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Outline of Presentation 

1) Q·ualifications and Sum1m1ary of O·pinion 

2) O·verview: The m1ercury cycle, sulfate and m1ethylmercury 

3) Is the Bad River Watershed sensitive to m1ethylm1ercury 
contam1i nation? 

4) What are the im1pacts of the proposed project on 
m1ethylm1ercury production and loading in thee.ad River 
watershed? 
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1) Statement of Qualifications 
Area of Expertise: 

Mercury biogeochemistry; mercury-sulfate interactions; wetland hydrology and 
biogeochemistry, climate change interactions. 

Training and Employment 

• PhD (1999) McGill University, Montreal, Canada 

• 1999-2010: Professor, University of Toronto, Toronto, Canada 

• 2010-current: Professor and Canada Research Chair, University of Western Ontario, 
London, Canada 

Evidence of Qualifications 
• 172 published papers, book chapters and reports (Google Scholar May 9/25) 

• Expert contributions to State of California, US DOE, USFS, Canadian Federal and 
Provincial agencies. 

• Extensive prior work relevant to this hearing in Minnesota (USFS Marcell Experimental 
Forest; Minnesota Power, Fond du Lac), and First Nations in Canada (Grassy 
Narrows). 
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Summary of Opinion 

Hydrollogiicall and biog1eochemiicall changes to wetlands as a result of the Line 5 Reroute 
Project wiill iincrease the amount of 1meth~mercury produced in the Bad River watershed, 
viiolating the Band's water quallity standards. 

1) Thiis ii1mpact is the resullt of the project intersection of over 2000 ac of hydrollogicalllly
connected wetllands, and subsequent chang1es to hydlrollogicaJI and ecollogiicall 
characteristics that willll enhance the process of 1mercury me~hyllation. 

2) Thiis iincrease in methylmercury prodluctiion will cumullatiively contriibute to the 
1m ethyl mercury lload of a mercury sensitiive watershed with existi ng1 exceedances for 
1mercury levells iin fiish. 

3) Increases in 1methyllmercury production wHII have more local i1mpacts on o~her 
organiisms that wm affect theiir biiollog1iical function. 
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2) Overview: The mercury cycle, sulfate and methylmercury H Q 
• Mercury (Hg) is a high priority 

global pollutant 

• Released to the environment 
through a range of natural and 
human sources 

• Distributed globally in gaseous 
form in the atmosphere as well 
as discharged from point 
sources. 

• Dominantly released in 
inorganic forms, but is most 
toxic in organic forms. 

Some Terminology 

Elemental Mercury: can exist both as a 
liquid ("quicksilver'') or as a gas. 

Inorganic Mercury (I Hg): the ionic forms 
of mercury (e.g. Hg(II)) that are most 
abundant in water, soils and sediments. 

Methylmercury (MeHg): an organic form 
of mercury that bioaccumulates and is 
potently neurotoxic. 

Total Mercury (THg): the sum of all forms 
mercury in a sample (I Hg + MeHg). Is 
an operational term because of an 
analytical method. 6 



2) Overview: The mercury cycle 

• Elemental Hg circu lates in the 
atmosphere 

• I Hg is deposited to watersheds 

• In oxygen-free waters and 
sediments, a very small fraction 
(usually <l %) of I Hg is converted to 
MeHg 

• MeHg is dominantly formed by 
bacteria in the environment (sulfate-
reducing bacteria). Hg 
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2) Overview: Where is methylmercury formed, and how? 

Inorganic Hg 

Sulfate 
Organic 
Matter 

u> l ~ 
Sulfide CO2 

MeHg 

• The bacteria ( dominantly sulfate 
reducers in freshwaters) that convert 
mercury to methylmercury need 
organic matter (electron donor) and 
sulfate (electron acceptor) to function. 

• They can only function in oxygen-free 
(anaerobic) environments. 

• Activity is postively related to 
temperature. 

• We have typically thought that these 
environments were in deep lake water 
and sediments, now know they are 
much more diverse (wetlands, riverbank 
sediments, wet forest soils). 

From Branfireun et al., 2020 
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2) Overview: Where is methylmercury formed, and how? 

Wetland sediments are 
often the locations in 
watersheds that dominate 
MeHg formation and 
transport because they 
support the 
biogeochemical 
conditions that are 
required for Hg 
methylation. 

Hg 

Upland Soil Water and Runoff 

~ 

~ Wet Deposition 

Wetland Pore Water Lake Water Biota 

CJ ~ --
From: Krabbenhoft, Branfireun and Heyes, 2005 
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2) Over-view: Wetlands as Sites of Hg Mlethylation 

• Wetlands are rrequently 
characterized by permanent 
or transient anaerobic 
conditions,, depending1 on 
wetland type and hydroperiod. 

