for female and/or male skin cancer, melanoma, prostate
cancer, breast cancer, colorectal cancer, and lung cancer: results showed that Limerick County has a higher than
national incidence of female colorectal cancer. However, Limerick cancer incidences for all other cancer types
are equal to average or below average in comparison to Ireland cancer incidence rates.

2. 2019 Health in Ireland, Key Trends 2019, Department of Health [Reference: Error! Hyperlink
reference not valid.]

This report summarizes key health trends on a national level from 2009 to 2019 including population growth, life
expectancy and health status to profiles of the regional health areas. While the report does not summarise Limerick-
specific health data, an overview of certain health indicators for different regions are provided.

The report states that life expectancy continues to improve in Ireland, with life spans increasing by 3 years and
almost 2 years for male and female groups, respectively. Mortality rates have declined 10.5% since 2009. Age-
standardized death rates for major causes of death such as cancers and circulatory system diseases have declined by
10% and 25%, respectively over the past ten years.

Lifestyle factors such as smoking, drinking, levels of physical activity and obesity continue to be health risk factors.
However, inequalities in health are closely linked with wider social determinants including living and working
conditions, issues of service access and cultural and physical environments.
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3.

Ireland Central Statistics Office [Reference: Data (cso.ie)]

The Central Statistics Office is the statistical agency responsible for gathering information related to economic,
social, and general activities and conditions in Ireland. This agency collects and reports on the results of the National
Census which is held every 5 years.

The Central Statistics Office provides the mortality rate and cause of death for Ireland and its counties. Table 4.5
below summarizes the death rate per 100,000 population for both sexes related to several diseases for Limerick
County in comparison to all other counties and regions.

Table 4.5 illustrates the following salient points:

Death rate per 100,000, for both sexes, for many diseases for Limerick is lower or equivalent to other
counties including all other malignant neoplasms, chronic lower respiratory diseases, complications of
pregnancy, childbirth and puerperium, diseases of the digestive system, malignant neoplasm of cervix uteri,
malignant neoplasm of colon, malignant neoplasm of kidney, malignant neoplasm of larynx, malignant
neoplasm of lip, oral cavity & pharynx, malignant neoplasm of oesophagus, malignant neoplasm of prostrate,
malignant neoplasm of skin, malignant neoplasm of stomach, other diseases of the circulatory system;

Death rate per 100,000, for both sexes, for many diseases for Limerick is marginally higher (less than two
times) than the death rates for other counties including acute myocardial infarction, all other malignant
neoplasms, cancer of the trachea, bronchus and lung, cerebrovascular diseases, diseases of the circulatory
system, diseases of the nervous system and the sense organs, diseases of the respiratory system, ischaemic heart
disease, malignant neoplasm of bladder, malignant neoplasm of breast, malignant neoplasm of larynx and
trachea, bronchus and lung, malignant neoplasm of liver and intrahepatic bile ducts, malignant neoplasm of
lymph/hematopoietic tissue, malignant neoplasm of uterus, malignant neoplasm of ovary, malignant neoplasm
of pancreas, malignant neoplasm of rectum and anus, malignant neoplasms, other diseases of the respiratory
system, other heart disease, and tuberculosis;

Death rate per 100,000, for both sexes, for diseases of the blood and blood forming organs, and immunological
disorders for Limerick is two times higher than other counties; and

The statistics provided corroborates the information detailed in the 2015 Health Profile. The data indicates that
there is a steady decline from 2009 to 2017.
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Table 4.5
Counties and Regions

Death Rate per 100,000 Population for Both Sexes Related to Several Diseases for Limerick County in Comparison to All Other

Cause of Death

(Acute myocardial infarction)
All counties and regions
Limerick
All other malignant neoplasms
All counties and regions
Limerick
Cancer of the trachea, bronchus and lung
All counties and regions
Limerick
Cerebrovascular disease
All counties and regions
Limerick
Chronic lower respiratory disease
All counties and regions
Limerick
Complications of pregnancy, childbirth and puerperium
All counties and regions
Limerick
Diseases of the blood and blood-forming organs, immunulogical disorders
All counties and regions
Limerick
Diseases of the circulatory system
All counties and regions
Limerick
Diseases of the digestive system
All counties and regions
Limerick
Diseases of the nervous system and the sense organs
All counties and regions
Limerick
Diseases of the respiratory system
All counties and regions
Limerick
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Cause of Death

Ischaemic heart disease
All counties and regions
Limerick

Malignant neoplasm of bladder
All counties and regions
Limerick

Malignant neoplasm of breast
All counties and regions
Limerick

Malignant neoplasm of cervix uteri

All counties and regions | X)) BN EBEZh By s BEH7

Limerick | X ST S (E1wo E110 Bis
Malignant neoplasm of colon
All counties and regions A3 10.3

Limerick
Malignant neoplasm of kidney
All counties and regions
Limerick
Malignant Neoplasm of Larynx
All counties and regions
Limerick
Malignant neoplasm of larynx and trachea/bronchus/lung
All counties and regions
Limerick
Malignant neoplasm of lip, oral cavity, pharynx
All counties and regions
Limerick
Malignant neoplasm of liver and the intrahepatic bile ducts
All counties and regions
Limerick

Malignant neoplasm of lymph/haematopoietic tissue
All counties and regions

Limerick
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Cause of Death

Malignant neoplasm of oesphagus
All counties and regions
Limerick
Malignant neoplasm of other parts of the uterus
All counties and regions
Limerick
Malignant neoplasm of ovary
All counties and regions
Limerick
Malignant neoplasm of pancreas
All counties and regions
Limerick
Malignant neoplasm of prostate
All counties and regions
Limerick
Malignant neoplasm of rectum and anus
All counties and regions
Limerick
Malignant neoplasm of skin
All counties and regions
Limerick
Malignant neoplasm of stomach
All counties and regions
Limerick
Malignant neoplasms
All counties and regions
Limerick
Other diseases of the circulatory system
All counties and regions
Limerick
Other diseases of the respiratory system
All counties and regions

Limerick
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4. Cancer Incidence in Ireland [Reference: Cancer statistics | Irish Cancer Society
https://www.bing.com/search?g=national+cancer+reqgistry+ireland&src=I1E-SearchBox&FORM=IESR4A]

Since its inception in October 1963, the Irish Cancer Society foster and promotes research devoted to the study of
the origin and advance the relief, cure, treatment and prevention of cancer or any diseases of similar nature. The
Irish Cancer Society collects cancer health data on a national level and as such, the following summarizes the cancer
incidence rate most prevalent in Ireland:

Figure 4.5 Cancer in Ireland in 2020

Ireland
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According to the Irish Cancer Society, 1 in 4 deaths in Ireland is caused by cancer with 30% of total deaths
attributable to cancer every year. Further, smoking increases cancer risks, causing one third of all cancers and 9 of
10 lung cancers caused by smoking.

The Irish Cancer Society does not provide Limerick-specific cancer data.
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4.3 EXPOSURE PATHWAYS OF CONCERN

A complete exposure pathway requires the following four elements:

— The presence of a chemical substance;

— A migration pathway (environmental transport);
— An exposure point for contact (e.g., air); and

— An exposure route (e.g., inhalation).

An exposure pathway is not complete unless all four elements are present. If a pathway is incomplete, no significant
exposure is anticipated to occur.

As described below, two exposure pathways of concern were identified at the problem formulation stage for human
receptors: 1) inhalation of COPCs in ambient air, and 2) direct contact with COPCs as particulates emitted from the
AAL plant via atmospheric deposition.

4.3.1 INHALATION OF AMBIENT AIR

The HHA evaluated potential health effects associated with acute (short-term) and chronic (long-term) inhalation
exposures to ambient concentrations of identified COPCs that may be influenced by emissions from the Project.
These emissions are released into ambient air primarily as particulates and may be subsequently inhaled by human
receptors within the Project Study Area.

Details of the exposure assessment are provided in Section 5.

4.3.2 ATMOSPHERIC DEPOSITION

The Air Quality Impact Assessment (AWN, 2021) evaluated dust deposition levels across thirty-five (35)
monitoring stations located within the facility boundary from January 2016 to December 2020. The rate of
deposition from the air quality modelling can be used to estimate changes in future soil concentrations within the
Study Area.

The concern from a health perspective is focussed on particles of dust which are less than or equal to 10 microns
(PMyo) and less than or equal to 2.5 microns (PM2s). With respect to larger dust particles that can give rise to
nuisance dust, there are no statutory guidelines regarding the maximum dust deposition levels that may be generated
during the construction phase of a development in Ireland. Regarding dust deposition, the German TA-Luft standard
for dust deposition (non-hazardous dust) sets a maximum permissible emission level for dust deposition of 350
mg/m?-day averaged over a 30-day period at any receptors outside the Site boundary.

The predicted annual concentration (excluding background) at the worst-case location peaks at 13.1 mg/m?/day.
Based on a background dust deposition level of 20 mg/m?/day in the region, the annual dust deposition level due to
emissions from the BRDA and associated construction works is at 33.1 mg/m?/day. This peak level is well below the
German TA-Luft standard for dust deposition, comprising only 9.5% of the annual guideline.

Additionally, the predicted Project rate of deposition was further compared to two Canadian dustfall objectives. The
predicted rate of deposition was converted to 0.331 mg/dm?/day and then compared against the British Columbia
Ministry of Environment and Climate Change Strategy (BC MoECCS) dustfall objective of 2.90 mg/dm?/day for
industrial land use and was found to be less than 1% of the standard. It is noted that in 2020, B.C. MoECCS released
guidance indicating that the dustfall Pollution Control Objectives are no longer relied upon, except in limited
circumstances, such as concerns of an aesthetic or nuisance nature. Given that the worst-case predicted rate of
deposition of particulate matter is expected to be several orders of magnitude lower than the standard, it is
considered that this provides sufficient evidence that there would be no measurable change in soil quality from
depositional contributions via dustfall from the BRDA.
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Furthermore, the Ontario Ministry of the Environment, Conservation and Parks (MECP) human toxicology and air
standards section of their Standards and Development Branch developed a 30-day and annual Ambient Air Quality
Criterion (AAQC) for dustfall based on effects on aesthetics from the deposition of the contaminant (i.e., soiling).
The worst-case predicted deposition rate of 33.1 mg/m?/day was converted to 0.0331 g/m?/day resulting in a
calculated cumulative deposition rate of 0.993 g/m? assuming daily deposition for a 30-day period. This 30-day
value is only 14% of the 30-day Ontario AAQC of 7 g/m?

Given that in all cases, the worst-case predicted rate of deposition is shown to be significantly less than the above-
noted standards, it is considered that atmospheric dust deposition would have a de minimis impact on the quality of
soil and/or food items grown within the Study Area. No further evaluation of deposition is therefore warranted; the
inhalation exposure pathway is the only pathway carried forward for quantitative assessment in the HHA.

4.4 CONCEPTUAL SITE EXPOSURE MODEL

A Conceptual Site Exposure Model (CSM) is developed in a health risk assessment to understand which COPCs are
present in the study area, how receptors may use the area, and the pathways of contact that are possible between the
identified COPCs and the receptors. These substances, receptors, and pathways (the environmental risk
components) are examined in detail to identify the “reasonably anticipated” combinations corresponding to
potentially complete exposure pathways. Unreasonable or incomplete pathways are eliminated from further
consideration or are “screened out”. The combinations of the environmental components that remain subsequent to
the screening process, form the basis of the conceptual model, and are used to focus the health risk assessment.

The CSM for the Project is shown on Figure 4.6. Given that this HHA focussed on particulate emissions from the
Project and their potential effect on nearby human receptors, the only complete exposure pathway assessed was
inhalation of Project-specific emissions of COPCs.

Figure 4.6 Conceptual Site Exposure Model for the HHA
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4.5 UNCERTAINTY ANALYSIS

A summary of the major assumptions made in the Problem Formulation stage of the HHA and resulting
uncertainties is provided below:

Information related to the environmental fate and transport, toxicology and health effects associated with
bauxite residues are lacking or limited. The findings of the literature review indicate that bauxite residue is
inert, non-corrosive, non-irritant and non-hazardous. Given that bauxite residue is a mixture, the HHA was
carried out by evaluating its constituents and their associated toxicology and health effects. As such, evaluating
the constituents of bauxite residue maintains a conservative approach.

Information related to the environmental fate and transport, toxicology and health effects associated with salt
cake are lacking or limited. The findings of the literature review indicate that salt cake is an irritant and
hazardous. Given that bauxite residue is a mixture, the HHA was carried out by evaluating its constituents and
their associated toxicology and health effects. As such, evaluating the constituents of salt cake maintains a
conservative approach.

For the purposes of exposure modelling, it has been assumed that the predicted concentrations of COPCs in
outdoor air are equal to that in indoor air (i.e., established equilibrium). Ambient indoor air concentrations are
dependant on a multitude of variables including infiltration rates, indoor decay rates, ventilation system set-ups,
and other factors. To maintain a conservative approach, the assumption that equilibrium is established between
outdoor and indoor ambient air was applied for this assessment.

It was considered that all human receptors may be exposed to maximum impacts associated with ambient
concentrations of identified COPCs that may be influenced by emissions from the Project. This approach is
overly conservative; the probability of human presence should be accounted for in the risk characterization.
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5 EXPOSURE ASSESSMENT

The Exposure Assessment step was conducted for each COPC-pathway-receptor combination identified in the
Problem Formulation to estimate the amount of COPCs that human receptors are potentially exposed to. For the
purposes of the exposure modelling, it was assumed that the predicted concentration of COPCs in outdoor ambient
air was equal to that in indoor air (i.e., established equilibrium). Exposure estimates were calculated from estimated
near ground level maximum concentrations of each identified COPC and receptor-specific parameters such as
exposure frequency and duration. Conservative assumptions were applied in this step of the HHA to ensure that it is
protective of health including sensitive subpopulations (e.g., children, elderly, asthmatics).

5.1 PREDICTED CONCENTRATIONS OF COPCS IN AMBIENT
AIR

The assessment of COPC exposure concentrations relies on the air dispersion modelling to support the assessment of
sensitive human receptors evaluated in this HHA. To assess the impact of the proposed development at sensitive
receptors beyond the AAL facility boundary, and at specific sensitive locations, air dispersion modelling was
undertaken. Modelling using the US EPA new generation dispersion model AERMOD (version 21112) was used.
The US EPA have recommended this model for assessing air quality emissions from industrial facilities. The model
is a steady-state Gaussian plume model used to assess pollutant concentrations associated with industrial sources
including dust emissions from area sources. The model has been designated the regulatory model by the US EPA
for modelling emissions from industrial sources in both flat and rolling terrain. The AERMET meteorological pre-
processor was used to generate hourly boundary layer parameters for use by AERMOD. The air dispersion
modelling input data consists of detailed information on the physical environment (including land use and terrain
features), emission rate information and a full year of meteorological data. Using this input data, the air dispersion
model predicts ambient ground level concentrations for each hour of the modelled meteorological year. The model
post-processes the data to identify the location and maximum value of the worst-case ground level concentration in
the applicable format for comparison with the relevant limit values. The worst-case concentration is then added to
the existing baseline concentration, where relevant, to give the worst-case predicted ambient concentration level of
the relevant pollutants. Full details of the model inputs are included in Chapter 11 — Air Quality provided in the
EIAR.

5.1.1 OPERATIONAL PHASE SITE ACTIVITY

During the operation phase of the BRDA, the existing activities will continue; however, the phasing of the BRDA
raise over time will result in a higher elevation above ground level where these activities will take place. The salt
cake cell will also be raised as part of the proposed BRDA raise. However, the salt cake, due to the high moisture
content of approximately 45%, will not be a significant source of dust. For the purposes of this assessment, the
following stages of the BRDA development have been assessed:

— Current (Scenario 1);

— Phase 1 at Stage 10; Phase 2 at Stage 4 (Scenario 2);

— Phase 1 at Stage 12; Phase 2 at Stage 8 (Scenario 3);

— Phase 1 at Stage 14; Phase 2 at Stage 12 (Scenario 4); and

— All at Stage 16 with restoration (Scenario 5).

There will be no increase in light vehicle trips, however there will be a small increase in heavy vehicle trips
projected on the external road network, specifically associated with the importation of soil and soil improver

associated with the proposed raising of the BRDA. The closest residential dwellings to the Project are located at a
distance greater than 900 m from the boundary.
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In relation to the BRDA and Borrow Pit, the construction and operational phases are considered together in the air
dispersion modelling assessment given that the operation of the BRDA will also involve the construction of each
stage elevation which in turn will require the extraction of material from the Borrow Pit. Thus, PM2semissions from
the BRDA were assumed to coincide with an emission of dust from the Borrow Pit in all modelling scenarios
outlined in the assessment.

During both the operational and construction phase, which are considered together, the potential sources of PM;sare
those associated with the raising of the BRDA, the Borrow Pit extraction and internal site vehicle movements to the
BRDA area where the phasing will see the height of the existing BRDA increase from Stage 10 to Stage 16.

Activity within the Borrow Pit will include occasional blasting to remove rock, on site breaking and crushing of the
rock and excavator and dump truck movements to stockpile the materials. On the BRDA, there will be a range of
excavators and other equipment for residue farming. The nearest sensitive location is greater than 500 m from the
BRDA.

5.1.2 PM10o MODELLING RESULTS AT SENSITIVE RECEPTORS

Predicted PMjo concentrations at the AAL boundary are below the ambient air quality standards at the worst-case
off-site location due to emissions from the BRDA plus the borrow pit and its associated traffic moments. Modelling
for each of the five scenarios was investigated (see Table 5.1) and discussed in Chapter 11 — Air Quality provided in
the EIAR.

The predicted 24-hour (90"%ile) and annual concentrations (excluding background) at the worst-case off-site
location peak at 4.7 and 1.4 pg/m?, respectively with peaks generally located at the site boundary. Based on a
background PMio concentration of 10 pg/m? in the region, the combined annual PMjo concentration including the
emissions form the BRDA and borrow pit peaks at 11.4 ug/m®.

This predicted level equates to at most 28.5% of the annual limit value of 40 pg/m?. The predicted 24-hour PMyo
concentration (including background) peaks at 14.7 pg/m®which is 29.4% of the 24-hour limit value of 50 pg/m?®
(measured as a 90.4"%ile). Concentrations at the worst-case sensitive receptor are significantly lower than the
worst-case off-site location.

