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What do we know regarding the biomagnification process

A Sulfate (S¢¥) + lowto-no dissolved oxygen (Dincreases activity of sulfate
reducingbacteria(SRB);

A SRB in the presence of inorganic mercury>{Hyenerate methyl mercury
(CHH(g) as an accidenitly-product of respiration

A Methyl mercury isetained in biological tissumore significantly than inorganic
mercury because of the additionaCH, (methyl) group;

A Bioaccumulatiorof methyl mercury occurs because the depuration (loss) rate of
methyl mercury from biological tissue is much lower/slower than the loss rate of
Inorganic mercury,

A Biomagnificatiorhappens through thérophic transferof bioaccumulated
methyl mercury from small prey species to larger prey (or predator) species to
largest predator species (including humans)



Zhang et al., 202@ttps://doi.org/10.1029/2019GB006348
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The Mercury Cycle

Mercury (Hg) cycles from Earth to atmosphere to oceans and back to f :
Earth. In the ocean, mercury is converted to monomethyl mercury Blcano
(MMHg), a neurotoxin that moves up the food chain and becomes

highly concentrated in tuna, swordfish, and other fish that people eat.
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A Global Model for Methylmercury Formation and Uptake
at the Base of Marine Food Webs

Yanxu Zhang'? (), Anne L. Soerensen®™* (), Amina T. Schartup®** (), and
Elsie M. Sunderland™*

*Joint Intemational Research Laboratory of Amospheric and Earth System Sciences, Schodl of Aunospheric Sciences,
Nanjing University, Nanjing, China, *Harvard John A. Paulson School of Engineering & Applied Seiences, Harvard
University, Cambridge, MA, USA, il)eparlmemo( Environmental Health, Harvard T. H. Chan School of Public Health,
Harvard University, Boston, MA, USA, *Department of Environmental Science and A nalytical Chemistry, Stockholm
‘University, Stockholm, Sweden, *Scripps Institution of Oceanography, La Jolla, CA, USA

Abstract Monomethylmercury (CH;Hg) is the only form of mercury (Hg) known to biomagnify in food
webs. Here we investigate factors driving methylated mercury [MeHg = CH,Hg + (CH,),Hg)] production
and degradation across the global ocean and uptake and trophic transfer at the base of marine food webs.
‘We develop a new global 3-D smuilation of MeHg in seawater and phytojzooplankton within the

Institute of general circulation model. We find that high modeled MeHg

polar regi driven by reduced ion due to lower solar radiation and colder
temperatures. In the eastem tropical subsurface waters of the Atlantic and Pacific Oceans, the model
results suggest that high MeHg concentrations are associated with enhanced microbial activity and
atmospheric inputs of inorganic Hg. Global budget analysis indicates that upward advection/diffusion from
subsurface ocean provides 17% of MeFg in the surfice ocean. Modeled open ocean phytoplankton
concentrations are relatively uniform because lowest modeled seawater MeHg concentrations occur in
i ic regions with ize classes of with relatively high uptake of MeHg

and vice versa. Diatoms and synechococcus are the two most important phytoplankton categories for
transferring MeHg from seawater to herbi ing 35% and 25%,
Modeled ratios of MeHg ions between herbi and pl are
0.74-0.78 for pi (ie,no ification) and 2.6-4.5 for eukaryoti ‘The spatial
distribution of the trophic magnification factor s largely by the i
Changing ocean biogeochemistry resulting from dimate change is expected to have a significant impact on
marine MeHg formation and bioaccumulation.
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Think abourisk profiledor different locations in terms of:

APhysical factorg what is the burial rate of contamination based on the
geological background (i.e., how much sediment is available for burying
contamination quickly to a depth below the biological mixed depth or biologically
active zone?); how to hydrodynamics impact stable burial?