• Broadly speaking1, any 
watershed that has significant 
wetland cover wm be more 
mercury 'sensitive' because 
there is greater potential for 
Mle Hg1 formation .. 

• This is scientifically well
established, with so1me of the 
earliest work being1 done in 
Wisconsin .. 

MeHg &once lrations, P1rc1n1. ol Hg, . s 1M1R9 a . -
Watershed MaHg Yia1ds 

wat~rs ed type mean SD med, 

Wetland I d Fiorest 
f al l 

MeHg c•o cri Ing' IL - 1) 

% of Hg,: as Mel-lg 
y ield , mg km - 2 d- 1} 

0.020- 0.870, 0.291 0.2·~ - -
1.6-11 .1 6..4 3.2 5.8 . 
0 .003-1). 778 0.148 0.21 • . _ • 

sprig 
MeHg concn ng L - 1) 

% of g1 as Meietg 
yi,eld (mg km-: d-1 

0.015-0.3901 0.194 0. -~ -
0.4- 6.7 3 . . 2 ,_1 _9 . 3.1 ·. 
,0.010- 1.242 0.507 0.4 · 

Watershe• Transfer Effic1enc1es for Hg, .and MaHg' 
Wltitgit W1'Ei1a r WTE.._ti; WIE111, 

wa: i 1!h1d typ11 range, rnea:n range ffll'iilli 

we-tland and forest 
fall 0.01 - 0.30 0,06 O.O'h3.23 0.6 
spri ng 0.029- 5.38 o.eo 0.04- 5. 5 2.11 
$p in91° 0.029- 1.06 0.49 0.04- 5.15 2.1)4 

ag ricuhure and fore st 
fall 0.03-0.2.5 0.08 0.02-0.62 0.18 
spri ngi 0.13-0.62 0.31 0.13-,:i?,,(12 0.62 

ag ricu ltu ra I en ly 
fall 0.003- 0.006 0.005 0.01 - 0!04 0.02 
spring o. 2- 0.64 0.29 0.14- 0.84 0.52 

:lnBuences 1DI W,atershed 
1Charactarislics ,on1 Memury 
Levels in Wisconsin Rivers. 
].AM SP. HURLE .•·•·* 
JANJ , E O1T. 1 

CHJUST •O•PHEll L. BAB[Alt.7. , 1 

ARTI ~ . SH .HEIi.. 
DEil. W. A Oil.EN ,' 

JO H R. U LIVA , I 
illCHAilD HAMM01ND , t A_ D 
DAV]D IL FEBlli 

1H urley et al .. , 1995 

Percent MeHg is 
important... 10 



2) Overview: Overall Controls on Methylmercury Formation 

• Like baking with a recipe, we need the 'ingredients' for 
the methylation process, and a place for the reaction to 
occur. 

1) Inorganic mercury 

• Generally not limited. 

2) Organic matter 

• Can be limited as a reactant and as a transport factor in 
some environments. 

3) Sulfate 

• Can be limited as a reactant in some environments. 

4) Anaerobic environment that supports SRB 

• Proportion of watershed as wetlands positively related 
to Me Hg export (Hurley et al., 1995 and others). 
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2) Overview: Overall Controls on Methylmercury Formation 

More MeHg will be formed and 
exported if: 

• more of a limiting reactant (sulfate, 
organic matter) is supplied, and/or 

• a greater proportion of the 
landscape has the conditions to 
support methylation. 

Generally the amount of available 
inorganic Hg is not limiting in most 
environments due to atmospheric 
deposition. Changes in the amount of 
I Hg have a small effect on MeHg 
formation relative to these other 
controls. 
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FIGURE 2. Methyl mercury yield vs percent wetland area for wetland/ 
forest sites. 

When there is 
more sulfate 
added to wetland 
soils, there is 
more MeHg (from 
Branfireun et al. 2001) 

When there is 
more wetland 
area 1n a 
watershed, there 
is more MeHg 
exported. 
(from Hurley et al. 1995) 
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2) Overview: B,ioaccum1ulation and Biom1agnification 

• MeHlg iis ~he on lly for1m of mer cury that 
bioaccumullates (is stronglly retained 
in tissues) and biomagn ifii es 
(increases up the food chain through 
diet). 

• MeHlg iin a high trophic level fish is 
typicaHy about one mmion ti1mes 
higher ~han in the water where it lives. 

• Top consU1mers (birds, 1mam1mals, 
hU1mans) are exposed to ellevated 
M eHlg ~h rough a ~i sh di et. 