Results are broadly similar for Scenarios 1 through 4 with a tendency to slightly decrease in ambient concentration
as the BRDA is raised. Scenario 5 (all at stage 16 but still unvegetated) is lower as the surface area of the BRDA is
significantly reduced compared to the other four scenarios.
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Table 5.1 Air Dispersion Modeling Results for PMio for Scenarios 1 through 5 — Worst-Case Sensitive

Receptor
PREDICTED
OPERATIONAL ANNUAL MEAN ENVIRONMENTAL EU LIMIT PECAS A
POLLUTANT / AVERAGING CONTRIBUTION BACKGROUND CONCENTRATION VALUE PERCENTAGE OF
SCENARIO PERIOD (ng/m3) (ng/m3)NOTEL  (PEC) PMo (g/m3) (ng/m3) LIMIT VALUE
PMy, / Scenario Annual mean 1.4 10 114 40 28.5%
1
90.4"%ile of 24- 4.7 10 14.7 50 29.4%
hr Means
PMy, / Scenario Annual mean 1.4 10 114 40 28.5%
2
90.4"%ile of 24- 4.7 10 14.7 50 29.4%
hr Means
PMy, / Scenario Annual mean 1.3 10 11.3 40 28.3%
3
90.4"%ile of 24- 4.7 10 14.7 50 29.4%
hr Means
PMjo / Scenario | Annual mean 1.3 10 11.3 40 28.3%
4
90.4"%ile of 24- 4.6 10 14.6 50 29.2%
hr Means
PMjo / Scenario | Annual mean 0.50 10 10.5 40 26.3%
5
90.4"%sile of 24- 1.3 10 11.3 50 22.6%
hr Means
Note 1 S.1. 180 of 2011 and EU Directive 2008/50/EC

513 PM25MODELLING RESULTS AT SENSITIVE RECEPTORS

Predicted PM2s concentrations due to emissions from the BRDA plus the borrow pit and its associated traffic
moments are below the ambient air quality standard at the nearest sensitive receptors. Modelling for each of the five
scenarios has been investigated (see Table 5.2). The predicted annual concentration (excluding background) at the
worst-case sensitive receptor peaks at 0.45 pg/m®. Based on a background PM s concentration of 7 ug/m?® in the
region, the combined annual PM_ s concentration including the emissions from the BRDA and borrow pit peaks at
7.45 ng/m®. This predicted level equates to at most 29.8% of the annual limit value of 25 pg/m?®.

The predicted maximum 24-hour concentration (excluding background) at the worst-case sensitive receptor peaks at
13.2 ng/m®. Based on a background PM2 s concentration of 7 pg/m? in the region, the combined annual PM; s
concentration including the emissions form the BRDA and borrow pit peaks at 20.2 pg/m®.

Results are broadly similar for Scenarios 1 through 4 with a tendency to slightly decrease in ambient concentration
as the BRDA is raised. Scenario 5 (all at stage 16) is lower as the surface area of the BRDA is significantly reduced
compared to the other four scenarios.

HUMAN HEALTH ASSESSMENT FOR BAUXITE RESIDUE WSP
AND SALT CAKE - DRAFT November 26, 2021
PROJECT NO. 211-09062-02 Page 43

AUGHINISH ALUMINA LTD.



Table 5.2 Air Dispersion Modeling Results for PM2.5 for Scenarios 1 through 5 — Worst-Case Sensitive

Receptor
PREDICTED
BRDA & ANNUAL ENVIRONMENTAL EU PEC AS
BORROW PIT MEAN CONCENTRATION LIMIT PERCENTAGE
POLLUTANT AVERAGING CONTRIBUTION BACKGROUND (PEC) PM25s VALUE OF LIMIT
/ SCENARIO  PERIOD (ng/m?3) (ug/m?d)? (ng/m?3) (ug/m?3) VALUE
PM2s / Annual mean 0.44 7 7.44 25 29.8%
Scenario 1
Maximum 24- 12.7 7 19.7 N/A N/A
hr Mean
PM2s / Annual mean 0.45 7 7.45 25 29.8%
Scenario 2
Maximum 24- 13.2 7 20.2 N/A N/A
hr Mean
PMas / Annual mean 0.43 7 7.43 25 29.7%
Scenario 3
Maximum 24- 124 7 194 N/A N/A
hr Mean
PMa2s / Annual mean 0.42 7 7.42 25 29.7%
Scenario 4
Maximum 24- 119 7 18.9 N/A N/A
hr Mean
PMa2s / Annual mean 0.13 7 7.13 25 28.5%
Scenario 5
Maximum 24- 5.2 7 12.2 N/A N/A
hr Mean

5.1.4 PM25 MODELLING RESULTS AT SCOIL NAISIUNTA SHEANAIN

Predicted PM s concentrations due to emissions from the BRDA plus the borrow pit and its associated traffic
moments are below the ambient air quality standard at Scoil Naisiunta Sheanain. Modelling for each of the five
scenarios has been investigated (see Table 5.3). The predicted annual concentration (excluding background) at Scoil
Naisiunta Sheanain peaks at 0.0026 pg/m®. Based on a background PMs concentration of 7 ug/m?® in the region, the
combined annual PM3 s concentration including the emissions form the BRDA and borrow pit peaks at

7.0026 pg/m®. This predicted level equates to at most 28.0% of the annual limit value of 25 pug/m?.

The predicted maximum 24-hour concentration (excluding background) at Scoil Naisiunta Sheanain peaks at
0.14 pg/m®. Based on a background PM2 s concentration of 7 pg/m? in the region, the combined annual PM; s
concentration including the emissions form the BRDA and borrow pit peaks at 7.14 pg/m®.

Results are broadly similar for Scenarios 1 — 4 with a tendency to slightly decrease in ambient concentration as the
BRDA is raised. Scenario 5 (all at stage 16) is lower as the surface area of the BRDA is significantly reduced
compared to the other four scenarios.
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Table 5.3 Air Dispersion Modeling Results for PMzsfor Scenarios 1 through 5 — Scoil Naisiunta

Sheanain
BRDA & ANNUAL PREDICTED EU PEC AS A
BORROW PIT MEAN ENVIRONMENTAL LIMIT PERCENTAGE
POLLUTANT AVERAGING CONTRIBUTION BACKGROUND CONCENTRATION VALUE OF LIMIT
/ SCENARIO  PERIOD (ng/m?3) (Hg/m3)NOTEL  (PEC) PM2s (ug/m®)  (ug/m?3) VALUE
PMzs / Annual mean 0.0026 7 7.0026 25 28.0%
Scenario 1
Maximum 0.14 7 7.14 N/A N/A
24-hr Mean
PM;s / Annual mean 0.0026 7 7.0026 25 28.0%
Scenario 2
Maximum 0.14 7 7.14 N/A N/A
24-hr Mean
PMys / Annual mean 0.0026 7 7.0026 25 28.0%
Scenario 3
Maximum 0.14 7 7.14 N/A N/A
24-hr Mean
PMys / Annual mean 0.0026 7 7.0026 25 28.0%
Scenario 4
Maximum 0.14 7 7.14 N/A N/A
24-hr Mean
PMys / Annual mean 0.0019 7 7.0019 25 28.0%
Scenario 5
Maximum 0.086 7 7.086 N/A N/A
24-hr Mean

5.1.5 PREDICTED CONCENTRATIONS OF COPCS IN AMBIENT AIR

The HHA assumed that emissions of the bauxite residue and salt cake predominantly occurs as particulates or
fugitive dusts. To assess potential exposures to bauxite residue and salt cake, this HHA assumed their constituents
will be present in the dusts emitted from the Project at the same percentage composition. That is, the predicted
concentration for each COPC is based on the percentage of each COPC modelled PMjo (annual and 24-hr) and PM3 5
(annual and 24-hr) concentrations to reflect the percentage of each COPC in the dust. Therefore, this HHA assumes
that both bauxite residue and salt cake are both present as dust, with levels of their constituents present at the same
percentage composition as in the solid waste by-product. This assumption maintains an overly conservative
approach given that the moisture content of both bauxite residue (21%) and salt cake (41% to 46%, with a mean of
44%) are high. The presence of salt cake constituents as particulates or dust is highly unlikely given its moisture
content.

It should be noted that whilst modelling for all five (5) scenarios was investigated as part of the Air Quality Impact
Assessment, only the predicted concentrations from the worst-case scenarios [i.e., scenario 1 for PM1o (annual and
24-hr) and scenario 2 for PM. 5 (annual and 24-hr)] were considered for the purpose of the exposure assessment. For
both PM1o and PM s, air dispersion modelling results for scenarios 1 through 5 generally showed a slight decrease
in predicted ambient concentrations as the BRDA is raised (i.e., with each successive scenario), with the highest
modelled concentrations being those from scenarios 1 and 2.
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Table 5.4 Exposure Concentrations of Bauxite Residue and Salt Cake Constituents

BAUXITE EXPOSURE EXPOSURE EXPOSURE EXPOSURE
RESIDUE CONCENTRATION CONCENTRATION CONCENTRATION CONCENTRATION
CONSTITUENTS  BASED ON PMao BASED ON PMuo BASED ON PM2s  BASED ON PMzs

(COPCS) ANNUAL (mg/m3)!  24-HR (mg/m3)?  ANNUAL (mg/m®)3  24-HR (mg/m®)*  W/W%°
Aluminium Geothite 2.9E-04 9.8E-04 9.4E-05 2.8E-03 20.9
Hematite 2.6E-04 8.8E-04 8.4E-05 2.5E-03 18.75
Anatase and Rutile 5.7E-05 1.9E-04 1.8E-05 5.4E-04 4.1
Boehmite 3.0E-05 1.0E-04 9.7E-06 2.8E-04 2.15
Zircon 4.2E-06 1.4E-05 1.4E-06 4.0E-05 0.3
Gypsum 2.1E-06 7.1E-06 6.8E-07 2.0E-05 0.15
Sodium Sulphate 1.1E-06 3.5E-06 3.4E-07 9.9E-06 0.075
Sodium Fluoride 2.8E-07 9.4E-07 9.0E-08 2.6E-06 0.02
Chromium Trioxide 2.8E-06 9.4E-06 9.0E-07 2.6E-05 0.2
Vanadium Pentoxide 2.8E-06 9.4E-06 9.0E-07 2.6E-05 0.2
Manganese Oxide 4.9E-07 1.6E-06 1.6E-07 4.6E-06 0.12
Arsenic Trioxide 1.4E-07 4.7E-07 4.5E-08 1.3E-06 0.01
Zinc Oxide 7.0E-08 2.4E-07 2.3E-08 6.6E-07 0.005
Lead Oxide 9.8E-08 3.3E-07 3.2E-08 9.2E-07 0.007
Yttrium Trioxide 1.3E-07 4.5E-07 4.3E-08 1.3E-06 0.0095
Copper Oxide 5.6E-08 1.9E-07 1.8E-08 5.3E-07 0.004
Strontium Oxide 1.3E-07 4.5E-07 4.3E-08 1.3E-06 0.0095
Cerium Oxide 2.8E-07 9.4E-07 9.0E-08 2.6E-06 0.02
Calcium Cancirnite 1.7E-04 5.7E-04 5.5E-05 1.6E-03 12.15
Gallium Trioxide 1.2E-07 4.0E-07 3.8E-08 1.1E-06 0.0085
Hydrogarnet 4,1E-05 1.4E-04 1.3E-05 3.9E-04 2.95
Perovskite 5.7E-05 1.9E-04 1.9E-05 5.4E-04 4.1
Niobium Pentoxide 2.0E-07 6.6E-07 6.3E-08 1.9E-06 0.014
Thorium Oxide 1.4E-07 4.7E-07 4.5E-08 1.3E-06 0.01
SALT CAKE
CONSTITUENTS
(COPCS)

Sodium Oxalate 2.2E-04 7.5E-04 1.3E-03 2.1E-03 16
Aluminium Oxide 1.4E-04 4.7E-04 8.4E-04 1.3E-03 10
Notes:

L \Worst-case (scenario 1) annual mean concentration of PMy, (Project contribution) is equal to 1.4 pg/m?

2Worst-case (scenario 1) 24-hr 90.4 percentile mean concentration of PMy, (Project contribution) is equal to 4.7 pug/m?
3 Worst-case (scenario 2) annual mean concentration of PM,s (Project contribution) is equal to 0.45 pug/m?

4 Worst-case (scenario 2) 24-hr mean concentration of PM,s (Project contribution) is equal to 13.2 pg/m?

5percent (%) weight of constituent COPC per total Bauxite Residue or Salt Cake weight
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5.2 EXPOSURE PARAMETERS FOR WORKERS

In this exposure scenario, a worker is considered an adult teacher (i.e., >20 years) who is employed on a full-time
basis and spends 9 hours/day, 5 days/week, 48 weeks/year (assuming a four-week vacation period) at the Scoil
Naisiunta Sheanain primary school. A typical day involves a nine-hour work shift, five days per week, for 48 weeks
of the year (i.e., assuming 4 weeks of vacation per year). The exposure parameters applicable to adult workers in a
workplace setting near the Project are as follows:

Table 5.5 Exposure Parameters for Adult Workers
ADULT
EXPOSURE FACTOR UNITS (=20 YRS) REFERENCE

EF (exposure frequency for inhalation) = EFa x EFb x hiyr 2160 Calculated
EFc

EFa (daily exposure frequency) diwk 5 US EPA, 2011
EFb (weekly exposure frequency) wk/yr 48 OWTA, 1997
EFc (hourly exposure frequency) h/d 9 US EPA, 2011
ED (exposure duration) yr 58 US EPA, 2011
AP (averaging period): non-cancer yr 58 US EPA, 2011
AP (averaging period): cancer yr 78 US EPA, 2011
Notes:

h — hour; yr — year; wk — week; d — day.

5.3 EXPOSURE PARAMETERS FOR CHILDREN AND TEENS
IN SCHOOL

As discussed in Section 4.2, Scoil Naisiunta Sheanain, a primary school with approximately 90 students, is located
1.9 km to the west of the BRDA. Children, aged 5 to 13 years old, are attending the school for a typical nine-hour
day (including before and after school programs), five days per week, for 38 weeks/year (i.e., typical length of
school year). The exposure parameters applicable to children and teen-aged students are as follows:

Table 5.6 Exposure Parameters for School-Aged Children and Teens
CHILD TEEN
EXPOSURE FACTOR UNITS (5-11YRS) (12 -13 YRS) REFERENCE

EF (exposure frequency for inhalation) = EFa x hiyr 1710 1710 Calculated
EFb x EFc

EFa (daily exposure frequency) d/iwk 5 5 US EPA, 2011
EFb (weekly exposure frequency) wkiyr 38 38 Site-specific
EFc (hourly exposure frequency) h/d 9 9 US EPA, 2011
ED (exposure duration) yr 7 2 US EPA, 2011
AP (averaging period): non-cancer yr 7 2 US EPA, 2011
AP (averaging period): cancer yr 78 78 US EPA, 2011
Notes:

h — hour; yr — year; wk — week; d — day.
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5.4 EXPOSURE PARAMETERS FOR RESIDENTS

In this exposure scenario, a resident receptor represents various life stages including infant, toddler, child, teenager,
and adults. Residents were considered to spend 24 hours/day, 7 days/week, 48 weeks/year (assuming a four-week
vacation). The exposure parameters applicable to residents are as follows:

Table 5.7 Exposure Parameters for Residents
TODDLER
INFANT (7 MO. TO CHILD TEEN ADULT

EXPOSURE FACTOR UNITS (0-6MO.) 4 YRS) (5-11YRS) (12-19YRS) (=20YRS) REFERENCE
EF (exposure frequency for hlyr 806 8064 8064 8064 8064 Calculated
inhalation) = EFa x EFb x EFc
EFa (daily exposure frequency) d/iwk 7 7 7 7 7 US EPA, 2011
EFb (weekly exposure frequency) | wk/yr 48 48 48 48 48 OWTA, 1997
EFc (hourly exposure frequency) h/d 24 24 24 24 24 US EPA, 2011
ED (exposure duration) yr 0.5 4.5 7 8 58 US EPA, 2011
AP (averaging period): non-cancer yr 05 45 7 8 58 US EPA, 2011
AP (averaging period): cancer yr 78 78 78 78 78 US EPA, 2011
Notes:

h — hour; yr — year; wk — week; d — day; mo — months.

5.5 UNCERTAINTY ANALYSIS

A summary of the major assumptions made in the Exposure Assessment stage of the HHA and resulting
uncertainties are provided below:

— Conservative assumptions were applied when calculating the exposure estimates (i.e., conservative assumptions
for exposure durations and frequencies). For example, residents were assumed to be exposed to predicted
exposure concentrations at the Project boundary continuously, for 24-hours, daily.

— The exposure assessment only considered predicted air concentrations from scenario 1, which represents the
earliest stage of BRDA elevation construction and the worst-case predicted air concentrations. Predicted air
concentrations show a slight decrease as the BRDA is raised (i.e., with each successive scenario), with the final
scenario (5) having the lowest predicted air concentrations as the surface area of the BRDA is significantly
reduced compared to the other scenarios. Therefore, using predicted air concentrations from scenario 1 for the
purpose of the exposure assessment is considered a conservative approach, and is likely to overestimate risk.

— The air dispersion model used to calculate predicted PM1o and PM2 s ambient ground level concentrations
generated by the AAL facility only (i.e., operational contribution) also identified the concentrations at the
worst-case off-site locations. These worst-case concentrations were selected to develop the COPC-specific
exposure concentrations used for the purpose of the exposure assessment. Given that these concentrations are
based along the AAL facility boundary, and that the nearest off-site receptor is located approximately 1.9
kilometres to the west of the AAL facility, use of these worst-case concentrations is considered a conservative
approach, and is likely to overestimate risk.

— The HHA assumed that emissions of the bauxite residue and salt cake predominantly occurs as particulates or
fugitive dusts. To assess potential exposures to bauxite residue and salt cake, this HHA assumed their
constituents will be present in the dusts emitted from the Project at the same percentage composition. That is,
the predicted concentration for each COPC is based on the percentage of each COPC modelled PM1o (annual
and 24-hr) and PM_ (annual and 24-hr) concentrations to reflect the percentage of each COPC in the dust.
Therefore, this HHA assumes that both bauxite residue and salt cake are both present as dust (i.e., exposures to
PM have been doubled), with levels of their constituents present at the same percentage composition as in the
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solid waste by-product. This assumption maintains an overly conservative approach given that the moisture
content of both bauxite residue (21%) and salt cake (41% to 46%, with a mean of 44%) are high. The presence
of salt cake constituents as particulates or dust is highly unlikely given its moisture content.

— For the purposes of exposure modelling, it has been assumed that human receptors, whether in an indoor
environment or outdoor environment, would be continuously exposed to ground-level COPC concentrations in
ambient air throughout the duration of their time at the given receptor location. Ambient indoor air
concentrations are dependant on a multitude of variables including building infiltration rates, indoor decay rates,
ventilation system setups, and other factors. To maintain a conservative approach, the assumption that
equilibrium is established between outdoor and indoor ambient air was applied for this assessment.
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6 HAZARD ASSESSMENT

The hazard assessment step provides the basis for evaluating what is an acceptable exposure and what level of
exposure may be harmful to human health. This step involves identification of potentially harmful effects associated
with each COPC and determines the dose that a receptor can be exposed to without experiencing unacceptable
effects. This value is called the toxicity reference value (TRV).

Exposure limits are typically selected from TRVs published by appropriate regulatory agencies or, in cases where
regulatory values are not available, a literature review is conducted, and published toxicity studies are reviewed and
evaluated to derive a TRV. In this HHA, exposure limits are used for the quantitative estimation of risks.

Exposure limits are derived based on the duration of exposure. For this HHA, exposure limits for each COPC were
selected to evaluate long-term (chronic) exposures representing repeated exposures over longer term periods that are
conservatively assumed to take place over a lifetime.

