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S1. Overview of New Organism Bioaccumulation Models

To mechanistically describe polycyclic aromatic hydrocarbon (PAH) bioaccumulation in
indigenous Canadians residing in the Alberta oil sands region (AOSR), it was necessary to add additional
species to the ACC-Human model. As per traditional food (TF) intake survey data from AOSR
Indigenous Canadians (Chan et al. 2016), models representing whitefish (Coregonus clupeaformis),
Northern pike (Esox lucius), moose (Alces alces), ruffed grouse (Bonasa umbellus), mallard duck (4nas
platyrhynchos), Saskatoon berry (Amelanchier alnifolia) and mint (Mentha spp.), were integrated into
the existing modelling framework, generating ACC-Human AOSR. These new species models required
parameterization, namely body mass and lipid mass growth, feeding and egestion, respiration,
birthing/egg-laying, and lactation (for moose only) for animals and root/leaf/fruit growth, transpiration,
chemical deposition (gas and particle phases), and internal chemical transport and distribution for plants.
For all species biotransformation rates were also included. Because the availability of the relevant
information in the literature differed for each organism, parameterization schemes are presented
separately for each species below. Table S1 through S4 contain equations for the calculation of critical
rate parameters, fugacity capacities and D-values in the new organism models. Table S5 lists the fugacity
calculations, and Table S6 describes the mass balance equations for each species. Following the tables,
and a brief description of shared parameter approaches (absorption efficiency and biotransformation),
are detailed explanations of equations for each new organism model (moose - S.4.1, ruffed grouse and
mallard duck - S.4.2).

Model parameterizations for new fish species only required straightforward scaling of
mechanistic functions previously developed for polar cod (Czub et al. 2008) according to differences in
body mass, life span, lipid content, etc. Therefore, the different parameters for whitefish and Northern
pike are simply compiled in Table S7.

Similarly, contaminant uptake, distribution, metabolism, and excretion in plants was modeled
according to a previous framework developed by Undeman et al. (2009). Briefly, this model is fugacity-
based and non-steady state, predicting plant bioaccumulation in 3 compartments: leaf, root, fruit.
Leaves/fruit exchange chemicals via diffusion in air, uptake pollutants via dry and wet particle deposition,
and also receive chemicals from soil pore water via their roots (Undeman et al. 2009). The key physical
chemical properties that govern a compound's bioaccumulation in plants are its octanol-air (Ko4) and air-
water (K4w) partition coefficients. Similar to fish, this model only required simple scaling of critical
parameters (ex. growth period, transpiration rate, leaf area index, etc.) for willow, cattail, lodgepole pine,

Saskatoon berry, and mint; these variables are listed in Table S8.

S3



S2. Chemical-Dependent Absorption Efficiency and Biotransformation in New Organism Models

S2.1 Absorption Efficiency. Absorption efficiency (Eo) is a dimensionless coefficient that describes the

fraction of ingested chemical absorbed in the gastrointestinal tract. Eo is dependent on Kow as described
in Table S2, and takes a numerical value from 0-1 (Czub and McLachlan 2004). Food was assumed to

adopt the core body temperatures of moose, ruffed grouse, and mallard duck (37.0 °C) during absorption.

S2.2 Biotransformation. Considerable biotransformation of PAHs has been suggested in many of the

species included in the model, including mallard (Honey et al. 2000), whitefish and northern pike
(Ohiozebau et al. 2016), and humans (Viau et al. 1995). Because literature data on PAH
biotransformation rate constants and enzyme induction pathways among these species are lacking, we

assumed biotransformation to occur with first order kinetics.

For humans, we compared predictions of human biotransformation rate constants using four methods: 1)
a model, Iterative Fragment Selection (IFS) (Arnot et al. 2014), 2) a second model, QSARINS (Papa et
al. 2018), and 3a) allometric scaling based on reported biotransformation rate constants in rainbow trout
(Arnot et al. 2008; Niimi and Palazzo 1986), and 3b) total elimination rate constants in rats (Withey et
al. 1991; Ramesh et al. 2001; Moir et al. 1998; Moreau et al. 2015). The equation used for allometric

scaling was as follows:
khuman = korg (Tnhuman/rnorg)_0'25 (16)

where knuman represents either the biotransformation or total elimination rate constant of humans (h™!),
korg represents either the biotransformation rate constant of rainbow trout or total elimination rate constant
of rat (h'!), mnuman represents total human body mass at physical maturity (male - 68 kg, female - 60 kg),
and mor represents mean body mass of rainbow trout (0.70 kg — Fishbase, same as average fish weight
in Niimi and Palazzo 1986) or rat (0.25 kg - Withey et al. 1991; Ramesh et al. 2001; Moir et al. 1998;

Moreau et al. 2015) at physical maturity. The rate constant predictions are presented in Table S1.

Table S1. Human biotransformation rate constant of three target PAHs obtained by different approaches.

IFS (h™) QSARINS (h)

95% C.1. 95% C.1. Scaling from Fish (h™) Scaling from Rat (h™)
PHE 0.007-3.5 0.004-1.7 0.0007 No data
PYR Out of domain 0.005-1.7 0.002 <0.02"
BaP Out of domain 0.003-1.0 0.004 <0.01"

* These values are calculated by allometric scaling from the total elimination rate constant of rat instead of only
biotransformation rate constants, so the biotransformation rate constants would be lower than these values.
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IFS and QSARINS show large uncertainties in predicting the biotransformation rate constants of the
target PAHs in humans, with 95% confidence intervals that range over three orders of magnitude. As
shown in the table above, the allometrically scaled biotransformation rate constants for pyrene and
benzo[a]pyrene based on rainbow trout are close to the lower 95% confidence limit predicted by
QSARINS, but the rate constant for phenanthrene is one order of magnitude lower than the lower 95%
confidence limits of the IFS and QSARINS predictions. The total elimination rate constants for pyrene
and benzo[a]pyrene from allometric scaling based on rats are slightly higher than the lower 95%
confidence limits for biotransformation rate constants predicted by QSARINS. Since the experimental
rat data are total elimination rate constants, the biotransformation rate constants would likely be lower,
and closer to the QSARINS lower 95% confidence limits. Therefore, the lower 95% confidence limits of
the QSARINS predictions are used in this study.

Intrinsic biotransformation rate constants for each modeled PAH in whitefish, Northern pike, moose,
ruffed grouse, and mallard duck were estimated using the allometric scaling method described above for
humans, based on reported data for rainbow trout (no other measured data or prediction values available
for these animals). In Eq. 16, knuman 1s replaced by the biotransformation rate constant of moose, whitefish,
Northern pike, ruffed grouse, or mallard duck (h!), korg is the reported biotransformation rate constant of
rainbow trout (h'), mnuman is replaced by the total body mass at physical maturity of moose (male - 360
kg, female 320 kg), whitefish (1.58 kg), Northern pike (2.65 kg), ruffed grouse (male - 0.50 kg, female -
0.48 kg), or mallard duck (male - 0.94 kg, female - 0.88 kg), and morg represents mean body mass at
rainbow trout physical maturity (0.70 kg — Fishbase, same as average fish weight in Niimi and Palazzo
1986). Note that all plants were assumed to biotransform PAHs at equivalent rates based on analysis of
ryegrass (Gao et al. 2006). Whole-body elimination rate constants for each species and PAH congener

combination are listed in Table S4.

S5



S3. Model Parameterization Tables

Table S2. Derivation of transport parameters in the added organism modules.

Parameter Units Value Ref.

GUwfish = Ywzo0 * Guwzoo

where 9,,,,,= diet proportion zooplankton, Guyzoo =
uptake rate zooplankton. 9,,,,,and Guwzo both varied
with fish age and season.

