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External Emergency Plan 

APPENDIX G - DEFINITIONS 

Definitions are taken from A Framework for Major Emergency Management -
Guidance Document 10: A Guide for PRA local Competent Authorities under 5.1 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 

Crisis Management Team 

Danger Area 

Decontamination 

Holding Area 

Information Management System 

Issue 2.0 August 2019 

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

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. 

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

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

An area at the site, to which resources 
and personnel, which are not immediately 
required, are directed to await 
deployment. 

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 is 
structured into four fields, which consist 
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Lead Agency 

Local Co-ordination Centre 

local Co-ordination Group 

Major Emergency Plan 

Major Emergency 

Major Accident* 

Issue 2.0 August 2019 

External Emergency Plan 

of Recognised Current Situation, Key 
Issues, Strategic Aim/Priorities and 
Actions. 

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

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. 

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. 

A plan prepared by each of the Principal 
Response Agencies in responding to a 
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. 
A major accident is an occurrence on site 
in the course of an operation involving 
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Meeting Point 

On-Site Coordinator 

On-Site Coordination Centre 

Principal Emergency Services (PES) 

Principal Response Agencies (PRA) 

Rendezvous Point (RVP) 

Issue 2.0 August 2019 

External Emergency Plan 

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; 

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

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

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

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

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

The Rendezvous Point is the location to 
which all resources responding to the 
emergency site are directed in the first 
instance. An Garda Sfochana 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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Figure 1.1 Project Area (Source: Tom Phillips + Associates 2020) 

  

Salt Cake Disposal Cell 
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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 PM2.5. 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 RISK ASSESSMENT 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: 

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

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

• 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  

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 



https://www.cancer.ie/cancer-information-and-support/cancer-information/about-cancer/cancer-statistics
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Table 4.1 Summary of Bauxite Residue Composition 

COMPOUND CAS NO. FORMULA WEIGHT (%) HAZARD STATEMENT CODE 

US FDA GRAS 

(YES/NO?) COPC? 

FULL CHEMICAL ANALYSIS 

Moisture  Free H2O 21.9     No 

Aluminium Goethite 1310-14-1 (Fe,Al)2O3. H2O 20.9 *   No Yes 

Hematite 

 

(Iron Oxide) 

1317-60-8 Fe2O3 18.75 *   No Yes 

Calcium Cancrinite 12172-98-4 3(Na2O.Al2O3.2SiO2)2CaCO3 12.15 *   No Yes 

Bayer Sodalite 

 

(Silicic acid, 

Aluminium sodium 

salt) 

1344-00-9 3(Na2O.Al2O3.2SiO2.2H2O)0.8

Na2CO3.0.2Na2SO4 

5.35 *   Yes No 

Gibbsite 

 

(Aluminium 

hydroxide) 

21645-51-2 Al2O3.3H2O 4.85 H319 Causes serious 

eye irritation 

Yes No 

Perovskite  

 

(Calcium titanium 

trioxide) 

12049-50-2 CaTiO3 4.1 *   No Yes 

Anatase and Rutile 

 

(Titanium dioxide) 

131770-0/  

13463-67-7 

TiO2 4.1 H332  

H319 

 

H335 

 

H315 

Harmful if inhaled 

Causes serious 

eye irritation 

May cause respiratory 

irritation 

Causes skin irritation 

No Yes 

Hydrogarnet  68131-78-8 3CaO.Al2O3.SiO2.4H2O 2.95 *   No Yes 
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COMPOUND CAS NO. FORMULA WEIGHT (%) HAZARD STATEMENT CODE 

US FDA GRAS 

(YES/NO?) COPC? 

Boehmite  

 

(Aluminium oxide 

hydroxide) 

1318-23-6 Al2O3.H2O 2.15 *   No Yes 

Quartz 

 

(Silica; Silicon 

Dioxide) 

14808-60-7 SiO2 0.7 H372 

 

H373 

Causes damage to 

organs 

May cause damage to 

organs  

Yes No 

Sodium Carbonate 

 

(Disodium 

carbonate) 

497-19-8 Na2CO3 0.31 H319 Causes serious 

eye irritation 

Yes No 

Zircon 

 

(Zirconium silicate) 

10101-52-7 ZrSiO4 0.3 H332 

H319 

 

H335 

 

 

H315 

Harmful if inhaled 

Causes serious 

eye irritation 

May cause respiratory 

irritation 

Causes skin irritation 

No Yes 

Carbonate Apatite 

 

(Calcium carbonate) 

471-34-1 5.2CaO.0.8Na2O.2.5CO2.P2O5 0.2 H319 Causes serious 

eye irritation 

Yes No 

Gypsum 

 

(Calcium sulfate 

dihydrate) 

10101-41-4 CaSO4.2H2O 0.15 *   No Yes 

Sodium Sulphate 7757-82-6 Na2SO4 0.075 *   No Yes 

Sodium Bicarbonate 

 

(Sodium hydrogen-

carbonate) 

144-55-8 NaHCO3 0.045 H315 

 

H319 

Causes skin irritation 

Causes serious 

eye irritation 

Yes No 

Sodium Fluoride 7681-49-4 NaF 0.02 H300 (cat 2) 

H315 

 

H319 

Fatal if swallowed 

 

Causes skin irritation 

Causes serious 

eye irritation 

No Yes 
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COMPOUND CAS NO. FORMULA WEIGHT (%) HAZARD STATEMENT CODE 

US FDA GRAS 

(YES/NO?) COPC? 

Sodium Aluminate 

 

(Aluminium sodium 

oxide) 

11138-49-1 NaAl(OH)4 0.005 H290 

 

H314 

May be corrosive to 

metals 

Causes severe skin 

burns and eye damage 

Yes No 

Sodium Hydroxide 1310-73-2 NaOH 0 H314 Causes severe skin 

burns and eye damage 

Yes No 

TRACE METALS 

Chromium Trioxide 1308-38-9 Cr2O3 0.2 *   No Yes 

Vanadium 

Pentoxide 

1314-62-1 V2O5 0.2 H302 

H332 

H318 

H341 

H361 

H335 

H372 

H411 

Harmful if swallowed 

Harmful if inhaled 

Causes serious eye 

damage 

Suspected of causing 

genetic defects  

Suspected of damaging 

fertility or the unborn 

child 

May cause respiratory 

irritation 

Causes damage to 

organs 

Harmful if inhaled 

No Yes 

Magnesium Oxide 1309-48-4 MgO 0.12 *   Yes No 

Cerium Oxide 1306-38-3 CeO 0.02 *   No Yes 

Potassium 

Carbonate 

584-08-7 K2CO3 0.03 H302 

 

H335 

 

H315 

 

H319 

Harmful if swallowed 

May cause respiratory 

irritation 

Causes skin irritation 

Causes serious 

eye irritation 

Yes No 

Manganese Oxide 1344-43-0 MnO 0.035 *   No Yes 
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COMPOUND CAS NO. FORMULA WEIGHT (%) HAZARD STATEMENT CODE 

US FDA GRAS 

(YES/NO?) COPC? 

Gallium Trioxide 12024-21-4 Ga2O3 0.0085 *   No Yes 

Arsenic Trioxide 1327-53-3 As2O3 0.01 H300 

H314 

 

 

H350 

H400 

 

H410 

Fatal if swallowed 

Causes severe skin 

burns and eye damage 

May cause cancer  

Very toxic to aquatic 

life 

Very toxic to aquatic 

life with long lasting 

effects 

No Yes 

Niobium Pentoxide 1313-96-8 Nb2O5 0.014 H315 

 

H319 

 

H335 

Causes skin irritation 

Causes serious 

eye irritation 

May cause respiratory 

irritation 

No Yes 

Zinc Oxide 1314-13-2 ZnO 0.005 H410 Very toxic to aquatic 

life with long lasting 

effects 

2 Yes 

Lead oxide 1317-36-8 PbO 0.007 H302 

 

H332 

H360 

 

 

H373 

 

H410 

Harmful if swallowed 

Harmful if inhaled 

May damage fertility or 

the unborn child 

May cause damage to 

organs 

Very toxic to aquatic 

life with long lasting 

effects 

No Yes 

Yttrium Trioxide 1314-36-9 Y2O3 0.0095 H315 

 

H335 

Causes skin irritation 

May cause respiratory 

irritation 

No Yes 

Strontium Oxide  1314-11-0 SrO 0.0095 H314 Causes severe skin 

burns and eye damage 

No Yes 
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COMPOUND CAS NO. FORMULA WEIGHT (%) HAZARD STATEMENT CODE 

US FDA GRAS 

(YES/NO?) COPC? 

Copper Oxide 1317-38-0 CuO 0.004 H400 

 

H412 

Very toxic to aquatic 

life 

Harmful to aquatic life 

with long lasting effects 

No Yes 

Thorium Oxide  1314-20-1 ThO 0.01 H301 

H311 

 

H331 

H350 

H373 

Toxic if swallowed 

Toxic in contact with 

skin 

Toxic if inhaled 

May cause cancer  

May cause damage to 

organs  

No Yes 

 

Table 4.2 Summary of Salt Cake Composition 

COMPOUND CAS NO. FORMULA WEIGHT (%) 
HAZARD STATEMENT 

CODE 
US FDA GRAS 

(YES/NO?) COPC 

FULL CHEMICAL ANALYSIS 

Moisture  H2O >41 to <46% 

(44% average) 

   No 

Sodium Oxalate 62-76-0 Na2C2O4 20.9 H302 

 

H312 

Harmful if swallowed 

Harmful in contact 

with skin 

No Yes 

Aluminium Oxide 1344-28-1 Al₂O₃ 18.75 None 
 

No Yes 

Sodium Hydroxide 1310-73-2 NaOH 12.15 
  

Yes No 

Sodium Carbonate 497-19-8 Na₂CO₃ 5.35 
  

Yes No 

 
 
  



https://echa.europa.eu/information-on-chemicals/registered-substances
https://echa.europa.eu/information-on-chemicals/registered-substances
https://www.echemportal.org/echemportal/index.action
https://hpvchemicals.oecd.org/UI/AllChemicals.aspx
https://hpvchemicals.oecd.org/UI/AllChemicals.aspx
https://www.ilo.org/dyn/icsc/showcard.display?p_lang=en&p_card_id=0004&p_version=2
https://www.atsdr.cdc.gov/
https://www.atsdr.cdc.gov/
https://www.toxnet.nlm.nih.gov/newtoxnet/hsdb.htm
https://www.epa.ie/environment-and-you/radon/radon-map/








https://datasheets.scbt.com/sc-252863.pdf














https://www.lenus.ie/bitstream/handle/10147/584048/Limerick%20County.pdf?sequence=1&isAllowed=y
https://www.lenus.ie/bitstream/handle/10147/584048/Limerick%20County.pdf?sequence=1&isAllowed=y


https://data.cso.ie/






 

 

 

 

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

WSP 
November 26, 2021  

Page  36        

 
  



 

 

 

 

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

WSP 
November 26, 2021  

Page  37        

 

4. Cancer Incidence in Ireland [Reference: Cancer statistics | Irish Cancer Society 

https://www.bing.com/search?q=national+cancer+registry+ireland&src=IE-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  

 

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. 

 

 

 

 

 

https://www.cancer.ie/cancer-information-and-support/cancer-information/about-cancer/cancer-statistics
https://www.bing.com/search?q=national+cancer+registry+ireland&src=IE-SearchBox&FORM=IESR4A
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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 

(PM10) and less than or equal to 2.5 microns (PM2.5). 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/m2-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/m2/day. 

Based on a background dust deposition level of 20 mg/m2/day in the region, the annual dust deposition level due to 

emissions from the BRDA and associated construction works is at 33.1 mg/m2/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/dm2/day and then compared against the British Columbia 

Ministry of Environment and Climate Change Strategy (BC MoECCS) dustfall objective of 2.90 mg/dm2/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/m2/day was converted to 0.0331 g/m2/day resulting in a 

calculated cumulative deposition rate of 0.993 g/m2 assuming daily deposition for a 30-day period. This 30-day 

value is only 14% of the 30-day Ontario AAQC of 7 g/m2.  

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, PM2.5 emissions 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 PM2.5 are 

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 PM10 MODELLING RESULTS AT SENSITIVE RECEPTORS 

Predicted PM10 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 (90th%ile) and annual concentrations (excluding background) at the worst-case off-site 

location peak at 4.7 and 1.4 µg/m3, respectively with peaks generally located at the site boundary.  Based on a 

background PM10 concentration of 10 μg/m3 in the region, the combined annual PM10 concentration including the 

emissions form the BRDA and borrow pit peaks at 11.4 μg/m3.   

This predicted level equates to at most 28.5% of the annual limit value of 40 μg/m3. The predicted 24-hour PM10 

concentration (including background) peaks at 14.7 μg/m3 which is 29.4% of the 24-hour limit value of 50 μg/m3 

(measured as a 90.4th%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 PM10 for Scenarios 1 through 5 – Worst-Case Sensitive 

Receptor 

POLLUTANT / 

SCENARIO 

AVERAGING 

PERIOD 

OPERATIONAL 

CONTRIBUTION 

(µg/m3) 

ANNUAL MEAN 

BACKGROUND 

(µg/m3) NOTE 1 

PREDICTED 

ENVIRONMENTAL 

CONCENTRATION 

(PEC) PM10 (µg/m3) 

EU LIMIT 

VALUE 

(µg/m3) 

PEC AS A 

PERCENTAGE OF 

LIMIT VALUE 

PM10 / Scenario 

1 

Annual mean 1.4 10 11.4 40 28.5% 

90.4th%ile of 24-

hr Means 

4.7 10 14.7 50 29.4% 

PM10 / Scenario 

2 

Annual mean 1.4 10 11.4 40 28.5% 

90.4th%ile of 24-

hr Means 

4.7 10 14.7 50 29.4% 

PM10 / Scenario 

3 

Annual mean 1.3 10 11.3 40 28.3% 

90.4th%ile of 24-

hr Means 

4.7 10 14.7 50 29.4% 

PM10 / Scenario 

4 

Annual mean 1.3 10 11.3 40 28.3% 

90.4th%ile of 24-

hr Means 

4.6 10 14.6 50 29.2% 

PM10 / Scenario 

5 

Annual mean 0.50 10 10.5 40 26.3% 

90.4th%ile of 24-

hr Means 

1.3 10 11.3 50 22.6% 

Note 1 S.I. 180 of 2011 and EU Directive 2008/50/EC 

 

5.1.3 PM2.5 MODELLING RESULTS AT SENSITIVE RECEPTORS 

Predicted PM2.5 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 µg/m3.  Based on a background PM2.5 concentration of 7 μg/m3 in the 

region, the combined annual PM2.5 concentration including the emissions from the BRDA and borrow pit peaks at 

7.45 μg/m3.  This predicted level equates to at most 29.8% of the annual limit value of 25 μg/m3.   

The predicted maximum 24-hour concentration (excluding background) at the worst-case sensitive receptor peaks at 

13.2 μg/m3.  Based on a background PM2.5 concentration of 7 μg/m3 in the region, the combined annual PM2.5 

concentration including the emissions form the BRDA and borrow pit peaks at 20.2 μg/m3.   

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

Receptor 

POLLUTANT 

/ SCENARIO 

AVERAGING 

PERIOD 

BRDA & 

BORROW PIT 

CONTRIBUTION 

(µg/m3) 

ANNUAL 

MEAN 

BACKGROUND 

(µg/m3)1 

PREDICTED 

ENVIRONMENTAL 

CONCENTRATION 

(PEC) PM2.5  

(µg/m3) 

EU 

LIMIT 

VALUE 

(µg/m3) 

PEC AS 

PERCENTAGE 

OF LIMIT 

VALUE 

PM2.5 / 

Scenario 1 

Annual mean  0.44 7 7.44 25 29.8% 

Maximum 24-

hr Mean 

12.7 7 19.7 N/A N/A 

PM2.5 / 

Scenario 2 

Annual mean 0.45 7 7.45 25 29.8% 

Maximum 24-

hr Mean 

13.2 7 20.2 N/A N/A 

PM2.5 / 

Scenario 3 

Annual mean 0.43 7 7.43 25 29.7% 

Maximum 24-

hr Mean 

12.4 7 19.4 N/A N/A 

PM2.5 / 

Scenario 4 

Annual mean 0.42 7 7.42 25 29.7% 

Maximum 24-

hr Mean 

11.9 7 18.9 N/A N/A 

PM2.5 / 

Scenario 5 

Annual mean 0.13 7 7.13 25 28.5% 

Maximum 24-

hr Mean 

5.2 7 12.2 N/A N/A 

  

5.1.4 PM2.5 MODELLING RESULTS AT SCOIL NAISIUNTA SHEANAIN 

Predicted PM2.5 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 μg/m3.  Based on a background PM2.5 concentration of 7 μg/m3 in the region, the 

combined annual PM2.5 concentration including the emissions form the BRDA and borrow pit peaks at 

7.0026 μg/m3.  This predicted level equates to at most 28.0% of the annual limit value of 25 μg/m3.   

The predicted maximum 24-hour concentration (excluding background) at Scoil Naisiunta Sheanain peaks at 

0.14 μg/m3.  Based on a background PM2.5 concentration of 7 μg/m3 in the region, the combined annual PM2.5 

concentration including the emissions form the BRDA and borrow pit peaks at 7.14 μg/m3.   