A Chemical factorg what factors are present that can create the conditions in
which SRB are active? Factors of concern are those that contribute sulfatg (SO
and biochemical oxygen demand (BOD) such that S|gn|f|09mmr®umpt|on
200dzNEP® CIF OQUu2z2NB OFY 0S | YUKNRLIRZISYAO

ABiological factors; what are the species of concern and what do trophic transfer
pathways look like? For human health concerns, what are the frequency and
frameworks for consumption.g, recreational and infrequent vs frequent and
culturally or socieeconomically significant)?




PHYSICAL

Sufficient sedimentation
and low erosion potential ~
to allow for stable burial

<4 = [Wabigoon River, ON]
Y = [Penobscot Estuary, ME]
¢ = [subtropical embayment]
B = [active margin slope]

CHEMICAL

Factors that contribute BOD
and sulfate (S¢¥) and result
in rapid Q consumption
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__ BIOLOGICAL

Multi-trophic level
food chains with a top
predator species that

IS frequently
consumed

Think of this overview of
risk profiles as describing
orbits around a worstase
ecological and human
health scenario




Site Examples or Comparison

Penobscot River Estuary, Maine

A Glaciated terrain and low sed. rates (~ 0.5 grj/

A Lobster as a TL2 species; in terms of frequency

consumption is not culturally significant; TL4
specie iIs American eelmay be an ecological
concern, but not an acute ' HH concern.

A Biogeochemical concerns due to wood waste
elevated % methylation on marshes; most
concerning trophic transfer pathway to marsh
species is via terrestrial food web for migratory
songbirds.

A Surface sediment concentrations < 10 mg/kg in
vicinity of site and < 1 mg/kg across majority of
the estuary.

A No acute, severe or obvious human health

concerns; species of greatest consumption have

consumption restrictions in place via licensing
structure/programs.

Wabigoon River, Ontario

A Glaciated terrain and very low sed. rates
(~ 0.3 cm /yr)

A Walleye and Northern pike as TL4 species;
consumption is culturally significant

A Mill effluent renders the river
suboxi¢anoxic in summer; stratification of
an inriver lake contributes to > 2 ug/g in
walleye.

A Surface sediment mercury concentrations
exceed 50 mg/kg in vicinity of a mill and are
elevated consistently > 1 mg/kg for a
distance of ~ 40 miles downstream.

A Downstream human health impacts are
severe with multigenerational
manifestation; fish are consumed whether
or not a consumption restriction is in place.



AThePenobscot Riveis the second largest
river system in New England
AThe estuary is:
A~20 miles long
A 12 ft tidal range

ASeasonally variable discharge:
A5000¢ 60,000cfs

AGlaciated terrain and a long narrow river
channel upgradient of Frankfort

AA mercury cell chlealkali facility
operated in the estuary from 19672000

APreceding history of wood products
Industry complicates remediation of the
estuary and extends a recovery timeline
to 50+ years
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PENOBSCOT RIVER

CONPHUATION TO BARDON

— o =
w.._um
b >IN
0 T 0o
R
nn..es
alw
- ©
wc-= o
=
c = ©
0O O u—
O =5 O
S99
= o &
— ke @D
TR T
tVt
fole
L X v

ion

BELFAST HARBOR




¢CKS 20KSNJ AYVRAzZAUONR I f KA

The Fenobscot was a lumbermen's dream. There
were two and a half million acres of the finest
White Pine forestag in the world and all of it wes
aecesalble through the FPenobscod Biver, As & lumber
port, Bangor and the Psnobscot were wifthout pesrs.
In the fifty-odd years from 1832 to 1888, a total of
8,738,000,000 board feset of lumber were shipped, AL
its zenith in 18%2, Bangor wes shipping 250,000,000
board feet of lumber a year, Old-Gtimers today still

talk of the btime ed from dsck

to de merchant ships to cross the river

ngor to Brewer. (5) AL this time there were four-

hundred-ten sawnills on the river and flfty-twoe of

them were between Bangor and Qld Town.