Short-term (acute) exposures represent single or intermittent exposures lasting up to 24-hours. The findings of the
literature review are summarized in chemical-specific toxicity profiles and are provided in Appendix E. Information
related to health effects and exposure limits associated with acute exposures for identified COPCs is limited or
lacking. Acute effects reported in literature generally include irritation of the eyes and upper respiratory tract and are
summarized in the chemical-specific toxicity profiles (see Appendix E), where available.

6.1 REVIEW OF TOXICOLOGY DATA FOR BAUXITE RESIDUE

The findings of the literature search identified three studies (Czovek 2011; Gelencser 2011; Gundy 2013) that
characterize the potential health risks associated with the inhalation of red mud dusts. Following accidental collapse
of the red-mud containing reservoir on October 4, 2010, a highly alkaline red mud sludge was discharged into
agricultural and residential lands near Ajka in Hungary. Major concerns about potential health effects associated
with inhalation of fugitive dusts from the red mud were investigated. Laboratory rodents were exposed via
inhalation to red sludge dusts obtained from the field at high concentrations for 8 hours per day and for two-week
duration. Following exposures, respiratory consequences on laboratory rodents were examined including
histopathology to assess lung effects. Czovek (2011) concluded that inhalation of red sludge dust did not alter the
basal respiratory mechanics, but it did lead to progression of mild airway hyper-responsiveness. Czovek (2011)
further concluded that fine particles were able to reach the lower respiratory tract and induced mild inflammation
around the alveoli and the pulmonary vasculature. The mild respiratory symptoms that developed following short-
term exposure of healthy individuals to high concentrations of airborne red sludge dusts do not appear to pose a
greater respiratory hazard than the inhalation of urban dust at a comparable concentration (Czovek 2011). Studies
concluded that while there is high potential for re-suspension and alkalinity may cause irritation of the upper
respiratory tract and eyes, based on its particulate size distribution and composition, red mud dust do not appear to
pose a greater respiratory hazard than urban particulate matter (Gelencser 2011; Czovek 2011). No genotoxicity was
observed using the resuspended dust collected from the field (Gelencser 2011; Gundy 2013).

The literature review did not identify any exposure limits or TRVs that can be used in this HHA to assess inhalation
of bauxite residue.
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6.2 REVIEW OF TOXICOLOGICAL BASIS OF AVAILABLE
JURISDICTIONAL AMBIENT AIR EXPOSURE LIMITS FOR
IDENTIFIED COPCS

Scientifically defensible long-term exposure limits applied in the HHA for each COPC were selected based on the
following considerations:

— Established or derived by reputable and credible regulatory agencies;

— Derived based on human exposure studies;

— Derived based on chronic inhalation exposure or occupational studies;

— Year of primary study and toxicity review used to support the exposure limit;

— Protective of public health based on the current scientific understanding of the health effects known and/or
suspected to be associated with exposures to the COPC;

— Protective of sensitive individuals through the use of appropriate uncertainty factors; and,
— Supported by adequate documentation.
In the case that the above criteria were supported by more than one standard, guideline or objective, the most

scientifically defensible limit was selected and the rationale for the decision is provided in the toxicity profiles in
Appendix E.

For constituents of bauxite residue and salt cake (identified COPCs), exposure limits or ambient air quality
objectives used in the HHA were obtained from reputable regulatory agencies that regularly review and update the
science supporting the exposure limits, provide supporting documentation, and/or engage a peer-review process in
their standards development process. For the purposes of this HHA, these sources included:

— European Commission (EU) Air Quality Standards;

— United Kingdom (UK) Air Quality Limits;

— European Chemical Agency (ECHA) Evaluation, Authorisation and Restriction of Chemicals (REACH) Limits;
— World Health Organization (WHO) Global Air Quality Guidelines;

— California Ambient Air Quality Standards (CAAQS);

— Texas Commission on Environmental Quality (TCEQ) Effect Screening Levels (ESLs) and Air Monitoring
Comparison Values (AMCVs); and

— American Conference of Governmental Industrial Hygienists (ACGIH) Threshold Limit Values (TLV-TWA).
The EU, UK, WHO and CAAQS do not have exposure limits for the identified COPCs.

Exposure limits from the ECHA, TCEQ, and ACGIH and their toxicological basis are summarized for each COPC
in the toxicological profiles provided in Appendix E.

6.3 TOXICOLOGICAL REVIEW OF IDENTIFIED COPCS

A complete toxicology review of associated health effects following inhalation exposures to the identified COPCs
was also performed.

Toxicological information was summarized from the following sources, where available:
— Agency for Toxic Substances and Disease Registry (ATSDR) Toxicological Profiles;

— American Conference of Governmental Industrial Hygienists (ACGIH) Supporting Documents for TLVS;

— European Chemical Agency (ECHA) Registration, Evaluation, Authorisation and Restriction of Chemicals
(REACH) Toxicological Summaries;
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— National Center for Biotechnology Information - PubChem Compound Summaries; and
— Texas Commission on Environmental Quality (TCEQ) Development Support Documents.
The health outcomes related to inhalation exposures to identified COPCs following short- and long-term exposures

and the available human (or epidemiological) toxicological data are summarized in the toxicological profiles
provided in Appendix E.

6.3.1 FINE PARTICULATE MATTER (PM2s)

Jurisdictional 24-hour and annual exposure limits for PMy s are provided in Table 6.1 and Table 6.2, respectively.
The toxicological studies supporting these exposure limits are described in detail below.

Table 6.1 24-Hour Inhalation Exposure Limits for PM2s
Regulatory Agency Type Value (ug/m?®) Reference
Metro Vancouver 24-hour 25 Metro Vancouver 2020
BC MoECCS 24-hour 25 BC MoECCS 2020
AENV 24-hour 29 AENV AAQO 2018
CCME 2020 CAAQS 24-hour 27 CCME 2017
ON MECP 24-hour 27 Ontario MECP 2020
US EPA 24-hour 35 US EPA 2021
WHO 24-hour 25 WHO 2005
Notes:

BC MoECCS - British Columbia Ministry of Environment and Climate Change Strategy; AENV — Alberta Environment; CCME — Canadian
Council of Ministers of Environment; ON MECP — Ontario Ministry of Environment, Conservation and Parks; US EPA — United States
Environmental Protection Agency; Cal OEHHA - California Office of Environmental Health Hazard Assessment; WHO — World Health
Organization

Metro Vancouver and British Columbia Ministry of Environment and Climate Change Strategy

The 24-hour Provincial air quality objective (AQO) is 25 pug/m? and is based on annual 98" percentile of daily
average, over one year. No technical supporting documents detailing the derivation of the AQO were made
available. Metro Vancouver (2020) has also adopted this value and determines compliance based on a rolling
average.

CCME

The CCME provides a 24-hour 2020 CAAQS for PMy 5 (27 pg/m?); however, unlike other pollutants such as SO
and NO,, a 2025 CAAQS is not provided for fine PM. CCME was consulted to obtain detailed rationale for the
derivation of the CAAQS for fine PM; however, there was no technical documentation available. The report
entitled: “Guidance Document on Achievement Determination Canadian Ambient Air Quality Standards for Fine
Particulate Matter and Ozone” (CCME, 2020) provides guidance on methodologies for determining whether the
CAAQS for PM are achieved or exceeded. However, it does not provide epidemiological studies that support the
2020 CAAQS for PM3s.

Alberta Environment

Alberta Environment (AENV, 2019) issued a 1-hour and 24-hour AAQO of 80 ug/m3 and 29 pg/m?, respectively.
The 1-hour value is intended for use in monitoring and reporting of the Ambient Air Quality Index. The 24-hour
value is reported as being based on health effects (AENV, 2018). AENV (2018) outlines that exposure to fine PM
may be associated with respiratory health effects including: reduced lung function, asthma, emphysema and
bronchitis, or cardiovascular effects such as: angina, heart attacks and hypertension. Fine PM has also been linked
with increased emergency room visits and hospitalizations. AENV (2018) also referenced a 2011 Health Canada
report which identified a linear relationship between the concentration of PM; s and the health response, with no
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clear evidence of a threshold for effects. Beyond this information, it is unclear how AENV came to derive the 1-hour
and 24-hour AAQOs.

Ontario Ministry of the Environment, Conservation and Parks

The Ontario MECP (MECP, 2020) provides a 24-hour AAQC for PM5 of 27 pg/m3. This value reflects the 3-year
average of the annual 98" percentile of the daily 24-hr average concentrations and is based on the 2020 CAAQS
value. While the MECP (2020) identifies that this numerical value is based on health endpoints, there were no
technical supporting documents that provide rationale supporting the derivation of this AAQC. For more details, the
MECP references a 2012 CCME document entitled “Guidance Document on Achievement Determination Canadian
Ambient Air Quality Standards for Fine Particulate Matter and Ozone”. However, the document only focuses on
methodologies, criteria, and procedures for reporting on achievement of the CAAQS and makes no mention of how
the CAAQS value was derived.

United States Environmental Protection Agency

In 2006, the 24-hour NAAQS for PM_ s was revised from 65 to 35 pug/me. This value is identified as a 98™"
percentile, averaged over 3 years. US EPA (2006) concluded that a 24-hour standard of 35 pg/m® would protect
public health with an adequate margin of safety from serious health effects including premature mortality and
hospital admissions for cardiorespiratory causes that are likely associated with short-term exposure to fine PM. In
2012, US EPA re-evaluated the 24-hour value of 35 pug/m? for fine PM and retained it as the current standard.

World Health Organization

The WHO (WHO, 2005) provided a 24-hour guideline for PM,s of 25 pg/m?. This value represents a 99 percentile
of the distribution of daily values and is intended to protect against peaks of pollution that would lead to substantial
excess morbidity or mortality. This value is largely based on published risk coefficients from multicentre studies and
meta-analyses, which reported an average short-term mortality effect for PMyo of approximately 0.5% per 10 pg/m3.
This value is considered to provide a significant reduction in risks from acute exposure health effects such as short-
term mortality.

Table 6.2 Chronic Annual Inhalation Exposure Limits for PM2s
Regulatory Agency Type Value (ug/m?®) Reference
Metro VVancouver Annual 8 Metro Vancouver 2020
BC MoECCS Annual 8 BC MoECCS 2020
CCME 2020 CAAQS Annual 8.8 CCME 2017
AENV - - AENV AAQO 2019
ON MECP Annual 8.8 Ontario MECP 2020
US EPA Annual 12 US EPA 2021
Cal OEHHA Annual 12 Cal OEHHA 2016
WHO Annual 10 WHO 2005
Notes:

BC MoECCS - British Columbia Ministry of Environment and Climate Change Strategy; AENV — Alberta Environment; CCME — Canadian
Council of Ministers of Environment; ON MECP — Ontario Ministry of Environment, Conservation and Parks; US EPA — United States
Environmental Protection Agency; Cal OEHHA - California Office of Environmental Health Hazard Assessment; WHO — World Health
Organization
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Metro Vancouver and British Columbia Ministry of Environment and Climate Change Strategy

In 2009, BC MoECCS (2020) provided an annual AQO of 8 pg/m? for PM,s. No technical supporting documents
detailing the derivation of the AQO were made available. Metro Vancouver has adopted the same AQO and
evaluates compliance based on annual average of 1-hour concentrations, over one year.

CCME

The CCME provides an annual 2020 CAAQS for PM_ s (8.8 pg/m®); however, unlike other pollutants such as SO;
and NO», a 2025 CAAQS is not provided for fine PM. CCME was consulted to obtain detailed rationale for the
derivation of the CAAQS for fine PM; however, there was no technical documentation available. The report
entitled: “Guidance Document on Achievement Determination Canadian Ambient Air Quality Standards for Fine
Particulate Matter and Ozone” (CCME, 2020) provides guidance on methodologies for determining whether the
CAAQS for PM are achieved or exceeded. However, it does not provide epidemiological studies that support the
2020 CAAQS for PM3s.

Ontario Ministry of the Environment, Conservation and Parks

The MECP (2020) provides an annual AAQC of 8.8 pg/m? for PM_s. The value reflects a 3-year average of the
annual average concentrations. While the MECP identifies that this numerical value is based on health endpoints,
there were no technical supporting documents that provide rationale supporting the derivation of this AAQC. For
more details, the MECP references a 2012 CCME document entitled “Guidance Document on Achievement
Determination Canadian Ambient Air Quality Standards for Fine Particulate Matter and Ozone”. However, the
document only focuses on methodologies, criteria, and procedures for reporting on achievement of the CAAQS and
makes no mention of how the CAAQS value was derived.

United States Environmental Protection Agency

In 2013, US EPA revised the annual NAAQS for PM_s from 15 to 12 pg/m?, a value identified as an annual
arithmetic mean, averaged over 3 years. Growing evidence since the last review showed that a lowering of the 15
ug/msd standard (originally set in 1997) was warranted given the multiple, multi-city studies over long periods of
time demonstrating clear evidence of premature death, cardiovascular and respiratory harm as well as reproductive
and developmental harm at concentrations below 15 pg/m?®. US EPA (2013) determined that an annual standard of
12 pg/m? is below the long-term mean PM_ s concentrations reported in each of the key multi-city, long- and short-
term exposure studies that identified numerous serious health effects such as premature mortality and increased
hospitalization for cardiovascular and respiratory effects. Additionally, a standard of 12 pg/m?® considers the
evidence of reproductive and developmental effects such as infant mortality and low birth weight which were
identified in studies that provided evidence suggestive of a causal relationship with long-term PM_s concentrations.
A level of 12 pg/m?3is approximately the same level as the lowest long-term mean concentration reported in these
studies. US EPA (2013) concluded that an annual standard of 12 pg/m? provides the requisite degree of public
health protection including the health of sensitive populations, with an adequate margin of safety.

California Office of Environmental Health Hazard Assessment

Cal OEHHA recommended an annual CAAQS of 12 pg/m? for PM_ s, which places significant weight on the long-
term exposure studies using the American Cancer Society (ACS) and Harvard Six-Cities data. In both studies, robust
associations were identified between long-term exposure to PM2 s and mortality; the mean PM_s concentrations
were 18 and 18.2 pg/m? in the Harvard and ACS studies, respectively. In addition, the annual CAAQS placed
weight on the results of multiple studies investigating the relationship between PM; s and adverse health outcomes.
These studies had long-term (three- to four-year) means in the range of 13 to 18 pg/m3. It was concluded by Cal
OEHHA (2001) that an annual PM s standard of 12 pg/m® would provide adequate public health protection,
including that of infants and children, against adverse effects of long-term exposure.

World Health Organization

An annual average guideline value of 10 pg/m? for PM,s was set by WHO (2005) to represent the lower end of the
range over which significant effects on survival have been observed in the ACS study. This value also places
significant weight on the long-term exposure studies using the ACS and Harvard Six Cities data which demonstrated
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a robust association between long-term exposure to PM2 s and mortality (also discussed above). This annual standard
is believed to be both achievable in large urban settings and is expected to effectively reduce health risks.

6.3.2 COARSE PARTICULATE MATTER (PMa1o)

Jurisdictional 24-hour and annual exposure limits for coarse particulates (PMg) are provided in Table 6.3and Table
6.4, respectively. The toxicological studies supporting these exposure limits are described in detail below.

Table 6.3 24-Hour Inhalation Exposure Limits for PMio
REigEﬁggRY TYPE V(Ap:;éJ)E VALU;E SOURCE
(mg/m®)
BC MoECCS 24-hour 5.0E-02 BC MoECCS 2020
AENV - - - AENV AAQO 2019
CC('\Z"OEZgzO - - ) CCME 2019
ON MECP 24-hour - 5.0E-02 Ontario MECP 2020
US EPA 24-hour - 1.5E-01 US EPA 2021
Cal OEHHA 24-hour - 5.0E-02 Cal OEHHA 2016
WHO 24-hour - 5.0E-02 WHO 2005
Notes:

BC MOoECCS - British Columbia Ministry of Environment and Climate Change Strategy; AENV — Alberta Environment; CCME — Canadian
Council of Ministers of Environment; ON MECP — Ontario Ministry of Environment, Conservation and Parks; US EPA — United States
Environmental Protection Agency; Cal OEHHA - California Office of Environmental Health Hazard Assessment; WHO — World Health
Organization

British Columbia Ministry of Environment and Climate Change Strategy

A 24-hour AQO for PMjo was set to 50 pg/m?® in 1995 and is the current provincial standard. BC MoECCS (2020)
mentions that PMyo in this context includes both fine (PM2s) and coarse (PM2s.10) fractions. No technical supporting
documents detailing the derivation of the AQO were made available.

Ontario Ministry of the Environment, Conservation and Parks

A 24-hour AAQC for PMy of 50 pg/m?® was provided by the MECP (2020). The value is identified as an interim
AAQC, with no conversion to other averaging times available. While the MECP identifies that this numerical value
is based on health endpoints, there were no technical supporting documents that provide rationale supporting the
derivation of this AAQC.

United States Environmental Protection Agency

The US EPA set a 24-hour NAAQS value for “thoracic coarse particles (PMio.25)” of 150 pg/m® in 1987. The value
is not to be exceeded more than once per year on average over a 3-year period. In 2013, as part of US EPA’s (2013)
review, it was concluded that the standard is sufficient to provide protection against effects associated with short-
term exposure to coarse PM including premature mortality and increased hospital admissions and emergency
department visits.

California Office of Environmental Health Hazard Assessment

The California Office of the Environmental Health Hazard Assessment (Cal OEHHA) derived a 24-hour California
Ambient Air Quality Standard (CAAQS) of 50 pg/m?®for PMyo. According to a Cal OEHHA (2001) staff report, this
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standard was first promulgated in 1983, and was primarily based on an analysis of daily mortality in London, UK, in
relation to changes in PM. In the following years, Cal OEHHA examined the increasing epidemiological studies that
linked fluctuations in short-term PMio with adverse health outcomes. Many of these studies had peak values close to
or above 50 pg/m?3, with concentrations below 50 pg/m3 having a more uncertain association with mortality effects.
It was concluded that a 24-hour standard for PMyo at 50 pug/m?®would offer public health protection primarily against
peak concentrations of both fine and coarse PM.

World Health Organization

The World Health Organization (WHO, 2005) provided a 24-hour guideline for PMyo of 50 pg/mé. These values
represent a 991 percentile of the distribution of daily values and are intended to protect against peaks of pollution
that would lead to substantial excess morbidity or mortality. The values are largely based on published risk
coefficients from multicentre studies and meta-analyses, which reported an average short-term mortality effect for
PM o of approximately 0.5% per 10 pg/m3. These values are considered to provide significant reductions in risks
from acute exposure health effects such as short-term mortality.

Table 6.4 Chronic Inhalation Exposure Limits for PMio
REGULATORY AGENCY | TYPE VALUE VALUE SOURCE
(ppb) (mg/m?)
BC MoECCS - - - BC MoECCS 2020
AENV - - - AENV AAQO 2019
CCME 2020 R
(2025) - - CCME 2021
ON MECP - - - Ontario MECP 2020
US EPA - - 5.0E-02 (revoked) US EPA 2021
Cal OEHHA Annual - 2.0E-02 Cal OEHHA 2016
WHO Annual - 2.0E-02 WHO 2005
Notes:

BC MoECCS - British Columbia Ministry of Environment and Climate Change Strategy; AENV — Alberta Environment; CCME — Canadian
Council of Ministers of Environment; ON MECP — Ontario Ministry of Environment, Conservation and Parks; US EPA — United States
Environmental Protection Agency; Cal OEHHA - California Office of Environmental Health Hazard Assessment; WHO — World Health
Organization

United States Environmental Protection Agency

An annual NAAQS for PMyo was set by the US EPA in 1987 at 50 pug/m?. In a 2006 review by the US EPA, it was
concluded that the annual PMy standard would be revoked and not replaced, given that the available evidence does
not suggest an association between long-term exposure to coarse PM at current ambient levels and health effects. In
addition, the 24-hour PM1o (150 pg/m?®) was considered sufficient to provide adequate protection against any
potential effects related to long-term exposure to PMjo concentrations.