• If Me-Hg was not forim1ed in the 
environm1ent, ther e woulld not be a 
!mercury problem. 
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2) Q,verview: Why does this matter? 

• !Increases in water MleHg1 are directly related to 
increases in MleHg1 in biota. 

• MleHg is the only form of Hg1 that bioaccumu lates 
and b iomag1nifies. 

• MleHg impacts the behaviour, reproduction,, and 
survival of wildl ife (fish, migratory songbirds, 
piscivorou s birds and m am1m als) .. 

• The predominant pathway for human and fish
eati ng1 animal exposure to Ml e H 91 is from 
consuming1 fish contaminated with MleHg1 .. 

• !Health effects of MleHg exposure on humans can 
be severe and lif e-1 ong1 .. Biologically, there do es 
not appear to be a safe level of methylmercury 
exposure for humans. 

NQ, ICE! 
FISH FROM 
THESE WATERS 
MAY BE -• 
HARMFUL 
TO EAJ. 
I.EARN MORE! CAI.I. 

NVS DEPARTME ror HEALTH 
~ 18-402-7800 

Health .ny.govlfish 

I WARNIN·G! 

To:moko Kamimura, M'ilfla:mata diseaese 
viictim 
{https :llen. wil<lipedia.o:rg/wJk1ilM·na:mata_ 
direaese) 14 



3) Is the Bad River Watershed sensitive to methylmercury 
contamination?



3) Is the Bad River Watershed sensitive to m1ethylm1ercury 
contam1ination? 

USGS/D. Burns, 2020 

Although there is not extensive data available, 
there is c I ear evidence that the Badl River 
Watershed is sensitive to methylmercury 
contamination. 

1) Fish 1H g was above Great lakes 
consumption g1Uid~elines 

2) Bald Eagles and Otter hadl mercury levels 
hi glh enough to cause impairment 

3) Medlian %MeHgI as TIHgI was 10.9 (2 .. 9 -
12 .. 7% interquartile range).. 

4) Rule of thumb for surface waters is that 
>3%, as MelHg is a mercury sensitive 
environment (Le .. efficient at 1H gI methylation).. 

5) When ·%M1eHgI is this high, the source of 
MeHg is wetlands drainingI into tributaries 
(Hurley et al .. , 1995 andl subsequent scientific 
consensus) .. 
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3) Evidence points to wetlands as the dom1inant source of 
m1ethylm1ercury in the Bad River Watershed. 

l) Percent wetland cover (between ROW 
and Reservation boundary) is higih. 

• Bad River watershed = 15. l % 

• Potato River watershed = 22.6% 

• Tyler Forlks watershed= 37.1'%* 

2) Dissolved org1anic carbon 
concentrations are high, and strong1ly 
correlated to dissolved ( Mle) H 91 (Burns et 
al., 2020). Both are wetland derived. 

3) H 91 isotope ratios show i1mportance of 
wetlands and watershe~I for Bad River 
(Janssen et al.1, (2020) 

*Sampling locations where %MeHg was highest 
in entire watershed. 
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4) What are the impacts of the proposed project on 
methylmercury production and loading in the Bad River 
watershed?



4) What are the im1pacts of the proposed project on 
methylm1ercury production and loading in the Bad River 
watershed? 

A) The Line 5 reroute project will im1pact the hydrology of substantial areas 
of wetlands in the headwaters of the Bad River and her tributaries,. 

• The area of wetland impact of the project is not just the 
right of way/designated permit are a since it is 
perpendicular to the hydrological flowpaths of extensive 
wetlands that control! down stream flows and water quality. 

• Estimates by G LI FWC based on recent surveys (202 3-
25) indicate that 426 wetlands are intersected by the 
project, with a totall area of 2398 ac. 

• The 20o/o 'success' criterion of down-grad ient water table 
variation re lative to up-gradient means down-gradient 
wetlands may be substantiallly wetter, drier I or more 
variable than natural! cond itions aH of which impact 
mercury m ethylation in different ways. 

Tyler l=orks/l=eldcher Watershed wetlands. NWI 
wetlands are green. NWII wetlands intersected by 
the permit area are blue (Map from GUl=WC) .. 19 



4) Wetlland hy,drologic changes will increase m1ercury 
methylation potential, which is already lhigh. 

J:: 
Cl) 

0 0 

• Wetter condiitions bring the saturated zone of the wetlland 
closer to the ground surface, increasing the volume and 
temperature of the anaerobic zone. 

• Drier condiitions pr01mote oxidation in surface organic 
soils, releasing dissolved organic matter, bound mercury, 
and sulfate, increasing methyllmercury production in the 
saturated soils below. 

0 

Q) 
0) 
m 
i... 