Today there are still great islands

anéd bogs of sawdust in the estuary sechion of the

Penobscot, Some of these deposits are up to thirty

feet thick., A student hoping to do a thesis on the

ot of this sawdust on bobttom 1ife in the lo

Fenobacot o abandon hig orlging 8 when he

could not find an ares without sawdust present for a

control area,

[Bloom, 1971{UMaineMS Thesis]
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Wood Waste: Results
2017 Geophysical Survey
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ksport Mill Pile:

Dotted contours = 2016

A Solid contours = 2017

A 2016 Thickness = 8 feet
A 2017 Thickness = 6 feet

2017 Location
(Summer)

T— 2016 Location

(Spring)



How does this information impact the restoration and
recovery of the Penobscot estuary ecosystem?

AThis material:

Ais lower density than mineral sediment and so is transported differently
through the freshwateisaltwater mixing zone in the estuary;

Ahas a higher water content than mineral sediment and so has different
material handling needs if dredged as a component of restoration;

AR2Say Qi oOoNBI]l R26Yy dzy RSNBI GSNJ a2 f 2
estuary; size of the tides makes this a very slow prote88o per year?)
Ahas absorbed mercury discharge over the years

Alts transport ontomarsheamay partially explain very high mercury
exposure and uptake rates feparrowsin the Penobscot estuary

Alts presence may still be impacting thenthic food web (lobster)
A (Whose responsibility is this @xcurring contaminant?)



Site Examples or Comparison

Penobscot River Estuary, Maine

A Glaciated terrain and low sed. rates (~ 0.5 grj/

A Lobster as a TL2 species; in terms of frequency

consumption is not culturally significant; TL4
specie iIs American eelmay be an ecological
concern, but not an acute ' HH concern.

A Biogeochemical concerns due to wood waste
elevated % methylation on marshes; most
concerning trophic transfer pathway to marsh
species is via terrestrial food web for migratory
songbirds.

A Surface sediment concentrations < 10 mg/kg in
vicinity of site and < 1 mg/kg across majority of
the estuary.

A No acute, severe or obvious human health

concerns; species of greatest consumption have

consumption restrictions in place via licensing
structure/programs.

Wabigoon River, Ontario

A Glaciated terrain and very low sed. rates
(~ 0.3 cm /yr)

A Walleye and Northern pike as TL4 species;
consumption is culturally significant

A Mill effluent renders the river
suboxi¢anoxic in summer; stratification of
an inriver lake contributes to > 2 ug/g in
walleye.

A Surface sediment mercury concentrations
exceed 50 mg/kg in vicinity of a mill and are
elevated consistently > 1 mg/kg for a
distance of ~ 40 miles downstream.

A Downstream human health impacts are
severe with multigenerational
manifestation; fish are consumed whether
or not a consumption restriction is in place.



Grassy Narrows ANA Commuiaifihis is Living Downstream
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Health in Grassy Narrows 'significantly worse' than
other First Nations: report

: GRASSY NARROWS
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Grassy Narrows ANA Community

Research

A Section 508-conformant HTML version of this article
is available at https://doi.org/10.1289/EHP11301.

The Contribution across Three Generations of Mercury Exposure to Attempted
Suicide among Children and Youth in Grassy Narrows First Nation, Canada: An
Intergenerational Analysis

Mercury exposure and premature mortality in the
Grassy Narrows First Nation community: a retrospective
longitudinal study

Aline Philibert, Myriam Fillion, Donna Mergler

Summar

Bad:gmun!:; Little is known about the influence of toxic exposures on reduced life expectancy in First Nations people
in Canada. The Grassy Narrows First Nation community have lived with the consequences of one of the worst
environmental disasters in Canadian history. In the early 1960s, 10000 kg of mercury (Hg) was released into their
aquatic ecosystem. Although Hg concentration in fish, their dietary staple, decreased over time, it remains high. We
aimed to examine whether elevated Hg exposure over lime contributes to premature mortality (younger than 60 years)
in this community.