California Office of Environmental Health Hazard Assessment

Cal OEHHA (2001) revised the annual CAAQS for PM1, from 30 to 20 pug/m?®. Adopting an annual standard at this
level would place significant emphasis on ACS and Harvard Six-Cities studies examining mortality and morbidity
related to long-term PM exposure. An overall PM mean of 30 and 18 jg/m3 were assessed in the Harvard and ACS
studies, respectively. It was determined by Cal OEHHA (2001) that a standard set at 20 pg/m?® would protect against
mortality effects related to long-term exposure in adults and morbidity effects such as acute bronchitis in children.

World Health Organization

An annual average guideline value of 20 pug/m?® was set by WHO (2005). This value represents the lowest level at
which total cardiopulmonary and lung cancer mortality have been shown to increase in the ACS study (although
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there is more confidence in the PM_ 5 results from the study, which is why WHO preferred use of the PM2 s
guideline). There is limited quantitative evidence on the long-term effects of coarse PM; however, there is
significant literature investigating the short-term effects. For this reason, the literature on short-term effects has been
used as a basis for development of the annual PM1o guideline value.

6.3.3 EXPOSURE LIMITS FOR IDENTIFIED COPCS

Jurisdictional 24-hour and annual exposure limits for identified COPCs are provided in Table 6.5. The toxicological
studies supporting these exposure limits are described in detail below.

Table 6.5 Selected Exposure Limits or Toxicity Reference Values for Identified COPCs
TRV
COPC (mg/m3) SOURCE BASIS
Aluminium 0.01 ACGIH |Respiratory and neurological effects
Goethite 2008 |ACGIH established a TLV-TWA of 1 mg/m? for aluminium and its insoluble

compounds (including aluminium oxide and aluminium in bauxite ore dust). The
authors reviewed available literature and concluded that a urinary aluminium level of
100 pg/L (corresponding to an airborne concentration of 1.6 mg/m?) was a critical
concentration for development of neurological effects based on an occupational study
by Sjogren and Elinder (1992). The study identified that long-term exposures to
aluminium and aluminium compounds leading to body burdens equivalent to
breathing 1.6 mg/m? for 40 years can result in an increased prevalence of neurological
effects. An additional uncertainty factor of 100 was applied to the ACGIH limit to
ensure protection of the public including sensitive individual from continuous
exposures. The resulting exposure limit of 0.01 mg/m3.

Aluminium 0.01 ACGIH |Respiratory and neurological effects
Oxide 2008 |See Aluminium Goethite
Anatase and 0.01 ACGIH |Respiratory irritation
Rutile 2001 |ACGIH derived a TLV-TWA of 10 mg/m? for titanium dioxide. The TLV-TWA was
(also known as based on Lee et al. (1986), who conducted a 2-yr inhalation study on rats exposed to
titanium dioxide) titanium dioxide at concentrations of 0, 10, 50, or 250 mg/m? for 6 hrs/day, 5

days/week. Squamous cell carcinomas developed following exposure to 250 mg/m?
for the full 2 years. At 50 mg/m?, massive accumulations of macrophages and foamy
dust cells were reported which were indicative of pulmonary air-space overload. At 10
mg/m3, a particulate (insoluble) not otherwise specified (PNOS) response was
observed, whereby the architecture of the air spaces were unchanged, there was no
significant formation of scar tissue, and the tissue reaction was potentially revisable.
The TLV-TWA of 10 mg/m? is intended to protect against respiratory tract irritation,
and potential overload of pulmonary air-space architecture and normal clearance
mechanisms. An additional uncertainty factor of 1000 was applied to the ACGIH limit
for animal to human uncertainty and to ensure protection of the public including
sensitive individuals from continuous exposures. The resulting exposure limit of 0.01
mg/m? is applied in this HHA.

Arsenic Trioxide | 0.000067 | TCEQ |Respiratory and lung cancer

2013 |TCEQ developed a long-term ESL/AMCV of 0.000067 mg/m? for arsenic trioxide
based on lung cancer mortality rates associated with inhalation of inorganic arsenic
compounds. The ESL/AMCYV was derived from Lubin et al. (2008), an occupational
study looking at excess lung cancer mortality for all workers adjusting for year of
hire. The study used Texas-specific mortality rates for 2001-2005 from lung cancer
and Texas-specific survival rates for 2005. Texas air concentrations corresponding to
an excess cancer risk of 1 in 100,000 based on the final URF of 1.5E-04 per ug/m?
was selected as the ESL/AMCYV (TCEQ, 2013).
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TRV

COPC (mg/m3) SOURCE BASIS
Boehmite 0.01 ACGIH |Respiratory and neurological effects
(also known as 2008 |See Aluminium Goethite
Aluminium oxide
hydroxide)
Calcium 0.005 TCEQ |Applied the TCEQ long-term ESL of 0.005 mg/m? based on the general ESL for
Cancrinite 2021 |metals with low toxicity

Cerium Oxide 0.005 TCEQ |TCEQ adopted a long-term ESL of 0.005 mg/m? based on the general ESL for metals
2021 |with low toxicity

Chromium  |0.0000043| TCEQ |Lung Cancer

Trioxide 2014 | TCEQ developed a long-term AMCV of 0.0000043 mg/m? for chromium trioxide
based on hexavalent chromium particulate compounds (including chromium trioxide).
The AMCV was derived from Crump at al. (2003) and Gibb et al. (2000),
epidemiological studies that looked at the association between CrVI exposure and
lung cancer in chromate production worker cohorts in Ohio and Maryland, USA.
These cohorts are relatively large, have extensive follow-up, and documentation of
historical CrVI exposure levels. The Crump (2003) study included 482 workers
employed for at least one-year from1940 to 1972 and followed through 1997 (14,443
person-years). Cumulative exposure to CrV1 was significantly associated with
increased lung cancer risk. The Gibb (2000) study evaluated lung cancer mortality in a
cohort of 2,357 male chromate production workers in Baltimore, Maryland hired
during 1950 t01974, with mortality followed through 1992. The long-term AMCV
was calculated based on an inhalation unit risk factor (URF) of 2.3 x 10-3 per pug/m?
derived from these studies and a no significant risk level of 1 in 100,000 excess cancer
risk.

Copper Oxide 0.001 ACGIH |Ocular, dermal, respiratory tract and mucous membrane irritation

2001 |ACGIH derived a TLV-TWA of 1 mg/m? for copper dusts (including copper oxide)
and 0.2 mg/m? for copper misits. Several studies were used to support this value.
Whitman (1957) found that exposure to concentrations of copper fume between 0.02
to 0.4 mg/m? for short periods from welding operations did not cause any complaints.
Gleason (1968) identified a condition similar to metal fume fever in workers exposed
to metallic copper dust at concentrations of 0.1 mg/m3. Finally, data from industry,
specifically for copper-welding operations and copper-metal refining in Great Britain
(Luxon S.G, 1972) supports the view that no adverse effects develop from exposure to
fumes up to 0.4 mg/m? of copper. No further discussion on the derivation of the TLV-
TWA was available. The TLV-TWA values are intended to protect against ocular,
dermal, respiratory tract, and mucous membrane irritation. A safety factor of 1000
was applied to the ACGIH limit to account for acute to chronic exposure uncertainty
and to ensure protection of the public from continuous exposures, resulting in a final
exposure limit of 0.001 mg/m?.

Gallium Trioxide| 0.005 TCEQ |Applied the TCEQ long-term ESL of 0.005 mg/m? based on the general ESL for
2021 |metals with low toxicity
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COPC

TRV

(mg/m3) SOURCE

BASIS

Gypsum
(also known as
calcium sulfate

dihydrate)

0.01

ACGIH
2006

Respiratory tract irritation

ACGIH derived a TLV-TWA of 10 mg/m? for calcium sulphate (including the
dihydrate). The TLV-TWA was derived from Cain et al. (2004). who exposed 12
individuals to varying concentrations of calcium sulphate (10, 20, and 40 mg/m?3)
during exercise for a total of 20 minutes. It was reported that chemesthetic effects on
the nose and throat were present only at the 40 mg/m? level; no effects to the eye,
nasal secretion, nasal resistance, or mucociliary transport were observed at the other
exposure levels. Although limited data exists, a TLV-TWA of 10 mg/m? is
recommended based on lowest exposure dose in the Cain (2004) study to protect
against long-term respiratory health effects as demonstrated in both animal and human
studies following exposure to calcium sulphate. An additional safety factor of 1000
was applied to the ACGIH limit for acute to chronic exposure uncertainty and to
ensure protection of the public from continuous exposures, resulting in a final
exposure limit of 0.01 mg/m3.

Hematite
(also known as
iron oxide)

0.05

ACGIH
2006

Non-specific inflammatory responses; pulmonary siderosis

An ACGIH review derived a TLV-TWA of 5 mg/m? (respirable particulate mass) for
iron oxide. The TLV-TWA is based on several experimental human and animal
studies (Keenan K et al, 1989; Lay JC et al, 1999) which have demonstrated that
instillation of iron oxide into the lungs caused a mild inflammatory response but
showed no evidence of fibrogenic potential. Pulmonary siderosis has been identified
in chest X-rays associated with deposition and collection of iron oxide in the lungs
from relatively high level (10-700 mg/m3) exposures for prolonged periods based on
occupational exposures (Jones et al., 1972 and Teculescu et al., 1973). Additionally,
an inhalation study in rabbits (Grant MM et al, 1979) demonstrated that iron oxide
increased the number of lavagable pulmonary macrophages at about 200 mg/m3 and
increased phagocytic activity at 20 mg/m3 for 2 hrs. Limited discussion is available as
to how the specific TLV-TWA was derived from these studies. The TLV-TWA-TWA
of 5 mg/m3 is recommended for occupational exposure to iron oxide to minimize the
potential for nonspecific inflammatory responses and development of x-ray changes in
the lung. An additional safety factor of 100 was applied to the ACGIH limit to ensure
protection of the public including sensitive individuals from continuous exposures,
resulting in a final exposure limit of 0.05 mg/m?

Hydrogarnet

0.005

TCEQ
2021

Applied the TCEQ long-term ESL of 0.005 mg/m? based on the general ESL for
metals with low toxicity

Lead Oxide

0.00015

TCEQ
2021

1Q loss in children

TCEQ adopted a long-term ESL/AMCYV for lead oxide from the NAAQS value for
lead of 0.15 pug/m?, which is not to be exceeded over a 3-month rolling average. The
limit was derived by the NAAQS using estimated mean 1Q loss for children in the
USA related to lead concentrations in air. Under the air-to-blood ratio of 1:7, the air-
related 1Q loss is below 2-points at lead concentrations of 0.15 ug/m3 (US EPA,
2008). The US EPA reviewed these criteria in 2016 and decided to retain the value
with no revisions.
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COPC

TRV

(mg/m3) SOURCE

BASIS

Manganese
Oxide

0.00084

TCEQ
2017

Abnormal eye-hand coordination scores in humans

TCEQ developed a long-term AMCV of 0.84 pug/m? for manganese and inorganic
manganese compounds (including manganese oxide). The AMCV was derived from
Roels et al. (1992), an occupational study with 92 male workers in a dry alkaline
battery factory. Total and respirable Mn dust concentrations were measured using
personal air sampling in different occupational areas within the factory. Workers were
exposed for an average duration of 5.3 years (range 0.2-17.7 years) to average
(geometric mean) concentrations of 0.215 and 0.948 mg Mn/m3 in respirable and total
dust, respectively. The BMDL10 based on abnormal eye-hand coordination scores
was selected as the point of departure (POD), adjusted for continuous exposure. An
uncertainty factor (UF) of 10 was applied to account for intrahuman variability and 6
for limitations and uncertainties in the database, including lack of epidemiological
data for humans chronically exposed to soluble forms of Mn and lack of
developmental studies.

Niobium
Pentoxide

0.005

TCEQ
2021

Applied the TCEQ long-term ESL of 0.005 mg/m? based on the general ESL for
metals with low toxicity

Perovskite
*Also known as
calcium titanium

trioxide

0.005

TCEQ
2021

Applied the TCEQ long-term ESL of 0.005 mg/m? based on the general ESL for
metals with low toxicity

Sodium Fluoride

0.027

TCEQ
2015

Increased bone density and skeletal fluorosis

TCEQ developed a long-term ESL of 8.1 pg/m? for soluble inorganic fluorides
(including sodium fluoride). The ESL was derived from Derryberry et al.

(1963), which was an occupational study where fluoride exposure levels, urinary
monitoring, and the health effects from fluoride were evaluated on 74 male workers in
a fertilizer manufacturing plant. The length of employment for these workers ranged
from 4.5 to 25.9 years (average 14.1 years) with 76% of workers having over 10 years
of employment. The BMCLo for increased bone density and skeletal fluorosis was
selected as the point of departure (POD). The POD was adjusted for continuous
exposure and non-occupational ventilation rates. An uncertainty factor (UF) of 10 was
applied to account for human variability. An UF of 1 was used for database
uncertainty because human studies investigating a wide range of health endpoints
were available and the overall quality of the key studies is high. It was not necessary
to incorporate a UF to adjust for the use of a sub chronic study since the average
exposure duration of 14.1 years is more than 10% of the life span in humans.
Therefore, the study was considered chronic.

Sodium Oxalate

0.01

ACGIH
2015

Eye, skin, and upper respiratory tract irritation based on acidity

ACGIH derived a TLV-TWA of 1 mg/m? for oxalic acid (surrogated by to sodium
oxalate). Leung and Paustenbach (1990) examined the irritancy potential for several
carboxylic acids by studying the correlation between TLV-TWA values and acid
dissociation constants, given that acidity is considered the principal factor in the
irritancy potential for many carboxylic acids. The acids examined typically have a
TLV-TWA basis of upper respiratory and eye irritation. After plotting the TLV-TWA
values for a range of carboxyclic acids, a model was used to determine the TLV-TWA
of oxalic acid, which resulted in a TLV-TWA of 1.05 mg/m?3. The TLV-TWA of 1
mg/m? is intended to protect against eye, skin, and upper respiratory tract irritation.
An additional safety factor of 100 was applied to the ACGIH value for uncertainty
related to the use of oxalic acid as a surrogate, and to ensure protection of the public
including sensitive individuals from continuous exposures.
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TRV
COPC (mg/m?) SOURCE BASIS

Sodium Sulphate| 0.005 ACGIH |Eye, skin, mucous membrane, and respiratory tract irritation

2001 |ACGIH derived a TLV-TWA-TWA of 5 mg/m? for sodium bisulfate (used as
surrogate by WSP for sodium sulphate). The basis for deriving the TLV-TWA was
not provided; however, it was recommended that a TLV-TWA of 5 mg/m? be adopted
to minimize the potential for eye, skin, mucous membrane, and respiratory tract
irritation. A safety factor of 1000 was applied to the ACGIH limit to account for
uncertainty related to the use of sodium bisulphate as a surrogate for sodium sulphate,
the limited details on the supporting study or derivation by ACGIH, and to ensure
protection of the public from continuous exposures.

Strontium Oxide | 0.005 TCEQ |Applied the TCEQ long-term ESL of 0.005 mg/m? based on the general ESL for
2021 |metals with low toxicity

Thorium Oxide 0.005 TCEQ |Applied the TCEQ long-term ESL of 0.005 mg/m? based on the general ESL for
2021 |metals with low toxicity

Vanadium 0.0005 | ACGIH |Upper and lower respiratory tract irritation

Pentoxide 2009 |ACGIH identified a TLV- TWA of 0.05 mg/m? for vanadium pentoxide. The TLV-
TWA was based on human data from Kiviluoto (1979). The study showed that
subjects exposed to 0.2-0.5 mg V/m?3 measured as total dust for 11 years in the
vanadium industry did not develop any upper respiratory symptoms but did show
increased leuocytes (from nasal biopsy results) and self reported wheezing when
compared to a referent group. The differences in nasal biopsy results were resolved
after exposure was reduced to 0.01 to 0.04 mg V/m?3 as total dust. The study supports
a TLV-TWA of 0.02 to 0.08 mg/m? (adjusted inhalable) that is not associated with
nasal changes. A TLV-TWA of 0.05 mg/m? represents the adjusted mean of the no
effect range considered to be protective of airway inflammatory changes from
exposure to vanadium pentoxide. A safety factor of 100 was applied by WSP to the
ACGIH limit to ensure protection of the public from continuous exposures, resulting
in a final exposure limit of 0.0005 mg/m?.

Yttrium Trioxide| 0.001 ACGIH |Respiratory fibrosis

2001 |ACGIH derived a TLV-TWA of 1 mg/m? for yttrium and its compounds. The TLV-
TWA value is intended to protect against respiratory fibrosis, as reported in rats by
Mogilevskaya O.Y and Rakhlin N.T (1963). The study administered a single 50 mg
dose of yttrium intratracheally to rats and sacrificed the animals 8 months later. The
rats developed pulmonary changes, including increased lung weight, diffuse fibrosis,
and emphysema. No further information was available as to how the TLV-TWA was
derived from this study. ACGIH noted that toxicity data and industrial evidence
reports for exposure to yttrium or its compounds are limited. A safety factor of 1000
was applied by WSP to the ACGIH limit for acute to chronic exposure uncertainty,
animal to human uncertainty, and to ensure protection of the public from continuous
exposures, resulting in a final exposure limit of 0.001 mg/m3.

Zinc Oxide 0.0024 TCEQ |Lung function disorders; asthmatic symptoms

2021 |TCEQ adopted the long-term ESL/AMCYV of 2.4 pg/m?3 for zinc oxide based on the
German MAK for zinc of 2.4 mg/m?® with an additional safety factor of 1000 (TCEQ,
2021). The MAK value was derived based on Roto (1980), an occupational

study where 234 zinc ore smelting workers were exposed to 2.5 to 4.5 mg/m? of zinc
oxide (as total dust with 90% zinc content) for an average of 5.5 years. No

effects related to lung function disorders or asthmatic symptoms were observed across
exposure groups. The NOAEL of 2.5 mg/m? was selected as the point of departure
(POD) (DFG, 2014).
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TRV

COPC (mg/m3) SOURCE

BASIS

Zircon 0.005

ACGIH
2001

Respiratory irritation

ACGIH derived a TLV-TWA of 5 mg/m? for zirconium and its compounds (including
zirconium silicate). The TLV-TWA is based on several studies. An animal inhalation
study by Spiegl et al. (1956), where exposure to zirconium tetrachloride at a
concentration of 6 mg Zr/m? for two months was associated with a small increase in
mortality of rats and guinea pigs and no increased mortality for rabbits, cats, or dogs.
Respiratory infection was the cause of death. Also, two 1-yr animal inhalation

studies (Stokinger H.E, 1981; Hodge H.C, 1955) where exposure to zirconium
tetrachloride at 3.5 mg/m? resulted in no adverse effects. The TLV- TWA of 5 mg/m?
is intended to protect against respiratory irritation. An additional safety factor of 1000
was applied to the ACGIH limit to account for animal to human uncertainty and to
ensure protection of the public including sensitive individuals from continuous
exposures.
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6.4 UNCERTAINTY ANALYSIS

The major sources of uncertainty associated with the Hazard Assessment stage of the HHA are briefly described
below:

6.4.1 COPCS WITH NO AVAILABLE LIMITS

There are no available exposure limits for calcium cancrinite, cerium oxide, gallium trioxide, hydrogarnet, niobium
pentoxide, perovskite, strontium oxide and thorium oxide. The uncertainty for each of these COPCs is discussed
below.

