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Project Aim and Rationale
Project Aim

* To provide a scientifically sound basis to inform the development of aquatic fluoride
regulation and management around aluminium production facilities.

Rationale
* Fluoride-containing compounds are critical to the production of aluminium.

* |Increasing regulatory pressure to reduce fluoride discharges in effluent waters from
aluminium smelting facilities.

* Limited treatment approaches are available for fluoride and they are not cost effective.

* Management of fluoride-containing wastes can directly impact the viability of
businesses that rely heavily on the use of fluoride.
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Study Area

* Investigation focused on select primary aluminium smelting regions representative of
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Objectives of Phase | Investigation

* Determine the sources of fluoride to the aquatic environment and assess
background surface water concentrations in marine and freshwater
environments.

* Conduct a critical review of existing regulatory guidelines for aquatic
fluoride throughout the study area.

* Review surface water fluoride toxicity information from primary literature
sources and develop preliminary water quality guidelines that consider key
factors that are known to ameliorate the toxicity of fluoride.

» Synthesize key information to support stakeholder understanding.
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Fluoride Conceptual Site Model

* Fluoride source areas, migration routes, and exposure pathways shown below.
» Diffuse sources from roof vents/soil loading and permitted discharges primary focus.

- Diffuse Source Areas
: 1. Stacks/scrubber systems Routes of Migration

— 2. Roof vents . Permitted discharge
3. Soil loading

~ Exposure Pathways

. Stormwater runoff

Localized Source Areas Fugitive dust/gas release l E(?Iiat;uptatket/ . %
4. Fluoride storage areas _Infiltration L ECRCO N0 ]
5. Pot cleaning/SPL storage . Leaching uptake

iii. Dietary ingestion

6. SPL/dross landfills
iv. Incidental soil Ingestion

7. Groundwater

. Groundwater transport
. Surface water transport
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Background — Sources of Fluoride

Natural mineral weathering largest source of fluoride to environment.

* Phosphate fertilizer application, brick manufacturing, and coal combustion
among largest anthropogenic sources.

1.8 Billion kg

0.5 Billion kg

0.25 Billion kg
0.041 Billion kg

Al smelting

Coal combustion

Volcanism

Brick manufacturing
Phosphate fertilizer application

2.3 Billion kg

Adapted from Fuge (2019) and Pyle and Mather (2009)
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Background — Fluoride in Fresh and Marlne Waters

Freshwater

* Freshwater fluoride concentrations
typically ranged from 0.1 to 0.3 mg/L.

* Concentrations were highly variable at
smaller scales, mainly due to
differences in geology.
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Region
Ocean Fluoride
Concentration (ppm)
1.45-1.49
m141-1.44
B1.39-1.40
m1.37-1.38
B1.35-1.36
m1.33-1.34
m1.31-1.32
m1.29-1.30
m1.27-1.28
B1.25-1.26
m123-1.24
mi1.22-1.22
m1.20-1.21
m1.16-1.19
m109-1.15
m(0.99-1.08
m0.91-0.98
m(0.81-0.90
m(0.73-0.80
m(0.68-0.72
< 0.675

Marine Water

 Marine water fluoride concentrations
are greater and are predominately
around 1.3 mg/L.

* Concentrations dependent on
evaporation rates, which are greater
in the mid-latitudes.
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Regulatory Review — Fluoride Criteria

* Drinking water guidelines ranged from 1.0 to 4.0 mg/L fluoride (median = 1.5 mg/L).

e Aquatic life criteria ranged from 0.12 to 4.0 mg/L fluoride with no criteria value
above the promulgated USEPA drinking water standard of 4.0 mg/L.

* Three states and one province in North America currently use hardness-dependent

criteria. Hardness Dependent Criteria
e Chloride is known to g 4-z _______________________________________
ameliorate the E 35
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use chloride to S 1 |;./
. . o 05 ¥
predict appropriate T o U
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Hardness (mg/L CaCO,;)
British Columbia ====- lllinois == + =Michigan New York
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Aquatic Ecotoxicity — Derivation Process Used to
Develop Preliminary Guideline Values

Guideline derivation process outlined below; focused slides follow on items 4, 6, and 7

4. Identify the most suitable model to predict toxicity.

Assess how regional water quality parameters for areas of aluminium production
influence preliminary guideline values.