GUpike = 19pzoo ) GUpzoo + I9pwfish ) GUpwfish +
19ppike ' GUppike + 19pbent ) GUpbent

where 9,4, = diet proportion zooplankton, Gupzoo =
uptake rate zooplankton, ¥p,risp = diet proportion
whitefish, and Gupwish = uptake rate whitefish, k=
diet proportion juvenile pike, and Gyppite = uptake rate
juvenile pike, Uppentnos= diet proportion benthos, and
Gupbenthos = uptake rate benthos. 9,00, Guwzoo, Fpwrish
GUpwﬁsha ﬁppikea and GUppike, ﬁpbenthoss and GUpbenthos all
varied with fish age and season.

-

S RN NE S

Ingestion Gu [m? h'!]

“

1
3
GUmoose 24 R 5,
= <O8 ' mmoose(t)ojs/ T)/DNwillow 7

+ GUmoose,soil
where DNyiow = willow leaf density (g-m™)
and

-

GUmoose,soil = SCmoose ' Gwa,moose/DNsoil
SChoose = soil content in moose diet (g soil-g diet!)
and DN, = soil density (g'm™).

24 h
GUgrouse = <ERgrouse/ T)/(EDlp/ DNlpdw)

+ GUgrouse,soil

where ERgrouse = grouse daily energy requirement (kJ-d-
1, EDy, = lodgepole pine energy density (kJ-g!), DNgaw
= density of lodgepole pine (g'm™?)

and

GUgrouse,soil = SCgrouse ' Gwa,grouse/DNsoil~

GUmall

24 h
= <ERmall/ T)/(EDmall /DNmall) + GUmall,soil




where ER a1 = mallard daily energy requirement (kJ-d-
Y, EDyan = mallard diet energy density (kJ-g™), DNgaw
= density of mallard diet (g'm). Mallard diet density
and energy density were calculated by summing the
energy contents and densities of all mallard diet
components (cattail, zooplankton) according to their
dietary proportions (0.9, 0.1, respectively)

and

GUmall,soil = SCmall i Gwa,mall/DNsoil'

Dry Wt.

Calculated from moose, grouse, and mallard wet weight

Ineestion Guaw | [gdwh'] |ingestion, assuming water contents of 0.80 in 9
& vegetation, zooplankton, and benthos.
Full Size: Gymeose = 0.0013
Water _ Gugrouse = 2:12-107¢ ; 4,
Uptake / GUW [m? h] Guman = 2.73 - 1076 10
Urination i Juvenile: Rate increases to maximum following trend | 4 1’
in body weight increase.
c © 1.39-10°8
Rwfish — Muwfish ' 1 01
Mifish (£)7 - (m + m)
1.39-1078
GRpike = mpike(t) ' 1 01 1, 3,
o 311 Mypike (€)% - (W + K_) 7,
Respiration | Gr [m’ h'] ow 10
Grmoose = 0.0864 - Vmoose(t)O'75 12’
Full Size: Grgrouse = 0.014
GRmall == 0096
Juvenile: Rate increases to maximum following trend
in body weight increase.
F D
\;tc.e];gegion Graaw | [gdwWh!] | Gppgw = 0.1 Gygy (moose, grouse, mallard) 13
Moose:
Gcalf = (VOlcalf lipid + V0lcalf water)/dt
Birthi G g Grouse, Mallard: ?214’
irthing calf m )
Gegg = negg ' (VOlegg lipid + VOlegg water)/dt 15
where 7.4, = number of eggs per clutch assumed for
grouse (7ege = 10) and mallard (7.¢s = 9).
3000 g m3 d 1.4
. 31 — : : >
Lactation Glac [m’ h!] lac 7 10-105g 24 h 16
Feces-Blood [m? blood 8-10-8
Partition Krp lipid/ g 1
Coefficient dry feces] (moose, grouse, mallard)
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1
5= 1.9 + 5.6 - 107° - K, (whitefish, pike)
0

1 1,
Absorption — =1.295 + 3.226 - 1078 - K,y (moose)
. E() E 175
Efficiency 0 13

1
5= 1.04 + 2.4-107% - K,y (grouse, mallard)
0

References: 1) Czub and McLachlan 2004 2) Fishbase - Coregonus clupeaformis 3) Fishbase - Esox
lucius 4) Binnington et al. 2016 5) Shipley 2010 6) Norstrom et al. 2007 7) Pendergrast and Boag 1970
8) Intrinsik Corp. 2010 9) Belovsky and Jordan 1981 10) Pekins et al. 1994a 11) Kroner and Cozzie 1999
12) Keijer and Butler 1982 13) Moser and McLachlan 2002 14) Leupin 2003 15) Caldwell and Cornwell
1975 16) Reese and Robbins 1994 17) Lo et al. 2016 18) Drouillard and Norstrom 2000

S8



Table S3. Equations used for the calculation of fugacity capacities Z in mol-m=-Pa’!.

Phase Equation
Zy(T)=(R-T)™*

Alr where R is the gas constant (8.314 Jmol!-K!) and T is the temperature in K.
Water Zy (T) = H™X(T)
where H is the Henry’s Law constant (Pa-m-mol™).
Zs(T) = viw - Zw(T) + vfy - Zo(T) + (L — vfy — vfa) * vfoc " Zoc(T)
SOII.’ Zsea(T) = vfss - vfoc  Zoc(T) + (1 — vfss) * Zy (T)
Sediment where vfw, vf1, vfoc, and vfss represent volume fractions of water, air, organic
carbon, and suspended solids, and Zoc is the fugacity capacity of organic carbon.
octanal 2o = Zyy(T) - Koy (T)
where Kow is the octanol-water partition coefficient.
Zpiant(T) = [fw - (1/DNw) + Vfiip - Kow (T) - (1/DNyp) +
Cattail, Ufpro ' KproW ' (1/DNpro) +vfy - KAW(T) ) (1/DNA) +
Willow, Vfeary * Kearbw * (1/DNcarb)] ) DNplant ) ZW(T)
Lodgepole h ) ..
ine where va., Vfiips Vfpro, Vfa, and Vicars reprgsent plant volume fractions of water, lipid,
pine, protein, air, and carbohydrates, respectively; DNw, DNjip, DNpro, DN4, and DNcarb,
P y p 2
Saskatoon " . D .
berry, Mint represent the densities of water, lipid, protein, air, and carbohydrate, respectively,

and Kyow, Kaw, and Kearpw represent partition coefficients between protein-water,
air-water, and carbohydrate-water, respectively.

Z200(T) = Zy (T) - BAF,05 * (DNy0011/ DNyy)

Zooplankton

where DN:o0iip and DNy represent the densities of zooplankton lipid and water.

Zbent(T) = (vflip + Vfniom * SCniom > Zo (T) + vfw * Zw(T)
lip
Benthos where Vfiip, Vfniom, and vfw represent the benthos volume fractions of lipid, non-lipid
organic matter, and water, respectively, and SCuomsip Tepresents a proportionality
constant expressing sorption capacity of non-lipid organic matter relative to octanol
(Undeman et al. 2014).

Zsisn(T) = vfiip * DNgisp  Zo(T) /DNy,

Whitefish,

Pike where vfij, represents the fish volume fraction of lipid, DNy represents total fish
density, and DNy, represents fish lipid density.

Moose, 75,y (T) = vfup - Zo(T) + vy * Zy (T)

Grouse,

Mallard where vfi;, and vfw represent the organism volume fractions of lipid and water.
Zimoose milk (T) = Vfmiik lip DNmilk/DNmilk lip " Zimoose (T) +

Vfmitk w * DNeitg /DNy + Zyy (T)
Moose Milk

where Vi iip and vk w represent the organism volume fractions of lipid and
water, respectively, and DNy and DNk 1ip represent the densities of moose milk
and moose milk lipids, respectively.
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Table S4. Equations used for the calculation of D values in mol-h'!-Pa’!.

