. (_/) Assessing Dioxin and Furan Risks at
IntrlnS|k Contaminated Sites in Alberta

SCIENCE INTEGRITY KNOWLEDGE

By: Daniel Smith, B.Sc., M.Env.Sc.
Intrinsik Corp.

October 15, 2026
RemTech 2026
Environmental Services Association of Alberta



Outline

« What are dioxins & furans (and dioxin-like PCBs), and
how are they evaluated?

« Soil quality guidelines for human direct soil contact:
What is Alberta’s guideline? What is it based on?

« Considerations for risk assessment.
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Dioxins & Furans
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Dioxin

& Furan Toxic Equivalent (TEQ

Substance | TEFs'
Polychlorinated Dibenzo-p-dioxins

2,3,7,8- Tetrachlorodibenzo-p-dioxin (TCDD) 1
1,2,3,7,8- Pentachlorodibenzo-p-dioxin (PeCDD) 1
1,2,3,4,7,8- Hexachlorodibenzo-p-dioxin (HxCDD) 0.1
1,2,3,6,7 8- Hexachlorodibenzo-p-dioxin (HxCDD) 0.1
1,2,3,7,8,9- Hexachlorodibenzo-p-dioxin (HxCDD) 0.1
1,2,3,4,6,7, 8- Heptachlorodibenzo-p-dioxin (HpCDD) 0.01
Octachlorodibenzo-p-dioxin (OCDD) 0.0003
Polychlorinated Dil 1S

2,3,7,8- Tetrachlorodibenzofuran (TCDF) 0.1
1,2,3,7,8- Pentachlorodibenzofuran (PeCDF) 0.03
2,3,4,7 8- Pentachlorodibenzofuran (PeCDF) 03
1,2,3,4,7 8- Hexachlorodibenzofuran (HXCDF) 0.1
1,2,3,6,7 8- Hexachlorodibenzofuran (HxCDF) 0.1
1,2,3,7,8,9- Hexachlorodibenzofuran (HXCDF 0.1
2,3,4,6,7 8- Hexachlorodibenzofuran (HxCDF) 0.1
1,2,3,4,6,7 8- Heptachlorodibenzofuran (HpCDF) 0.01
1,2,3,4,7,8,9- Heptachlorodibenzofuran (HpCDF) 0.01
Octachlorodibenzofuran (OCDF) 0.0003
Non-ortho Substituted PCB Congeners

PCB 77 0.0001
PCB 81 0.0003
PCB 126 0.1
PCB 169 0.03
Mono-ortho Substituted PCB Congeners

PCB 105 0.00003
PCB 114 0.00003
PCB 118 0.00003
PCB 123 0.00003
PCB 156 0.00003
PCB 157 0.00003
PCB 167 0.00003
PCB 139 0.00003
Notes:

' 2005 World Health Organization's toxic equivalency factors (TEFs) (Van den Berg et al., 2006) summarized in Table 4 from Health

Canada (2021a)

Source: Alberta EPA (2024)

n
TEQ = Ci X TEFL
i=1

TEQ =
(2,3,7,8-TCDD x 1) +
(1,2,3,7,8=PeCDD x 1) +
(1,2,3,4,7,8=HxCDD %X 0.1) + ...
(PCB 189 x 0.00003)
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Health Effects

What health effects
are associated with
exposure to dioxins
and furans?

Effects on the
developing nervous
system

Immune, endocrine
and reproductive
effects

Liver and skin

issues

Certain types of
cancer
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Human Direct Soil Quality Guidelines

. CCME (2002)

— Based on background levels of

dioxins and furans in Canadian soils —> 4 ng TEQlkg

» Alberta (2024)
— Health-based guideline —> 54 ng TEQ/kg

(residential/agricultural)

Residential/

Land Use Natural Area  Agricultural Commercial Industrial
Parkland

Unit (unless otherwise indicated) (mgfkg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Dioxins & Furans 0.00025 0.000054 0.000054 0.000080 0.000118
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Soil Quality Guideline Calculation

Estimated Daily Intake
Tolerable Daily Intake \ Soil Allocation Factor

\ /

SRG..  — (I'DI — EDI)x SAF x BW
T (AF, x SIR)+ (AF, x IRy x ET, )+ (AF, x SR)|x ET;

/

Ingestion Inhalation Dermal Contact

+[BSC]
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2024 Alberta Guideline

Basis of Guideline Changes

Estimated Daily Tolerable Daily
Intake (EDI) Intake (TDI) ‘
sAdopted lower EDI for = Adopted lower, age

all sge groupa based group-specific TDIs
ongesroAsing treand in from tha US FPS and

EXpOEUre ’-———‘ EFS5A
- Allocation Factor
(AF)

# Adopted higher AF
based on exclusion

of air, drinking water
and consumer
products in
calculation of AF

‘v’
Human Health Direct Soil Contact £ »
*Adopted higher human health-based guideline

instead of a provisional guideline based on
background soil levels (as previous EDI = TDI)

TDI 2.0 pg/kg-day - | 0.7 pg/kg-day
7.1 pg/kg-day (toddler) i
EDI 1.3 pg/kg-day (adult) > | 0-2 pglkg-day
AF 0.25 (unitless) - | 0.5 (unitless)
TEF | WHO (1998) > | WHO (2005)
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Alberta EPA Guideline — TDlIs

* Most sensitive endpoint is reproductive and
developmental effects.