Calcium Cancrinite, Gallium Trioxide, Hydrogarnet, Perovskite, Strontium Oxide

There is no toxicity information found for these COPCs in the major toxicological databases (including ATSDR,
ACGIH, ECHA, TCEQ or PubChem). There are also no hazard codes associated with these COPCs. These COPCs
are therefore considered to pose low hazard and there is low uncertainty related to not quantitatively evaluating their
potential risks. This HHA applied an exposure limit of 0.005 mg/m? adopted from TCEQ based on the general ESL
for metals with low toxicity.

Cerium Oxide

TCEQ adopted a long-term health-based ESL of 0.005 mg/m? for cerium oxide based on the general ESL for metals
with low toxicity. This value was selected as the TRV for the HHA as it was the only available exposure limit for
cerium oxide. As part of the ECHA REACH for cerium oxide, it was concluded that the chemical was not
considered acutely or chronically toxic to humans. There are also no hazard codes listed for cerium oxide. Medium
uncertainty is associated with the use of TCEQ limit, and this limit likely overestimates potential risk from cerium
oxide.

Niobium Pentoxide

Hazard codes associated with niobium pentoxide include skin irritation, eye irritation and respiratory irritation.
However, these hazards are typically associated with acute exposures which is evaluated in this HHA in
consideration of particulate matter concentrations (refer to Section 7).

With respect to chronic exposures, ECHA REACH for niobium pentoxide listed a repeated oral dose study, where
niobium pentoxide was administered in deionised water to the male (28-29 days) and female (maximum 54 days)
rats at dosages of 250, 500 and 1000 mg/kg. There were no major toxicological findings. Given that the NOAEL is
greater than 1000 mg/kg body weight in males and females, ECHA REACH concluded that toxicological testing
from other routes of exposure was not necessary. Further ECHA REACH concluded that niobium pentoxide was not
genotoxic or mutagenic.

Niobium pentoxide is therefore considered to pose low hazard and there is low uncertainty related to not
quantitatively evaluating its potential risks. This HHA applied an exposure limit of 0.005 mg/m? adopted from
TCEQ based on the general ESL for metals with low toxicity.

Sodium Oxalate

The exposure limit for oxalic acid is surrogated to sodium oxalate as there was no toxicity information or exposure
limits related to inhalation or irritation identified for sodium oxalate. The only hazard codes for sodium oxalate are
associated with oral exposures. The exposure limit for oxalic acid is based on the relationship between acidity and
irritation of carboxylic acids. As sodium oxalate is considered neutral, the use of oxalic acid as a surrogate likely
overestimates potential risks.

Sodium Sulphate

The exposure limit for sodium bisulphate is surrogated to ACGIH’s limit for sodium sulphate as there was no
toxicity information or exposure limits identified for sodium sulphate. The toxicological basis for the sodium
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bisulphate exposure limit was not provided by ACGIH. The TCEQ limit for sodium sulphate is surrogated to
particulate matter, as TCEQ determined that for species of limited concern the determination of the individual
species impacts is not required. There are also no hazard codes associated with sodium sulphate. There is medium
uncertainty with the use of the ACGIH limit and it likely overestimates potential risk associated with sodium
sulphate.

Strontium Oxide

TCEQ adopted a long-term health-based ESL of 0.005 mg/m3 for strontium oxide based on the general ESL for
metals with low toxicity. This value was selected as the TRV for the HHA as it was the only available exposure
limit for strontium oxide. There is limited information related to the toxicological effects from inhalation of
strontium oxide, although the hazard code for causing severe skin burns and eye damage is listed. These hazards are
typically associated with acute exposures, which is evaluated in this HHA in consideration of particulate matter
concentrations (See Section 6.1). There is medium uncertainty with the use of the TCEQ limit.

Thorium Oxide

Hazard codes associated with thorium oxide include toxic if swallowed, toxic in contact with skin, toxic if inhaled,
may cause cancer, and may cause damage to organs.

Studies on thorium workers have shown that breathing dust containing thorium and other substances may damage
the lung many years after being exposed. Sufficiently high exposure may also change the genetic material of those
body cells where the thorium is deposited. One study showed that working in a thorium plant increased the chance
of death in males; but decreased the chance of death in females. Increasing the amount of thorium in your
environment could increase your exposure to radium and radon. Therefore, it has not been determined whether the
adverse health effects associated with exposure to thorium are the result of the ionizing radiation, the chemical
toxicity of thorium, or a combination of radiation and chemical toxicity (ATSDR, 2019)

Further, thorium was once thought to have caused cancer in mine and mill workers, but it was later concluded that
thorium likely had no significant impact on their cancer risk. Cancers in those workers were likely due to their
cigarette smoking and inhaling silica dust. Thorium is mildly radioactive (has a very long half-life) so health effects
from exposure may be partly from the chemical itself and partly from the radiation it emits. IARC has not found
sufficient evidence to classify thorium in mines and mills as carcinogenic. NTP considers that thorium dioxide can
cause cancer if it is injected into the body, as in medical procedure rather than inhaled. The carcinogenicity of
thorium has not been evaluated in laboratory animals following inhalation (ATSDR, 2019). In absence of available
TRVs from regulatory agencies, this HHA applied an exposure limit of 0.005 mg/m? adopted from TCEQ based on
the general ESL for metals with low toxicity.

6.4.2 USE OF OCCUPATIONAL EXPOSURE LIMITS

Occupational exposure limits from ACGIH were considered for this assessment. ACGIH provides TLVs to evaluate
potential workplace health hazards from inhalation and these are preferentially based on human epidemiological
studies. TLV-TWAs are protective of exposures from an 8-hour workday, 40-hr work week, that nearly all workers
may be repeatedly exposed to over a working lifetime without adverse effects. These values are typically comparted
to the average concentration measured over a workday. To ensure protection of the general population (including
sensitive individuals such as asthmatics, children, and elderly) from continuous exposure, an additional uncertainty
factor of 100 to 1000 were applied. This maintains a conservative approach that errs on the side of caution and likely
overestimates predicted risks.
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/7 RISK CHARACTERIZATION

Risk characterization is the final step in the HHA process, during which the exposure and hazard (toxicity)
assessments are integrated. The process of risk characterization conducted in this HHA reflects the conservative
approach used to generate risk estimates. The process and interpretation of these steps are discussed in the following
sections. Key uncertainties that influence results, including data gaps, are also described.

7.1 QUANTIFYING HAZARDS FOR NON-CARCINOGENIC
CHEMICALS OF POTENTIAL CONCERN

For identified COPCs with associated non-carcinogenic health effects, the potential for exposures to result in
harmful human health effects is based on the ratio between the estimated exposure and health-based exposure limits.
This ratio is called the Exposure Ratio (ER) or Hazard Quotient (HQ) and is calculated as shown below. The HQ
provides an indication of whether estimated exposures are large enough to be of concern for human health.
Typically, a HQ of less than 1 indicates that exposures would not be expected to result in adverse human health
effects. Given that conservative assumptions are used by regulatory agencies in the development of toxicity values
and/or health-based exposure limits, HQ values greater than 1.0 do not mean that adverse human health effects will
occur, but the likelihood that an adverse effect will occur increases as the HQ value rises above 1.0

EE

HQ =77y

Where:

HQ = Hazard Quotient (unitless)

EE = Exposure Estimate (ug/m?)

TRV = Chemical-Specific Toxicological Reference Value (ug/m?®)

It should be noted that EE is derived differently for short-term (24-hour) versus chronic (annual) exposures. For
chronic exposures, EE is defined as the annual mean air concentration (with adjustment for hours of exposure and
averaging time for each receptor group) because the timeframe of interest is related to longer term annual exposures.

The equation used to derive the chronic (annual) EE is presented below:

EEchronic (annual) = Cuir X ET X EF X ED /AT
Where:

Cair = Modelled concentration of contaminant in air (ug/m?);
ET = Exposure time (hours/day);

EF = Exposure frequency (days/year);

ED = Exposure duration (years); and,

AT = Averaging time (days)

A HQ benchmark of 1.0 was applied for residents who live near the Project. The HQ benchmark of 1.0 is applicable
when baseline exposure is considered in the exposure assessment and all sources of exposure are evaluated. This
assumption is considered met for the resident receptors/exposure scenarios.

A HQ benchmark of 0.2 was applied for the following receptors: students attending the primary school and teachers
who work at the school. The HQ benchmark of 0.2 is applicable in these cases because these receptors may receive
only a portion of their theoretical exposure within the HHA study area. The lower HQ benchmark allows for
exposures outside of those considered in this assessment.
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7.2 QUANTIFYING INCREMENTAL LIFETIME RISKS FOR
CARCINOGENIC CHEMICALS

Carcinogenic chemicals are generally considered to elicit health effects from a non-threshold mechanism. This
means that there is no dose below which an adverse effect will not occur. Any exposure to a carcinogen is
considered to be associated with some level of risk. For carcinogenic chemicals, the potential for exposures to result
in harmful effects is based on the Incremental Lifetime Cancer Risk (ILCR). For this assessment, the ILCR is
calculated as follows:

ILCR = EE
" TRV
Where:
ILCR = Incremental Lifetime Cancer Risk (Unitless)
EE = Exposure Estimate (pg/m®)

TRV = Chemical-Specific Toxicological Reference Value (ug/m?)

Estimates of non-threshold cancer risk are based on the lifetime probability of developing cancer because of
environmental exposure to a carcinogenic substance. An ILCR represents the increased probability of an individual
developing cancer over a 78-year lifespan because of exposure to a carcinogenic COPC associated with the Project
(i.e., incremental risk above the typical background risk that exists).

7.1.1.1 RESULTS OF THE NON-CARCINOGENIC ASSESSMENT

Table 7.1 and Table 7.2 present the predicted health risks associated with exposures to background levels of PMsg
and PM s for students and teachers at the primary school and nearby residents, respectively. It is noted that there are
no health concerns related to background PM1 and PM_ s for all receptors as indicated by the calculated HQs.

Table 7.1 Predicted Health Risks Associated with Exposure to Background Levels of PMioand PMzs
for School Receptors
PARTICULATE MATTER BACKGROUND CONC. ADJUSTED BACKGROUND
(PM) (mg/m3) CONC. (mg/m3) HQ (BASELINE)
PMyo (24-hr) Child: 4E-02
Child: 2E-03 Teen: 1E-02
1E-02 Teen: 5E-04 Adult: 5E-02
PMyo (Annual) Adult: 3E-03 Child: 5E-02
Teen: 1E-02
Adult: 6E-02
PMz5 (24-hr) Child: 5E-02
Child: 1E-03 Teen: 1E-02
7E-03 Teen: 3E-04 Adult: 6E-02
PM.s (Annual) Adult: 2E-03 Child: 6E-02
Teen: 1E-02
Adult: 7E-02
Notes:

Target HQ = 0.2

HQs presented in bold if Target HQ is exceeded
Value in brackets represents averaging period

HQ values between 24-hr and annual PM differ given the different TRVs used for each averaging period
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Table 7.2

for Nearby Residential Receptors

PARTICULATE MATTER

ADJUSTED BACKGROUND

Predicted Health Risks Associated with Exposure to Background Levels of PMioand PMzs

(PM) BACKGROUND CONC. (mg/m?) CONC. (mg/m?) HQ (BASELINE)
PMyo (24-hr) All resident life stages: All resident life stages:
9E-03 2E-01
PMzo (Annual) All resident life stages: All resident life stages:
1E-02 9E-03 2E-01
PMz2s (24-hr) All resident life stages: All resident life stages:
6E-03 2E-01
PM.5 (Annual) 7E-03 All resident life stages: | All resident life stages:
6E-03 3E-01
Notes:
Target HQ =1

HQs presented in bold if Target HQ is exceeded
Value in brackets represents averaging period
“All resident life stages” represents each of the individual life stages, separately (i.e., infant, toddler, child, teen, and adult life

stages)

Annual PM values were assessed for lifetime receptor, whereas 24-hr values were assessed for each individual life stage
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Table 7.3 presents the predicted health risks associated with exposures to identified COPCs for students and
teachers at the nearby primary school. The results of the quantitative risk analysis indicate that there are no health
concerns for all receptors (as indicated by the calculated HQs for identified COPCs). However, it is noted that the
summed HQ resulting from potential exposures to Project plus Background ambient concentrations is primarily
attributable to exposures by background and drives over 60% of the predicted health risks.

Table 7.3 Predicted Health Risks Associated with Potential Exposure to Bauxite Residue and Salt
Cake COPCs in PMio (24-hr) for School Receptors
ADJUSTED
BAUXITE OPERATIONAL OPERATIONAL % HQ
RESIDUE CONTRIBUTION CONTRIBUTION HQ HQ ATTRIBUTABLE TO
COPCS (mg/m3) (mg/m3) (OPERATIONAL) (CUMULATIVE) BACKGROUND
Aluminum 9.8E-04 Child: 1.9e-04 Child: 1.9E-02 | Child: 5.8E-02 Child: 67%
Goethite Teen: 4.8E-05 Teen: 4.8E-03 | Teen: 1.5E-02 Teen: 65%
Adult: 2.4E-04 Adult: 2.4E-02 | Adult: 7.3E-02 Adult: 67%
Hematite 8.8E-04 Child: 1.7E-04 Child: 3.4E-03 | Child: 4.5E-02 Child: 92%
Teen: 4.3E-05 Teen: 8.6E-04 | Teen: 1.1E-02 Teen: 92%
Adult: 2.2E-04 Adult: 4.3E-03 | Adult: 5.3E-02 Adult: 92%
Anatase and 1.9E-04 Child: 3.8E-05 Child: 3.8E-03 | Child: 4.3E-02 Child: 91%
Rutile Teen: 9.4E-06 Teen: 9.4E-04 | Teen: 1.1E-02 Teen: 92%
Adult:4.8E-05 Adult: 4.8E-03 | Adult: 5.4E-02 Adult: 91%
Boehmite 1.0E-04 Child: 2.0E-05 Child: 2.0E-03 | Child: 4.1E-02 Child: 95%
Teen: 4.9E-06 Teen: 4.9E-04 | Teen: 1.0E-02 Teen: 95%
Adult: 2.5E-05 Adult: 2.5E-03 | Adult: 5.1E-02 Adult: 95%
Zircon 1.4E-05 Child: 2.8E-06 Child: 5.5E-04 | Child: 4.0E-02 Child: 99%
Teen: 6.9E-07 Teen: 1.4E-04 | Teen: 9.9E-03 Teen: 99%
Adult: 3.5E-06 Adult: 7.0E-04 | Adult: 5.0E-02 Adult: 99%
Gypsum 7.1E-06 Child: 1.4E-06 Child: 1.4E-04 | Child: 3.9E-02 Child: 99.6%
Teen: 3.4E-07 Teen: 3.4E-05 | Teen: 9.8E-03 Teen: 99.7%
Adult: 1.7E-06 Adult: 1.7E-04 | Adult: 4.9E-02 Adult: 99.6%
Sodium 3.5E-06 Child: 6.9E-07 Child: 1.4E-04 | Child: 3.9E-02 Child: 99.6%
Sulphate Teen: 1.7E-07 Teen: 3.4E-05 | Teen: 9.8E-03 Teen: 99.7%
Adult: 8.7E-07 Adult: 1.7E-04 | Adult: 4.9E-02 Adult: 99.6%
Sodium 9.4E-07 Child: 1.8E-07 Child: 6.8E-06 | Child: 3.9E-02 Child: 99.99%
Fluoride Teen: 4.6E-08 Teen: 1.7E-06 | Teen: 9.8E-03 Teen: 99.99%
Adult: 2.3E-07 Adult: 8.6E-06 | Adult: 4.9E-02 Adult: 99.99%
Chromium 9.4E-06 Child: 1.8E-06 Child: 1.4E-03 | Child: 4.0E-02 Child: 97%
Trioxide Teen: 4.6E-07 Teen: 3.5E-04 | Teen: 1.0E-02 Teen: 97%
Adult: 2.3E-06 Adult: 1.8E-03 | Adult; 5.1E-02 Adult: 97%
Vanadium 9.4E-06 Child: 1.8E-06 Child: 3.7E-03 | Child: 4.3E-02 Child: 91%
Pentoxide Teen: 4.6E-07 Teen: 9.2E-04 | Teen: 1.1E-02 Teen: 91%
Adult: 2.3E-06 Adult: 4.6E-03 | Adult: 5.4E-02 Adult: 91%
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ADJUSTED