Estimate suitable chronic or acute guideline values using the distribution of the
normalized toxicity data.
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Aquatic Ecotoxicity — Ameliorating Effects Assessment
* Accounting for the ameliorating effect

Observed Versus Predicted Acute Toxicity - Hyalella azteca

of water quality parameters improves
the ability to predict toxicity of fluoride.
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toxicity in freshwater.
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* Site-specific water quality parameters s o o P %
. . . Predicted H. azteca LC50 (mg F/L)
should be incorporated into fluoride
regulations.

Source: EHS Support using data from Pearcy et al. (2015)

Chloride, hardness, and alkalinity best predicted acute R2=0.90.

Chloride alone not as effective (R2=0.80).
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Aquatic Ecotoxicity — Regional Water Quality

* Low lon Water Scenario - Represents * High lon Water Scenario - Represents
aluminium production regions in Pacific aluminium production regions in Great
Northwest and British Columbia Lakes and St. Lawrence

*  Chloride < 1.5 mg/L; Hardness < 66 mg/L CaCOj; . +  Chloride > 25 mg/L; Hardness > 124 mg/L CaCOs; Alkalinity > 92 mg/L CaCOs.

Alkalinity < 58 mg/L CaCO,.

Legend

® Complete Dataset: At or Above High lon Water Scenario
© Complete Dataset: Between Low and High lon Water Scenarios
Z Complete Dataset: Mixed Results
Complete Dataset: At or Below Low lon Water Scenario
® Chloride and Hardness At or Above High lon Water Scenario

_ Chloride and Hardness Between Low and High lon Water
Scenarios

© Chloride and Hardness Mixed Results

© Chloride and Hardness At or Below Low lon Water Scenario
© Incomplete Dataset

2 No Data

me;
>= 124 mg/L; Alkalinity >=92 mg/L

mg/L CaCO3 500
ality parameters span more than

;I; s Geological Survey (USGS), 2020. Kilometers
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Aquatic Ecotoxicity — Preliminary Guideline Development
That Considers Water Quality Parameters

* High ion final acute value (FAV) = 35.4 mg/L; g . te
low ion FAV = 5.2 mg/L. e N !
: | o .
S ‘ : o e
e Acute-to-chronic ratios (ACR) used to g % 1 | > —=
estimate preliminary chronic criteria: Zﬁ j o A
* High ion water chronic estimate = 11.8 mg/L % ] A > @/
= :
* Low ion water chronic estimate = 1.7 mg/L. 3 1@
8 0 T 1

1
1 10 100 1,000
Fluoride Effect Concentration (mg/L)

* Estimates may be biased low due to effect of

e, O Mollusk === High ion water scenario fit

overly sensitive taxa (Hyallela azteca). . -
O  Algae Low ion water scenario fit
< Fish === High ion water scenario Final Acute Value (35.37 mg/L)
A Invertebrate Low ion water scenario Final Acute Value (5.15 mg/L)
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Aquatic Ecotoxicity — Preliminary Guideline Development
That Does Not Consider Water Quality Parameters

* Preliminary freshwater and marine chronic
criteria were also derived using a species
sensitivity distribution (SSD) approach that
did not account for water quality

conditions:

* Freshwater final chronic value (FCV) = 2.8 mg/L
* Marine water not estimated but between

4 and 30 mg/L.

* Guideline values derived without
considering water quality conditions will

be more conservative.
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Conclusions

On a global scale, the aluminium industry represents a small source of fluoride to the
environment relative to other natural and industrial sources.

Existing aquatic fluoride criteria are overly conservative.

Water quality parameters such as chloride, hardness, and alkalinity have an important
role in mediating or ameliorating the toxicity of fluoride to aquatic receptors.

Accounting for water quality parameters results in nearly 10-fold differences in
preliminary guidelines based on the two freshwater scenarios evaluated.

The lower bound of derived guidelines were commensurate to existing guidance with
the upper bounds resulting in much greater management limits.

The aquatic ecotoxicity review demonstrates that more scientifically robust
approaches to derive criteria needs to be employed for fluoride, and that these
advances will result in departure from overly conservative guidance.
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Thank you.

Please direct questions to:

Samuel Parker, Ph.D.

Senior Scientist

e. samuel.parker@ehs-support.com
p. +1.802.497.8749

o. Waterbury, Vermont 05676

Ww. ehs-support.com
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