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 PM2.5 for Scenarios 1 through 5 – Scoil Naisiunta 

Sheanain 

POLLUTANT 

/ SCENARIO 

AVERAGING 

PERIOD 

BRDA & 

BORROW PIT 

CONTRIBUTION 

(µg/m3) 

ANNUAL 

MEAN 

BACKGROUND 

(µg/m3) NOTE 1 

PREDICTED 

ENVIRONMENTAL 

CONCENTRATION 

(PEC) PM2.5 (µg/m3) 

EU 

LIMIT 

VALUE 

(µg/m3) 

PEC AS A 

PERCENTAGE 

OF LIMIT 

VALUE 

PM2.5 / 

Scenario 1 

Annual mean 0.0026 7 7.0026 25 28.0% 

Maximum 

24-hr Mean 

0.14 7 7.14 N/A N/A 

PM2.5 / 

Scenario 2 

Annual mean 0.0026 7 7.0026 25 28.0% 

Maximum 

24-hr Mean 

0.14 7 7.14 N/A N/A 

PM2.5 / 

Scenario 3 

Annual mean 0.0026 7 7.0026 25 28.0% 

Maximum 

24-hr Mean 

0.14 7 7.14 N/A N/A 

PM2.5 / 

Scenario 4 

Annual mean 0.0026 7 7.0026 25 28.0% 

Maximum 

24-hr Mean 

0.14 7 7.14 N/A N/A 

PM2.5 / 

Scenario 5 

Annual mean 0.0019 7 7.0019 25 28.0% 

Maximum 

24-hr Mean 

0.086 7 7.086 N/A N/A 

  

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 PM10 (annual and 24-hr) and PM2.5 

(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 PM10 (annual and 

24-hr) and scenario 2 for PM2.5 (annual and 24-hr)] were considered for the purpose of the exposure assessment. For 

both PM10 and PM2.5, 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 

RESIDUE 

CONSTITUENTS 

(COPCS)  

EXPOSURE 

CONCENTRATION 

BASED ON PM10 

ANNUAL (mg/m3)1 

EXPOSURE 

CONCENTRATION 

BASED ON PM10 

24-HR (mg/m3)2 

EXPOSURE 

CONCENTRATION 

BASED ON PM2.5 

ANNUAL (mg/m3)3 

EXPOSURE 

CONCENTRATION 

BASED ON PM2.5 

24-HR (mg/m3)4 W/W%5 

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: 
1 Worst-case (scenario 1) annual mean concentration of PM10 (Project contribution) is equal to 1.4 µg/m3  

2 Worst-case (scenario 1) 24-hr 90.4 percentile mean concentration of PM10 (Project contribution) is equal to 4.7 µg/m3  
3 Worst-case (scenario 2) annual mean concentration of PM2.5 (Project contribution) is equal to 0.45 µg/m3  

4 Worst-case (scenario 2) 24-hr mean concentration of PM2.5 (Project contribution) is equal to 13.2 µg/m3 
5 Percent (%) 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 

EXPOSURE FACTOR UNITS 

ADULT 

(≥ 20 YRS) REFERENCE 

EF (exposure frequency for inhalation) = EFa x EFb x 

EFc 

h/yr 2160 Calculated 

EFa (daily exposure frequency) d/wk 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 

EXPOSURE FACTOR UNITS 

CHILD 

(5 – 11 YRS) 

TEEN 

(12 -13 YRS) REFERENCE 

EF (exposure frequency for inhalation) = EFa x 

EFb x EFc 

h/yr 1710 
 

1710 Calculated 

EFa (daily exposure frequency) d/wk 5 5 US EPA, 2011 

EFb (weekly exposure frequency) wk/yr 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 

EXPOSURE FACTOR UNITS 

INFANT 

(0 – 6 MO.) 

TODDLER 

(7 MO. TO    

4 YRS) 

CHILD 

(5 – 11 YRS) 

TEEN 

(12 – 19 YRS) 

ADULT 

(≥ 20 YRS) REFERENCE 

EF (exposure frequency for 

inhalation) = EFa x EFb x EFc 

h/yr 806 8064 8064 8064 8064 Calculated 

EFa (daily exposure frequency) d/wk 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 0.5 4.5 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 PM10 and PM2.5 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 PM10 (annual 

and 24-hr) and PM2.5 (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 (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 (PM2.5) 

Jurisdictional 24-hour and annual exposure limits for PM2.5 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 PM2.5 

Regulatory Agency Type Value (µg/m3) 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 µg/m3 and is based on annual 98th 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 PM2.5 (27 µg/m3); however, unlike other pollutants such as SO2 

and NO2, 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 PM2.5.  

Alberta Environment 

Alberta Environment (AENV, 2019) issued a 1-hour and 24-hour AAQO of 80 µg/m3 and 29 µg/m3, 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 PM2.5 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 PM2.5 of 27 µg/m3. This value reflects the 3-year 

average of the annual 98th 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 PM2.5 was revised from 65 to 35 µg/m3. This value is identified as a 98th 

percentile, averaged over 3 years. US EPA (2006) concluded that a 24-hour standard of 35 µg/m3 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 µg/m3 for fine PM and retained it as the current standard.  

 

World Health Organization 

The WHO (WHO, 2005) provided a 24-hour guideline for PM2.5 of 25 µg/m3. This value represents a 99th 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 PM10 of approximately 0.5% per 10 µg/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 PM2.5 

Regulatory Agency Type Value (µg/m3) Reference 

Metro Vancouver 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 µg/m3 for PM2.5. 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 PM2.5 (8.8 µg/m3); however, unlike other pollutants such as SO2 

and NO2, 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 PM2.5.  

Ontario Ministry of the Environment, Conservation and Parks 

The MECP (2020) provides an annual AAQC of 8.8 µg/m3 for PM2.5. 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 PM2.5 from 15 to 12 µg/m3, 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 

µg/m3 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 µg/m3. US EPA (2013) determined that an annual standard of 

12 µg/m3 is below the long-term mean PM2.5 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 µg/m3 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 PM2.5 concentrations. 

A level of 12 µg/m3
 is 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 µg/m3 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 µg/m3 for PM2.5, 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 PM2.5 and mortality; the mean PM2.5 concentrations 

were 18 and 18.2 µg/m3 in the Harvard and ACS studies, respectively. In addition, the annual CAAQS placed 

weight on the results of multiple studies investigating the relationship between PM2.5 and adverse health outcomes. 

These studies had long-term (three- to four-year) means in the range of 13 to 18 µg/m3
. It was concluded by Cal 

OEHHA (2001) that an annual PM2.5 standard of 12 µg/m3
 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 µg/m3 for PM2.5 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 PM2.5 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 (PM10) 

Jurisdictional 24-hour and annual exposure limits for coarse particulates (PM10) 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 PM10 

REGULATORY 

AGENCY 
TYPE 

VALUE  

(ppb) 

 

VALUE  

(mg/m3) 

SOURCE 

BC MoECCS 24-hour  5.0E-02 BC MoECCS 2020 

AENV - - - AENV AAQO 2019 

CCME 2020 

(2025) 
- - 

- 
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 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 

 

British Columbia Ministry of Environment and Climate Change Strategy 

A 24-hour AQO for PM10 was set to 50 µg/m3 in 1995 and is the current provincial standard. BC MoECCS (2020) 

mentions that PM10 in this context includes both fine (PM2.5) and coarse (PM2.5-10) 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 PM10 of 50 µg/m3 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 (PM10-2.5)” of 150 µg/m3 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 µg/m3 for PM10. 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 PM10 with adverse health outcomes. Many of these studies had peak values close to 

or above 50 µg/m3, with concentrations below 50 µg/m3 having a more uncertain association with mortality effects. 

It was concluded that a 24-hour standard for PM10 at 50 µg/m3
 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 PM10 of 50 µg/m3. These values 

represent a 99th 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 

PM10 of approximately 0.5% per 10 µg/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 PM10 

REGULATORY AGENCY TYPE 
VALUE  
(ppb) 

 
VALUE  
(mg/m3) 

SOURCE 

BC MoECCS - - - BC MoECCS 2020 

AENV - - - AENV AAQO 2019 

CCME 2020 

(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 PM10 was set by the US EPA in 1987 at 50 µg/m3. In a 2006 review by the US EPA, it was 

concluded that the annual PM10 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 PM10 (150 µg/m3) was considered sufficient to provide adequate protection against any 

potential effects related to long-term exposure to PM10 concentrations.  

California Office of Environmental Health Hazard Assessment 

Cal OEHHA (2001) revised the annual CAAQS for PM10 from 30 to 20 µg/m3. 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 µg/m3 were assessed in the Harvard and ACS 

studies, respectively. It was determined by Cal OEHHA (2001) that a standard set at 20 µg/m3 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 µg/m3 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 PM2.5 results from the study, which is why WHO preferred use of the PM2.5 

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 PM10 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 

COPC 

TRV 

(mg/m3) SOURCE BASIS 

Aluminium 

Goethite 

0.01 ACGIH 

2008 

Respiratory and neurological effects 

ACGIH established a TLV-TWA of 1 mg/m3 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 µg/L (corresponding to an airborne concentration of 1.6 mg/m3) 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/m3 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 

Oxide 

0.01 ACGIH 

2008 

Respiratory and neurological effects 

See Aluminium Goethite 

Anatase and 

Rutile 

(also known as 

titanium dioxide) 

0.01 ACGIH 

2001 

Respiratory irritation 

ACGIH derived a TLV-TWA of 10 mg/m3 for titanium dioxide. The TLV-TWA was 

based on Lee et al. (1986), who conducted a 2-yr inhalation study on rats exposed to 

titanium dioxide at concentrations of 0, 10, 50, or 250 mg/m3 for 6 hrs/day, 5 

days/week. Squamous cell carcinomas developed following exposure to 250 mg/m3 

for the full 2 years. At 50 mg/m3, 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/m3 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/m3 is applied in this HHA. 

Arsenic Trioxide 0.000067 TCEQ 

2013 

Respiratory and lung cancer 

TCEQ developed a long-term ESL/AMCV of 0.000067 mg/m3 for arsenic trioxide 

based on lung cancer mortality rates associated with inhalation of inorganic arsenic 

compounds. The ESL/AMCV 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 μg/m3 

was selected as the ESL/AMCV (TCEQ, 2013). 
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COPC 

TRV 

(mg/m3) SOURCE BASIS 

Boehmite 

(also known as 

Aluminium oxide 

hydroxide) 

0.01 ACGIH 

2008 

Respiratory and neurological effects 

See Aluminium Goethite 

Calcium 

Cancrinite 

0.005 TCEQ 

2021 

Applied the TCEQ long-term ESL of 0.005 mg/m3 based on the general ESL for 

metals with low toxicity 

Cerium Oxide 0.005 TCEQ 

2021 

TCEQ adopted a long-term ESL of 0.005 mg/m3 based on the general ESL for metals 

with low toxicity 

Chromium 

Trioxide 

0.0000043 TCEQ 

2014 

Lung Cancer 

TCEQ developed a long-term AMCV of 0.0000043 mg/m3 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 CrVI 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 to1974, with mortality followed through 1992. The long-term AMCV 

was calculated based on an inhalation unit risk factor (URF) of 2.3 × 10-3 per µg/m3 

derived from these studies and a no significant risk level of 1 in 100,000 excess cancer 

risk. 

Copper Oxide 0.001 ACGIH 

2001 

Ocular, dermal, respiratory tract and mucous membrane irritation 

ACGIH derived a TLV-TWA of 1 mg/m3 for copper dusts (including copper oxide) 

and 0.2 mg/m3  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/m3 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/m3 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/m3. 

Gallium Trioxide 0.005 TCEQ 

2021 

Applied the TCEQ long-term ESL of 0.005 mg/m3 based on the general ESL for 

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/m3 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/m3) 

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/m3 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/m3 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/m3 (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/m3. 

Hydrogarnet 0.005 TCEQ 

2021 

Applied the TCEQ long-term ESL of 0.005 mg/m3 based on the general ESL for 

metals with low toxicity 

Lead Oxide 0.00015 TCEQ 

2021 

IQ loss in children 

TCEQ adopted a long-term ESL/AMCV for lead oxide from the NAAQS value for 

lead of 0.15 μg/m3, which is not to be exceeded over a 3-month rolling average. The 

limit was derived by the NAAQS using estimated mean IQ loss for children in the 

USA related to lead concentrations in air. Under the air-to-blood ratio of 1:7, the air-

related IQ 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 µg/m3 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/m3 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/m3 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 µg/m3 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 BMCL10 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/m3 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/m3. The TLV-TWA of 1 

mg/m3 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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COPC 

TRV 

(mg/m3) SOURCE BASIS 

Sodium Sulphate 0.005 ACGIH 

2001 

Eye, skin, mucous membrane, and respiratory tract irritation 

ACGIH derived a TLV-TWA-TWA of 5 mg/m3 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/m3 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 

2021 

Applied the TCEQ long-term ESL of 0.005 mg/m3 based on the general ESL for 

metals with low toxicity 

Thorium Oxide 0.005 TCEQ 

2021 

Applied the TCEQ long-term ESL of 0.005 mg/m3 based on the general ESL for 

metals with low toxicity 

Vanadium 

Pentoxide 

0.0005 ACGIH 

2009 

Upper and lower respiratory tract irritation 

ACGIH identified a TLV- TWA of 0.05 mg/m3 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/m3 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/m3 as total dust. The study supports 

a TLV-TWA of 0.02 to 0.08 mg/m3 (adjusted inhalable) that is not associated with 

nasal changes. A TLV-TWA of 0.05 mg/m3 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/m3. 

Yttrium Trioxide 0.001 ACGIH 

2001 

Respiratory fibrosis 

ACGIH derived a TLV-TWA of 1 mg/m3 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 

2021 

Lung function disorders; asthmatic symptoms 

TCEQ adopted the long-term ESL/AMCV of 2.4 µg/m3 for zinc oxide based on the 

German MAK for zinc of 2.4 mg/m3 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/m3 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/m3 was selected as the point of departure 

(POD) (DFG, 2014). 
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COPC 

TRV 

(mg/m3) SOURCE BASIS 

Zircon 0.005 ACGIH 

2001 

Respiratory irritation 

ACGIH derived a TLV-TWA of 5 mg/m3 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/m3 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/m3 resulted in no adverse effects. The TLV- TWA of 5 mg/m3 

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/m3 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/m3 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/m3 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/m3 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  

𝐻𝑄 =
𝐸𝐸

𝑇𝑅𝑉
 

Where: 

HQ     = Hazard Quotient (unitless) 

EE      = Exposure Estimate (µg/m3) 

TRV   = Chemical-Specific Toxicological Reference Value (µg/m3) 

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) =  𝐶𝑎𝑖𝑟 × 𝐸𝑇 × 𝐸𝐹 × 𝐸𝐷/𝐴𝑇 

Where: 

Cair   = Modelled concentration of contaminant in air (µg/m3); 

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 (µg/m3) 

TRV = Chemical-Specific Toxicological Reference Value (µg/m3) 

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 PM10 

and PM2.5 for students and teachers at the primary school and nearby residents, respectively. It is noted that there are 

no health concerns related to background PM10 and PM2.5 for all receptors as indicated by the calculated HQs.  

Table 7.1 Predicted Health Risks Associated with Exposure to Background Levels of PM10 and PM2.5 

for School Receptors 

PARTICULATE MATTER 

(PM) 

BACKGROUND CONC. 

(mg/m3) 

ADJUSTED BACKGROUND 

CONC. (mg/m3) HQ (BASELINE) 

PM10 (24-hr)  

 

1E-02 

 

Child: 2E-03 

Teen: 5E-04 

Adult: 3E-03 

Child: 4E-02 

Teen: 1E-02 

Adult: 5E-02 

PM10 (Annual) Child: 5E-02 

Teen: 1E-02 

Adult: 6E-02 

PM2.5 (24-hr)  

 

7E-03 

 

Child: 1E-03 

Teen: 3E-04 

Adult: 2E-03 

Child: 5E-02 

Teen: 1E-02 

Adult: 6E-02 

PM2.5 (Annual) 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 Predicted Health Risks Associated with Exposure to Background Levels of PM10 and PM2.5 

for Nearby Residential Receptors 

PARTICULATE MATTER 

(PM) BACKGROUND CONC. (mg/m3) 

ADJUSTED BACKGROUND 

CONC. (mg/m3) HQ (BASELINE) 

PM10 (24-hr) 

 

 

1E-02 

All resident life stages: 

9E-03 

All resident life stages:  

2E-01 

PM10 (Annual) All resident life stages: 

9E-03 

All resident life stages:  

2E-01 

PM2.5 (24-hr) 

 

7E-03 

All resident life stages: 

6E-03 

All resident life stages:  

2E-01 

PM2.5 (Annual) All resident life stages: 

6E-03 

All resident life stages:  

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 PM10 (24-hr) for School Receptors 

BAUXITE 

RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

ADJUSTED 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

HQ  

(OPERATIONAL) 

HQ 

(CUMULATIVE) 

% HQ 

ATTRIBUTABLE TO 

BACKGROUND 

Aluminum 

Goethite 

9.8E-04 Child: 1.9E-04 

Teen: 4.8E-05 

Adult: 2.4E-04 

Child: 1.9E-02 

Teen: 4.8E-03 

Adult: 2.4E-02 

Child: 5.8E-02 

Teen: 1.5E-02 

Adult: 7.3E-02 

Child: 67% 

Teen: 65% 

Adult: 67% 

Hematite 8.8E-04 Child: 1.7E-04 

Teen: 4.3E-05 

Adult: 2.2E-04 

Child: 3.4E-03 

Teen: 8.6E-04 

Adult: 4.3E-03 

Child: 4.5E-02 

Teen: 1.1E-02 

Adult: 5.3E-02 

Child: 92% 

Teen: 92% 

Adult: 92% 

Anatase and 

Rutile  

1.9E-04 Child: 3.8E-05 

Teen: 9.4E-06 

Adult:4.8E-05 

Child: 3.8E-03 

Teen: 9.4E-04 

Adult: 4.8E-03 

Child: 4.3E-02 

Teen: 1.1E-02 

Adult: 5.4E-02 

Child: 91% 

Teen: 92% 

Adult: 91% 

Boehmite 1.0E-04 Child: 2.0E-05 

Teen: 4.9E-06 

Adult: 2.5E-05 

Child: 2.0E-03 

Teen: 4.9E-04 

Adult: 2.5E-03 

Child: 4.1E-02 

Teen: 1.0E-02 

Adult: 5.1E-02 

Child: 95% 

Teen: 95% 

Adult: 95% 

Zircon 1.4E-05 Child: 2.8E-06 

Teen: 6.9E-07 

Adult: 3.5E-06 

Child: 5.5E-04 

Teen: 1.4E-04 

Adult: 7.0E-04 

Child: 4.0E-02 

Teen: 9.9E-03 

Adult: 5.0E-02 

Child: 99% 

Teen: 99% 

Adult: 99% 

Gypsum 7.1E-06 Child: 1.4E-06 

Teen: 3.4E-07 

Adult: 1.7E-06 

Child: 1.4E-04 

Teen: 3.4E-05 

Adult: 1.7E-04 

Child: 3.9E-02 

Teen: 9.8E-03 

Adult: 4.9E-02 

Child: 99.6% 

Teen: 99.7% 

Adult: 99.6% 

Sodium 

Sulphate 

3.5E-06 Child: 6.9E-07 

Teen: 1.7E-07 

Adult: 8.7E-07 

Child: 1.4E-04 

Teen: 3.4E-05 

Adult: 1.7E-04 

Child: 3.9E-02 

Teen: 9.8E-03 

Adult: 4.9E-02 

Child: 99.6% 

Teen: 99.7% 

Adult: 99.6% 

Sodium 

Fluoride 

9.4E-07 Child: 1.8E-07 

Teen: 4.6E-08 

Adult: 2.3E-07 

Child: 6.8E-06 

Teen: 1.7E-06 

Adult: 8.6E-06 

Child: 3.9E-02 

Teen: 9.8E-03 

Adult: 4.9E-02 

Child: 99.99% 

Teen: 99.99% 

Adult: 99.99% 

Chromium 

Trioxide 

9.4E-06 Child: 1.8E-06 

Teen: 4.6E-07 

Adult: 2.3E-06 

Child: 1.4E-03 

Teen: 3.5E-04 

Adult: 1.8E-03 

Child: 4.0E-02 

Teen: 1.0E-02 

Adult: 5.1E-02 

Child: 97% 

Teen: 97% 

Adult: 97% 

Vanadium 

Pentoxide 

9.4E-06 Child: 1.8E-06 

Teen: 4.6E-07 

Adult: 2.3E-06 

Child: 3.7E-03 

Teen: 9.2E-04 

Adult: 4.6E-03 

Child: 4.3E-02 

Teen: 1.1E-02 

Adult: 5.4E-02 

Child: 91% 

Teen: 91% 

Adult: 91% 
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BAUXITE 

RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

ADJUSTED 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

HQ  

(OPERATIONAL) 