~ 
I ■ Fluctuating 

_ ■ Saturated 
2 

• Mlore variable water table fluctuations combine both of .~ 
these mechanisms, allternately suppllyiing the reactants for .,,,,,,,
methylation , and the conditions required for 1methylation 
to occur. 

I I 

0 1 

wet/dry cycle • Effect may not just be down-gradient since the project will 
also change up-gradiient hydrology. From Pigeon and Branfireun (2024) 
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4), What are the impacts of the proposed project on 
m1ethylm1ercury production and loading in the Bad River 
watershed? 

1B) Changes in wetland plant communities through wetland conversion 
will increase mercury methylation potential. 

• Conversiion of forested and shrub-scrub 
wetlands to e1mergent wetlands is a result of 
both the direct effect of the reroute project 
(land clearing), and indirect effects of changes 
in hydrollogy. 

• The change in plant community changes 
microbial ecollogy (fungal - bacterial). 

• Increased productivity - increased organic 
matter - increased 1microbiall activity -
increased 1mercury 1methylation 

• Increased hydrologiic connectivity willl increase 
d ownstrea1m export. 

VNJW. wisconsiinwetlands. org 
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4) What are the im1pacts of the proposed project on 
m1ethylmercury production and loading in the Bad River 
watershed? 

The increase in methylmercury production in the mercury sensit ive headwaters of 
the Bad River will resu lt in: 

1) the delivery of addition~ 
1methyllmercury to receiviing1 waters 
(facillitated by high wetlland derived. 
Diissolved Organic Matter (DOM) 
concentr ati ans) . 

2) Add.iitionall methylmercury wm lbe 
lbioaccu1mulated and bii01magnified, 
cumullatiivelly contributing to the 
1mercury lload of an allready mercury
iimpaired. d.ownstrea1m ecosystem. 
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Driisco ll , C. T., Han, Y. J ., Chen, C. Y., Eve rs, D. C., Lambert , K. F., Holsen, T. M., ... 
Muns,o n, R. K. (2007). Mercury co ntam ination in forest and freshwater ecosystems in the 
Northeastern United States. Bioscience , 57(1), 17-28. doi: 10.1641l b570106 22 



4) What are the impacts o,f the pro,po,sed project o,n 
methylmercury production and lo,ading in the Bad River 
watershed? 

The increase in methylmercury production in the mercury sensitive headwaters of 
the Bad. River will resu lt in: 

Enhanced 'hot spots' of methylmercury 
production in headwater we~lands wi lll 
contribute to increased exposure in 
song birds and piscivorous birds and 
anim1alls, with 1magnified negative 
ecollogical effects, including 
reproduction and 1mi gration . 

;nvirorrmenr.il Pollllti on 

Dietary exposure to m thyl:m~muy affects llight ,l!'lldurance in a 
migratciy songbird" 

'• 111u Ma ~ . Cri,tin• JI,..., , llti•R A lranfireUII .,, Chrim:phm G. ~ lirl1111> • 

___ 1 '" \ _ I 

AVl.l\N BIOLOGY 
----c:t!C! 

i.,,,..- -

EYL<l nee of n J _tllle s son· Cl! ry-over effea;1 ol bre dil'I 
grou nli merru ry e11posu re on survival or m gratory song~lr'lis; 

Efliecw, ,of Ernr[ronme11 al M 1llflylmen:uri:y on ·~e Healttl of 
Vllildl Birds, M mmals, andl Fish 

Authors: Scheuhsmmer. Anton FIii~ eyer, Michael W., Sar!ldheinrich. 
e. , ind Mi.nBY, crn,ei w. 

source: AMBIO: A J' 111nal ol lhe 1-tuma En~lronm ni, 36(0 : 12-19 
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Conclusion and Summary of Opinion 
Hydrological and biogeochemmcal changes to wetlands as a result of the Line 5 Reroute Project wm 
increase the amount of methyllmercury produced in the Bad River watershed! violatiing the Band's 
Water Quallity Standards. 

1) The, presence, of poJJutants in quantities that result in bioaccumulation in aquatic organisms that 
may cause, or contribute, to an adve,rse, effect to consumers of aquatic org,anisms shall be 
prohibited (refe,r to criterion E. 6. ii. h .) . 

2) Pollutants or human-induced changes to wate,rs, the, sedim.ents of wate,rs, or are,a hydrology that 
results in changes to the, natural biological communities and wildlife, habitat shall be, prohibited 
(refer to criterion E. 6. ii. e') 

Further, it is my opinion that there are no conditions that would prevent these violations of the Bands 
Water Quality Standards, given the nature and location of the reroute project. 

Chi-Miigwech 
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