BAUXITE OPERATIONAL OPERATIONAL % HQ
RESIDUE CONTRIBUTION CONTRIBUTION HQ HQ ATTRIBUTABLE TO
COPCS (mg/m?3) (mg/m?3) (OPERATIONAL) (CUMULATIVE) BACKGROUND
Manganese 1.6E-06 Child: 3.2E-07 Child: 3.8E-04 | Child: 3.9E-02 Child: 99%
Oxide Teen: 8.0E-08 Teen: 9.6E-05 | Teen: 9.9 E-03 Teen: 99%
Adult: 4.1E-07 Adult: 4.8E-04 | Adult: 4.9E-02 Adult: 99%
Zinc Oxide 2.4E-07 Child: 4.6E-08 Teen: | Child: 1.9E-05 | Child: 3.9E-02 Child: 99.99%
1.1E-08 Teen: 4.8E-06 | Teen: 9.8E-03 Teen: 99.99%
Adult: 5.8E-08 Adult: 2.4E-05 | Adult: 4.9E-02| Adult: 99.99%
Lead Oxide 3.3E-07 Child: 6.4E-08 Teen: | Child: 4.3E-04 | Child: 3.9E-02 Child: 99%
1.6E-08 Teen: 1.1E-04 | Teen: 9.9E-03 Teen: 99%
Adult: 8.1E-08 Adult: 5.4E-04 | Adult; 5.0E-02 Adult: 99%
Yttrium 4 5E-07 Child: 8.7E-08 Teen: | Child: 8.7E-05 | Child: 3.9E-02 Child: 99.8%
Trioxide 2.2E-08 Teen: 2.2E-05 | Teen: 9.8E-03 Teen: 99.8%
Adult: 1.1E-07 Adult: 1.1E-04 | Adult: 4.9E-02 Adult: 99.8%
Copper Oxide 1.9E-07 Child: 3.7E-08 Teen: | Child: 3.7E-05 | Child: 3.9E-02 Child: 99.9%
9.2E-09 Teen: 9.2E-06 | Teen: 9.8E-03 Teen: 99.9%
Adult: 4.6E-08 Adult: 4.6E-05 | Adult; 4.9E-02 Adult: 99.9%
Strontium 4 5E-07 Child: 8.7E-08 Teen: | Child: 1.7E-05 | Child: 3.9E-02 Child: 99.99%
Oxide 2.2E-08 Teen: 4.4E-06 | Teen: 9.8E-03 Teen: 99.99%
Adult: 1.1E-07 Adult: 2.2E-05 | Adult: 4.9E-02 Adult: 99.99%
Cerium Oxide 9.4E-07 Child: 1.8E-07 Teen: | Child: 3.7E-05 | Child: 3.9E-02 Child: 99.9%
4.6E-08 Teen: 9.2E-06 | Teen: 9.8E-03 Teen: 99.9%
Adult; 2.3E-07 Adult: 4.6E-05 | Adult; 4.9E-02 Adult: 99.9%
Calcium 5.7E-04 Child: 1.1E-04 Teen: | Child: 2.2E-02 | Child: 6.1E-02 Child: 64%
Cancrinite 2.8E-05 Teen: 5.6E-03 | Teen: 1.5E-02 Teen: 64%
Adult: 1.4E-04 Adult: 2.8E-02 | Adult: 7.7E-02 Adult: 64%
Gallium 4.0E-07 Child: 7.8E-08 Teen: | Child: 1.6E-05 | Child: 3.9E-02 Child: 99.99%
Trioxide 2.0E-08 Teen: 3.9E-06 | Teen: 9.8E-03 Teen: 99.99%
Adult: 9.9E-08 Adult: 2.0E-05 | Adult: 4.9E-02| Adult: 99.99%
Hydrogarnet 1.4E-04 Child: 2.7E-05 Teen: | Child: 5.4E-03 | Child: 4.4E-02 Child: 88%
6.8E-06 Teen: 1.4E-03 | Teen: 1.1E-02 Teen: 88%
Adult: 3.4E-05 Adult: 6.9E-03 | Adult: 5.6E-02 Adult: 88%
Perovskite 1.9E-04 Child: 3.8E-05 Teen: | Child: 7.5E-03 | Child: 4.7E-02 Child: 84%
9.4E-06 Teen: 1.9E-03 | Teen: 1.2E-02 Teen: 84%
Adult: 4.8E-05 Adult: 9.5E-03 | Adult: 5.9E-02 Adult: 84%
Niobium 6.6E-07 Child: 1.3E-07 Teen: | Child: 2.6E-05 | Child: 3.9E-02 Child: 99.9%
Pentoxide 3.2E-08 Teen: 6.4E-06 | Teen: 9.8E-03 Teen: 99.9%
Adult: 1.6E-07 Adult: 3.2E-05 | Adult: 4.9E-02 Adult: 99.9%
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ADJUSTED

BAUXITE OPERATIONAL OPERATIONAL % HQ
RESIDUE CONTRIBUTION CONTRIBUTION HQ HQ ATTRIBUTABLE TO
COPCS (mg/m3) (mg/m3) (OPERATIONAL) (CUMULATIVE) BACKGROUND
Thorium Oxide 4.7E-07 Child: 9.2E-08 Teen: | Child: 1.8E-05 | Child: 3.9E-02 Child: 99.99%
2.3E-08 Teen: 4.6E-06 | Teen: 9.8E-03 Teen: 99.99%
Adult; 1.2E-07 Adult: 2.3E-05 | Adult: 4.9E-02 Adult: 99.99%
Salt Cake
COPCs
Sodium 7.5E-04 Child: 1.5E-04 Teen: | Child: 1.5E-02 | Child: 5.7E-02 Child: 71%
Oxalate 3.7E-05 Teen: 3.7E-03 | Teen: 1.4E-02 Teen: 71%
Adult:1.9E-04 Adult: 1.9E-02 | Adult: 6.9E-02 Adult: 72%
Aluminum 4.7E-04 Child: 9.2E-05 Teen: | Child: 9.2E-03 | Child: 4.8E-02 Child: 81%
Oxide 2.3E-05 Teen: 2.3E-03 | Teen: 1.2E-02 Teen: 81%
Adult: 1.2E-04 Adult: 1.2E-02 | Adult: 6.1E-02 Adult: 81%
Notes:

Target HQ = 0.2

HQs presented in bold if Target HQ is exceeded
HQ cumulative = HQ (baseline) + HQ (operational)
Due to rounding, HQs might appear slightly off

Table 7.4 presents the predicted health risks associated with exposures to identified COPCs for nearby residents for
all life stages (i.e., infancy, toddler, child, teen, and adult). The results of the quantitative risk analysis indicate that

there are no health concerns for nearby residents for all life stages (as indicated by the calculated HQs for identified
COPCs) resulting from potential exposures to Project-related emissions.

Table 7.4

Cake COPCs in PMio (24-hr) for Nearby Residential Receptors

BAUXITE RESIDUE

OPERATIONAL
CONTRIBUTION

ADJUSTED
OPERATIONAL
CONTRIBUTION

HQ

Predicted Health Risks Associated with Potential Exposure to Bauxite Residue and Salt

% HQ
ATTRIBUTABLE

COPCS (mg/m3) (mg/m?3) (OPERATIONAL) HQ (CUMULATIVE) TO BACKGROUND
Aluminum Goethite 9.8E-04 All resident life | All resident life | All resident life | All resident life
stages: 9.0E-04 | stages: 9.0E-02 | stages: 2.7E-01 stages: 67%
Hematite 8.8E-04 All resident life | All resident life | All resident life | All resident life
' stages: 8.1E-04 | stages: 1.6E-02 | stages: 2.0E-01 stages: 92%
Anatase and Rutile 1.9E-04 All resident life | All resident life | All resident life | All resident life
' stages: 1.8E-04 | stages: 1.8E-02 | stages: 2.0E-01 stages: 91%
Boehmite 1.0E-04 All resident life | All resident life | All resident life | All resident life
' stages: 9.3E-05 | stages: 9.3E-03 | stages: 1.9E-01 stages: 95%
Zircon 1.4E-05 All resident life | All resident life | All resident life | All resident life
' stages: 1.3E-05 | stages: 2.6E-03 | stages: 1.8E-01 stages: 99%
Gypsum 7 1E-06 All resident life | All resident life | All resident life | All resident life
' stages: 6.5E-06 | stages: 6.5E-04 | stages: 1.8E-01 stages: 99.6%
Sodium Sulphate 3.3E-06 All resident life | All resident life | All resident life | All resident life
' stages: 3.2E-06 | stages: 6.5E-04 | stages: 1.8E-01 stages: 99.6%
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OPERATIONAL

ADJUSTED
OPERATIONAL

% HQ

BAUXITE RESIDUE ~ CONTRIBUTION ~ CONTRIBUTION HQ ATTRIBUTABLE
COPCS (mg/m?3) (mg/m?) (OPERATIONAL) HQ (CUMULATIVE) TO BACKGROUND
Sodium Fluoride 9.4E-07 All resident life | All resident life | All resident life | All resident life
' stages: 8.7E-07 | stages: 3.2E-05 | stages: 1.8E-01 | stages: 99.99%
Chromium Trioxide 9.4E-06 All resident life | All resident life | All resident life | All resident life
' stages: 8.7E-06 | stages: 6.7E-03 | stages: 1.9E-01 stages: 96%
Vanadium 9.4E-06 All resident life | All resident life | All resident life | All resident life
Pentoxide ' stages: 8.7E-06 | stages: 1.7E-02 | stages: 2.0E-01 stages: 91%
Manganese Oxide 1.7E-06 All resident life | All resident life | All resident life | All resident life
' stages: 1.5E-06 | stages: 1.8E-03 | stages: 1.8E-01 stages: 99%
Zinc Oxide 2 AE-07 All resident life | All resident life | All resident life | All resident life
' stages: 2.2E-07 | stages: 9.0E-05 | stages: 1.8E-01 stages: 99.9%
Lead Oxide 3.3E-07 All resident life | All resident life | All resident life | All resident life
' stages: 3.0E-07 | stages: 2.0E-03 | stages: 1.8E-01 stages: 99%
Yttrium Trioxide 4 5E-07 All resident life | All resident life | All resident life | All resident life
' stages: 4.1E-07 | stages: 4.1E-04 | stages: 1.8E-01 stages: 99.8%
Copper Oxide 1.9E-07 All resident life | All resident life | All resident life | All resident life
' stages: 1.7E-07 | stages: 1.7E-04 | stages: 1.8E-01 stages: 99.9%
Strontium Oxide 4 5E-07 All resident life | All resident life | All resident life | All resident life
' stages: 4.1E-07 | stages: 8.2E-05 | stages: 1.8E-01 | stages: 99.99%
Cerium Oxide 9 4E-07 All resident life | All resident life | All resident life | All resident life
) stages: 8.7E-07 | stages: 1.7E-04 | stages: 1.8E-01 stages: 99.9%
Calcium Cancrinite 5 7E-04 All resident life | All resident life | All resident life | All resident life
' stages: 5.3E-04 | stages: 1.1E-01 | stages: 2.9E-01 stages: 63%
Gallium Trioxide 4.0E-07 All resident life | All resident life | All resident life | All resident life
' stages: 3.7E-07 | stages: 7.4E-05 | stages: 1.8E-01 | stages: 99.99%
Hydrogarnet 1.4E-04 All resident life | All resident life | All resident life | All resident life
' stages: 1.3E-04 | stages: 2.6E-02 | stages: 2.1E-01 stages: 88%
Perovskite 1.9E-04 All resident life | All resident life | All resident life | All resident life
' stages: 1.8E-04 | stages: 3.6E-02 | stages: 2.2E-01 stages: 84%
Niobium Pentoxide 6.6E-07 All resident life | All resident life | All resident life | All resident life
' stages: 6.1E-07 | stages: 1.2E-04 | stages: 1.8E-01 stages: 99.9%
Thorium Oxide 47E-07 All resident life | All resident life | All resident life | All resident life
' stages: 4.3E-07 | stages: 8.7E-05 | stages: 1.8E-01 | stages: 99.99%
Salt Cake COPCs
Sodium Oxalate All resident life | All resident life | All resident life | All resident life
7.5E-04 stages: 6.9E-04 | stages: 6.9E-02 | stages: 2.7E-01 stages: 74%
Aluminum Oxide All resident life | All resident life | All resident life | All resident life
4.7E-04 stages: 4.3E-04 | stages: 4.3E-02 | stages: 2.2E-01 stages: 81%

Notes:
Target HQ =1

HQs presented in bold if Target HQ is exceeded
HQ cumulative = HQ (baseline) + HQ (operational)
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“All resident life stages” represents each of the individual life stages, separately (i.e., infant, toddler, child, teen, and adult life
stages)
Due to rounding, HQs might appear slightly off

Table 7.5 presents the predicted health risks associated with exposures to identified COPCs for students and
teachers at the primary school. The results of the quantitative risk analysis indicate that there are no health concerns
for students and teachers (as indicated by the calculated HQs for identified COPCs). It is noted that the summed HQ
resulting from potential exposures to Project plus Background contributions to ambient concentrations is primarily
attributable to exposures to background contributions and drives over 45% to as high as 99% of the predicted health

risks.

Table 7.5 Predicted Health Risks Associated with Potential Exposure to Bauxite Residue and Salt
Cake COPCs in PMzs 24-hr) for School Receptors
ADJUSTED
BAUXITE OPERATIONAL OPERATIONAL % HQ
RESIDUE CONTRIBUTION CONTRIBUTION HQ HQ ATTRIBUTABLE TO
COPCS (mg/m?) (mg/m?) (OPERATIONAL) (CUMULATIVE) BACKGROUND
Aluminum Child: 5.4E-04 Child: 5.4E-02 | Child: 1.1E-01 Child: 46%
Goethite 2.8E-03 Teen: 1.3E-04 Teen: 1.3E-02 | Teen: 2.7E-02 Teen: 48%
Adult: 6.8E-04 Adult: 6.8E-02 | Adult: 1.3E-01 Adult: 49%
Hematite Child: 4.8E-04 Child: 9.7E-03 | Child: 6.1E-02 Child: 84%
2.5E-03 Teen: 1.2E-04 Teen: 2.4E-03 | Teen: 1.5E-02 Teen: 84%
Adult: 6.1E-04 Adult: 1.2E-02 | Adult: 7.6E-02 Adult: 84%
Anatase and Child: 1.1E-04 Child: 1.1E-02 | Child: 6.2E-02 Child: 83%
Rutile 5.4E-04 Teen: 2.6E-05 Teen: 2.6E-03 | Teen: 1.6E-02 Teen: 83%
Adult: 1.3E-04 Adult: 1.3E-02 | Adult: 7.7E-02 Adult: 83%
Boehmite Child: 5.5E-05 Child: 5.5E-03 | Child: 5.7E-02 Child: 90%
2.8E-04 Teen: 1.4E-05 Teen: 1.4E-03 | Teen: 1.4E-02 Teen: 90%
Adult: 7.0E-05 Adult: 7.0E-03 | Adult: 7.1E-02 Adult: 90%
Zircon Child: 7.7E-06 Child: 1.5E-03 | Child: 5.3E-02 Child: 97%
4.0E-05 Teen: 1.9E-06 Teen: 3.9E-04 | Teen: 1.3E-02 Teen: 97%
Adult: 9.8E-06 Adult: 2.0E-03 | Adult: 6.6E-02 Adult: 97%
Gypsum Child: 3.9E-06 Child: 3.9E-04 | Child: 5.1E-02 Child: 99%
2.0E-05 Teen: 9.7E-07 Teen: 9.7E-05 | Teen: 1.3E-02 Teen: 99%
Adult: 4.9E-06 Adult: 4.9E-04 | Adult: 6.4E-02 Adult: 99%
Sodium Child: 1.9E-06 Child: 3.9E-04 | Child: 5.1E-02 Child: 99%
Sulphate 9.9E-06 Teen: 4.8E-07 Teen: 9.7E-05 | Teen: 1.3E-02 Teen: 99%
Adult: 2.4E-06 Adult: 4.9E-04 | Adult: 6.4E-02 Adult: 99%
Sodium Child: 5.2E-07 Child: 1.9E-05 | Child: 5.1E-02 Child: 99.99%
Fluoride 2.6E-06 Teen: 1.3E-07 Teen: 4.8E-06 | Teen: 1.3E-02 Teen: 99.99%
Adult: 6.5E-07 Adult: 2.4E-05 | Adult: 6.4E-02|  Adult: 99.99%
Chromium Child: 5.2E-06 Child: 4.0E-03 | Child: 5.5E-02 Child: 93%
Trioxide 2.6E-05 Teen: 1.3E-06 Teen: 9.9E-04 | Teen: 1.4E-02 Teen: 93%
Adult: 6.5E-06 Adult: 5.0E-03 | Adult: 6.9E-02 Adult: 93%
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ADJUSTED

BAUXITE OPERATIONAL OPERATIONAL % HQ
RESIDUE CONTRIBUTION CONTRIBUTION HQ HQ ATTRIBUTABLE TO
COPCS (mg/m3) (mg/m3) (OPERATIONAL) (CUMULATIVE) BACKGROUND
Vanadium Child: 5.2E-06 Child: 1.0E-02 | Child: 6.1E-02 Child: 83%
Pentoxide 2.6E-05 Teen: 1.3E-06 Teen: 2.6E-03 | Teen: 1.6E-02 Teen: 84%
Adult: 6.5E-06 Adult: 1.3E-02 | Adult: 7.7E-02 Adult: 83%
Manganese Child: 9.0E-07 Child: 1.1E-03 | Child: 5.2E-02 Child: 98%
Oxide 4.6E-06 Teen: 2.3E-07 Teen: 2.7E-04 | Teen: 1.3E-02 Teen: 98%
Adult: 1.1E-06 Adult: 1.4E-03 | Adult: 6.5E-02 Adult: 98%
Zinc Oxide Child: 1.3E-07 Child: 5.4E-05 | Child: 5.1E-02 Child: 99.9%
6.6E-07 Teen: 3.2E-08 Teen: 1.3E-05 | Teen: 1.3E-02 Teen: 99.9%
Adult: 1.6E-07 Adult: 6.8E-05 | Adult: 6.4E-02 Adult: 99.9%
Lead Oxide Child: 1.8E-07 Child: 1.2E-03 | Child: 5.2E-02 Child: 98%
9.2E-07 Teen: 4.5E-08 Teen: 3.0E-04 | Teen: 1.3E-02 Teen: 98%
Adult: 2.3E-07 Adult: 1.5E-03 | Adult: 6.6E-02 Adult: 98%
Yttrium Child: 2.4E-07 Child: 2.4E-04 | Child: 5.1E-02 Child: 99.5%
Trioxide 1.3E-06 Teen: 6.1E-08 Teen: 6.1E-05 | Teen: 1.3E-02 Teen: 99.5%
Adult: 3.1E-07 Adult: 3.1E-04 | Adult: 6.4E-02 Adult: 99.5%
Copper Oxide Child: 1.0E-07 Child: 1.0E-04 | Child: 5.1E-02 Child: 99.8%
5.3E-07 Teen: 2.6E-08 Teen: 2.6E-05 | Teen: 1.3E-02 Teen: 99.8%
Adult: 1.3E-07 Adult: 1.3E-04 | Adult: 6.4E-02 Adult: 99.8%
Strontium Child: 2.4E-07 Child: 4.9E-05 | Child: 5.1E-02 Child: 99.9%
Oxide 1.3E-06 Teen: 6.1E-08 Teen: 1.2E-05 | Teen: 1.3E-02 Teen: 99.9%
Adult: 3.1E-07 Adult: 6.2E-05 | Adult: 6.4E-02 Adult: 99.9%
Cerium Oxide Child: 5.2E-07 Child: 1.0E-04 | Child: 5.1E-02 Child: 99.8%
2.6E-06 Teen: 1.3E-07 Teen: 2.6E-05 | Teen: 1.3E-02 Teen: 99.8%
Adult: 6.5E-07 Adult: 1.3E-04 | Adult: 6.4E-02 Adult: 99.8%
Calcium Child: 3.1E-04 Child: 6.2E-02 | Child: 1.1E-01 Child: 45%
Cancirnite 1.6E-03 Teen: 7.8E-05 Teen: 1.6E-02 | Teen: 2.9E-02 Teen: 45%
Adult: 3.9E-04 Adult: 7.9E-02 | Adult: 1.4E-01 Adult: 45%
Gallium Child: 2.2E-07 Child: 4.4E-05 | Child: 5.1E-02 Child: 99.9%
Trioxide 1.1E-06 Teen: 5.5E-08 Teen: 1.1E-05 | Teen: 1.3E-02 Teen: 99.9%
Adult: 2.8E-07 Adult: 5.5E-05 | Adult: 6.4E-02 Adult: 99.9%
Hydrogarnet Child: 7.6E-05 Child: 1.5E-02 | Child: 6.6E-02 Child: 77%
3.9E-04 Teen: 1.9E-05 Teen: 3.8E-03 | Teen: 1.7E-02 Teen: 77%
Adult: 9.6E-05 Adult: 1.9E-02 | Adult: 8.3E-02 Adult: 77%
Perovskite Child: 1.1E-04 Child: 2.1E-02 | Child: 7.2E-02 Child: 71%
5.4E-04 Teen: 2.6E-05 Teen: 5.3E-03 | Teen: 1.8E-02 Teen: 71%
Adult: 1.3E-04 Adult: 2.7E-02 | Adult: 9.1E-02 Adult: 71%
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ADJUSTED

BAUXITE OPERATIONAL OPERATIONAL % HQ
RESIDUE CONTRIBUTION CONTRIBUTION HQ HQ ATTRIBUTABLE TO
COPCS (mg/m3) (mg/m?3) (OPERATIONAL) (CUMULATIVE) BACKGROUND
Niobium Child: 3.6E-07 Child: 7.2E-05 | Child: 5.1E-02 Child: 99.9%
Pentoxide 1.9E-06 Teen: 9.0E-08 Teen: 1.8E-05 | Teen: 1.3E-02 Teen: 99.9%
Adult: 4.6E-07 Adult: 9.1E-05 | Adult: 6.4E-02 Adult: 99.9%
Thorium Oxide Child: 2.6E-07 Child: 5.2E-05 | Child: 5.1E-02 Child: 99.9%
1.3E-06 Teen: 6.4E-08 Teen: 1.3E-05 | Teen: 1.3E-02 Teen: 99.9%
Adult: 3.3E-07 Adult: 6.5E-05 | Adult: 6.4E-02 Adult: 99.9%
Salt Cake
COPCs
Sodium Child: 4.1E-04 Child: 4.1E-02 | Child: 9.1E-02 Child:55%
Oxalate 2.1E-03 Teen: 1.0E-04 Teen: 1.0E-02 | Teen: 2.0E-02 Teen: 50%
Adult: 5.2E-04 Adult: 5.2E-02 | Adult: 1.1E-01 Adult: 55%
Aluminum Child: 2.6E-04 Child: 2.6E-02 | Child: 7.7E-02 Child: 66%
Oxide 1.3E-03 Teen: 6.4E-05 Teen: 6.4E-03 | Teen: 1.9E-02 Teen: 67%
Adult: 3.3E-04 Adult: 3.3E-02 | Adult: 9.7E-02 Adult: 66%
Notes:

Target HQ = 0.2

HQs presented in bold if Target HQ is exceeded
HQ cumulative = HQ (baseline) + HQ (operational)
Due to rounding, HQs might appear slightly off

Table 7.6 presents the predicted health risks associated with exposures to identified COPCs by nearby residents for
all life stages (i.e., infancy, toddler, child, teen, and adult). The results of the quantitative risk analysis indicate that
there are no health concerns for nearby residents for all life stages (as indicated by the calculated HQs for identified

COPCs) resulting from potential exposures to Project-related emissions.