HQ 

(CUMULATIVE) 

% HQ 

ATTRIBUTABLE TO 

BACKGROUND 

Manganese 

Oxide 

1.6E-06 Child: 3.2E-07 

Teen: 8.0E-08 

Adult: 4.1E-07 

Child: 3.8E-04 

Teen: 9.6E-05 

Adult: 4.8E-04 

Child: 3.9E-02 

Teen: 9.9 E-03 

Adult: 4.9E-02 

Child: 99% 

Teen: 99% 

Adult: 99% 

Zinc Oxide 2.4E-07 Child: 4.6E-08 Teen: 

1.1E-08 

Adult: 5.8E-08 

Child: 1.9E-05 

Teen: 4.8E-06 

Adult: 2.4E-05 

Child: 3.9E-02 

Teen: 9.8E-03 

Adult: 4.9E-02 

Child: 99.99% 

Teen: 99.99% 

Adult: 99.99% 

Lead Oxide 3.3E-07 Child: 6.4E-08 Teen: 

1.6E-08 

Adult: 8.1E-08 

Child: 4.3E-04 

Teen: 1.1E-04 

Adult: 5.4E-04 

Child: 3.9E-02 

Teen: 9.9E-03 

Adult: 5.0E-02 

Child: 99% 

Teen: 99% 

Adult: 99% 

Yttrium 

Trioxide 

4.5E-07 Child: 8.7E-08 Teen: 

2.2E-08 

Adult: 1.1E-07 

Child: 8.7E-05 

Teen: 2.2E-05 

Adult: 1.1E-04 

Child: 3.9E-02 

Teen: 9.8E-03 

Adult: 4.9E-02 

Child: 99.8% 

Teen: 99.8% 

Adult: 99.8% 

Copper Oxide 1.9E-07 Child: 3.7E-08 Teen: 

9.2E-09 

Adult: 4.6E-08 

Child: 3.7E-05 

Teen: 9.2E-06 

Adult: 4.6E-05 

Child: 3.9E-02 

Teen: 9.8E-03 

Adult: 4.9E-02 

Child: 99.9% 

Teen: 99.9% 

Adult: 99.9% 

Strontium 

Oxide 

4.5E-07 Child: 8.7E-08 Teen: 

2.2E-08 

Adult: 1.1E-07 

Child: 1.7E-05 

Teen: 4.4E-06 

Adult: 2.2E-05 

Child: 3.9E-02 

Teen: 9.8E-03 

Adult: 4.9E-02 

Child: 99.99% 

Teen: 99.99% 

Adult: 99.99% 

Cerium Oxide 9.4E-07 Child: 1.8E-07 Teen: 

4.6E-08 

Adult: 2.3E-07 

Child: 3.7E-05 

Teen: 9.2E-06 

Adult: 4.6E-05 

Child: 3.9E-02 

Teen: 9.8E-03 

Adult: 4.9E-02 

Child: 99.9% 

Teen: 99.9% 

Adult: 99.9% 

Calcium 

Cancrinite 

5.7E-04 Child: 1.1E-04 Teen: 

2.8E-05 

Adult: 1.4E-04 

Child: 2.2E-02 

Teen: 5.6E-03 

Adult: 2.8E-02 

Child: 6.1E-02 

Teen: 1.5E-02 

Adult: 7.7E-02 

Child: 64% 

Teen: 64% 

Adult: 64% 

Gallium 

Trioxide 

4.0E-07 Child: 7.8E-08 Teen: 

2.0E-08 

Adult: 9.9E-08 

Child: 1.6E-05 

Teen: 3.9E-06 

Adult: 2.0E-05 

Child: 3.9E-02 

Teen: 9.8E-03 

Adult: 4.9E-02 

Child: 99.99% 

Teen: 99.99% 

Adult: 99.99% 

Hydrogarnet 1.4E-04 Child: 2.7E-05 Teen: 

6.8E-06 

Adult: 3.4E-05 

Child: 5.4E-03 

Teen: 1.4E-03 

Adult: 6.9E-03 

Child: 4.4E-02 

Teen: 1.1E-02 

Adult: 5.6E-02 

Child: 88% 

Teen: 88% 

Adult: 88% 

Perovskite 1.9E-04 Child: 3.8E-05 Teen: 

9.4E-06 

Adult: 4.8E-05 

Child: 7.5E-03 

Teen: 1.9E-03 

Adult: 9.5E-03 

Child: 4.7E-02 

Teen: 1.2E-02 

Adult: 5.9E-02 

Child: 84% 

Teen: 84% 

Adult: 84% 

Niobium 

Pentoxide 

6.6E-07 Child: 1.3E-07 Teen: 

3.2E-08 

Adult: 1.6E-07 

Child: 2.6E-05 

Teen: 6.4E-06 

Adult: 3.2E-05 

Child: 3.9E-02 

Teen: 9.8E-03 

Adult: 4.9E-02 

Child: 99.9% 

Teen: 99.9% 

Adult: 99.9% 
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BAUXITE 

RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

ADJUSTED 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

HQ  

(OPERATIONAL) 

HQ 

(CUMULATIVE) 

% HQ 

ATTRIBUTABLE TO 

BACKGROUND 

Thorium Oxide 4.7E-07 Child: 9.2E-08 Teen: 

2.3E-08 

Adult: 1.2E-07 

Child: 1.8E-05 

Teen: 4.6E-06 

Adult: 2.3E-05 

Child: 3.9E-02 

Teen: 9.8E-03 

Adult: 4.9E-02 

Child: 99.99% 

Teen: 99.99% 

Adult: 99.99% 

Salt Cake 

COPCs 

 

Sodium 

Oxalate 

7.5E-04 Child: 1.5E-04 Teen: 

3.7E-05 

Adult:1.9E-04 

Child: 1.5E-02 

Teen: 3.7E-03 

Adult: 1.9E-02 

Child: 5.7E-02 

Teen: 1.4E-02 

Adult: 6.9E-02 

Child: 71% 

Teen: 71% 

Adult: 72% 

Aluminum 

Oxide 

4.7E-04 Child: 9.2E-05 Teen: 

2.3E-05 

Adult: 1.2E-04 

Child: 9.2E-03 

Teen: 2.3E-03 

Adult: 1.2E-02 

Child: 4.8E-02 

Teen: 1.2E-02 

Adult: 6.1E-02 

Child: 81% 

Teen: 81%  

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

Cake COPCs in PM10 (24-hr) for Nearby Residential Receptors 

BAUXITE RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

ADJUSTED 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

HQ  

(OPERATIONAL) HQ (CUMULATIVE) 

% HQ 

ATTRIBUTABLE 

TO BACKGROUND 

Aluminum Goethite 9.8E-04 All resident life 

stages: 9.0E-04 

All resident life 

stages: 9.0E-02 

All resident life 

stages: 2.7E-01 

All resident life 

stages: 67% 

Hematite 
8.8E-04 

All resident life 

stages: 8.1E-04 

All resident life 

stages: 1.6E-02 

All resident life 

stages: 2.0E-01 

All resident life 

stages: 92% 

Anatase and Rutile  
1.9E-04 

All resident life 

stages: 1.8E-04 

All resident life 

stages: 1.8E-02 

All resident life 

stages: 2.0E-01 

All resident life 

stages: 91% 

Boehmite 
1.0E-04 

All resident life 

stages: 9.3E-05 

All resident life 

stages: 9.3E-03 

All resident life 

stages: 1.9E-01 

All resident life 

stages: 95% 

Zircon 
1.4E-05 

All resident life 

stages: 1.3E-05 

All resident life 

stages: 2.6E-03 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99% 

Gypsum 
7.1E-06 

All resident life 

stages: 6.5E-06 

All resident life 

stages: 6.5E-04 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99.6% 

Sodium Sulphate 
3.3E-06 

All resident life 

stages: 3.2E-06 

All resident life 

stages: 6.5E-04 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99.6% 
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BAUXITE RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

ADJUSTED 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

HQ  

(OPERATIONAL) HQ (CUMULATIVE) 

% HQ 

ATTRIBUTABLE 

TO BACKGROUND 

Sodium Fluoride 
9.4E-07 

All resident life 

stages: 8.7E-07 

All resident life 

stages: 3.2E-05 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99.99% 

Chromium Trioxide 
9.4E-06 

All resident life 

stages: 8.7E-06 

All resident life 

stages: 6.7E-03 

All resident life 

stages: 1.9E-01 

All resident life 

stages: 96% 

Vanadium 

Pentoxide 
9.4E-06 

All resident life 

stages: 8.7E-06 

All resident life 

stages: 1.7E-02 

All resident life 

stages: 2.0E-01 

All resident life 

stages: 91% 

Manganese Oxide 
1.7E-06 

All resident life 

stages: 1.5E-06 

All resident life 

stages: 1.8E-03 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99% 

Zinc Oxide 
2.4E-07 

All resident life 

stages: 2.2E-07 

All resident life 

stages: 9.0E-05 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99.9% 

Lead Oxide 
3.3E-07 

All resident life 

stages: 3.0E-07 

All resident life 

stages: 2.0E-03 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99% 

Yttrium Trioxide 
4.5E-07 

All resident life 

stages: 4.1E-07 

All resident life 

stages: 4.1E-04 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99.8% 

Copper Oxide 
1.9E-07 

All resident life 

stages: 1.7E-07 

All resident life 

stages: 1.7E-04 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99.9% 

Strontium Oxide 
4.5E-07 

All resident life 

stages: 4.1E-07 

All resident life 

stages: 8.2E-05 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99.99% 

Cerium Oxide 
9.4E-07 

All resident life 

stages: 8.7E-07 

All resident life 

stages: 1.7E-04 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99.9% 

Calcium Cancrinite 
5.7E-04 

All resident life 

stages: 5.3E-04 

All resident life 

stages: 1.1E-01 

All resident life 

stages: 2.9E-01 

All resident life 

stages: 63% 

Gallium Trioxide 
4.0E-07 

All resident life 

stages: 3.7E-07 

All resident life 

stages: 7.4E-05 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99.99% 

Hydrogarnet 
1.4E-04 

All resident life 

stages: 1.3E-04 

All resident life 

stages: 2.6E-02 

All resident life 

stages: 2.1E-01 

All resident life 

stages: 88% 

Perovskite 
1.9E-04 

All resident life 

stages: 1.8E-04 

All resident life 

stages: 3.6E-02 

All resident life 

stages: 2.2E-01 

All resident life 

stages: 84% 

Niobium Pentoxide 
6.6E-07 

All resident life 

stages: 6.1E-07 

All resident life 

stages: 1.2E-04 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99.9% 

Thorium Oxide 
4.7E-07 

All resident life 

stages: 4.3E-07 

All resident life 

stages: 8.7E-05 

All resident life 

stages: 1.8E-01 

All resident life 

stages: 99.99% 

Salt Cake COPCs  

Sodium Oxalate  

7.5E-04 

All resident life 

stages: 6.9E-04 

All resident life 

stages: 6.9E-02 

All resident life 

stages: 2.7E-01 

All resident life 

stages: 74% 

Aluminum Oxide  

4.7E-04 

All resident life 

stages: 4.3E-04 

All resident life 

stages: 4.3E-02 

All resident life 

stages: 2.2E-01 

All resident life 

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 PM2.5 (24-hr) for School Receptors 

BAUXITE 

RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

ADJUSTED 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

HQ  

(OPERATIONAL) 

HQ 

(CUMULATIVE) 

% HQ 

ATTRIBUTABLE TO 

BACKGROUND 

Aluminum 

Goethite 2.8E-03 

Child: 5.4E-04  

Teen: 1.3E-04 

Adult: 6.8E-04 

Child: 5.4E-02 

Teen: 1.3E-02 

Adult: 6.8E-02 

Child: 1.1E-01 

Teen: 2.7E-02 

Adult: 1.3E-01 

Child: 46% 

Teen: 48% 

Adult: 49% 

Hematite 

2.5E-03 

Child: 4.8E-04  

Teen: 1.2E-04 

Adult: 6.1E-04 

Child: 9.7E-03 

Teen: 2.4E-03 

Adult: 1.2E-02 

Child: 6.1E-02 

Teen: 1.5E-02 

Adult: 7.6E-02 

Child: 84% 

Teen: 84% 

Adult: 84% 

Anatase and 

Rutile  5.4E-04 

Child: 1.1E-04 

Teen: 2.6E-05 

Adult: 1.3E-04 

Child: 1.1E-02 

Teen: 2.6E-03 

Adult: 1.3E-02 

Child: 6.2E-02 

Teen: 1.6E-02 

Adult: 7.7E-02 

Child: 83% 

Teen: 83% 

Adult: 83% 

Boehmite 

2.8E-04 

Child: 5.5E-05 

Teen: 1.4E-05 

Adult: 7.0E-05 

Child: 5.5E-03 

Teen: 1.4E-03 

Adult: 7.0E-03 

Child: 5.7E-02 

Teen: 1.4E-02 

Adult: 7.1E-02 

Child: 90% 

Teen: 90% 

Adult: 90% 

  Zircon 

4.0E-05 

Child: 7.7E-06 

Teen: 1.9E-06 

Adult: 9.8E-06 

Child: 1.5E-03 

Teen: 3.9E-04 

Adult: 2.0E-03 

Child: 5.3E-02 

Teen: 1.3E-02 

Adult: 6.6E-02 

Child: 97% 

Teen: 97% 

Adult: 97%  

Gypsum 

2.0E-05 

Child: 3.9E-06 

Teen: 9.7E-07 

Adult: 4.9E-06 

Child: 3.9E-04 

Teen: 9.7E-05 

Adult: 4.9E-04 

Child: 5.1E-02 

Teen: 1.3E-02  

Adult: 6.4E-02 

Child: 99% 

Teen: 99% 

Adult: 99% 

Sodium 

Sulphate 9.9E-06 

Child: 1.9E-06 

Teen: 4.8E-07 

Adult: 2.4E-06 

Child: 3.9E-04 

Teen: 9.7E-05 

Adult: 4.9E-04 

Child: 5.1E-02 

Teen: 1.3E-02 

Adult: 6.4E-02 

Child: 99% 

Teen: 99% 

Adult: 99% 

Sodium 

Fluoride 2.6E-06 

Child: 5.2E-07 

Teen: 1.3E-07 

Adult: 6.5E-07 

Child: 1.9E-05 

Teen: 4.8E-06 

Adult: 2.4E-05 

Child: 5.1E-02 

Teen: 1.3E-02 

Adult: 6.4E-02 

Child: 99.99% 

Teen: 99.99% 

Adult: 99.99% 

Chromium 

Trioxide 2.6E-05 

Child: 5.2E-06 

Teen: 1.3E-06 

Adult: 6.5E-06 

Child: 4.0E-03 

Teen: 9.9E-04 

Adult: 5.0E-03 

Child: 5.5E-02 

Teen: 1.4E-02 

Adult: 6.9E-02 

Child: 93% 

Teen: 93% 

Adult: 93% 
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BAUXITE 

RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

ADJUSTED 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

HQ  

(OPERATIONAL) 

HQ 

(CUMULATIVE) 

% HQ 

ATTRIBUTABLE TO 

BACKGROUND 

Vanadium 

Pentoxide 

 

2.6E-05 

Child: 5.2E-06 

Teen: 1.3E-06 

Adult: 6.5E-06 

Child: 1.0E-02 

Teen: 2.6E-03 

Adult: 1.3E-02 

Child: 6.1E-02 

Teen: 1.6E-02 

Adult: 7.7E-02 

Child: 83% 

Teen: 84% 

Adult: 83% 

Manganese 

Oxide 4.6E-06 

Child: 9.0E-07 

Teen: 2.3E-07 

Adult: 1.1E-06 

Child: 1.1E-03 

Teen: 2.7E-04 

Adult: 1.4E-03 

Child: 5.2E-02 

Teen: 1.3E-02 

Adult: 6.5E-02 

Child: 98% 

Teen: 98% 

Adult: 98% 

Zinc Oxide 

6.6E-07 

Child: 1.3E-07 

Teen: 3.2E-08 

Adult: 1.6E-07 

Child: 5.4E-05 

Teen: 1.3E-05 

Adult: 6.8E-05 

Child: 5.1E-02 

Teen: 1.3E-02 

Adult: 6.4E-02 

Child: 99.9% 

Teen: 99.9% 

Adult: 99.9% 

Lead Oxide 

9.2E-07 

Child: 1.8E-07 

Teen: 4.5E-08 

Adult: 2.3E-07 

Child: 1.2E-03  

Teen: 3.0E-04 

Adult: 1.5E-03 

Child: 5.2E-02 

Teen: 1.3E-02 

Adult: 6.6E-02 

Child: 98% 

Teen: 98% 

Adult: 98% 

Yttrium 

Trioxide 1.3E-06 

Child: 2.4E-07 

Teen: 6.1E-08 

Adult: 3.1E-07 

Child: 2.4E-04  

Teen: 6.1E-05 

Adult: 3.1E-04 

Child: 5.1E-02 

Teen: 1.3E-02 

Adult: 6.4E-02 

Child: 99.5% 

Teen: 99.5% 

Adult: 99.5% 

Copper Oxide 

5.3E-07 

Child: 1.0E-07 

Teen: 2.6E-08 

Adult: 1.3E-07 

Child: 1.0E-04 

Teen: 2.6E-05 

Adult: 1.3E-04 

Child: 5.1E-02 

Teen: 1.3E-02  

Adult: 6.4E-02 

Child: 99.8% 

Teen: 99.8% 

Adult: 99.8% 

Strontium 

Oxide 1.3E-06 

Child: 2.4E-07 

Teen: 6.1E-08 

Adult: 3.1E-07 

Child: 4.9E-05 

Teen: 1.2E-05 

Adult: 6.2E-05 

Child: 5.1E-02  

Teen: 1.3E-02 

Adult: 6.4E-02 

Child: 99.9% 

Teen: 99.9% 

Adult: 99.9% 

Cerium Oxide 

2.6E-06 

Child: 5.2E-07 

Teen: 1.3E-07 

Adult: 6.5E-07 

Child: 1.0E-04 

Teen: 2.6E-05 

Adult: 1.3E-04 

Child: 5.1E-02 

Teen: 1.3E-02  

Adult: 6.4E-02 

Child: 99.8% 

Teen: 99.8% 

Adult: 99.8%  

Calcium 

Cancirnite 1.6E-03 

Child: 3.1E-04 

Teen: 7.8E-05 

Adult: 3.9E-04 

Child: 6.2E-02 

Teen: 1.6E-02 

Adult: 7.9E-02 

Child: 1.1E-01 

Teen: 2.9E-02 

Adult: 1.4E-01 

Child: 45% 

Teen: 45% 

Adult: 45% 

Gallium 

Trioxide 1.1E-06 

Child: 2.2E-07 

Teen: 5.5E-08 

Adult: 2.8E-07 

Child: 4.4E-05  

Teen: 1.1E-05 

Adult: 5.5E-05 

Child: 5.1E-02 

Teen: 1.3E-02 

Adult: 6.4E-02 

Child: 99.9% 

Teen: 99.9% 

Adult: 99.9%  

Hydrogarnet 

3.9E-04 

Child: 7.6E-05 

Teen: 1.9E-05 

Adult: 9.6E-05 

Child: 1.5E-02 

Teen: 3.8E-03 

Adult: 1.9E-02 

Child: 6.6E-02 

Teen: 1.7E-02 

Adult: 8.3E-02 

Child: 77% 

Teen: 77% 

Adult: 77% 

Perovskite 

5.4E-04 

Child: 1.1E-04 

Teen: 2.6E-05 

Adult: 1.3E-04 

Child: 2.1E-02 

Teen: 5.3E-03 

Adult: 2.7E-02 

Child: 7.2E-02 

Teen: 1.8E-02 

Adult: 9.1E-02 

Child: 71% 

Teen: 71% 

Adult: 71% 
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BAUXITE 

RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

ADJUSTED 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

HQ  

(OPERATIONAL) 