Process Equation
DUwfish = GUwfish " Owzo0 ° Zzoo(T) ) Ewaish
DUpike = GUpike ) [ﬁpzoo 'Zzoo(T) + 19pwfish ' waish(T) +
19ppike ' Zpike (T) + ﬁpbent ' Zbent(T)] ' EOpike
Food Intake DUmoose = [GUmoose 'Zwillow(T) + GUsoil,moose 'Zsoil(T)] ' EO
DUgrouse = [GUgrouse ' Zpine (T) + GUsoil,grouse ' Zsoil(T)] " Ey
Dymau = {Gumau " [Ycar - ant(T) *+ 9mzo0 * Zz00 (T) +
]+ GUsoil,mall ' Zsoil(T)} “Ey
Water Intake Dyw org — Guw org ’ Zyw (T)
Respiration Drorg = Grorg * Za(Torg)
DE org = GFBdw org ’ [WexZW(Torg) + KFBZO (Torg)]
Egestion where wex is a correction term introduced to consider water as an
additional sorbing matrix; wex was set to 1.35-107 [34].
Dy org = Voliotar org ' Zorg (Torg) ' korg
. . kwﬁsh kpike kmoose kgrouse kmall
Biotransformation PHE 1.66-10° | 1.46-10° | 4.33-10% | 2.22:10° | 1.90-107
PYR 5.07-107 | 4.46-10° | 1.33-103 | 6.80-10 | 5.82-10"
BaP 8.49-103 | 7.46-103 | 2.22-10 | 1.14-10 | 9.74-1073
Lactation Dlac = Glac 'Zmoose milk (Tmoose)
Dcalf = Gcalf ' Zmoose (Tmoose) —at age 0h
Birthing/ — . . _
Elgrg_f:}%ng Degg bird — Gegg bird KME Zbird (Tbird) at age 0h
where Ky represents the chemical partition coefficient between mother
grouse/mallard and their eggs.
Urination Durorg = Gur org " Zw (Torg)

S10



Table S5. Equations used for the calculation of fugacities in Pa.

Process Equation
A, fa(T) = Ca/ (Za(T) - MWpp) fs(T) = Cs/(Zs(T) - MWpap)
Water, fw (M) = Cw/Cw(T) MWpan)  foea(T) = Csea/ Zsea(T) - MWpap)
Soil, where C4, Cw, Cs, Cseq are air, freshwater, and soil PAH concentrations in
Sediment g-m, respectively, and MWpap is the PAH molecular weight in g-mol!.
froot(T) = fs(T) - nyroot + fleaf (T)- Dphroot -
froot(T) ) (nyleaf + nyfruit + Dtransroot)
fleaf(T) = frooc(T) - nyleaf + fa(T) - (Ddiffleaf + Dpart + Drain) —
fleaf(T) ) (Ddiffleaf + Dphfruit + Dphroot + Dtransleaf)
ffruit(T) = fleaf(T) ' Dphfruit + fA(T) ’ Ddifffruit + froot nyfruit -
ffruit(T) ) (Ddifffruit + Dtransfruit)
where all D-values are defined according to Undeman et al. (2009) below:
D-value Definition
Plants Diyroot Chemical transport from soil pore water into root
Dphroot Phloem transport to root
Diransrooe ~ Biotransformation in root
Dyyiear Xylem transport to leaf
Duifpieas Diffusive exchange between leaf and air
Dpart Dry and wet particle-bound deposition
Diain Rain dissolution
Dyransiecar  Biotransformation in leaf
Dpnfiuit Phloem transport to fruit
Doifruir Diffusive exchange between fruit and air
Diyfiuit Xylem transport to fruit
Dyransfivic  Biotransformation in fruit
Zooplankton  f700(T) = fu (T)
fbent(T) = [psed ' fsed(T) + (1 - psed) ' fW(T)] * Drpent +
fzoo(T) *Dypent — fbent(T) ) (DRbent + Dgpent + DMbent)
where pg.4 1s benthos time in sediment, and all D-values are defined
according to Undeman et al. (2014, personal correspondence) below:
Benthos

D-value Definition

DR bent Respiration

Du pent Dietary uptake
DE bent Egestion

Dt bent Biotransformation
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Frisn(®) = [Mpisn (t — At) + AMyign (O] /Vyisn () - Zsisn ()

where ffis 1s calculated as a function of time ¢, and all fish-related parameters
are calculated at their respective body temperatures. Note that My (¢-Af)
represents the PAH mass within the fish calculated at the conclusion of the

Whitefish,  previous time step, and AMy (f) represents the change in PAH mass within
Pike the fish calculated during the current time step (see below):
Mpigp(t — 1) = frisn(t — At) * Vpign(t — At) * Zgisp (t — At)
AM, () = Eo fisn * Dy fisn * fu risn(t — At) + Dg - fr (t — At) — A
fish (Eo fisn - Dk isn + Dy + Dy fisn) = frisn (£ — AL)
forg (t) = [Morg h(t - At) + A1\/101”9 h(t)]/Vorg h(t) ) Zorg h(t)
where similar to fish above, f, is calculated as a function of time 7 at
respective organism core temperatures. Again, as in fish M, (-Af) and
AM,¢ (t) represent the previous calculated mass of PAH within the organism,
and change to the mass of PAH, respectively (see below):
Moose,
Grouse, Morg h(t -1 = forg n(t —At) - Vorg n(t —At) - Zorg n(t —At)
Mallard

A1\/101”9 h(t) = [DU 'fU(t - At) + DR org ' fA(t - At) +
DUW 'fW(t - At) - DE org + DM org + DRep org + DR org +
Dy org) *fwn(t — AD)] - At

where fu refers to the fugacity of an organism’s diet and Drep org refers to each

species respective D value for chemical loss via reproduction: Dg moose = Diac +
Dcalf, Dr grouse = Dgrouse egg, and Dg maii = Dmail egg
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Table S6. Contaminant mass balance equations for the animals added to the ACC-human model.

Equation
dM,, ¢;
fish
% = [DU wfish * fwfish diet(T) + DR wfish * fW(T)] -
[DE wfish + Dy wfish + Dg wfish] ’ fwfish(T)
M.,
% = [DU pike 'fpike diet(T) + D pike ’ fW(T)] -
[DE pike + Dy pike + Dg pike] ’ fpike (T)
dM
% = [DU moose fwillow(T) + D moose 'fA(T) + Dyw moose fW(T)] -
[DE moose + DR moose + Dur moose + DM moose + Dcalf + Dlac] ) fmoose (T)
dM
% = [DU grouse 'fpine(T) + Dg grouse ’ fA(T) + Dyw grouse ' fW(T)] -
[DE grouse T Dg grouse T Dy grouse T Dy grouse T Degg grouse] ) fgrouse (T)
dn;a = [Dy mau * fmau aiet(T) + Drmau * fa(T) + Dyw mau * fw (T)] —
[DE mall + DR mall + Dur mall + DM mall + Degg mall] ) fmall(T)
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Table S7. Physiological parameters for the modeled fish species.

Whole-
. Life ) Max Max body .
Species span Growth Rate Weight  Volume lipid Diet Ref.
content
a g g m’ glip g’
zooplankton,
Whitefish 20 Wiupien(t) = 0.0067 - [587 - (1 — o021 o7e0r03n M1 2700 27102 0,09 juvenile 1,23
whitefish
Northern zooplankton,
pike 20 Wigpe(t) = 0.0045 - [95.47 - (1 — e(-016(t/8760+073))]30% 5030 503-102  0.02  whitefish, 4,5

juvenile pike

"Where ¢ represents lifetime measured in hours.