Methods We did longitudinal and case-control analyses with data for individuals of the Grassy Narrows First Nation
community. In 2019, the community obtained their historical Hg biomarker data from a government surveillance
programme, which was then shared with the authors. A matched-pair approach allowed us to compare longitudinal
hair Hg concentration between cases (individuals who died aged younger than 60 years) and controls (individuals
who lived beyond 60 years). Matching criteria included year of birth (allowing 2 years either side), sex, and a minimum
of four hair Hg concentration measures, of which at least two were in the same year. Analyses included change-point
detection, interrupted lime series, mixed models, and Cox survival models.

Findings We analysed data collected between Jan 1, 1970, and Jan 31, 1997, for 657 individuals (319 women and
338 men, born belween 1884 and 1991) for whom we assembled a retrospective dalabase of yearly measures of hair
Hg concentration (n=3603). Hair Hg concentration decreased over time. A subgroup of 222 individuals (107 women
and 115 men) reached or could have reached 60 years old by August, 2019. There was an increased risk of dying at a
younger age among those with at least one hair Hg measure of 15 pg/g or more (adjusted hazard ratio 1.55, 95% CI
1.11-2-16; p=0-0088). Among the deceased individuals (n=154), longevity decreased by 1 year with every 6-25 pg/g
(4-35-14-29) increase in hair Hg concentration. Analyses of 36 matched pairs showed that hair Hg concentration of
those who died aged younger than 60 years was 4-7 pg/g higher (3.4-5-9) than controls.

Interpretation The consistent findings between our different analyses support an association between long-term Hg

exposure from freshwater fish consumption and premature mortality in this First Nation communily. There is a need
to do risk-benefit analyses of freshwater fish consumption in environmentally contaminated regions.

Laneet PMlonet Health 2020,

A e11-48

This online publication has
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Unirversité do Québec 3
Montréal, Centre de recherche
imterdisciplinaire sur le
bien-étne, la santé, ka société et
Fenvironnement {Cinbiasz),
Montréal, O, Canada

(A Philibert PhD,

Prof M Fillian Ph,

Prof D Mergler Phi;

and Département Science ot
Technologie, Université TELUQ,
Maontréal, (C, Canada

{Praf M Fillion)

Carmesponderce o

Prof Donna Mergler, Centre de
recherche interdiscipinaie surle
bien-&tre, |a santé, la société et
l'enwirannement (Cinbiose),
Université du Québec 3 Montréal,
Montréal, (C H3C 3P8, Canada
mergler donnaghugam.ca

Ontario knew about Grassy Narrows mercury site
for decades, but kept it secret Nevember 11, 2047

Aconfidential 2016 report says provincial officials were told in the 1990s that the site of a paper mill near Grassy Narrows First Nation was

contaminated with mercury — and that the poison is likely still present.



https://www.cbc.ca/news2/interactives/children-of-the-poisoned-river-mercury-poisoning-grassy-narrows-first-nation/
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TABLE 7.1. Annual mercury discharges from the chlor-alkali

plant, Great Lakes Forest Products Limited,

Dryden.
Mercury

Year Loss
(ka)

1962-69 1100
1970 350
1971 9.1
1972 2.3
1973 2.1
1974 1.7
1975 2.0
1976 1.2
1977 1.7

600

500

400

200

100

Clarifier
Operational

Y

| N N A (S I S N NS [ U (SO [N NN NN Y N S N NN T SN N N S (U N U N —
] 1
ASDNDEJFMAMJ.JASClND:JFMAMJJASOND‘JFMAMJ
I
i

I
1978 1979 1980 : 1981

]
'

Figure 7.1 Mean monthly mercury concentrations of mill effluent, August, 187



Waste from mill worsening mercury contamination

In river near Grassy Narrows: study

‘\

Grassy Narrows chief calls out Ottawa for
'ridiculous’ delays to mercury treatment centre
construction

Trudeau said 'money is not the objection’ to building the centre during 2019 election
debate

@ Brett Forester - CBC News - Posted: Feb 16, 2024 12:42 PM EST | Last Updated: February 16

Rudy Turtle, chief of Grassy Narrows First Nation, addresses a rally against mining proposals on First Nations
territory in Toronto in July 2023. (Evan Mitsui/CBC)

et}

Industrial discharge from a paper mill in northern Ontario is exacerbating mercury contamination in a river system near a First
Nation that has been plagued with mercury poisoning for decades, a new study suggests. Grassy Narrows Chief Rudy Turtle

holds a sign as he marches with supporters through downtown Toronto in a 2019 handout photo.