HQ 

(CUMULATIVE) 

% HQ 

ATTRIBUTABLE TO 

BACKGROUND 

Niobium 

Pentoxide 1.9E-06 

Child: 3.6E-07 

Teen: 9.0E-08 

Adult: 4.6E-07 

Child: 7.2E-05 

Teen: 1.8E-05 

Adult: 9.1E-05 

Child: 5.1E-02 

Teen: 1.3E-02 

Adult: 6.4E-02 

Child: 99.9% 

Teen: 99.9% 

Adult: 99.9% 

Thorium Oxide 

1.3E-06 

Child: 2.6E-07 

Teen: 6.4E-08 

Adult: 3.3E-07 

Child: 5.2E-05  

Teen: 1.3E-05 

Adult: 6.5E-05 

Child: 5.1E-02 

Teen: 1.3E-02 

Adult: 6.4E-02 

Child: 99.9% 

Teen: 99.9% 

Adult: 99.9% 

Salt Cake 

COPCs 

Sodium 

Oxalate 2.1E-03 

Child: 4.1E-04 

Teen: 1.0E-04 

Adult: 5.2E-04 

Child: 4.1E-02 

Teen: 1.0E-02 

Adult: 5.2E-02 

Child: 9.1E-02 

Teen: 2.0E-02 

Adult: 1.1E-01 

Child:55% 

Teen: 50% 

Adult: 55% 

Aluminum 

Oxide 1.3E-03 

Child: 2.6E-04 

Teen: 6.4E-05 

Adult: 3.3E-04 

Child: 2.6E-02 

Teen: 6.4E-03 

Adult: 3.3E-02 

Child: 7.7E-02  

Teen: 1.9E-02 

Adult: 9.7E-02 

Child: 66% 

Teen: 67% 

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

Cake COPCs in PM2.5 (24-hr) for Nearby Residential Receptors 

BAUXITE RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

ADJUSTED 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

HQ  

(OPERATIONAL) 

HQ 

(CUMULATIVE) 

% HQ 

ATTRIBUTABLE 

TO BACKGROUND 

Aluminum Goethite 
2.8E-03 

All resident life 

stages: 2.5E-03 

All resident life 

stages: 2.5E-01 

All resident life 

stages: 4.9E-01 

All resident life 

stages: 49% 

Hematite 
2.5E-03 

All resident life 

stages: 2.3E-03 

All resident life 

stages: 4.6E-02 

All resident life 

stages: 2.9E-01 

All resident life 

stages: 84% 

Anatase and Rutile  
5.4E-04 

All resident life 

stages: 5.0E-04 

All resident life 

stages: 5.0E-02 

All resident life 

stages: 2.9E-01 

All resident life 

stages: 83% 

Boehmite 
2.8E-04 

All resident life 

stages: 2.6E-04 

All resident life 

stages: 2.6E-02 

All resident life 

stages: 2.7E-01 

All resident life 

stages: 90% 



 

 

 

 

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

WSP 
November 2021  

Page 75 

BAUXITE RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

ADJUSTED 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

HQ  

(OPERATIONAL) 

HQ 

(CUMULATIVE) 

% HQ 

ATTRIBUTABLE 

TO BACKGROUND 

Zircon 
4.0E-05 

All resident life 

stages: 3.6E-05 

All resident life 

stages: 7.3E-03 

All resident life 

stages: 2.5E-01 

All resident life 

stages: 97% 

Gypsum 
2.0E-05 

All resident life 

stages: 1.8E-05 

All resident life 

stages: 1.8E-03 

All resident life 

stages: 2.4E-01 

All resident life 

stages: 99% 

Sodium Sulphate 
9.9E-06 

All resident life 

stages: 9.1E-06 

All resident life 

stages: 1.8E-03 

All resident life 

stages: 2.4E-01 

All resident life 

stages: 99% 

Sodium Fluoride 
2.6E-06 

All resident life 

stages: 2.4E-06 

All resident life 

stages: 9.0E-05 

All resident life 

stages: 2.4E-01 

All resident life 

stages: 99.99% 

Chromium Trioxide 
2.6E-05 

All resident life 

stages: 2.4E-05 

All resident life 

stages: 1.9E-02 

All resident life 

stages: 2.6E-01 

All resident life 

stages: 93% 

Vanadium 

Pentoxide 
2.6E-05 

All resident life 

stages: 2.4E-05 

All resident life 

stages: 4.9E-02 

All resident life 

stages: 2.9E-01 

All resident life 

stages: 83% 

Manganese Oxide 
4.6E-06 

All resident life 

stages: 4.3E-06 

All resident life 

stages: 5.1E-03 

All resident life 

stages: 2.5E-01 

All resident life 

stages: 98% 

Zinc Oxide 
6.6E-07 

All resident life 

stages: 6.1E-07 

All resident life 

stages: 2.5E-04 

All resident life 

stages: 2.4E-01 

All resident life 

stages: 99.9% 

Lead Oxide 
9.2E-07 

All resident life 

stages: 8.5E-07 

All resident life 

stages: 5.7E-03 

All resident life 

stages: 2.5E-01 

All resident life 

stages: 98% 

Yttrium Trioxide 
1.3E-06 

All resident life 

stages: 1.2E-06 

All resident life 

stages: 1.2E-03 

All resident life 

stages: 2.4E-01 

All resident life 

stages: 99.5% 

Copper Oxide 
5.3E-07 

All resident life 

stages: 4.9E-07 

All resident life 

stages: 4.9E-04 

All resident life 

stages: 2.4E-01 

All resident life 

stages: 99.8% 

Strontium Oxide 
1.3E-06 

All resident life 

stages: 1.2E-06 

All resident life 

stages: 2.3E-04 

All resident life 

stages: 2.4E-01  

All resident life 

stages: 99.9% 

Cerium Oxide 
2.6E-06 

All resident life 

stages: 2.4E-06 

All resident life 

stages: 4.9E-04 

All resident life 

stages: 2.4E-01 

All resident life 

stages: 99.8% 

Calcium Cancrinite 
1.6E-03 

All resident life 

stages: 1.5E-03 

All resident life 

stages: 2.9E-01 

All resident life 

stages: 5.3E-01 

All resident life 

stages: 45% 

Gallium Trioxide 
1.1E-06 

All resident life 

stages: 1.0E-06 

All resident life 

stages: 2.1E-04 

All resident life 

stages: 2.4E-01 

All resident life 

stages: 99.9% 

Hydrogarnet 
3.9E-04 

All resident life 

stages: 3.6E-04 

All resident life 

stages: 7.2E-02 

All resident life 

stages: 3.1E-01 

All resident life 

stages: 77% 

Perovskite 
5.4E-04 

All resident life 

stages: 5.0E-04 

All resident life 

stages: 9.9E-02 

All resident life 

stages: 3.4E-01 

All resident life 

stages: 71% 

Niobium Pentoxide 
1.9E-06 

All resident life 

stages: 1.7E-06 

All resident life 

stages: 3.4E-04 

All resident life 

stages: 2.4E-01 

All resident life 

stages: 99.9% 
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BAUXITE RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

ADJUSTED 

OPERATIONAL 

CONTRIBUTION 

(mg/m3) 

HQ  

(OPERATIONAL) 

HQ 

(CUMULATIVE) 

% HQ 

ATTRIBUTABLE 

TO BACKGROUND 

Thorium Oxide 
1.3E-06 

All resident life 

stages: 1.2E-06 

All resident life 

stages: 2.4E-04 

All resident life 

stages: 2.4E-01 

All resident life 

stages: 99.9% 

Salt Cake COPCs 

Sodium Oxalate 
2.1E-03 

All resident life 

stages: 1.9E-03 

All resident life 

stages: 1.9E-01 

All resident life 

stages: 3.9E-01 

All resident life 

stages: 51% 

Aluminum Oxide 
1.3E-03 

All resident life 

stages: 1.2E-03 

All resident life 

stages: 1.2E-01 

All resident life 

stages: 3.6E-01 

All resident life 

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 PM10 for students 

and teachers at the primary school as well as nearby residents.  

For potential inhalation exposures of chromium trioxide, arsenic trioxide and PM10 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 PM10 

(Annual) for School Receptors 

 

Table 7.8 Predicted Health Risks Associated with Potential Exposures to Carcinogenic COPCs in PM10 

(Annual) for Nearby Residential Receptors 

 

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 PM2.5 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.  

BAUXITE RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION (mg/m3) 

ADJUSTED OPERATIONAL 

CONTRIBUTION (mg/m3) 

INCREASED LIFETIME CANCER 

RISK 

(OPERATIONAL) 

Chromium Trioxide 2.8E-06 Child: 4.9E-08 

Teen: 1.4E-08 

Adult: 5.1E-07 

Child: 1.1E-02 

Teen: 3.3E-03 

Adult: 1.2E-01 

Arsenic Trioxide 1.4E-07 Child: 2.5E-09 

Teen: 7.0E-10 

Adult: 2.6E-08 

Child: 3.7E-05 

Teen: 1.1E-05 

Adult: 3.8E-04 

BAUXITE RESIDUE COPCS 

OPERATIONAL 

CONTRIBUTION (mg/m3) 

ADJUSTED OPERATIONAL 

CONTRIBUTION (mg/m3) 

INCREASED LIFETIME 

CANCER RISK 

(OPERATIONAL) 

Chromium Trioxide 2.8E-06 Infant: 1.7E-08 

Toddler: 1.5E-07 

Child: 2.3E-07 

Teen: 2.6E-07 

Adult: 1.9E-06 

Infant: 3.8E-03 

Toddler: 3.5E-02 

Child: 5.4E-02 

Teen: 6.2E-02 

Adult: 4.5E-01 

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

Toddler: 7.4E-09 

Child: 1.2E-08 

Teen: 1.3E-08 

Adult: 9.6E-08 

Infant: 1.2E-05 

Toddler: 1.1E-04 

Child: 1.7E-04 

Teen: 2.0E-04 

Adult: 1.4E-03 
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Table 7.9 Predicted Health Risks Associated with Potential Exposure to Carcinogenic COPCs in PM2.5 

(Annual) for School Receptors 

 

Table 7.10 Predicted Health Risks Associated with Potential Exposure to Carcinogenic COPCs in PM2.5 

(Annual) for Nearby Residential Receptors 

 
 

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: 

• 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 

BAUXITE RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION (MG/M3) 

ADJUSTED OPERATIONAL 

CONTRIBUTION (MG/M3) 

INCREASED LIFETIME 

CANCER RISK 

(OPERATIONAL) 

Chromium 

Trioxide 

9.0E-07 Child: 1.6E-08 

Teen: 4.5E-09 

Adult: 1.7E-07 

Child: 3.7E-03 

Teen: 1.1E-03 

Adult: 3.8E-02 

Arsenic Trioxide 4.5E-08 Child: 7.9E-10 

Teen: 2.3E-10 

Adult: 8.3E-09 

Child: 1.2E-05 

Teen: 3.4E-06 

Adult: 1.2E-04 

BAUXITE RESIDUE 

COPCS 

OPERATIONAL 

CONTRIBUTION (mg/m3) 

ADJUSTED OPERATIONAL 

CONTRIBUTION (mg/m3) 

INCREASED LIFETIME 

CANCER RISK 

(OPERATIONAL) 

Chromium 

Trioxide 

9.0E-07 Infant: 5.3E-09 

Toddler: 4.8E-08 

Child: 7.4E-08 

Teen: 8.5E-08 

Adult: 6.2E-07 

Infant: 1.2E-03 

Toddler: 1.1E-02 

Child: 1.7E-02 

Teen: 2.0E-02 

Adult: 1.4E-01 

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

Toddler: 2.4E-09 

Child: 3.7E-09 

Teen: 4.3E-09 

Adult: 3.1E-08 

Infant: 4.0E-06 

Toddler: 3.6E-05 

Child: 5.6E-05 

Teen: 6.3E-05 

Adult: 4.6E-04 
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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.  

• 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.  

• 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.  

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

o In examining the data collected from measured regional background concentrations as well as 

predicted (Project-only) air concentrations for PM10 and PM2.5, 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 

PM10 and PM2.5 (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).   
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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 

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). 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: 

• There are no health concerns associated with exposures to Project-related COPCs for students and teachers 

at the nearby primary school.  

• Predicted health risks for students and teachers at the nearby primary school are associated with exposures 

to background ambient concentrations of PM10 and PM2.5; constituting over 45% to as high as 99% of the 

predicted health risks.  

• 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: 

• Potential inhalation exposures of chromium trioxide, arsenic trioxide and PM10 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: 

• The risk analysis applied worst-case Project emissions of PM10 and PM2.5 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 90th 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.  

• 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 
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is, the predicted concentration for each COPC is based on the percentage of each COPC modelled PM10 

(annual and 24-hr) and PM2.5 (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 that moisture content is approximately 50%. 

• 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.  

• Based on the findings of this HHA based on the use of maximum predicted exposure concentrations of 

PM10 and PM2.5, 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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1. Executive Summary 
Rusal Aughinish Alumina Limited (RAAL) is the largest Alumina refinery in Europe with an 
annual production capacity of 1.95mt/yr of alumina via the Bayer process. The major waste 
stream of the Bayer process is bauxite residue.  Bauxite residue undergoes numerous stages of 
washing and filtration prior to discharge to the Bauxite Residue Disposal Area (BRDA).  At 
RAAL a process of enhanced atmospheric carbonation termed “bauxite residue farming” has 
been developed to minimise the pH of deposited bauxite residue to the BRDA. Bauxite Residue 
farming reduces the residue pH below 11.5.  
 
Farmed bauxite residue is the terminology applied by RAAL to describe bauxite residue which 
has undergone a process of partial neutralisation.  Within the Alumina Industry bauxite residue 
may also be termed red mud. 
 
This report summarises an assessment of RAAL farmed bauxite residue based on 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 
III 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’. 

5. Extractive Waste Directive (2006/21/EC).  
 
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 (HP). Therefore, 
farmed bauxite residue is non-hazardous.  
 
The non-hazardous waste code ‘01 03 09 red mud from alumina production other than the 
wastes mentioned in 01 03 10’, is assigned to RAAL farmed bauxite residue under 
2014/955/EU Updated List of wastes. 
. 
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2. Site Description  
The RAAL refinery is located on Aughinish Island, on the southern shore of the Shannon 
Estuary 33 kilometres west of Limerick city between the towns of Askeaton and Foynes.  The 
plant commenced operation in 1983 and today has a production capability of 1.95mt/yr 
alumina.  It sources bauxite from Guinea, Brazil and Guyana. 

 

3. Storage Area Design 
The bauxite residue is deposited in an engineered facility called the Bauxite Residue Disposal 
Area that has been designed to ensure the long-term stability of the residue. The BRDA is 
formed by construction of perimeter embankments: an inner and outer embankment with a 
perimeter intercept channel in between. The bauxite residue is retained by a perimeter stack 
wall constructed of rockfill, which is raised consecutively in 2 metre vertical stages (upstream 
embankment raising).  There is also a flood tidal defence berm between the BRDA and the 
Shannon Estuary foreshore that protects the BRDA from wave and tidal erosion.  

 

The bedrock of the island area is Carboniferous Limestone.  There are outcrops of this 
limestone on the northern and eastern area of the Aughinish Island. A discontinuous layer of 
glacial till is also present. The estuarine sediments are on average 8 metres thick particularly 
adjacent to the estuary where the BRDA is located. 
 

The BRDA is constructed with engineered composite liners on the underlying strata. All 
perimeter intercept channels are also lined with this engineered composite liner. 
 

The BRDA has been designed and is operated to ensure that all water run-off from the facility 
is collected and treated before discharge, and that any subsurface seepage from beneath the 
facility is prevented. The water management system provides for collection and treatment of 
surface water runoff and leachate from the BRDA.  
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4. Bauxite Residue Disposal Area Operation 
The deposition method employed at RAAL is dry stacking of washed, filtered residue which is 
pumped by positive displacement pumps to the BRDA at 58% solids, where the bauxite residue 
is layered at a slope of approximately 2.5%, then subsequently farmed to increase the percent 
solids to 74%.  The combined BRDA area is effectively a large mono-cell and is divided into 
46 operational areas or cells to facilitate short deposition times and thin layer deposition. 

 

Partial neutralisation of the bauxite residue by atmospheric carbonation through farming 
produces a residue with pH below 11.5 which is suitable for remediation and revegetation [1]. 
This post deposition atmospheric carbonation via farming process is outlined below. 
 

4.1 Amphirolling 

Bauxite residue at RAAL undergoes 3 stages of counter current washing in large settling 
vessels. The residue is then filtered on 8 large drum filters where it undergoes a final stage of 
washing with hot clean condensate.  After vacuum filtration the residue is diluted with water, 
sheared and thinned in an agitated tank and then pumped as a 58% solids paste to the BRDA. 
In this state the deposited bauxite residue cannot yet be traversed by conventional machinery 
and first must be dewatered and compacted.  An amphibious vehicle called an amphirol is 
employed to carry out this de-watering and compaction. 

 

The amphirol travels using scrolls which act as semi-flotation devices to allow the vehicle to 
move through the residue.  As the amphirol travels it compresses the residue and creates tracks 
or furrows.  These furrows allow the water which has been “squeezed” from the residue to 
drain along the sloping stack towards the perimeter wall of the cell and into the perimeter 
channel.  Amphirolling for compaction can require up to 20 travel times. 
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Figure 1: Bauxite residue farming and atmospheric carbonation process at RAAL 

 

4.2 Grading 

Once the residue has compacted to >70% solids by multiple passes of the amphirol, the residue 
surface is then graded by a bulldozer to level the surface and generate a constant gradient from 
the discharge (high point) to the perimeter wall (low point). This makes the residue suitable for 
conventional agricultural machinery to travel and operate on its surface. In this condition the 
dewatered residue is also capable of being broken into small lumps to allow for exposure to 
CO2 in the air.  The grading also establishes the base for the subsequent residue layer to be 
deposited.  

4.3 Ripping 

Once the residue surface has been re-graded the compacted residue layer must be “ripped” to 
open the ‘compacted residue’ and allow it to be easily worked by the other machinery used in 
the carbonation process. A tractor subsoiler attachment is used to rip and break the compacted 
residue layer into large lumps. The subsoiler has a working depth of 40-45cm. 