References: 1) Fishbase — Coregonus clupeaformis, 2) Scott and Crossman 1998, 3) Law et al. 2009 4) Fishbase — Esox lucius, 5) Medford
and Mackay 1977
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Table S8. Parameters describing the modeled plant species.

Speci Growth Air/Soil Max Leaf  Transpiration Leaf Growth Leaf Maximum Fruit Vield  Ref
pecies Period  Temperature  Area Index Rate Function Thickness  Fruit Mass '
h K M2ica M2jand M3 h™l M2 jeqr - m kg fruit!  Nfruic M2jand
Rye grass  varied 289/289 45-7 1.0-10° linear 4.0-10* - - 1

Willow 2208 288/287 4.4 1.3-10* linear 2.0-10* - - 42’53 ’6

Cattail 1512 295/294 0.08 1.6:10* exponential 1.5-10° - - 1,5
Lo‘ll;‘;’flg(’le 1512 288287 5.0 4.5-10% linear 5.4-10* i i 7.8.9

10,

Sa;kﬁoon 1512 288/287 0.3 1.9-10% linear 1.2-10%  4.010° 215 11,
ey 12,13
Mint 2208 288/287 2.0 1.9-10* exponential 2.0-10* - 115’ 1146

References: 1) Undeman et al. 2009 2) Tharakan et al. 2005 3) Tharakan et al. 2008 4) Cooper et al. 2004 5) Irmak et al. 2013 7) Krol et al.
19998) O’Reilly & Owens 1998 9) Reid et al. 2006 10) Chen et al. 2009 11) Kim et al. 2011 12) Safley et al. 2009 13) Fallovo et al. 2008
14) Bufalo et al. 2016 15) Maffei et al. 1994 16) Shazia Erum et al. 2012. 17) Kabenge et al. 2012.

Note: Unavailable parameters for Saskatoon berry were replaced with those of the morphologically similar blueberry (Vaccinium spp.).
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S4. Parameterization of Bioaccumulation Models for Moose, Grouse and Mallard
S4.1 Moose Model Parameterization

S4.1.1 Moose Mass & Volume. Male and female moose exhibit sexual dimorphism in body size. Thus,

by adapting Gompertz growth equations from Binnington et al. (2016) and Kelly (2000) for caribou, and
relying on moose body weight data from AnAge (the Animal Ageing and Longevity Database -
http://genomics.senescence.info/species/entry.php?species=Alces_alces) adult moose masses (kg) were
calculated according to:

Male Moose: Myoosem(t) = 385 - exp(-exp™0%79) (1a)

p(0.0039:t)y

Female Moose: My o0ser(t) = 345 - exp(—e* (1b)

where ¢ represents age in years. Seasonal lipid content for males ranged from 0.02-0.11 g lipid-g’!
throughout the year, while for females this range was 0.07 to 0.16 g lipid-g! (Korea National Oil 2009).
As a result, total body mass for male adult moose reached a maximum of 400 kg in autumn and a
minimum of 375 kg in spring, while total body mass for female adult moose varied from 350 kg in
autumn to 330 kg in spring. Moose water content was assumed to be similar to humans (71% of non-

lipid mass) (Czub and McLachlan 2004; Czub et al. 2008). Masses were converted to volumes using lipid
and water densities of 900 g-L! and 1000 g-L"!, respectively.

S4.1.2 Moose Feeding Preferences and Feeding/Drinking Rates. Moose were assumed to consume only

willow leaves (wet weight) (Renecker and Hudson 1986) at a daily body mass-weighted rate equivalent
to that of adult caribou (Binnington et al. 2016; Miller 1976):

Gy moose = 0.8~ Mmoose (£)*7° 2)
Based on adaptation of the plant bioaccumulation model framework by Undeman et al. (2009), willow
leaf fugacity was calculated according to the fi..s equation listed for plants in Table S5. The maximal
water uptake rate of adult moose was set equal to 32 L-d! (Belovsky and Jordan 1981), where water
uptake by juvenile moose was assumed to increase proportionally to the rate of increase in juvenile moose

body mass growth.

S4.1.3 Moose Respiration. Moose respiration rates were calculated according to the same relationship

with body volume as used for caribou in Kelly and Gobas (2003):
GR moose = 86.4 - Vmoose(t)o'75 3)

where Vmoose(?) represents the volume of the moose at time 7. Note that 70% of inhaled air was assumed

to equilibrate with the moose at a temperature of 37.0 °C.
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S4.1.4 Moose Reproduction. Female moose reached sexual maturity at 2 years of age and gave birth to

1 calf annually during late May (Reese and Robbins 1994). Female moose were assumed to gain body
and lipid mass equal to that of the calf [14 kg ww, 1.12 kg lipid] during the second half of their pregnancy,
and subsequently shed this added weight immediately following birth. Moose nursing period (130 d),
lactation rate (3 L-d!), and milk lipid content (0.12 g lipid-g milk™') were adapted from Reese and
Robbins (1994) and Kelly and Gobas (2003). Calves at birth and milk were assumed to be at chemical
equilibrium with adult female moose, and moose milk temperature was assumed to be 37 °C (Czub and

McLachlan 2004; Czub et al. 2008).
S4.2 Grouse and Mallard Model Parameterization

S4.2.1 Grouse and Mallard Mass & Volume. Rusch and Keith (1971) list body mass data for ruffed

grouse in Alberta during fall, while Remington and Braun (1988) detailed lipid content in adult sage
grouse. Mallard duck body mass and lipid content data was adapted from seasonal measurements by
Moorman et al. (1992). Grouse and mallards also exhibit sexual dimorphism, where female birds
typically represent the heavier sexes. Also, seasonal variability in adult weights throughout the year was
modeled according to data for comparator bird species by Raveling (1979). We assumed male and female
grouse and mallard non-lipid body weights at physical maturity (kg) to be represented by adult weights,
and that values in physically immature birds increased allometrically until reaching these physically
mature values according to the four equations below, adapted from Gompertz functions defining body
mass growth for marine mammals by age (Binnington and Wania 2014; Czub and McLachlan 2007):

Male Grouse: Mgrousem(t) = [(1 — Vfiip) + Vfiip] - [(0.48 - [1 — exp(—0.46 - 1)]°3*) - 65,(JD)] (4a)
Fem. Grouse: Mgyoyser(t) = [(1 — vflip) + Vfiip] - [(0.57 - [1 — exp(—0.46 - £)]°3*) - 6;(JD)] (4b)
Male Mallard: MM (8) = [(1 — vfiip) + vfiip] - [(0.96 - [1 — exp(—0.46 - £)]°34) - 65(JD)]  (4c)
Fem. Mallard: Mpr(t) = [(1 — vfiip) + vfiip] - [(1.00 - [1 — exp(—0.46 - £)]°3*) - 65(JD)]  (4d)
where ¢ represents age in years, 85 represents a multiplier defined by adapting seasonal variability in
cackling goose body mass from Raveling (1979), and JD represents Julian Day. Seasonal variation in
modeled grouse and mallard male and female non-lipid weights and lipid contents were derived by
assuming linear transitions between minimum body mass values at the end of spring (-9.5% from
assumed total adult mass) and maximum values at the onset of winter (+9.5%). The seasonally variable
non-lipid and lipid weights derived from these values were then summed to produce total body weights

throughout grouse and mallard lifetimes.