2.0 pg/lkg-day > 0.7 pg/kg-day

« Adopted two separate TDls:

1. 0.7 pg/kg-day (US EPA 2012)
for the protection of children ﬁ Toddler

less than 10 years of age.

2. 0.25 pg/kg-day (EFSA 2018) )
for anyone 10+ years of age. Adult
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Alberta EPA Guideline — EDIs & AF

» Estimated Daily Intakes Ty PO ey e > 02 pgkg-day

— Decreasing trend in exposure over time
— Suggests that the EDIs from the 1990s overstate current
Canadian exposure
e Allocation Factors 0.25 (unitless) > 0.5 (unitless)

— Previously included four pathways
(i.e., soil, food, drinking water, consumer products)

— Now based on soil and food alone
— Factor of 0.5 now applied
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Alberta EPA Guideline — TEFs

» Toxic Equivalency Factors WHO 1998 TEFs >  WHO 2005 TEFs
— Internationally established factors for consistency in assessing

dioxins & furans.

— The WHO re-evaluates the key assumptions underlying these
values and has established several iterations over time.

— The WHO 2005 TEFs were adopted in place of 1998 values.
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2024 Alberta Guidelines

Alberta moved towards dioxin and furan guidelines that are:
« Health-based
» Land-use-specific

Natural Area Agricultural Residentiall Commercial Industrial
Parkland
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
0.00025 0.000054 0.000054 0.000080 0.000118

Estimated Daily Intake
Tolerable Daily Intake I Soil Allocation Factor

(IDI — EDI)x SAF x BW

SRG e =
€ (4F, x SIR)+ (AF, x IR x ET, )+ (AFs x SR)|x ET,

+[BSC]

Ingestion Inhalation Dermal Contact

Human Health Direct Soil Contact <
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Risk Assessment Considerations

1998 WHO | 2005 WHO | 2022 WHO

2,3,7,8-TCDD
1,2,3,7,8-PeCDD 1 o 4
— When and where to look for 1,2,3,4,7,8-HxCDD o.1 0.1 0.09
. 1,2,3,6,7,8-HxCDD 0.1 0.1 0.07
dioxins and furans 1,2,3,7,8,9-HxCDD 0.1 0.1 0.05
1,2,3,4,6,7,8-HpCDD 0.01 0.01 0.05
OCDD 0.0001 0.0003 0.001
2,3,7,8-TCDF 0.1 0.1 0.07
® 1,2,3,7,8-PeCDF 0.05 0.03 0.01
KnOW your data 2,3,4,7,8-PeCDF 0.5 0.3 0.1
. 1,2,3,4,7,8-HxCDF 0.1 0.1 0.3
— TEFs have changed over time 123.6.7 8-HXCDF o o 000
. 1,2,3,7,8,9-HXCDF 0.1 0.1 0.2
— Non-detects: 2,3,4,6,7,8-HxCDF 0.1 0.1 0.1
upper and |OW6I’ bound TEQS 1,2,3,4,6,7,8-HpCDF 0.01 0.01 0.02
1,2,3,4,7,8,9-HpCDF 0.01 0.01 0.1
OCDF 0.0001 0.0003 0.002
(@)
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Risk Assessment Considerations

* Know your receptors

— 0.7 pg/kg-day (US EPA 2012)
for the protection of children less than 10 years of age.

— 0.25 pg/kg-day (EFSA 2018)
for anyone 10+ years of age.

— Alternate reference values may be appropriate

* Know your pathways
— Soil? Groundwater? Food?
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Risk Assessment Considerations

EPA (2024):
Ingestion of produce, milk, and meat produced on the site is not
included in Tier 1 human exposure estimates because of its site-

specific nature.

Where a significant portion of an individual’'s diet is obtained from
areas contaminated by substances that bioconcentrate, this
exposure pathway must be evaluated with the Tier 2 approach.

Residential/

Land Use Natural Area Agricultural Commercial Industrial
Parkland

Unit (unless otherwise indicated) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Dioxins & Furans 0.00025 0.000054 0.000054 0.000080 0.000118
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Questions?

Ay

O
P

Dan Smith
dsmith@intrinsik.com
info@intrinsik.com
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  T E Q =   ∑  i = 1 n   C i ×   T E F i


  T E Q =


   ( 2 , 3 , 7 , 8 ­ − T C D D   ×   1 ) +


   ( 1 , 2 , 3 , 7 , 8 − P e C D D × 1 ) +


   ( 1 , 2 , 3 , 4 , 7 , 8 − H x C D D × 0 . 1 )   +   .   .   .


  ( P C B   189 × 0 . 00003 )