4.4 Ploughing and Harrowing 

The ‘ripped’ residue lumps must then be broken into smaller lumps and aerated a number of 
times to carbonate and neutralise any residual caustic. This is achieved by an efficient 
harrowing unit called a ‘spader’. Once the subsoiler has loosened the bauxite residue layer, a 
tractor-driven ‘spader’ digs into and harrows the broken up residue lumps. Approximately 10-
16 passes of the spader at up to 2 passes per day bring about sufficient exposure and carbonation 
to reduce bauxite residue pH below 11.5. The harrowing process using a spader can normally 
be conducted in a period of 1-2 weeks.  
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4.5 Final Compaction 

While a bauxite residue layer is being harrowed a lot of voidage is created within the active 
layer. This is the mechanism by which the residue is exposed to atmospheric CO2.     

 

Once carbonation is completed as evidenced by pH measurements of samples from the cell, 
the area is then re-graded using a bulldozer to remove any depressions. Finally the cell is re-
compacted using a vibrating plate compactor or a vibratory roller to maximise in-situ 
compaction and prepare the cell for the subsequent layer of residue. Through amphirolling, 
harrowing and final re-compaction the initial 40 cm deep layer of residue is compacted into a 
30 cm deep well-compacted and partially neutralised bauxite residue layer. The cell is then 
ready for the subsequent layer of residue. 
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5. EU Extractive Waste Classification Legislation 
There is a legislative framework within the European Union (EU) that specifies precise criteria 
for classification of waste as hazardous or non-hazardous. Bauxite residue disposal and its 
classification are directly subject to the following legislation; 

 

 EU Waste Framework Directive (2008/98/EC), 
 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)  

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

 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’. 

 Extractive Waste Directive (2006/21/EC).  
 
Design, operation and the ultimate closure of the RAAL BRDA for farmed bauxite residue 
storage is licensed under the Extractive Waste Directive 2006/21/EC. The BRDA is classified 
as a Category A facility under the Extractive Waste Directive due to its scale and location 
adjacent to a Special Area of Conservation. This classification ensures that the design and 
operation provides the highest level of environmental protection possible. RAAL is required 
by its Industrial Emissions License (IEL P0035-06) to minimise the pH of deposited residue. 
To achieve this, a process of enhanced atmospheric carbonation termed ‘Bauxite Residue 
Farming’ has been developed. 
 
In terms of waste classification the Extractive Waste Directive refers to the Hazardous Waste 
classification methodology and thus farmed bauxite residue hazard classification is addressed 
by Hazardous Waste legislation. Annex II of this Extractive Waste Directive states 
that…”classification of the waste shall be according to the relevant entry in Directive 
2000/532/EC with particular regard to its hazardous characteristics”. 
 
Although the Chemicals, Labelling and Packaging (CLP) legislation is not directly applicable 
to waste (ECHA Guidance on the Application of the CLP Criteria, 2015) [2] there are moves 
to harmonise the Waste and CLP legislation. The CLP legislation also details the specific 
concentration limits for hazardous compounds and describes the tests required for direct 
Hazardous Property (HP) testing of the waste to directly determine if a waste exhibits a 
particular HP. 
 
The methodology to classify a waste is as follows. 



  
 

  
  

 
 

Classification of Farmed Bauxite Residue as Non Hazardous at RAAL Page 9 of 16 

 Is the 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. 
 

 Is the 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. 

 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. 
 

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

 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. 
 

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

 Determine if the summation of the % compositions contributing to any specific HP 
causes the waste to exceed the thresh-hold 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. 
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6. Farmed Bauxite Residue Classification 

6.1 Farmed Bauxite Residue Analysis 

Full compositional analysis is carried out quarterly on farmed bauxite residue at RAAL 
employing such techniques as X-Ray Fluorescence, Thermo Gravimetric Analysis, Differential 
Scanning Calorimetry, Ion Chromatography, Atomic Absorption Spectroscopy and Inductively 
Coupled Plasma. 

 

The principal sources of information for Hazard statement codes were: 
 Safety Data Sheets from Sigma Aldrich 
 Safety Data sheets from other large companies in the absence of a Sigma Aldrich SDS. 
 Review of ECHA 
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Full Chemical Analysis 
Compound Formula w/w% Hazard Statement Code CAS No. 

Moisture Free H2O 21.9 *   

Aluminum Goethite (Fe,Al)2O3.H2O 20.9 * 1310-14-1 

Hematite Fe2O3 18.75 * 1317-60-8 

Calcium Cancrinite 3(Na2O.Al2O3.2SiO2)2CaCO3 12.15 * 12172-98-4 

Bayer Sodalite 3(Na2O.Al2O3.2SiO2.2H2O)0.8Na2CO3
.0.2Na2SO4 

5.35 * 1344-00-9 

Gibbsite Al2O3.3H2O 4.85 H319 21645-51-2 

Perovskite CaTiO3 4.1 * 12049-50-2 

Anatase and Rutile TiO2 4.1 H332, H319, H335, H315 1317-70-0/ 
13463-67-7 

Hydrogarnet 3CaO.Al2O3.SiO2.4H2O 2.95 * 68131-78-8 

Boehmite Al2O3.H2O 2.15 * 1318-23-6 

Quartz SiO2 0.7 H372, H373 14808-60-7 

Sodium Carbonate Na2CO3 0.31 H319 497-19-8 

Zircon ZrSiO4 0.3 H332, H319, H335, H315 10101-52-7 

Carbonate Apatite 5.2CaO.0.8Na2O.2.5CO2.P2O5 0.2 H319 471-34-1 

Gypsum CaSO4.2H2O 0.15 * 10101-41-4 

Sodium Sulphate Na2SO4 0.075 * 7757-82-6 

Sodium BiCarbonate NaHCO3 0.045 H315, H319 144-55-8 

Sodium Fluoride NaF 0.02 H300 (cat 2), H315, H319 7681-49-4  

Sodium Aluminate NaAl(OH)4 0.005 H290, H314 11138-49-1  

Sodium Hydroxide NaOH 0 H314 1310-73-2 

Trace Metals - Semi Quantitative XRF 
Chromium Trioxide Cr2O3 0.2 * 1308-38-9 

Vanadium Pentoxide V2O5 0.2 H302, H332,H318, H341, 
H361, H335, H372, H411 

1314-62-1 

Magnesium Oxide MgO 0.12 * 1309-48-4 

Cerium Oxide CeO 0.02 * 1306-38-3 

Potassium Carbonate K2CO3 0.03 H302, H335, H315, H319 584-08-7 

Manganese Oxide MnO 0.035 * 1344-43-0 

Gallium Trioxide Ga2O3 0.0085 * 12024-21-4 

Arsenic Trioxide As2O3 0.01 H300, H314, H350, H400, 
H410  

1327-53-3  

Niobium Pentoxide Nb2O5 0.014 H315, H319, H335 1313-96-8 

Zinc Oxide ZnO 0.005 H410 1314-13-2 

Lead oxide PbO 0.007 H302, H332, H360Df, 
H373, H410  

1317-36-8  

Yttrium Trioxide Y2O3 0.0095 H315, H335 1314-36-9 

Strontium Oxide SrO 0.0095 H314 1314-11-0 

Copper Oxide CuO 0.004 H400, H412 1317-38-0  

Thorium Oxide ThO 0.01 H301, H311, H331, H350, 
H373 

1314-20-1  

Table 1:  Full Chemical Analysis 
*No hazard statement code classified 
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6.2 Waste Classification 
 
In the case of farmed bauxite residue there are two possible waste codes which can be assigned 
under 2014/955/EU Updated List of wastes amending (2000/532/EC). 

 01 03 10* red mud from alumina production containing hazardous substances other 
than the wastes mentioned in 01 03 07 and 

 01 03 09 red mud from alumina production other than the wastes mentioned in 01 03 
10  

Where * denotes hazardous waste. 
 
The classification of the waste is based on the application of the updated Annex to Waste 
Framework Directive (1357/2014) to the compositional analysis of the farmed bauxite residue 
under hazardous properties HP1-15. A waste classification tool has been developed and 
released by environmental protection Agency (EPA) Ireland based on the legislation and is the 
basis for classification of farmed bauxite residue [6].  The commission regulation 1357/2014 
states that the “attribution of the hazardous property HP 14 is made on the basis of the criteria 
laid down in Annex VI to Council Directive 67/548/EEC.”  As such, the hazard property HP14 
is assessed based on this criterion according to the waste classification tool released by EPA, 
Ireland. 
 

Table 2 summarises the hazard statement codes in each of the hazard property category 
compared to the threshold for each category based on the typical farmed bauxite residue 
composition in Table 1 above. The Analysis of the compositional data shows that RAAL 
farmed bauxite residue does not exceed the concentration limits of any of the hazardous 
properties and is classified as non-hazardous.  
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 Hazard Property Hazard Class Hazard Code Threshold Sample Hazardous 
HP1 Explosive H200 Y/N N N 
   H201 Y/N N N 
   H202 Y/N N N 
   H203 Y/N N N 
   H204 Y/N N N 
   H240 Y/N N N 

    H241 Y/N N N 
       
HP2 Oxidising H270 Y/N N N 
   H271 Y/N N N 

    H272 Y/N N N 
       
HP3 Flammable H220 Y/N N N 
   H221 Y/N N N 

   H222 Y/N N N 

   H223 Y/N N N 

   H224 Y/N N N 

   H225 Y/N N N 

   H226 Y/N N N 

   H228 Y/N N N 
   H242 Y/N N N 

   H250 Y/N N N 

   H251 Y/N N N 
   H252 Y/N N N 

   H260 Y/N N N 

    H261 Y/N N N 
       
HP4 Irritant H314 1 0 N 

   H318 10 0 N 

    H315 +H319 20 8.95 N 
       

HP5 
Specific target Organ 
Toxicity H370 1 0 N 

   H371 10 0 N 
   H335 20 4.1 N 
   H372 1 0.7 N 

   H373 10 0.7 N 

    H304 10 0 N 
      
HP6 Acute Toxicity H300 (cat 1) 0.1 0 N 
   H300 (cat 2) 0.25 0 N 
   H301 5 0 N 
   H302 25 0 N 
   H310 0.25 0 N 
   H310 2.5 0 N 

   H311 15 0 N 

   H312 55 0 N 
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Hazard Property Hazard Class Hazard Code Threshold Sample Hazardous 
   H330 0.1 0 N 
   H330 0.5 0 N 

   H331 3.5 0 N 

    H332 22.5 4.4 N 
       
HP7 Carcinogenic H350 0.1 0.02 N 

    H351 1 0 N 
       
HP8 Corrosive H314 5 0 N 

       
HP9 Infectious ** Y/N N N 
       
HP10 Toxic for Reproduction H360 0.3 0.007 N 

    H361 3 0.2 N 
       
HP11 Mutagenic H340 0.1 0 N 

    H341 1 0.2 N 
       

HP12 
Release of Acute Toxic 
gas UEH029 Y/N N N 

   UEH031 Y/N N N 

    UEH032 Y/N N N 
       
HP13 Sensitising H317 10 0 N 

    H334 10 0 N 
       
HP14 Ecotoxic R50 and R51 1 0.08 N 
   R50 and R53 25 0 N 

   R52 25 0 N 

   R53 25 0.2 N 
       
HP15 Waste capable of 

exhibiting a hazardous 
property listed above not 
directly displayed by the 

original waste 

H205 Y/N N N 

  EUH001 Y/N N N 

  EUH019 Y/N N N 
  EUH044 Y/N N N 

 
List of Wastes Entry Hazardous Y/N Description 

01 03 09 N Red mud from alumina production other than the wastes 
mentioned in 01 03 10 01 

Table 2: Classification of RAAL Farmed bauxite residue 
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7. Conclusion 
At RAAL bauxite residue is thoroughly washed and significantly dewatered prior to disposal 
in the licenced ‘state of the art’ BRDA.  A process of enhanced atmospheric carbonation termed 
“bauxite residue farming” has been developed at RAAL to carbonate any residual caustic and 
minimise the pH of the deposited bauxite residue. This bauxite residue farming reduces the pH 
of farmed bauxite residue below 11.5.  Bauxite residue farming also improves the compaction 
and dry density of the residue increasing storage efficiency. 
  
This assessment of RAAL farmed bauxite residue applies the current EU legislation as 
specified by the EU Waste Framework Directive (2008/98/EC), the Hazardous Waste Directive 
(2000/532/EC) and the Extractive Waste Directive (2006/21/EC).  Summation of the Hazard 
statement codes for each compounds present in farmed bauxite residue shows no threshold is 
exceeded for any of the hazard properties (HP) and that farmed bauxite residue is non-
hazardous.  
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NOTICE TO MEMBERS 

Subject: Petition 0010/2006 by Patrick Culhane (presumably Irish), on behalf of 
Cappagh Farmers Support Group, on Aughinish Alumina Plant in Ireland 

1. Summary of petition 

The petitioner is concerned with the pollution from the Aughinish Alumina Plant at Askeaton 
in Co. Limerick Ireland and with the actions of the relevant authorities, especially the 
Environmental Protection Agency (EPA) in allowing and facilitating the company's continued 
breaches of environmental law. The petitioner expressed concern about the results of an 
environmental audit in 2003 where EPA has found that Aughinish Plant produced emissions 
which were seven times higher than the permitted level and was unable to account for 7,000 
tonnes of toxic caustic solution. The petitioner argues that EPA hadn't taken appropriate 
actions in protecting the local population and environment. 

2. Admissibility 

Declared admissible on 4 April 2006. Information requested from the Commission under Rule 
192(4). 

3. Commission interim reply, received on 30 August 2006. 

The petitioner raises concerns about the actions taken by the Irish Environmental Protection 
Agency (EPA) following the licence audit report carried out in August 2003 by the EPA on 
the site of the Aughinish Aluminia Plant which produces alumina from bauxite. 
 
The 2003 audit on the compliance with the permit issued by the competent authorities in May 
1998 highlighted a number of non-compliances as well as some issues where further actions 
were required. This relates in particular to the emission of particulate matters and sulphur 
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dioxids, the management of waste, the losses of caustic solution and the soil contamination. 
The petitioner considers that the EPA has not taken the appropriate enforcement actions to 
protect local population and the environment. 
 
This installation is subject to Directive 96/61/EC concerning integrated pollution prevention 
and control1. According to this Directive, competent authorities are required to determine, for 
each installation, an integrated permit based on best available techniques to ensure a high 
level of protection of the environment taken as a whole. Competent authorities are also 
required to ensure that the conditions of the permit are complied with by the operator when 
operating the installation. 
 
The specific installation addressed by the petitioners was in operation before October 1999 
and is therefore considered as "existing" in the term of the Directive. Member States have a 
transition period until 30 October 2007 to ensure that existing installations are brought into 
full compliance with the Directive. The Commission understands from the information 
available that the current permit of the installation concerned issued under Irish legislation is 
currently subject to a review to bring this installation into compliance with Directive 
96/61/EC. 
 
The Commission will further investigate this issue with the Irish authorities. The Commission 
will also seek information from the Irish authorities on the implementation of other 
Community legislation which may be already applicable to this specific installation. This 
relates in particular to waste, air quality and groundwater legislation. 

4. Further Commission reply, received on 25 January 2007. 

Following the request of the Commission, the Irish authorities have provided the following 
information on the operation and control of the Aughinish Aluminia installation.  
 
The Irish authorities have confirmed that the installation is subject to Directive 96/61/EC 
concerning integrated pollution prevention and control2 (IPPC). This installation is considered 
as an existing installation under the terms of the IPPC Directive. The competent authorities 
have therefore a transition period until 30 October 2007 to ensure that this installation is 
brought into full compliance with the Directive. According to the Irish authorities, the current 
permit of the installation is being reviewed and will be amended, if deemed necessary, in 
order to ensure full compliance by the deadline of 30 October 2007.  
 
As regards the implementation of other Community legislation already applicable to this 
specific installation, the Irish authorities provided information on the application of the waste, 
air quality and groundwater legislation.  
 
The Irish authorities also informed the Commission about the enforcement actions taken and 
the improvement made to the installation following the non-compliance issues highlighted in 
the audit carried out in 2003 by the Irish Environmental Protection Agency (EPA). This 
related in particular to the emission of particulate matters and sulphur dioxides, the 

 
1  OJ L 257, 10.10.1996, p. 26. 
2  OJ L 257, 10.10.1996, p. 26. 
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management of waste, the losses of caustic solution as well as the soil and groundwater 
contamination. 
 
As a conclusion and on the basis of the information submitted by the petitioner and the Irish 
authorities, the Commission has not identified a breach of Community legislation regarding 
the operation of the installation concerned. Should the petitioner provide detailed information 
enabling the Commission to assess these issues in relation to the above-mentioned legislation, 
the Commission will then be able to investigate this matter further. 

5. Further Commission reply (REV. II), received on 18 July 2011. 

At the time of the previous communication, the Commission had not identified any problem 
of compliance from the information submitted. However, since then, it has received additional 
information from the petitioner, including information drawing attention to the fact that, like 
the Hungarian aluminium smelter involved in the red mud disaster, the Aughinish facility 
includes an extensive red mud storage area. 
 
In light of the above, the Commission has submitted a further request for information to the 
Irish authorities. The Commission has requested information from the Irish authorities to 
assess the operating conditions, the management of the waste, the losses of caustic solution as 
well as the soil and groundwater contamination at the installation, as well as possible 
enforcement actions taken. 

6. Commission reply (REV. III), received on 17 February 2012 

At the time of the last communication, the Commission reported that it had requested 
information from the Irish authorities to assess the operating conditions, the management of 
the waste, the losses of caustic solution, as well as the soil and groundwater contamination at 
the Aughinish facility, together with the possible enforcement actions taken. 
 
The Commission received a reply from the Irish authorities on 13 July 2011. The 
Commission's analysis of the Irish response can be summarised as follows: 
 
- Ireland considers that the installation falls under the scope of Directive 2006/21/EC on 
Management of Waste from Extractive Industries. This directive provides for a transitional 
period until 1 May 2012, to bring all permit conditions in compliance with the Directive's 
provisions. After the expiry of this period, the Commission will contact the Irish authorities 
again to check what adaptations have been achieved and how some of the key requirements 
have been met; 
  
- Ireland confirms that the installation uses the dry storage method for the disposal of red mud 
(which is also now the one being used by MAL Zrt. in Hungary following the red mud 
accident on 4 October 2010). The operator is also required to implement a dust control 
regime, as well as dust and ambient air monitoring;  
 
- Between 1 January 2006 and 30 June 2011 (a revised permit applies since the latter date), 
the competent authority has undertaken 36 enforcement visits, including nine site visits and 
audits, five air emission sampling and monitoring visits, and 22 water emission sampling and 
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monitoring visits. The Commission is of the view that the number of inspections is sufficient 
and it seems clear that the competent authority is closely monitoring the operation of the 
installation; 
 
- Ireland confirms that the installation has not been subject to administrative fines over the 
past years; 
  
- Ireland also confirms that there are no appeal procedures before the national courts in 
relation to the permitting of the installation, although there are civil proceedings before the 
High Court linked to the installation. 
 