S17



S4.2.2 Grouse and Mallard Energy Demands and Feeding/Drinking Rate. Grouse and mallard energy

demands were defined according to the framework outlined by Norstrom et al. (2007) in their Avian
BioAccumulation Model (ABAM), a deterministic POP bioaccumulation model in wild birds. The
ABAM scheme defined total Daily Energy Expenditure (DEE, with units kJ-d! - i.e. daily energy
requirement) for their test species, the non-passerine herring gull (Larus argentatus), according to:

DEE = (Qem + Q1. + Qegg + Qror) / Fa (%)
where Qe.m represents daily existence metabolic rate, Or represents a cost/benefit term for the
production/utilization of adipose tissue (i.e. positive/negative value when the bird generates/consumes
lipids), Qecge represents the energy required for female birds to produce eggs, QOrr represents energy
expenditures associated with foraging, and Fp represents dietary energy assimilation efficiency
(Norstrom et al. 2007). We adapted this equation for grouse and mallard to account for an absence of
information on foraging costs in these species per the suggestion of (Norstrom et al. 2007) to:

DEE = (FMR + Qp, + Qegg) / Fa (6)
where FMR represents the measured field metabolic rate of grouse and mallard, which includes any
energy cost associated with foraging, and therefore Qg is omitted from this version of the equation.
Grouse and mallard FMR calculations were assumed to be similar to those of Canada geese (McWilliams
and Raveling 2004), as specified in equation 7 below. Grouse diet was assumed to be exclusively
composed of Lodgepole pine (Pendergrast and Boag 1970), while mallard diet was composed of a
combination of aquatic vegetation (10%), zooplankton (60%), and benthic organisms (30%) as per
Intrinsik Corp. (2010). Functions for Q1 (equation 8) and Qeg, (equation 9) were adapted from Norstrom
et al. (2007), and as per ABAM F4 was set equal to 0.85 for grouse and mallard:

FMR = 8.47 - my;q(£)%7%* (7)
Q, = 39.3KJ - glipid™" - A Mpjrq 1ip (t) (8)
QL = Eegg ! Negg/Fcon (9)

where A muird 1ip (f) represents daily change in the mass of grouse or mallard lipid, Eegg represents the
energy content of each egg, Negs represents the number of eggs laid per clutch, and Feon represents grouse
or mallard efficiency in converting maternal energy to egg mass. Based on an E.¢, value of 602 kJ cited
by Norstrom et al. (2007) in ABAM for herring gulls, respective values of 221 kJ and 401 kJ were
assumed for grouse and mallard based on relative differences in sexually mature female body mass
between herring gulls (~ 1.5 kg), grouse (0.55 kg), and mallard (1.0 kg) (Moorman et al. 1992; Norstrom
etal. 2007; Rusch and Keith 1971). The ABAM value for Feon (0.75) was assumed for grouse and mallard,

and the energy cost of feeding chicks was assumed to be negligible (Norstrom et al. 2007).
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The maximal water uptake rates of adult grouse and mallard were set equal to 0.05 L-d!and 0.07 L-d"!,
respectively based on scaling by body mass from ringed seal (Czub and McLachlan 2007).
Correspondingly, water uptake rates in physically immature grouse and mallard were assumed to increase

at a rate directly proportional to the rate of increase in immature grouse and mallard body mass growth.

S4.2.3 Grouse and Mallard Respiration. Adult grouse and mallard respiration rates of 0.34 m3-d! and

2.34 m*-d!, respectively, were calculated based on data from Pekins et al. (1994b) for grouse and Keijer
and Butler (1982) for mallard. Juvenile grouse and mallard inhalation rates increased toward these
maximum values at a rate proportional to increasing body mass with age. 70% of inhaled air was assumed

to equilibrate with the bird’s core at a temperature of 37.0 °C.

S4.2.4 Grouse and Mallard Reproduction. Female grouse and mallard were assumed to reach sexual
maturity at age 2, with annual clutch sizes of 9 and 10 eggs, respectively (Caldwell and Cornwell 1975;
Leupin 2003). From egg wet weight and lipid weight data for herring gulls used by Norstrom et al. (2007)
in ABAM, and based on ratios of sexually mature female body mass, grouse eggs were assumed to weigh
53.0 g and possess a lipid weight of 6.7 g while mallard eggs were assumed to weigh 64.2 g with lipid
weights of 8.1 g. As the assumption of equifugacity between mother birds and their egg(s) has yet to be
demonstrated in the literature, we relied on empirical egg/mother whole body lipid-normalized POP
concentration ratios (congener-specific) published by Braune and Norstrom (1989) to simulate
gestational contaminant exposure. Adapting ratios for PCBs, newborn chicks were assumed to possess

contaminant concentrations half of those of their mothers at birth.
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SS. Evaluation of New Bioaccumulation Models

To assess the capability of our expanded ACC-Human AOSR model to accurately reflect PAH exposures
in the newly added species, we compared modeled concentrations of phenanthrene (PHE), pyrene (PYR),
and benzo(a)pyrene (BaP) to biomonitoring data. Few compound-specific monitoring data were found
for moose and birds in the Alberta oil sands region. For these organisms, a search was also performed
for data from other locations, for related organisms, and related organisms in other areas. Although the
importance of direct oil sands PAH sources are likely not represented through monitoring of similar
populations living elsewhere, such data do at least provide some benchmark for the plausibility of the
model predictions.

As biomonitoring typically yields mean exposure values from populations of animals of variable ages
(or lengths) sampled at comparable points in time, we produced analogous model concentration
predictions by deriving cross-sectional body burden-age trends, or CBATs (Binnington and Wania 2014;
Lorber 2002; Quinn and Wania 2012), from our model results. Briefly, our primary model output is the
lifetime PAH exposure estimate for individual organisms representing a birth cohort, termed longitudinal
body burden-age trends (LBATs), which can be collectively “sampled” at one point in time to produce
measures of average population exposure for a group of distinct wildlife birth cohorts (CBATSs). The
temporal resolution of CBATSs varied with the lifespan of the organism. Thus, whitefish, Northern pike,
and moose CBATS (lifespans of 20 years) included a maximum of 21 animal birth cohorts each born 1 -
2 years apart, while grouse and mallard CBATs (lifespan of 10 years) included a maximum of 11 birth
cohorts each born 1 year apart. Below we compare modeled CBATSs to biomonitoring data for each group

of organisms separately.
S5.1 Whitefish and Northern Pike Model Evaluations

We evaluated our whitefish and Northern pike sub-models by comparing predictions with two sets of
biomonitoring data. Ohiozebau et al. (2017) measured PHE, PYR, and BaP concentrations in the muscle
of whitefish (n=93) and Northern Pike (n=104) from sites in northern Alberta and the Northwest
Territories from 2011 to 2012 (in order of decreasing proximity from the oil sands area: Fort McMurray,
Fort McKay, Fort Chipewyan, Fort Smith (Alberta), and Fort Resolution (Northwest Territories)).
Golzadeh et al. (2021) measured concentrations of PHE, PYR, and BaP in muscle of whitefish (n=6)
sampled by the Bigstone Cree Nation community not far from Fort McMurray, from June through
September 2015. Since neither study reported fish length or age, we compared measured concentrations

to the arithmetic mean PHE, PYR, and BaP concentrations of either all whitefish and Northern pike age
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classes (age 0-20 y) or only those aged 0-10 y. As both studies were conducted some years after the end
of our model simulation period, concentrations from the last year of the simulation period were used for

comparison.