Table 7.6

Cake COPCs in PM25 (24-hr) for Nearby Residential Receptors

OPERATIONAL

ADJUSTED
OPERATIONAL

Predicted Health Risks Associated with Potential Exposure to Bauxite Residue and Salt

% HQ

BAUXITE RESIDUE ~ CONTRIBUTION  CONTRIBUTION HQ HQ ATTRIBUTABLE
COPCS (mg/m?3) (mg/m?3) (OPERATIONAL)  (CUMULATIVE) TO BACKGROUND

Aluminum Goethite 9 8E-03 All resident life | All resident life | All resident life | All resident life
' stages: 2.5E-03 | stages: 2.5E-01 | stages: 4.9E-01 stages: 49%

Hematite 9 5E-03 All resident life | All resident life | All resident life | All resident life
' stages: 2.3E-03 | stages: 4.6E-02 | stages: 2.9E-01 stages: 84%

Anatase and Rutile 5 4E-04 All resident life | All resident life | All resident life | All resident life
' stages: 5.0E-04 | stages: 5.0E-02 | stages: 2.9E-01 stages: 83%

Boehmite 2 8E-04 All resident life | All resident life | All resident life | All resident life

stages: 2.6E-04

stages: 2.6E-02

stages: 2.7E-01

stages: 90%
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ADJUSTED

OPERATIONAL  OPERATIONAL % HQ
BAUXITE RESIDUE ~ CONTRIBUTION  CONTRIBUTION HQ HQ ATTRIBUTABLE
COPCS (mg/m?) (mg/m?) (OPERATIONAL)  (CUMULATIVE) TO BACKGROUND
Zircon 4.0E-05 All resident life | All resident life | All resident life | All resident life
' stages: 3.6E-05 | stages: 7.3E-03 | stages: 2.5E-01 stages: 97%
Gypsum 2 OE-05 All resident life | All resident life | All resident life | All resident life
' stages: 1.8E-05 | stages: 1.8E-03 | stages: 2.4E-01 stages: 99%
Sodium Sulphate 9.9E-06 All resident life | All resident life | All resident life | All resident life
' stages: 9.1E-06 | stages: 1.8E-03 | stages: 2.4E-01 stages: 99%
Sodium Fluoride 2 6E-06 All resident life | All resident life | All resident life | All resident life
' stages: 2.4E-06 | stages: 9.0E-05 | stages: 2.4E-01 | stages: 99.99%
Chromium Trioxide 2 6E-05 All resident life | All resident life | All resident life | All resident life
' stages: 2.4E-05 | stages: 1.9E-02 | stages: 2.6E-01 stages: 93%
Vanadium 9 6E-05 All resident life | All resident life | All resident life | All resident life
Pentoxide ' stages: 2.4E-05 | stages: 4.9E-02 | stages: 2.9E-01 stages: 83%
Manganese Oxide 4.6E-06 All resident life | All resident life | All resident life | All resident life
' stages: 4.3E-06 | stages: 5.1E-03 | stages: 2.5E-01 stages: 98%
Zinc Oxide 6.6E-07 All resident life | All resident life | All resident life | All resident life
' stages: 6.1E-07 | stages: 2.5E-04 | stages: 2.4E-01 | stages: 99.9%
Lead Oxide 9.2E-07 All resident life | All resident life | All resident life | All resident life
' stages: 8.5E-07 | stages: 5.7E-03 | stages: 2.5E-01 stages: 98%
Yttrium Trioxide 1.3E-06 All resident life | All resident life | All resident life | All resident life
' stages: 1.2E-06 | stages: 1.2E-03 | stages: 2.4E-01 | stages: 99.5%
Copper Oxide 5 3E-07 All resident life | All resident life | All resident life | All resident life
' stages: 4.9E-07 | stages: 4.9E-04 | stages: 2.4E-01 | stages: 99.8%
Strontium Oxide 1.3E-06 All resident life | All resident life | All resident life | All resident life
' stages: 1.2E-06 | stages: 2.3E-04 | stages: 2.4E-01 | stages: 99.9%
Cerium Oxide 2 6E-06 All resident life | All resident life | All resident life | All resident life
' stages: 2.4E-06 | stages: 4.9E-04 | stages: 2.4E-01 | stages: 99.8%
Calcium Cancrinite 1.6E-03 All resident life | All resident life | All resident life | All resident life
' stages: 1.5E-03 | stages: 2.9E-01 | stages: 5.3E-01 stages: 45%
Gallium Trioxide 11E-06 All resident life | All resident life | All resident life | All resident life
' stages: 1.0E-06 | stages: 2.1E-04 | stages: 2.4E-01 | stages: 99.9%
Hydrogarnet 3.9E-04 All resident life | All resident life | All resident life | All resident life
' stages: 3.6E-04 | stages: 7.2E-02 | stages: 3.1E-01 stages: 77%
Perovskite 5.4E-04 All resident life | All resident life | All resident life | All resident life
' stages: 5.0E-04 | stages: 9.9E-02 | stages: 3.4E-01 stages: 71%
Niobium Pentoxide 1.9E-06 All resident life | All resident life | All resident life | All resident life
' stages: 1.7E-06 | stages: 3.4E-04 | stages: 2.4E-01 | stages: 99.9%
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OPERATIONAL

ADJUSTED
OPERATIONAL

% HQ

BAUXITE RESIDUE ~ CONTRIBUTION  CONTRIBUTION HQ HQ ATTRIBUTABLE
COPCS (mg/m?3) (mg/m?3) (OPERATIONAL)  (CUMULATIVE) TO BACKGROUND
Thorium Oxide 13E-06 All resident life | All resident life | All resident life | All resident life
' stages: 1.2E-06 | stages: 2.4E-04 | stages: 2.4E-01 | stages: 99.9%
Salt Cake COPCs
Sodium Oxalate 2 1E-03 All resident life | All resident life | All resident life | All resident life
' stages: 1.9E-03 | stages: 1.9E-01 | stages: 3.9E-01 stages: 51%
Aluminum Oxide 1.3E-03 All resident life | All resident life | All resident life | All resident life

stages: 1.2E-03

stages: 1.2E-01

stages: 3.6E-01

stages: 66%

Notes:
Target HQ =1

HQs presented in bold if Target HQ is exceeded
HQ cumulative = HQ (baseline) + HQ (operational)
“All resident life stages” represents each of the individual life stages, separately (i.e., infant, toddler, child, teen, and adult life

stages)

7.1.1.2 RESULTS OF THE CARCINOGENIC ASSESSMENT

Two carcinogenic COPCs are assessed in this HHA: chromium trioxide and arsenic trioxide. For the above noted
COPCs, the health-based exposure limits represent an ambient air concentration that corresponds to a de minimis
risk level of 1 per 100,000 excess cancer risk.

Tables 7.7 and 7.8 summarize the predicted health risks associated with carcinogenic COPCs in PM1, for students
and teachers at the primary school as well as nearby residents.

For potential inhalation exposures of chromium trioxide, arsenic trioxide and PMzo from Project-related emissions,
the incremental lifetime cancer risks range from 0.000037 to 0.45 per 100,1000 for all human receptors.

This increase would be undetectable using available epidemiological data and statistics, particularly in smaller
populations that may reside near the Project.

The risk analysis indicates de minimis incremental risk of cancer associated with exposures to identified COPCs for
students and teachers at the primary school as well as nearby residents.
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Table 7.7 Predicted Health Risks Associated with Potential Exposure to Carcinogenic COPCs in PMio

(Annual) for School Receptors

INCREASED LIFETIME CANCER

BAUXITE RESIDUE OPERATIONAL ADJUSTED OPERATIONAL RISK
COPCS CONTRIBUTION (mg/m?3) CONTRIBUTION (mg/m?3) (OPERATIONAL)
Chromium Trioxide 2.8E-06 Child: 4.9E-08 Child: 1.1E-02
Teen: 1.4E-08 Teen: 3.3E-03
Adult: 5.1E-07 Adult: 1.2E-01
Arsenic Trioxide 1.4E-07 Child: 2.5E-09 Child: 3.7E-05
Teen: 7.0E-10 Teen: 1.1E-05
Adult: 2.6E-08 Adult: 3.8E-04

Table 7.8

(Annual) for Nearby Residential Receptors

BAUXITE RESIDUE COPCS CONTRIBUTION (mg/m?)

OPERATIONAL

ADJUSTED OPERATIONAL
CONTRIBUTION (mg/m?)

Predicted Health Risks Associated with Potential Exposures to Carcinogenic COPCs in PM1o

INCREASED LIFETIME
CANCER RISK
(OPERATIONAL)

Toddler: 7.4E-09

Chromium Trioxide 2.8E-06 Infant: 1.7E-08 Infant: 3.8E-03
Toddler: 1.5E-07 Toddler: 3.5E-02

Child: 2.3E-07 Child: 5.4E-02

Teen: 2.6E-07 Teen: 6.2E-02

Adult: 1.9E-06 Adult: 4.5E-01

Arsenic Trioxide 1.4E-07 Infant: 8.3E-10 Infant: 1.2E-05

Toddler: 1.1E-04

Child: 1.2E-08 Child: 1.7E-04
Teen: 1.3E-08 Teen: 2.0E-04
Adult: 9.6E-08 Adult: 1.4E-03

Table 7.9 and

Table 7.10 summarize the predicted health risks associated with carcinogenic COPCs in PM2 5 for students and
teachers at the primary school as well as nearby residents.

For potential inhalation exposures of chromium trioxide, arsenic trioxide and PM2 s from Project-related emissions,
the incremental lifetime cancer risks range from 0.0000034 to 0.19 per 100,1000 for all human receptors.

This increase would be undetectable using available epidemiological data and statistics, particularly in smaller
populations that may reside near the Project.

The risk analysis indicates de minimis incremental risk of cancer associated with exposures to identified COPCs for
students and teachers at the primary school as well as nearby residents.
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Table 7.9 Predicted Health Risks Associated with Potential Exposure to Carcinogenic COPCs in PMzs

(Annual) for School Receptors

INCREASED LIFETIME

BAUXITE RESIDUE OPERATIONAL ADJUSTED OPERATIONAL CANCER RISK
COPCS CONTRIBUTION (MG/M3) CONTRIBUTION (MG/M3) (OPERATIONAL)
Chromium 9.0E-07 Child: 1.6E-08 Child: 3.7E-03
Trioxide Teen: 4.5E-09 Teen: 1.1E-03
Adult: 1.7E-07 Adult: 3.8E-02

Arsenic Trioxide 4 5E-08 Child: 7.9E-10 Child: 1.2E-05
Teen: 2.3E-10 Teen: 3.4E-06

Adult: 8.3E-09 Adult; 1.2E-04

Table 7.10

(Annual) for Nearby Residential Receptors

BAUXITE RESIDUE

OPERATIONAL

ADJUSTED OPERATIONAL

Predicted Health Risks Associated with Potential Exposure to Carcinogenic COPCs in PMzs

INCREASED LIFETIME

CANCER RISK

COPCS CONTRIBUTION (mg/m?3) CONTRIBUTION (mg/m?3) (OPERATIONAL)
Chromium 9.0E-07 Infant: 5.3E-09 Infant: 1.2E-03
Trioxide Toddler: 4.8E-08 Toddler: 1.1E-02
Child: 7.4E-08 Child: 1.7E-02

Teen: 8.5E-08 Teen: 2.0E-02

Adult: 6.2E-07 Adult: 1.4E-01

Arsenic Trioxide 4.5E-08 Infant: 2.7E-10 Infant: 4.0E-06

Toddler: 2.4E-09
Child: 3.7E-09
Teen: 4.3E-09
Adult: 3.1E-08

Toddler: 3.6E-05
Child: 5.6E-05
Teen: 6.3E-05
Adult: 4.6E-04

7.2 UNCERTAINTY ANALYSIS

Conducting a risk assessment involves many steps within the process and assumptions are made at each stage to
account for the lack of scientific data pertaining to the given project. Due to the application of these assumptions,
uncertainty is inherently involved in the process. However, as discussed above in Sections 4.5, 5.5, and 6.4, these
assumptions are conservative and result in an overestimation of the true risk.

The following sources of uncertainty in the HHA are noted:
e The use of conservative modelled data to predict future project-related emissions.

o The air dispersion model used to calculate predicted PM10 and PM2.5 ambient ground level
concentrations generated by the AAL facility only (i.e., Project contribution) also identified the
concentrations at the worst-case off-site locations. These worst-case concentrations were selected
to develop the COPC-specific exposure concentrations used for the purpose of the exposure
assessment. Although the nearest off-site receptor is located approximately 1.9 km west of the
AAL facility, it was conservatively assumed that all identified receptors were exposed to the
worst-case concentrations found at the Facility boundary and that no level of air quality
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attenuation occurred between the AAL facility boundary and any of the identified receptors. Use
of these worst-case concentrations is considered a conservative approach and is likely to
overestimate risk.

o Additionally, the air dispersion model evaluated five (5) distinct scenarios, with each scenario
representing a stage of the BRDA elevation construction. Predicted air concentrations used for the
purpose of the HHA were obtained from scenarios with the highest predicted concentrations (i.e.,
scenarios 1 and 2). It should be noted that scenarios 1 and 2 are transient and represent the earliest
stages of the BRDA elevation construction process, whereas scenario 5 represents the final stage
and completion of the BRDA elevation. Given that in this final stage, the surface area of the
BRDA would be significantly reduced, predicted air concentrations are the lowest in scenario 5.
Therefore, using predicted air concentrations from “worst-case” scenarios 1 and 2 for the purpose
of the HHA is considered a conservative approach, and is likely to overestimate risk.

e Calculating exposure concentrations for constituents of bauxite residue and salt cake constituents.

o No site-specific information is available as to how much of the particulate matter generated by the
AAL Facility would consist of bauxite residue and/or salt cake. As such, to calculate COPC-
specific exposure concentrations, it was conservatively assumed that all particulate matter
generated would consist entirely of both bauxite residue and salt cake constituents, concurrently.
Therefore, this approach is likely to overestimate predicted health risks.

o The propensity of bauxite residue and salt cake to be suspended as dusts is also likely
overestimated given the moisture content of both bauxite residue (21%) and salt cake (41% to
46%, with a mean of 44%) is high. It should be noted that given the high moisture content found
in salt cake (typically around 44% in weight), it is likely that dispersion of salt cake constituents
into the atmosphere as particulate matter would be limited, if not negligible. Therefore, this
evaluation method is likely to overestimate risk.

e The use of conservative exposure assumptions to estimate exposures by human receptors.

o Conservative assumptions were applied when calculating exposure estimates (i.e., assumptions for
number of hours and days of exposures) for all identified receptors. Students attending the primary
school were conservatively assumed to spend 9 hours/day and 38 weeks/year at school to account
for regular attendance at before- and after-school programs as well as summer programs. Although
the school provides education at the primary level, children up to age 13 were evaluated to
conservatively capture those students that may be older. Applying these conservative exposure
assumptions is likely to overestimate risk; however, despite this conservative approach, there were
no predicted risk identified for students at the primary school.

e Human exposure to background particulates remains the major source of predicted health risks.

o Inexamining the data collected from measured regional background concentrations as well as
predicted (Project-only) air concentrations for PM1o and PMzs, it is evident that background
particulate matter constitutes a significant fraction of the total or cumulative predicted ambient
concentrations (i.e., background + Project contribution) dispersed into the Project Study Area. For
PMzo and PM_ s (annual and 24-hr), background concentrations range between 35% to 94% of
total predicted ambient concentrations and make up over 50% in most cases. Given the
significance of regional background particulate concentrations in the Study Area relative to
predicted Project-emissions, background PM remains the major source of predicted health risks.

The risks identified in Sections 7.1 and 7.2 are therefore, considered theoretical (i.e., there is the potential for risk,
but there is some uncertainty as to whether adverse effects would be evident in the human receptors when exposed
to the predicted concentrations).

HUMAN HEALTH ASSESSMENT FOR BAUXITE RESIDUE AND SALT CAKE - DRAFT WSP
PROJECT NO. 211-09062-02 November 2021
AUGHINISH ALUMINA LTD. Page 79



8 SUMMARY AND CONCLUSIONS

Aughinish Alumina Limited (AAL) retained WSP Canada Inc. (WSP), in collaboration with Golder Associates
Ireland Ltd. (Golder), to complete this Human Health Assessment (HHA) to support the Environmental Impact
Assessment for the proposed expansion of the Bauxite Residue Disposal Area (BRDA) and the Salt Cake Disposal
Cell (SCDC). AAL operates a long-established alumina plant, located on Aughinish Island on the southern side of
the Shannon Estuary near the village of Foynes, County of Limerick. The landholding extends to c. 601 hectares and
is located c. 6 km north-west of Askeaton and c. 30 km west of Limerick City Centre.