Based on the information provided by the Irish authorities, the Commission cannot identify 
any breach of Directive 2006/21/EC on the Management of Waste from Extractive Industries, 
nor of the IPPC Directive.  In the light of the foregoing, the Commission proposed closing the 
complaint file at the end of October 2011. In response to a pre-closure letter, the complainant 
asked the Commission to clarify before it closes the enquiry, whether it is of the view that the 
waste in question is hazardous or not. The Commission is currently analysing this question. 
 

7. Commission reply (REV. IV), received on 24 October 2012 

The observations of the Commission 
 
In its last communication, the Commission reported that, following an exchange with the Irish 
authorities, it could not identify any breach of either Directive 2006/21/EC on the 
Management of Waste from Extractive Industries, or of the IPPC Directive.   
 
In response to the Commission's pre-closure letter, the complainant objected to closure and 
asked the Commission to clarify a number of points arising from Ireland's reply to the EU 
enquiry.  Specifically, the complainant asked about the hazardous nature of the red mud 
waste.  Secondly, he requested clarification as to whether the caustic content of the waste has 
indeed been removed, and the third question concerned the applicability of Directive 2006/21 
on mining waste. 
 
The Commission has now completed further analysis of these issues and has addressed 
additional questions to the Irish authorities. The Commission looked in particular at the 
information provided in the company's annual report, which was not part of the original 
information submitted, and concluded that the contents of the red mud waste pond at the 
Aughinish Alumina plant in Askeaton, County Limerick appear to be hazardous. 
(http://www.epa.ie/licences/lic_eDMS/090151b2802a9459.pdf). 
 
 
Under Point 27 of Annex IB to Council Directive 91/689/EC on hazardous waste, "Wastes 
which contain any of the constituents listed in Annex II and having any of the properties listed 
in Annex III and consisting of (…) liquids or sludges containing metals or metal compounds" 
shall be identified as hazardous waste. Point H8 of Annex III to the same directive mentions 
corrosiveness as a characteristic which renders waste hazardous and note 1 thereto indicates 
that "attribution of the hazardous properties 'toxic' (and 'very toxic'), 'harmful, 'corrosive' and 



 

CM\1035613EN.doc 5/8 PE378.482v06-00 

 EN 

'irritant' is made on the basis of the criteria laid down by Annex VI, part I A and part II B of 
Council Directive 67/548/EEC on the approximation of laws, regulations and administrative 
provisions relating to the classification, labelling and packaging of dangerous substances in 
the version as amended by Council Directive 79/831/EEC." 
 
Commission Directive 2001/159/EC adapting to technical progress for the 28th time Council 
Directive 67/548/EEC states that "a substance or preparation should also be considered 
corrosive if the result can be predicted, for example from strongly acid or alkaline reactions 
indicated by a pH of 2 or less or 11.5 or greater".  Monitoring data included in Attachment 3 
to the company's Annual Environmental Report (2008), show that pH values above 11.5 for 
the red mud were measured throughout 2008. Therefore, it appears that the red mud should 
have been classified as hazardous.  
 
In this light, the Commission asked the Irish authorities to confirm that its conclusion that the 
waste is classified as hazardous is correct.  It also asked for confirmation that the installation 
uses the so-called "dry storage" method for the disposal of the red mud, meaning that the 
caustic sodium hydroxide content is removed and it is only the solid fraction of the waste that 
is being landfilled. 
 
On the basis of the above conclusion that the waste is hazardous, this means that Ireland has 
additional obligations under Directive 2006/21 on mining waste.  This facility (storage of red 
mud) should be considered as a 'Category A' facility. This means that Ireland should have 
emergency plans in place in accordance with Article 6 of the directive, and these plans should 
be both internal and external.  
 
Conclusion 
 
In light of the above, the Commission has asked Ireland to inform it whether the site has been 
classified as a 'Category A' facility, and whether the appropriate internal and external plans 
have been drawn up and whether they are available. 

8. Commission reply (REV. V), received on 29 September 2014 

In its last communication, the Commission reported that it was seeking information from the 
Irish authorities on the nature of the red mud waste and the installations compliance with 
Directive 2006/21/EC1 on the management of waste from extractive industries. The 
Commission services have now completed the assessment of these issues. 

With regard to the compliance with Directive 2006/21/EC, the Irish authorities have 
confirmed that the Aughinish Alumina plant is currently regulated as an extractive waste 
facility in accordance with the Directive 2006/21/EC, and is regarded by the Irish 
Environmental Protection Agency (EPA) as a "Category A" facility and therefore subject to 
all relevant requirements of the Directive.  

With regard to the requirements to put in place emergency plans, the Irish authorities have 
confirmed that the installation complies with Articles 5 and 6 of the Directive. In April 2013, 

 
1 OJ L 102 11.4.2006, p.15. 
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the licensee prepared and the EPA approved the Extractive Waste Management Plan for 
Aughinish Aluminia Ltd. The Internal and External Emergency Plans were also put in place in 
accordance with the Directive in 2013. The External Emergency Plan, following two rounds 
of public consultation, was prepared and adopted by Limerick County Council on 24 
September 2013 and is publicly available at the County Council.  

In his correspondence to the Commission services the petitioner has asked the Commission to 
investigate whether the installation complies with various conditions set out in the applicable 
licence in relation to the protection of soil, water, air, flora and fauna and human health. 
However, the petitioner has not substantiated any of his claims as to why the specific licence 
terms and conditions would not ensure compliance with Directive 2006/21/EC, in particular 
Articles 4 and 13, or that the licence conditions are not being complied with or enforced. 
Furthermore, the Irish authorities have informed the Commission services that the EPA is 
satisfied that the installation is compliant with its current IPPC licence. In the absence of 
evidence to the contrary, the Commission services are not in a position to challenge that 
assessment. 

With regard to the method of disposal of red mud, the Irish authorities have confirmed that the 
Aughinish Alumina installation uses the dry storage method which involves the removal of 
liquid and sodium hydroxide from the initial red mud liquor produced. Some residual sodium 
hydroxide and moisture does remain in the final red mud that is sent for disposal on-site and 
these require on-going management by the licensee to ensure protection of the environment, 
including initial containment, dust control and neutralisation of leachate. 

With regard to the waste characterisation at the Aughinish Aluminia site, following the initial 
assessment of the installation's annual reports provided to the Commission by the petitioner, 
the Commission services sought further clarifications from the Irish authorities. In their 
replies, the Irish authorities provided copies of laboratory analysis commissioned by the 
licensee and approved by the EPA for the purpose of determining the waste properties of red 
mud. The Commission assessed them and considers that the red mud deposited on-site is 
correctly characterised as non-hazardous according to the applicable EU legislation.  

According to Article 2 of Decision 2000/532/EC1 establishing a list of wastes, waste is 
classified as hazardous if it contains: 

- one or more corrosive substances classified as R35 at a total concentration ≥ 1 %, 

- one or more corrosive substances classified as R34 at a total concentration ≥ 5 %, 

- one or more irritant substances classified as R41 at a total concentration ≥ 10 %, 

- one or more irritant substances classified as R36, R37, R38 at a total concentration ≥ 
20 %. 

The information provided by the Irish authorities indicates that the red mud at this facility 
does not display the hazardous properties "corrosive" or "irritant".  

With regard to the corrosive property, according to the EPA approved Extractive Waste 
Management Plan for Aughinish Aluminia Ltd, the total concentration of substances 

 
1 OJ L 226 6.9.2000, p.3. 
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classified as R35 ("causes severe burns") is 0.3%, which is below the relevant hazardous 
threshold of 1% as provided in the Decision 2000/532/EC. However, elevated pH values of 
above 11.5 are being observed for the red mud/leachate which is a potential trigger for a 
substance to be corrosive. This has also been brought to the attention of the Commission 
services by references to the licensee's Annual Environmental Reports1. The EPA has 
informed the Commission services about the results of in vitro skin corrosivity tests on red 
mud and its leachate commissioned by the licensee. These tests concluded that despite its 
elevated pH these wastes are not corrosive. Following the Irish authorities' agreement, copies 
of these test results were provided to the petitioner. The Commission services have also 
assessed the Extractive Waste Characterisation Report, which forms Appendix 2 of the 
Extractive Waste Management Plan, as approved by the EPA, and it shows that there are no 
substances contained within the red mud waste classified as R34 ("causes burns"). A copy of 
the Extractive Waste Management Plan was provided to the petitioner.  

With regard to the irritant property, according to the EPA approved Extractive Waste 
Management Plan and Extractive waste Characterisation Report, the analysis of all the 
components of waste shows that the sum of the concentrations of the substances classified as 
R36 ("irritating to eyes"), R37 ("irritating to respiratory system") and R38 ("irritating to skin") 
is 7.1%, which is below the threshold of total concentration ≥ 20% established in Decision 
2000/532/EC. Therefore, the waste is not to be classified as irritant. The EPA does not require 
to carry out specific tests if the percentage of substances within the waste with irritant risk 
phrases is below the relevant threshold of 20%. The EU legislation also does not require in 
this case the licensee to undergo further irritant property testing. 

These assessments are based on reports carried out by the licensee and accepted by the EPA. 
The EPA is the competent authority to verify that the activity of the licensee complies with 
the national and EU law and the terms and conditions of the applicable license, including 
through the verification and approval of any reports from the licensee. The applicable licence 
sets specific terms and conditions in relation to control and monitoring. These provisions 
require the licensee to ensure that sampling, analyses, measurements, examinations, 
maintenance and calibrations are carried out by competent staff in accordance with 
documented operating procedures and the relevant safeguards on quality control. Where 
analysis is sub-contracted it shall be to a competent laboratory of the choice of the licensee. 
EU environmental law does not address the issue of whether the tests have to be carried out 
by the waste owner or the competent authority. 

With regard to the method of testing, the test methods to be applied are those indicated in 
Directive 67/548/EC2 on the approximation of laws, regulations and administrative provisions 
relating to the classification, packaging and labelling of dangerous substances and in Directive 
1999/45/EC3 concerning the approximation of the laws, regulations and administrative 
provisions of the Member States relating to the classification, packaging and labelling of 
dangerous preparations. It is to be noted that the assessment of the hazardous properties of 
waste can be done based on the constituents of the waste (i. e. the composition of waste, % of 
hazardous compounds therein) or by performing tests. In this case, the licensee assessed the 

 
1 The reports are available at: http://www.epa.ie 
  
2 OJ L 196 16.8.1967, p.1. 
3 OJ L 200 30.7.1999, p.1. 
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concentration levels of components for irritant properties and with regard to components with 
corrosive properties the licensee used tests. The Commission services are not in possession of 
information that would challenge the validity of the testing methods utilised in this particular 
case. 

The petitioner was informed of this assessment by a letter of 23 August 2013. Further 
information received from the petitioner did not provide any new elements that would change 
the conclusions of that assessment or put in question the information provided by the 
competent national authorities. The Commission services closed the complaint file of the 
petitioner on 27 August 2014. 
Therefore, following exchange with the petitioner and the Irish authorities within the 
framework of an EU pilot file, the Commission services have not identified a breach of EU 
environmental law regarding the operation of the installation concerned.  
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SUMMARY

The aim of the study was to assess the skin corrosion potential of Sample 1 Farmed red mud 2015

(batch No. Q1) using an in vitro skin corrosion model based on reconstructed human skin.

Firstly, a preliminary study was performed to identify the possible interference between MTT and test

item. In a second phase, the main study involved 15 reconstructed epidermis units (3 per exposure

time) as described below:

Table 1 Design

Groups Number of

reconstructed

epidermis units

Treatment Tested

concentration

Exposure time

1 3+3 Negative control 0.9% 3 minutes/1 hour

2 3+3 Test item undiluted 3 minutes/1 hour

3 3 Positive control undiluted 3 minutes

Negative control: sodium chloride solution at 0.9%; Positive control: potassium hydroxide solution at 8 mol/L

Test item and negative control were applied topically for 3 minutes and 1 hour and positive control

was applied 3 minutes to a three-dimensional human skin model. After rinsing of tissues, assay

medium was replaced by MTT-medium. Following 3 hours incubation, the formed blue formazan

salt was extracted with isopropanol and the optical density was determined spectrophotometrically

at 550 nm ± 10 nm. The optical density values obtained for each group were used to calculate the

percentage of cell viability and consequently to classify the test item as corrosive or non-corrosive.

Results:
Preliminary study:
Since MTT solution did not turn blue/purple when in contact with the test item for 1 hour (step 1),

no interference between MTT and test item was concluded. For this reason, the second step of the

preliminary study was not undertaken.

Main study:
After 3 minutes of treatment, the positive control item showed a cell viability percentage of 16% (84%

decrease). Consequently, the positive control item was classified as corrosive. This result validated the

ongoing sensitivity of the method used.

After 3 minutes and 1 hour of treatment with the undiluted test item, the percentage of cell viability

was 100% for each exposure time.

Under the experimental conditions adopted, Sample 1 Farmed red mud 2015 (batch No. Q1) was
classified as non-corrosive on the SkinEthic human reconstructed epidermis.
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PART I

EXPERIMENTAL STUDY PLAN
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1.1 AIM

The aim of the study was to assess any skin corrosion potential of Sample 1 Farmed red mud 2015 with

an in vitro model using human skin.

1.2 PRINCIPLE

The test item is applied topically to a three-dimensional human skin model, comprising at least a recon-

tructed epidermis with a fonctional stratum corneum. The principle of the human skin model assay is

based on the hypothesis that corrosive chemicals are able to penetrate the stratum corneum by diffusion

or erosion, and are cytotoxic to the underlying cell layers.

Corrosive test items are identified by their ability to produce a decrease in cell viability below de-

fined threshold levels at specified exposure periods. Viability is quantified by using MTT [3-(4,5-

Dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide].

The precipitated blue formazan product is then extracted and the optical density is read with a spec-

trophotometric technique at 550 mm ± 10 nm.

1.3 GLP REGULATION REQUIREMENTS

The study took place in compliance with Annexe II à l′article D523-8 du code de l′Environnement,

which are in accordance with the Directive 2004/10/EC.

Approval for the site of experimentation: No. C-18-023-01.

1.4 DEVIATIONS FROM STUDY PLAN

1.4.1 MAJOR DEVIATIONS

There was no major deviation during the course of the study.

1.4.2 MINOR DEVIATIONS

Deviation n˚1 in Presentation and analysis of results, Section 1.11, page 16: The optical density

value for the negative control at time 3 minutes was read on 15 points instead of 9 to express the results

of the positive control group only.

Reason: Technician error during the extraction procedure without impact on the results of the study.

With the exception of the point reported and justified above, the study took place in accordance with

the study plan.
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1.5 STUDY DATES

• Start of the study (signature of the study plan by the Study Director): 16 Nov 2015

• Start of the experimental period: 03 Dec 2015

• End of the experimental period: 04 Dec 2015

• End of the study at the signature of this report by the Study Director

1.6 DIRECTIVE COMPLIANCE STATEMENT

A skin-corrosion potential of test item is evaluated in a three-dimensional human skin model. The

method is based on the general requirements of OECD Guideline No. 431 (April 13, 2004) and subse-

quent amendments, the NIH Publication No. 04-4510 dated on May 2004 and the European Chemicals

Bureau, Method B40 - Skin Corrosion.

1.7 INITIAL CONSIDERATIONS

Validation studies have reported that tests employing human skin models are able to reliably discrimi-

nate between known skin corrosives and non-corrosives.

The test described in this Guideline allows the identification of corrosive chemical substances and

mixtures. It further enables the identification of non-corrosive substances and mixtures when supported

by a weight of evidence determination using other existing information (e.g., pH, structure-activity

relationships, human and/or animal data). It does not normally provide adequate information on skin

irritation, nor does it allow the subcategorisation of corrosive substances as permitted in the Globally

Harmonised Classification System (GHS).

For a full evaluation of local skin effects after single dermal exposure, it is recommended to follow

the sequential testing strategy as appended to Test Guideline 404 (2) and provided in the Globally

Harmonised System. This testing strategy included the conduct of in vitro tests for skin corrosion (as

described in this guideline) and skin irritation before considering testing in live animals.

1.8 TEST ITEM, CONTROL ITEMS, REFERENCE ITEM AND
VEHICLE INFORMATION

1.8.1 Test item

Name: Sample 1 Farmed red mud 2015

Supplier: Rusal Aughinish Alumina

Batch Number: Q1

Galenic form: mud

Purity: conform to the CoA information

Weighing correction factor: none

Expiry date: Nov 2016

Intended use: chemicals

On 15 Oct 2015, 50 g was received in vial labelled "SAMPLE 1 FormED RED MUD, batch No. 2015"

and also referred as "SAMPLE 1 Farmed RED MUD, batch No. 2015" on the certificate of analysis.
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The study monitor confirmed that this test item corresponds to Sample 1 Farmed red mud 2015, batch

No. Q1, name used throughout the study report.

Storage conditions: Immediately upon receipt, the test item was registered, then stored at room tem-

perature in accordance with the Sponsor′s instructions. The complete description of the chemical and

physical properties of the test item including stability is the responsibility of the Sponsor.

Handling instructions for test item: General safety procedures as appropriate for handling of chemi-

cals of unknown hazard potential were applied.

Incompatibility: No known or suspected incompatibilities of the test item with any material likely to

come in contact with it during the course of the study were specified by the Sponsor.

Remaining test item: After the issue of the first draft report, the Study Monitor confirmed that the

remaining test item, except the sample to be archived, will be returned to the Sponsor.

The certificate of analysis of test item is presented in Appendix A, page 25.

1.8.2 Positive control item

Potassium hydroxide solution at 8 mol/l was used as positive control item.

1.8.3 Negative control item

Sodium chloride solution at 0.9% was used as negative control item.

1.8.4 Vehicle

Not used in the study.

1.8.5 Reference item

Not applicable for this kind of study.

1.8.6 Application of the test and control items

39.7 μl of the negative control item or the positive control item was applied to uniformly cover the skin

surface.

19.8 mg of test item was applied to cover the skin and was moistened with 19.8μL of sodium chloride

solution (0.9%) to ensure good contact with the skin. The test item was ground to a powder before

application. At the end of the exposure period, the test material was carefully washed from the skin

surface with phosphate buffer solution (PBS+).
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1.9 MATERIAL

1.9.1 Human skin models

Reference: RHE/S/17.

The certificate of analysis is included in Appendix B, page 27.

Origin: SkinEthic Laboratories - 4 rue Alexander Fleming - 69007 Lyon - France.

Age: 17 days at the start of the experiment.

Number: The study involved 15 units of reconstructed epidermis.

• Test item: 3 tissue replicates were used for each exposure time (i.e., 3 minutes and 1 h)

• Positive control group: 3 tissue replicates were used for each exposure time of 3 minutes.

• Negative control group: 3 tissue replicates were used for each exposure time (i.e., 3 minutes and

1 h).