Simulated PAH concentrations in whitefish and Northern pike were regularly within the range of
measured values (on a fresh-weight basis) provided for 5 locations by Ohiozebau et al. (2017), and were
closer to concentrations measured in fish from sites closer to the AOSR (Fort McKay, Fort McMurray)
than in those from more distant sites (Table S9). This was true for each of the three compounds and both
fish species. If estimated PAH concentrations exceeded the highest measured value, they were always
within a factor of approximately 2 of that value. Simulated PHE concentrations were an order of
magnitude greater than measured concentrations reported by Golzadeh et al. (2021); PYR and BaP were
not detected by Golzadeh et al. (2021). The relatively small sample size of the latter study (n=6) must be
noted. In addition, discrepancies between modeled concentrations and reported concentrations in both
studies may be due to the analysis of only muscle tissue in both studies, which contains lower lipid levels
than whole-body tissue for which concentrations are calculated by the model. Overall, the modeled values

agree well with the measured concentrations.
S5.2 Moose Model Evaluation

We used two reports on PAH levels in moose residing in northern Alberta (Golzadeh et al. 2021 and
Lundin et al. 2015) to evaluate the capability of our new sub-model to estimate exposure in moose (Table
S10). Lundin et al. (2015) report median PAH levels in scat samples collected within a 2500 km? area
south of Fort McMurray during 2008-2009 on a compound-specific basis but did not provide any
measurements for BaP. Therefore, we were limited to comparisons for PHE and PYR. Golzadeh et al.
(2021) report mean PHE, PYR, and BaP levels in moose muscle (n=3) collected near the Fort McMurray
area from June to September 2015. Because the age of the animals could not be determined we compared
sex-matched CBATS to these data using two approaches: either including all modeled moose (age 0 to
20 y), or only those up to the age of 10. Concentrations in feces were reported by Lundin et al. (2015) in
units of ngpan gaw!, while Golzadeh et al. (2021) report concentrations in ngpan gww'. In order to
compare these values to our modeled lipid-normalized whole-body concentrations, we converted the
measured data into lipid-normalized values by assuming a lipid content of 2% in dry moose feces
(reported for dairy cow feces by Moller et al. (2014)), and 2.2% for moose muscle (mean lipid content
in moose muscle reported by Golzadeh et al. (2021)).
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Model predictions were below the range of measured concentrations (Table S10). The predicted median
PHE and PYR concentrations in moose were within one order of magnitude of the medians measured in
the scat samples. Of the three samples analyzed by Golzadeh et al. (2021), only PYR was detected, in a
single sample. Model mean concentrations of PYR were half of the reported mean. In general,
considering the ranges of measurements including non-detects, the model predictions either fall below
or overlap with the minimal end of the limited set of measurements. An extended search for compound-

specific data did not yield any useful results.

There are two major possible explanations for the under-predictions. First, the number of validation
samples is extremely limited and may not be a reliable indicator of moose PAH body burdens in the
region. Second, concentrations in the major component of the modeled moose diet, willow, may have
been under-predicted. Model willow concentrations were compared to concentrations measured in
pooled samples of vegetation taken from 22 sites in the Fort McMurray and surrounding areas (Boutin
& Carpenter 2017) (Table S11). The exact species of vegetation in the pooled samples were not specified,
though the authors attempted to collect dominant species at each site, and report observing 13 species of
willow during their vegetation surveys. Only maximum concentrations were reported in the study. The
maximum modeled concentrations in willow were lower (within an order of magnitude) than the
maximum concentrations measured in the pooled plant samples. This may reflect the model not
accounting for certain substantial PAH exposure pathways for plants; namely, deposition of

contaminated fugitive dust from petroleum coke stockpiles (Jautzy et al. 2015; Landis et al. 2019).
S5.3 Grouse and Mallard Model Evaluation

Similar to moose, the pool of available compound-specific validation data for birds in the study area was
limited. Grouse and mallard evaluation data were available from Environment and Climate Change
Canada (ECCC, 2018) and Golzadeh et al. (2021). ECCC (2018) report PAH concentrations in mallard
liver samples taken north and south of the oil sands development area in 2013. Golzadeh et al. (2021)
reported PAH concentrations in mallard (n=7) and grouse muscle (n=10) samples taken in the Fort
McMurray area from June to September of 2015. Data were lipid-normalized using the mean lipid
contents reported by Golzadeh et al. (2021) for grouse muscle (0.52%), mallard duck muscle (2.72%),
and mallard duck liver (5.53%).

Model predictions fall under or overlap with the lower end of the measured range of concentrations for
samples in which there were detections (Table S12). PHE and PYR concentrations in the mallard liver

samples ranged from below detection limits to 72.5 and 16.5 ng/g lipid, respectively, while BaP was
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below detection limits in all liver samples. Mean PYR concentrations in mallard and grouse muscle were
2.57 and 15.4 ng/g lipid in mallard and grouse muscle, respectively, while PHE and BaP were not
detected. Similar to moose, the major component of the model bird diets are plants (mallard: cattail;
grouse: pine), Therefore, the organism under-predictions may be a result of under-predictions in the
plants. The under-prediction is less for mallard, which has a more varied diet than the grouse, consisting

also of aquatic organisms.

An extended search for compound-specific data yielded one study of PAHs in the carcasses of 17 male
lesser scaup ducks sampled in Indiana, USA, from January to March 1994, in a heavily polluted area
considered at the time to be one of the most concentrated steel and petrochemical complexes in the USA
(Custer et al. 2000). PYR concentrations were not presented in the study as it was detected in less than 6
samples. PHE was detected in 10 samples, with concentrations ranging from below detection limits to
0.02 pg/g ww. BaP was detected in 9 samples, with concentrations ranging from below detection limits
to 0.04 pg/g ww. Assuming a 4.1% whole body lipid content (an average of the lipid content in muscle
and liver reported by Golzadeh et al. (2021)), the maximum detected concentrations of PHE and BaP
were 488 and 976 ng/g lipid, respectively. These concentrations may be considered a “worst-case”
reference scenario for a heavily polluted industrial environment, and are far above the model predictions

in Table S12.
S5.4 Human Model Evaluation

There were no available reports of PHE, PYR, or BaP concentrations in human tissues in the model
region nor in Canada to which we could compare our model results. Thus, as a rough means of validating
the human food chain, we compared modeled concentrations in female humans to a diverse set of lipid-
normalized concentrations reported in human breast milk in Turkey (Cok et al. 2012), the Czech Republic
(Pulkrabova et al. 2016), and the United States (Kim et al. 2008) (Table S13). Our modeled values fell
within or just below the range of measured values. This may be due to several factors including
differences in contamination of the local environment and food supply, differences in diet, and
differences in typical food preparation methods. In general, the small disparity between our modeled
values and the range of measured values in various locations across the globe imparts a certain degree of

confidence to our model’s structure and performance.

S23



S6. Model Evaluation Tables

Table S9. Comparisons of modeled whitefish and Northern pike PAH exposures to literature data from
Ohiozebau et al. (2017) and Golzadeh et al. (2021). Modeled arithmetic mean, wet weight whole-body
phenanthrene (PHE), pyrene (PYR), and benzo(a)pyrene (BaP) concentrations (ng-g ww'') from
sampling date-matched CBATs were compared to reported measured values for fish muscle. Given that
in all manuscripts fish ages or lengths were not provided we have included 2 sets of modeled CBAT data
for whitefish and Northern pike, ranging in age from either 0-10 or 0-20 years. Note that our model does
not account for fish breeding behaviours, and thus all whitefish and Northern pike are functionally male.