Relationship between total mercurdg,) and
methyl mercury MeHQ insediment

A 1400 data pairs
A Salinity continuum
A Range in organic carbon -~
concentration and quality %E’,’ 1051
A Range in level of :
contamination = 10°4
A Variable sources -
104 4
Note that the relationship in this graph is descriptive
of sampling conditions; it is not predictive of remedial
response (meaning: we should be careful of trying to 104 o
over-specify the extent to which decreasikiy; 10 102 10+ 10 10 102 10

necessarily results in predictable decline$faHg.
HgT (nmol g )

Figure from:Cossaet al. 2013. A Michaeliplenten type equation for describing methylmercury dependence on inorganic mercury in aquatic sediBiegeochemistry. 119, 883.



How Do These Data Distribute by Source/Type of Environn

Sediment MeHg (ng g')
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Note that the relationships
in this graph are descriptive
of sampling conditions;
they are not predictive of
remedial response
(meaning:.we should be
careful of trying to over
specify the extent to which
decreasingHg; necessarily
results in predictable

declines irMeHg.

Figure from: Hs&im et al. 2018. Challenges and Opportunities for managing aquatic mercury pollution in altered landscdpest7: 141169.
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THE LOOP CURRENT

The Gulf's largost current, the Loop
Current, entors from the Caribbean
as the Yucatdn Current. Running to
depths of 2,600 feet. It can swing
directly east 1o join the Gulf Stream
or surga north before curling back
through the Straits of Florida. If it
ponetrates deeply Into the Gulf,

It ofton sheds a great eddy, which
drifts westward. The Loop Current
could carry ofl from a Gulf spill up P
the Atlantic coast. ”
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Facility operations not uncommonly released
~ 10 tons of mercury into adjacent waters (plus
poorly quantified volumes volatilized into the
atmosphere and spilled onto site solils)




Locations of Former or Current Mercury Cell Chlor-Alkali Facilities

Chaleur Bay [ Dalhousie, NB
Arvida / Saguenay, QC
Beauhamiis, QC

Lac Quevilon, GC
Shawinigan, QC
Marathon, ON
Cormwall, ON

Sarnia, ON

Thunder Bay, ON
Hamilton, ON

Dryden, ON

Port Abercrombie, NS
Saskaloon, SK
Squamish, BC

Acma, NC

Ashtabula, OH
Augusta, GA
Bellingham Bay, Wa
Berlin, NH

Brunswick, GA
Calvert City, KY (=2)
Charlaston. TN

Deer Park, TX

Sauget, IL

Geismar, LA
Westlake, LA

Point Comfort, TX
Lemoyne, AL

Lindar, M.

Mclntosh, AL

Mohbila, AL
Moundsville, W
Muscle Shoals, AL
Mew Casfle, DE

MNew Martinsvilla, W
Miagara Falls, MY (=2)
Orrington, ME
Plaguemine, LA

Port Edwards, W

5t Gabrisd, LA
Syracuse, NY (=2)
Guayanilla, PR
Coatzacoalcos-Minatitlan, MX
Garcia Muevo Ledn, MX
Ecatepec da Morelos, MX
Salamanca, MX