1.9.2 Apparatus

• Spectrophotometer MRXe, DYNEX TECHNOLOGY MAGELLAN BIOSCIENCES

• Laminar flow hood

1.9.3 Reagents

• Reconstructed Human Epidermis, SkinEthic Laboratories, Batch No. 15-RHE-145, Expiry date:

07 Dec 2015

• Maintenance Medium, SkinEthic Laboratories, Batch No. 15 MA 091, Expiry date: 14 Dec 2015

• MTT [3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide] SIGMA, Ref No. M5665,

Batch No. MKBV3098V, Expiry date: Nov 2020

• Sodium chloride solution, Cooper, Batch No. 201264, Expiry date: Apr 2018

• Potassium hydroxide solution, SIGMA, Ref No. P5958, Batch No. S2BF153AV, Expiry date:

Nov 2020

• Phosphate buffer saline solution (PBS+), Invitrogen/Gibco, Ref No. 14040-091, Batch

No. 1708205, Expiry date: Jul 2018

1.10 EXPERIMENTAL PROTOCOL

1.10.1 Study design

Preliminary study:
Since the test item could interfere with the MTT endpoint, a preliminary study was performed.

This preliminary study was performed in one step.

Step 1 : to identify the possible interference, test item was checked for its ability to reduce MTT
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directly. As the test item in contact with the MTT solution did not turn blue/purple, the test item did

not interfere with the MTT, then the step No. 2 was not done.

Main study:
The study involved 3 groups of 3 reconstructed epidermis units per exposure time (see

Table 1.1, page 15).

Table 1.1 Study design

Groups Number of

reconstructed

epidermis units

Treatment Tested

concentration

Exposure time

1 3+3 Negative control 0.9% 3 minutes/1 hour

2 3+3 Test item undiluted 3 minutes/1 hour

3 3 Positive control undiluted 3 minutes

Reliability check: A positive control group of 3 reconstructed epidermis units was tested in parallel to

validate the ongoing sensitivity of the method used. This confirms that potassium hydroxide, a test item

recognised as being corrosive, continues fully to exert its corrosive properties under the experimental

conditions employed.

Justification of the number of reconstructed epidermis per group: The number of reconstructed

epidermis per group is the minimum number enabling an accurate assessment of the studied effect

according to the General Requirements of OECD Guideline No. 431 (April 13, 2004).

1.10.2 Choice of doses

The test item was tested as ready-to-use.

1.10.3 Dose adjustment

As test item was used undiluted, no concentration adjustement was done.

1.10.4 Test procedure

Test item, negative control and positive control were applied topically to a three-dimensional human

skin model, comprising a reconstructed epidermis with a functional stratum corneum.

The test was performed as follows:

• Tissues were conditioned by pre-incubation for 43 hours 44 minutes.

• Tissues were transferred to fresh maintenance medium and topically exposed with the test chem-

icals (19.8 mg + 19.8 μL of 0.9% NaCl), or negative and positive control (39.7μL) for 3 minutes

and/or 1 hour.

• After exposure tissues were rinsed and blotted. Assay medium was replaced by MTT-medium.
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• After 3 hours incubation, tissues were washed with phosphate buffer saline solution and the blue

formazan salt was extracted with isopropanol. The optical density of the formazan extract was

determined spectrophotometrically at 550nm ± 10 nm.

1.11 PRESENTATION AND ANALYSIS OF RESULTS

1.11.1 Presentation of results

Cell viability was calculated for each tissue as % of the mean of the negative control tissue. Skin

corrosivity potential of test item is classified according to the remaining cell viability obtained after

3 minutes and / or 1 hour exposure.

The optical density (OD) values and calculated percentage cell viability data for the test item, the

positive and the negative controls were reported in tabular form including mean values.

1.11.2 Analysis of results

The optical density (OD) values obtained for each test item were used to calculate percentage viability

relative to the negative control, which is arbitrarily set at 100%. Test item was classified as corrosive

or non-corrosive on the basis of the results obtained in accordance with OECD Guideline No. 431

(April 13, 2004) and subsequent amendments Table 1.2, page 16.

Table 1.2 Prediction of corrosivity

Classification Criteria for In Vitro interpretation

Corrosive If viability <50% after 3 min exposure or

If viability ≥50% after 3 min exposure and <15% after 1 hour

Non-corrosive If viability ≥50% after 3 min exposure and ≥15% after 1 hour

1.11.3 Data recording

Both qualitative and quantitative individual data were collected using RS/1 software (release 6.3,

APPLIED MATERIALS).

1.12 QUALITY ASSURANCE

The Quality Assurance Unit confirmed that operating procedures governing studies were strictly ap-

plied, by periodic in-study audits. These audits were undertaken at random over the course of the year

according to CERB internal SOPs. The experimental report in English and data were audited by Quality

Assurance Unit, in accordance with the standard procedures of the Centre.
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1.13 ARCHIVES

1.13.1 Archives of records

The study plan, raw data, correspondence and the report will be stored for 10 years at CERB - 18800

Baugy, France, starting from the date of the final report. Quality Assurance reports will be stored at the

Testing Facility without time limit.

At the end of this period, CERB will contact the Sponsor in order to determine by joint agreement,

either:

• continued storage of records

• return of records to the Sponsor

• destruction of records

1.13.2 Archives of test item

One sample of the test item (1 g approximately) at the end of the study will be stored for 10 years at

CERB - 18800 Baugy - France, starting from the date of the final report.

At the end of this period, CERB will contact the Sponsor in order to determine by joint agreement,

either:

• return of sample to the Sponsor

• destruction of sample
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PART II

EXPERIMENTAL RESULTS
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2.1 REPORT OF RESULTS

2.1.1 Preliminary study

Since MTT solution did not turn blue/purple when in contact with the test item for 1 hour (step 1),

no interference between MTT and test item was concluded. For this reason, the second step of the

preliminary study was not undertaken.

2.1.2 Main study

Mean and individual values are presented on page 21.

After 3 minutes of treatment, the positive control item showed a decrease in cell viability percentage

of -84% when compared with the negative control, which is arbitrarily set at 100%.

After 3 minutes and 1 hour of treatment with the undiluted test item, the percentage of cell viability

was similar to that of the negative control group, in both cases (i.e. +21% and +5%, respectively).

2.2 DISCUSSION

As the positive control item after 3 minutes of treatment showed a decrease in cell viability percentage

of -84% when compared with the the negative control, the calculated cell viability percentage was

16%.

As the positive control group showed a cell viability value less than 50%, it was classified as corrosive

as expected and according to the OECD Guideline No.431. This result validated the ongoing sensitivity

of the method used.

After 3 minutes and 1 hour of treatment with the undiluted test item, the percentage of cell viability

was close to 100% in both cases (i.e. +21% and +5% respectively). This scale of variation is minor and

and can be attributed to inter-individual variation of reconstructed epidermis. Since the test item was

not presumed to interfere with the MTT endpoint (i.e. preliminary study), the cell viability was set at

100% in both cases.

After 3 minutes and 1 hour of treatment with the undiluted test item, as cell viability values were more

than 50% and more than 15% respectively, the test item was classified as non-corrosive.
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Results are summarised in Table 2.1, page 20:

Table 2.1 Cell viability and prediction of corrosivity

Treatment Viability (%)
T=3 min

Viability (%)
T=1 hour

Classification

Negative control (NaCl 0.9%) 100 100 Non-corrosive

Test item 100 100 Non-corrosive

Positive control (KOH 8

mol/L)

16 / Corrosive

Test item: Sample 1 Farmed red mud 2015

Cell viability is calculated for each tissue as % of the mean of the negative control tissue.

Electronic authentication: approved by Armelle Bouchard on 18-DEC-2015 at 14:57:22.407

Study 20150160TCUC

2.3 CONCLUSION

Under the experimental conditions adopted, Sample 1 Farmed red mud 2015 (batch No. Q1) was
classified as non-corrosive on the SkinEthic human reconstructed epidermis.
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OPTICAL DENSITY: INDIVIDUAL AND MEAN

VALUES
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Table 2.2 Optical density - Positive control (mean values)

Treatment T=3min T=1h

Negative control Mean 1.409 1.183

SEM 0.029 0.034

N 15 9

Positive control Mean 0.222 NA

SEM 0.014 NA

N 9 0

% -84 NA

No statistical analysis.

NA: not applicable

Electronic authentication: created by Karine Guedes on 10-DEC-2015 at 16:51:57.329

Study 20150160TCUC

Table 2.3 Optical density - Positive control (individual values)

Treatment Well T=3min T=1h

number

Negative control B2 1.352 1.274

C2 1.369 1.299

D2 1.434 1.323

B3 1.175 1.036

C3 1.303 1.120

D3 1.363 1.102

B4 1.439 1.162

C4 1.447 1.102

D4 1.505 1.232

E6 1.579 NE

F6 1.223 NE

E7 1.454 NE

F7 1.464 NE

E8 1.514 NE

F8 1.516 NE

Positive control E9 0.282 NE

F9 0.276 NE

G9 0.256 NE

E10 0.183 NE

F10 0.183 NE

G10 0.172 NE

E11 0.226 NE

F11 0.212 NE

G11 0.208 NE

NE: not evaluated

Electronic authentication: validated for statistical analysis by Karine Guedes on 10-DEC-2015 at 16:51:57.329

Study 20150160TCUC
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Table 2.4 Optical density (mean values)

Treatment T=3min T=1h

Negative control Mean 1.376 1.183

SEM 0.032 0.034

N 9 9

Sample 1 Farmed red mud 2015 Mean 1.671 1.242

SEM 0.035 0.029

N 9 9

% +21 +5

No statistical analysis.

Electronic authentication: created by Karine Guedes on 10-DEC-2015 at 16:39:24.181

Study 20150160TCUC

Table 2.5 Optical density (individual values)

Treatment Well T=3min T=1h

number

Negative control B2 1.352 1.274

C2 1.369 1.299

D2 1.434 1.323

B3 1.175 1.036

C3 1.303 1.120

D3 1.363 1.102

B4 1.439 1.162

C4 1.447 1.102

D4 1.505 1.232

Sample 1 Farmed red mud 2015 B6 1.528 1.129

C6 1.536 1.175

D6 1.593 1.192

B7 1.669 1.167

C7 1.637 1.243

D7 1.709 1.245

B8 1.783 1.293

C8 1.786 1.349

D8 1.796 1.385

Electronic authentication: validated for statistical analysis by Karine Guedes on 10-DEC-2015 at 16:39:24.181

Study 20150160TCUC
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Appendix A

CERTIFICATE OF ANALYSIS OF TEST ITEM
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Appendix B

CERTIFICATE OF ANALYSIS OF RECONSTRUCTED EPIDERMIS
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QUALITY ASSURANCE STATEMENT 
 
 
Study Number: 20150161TCUC 
 
Sample 2 Farmed red mud 2015: In Vitro Skin Corrosion Human Skin Model 
Test (OECD 431) 
 
The study has been reviewed by the GLP Quality Assurance Unit of CERB and 
the report accurately reflects the raw data of the study. 
 
Audits of this study were carried out on the following dates and reported to the 
Study Director (SD) and to the Management. 
 
 
Study–based audits Audit on Forwarded to SD 

and Management 
Study Plan 12 Nov 2015 12 Nov 2015 
Experimental procedure 01, 03 and 

04 Dec 2015 04 Dec 2015 

Raw data and draft 1 report 19 and 20 Jan 2016 20 Jan 2016 
Final check of report 15 Feb 2016 15 Feb 2016 
 
 
Study-based/process-based and facility audits were performed in compliance 
with CERB procedures 9.02 and 9.13. 
 
 
 
 
Mrs. S. Bidoli-Beutin 
Quality Engineer 
Responsible for Quality Assurance 

Date  Signature 
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SUMMARY

The aim of the study was to assess the skin corrosion potential of Sample 2 Farmed red mud 2015

(batch No. Q2) using an in vitro skin corrosion model based on reconstructed human skin.

Firstly, a preliminary study was performed to identify the possible interference between MTT and test

item. In a second phase, the main study involved 15 reconstructed epidermis units (3 per exposure

time) as described below:

Table 1 Design

Groups Number of

reconstructed

epidermis units

Treatment Tested

concentration

Exposure time

1 3+3 Negative control 0.9% 3 minutes/1 hour

2 3+3 Test item undiluted 3 minutes/1 hour

3 3 Positive control undiluted 3 minutes

Negative control: sodium chloride solution at 0.9%; Positive control: potassium hydroxide solution at 8 mol/L

Test item and negative control were applied topically for 3 minutes and 1 hour and positive control

was applied 3 minutes to a three-dimensional human skin model. After rinsing of tissues, assay

medium was replaced by MTT-medium. Following 3 hours incubation, the formed blue formazan

salt was extracted with isopropanol and the optical density was determined spectrophotometrically

at 550 nm ± 10 nm. The optical density values obtained for each group were used to calculate the

percentage of cell viability and consequently to classify the test item as corrosive or non-corrosive.

Results:
Preliminary study:
Since MTT solution did not turn blue/purple when in contact with the test item for 1 hour (step 1),

no interference between MTT and test item was concluded. For this reason, the second step of the

preliminary study was not undertaken.

Main study:
After 3 minutes of treatment, the positive control item showed a cell viability percentage 16%. As

expected and according to the OECD Guideline No.431, the positive control item was classified as

corrosive. This result validated the ongoing sensitivity of the method used.

After 3 minutes and 1 hour of treatment with the undiluted test item, the percentage of cell viability

was 100% for each exposure time.

Under the experimental conditions adopted, Sample 2 Farmed red mud 2015 (batch No. Q2) was
classified as non-corrosive on the SkinEthic human reconstructed epidermis.

FINAL GLP Printed date: February 22, 2016



CERB REPORT 20150161TCUC Page 10 of 28

PART I

EXPERIMENTAL STUDY PLAN
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1.1 AIM

The aim of the study was to assess any skin corrosion potential of Sample 2 Farmed red mud 2015 with

an in vitro model using human skin.

1.2 PRINCIPLE

The test item is applied topically to a three-dimensional human skin model, comprising at least a recon-

tructed epidermis with a functional stratum corneum. The principle of the human skin model assay is

based on the hypothesis that corrosive chemicals are able to penetrate the stratum corneum by diffusion

or erosion, and are cytotoxic to the underlying cell layers.

Corrosive test items are identified by their ability to produce a decrease in cell viability below de-

fined threshold levels at specified exposure periods. Viability is quantified by using MTT [3-(4,5-

dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide].

The precipitated blue formazan product is then extracted and the optical density is read with a spec-

trophotometric technique at 550 mm ± 10 nm.

1.3 GLP REGULATION REQUIREMENTS

The study took place in compliance with Annexe II à l′article D523-8 du code de l′Environnement,

which are in accordance with the Directive 2004/10/EC.

Approval for the site of experimentation: No. C-18-023-01.

1.4 DEVIATIONS FROM STUDY PLAN

1.4.1 MAJOR DEVIATIONS

There was no major deviation during the course of the study.

1.4.2 MINOR DEVIATIONS

Deviation n˚1 in Application of the test and control items, Subsection 1.8.6, page 13: Test item was

not ground to a powder before application as initially mentioned in the study plan.

Reason: Since the test item showed a change of appearance after grinding and since it was possible to

apply it on the skin surface as supplied, the test item was tested as provided.

Deviation n˚2 in Presentation and analysis of results, Section 1.11, page 16: The optical density

value for the negative control at time 3 minutes was read on 15 points instead of 9 to express the results

of the positive control group only.

Reason: Technician error during the extraction procedure without impact on the results of the study.

With the exception of the point reported and justified above, the study took place in accordance with

the study plan.
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1.5 STUDY DATES

• Start of the study (signature of the study plan by the Study Director): 16 Nov 2015

• Start of the experimental period: 03 Dec 2015

• End of the experimental period: 04 dec 2015

• End of the study at the signature of this report by the Study Director

1.6 DIRECTIVE COMPLIANCE STATEMENT

A skin-corrosion potential of test item is evaluated in a three-dimensional human skin model. The

method is based on the general requirements of OECD Guideline No. 431 (April 13, 2004) and subse-

quent amendments, the NIH Publication No. 04-4510 dated on May 2004 and the European Chemicals

Bureau, Method B40 - Skin Corrosion.

1.7 INITIAL CONSIDERATIONS

Validation studies have reported that tests employing human skin models are able to reliably discrimi-

nate between known skin corrosives and non-corrosives. The test protocol may also provide an indica-

tion of the distinction between severe and less severe skin corrosives.

The test described in this Guideline allows the identification of corrosive chemical substances and

mixtures. It further enables the identification of non-corrosive substances and mixtures when supported

by a weight of evidence determination using other existing information (e.g., pH, structure-activity

relationships, human and/or animal data). It does not normally provide adequate information on skin

irritation, nor does it allow the subcategorisation of corrosive substances as permitted in the Globally

Harmonised Classification System (GHS).

For a full evaluation of local skin effects after single dermal exposure, it is recommended to follow

the sequential testing strategy as appended to Test Guideline 404 (2) and provided in the Globally

Harmonised System. This testing strategy included the conduct of in vitro tests for skin corrosion (as

described in this guideline) and skin irritation before considering testing in live animals.

1.8 TEST ITEM, CONTROL ITEMS, REFERENCE ITEM AND
VEHICLE INFORMATION

1.8.1 Test item

Name: Sample 2 Farmed red mud 2015

Supplier: Rusal Aughinish Alumina

Batch Number: Q2

Galenic form: mud

Purity: conform to CoA information

Weighing correction factor: none

Expiry date: Nov 2016

Intended use: chemicals
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On 15 Oct 2015, 50 g was received in vial labelled "SAMPLE 2 FormED RED Mud, batch No. 2015"

and also referred as "SAMPLE 2 Farmed RED MUD, batch No. 2015" on the certificate of analysis.

The study monitor confirmed that this test item corresponds to Sample 2 Farmed red mud 2015, batch

No. Q2, name used throughout the study report.

Storage conditions: Immediately upon receipt, the test item was registered, then stored at room tem-

perature in accordance with the Sponsor′s instructions. The complete description of the chemical and

physical properties of the test item including stability is the responsibility of the Sponsor.

Handling instructions for test item: General safety procedures as appropriate for handling of chemi-

cals of unknown hazard potential were applied. For further details about safety, the material safety data

sheet was supplied with the test item by the Sponsor.

Incompatibility: No known or suspected incompatibilities of the test item with any material likely to

come in contact with it during the course of the study were specified by the Sponsor.

Remaining test item: After the issue of the first draft report, the Study Monitor confirmed that the

remaining test item, except the sample to be archived, will be returned to the Sponsor.

The certificate of analysis of test item is presented in Appendix A, page 25.

1.8.2 Positive control item

Potassium hydroxide solution at 8 mol/l was used as positive control item.

1.8.3 Negative control item

Sodium chloride solution at 0.9% was used as negative control item.

1.8.4 Vehicle

Not used in the study.

1.8.5 Reference item

Not applicable for this kind of study.

1.8.6 Application of the test and control items

39.7 μl of the negative control item and positive control item was applied to uniformly cover the skin

surface.