PHE PYR BaP
Year Season Region Species n’  (mean % (mean + (mean +
SD) SD) SD)
Fort Resolution 26 n.d.’ 0607 0.1+0.1
" Fort Smith hitefish 18 n.d. 02+03 0.1+02
Ohiozebau 511 g mer  Fort Chipewyan ~ WMelsh o 65107 56+59 47:86
etal 2017 (muscle)
Fort McKay 20 3.0+34 45+£78 39+47
Fort McMurray 11 n.a.‘ n.a. n.a.
Model 0-10 i 5 35+09 32+£1.7 38+09
Y 2008  Summer Alberta O.ll Sands Whitefish
Model 0-20 y Region 10 29+09 24+14 34+08
Fort Resolution 26 05+06 0.1+£0.1 0.6+0.5
' Fort Smith ) 18 39+46 05+1.1 04+04
Ohiozebau Fall Fort Chipewyan ~ WOUeish 05011 30£33 33166
etal 2017 (muscle)
Fort McKay 20 20+1.7 26+£39 34+7.1
Fort McMurray 11 1.7+£23 28+£36 11+13
Model 0-10 i 5 61+24 36+1.7 42+09
0B 00 pan  Alberta Oil Sands g py
Model 0-20 y Region 10 53+21 28+14 3.7+0.8
Fort Resolution 26 1.8+19 n.d. 04+0.5
Ohiogeh Fort Smith Whitefish 18 01+0.1 1.8£3.0 0.7+09
10Zebau . . 1tefis
+ + +
ot al. 2017 2012 Spring Fort Chipewyan (muscle) 18 08+£09 1.0+15 0.1+02
Fort McKay 20 13+£00 21+£29 07+0.5
Fort McMurray 11 33+27 12+06 0.8+0.6
Model 0-10 i 5 45+18 51+£38 45+12
oce Y 2008 Spring Alberta O.ll Sands Whitefish
Model 0-20 y Region 10 3516 3.6+30 39+1.0
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) . PHE PYR BaP
Year Season Region Species n
ng g ww' / mean + SD
Fort Resolution 24 n.d. 02+02 0.6=%1.5
' Fort Smith Northern 19 05+07 01+£01 03+0.5
Ohiozebau . .
et al 2017 2011  Summer  Fort Chipewyan Pike 20 n.d. 1.0+14 0.1+0.1
Fort McKay (muscle) 20 20+3.0 1.6+25 03+04
Fort McMurray 21 23440 44+44 12+09
Model 0-10 y Alberta Oil Sands Northern 5 1.4+0.1 21+1.0 20+1.1
2008  Summer . .
Model 0-20 y Region Pike 10 14+01 1.6+08 15+09
Fort Resolution 24 n.d. n.d. 0.3+0.3
' Fort Smith Northern 19 n.d. 03+08 03=£03
Ohiozebau . .
ot al 2017 2011 Fall Fort Chipewyan Pike 20 n.d. 02+03 0.6+0.6
‘ Fort McKay (muscle) 20 33+47 3.6+20 33+32
Fort McMurray 21 1.1+02 03+£01 09+1.1
Model 0-10 y 2008 Fall Alberta Oil Sands Northermn 5 3.2+£0.6 26+£1.2 22+1.1
a . .
Model 0-20 y Region Pike 10 29+£06 20+£1.1 1.6+0.9
Fort Resolution 24 0.6+05 04+1.0 04+04
' Fort Smith Northern 19 09+0.6 02+01 0.1+0.1
Ohiozebau . . .
ot al 2017 2012 Spring Fort Chipewyan Pike 20 10+16 01+£01 08=%1.7
Fort McKay (muscle) 20 37+16 07+06 1.0+04
Fort McMurray 21 33+13 12406 1.6+04
Model 0-10'y : Alberta Oil Sands ~ Northern 5 1.9+02 32+18 22+1.1
2008 Spring . .
Model 0-20 y Region Pike 10 1.7+02 23+15 1.6=1.0
®n: total number of samples across all seasons as season-specific n were not stated
®n.a. - no specimens available in season at location
‘n.d. - below detection limits
. . PHE PYR BaP
Year Season Region Species n ng & ww' / mean £ SD ®
Golzadeh Alberta Oil Whitefish
etal. 2021 2015 Summer Sands Region  (muscle) 6 0242017 n.d n.d
Model 0-10 i 5 35+09 32+1.7 3.8+09
oce Y 2008  Summer Alberta O.ll Whitefish
Model 0-20 y Sands Region 10 29+09 24+14 3408

#method detection limits ranged from 0.06 to 0.1 ng/g ww for 10 g of sample
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Table S10. Comparisons of modeled moose PAH exposures to measured concentrations in moose feces
from Lundin et al. (2015) and moose muscle from Golzadeh et al. (2021). Modeled median or mean
whole-body PHE, PYR, and BaP concentrations (ng-g lipid') from sampling date- and sex-matched
CBATSs were compared to reported measured values. Measured concentrations were lipid-normalized,
assuming 2% lipid content of dry moose feces (Mgller et al. 2014), and 2.20% lipid content of moose
muscle reported by Golzadeh et al. (2021).

v S Reg Speci PHE PYR
ear eason egion €ClES  Amale  Ffem . .
8 P l ! ng g lipid”' / median + SD
Lundi 5008 Algar M 7 13 16 =10 1.5+£7.0
undin - . oose
et al 2016 09 Winter Egg ?ony (feces) 14 14 11+£7.0 10+7.5
Wiau 6 14 22+ 8.5 8.5+45
Model 0-10  2007- _ Alberta Oil 10 10 25+0.2 0.5+0.04
Winter . Moose
Model 0-20 08 Sands Region 20 20 2.5+0.2 0.5+0.03
, , PHE PYR BaP
Year Season Region Species n o
ng g lipid” * / mean + SD
Golzadeh Alberta Oil Sands Moose b
et al 2021 2015 Summer Region (muscle) 3 n.d. 4.09 n.d.
Model 0-10 2008 S Alberta Oil Sands M 10 2.0+£03 0.4+0.09
Model 0-20 Hmmer Region O 20 20£02  04£007

4 Method detection limits ranged from 0.06 to 0.1 ng/g ww (or 2.7 to 4.5 ng/g lipid assuming 2.20% lipid content of muscle)
for 10 g of sample

b Concentrations are reported in reference as mean + standard error. Considering report of single value, this is not a mean
but rather the PYR concentration of the sole detection.
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Table S11. Comparisons of modeled plant PAH concentrations to measured concentrations in pooled
upland and wetland plant samples from 22 sites in the Alberta Oil Sands Region reported by Boutin &
Carpenter (2017). Exact plant species in pooled samples were not specified, and only maximum
concentrations were reported. The authors attempted to collect dominant species at each site. ~10 types
of berries, cattail, five pine species, and more than 10 species of willow were included in the list of
species observed during vegetation surveys.

PHE PYR BaP
Year Season Region Species n ng g fresh Weighfl / maximum®
(above ground, below ground)
. Ft. McMurray 17.2,18.2 12.4,7.1 34.6,4.2
Boutin & 2013- Not Several 2
Carpenter . East of FM (pooled ; 6.2,12.8 33,33 3.0,2.2
14 given sites
2017 samples)
West of FM 8.6, 10.7 5.7,3.8 n.d., n.d.
Cattail 0.49,0.49  0.23,0.32 0.01, 0.73
. Willow 2.01,0.98 1.04, 1.08 0.07,4.3
SPHNg, A jberta Oil .
Model 2008  Summer, Sands Reed Mint n/a  3.63,0.56 224,087  0.15,4.95
Fall ands Reglon Blueb b 4.46,0.63, 3.05,0.90, 0.22,5.75,
ueberry 0.11 0.02 0.003
Pine 0.41,0.99  0.20,0.37 0.01, 1.10

*Unclear if measured concentrations in Boutin & Carpenter (2017) are fresh weight or dry weight.
® Modeled blueberry concentrations are reported in root, leaf, and fruit.
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Table S12. Comparisons of modeled grouse and mallard PAH exposures to literature data from ECCC
(2018) and Golzadeh et al. (2021). Modeled arithmetic mean whole-body PHE, PYR, and BaP
concentrations (ng-g lipid!) from sampling date- and sex-matched CBATSs were compared to measured

values.
ng g lipid"'/ range *
Year Season Region Species n PHE PYR BaP
ECCC 2013 Not Northern Alberta, Mallard 1 n.d. — n.d. — d
2018 stated NWT (liver) 72.5 16.5 ¢
Model 0-  2007- Alberta Oil 10 male
10y 08 All Sands Region Mallard 10 fern 0.8-13 06-12 15-29