Bauxite residue, a by-product of the alumina production process, is deposited within the BRDA located to the south-
west of the plant. The BRDA covers an area of approximately 184 hectares (ha). The SCDC, located within the
BRDA, is an engineered cell that stores the salt cake hazardous waste created from removing the organic impurities
when the bauxite is dissolved. The Project site plan is shown on Figure 1.1.

The proposed development consists of works to the BRDA comprising of an expansion to increase its disposal
capacity to accommodate additional bauxite residue arising from the continued operation of the permitted alumina
plant located on the wider AAL facility. The proposed increase in disposal capacity to the BRDA will result in a
proposed increase in height of c.12m above the currently permitted stage 10 level (c. 32m OD) to a final stage 16
level (c. 44m OD). No increase to the existing footprint of the BRDA is proposed.

The proposed method of raising the BRDA will be the upstream method, consistent with the construction
methodology for the current BRDA and involves the construction of rock fill embankments (Stages), offset
internationally, and founded on the previously deposited and farmed bauxite residue, in 2 m high vertical lifts. The
overall stack is raised systematically as the stages are filled with bauxite residue, farmed, carbonated, and
compacted, prior to deposition of the next layer.

To complete the HHA, WSP evaluated the toxicity of bauxite residue and salt cake by-products, assessed the source-
pathway-receptor linkage to understand causal relationship between predicted exposures and bauxite residues, as
well as characterized health risks, if any, of nearby human populations with potential exposures released from the
Project.

Given that bauxite residues and salt cake waste by-products are mixtures and due to their limited (or absent)
toxicology data, a literature search and review was completed for their constituents to determine the toxicology and
associated health effects from exposures to solid waste mixtures as well as identify which chemicals of potential
concern (or COPCs) will be carried forward for further evaluation in the HHA. All constituents were identified as
COPC:s for further assessment in the HHA, with exception of those constituents that were listed as “Generally
Recognized as Safe” (“GRAS”) by the US Food and Drug Administration (FDA).

Those substances listed as GRAS have been concluded to have “no evidence in the available information ...that
demonstrates, or suggests reasonable grounds to suspect, a hazard to the public when they are used at levels that
are now current or might reasonably be expected in the future” (US FDA, 2018). I

It was determined that constituents of bauxite residue and salt cake that would be screened out from further
assessment included: moisture, Bayer sodalite, Gibbsite, Quartz, Sodium carbonate (baking soda), Carbonate apatite,
Sodium bicarbonate (baking soda), Sodium aluminate, Sodium hydroxide, Magnesium oxide, and potassium
carbonate. The constituents of bauxite residue and salt cake that were screened out from further evaluation in the
HHA totaled 33.5% and 61.5% of the total weight percentage, respectively. Table 4.1 and Table 4.2 summarize the
compositions of bauxite residue and salt cake, as well as indicate which constituents were carried forward as
COPCs.

Before assessing the potential health effects of Project-related emissions, the HHA characterized existing
community health (i.e., Limerick County) by referring to several credible health-related sources including a 2015
Health Profile for the City of Limerick, a 2019 Health in Ireland report, and key health statistics from Ireland
Central Statistics Office. Collectively, these sources suggested that the death rate for many diseases in Limerick is
lower or equivalent to other counties and the national average. Death rates were only marginally higher for diseases
such as myocardial infraction and other diseases of the circulatory system, and two times higher for diseases of the
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blood, blood forming organs, and immunological disorders. However, it is important to note that data between 2009
to 2017 indicates that death rates for these diseases (and many others) are on a steady decline in Limerick.

The human receptors evaluated in the HHA were identified based on land use(s) within the Project Study Area and
included sensitive subpopulations such as children and residents. The following human receptors were considered
and evaluated in the HHA:

— Young children and teen students in a primary school (Scoil Naisiunta Sheanain);
— Adult workers (e.g., teachers) at the primary school; and,
— Individuals who live in residential communities near the Project.

A toxicological and jurisdictional review of available ambient air exposure limits was completed for all identified
COPCs. Health-based TRVs were selected for each COPC and averaging period, if available, based on information
obtained during this review.

For non-cancer health endpoints, the findings of the risk analysis concluded the following:

e There are no health concerns associated with exposures to Project-related COPCs for students and teachers
at the nearby primary school.

e Predicted health risks for students and teachers at the nearby primary school are associated with exposures
to background ambient concentrations of PM1o and PMzs; constituting over 45% to as high as 99% of the
predicted health risks.

e There are no health concerns associated with exposures to Project-related COPCs for nearby residents, for
all life stages (i.e., infancy, toddler, child, teen, and adult).

For cancer health endpoints, the findings of the risk analysis concluded the following:

e Potential inhalation exposures of chromium trioxide, arsenic trioxide and PMio from Project-related
emissions are associated with de minimis incremental risk of cancer for students and teachers at the primary
school as well as nearby residents.

The HHA was carried out to err on the side of caution to ensure that the results are protective of human health. As
such, it is important to highlight that and that the conclusions were based on the following conservative approach
that have been applied in the HHA:

e The risk analysis applied worst-case Project emissions of PM1o and PM; s at the Project boundary. That is,
all human receptors evaluated in the HHA were assumed to be exposed to maximum 24-hr concentrations,
calculated as 90" percentile concentrations, at the Project boundary. In addition, the exposure assessment
only considered predicted air concentrations from scenario 1, which represents the earliest stage of BRDA
elevation construction and the worst-case predicted air concentrations. Predicted air concentrations show a
slight decrease as the BRDA is raised (i.e., with each successive scenario), with the final scenario (5)
having the lowest predicted air concentrations as the surface area of the BRDA is significantly reduced
compared to the other scenarios. Therefore, using predicted air concentrations from scenario 1 in addition
to assuming that human receptors are present at the Project boundary exposed to maximum concentrations
for the purpose of the exposure assessment is considered an overly conservative approach, and is likely to
overestimate risk.

e  These worst-case concentrations were selected to develop the COPC-specific exposure concentrations used
for the purpose of the exposure assessment. Given that these concentrations are based along the AAL
facility boundary, and that the nearest off-site receptor is located approximately 1.9 kilometres to the west
of the AAL facility, use of these worst-case concentrations is considered a conservative approach, and is
likely to overestimate risk.

e The HHA assumed that emissions of the bauxite residue and salt cake predominantly occurs as particulates
or fugitive dusts. To assess potential exposures to bauxite residue and salt cake, this HHA assumed their
constituents will be present in the dusts emitted from the Project at the same percentage composition. That
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is, the predicted concentration for each COPC is based on the percentage of each COPC modelled PM o
(annual and 24-hr) and PM2s (annual and 24-hr) concentrations to reflect the percentage of each COPC in
the dust. Therefore, this HHA assumes that both bauxite residue and salt cake are both present as dust, with
levels of their constituents present at the same percentage composition as in the solid waste by-product.
This assumption maintains an overly conservative approach given that the moisture content of both bauxite
residue (21%) and salt cake (41% to 46%, with a mean of 44%) are high. The presence of salt cake
constituents as particulates or dust is highly unlikely given that moisture content is approximately 50%.

o Conservative assumptions were applied when calculating the exposure estimates (i.e., conservative
assumptions for exposure durations and frequencies). For example, residents were assumed to be exposed
to predicted exposure concentrations at the Project boundary continuously, for 24-hours, daily.

e Based on the findings of this HHA based on the use of maximum predicted exposure concentrations of
PM31o and PM_5, and in combination with the use of overly conservative exposure assumptions applied in
the risk analysis, bauxite residue and salt cake do not pose a health concern to human receptors in the
nearby primary school and nearby residences.
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https://www.ccme.ca/en/air-quality-report
https://www.epa.gov/criteria-air-pollutants/naaqs-table
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[Potential Health Effects of Fugitivel
Dust

[potential health effects of vast amounts of fugitive dust from red mud sediment. Thus, we studied the chemical and
[physical properties of partcles of red mud and its respirable fugitive dust, and performed toxicity

inhalation of these particles.
of potential health effects of fugitive dust should consider a number of aspects that are related 1o the special properties of red mud, including ts particle size distribution, highy alkaline character, and the

Under unfuvonble meteorological conditions dry red mud sediment could emit very high amounts of respirable

e air. of fugitive dust peaks above 1 ym acrodynamic diameter]
heretore. s o s ket affc e deep regions of the lungs. No significant mineralogical or elemental
fractionation was observed between the sediment and dust, with the major minerals being hematite, cancrinite,
lcalcite, and hydrogamet Ahhcngh the lugh resspesion polennal and alkalinity might pose some pmb!ems su:h as
the iritation of the upper yes, base d dust
appear o b s hasardous f human h:nhh o arbn pariculte macr,

potentil toxicity ofred mud el and s constituents
RESUSPENSION POTENTIAL
' The resuspended PM10 fraction of dried and pulverized red mud sediment was 0.9 /% (standard deviation 0.19). The concentration of PM(10-1) strongly depended on the amount of red mud that was available for
suspension.
'| e extremely high pomml rospension o (nearly 1| mim%) is unprecedented among natural soils which usually have their value in the ppm range
LKALINITY AND
e specific aumum-y e PMLIO 1) fraction of was 3.7 pekv g-1. T the measured metals (Cd, Co, Cu, Ni) were below the detection limit (10 ppb).
- The inhaled alkalinity from red dust s well below the etommended m-eict i The alkalinity ofthe red mud dust i unlikely to cause severe acute or chronic symptoms in healthy adults.
SIZE DISTRUBUTION

- Most of he or above ly cquivalent of 10 yum, with a mode around 4 jum. The. mlmber size distribution is dominated by particles with
|diameters of about 2 . The typical number inthe rang between 3ar

The ypical masssie disrbution of urban acrosol i bimodl, withone distint peak n he 0.1-1  another in the 1-10 um Particles in
loriginate from erosion, wind dispersion of road and soil dust and anthropogenic activitie, for example the thermal- and duced road dust and (from the abrasion of tires and.

Jrakes).
" The elements that presumably originate form the Earth’s crust (Al, Si, Ca, Ti, and Fe) are witha

with of 4-5 um. This mode almost pe.fecny

respirable alkaline paricles into the ai.
- No significant mineralogical or elemental
fractionation was observed between the sediment and

lust, with the major minerals being hematite,
lcancrinite, calcite, and hydrogamet

matches the small secondary mode in the measund ‘masssize distribution of red mud dust paricles. The maximum local deposition of this mode oceurs in

[with a mean depositional rate of about 70-§0%. inthis size rang rapped in nasal do ot enter the lungs. Fortunatl. the nucleaton Au\lmﬁne\mode(pamcleswuh
AED <0.1 pm) of urban acrosol that is the most ritl it of ol et ‘completely missing from the mass size distribution of fugitive dust of red mud. If present, this fraction would get all the way through the

Jalveoli and deposit with high efficiency there. Particulate matter in the accumulation mode range, being absent from red mud dust but a major fraction of urban PM 10, also has serious health implications in urban air in

Ispite of the fact that its total depositional rate is rather low (<23%) in the entire respiratory system. The severe health effects of particles of this size are due to their high mass concentrations in polluted urban air as well as

la plethora of toxic, mutagenic, result . or form in processes. The dominant size fraction in red mud dust that is typically much|

s significant in urban airexcept for special has only It i 1o matter how large s concentration-—can cause irritation of “only” the upper

respiratory tract (and the eyes).

" Eye imitation was reported by residents of the affected area and workers involved in the cleanup in the weeks immediately following the spill

roxicrry

his fract

was observed using the SOS ch Kit using PM10-1
The major minerals of thered mud e hematie, cancrint,caleie, and hydrogamet, Calete s  common mineral ha s unlkely 0 ause any adverse ealth effecs. Although her i  arge bods of iterature on he
[health effects of silicate minerals that occur in asbestiform varieties, we are not aware of any studies on the effects of cancrinite and hydrogarnet. Both minerals occur in red mud as platy, lamellar crystals. Thus, the
fbrous hbits thathave been thought fated with of silicates are absent.
effects of inhaled hematite dust have been studied in the case of iron ore miners. Among in risk of disease and of lung cancer was found.

Howener,  heavy exposure o radon, quarz dust, and dieselfumesin unentlated underground mines probably contributed fo the high mortality of th miners,and he ndependent ffets of exposure (0 hematie st
[could not be evaluated. Another study found no apparent health risks associated with hematite mining; in this st smoking was pi
Jand dicsel emissions were also absent. Rocntgenologic changes in the ung due to the depositon of nhaled iron-bearing partcls i clled sid d was observed in many occup:
ﬁm\es ‘These changes of the lungs are generally regarded to be benign without having any influence on lung function or progressing to fibrosis.

DS analysis of ~40 individual paricls i the TEM sgaet mm transition metals other than Fe (such as Ti, Mn and Cr) are incorporated into the hematite structure
- /\par\ from the large resuspension potential and cons large under s, the fugitive dust from red mud does not appear to pose a serious health hazard for residents of the
laffected region.

z

&
d t0 iron oxide

therefore, its inhalation is unlikely to affect the
|deep regions of the lungs.

|- The dominant size fraction in red mud dust has
lonly extrathoracic deposition. It means that this
fraction can cause irritation of “only” the upper
respiratory tract (and the eyes).

[LEAD AUTHOR [TITLE | DATE [ABSTRACT [SUMMARY OF PERTINENT POINT [corcs RECEPTOR [EXPOSURE PATHWAYS [ToXICITY
WASTE DURING THE BAUXITE INTO ALUMINA)
[Crovek D, Respiratory consequences ofred | 2011 | The environmental disaster following flooding by red sludge in the Ajka region in Hungary poses a serious public [ Study focuses on red sludge dust obtained from the |- Study on rats [~ Inhalation exposure to rats within chambers | - Inhalation of RSD did not aler the basal
Studge dust inhalation in rats. Ihealth threat with particular concer regarding the potentially adverse respiratory effects of the inhalation of red field lexposed to RSD at a high concentration (2 |respiratory mechanics, whereas it led to greater MCh
sludge dust (RSD). The respiratory consequences of the inhalation of RSD obtained from field samples were [weeks, 8hday), or kept in room air. induced responses in R(aw), demonstrating the
investigated in rats. Rats were either exposed to RSD at a lngh concentration (2 weeks, $hiday), or Kept in room air, [progession of mild AH. Histopathologica
|After the exposures, the airway under fine, i inthe
asline condiion, nd following methacholne (MCH challenges with the aim of establishing arway hyperr alveolar macrophages, as evidence that RSD had
s lun c alterations. The physical props reached the lower respiratory tract and induced mild
Jand the chemical comp the RSD The size distribution, chemical a inflammation around the alveoli and the pulmonary
topology of the RSD particis applid in our experiments wee simila o those observed atthesite of the disaster vasculature. The mild respiratory symptoms tha
The inhalation of RSD did not alter the basal respiratory mechanics, whereas it led to greater MCh-induced developed following short-erm exposure o[heuhhy
responses in R(aw), demonstrating the progression of mild AH. Histopathological m»esugauons revealed rne individuals o high concentrations of airborne.

P inthe phages, RSD had reached the [do not appear to pose a greater respiratory firg
induced mild the alveoli and the pulmonary vasy The mid reprtory symproms !hm than the inhalation of urban dust at a comparable:
|developed following short-term exposure of healthy individuals to high concentrations of airbome RSD do not lconcentration.
lappear to pose a greater respiratory hazard than the inhalation of urban dust at a comparable concentration.

[Andras Gelencser | The Red Mud Accident in Ajka 2011 |Asa result of a tragic industral accident, a highly alkaline red mud dagricultural [ PURPOSE: [~ Under unfavorable meteorological conditions dry ~“The number size distribution of fugitive dust_| - Although the high resuspension potential and
(Hungary): Characterization and eas near Ajka, Hungary on October 4, 2010, One of the major b e accidentis the [ our study the spilled red mud sed a « from it the potential health hazard posed by red mud sediment could emit very high amounts of [peaks above 1 um acrodynamic diameter; alkalinity might pose some problems such as the

iritation o the upper respiratory tract and eyes,
ased on its size distribution and composition red
ud dust appears to be less hazardous to human

Ihealth than urban particulate matter.

- No genotoxicity was observed using the SOS
chromotest kit using PM10-1 resuspended dust
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Ibe concluded that some toxic elements may not easily mobile under the environmental conditions.

mud disposal pnnds Due o the high lkaliniy, red mud is extemely corosive and i damaging o th environmens 7, 8. Therefore, red mud ol b comidered  harardouswase miterl n s o e enironmen
impac.

- The amount of from red s on a number of factors, such as the origin of the bauxne ore, zhe amount of red mud left over from the indust  comestrions i the
residue and metal leaching features of this material under environmental conditions. This study provides new data on some in order to find out thess
lelements and leaching characteristics.

ENVIRONMENTAL CONCENTRATIONS IN RED MUD AND LEACHATE SAMPLES
- The major elments n red mud samples (from an Al plant in Turkey) are Fe and AL, followed by Na, Ti and Ca. Other elements such s, Ce, Cr, La Mn, Ni, Nd, e, Th U, V and Zr s smalle concentrtions.
classified related to in three gories: (1) L) ) e collected red mud sample represents karst
F

P
- Except for arsenic and uranium, the other elements were not detected in both of the leachate scenarios, where leachate tests were based on pH of natural rainwater (5.5) and ASTM water (2.9). Arsenic concentrations.
from rainwater leaching found to be higher than WHO drinking water limits

- The immability of both toxic elements may be duc to pH and  the fact

- Work conducted on the characterization of red mud. has shown that pH value of vith i
[release of metals from red mud could be higher than previously thought if it is stored for long periods.

Fe and Al oxides and
storage t i

that have | i and high affinity in order to adsorb metals.
study on the mobility of metals in red mud has concluded that the potential

[raimwater leaching found to be higher than
WHO drinking water limits

“The immobility of both toxic elements may be
ldue to pH and  the fact that red mud contains a
large amount of Fe and Al oxides and
Ihydroxides that have large surface area and high
laffnity in order to adsorb metals.

[LEAD AUTHOR |TITLE DATE |ABSTRACT [SUMMARY OF PERTINENT POINT [COPCs [RECEPTOR: [EXPOSURE PATHWAYS [ToXICITY
(Gundy [No short-term cytogenetic 2013 |Red mud isan n the process of; Trom bauxite with a Red mud dust following spill from Al reinery | - Residents in the ~Tnhalation exposure [~Serious immediate effects were caused by the high
[consequences of Hungarian red (aOH. When the red mud-containing reservoir collapsed in Ajka Alumina Plant Hungary in October 2010, the most| surrounding communities Jalkalinity (pH > 13) of the flood. Many persons
[mud catastrophe serious immediate effects were caused by the high alkalinity (pH > 13) of the flood. Many persons suffered bu suffered burn-like damage to tissues and contact
like damage to tissues and contact with caustic desiceated ultra-fine dust with traces of toxic metals also caused vith caustic dsiceated ulta-fine dust with traces of
iitation of upper respiratory tract and eyes. Th