19.8 mg of test item was applied to cover the skin and was moistened with sodium chloride solution

(0.9%) to ensure good contact with the skin. Test item was not ground to a powder before application

(see Section 1.4, page 11). At the end of the exposure period, the test material was carefully washed

from the skin surface with phosphate buffer solution (PBS+).
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1.9 MATERIAL

1.9.1 Human skin models

Reference: RHE/S/17.

Origin: SkinEthic Laboratories - 4 rue Alexander Fleming - 69007 Lyon - France.

Age: generally 17 days at the start of the experiment.

Number: The study involved 15 units of reconstructed epidermis.

• Test item: 3 tissue replicates were used for each exposure time (i.e., 3 minutes and 1 h)

• Positive control group: 3 tissue replicates were used for each exposure time of 3 minutes

• Negative control group: 3 tissue replicates were used for each exposure time (i.e., 3 minutes and

1 h)

1.9.2 Apparatus

• Spectrophotometer MRXe, DYNEX TECHNOLOGY MAGELLAN BIOSCIENCES

• Laminar flow hood

1.9.3 Reagents

• Reconstructed Human Epidermis, SkinEthic Laboratories, Batch No. 15-RHE-145,

Expiry date: 07 Dec 2015

• Maintenance Medium, SkinEthic Laboratories, Batch No. 15 MA 091, Expiry date: 14 Dec 2015

• MTT [3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide] SIGMA, Ref No. M5665,

Batch No. MKBV3098V, Expiry date: Nov 2020

• Sodium chloride solution, Cooper, Batch No. 201264, Expiry date: Apr 2018

• Potassium hydroxide solution, SIGMA, Ref No. P5958, Batch No. S2BF153AV,

Expiry date: Nov 2020

• Phosphate buffer saline solution (PBS+), Invitrogen/Gibco, Ref No. 14040-091,

Batch No. 1708205, Expiry date: Jul 2018

1.10 EXPERIMENTAL PROTOCOL

1.10.1 Study design

Preliminary study:
Since the test item could interfere with the MTT endpoint, a preliminary study was performed. This

preliminary study was performed in one step.

Step 1 : to identify the possible interference, test item was checked for its ability to reduce MTT

directly. As the test item in contact with the MTT solution did not turn blue/purple, the test item did
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not interfere with the MTT, then the step No. 2 was not done.

Main study:
The study involved 3 groups of 3 reconstructed epidermis units per exposure time (see

Table 1.1, page 15).

Table 1.1 Study design

Groups Number of

reconstructed

epidermis units

Treatment Tested

concentration

Exposure time

1 3+3 Negative control 0.9% 3 minutes/1 hour

2 3+3 Test item undiluted 3 minutes/1 hour

3 3 Positive control undiluted 3 minutes

Reliability check: A positive control group of 3 reconstructed epidermis units was tested in paral-

lel to validate the ongoing sensitivity of the method used. This confirmed that potassium hydroxide,

a test item recognised as being corrosive, continues fully to exert its corrosive properties under the

experimental conditions employed.

Justification of the number of reconstructed epidermis per group: The number of reconstructed

epidermis per group is the minimum number enabling an accurate assessment of the studied effect

according to the General Requirements of OECD Guideline No. 431 (April 13, 2004).

1.10.2 Choice of doses

The test item was tested as ready-to-use.

1.10.3 Dose adjustment

As test item was used undiluted, no concentration adjustement was done.

1.10.4 Test procedure

Test item, negative control and positive control were applied topically to a three-dimensional human

skin model, comprising a reconstructed epidermis with a functional stratum corneum.

The test was performed as follows:

• Tissues were conditioned by pre-incubation for 43 hours 44 minutes.

• Tissues were transferred to fresh maintenance medium and topically exposed with the test chem-

ical (19.8 mg + 19.8 μL of 0.9% NaCl), or negative and positive control (39.7μL) for 3 minutes

and/or 1 hour.

• After exposure tissues were rinsed and blotted. Assay medium was replaced by MTT-medium.
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• After 3 hours incubation, tissues were washed with phosphate buffer saline solution and the blue

formazan salt was extracted with isopropanol. The optical density of the formazan extract was

determined spectrophotometrically at 550nm ± 10 nm.

1.11 PRESENTATION AND ANALYSIS OF RESULTS

1.11.1 Presentation of results

Cell viability was calculated for each tissue as % of the mean of the negative control tissue. Skin

corrosivity potential of test item is classified according to the remaining cell viability obtained after

3 minutes and / or 1 hour exposure.

The optical density (OD) values and calculated percentage cell viability data for the test item, the

positive and the negative controls were reported in tabular form including mean values.

1.11.2 Analysis of results

The optical density (OD) values obtained for each test item were used to calculate percentage viability

relative to the negative control, which is arbitrarily set at 100%. Test item was classified as corrosive

or non-corrosive on the basis of the results obtained in accordance with OECD Guideline No. 431

(April 13, 2004) and subsequent amendments Table 1.2, page 16.

Table 1.2 Prediction of corrosivity

Classification Criteria for In Vitro interpretation

Corrosive If viability <50% after 3 min exposure or

If viability ≥50% after 3 min exposure and <15% after 1 hour

Non-corrosive If viability ≥50% after 3 min exposure and ≥15% after 1 hour

1.11.3 Data recording

Both qualitative and quantitative individual data were collected using RS/1 software (release 6.3,

APPLIED MATERIALS).

1.12 QUALITY ASSURANCE

The Quality Assurance Unit confirmed that operating procedures governing studies were strictly ap-

plied, by periodic in-study audits. These audits were undertaken at random over the course of the year

according to CERB internal SOPs. The experimental report in English and data were audited by Quality

Assurance Unit, in accordance with the standard procedures of the Centre.
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1.13 ARCHIVES

1.13.1 Archives of records

The study plan, raw data, correspondence and the report will be stored for 10 years at CERB - 18800

Baugy, France, starting from the date of the final report. Quality Assurance reports will be stored at the

Testing Facility without time limit.

At the end of this period, CERB will contact the Sponsor in order to determine by joint agreement,

either:

• continued storage of records

• return of records to the Sponsor

• destruction of records

1.13.2 Archives of test item

One sample of the test item (1 g approximately) at the end of the study or at the end of the package of

studies will be stored for 10 years at CERB - 18800 Baugy - France, starting from the date of the final

report.

At the end of this period, CERB will contact the Sponsor in order to determine by joint agreement,

either:

• return of sample to the Sponsor

• destruction of sample
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PART II

EXPERIMENTAL RESULTS
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2.1 REPORT OF RESULTS

2.1.1 Preliminary study

Since MTT solution did not turn blue/purple when in contact with the test item for 1 hour (step 1),

no interference between MTT and test item was concluded. For this reason, the second step of the

preliminary study was not undertaken.

2.1.2 Main study

Mean and individual values are presented on page 21.

After 3 minutes of treatment, the positive control item showed a decrease in cell viability percentage

of -84% when compared with the negative control, which is arbitrarily set at 100%.

After 3 minutes and 1 hour of treatment with the undiluted test item, the percentage of cell viability

was similar to that of the negative control group, in both cases (i.e. +14% and +20%, respectively).

2.2 DISCUSSION

As the positive control item after 3 minutes of treatment showed a decrease in cell viability percentage

of -84% when compared with the the negative control, the calculated cell viability percentage was

16%.

As the positive control group showed a cell viability value less than 50%, it was classified as corrosive

as expected and according to the OECD Guideline No.431. This result validated the ongoing sensitivity

of the method used.

After 3 minutes and 1 hour of treatment with the undiluted test item, the percentage of cell viability

was close to 100% in both cases (i.e. +14% and +20% respectively). This scale of variation is minor

and and can be attributed to inter-individual variation of reconstructed epidermis. Since the test item

was not presumed to interfere with the MTT endpoint (i.e. preliminary study), the cell viability was set

at 100% in both cases.

After 3 minutes and 1 hour of treatment with the undiluted test item, as cell viability values were more

than 50% and more than 15% respectively, the test item was classified as non-corrosive.
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Results are summarised in Table 2.1, page 20:

Table 2.1 Cell viability and prediction of corrosivity

Treatment Viability (%)
T=3 min

Viability (%)
T=1 hour

Classification

Negative control (NaCl 0.9%) 100 100 Non-corrosive

Test item 100 100 Non-corrosive

Positive control (KOH 8

mol/L)

16 / Corrosive

Test item: Sample 2 Farmed red mud 2015

Cell viability is calculated for each tissue as % of the mean of the negative control tissue.

Electronic authentication: approved by Armelle Bouchard on 28-DEC-2015 at 18:22:43.352

Study 20150161TCUC

2.3 CONCLUSION

Under the experimental conditions adopted, Sample 2 Farmed red mud 2015 (batch No. Q2) was
classified as non-corrosive on the SkinEthic human reconstructed epidermis.

FINAL GLP Printed date: February 22, 2016



CERB REPORT 20150161TCUC Page 21 of 28

OPTICAL DENSITY: INDIVIDUAL AND MEAN

VALUES
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Table 2.2 Optical density - Positive control (mean values)

Treatment T=3min T=1h

Negative control Mean 1.409 1.183

SEM 0.029 0.034

N 15 9

Positive control Mean 0.222 NA

SEM 0.014 NA

N 9 0

% -84 NA

No statistical analysis.

NA: not applicable

Electronic authentication: created by Karine Guedes on 10-DEC-2015 at 17:48:39.658

Study 20150161TCUC

Table 2.3 Optical density - Positive control (individual values)

Treatment Well T=3min T=1h

number

Negative control B2 1.352 1.274

C2 1.369 1.299

D2 1.434 1.323

B3 1.175 1.036

C3 1.303 1.120

D3 1.363 1.102

B4 1.439 1.162

C4 1.447 1.102

D4 1.505 1.232

E6 1.579 NE

F6 1.223 NE

E7 1.454 NE

F7 1.464 NE

E8 1.514 NE

F8 1.516 NE

Positive control E9 0.282 NE

F9 0.276 NE

G9 0.256 NE

E10 0.183 NE

F10 0.183 NE

G10 0.172 NE

E11 0.226 NE

F11 0.212 NE

G11 0.208 NE

NE: not evaluated

Electronic authentication: validated for statistical analysis by Karine Guedes on 10-DEC-2015 at 17:48:39.658

Study 20150161TCUC
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Table 2.4 Optical density (mean values)

Treatment T=3min T=1h

Negative control Mean 1.376 1.183

SEM 0.032 0.034

N 9 9

Sample 2 Farmed red mud 2015 Mean 1.575 1.419

SEM 0.026 0.026

N 9 9

% +14 +20

No statistical analysis.

Electronic authentication: created by Karine Guedes on 10-DEC-2015 at 17:41:36.265

Study 20150161TCUC

Table 2.5 Optical density (individual values)

Treatment Well T=3min T=1h

number

Negative control B2 1.352 1.274

C2 1.369 1.299

D2 1.434 1.323

B3 1.175 1.036

C3 1.303 1.120

D3 1.363 1.102

B4 1.439 1.162

C4 1.447 1.102

D4 1.505 1.232

Sample 2 Farmed red mud 2015 B9 1.659 1.449

C9 1.640 1.517

D9 1.702 1.513

B10 1.528 1.320

C10 1.532 1.419

D10 1.583 1.486

B11 1.461 1.309

C11 1.530 1.353

D11 1.542 1.406

Electronic authentication: validated for statistical analysis by Karine Guedes on 10-DEC-2015 at 17:41:36.265

Study 20150161TCUC
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SUMMARY

The aim of the study was to assess the skin corrosion potential of Sample 3 Farmed red mud 2015

(batch No. Q3) using an in vitro skin corrosion model based on reconstructed human skin.

Firstly, a preliminary study was performed to identify the possible interference between MTT and test

item. In a second phase, the main study involved 15 reconstructed epidermis units (3 per exposure

time) as described below:

Table 1 Design

Groups Number of

reconstructed

epidermis units

Treatment Tested

concentration

Exposure time

1 3+3 Negative control 0.9% 3 minutes/1 hour

2 3+3 Test item undiluted 3 minutes/1 hour

3 3 Positive control undiluted 3 minutes

Negative control: sodium chloride solution at 0.9%; Positive control: potassium hydroxide solution at 8 mol/L

Test item and negative control were applied topically for 3 minutes and 1 hour and positive control

was applied 3 minutes to a three-dimensional human skin model. After rinsing of tissues, assay

medium was replaced by MTT-medium. Following 3 hours incubation, the formed blue formazan

salt was extracted with isopropanol and the optical density was determined spectrophotometrically

at 550 nm ± 10 nm. The optical density values obtained for each group were used to calculate the

percentage of cell viability and consequently to classify the test item as corrosive or non-corrosive.

Results:
Preliminary study:
Since MTT solution did not turn blue/purple when in contact with the test item for 1 hour (step 1),

no interference between MTT and test item was concluded. For this reason, the second step of the

preliminary study was not undertaken.

Main study:
After 3 minutes of treatment, the positive control item showed a cell viability percentage of 16%. As

expected and according to the OECD Guideline No.431, the positive control item was classified as

corrosive. This result validated the ongoing sensitivity of the method used.

After 3 minutes and 1 hour of treatment with the undiluted test item, the percentage of cell viability

was 100% for each exposure time.

Under the experimental conditions adopted, Sample 3 Farmed red mud 2015 (batch No. Q3) was
classified as non-corrosive on the SkinEthic human reconstructed epidermis.

FINAL GLP Printed date: February 22, 2016
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PART I

EXPERIMENTAL STUDY PLAN
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1.1 AIM

The aim of the study was to assess any skin corrosion potential of Sample 3 Farmed red mud 2015 with

an in vitro model using human skin.

1.2 PRINCIPLE

The test item is applied topically to a three-dimensional human skin model, comprising at least a recon-

tructed epidermis with a functional stratum corneum. The principle of the human skin model assay is

based on the hypothesis that corrosive chemicals are able to penetrate the stratum corneum by diffusion

or erosion, and are cytotoxic to the underlying cell layers.

Corrosive test items are identified by their ability to produce a decrease in cell viability below de-

fined threshold levels at specified exposure periods. Viability is quantified by using MTT [3-(4,5-

dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide].

The precipitated blue formazan product is then extracted and the optical density is read with a spec-

trophotometric technique at 550 mm ± 10 nm.

1.3 GLP REGULATION REQUIREMENTS

The study took place in compliance with Annexe II à l′article D523-8 du code de l′Environnement,

which are in accordance with the Directive 2004/10/EC.

Approval for the site of experimentation: No. C-18-023-01.

1.4 DEVIATIONS FROM STUDY PLAN

1.4.1 MAJOR DEVIATIONS

There was no major deviation during the course of the study.

1.4.2 MINOR DEVIATIONS

Deviation n˚1 in Application of the test and control items, Subsection 1.8.6, page 13: Test item was

not ground to a powder before application as initially mentioned in the study plan.

Reason: Since the test item showed a change of appearance after grinding and since it was possible to

apply it on the skin surface as supplied, the test item was tested as provided.

Deviation n˚2 in Presentation and analysis of results, Section 1.11, page 16: The optical density

value for the negative control at time 3 minutes was read on 15 points instead of 9 to express the results

of the positive control group only.

Reason: Technician error during the extraction procedure without impact on the results of the study.

With the exception of the point reported and justified above, the study took place in accordance with

the study plan.

FINAL GLP Printed date: February 22, 2016
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1.5 STUDY DATES

• Start of the study (signature of the study plan by the Study Director): 16 Nov 2015

• Start of the experimental period: 03 dec 2015

• End of the experimental period: 04 dec 2015

• End of the study at the signature of this report by the Study Director

1.6 DIRECTIVE COMPLIANCE STATEMENT

A skin-corrosion potential of test item is evaluated in a three-dimensional human skin model. The

method is based on the general requirements of OECD Guideline No. 431 (April 13, 2004) and subse-

quent amendments, the NIH Publication No. 04-4510 dated on May 2004 and the European Chemicals

Bureau, Method B40 - Skin Corrosion.

1.7 INITIAL CONSIDERATIONS

Validation studies have reported that tests employing human skin models are able to reliably discrimi-

nate between known skin corrosives and non-corrosives. The test protocol may also provide an indica-

tion of the distinction between severe and less severe skin corrosives.

The test described in this Guideline allows the identification of corrosive chemical substances and

mixtures. It further enables the identification of non-corrosive substances and mixtures when supported

by a weight of evidence determination using other existing information (e.g., pH, structure-activity

relationships, human and/or animal data). It does not normally provide adequate information on skin

irritation, nor does it allow the subcategorisation of corrosive substances as permitted in the Globally

Harmonised Classification System (GHS).

For a full evaluation of local skin effects after single dermal exposure, it is recommended to follow

the sequential testing strategy as appended to Test Guideline 404 (2) and provided in the Globally

Harmonised System. This testing strategy included the conduct of in vitro tests for skin corrosion (as

described in this guideline) and skin irritation before considering testing in live animals.

1.8 TEST ITEM, CONTROL ITEMS, REFERENCE ITEM AND
VEHICLE INFORMATION

1.8.1 Test item

Name: Sample 3 Farmed red mud 2015

Supplier: Rusal Aughinish Alumina

Batch Number: Q3

Galenic form: mud

Purity: Conform to CoA information

Weighing correction factor: none

Expiry date: Nov 2016

Intended use: chemicals

FINAL GLP Printed date: February 22, 2016
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On 15 Oct 2015, 50 g was received in vial labelled "SAMPLE 3 FormED RED mud, batch No. 2015"

and also referred as "SAMPLE 3 Farmed RED MUD, batch No. 2015" on the certificate of analysis.

The study monitor confirmed that this test item corresponds to Sample 3 Farmed red mud 2015, batch

No. Q3, name used throughout the study report.

Storage conditions: Immediately upon receipt, the test item was registered, then stored at room tem-

perature in accordance with the Sponsor′s instructions. The complete description of the chemical and

physical properties of the test item including stability is the responsibility of the Sponsor.

Handling instructions for test item: General safety procedures as appropriate for handling of chemi-

cals of unknown hazard potential were applied. For further details about safety, see the material safety

data sheet supplied with the test item by the Sponsor.

Incompatibility: No known or suspected incompatibilities of the test item with any material likely to

come in contact with it during the course of the study were specified by the Sponsor.

Remaining test item: After the issue of the first draft report, the Study Monitor confirmed that the

remaining test item, except the sample to be archived, will be returned to the Sponsor.

The certificate of analysis of test item is presented in Appendix A, page 25.

1.8.2 Positive control item

Potassium hydroxide solution at 8 mol/l was used as positive control item.

1.8.3 Negative control item

Sodium chloride solution at 0.9% was used as negative control item.

1.8.4 Vehicle

Not used in the study.

1.8.5 Reference item

Not applicable for this kind of study.

1.8.6 Application of the test and control items

39.7 μl of the negative control item and positive control item was applied to uniformly cover the skin

surface.

19.8 mg of test item was applied to cover the skin and was moistened with sodium chloride solution

(0.9%) to ensure good contact with the skin. Test item was not ground to a powder before application

(see Section 1.4, page 11). At the end of the exposure period, the test material was carefully washed

from the skin surface with phosphate buffer solution (PBS+).
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