4 Assume values reported “0” are non-detects. Detection limits were not provided.

ng g lipid' / mean + SE *

Year  Season Region Species n PHE PYR BaP
Golzadeh et Alberta Oil Mallard 257+
al 2021 2015 Summer o isRegion  (muscle) 7 nd o n.d.
2007- Alberta Oil 10 male 1.0+ 0.8+ 2.0+
Model 0-10y g Al gands Region  Mallard 10fem 0.2 0.2 0.5
Golzadeh et Alberta Oil Grouse 154 +
al. 2021 2015 Summer Sands Region (muscle) 10 n.d. 13.5 n.d.
2007- Alberta Oil 10 male 1.1+ 0.07 = 0.02 +
Model 0-10y g Al gands Region  9TOuse 10fem  0.03  0.003  0.001

4 Method detection limits ranged from 0.06 to 0.1 ng/g ww for 10 g of sample (or 2.2 to 3.7 ng/g lipid for mallard muscle
assuming 2.72% lipid content, or 11.5 to 19.2 ng/g lipid for grouse muscle assuming 0.52% lipid content)
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Table S13. Comparisons of modeled, age-matched female human PAH exposures to previous measurements of PAHs in human breastmilk in
various locations (ng-g lipid!). Note that studies in Hong Kong (Tsang et al. 2011) and China (Wang et al. 2018, Yu et al. 2011) were excluded
from the comparison as concentrations were mostly at least a few times higher than those measured by Cok et al. 2012.

A S T PHE PYR BaP
\:rage agp ¢ e Region mean df mean df mean df
£¢ ate (range) (range) (range)
. 24 8.2 0.27
Cok et al. 25 Sep-Oct  Mersin, Turkey (Smokers) s 4~ g3y VT 58Ty T 0004—076) 7
2012 2009 Mersin, Turkey 15 5.4 0.24
(Non-smokers) Qo_7a4 A0 0Tag) A0 036003 4040
AOSR (Smokers) ! ’36 0.36 0.16
Model 23 Sep-Oct (1.34-1.37) 0
ode 2008 AOSR (N . 0.70 0.17 0.079
(Non-smokers) (0.69 —0.71) (0.16-0.17) (0.076 — 0.081)
Aug-Sep Karvina, Czech Republic 14 0.70 0.27
30 2013 (Industrial, Non-smokers) ~ (bdl—47) 9200 wdai—6.1) 4700 wai_o0s2) 1866
Jan-Apr Karvina, Czech Republic 20 1.2 0.24
30 2014 (Industrial, Non-smokers)  (bdl—85) %7 wai—98) "7 wai—0s0) 2%
Pulkrabova Ceské Budgjovice
a 32 Aug-Sep L 9.4 0.67 0.17
etal 2016 Czech Republic 76/93 63/93 25/93
2013 (Control, Non-smokers) (bdl —38) (bdl —9.2) (bdl —0.72)
Ceské Budgjovice
Jan-Apr 7 12 0.8 0.14
33 Czech Republic 71/95 62/95 29/95
2014 (Control, Non-smokers) (bdl—71) (bdl — 15) (bdl—0.71)
Jan-Apr 0.73 0.16 0.053
2008 AOSR (Non-smokers) (0.71- 0.75) (0.051 — 0.055)
Model 30 Aug-Sep 0.17 0.08
2008 AOSR (Non-smokers) 0.72 (0.078 — 0.083)
. Baltimore & Various
Kim et al. b . ’ 13 1.3
2008 25 2005 United States (Non- (63— 23) 12/12 (0.7-3.0) 12/12 not measured --
smokers)
0.7 0.16 0.069
Model 25 2005 AOSR (Non-smokers) (0.64 - 0.73) (0.14-0.19) (0.048 — 0.109)

2 bdl: below detection limit

b Age range given as 15-25 for 3 out of 12 mothers, ages of remaining mothers not given.
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S7. Market Food and Cigarette Smoking Parameterization

Concentrations in domestic and imported raw potatoes, other vegetables, fruit, and meat were taken from
Canadian Food Inspection Agency reports (2014; 2015; 2016). Concentrations for coffee (Houessou et
al. 2007; Kayali-Sayadi et al. 1999; Orecchio et al. 2009; Tfouni et al. 2013) and tea (Girelli et al. 2017;
Kayali-Sayadi et al. 1998; Lin & Zhu 2006; Vifias et al. 2007) were for brewed liquids prepared in
different locations with various tea and coffee origins. Data for pasta/noodles (Kazerouni et al. 2001;
Lodovici et al. 1995) and soup (Kazerouni et al. 2001) were only available for BaP, in cooked forms of
these foods. The average ratios of PHE:BaP and PYR:BaP in typical soup constituents, i.e. chicken,
potatoes, and vegetables, were used to estimate PHE and PYR concentrations in soup. Similarly, average
ratios of PHE:BaP and PYR:BaP in vegetables, which are cultivated in a manner similar to grains, were

used to estimate PHE and PYR concentrations in pasta/noodles.

Table S14. PHE, PYR, and BaP contamination of market foods and inhaled cigarette smoke.

PHE Concentration PYR Concentration BaP Concentration

Market Food Consumption

[ng/g]
Coffee 0.26 0.069 0.0094
Tea 1.3 0.28 0.0084
Soup (canned + ramen) 1.8 0.44 0.020
Potatoes 0.26 0.072 0.0032
Vegetables 0.41 0.16 0.0089
Pasta & Noodles 4.5 1.8 0.099
Pork 1.2 0.23 0.0010
Chicken 1.9 0.33 0.014
Fruit 0.32 0.074 0.0092

Cigarette Smoking [ng/cig]” 230 66 15

2 taken from Vu et al. (2015)
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Table S15. Equations describing PAH uptake via soil ingestion, market food ingestion, and firsthand

cigarette smoke.

New Human Uptake Flux Equations (mol - h!)

Soil Ingestion, N

NS = IRS ' ZS - fs ) EO,GIT 'AgeCOT‘T'

where: IR is the volumetric soil ingestion rate
Zs 1is the fugacity capacity of the soil
fs 1s the fugacity of the soil

Ey g7 1s the chemical absorption efficiency in the
gastrointestinal tract, is gender-specific, and depends on age,
Kow, Kfeces-biood, and feces egestion rates as described in Czub et
al. 2004
AgeCorr is a unitless age scaling factor for ingestion rates,
specific to gender, and greatest for a 25 year old

MW,y 4y is PAH molecular weight

Market Food
Consumption, Nparker

Narket = Nmarket,intake ’ EO,GIT 'AQGCOTT‘

where: Nyarket,intake = CPAHmarket * IRmarker * MWpan
Ey i1 1s as above for soil ingestion
AgeCorr is as above for soil ingestion
CpaH,,4rio; 18 the sum of the PAH content of all market foods
IR arket 18 the sum of mass intake rates of all market foods
MW,y 4y is PAH molecular weight

Cigarette Smoking, Nymo

Nsmo = Nsmo,intake ' EO,lung 'AQGCOTT‘

where: Nsmo,intake = CPAHCL-g ) IRcig * MWppy
Eo,iung 1s a constant, unitless absorption efficiency in the lungs

AgeCorr is as above, but for cigarette smoking rate
Cpa Heig is the mass of PAH taken in per cigarette

IR4

MW,y 4y is PAH molecular weight

is the cigarette smoking rate
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