Santa Clara, MX

Sapgua la Granda, Cuba

Managua, Nicaragua

Cartagena, Colombia

Maracaibo, Vanazuela

Mordn, Venezusla

Lima, Paru

Callaa, Paru

Lenga, Chile

La Laja, Chile

San Jose da Mayo, Uruguay

Cinco Saltos / Upper Negro River, Argantina
Bahia Blanca, Argantina

Civdad da Rio Tercera, Argaentina
ltapagipe, Bahia, Brazil

Camacar - Botafogo Rivar, Brazil
Igarrasu, Brazil

Sanio Andra, 530 Paulo, Brazil
Sanios- Cubatio, Brazil

Acari-580 Jodo de Mariti River, Brazil

Parsgrunn, Morway
Sarpsborg, Morway
ROrWaY - 3

Bohus, Swadan
Stenungsund, Sweden
Skoghall, Swadan
Domsja, Sweadan
Koepmanholmen, Sweden

= T
i

5 e B
Kokemas i, Finland
Ouly, Finland

Aetna, Finland

Kuusankoski, Finland
Rumcorn, UK

Sandbach, UK

Stavelay. UK

Hillhouse, UK

Ellesmera Part, UK

Fermoy, Ireland
Viaux-Thann, France
Harbonniares, France
Tavaux, France

Si. Auban, France

Jarria, France

Loos, Franca

Lavara, France

Mazingarbe, France
Jemappe -sur-Sambre, Belgium
Lillz, Belgium

Antwerp, Balgium
Tessenderlo, Belgium
Bolek-Rottardam, Matherdands
Beek Gelean, Metherands
Dalfzijl, Methedands

Linna Herten, Nefharlands
Hengalo, Metharlands
Bitterfeld, GR

Burghausean, GR

Dormagen, GR

Frankfurt, GR

Gendorf, GR

Gersthofen, GR

Ibbenbiren, GR
Hurth-Knapsack, GR
Krafeld-Uerdingen, GR
Lampartheim, GR
Levarkusan, GR
Ludwigshafen, GR

Lilsdaorf, GR

Marl, GR

Marktredwitz, GR
Rheinfelden, GR.

Schkopau, GR

Schkopau, GR
Uerdingan-Krefald, GR.
Wilhelmshafen, GR
Zurzach, Switzarland
Monthay, Switzerand
Prattaln. Switzarland
Hallein, Austria

Brackl, Ausfra

Neralovice, Czech Republic
Usti nad Labam, Czech Republic
Pardubice, Czech Republic
Navaky, Slovakia

Martarell, Spain
Pantevedra, Spain
Torrelavega, Spain
Vilaseca, Spain

Huelva, Spain

Flix, Spain

Jodar, Spain

Monzon, Spain

Hernani, Spain
Sabinanigo/Huesca, Spain
Povoa de Santa Ira, Portugal
Estarreja, Portugal

Ria de Aveiro, Porlugal
Pallanza Bay, ltaly

Priclo, ltaly

Augusta Bay, ltaly
Mantova, Italy

Tavazzano, ltaly

Gela, Italy

Saline di Yolterra Italy
Rosignano Solvay, Italy
Brescia, ltaly

Bussl, ltaly

Pleva Vergonte, [taly
Volterra, ltaly
Toreviscosa, ltaly

Parto Margheraenice, Italy
Santa Gilla {Sardinia), Italy
Ravenna, ltaly

Tamdw, Poland
Bydgoszcz, Poland

Brzeg Dony, Poland
Varna, Bulgaria
Kazincharcika, Hungary
Oprigani (Torda), Romania
Ramnicu Valcea, Romania
Viora, Albania

Split, Croatia
Thessaloniki, Greace
Tuzla, Bosnia and Herzegovina
Slevenla - 1

Saerbla - 1

Skopje. Morth Macedania
Aliaga, Turkey

Eylv, Ukraine

Kirave-Chapetsk, Russia
Sterlitamak, Russia (possibly =2)
Volgograd, Russia (possibly =2)
Sayansk, Russia

Ufa. Russia

Dzerzhinsk, Russia
Movodvinsk, Russia
Chapaevsk, Russia

Irkutsk, Russia
Kamsomalsk-on-Amur, Russia
Usolye-Sibirskoya, Russla
Koryazhma, Russia

Pavlodar, Kazakhstan
Temirtau, Kazakhstan

Mawvol, Uzbekistan

Yavan, Tajikistan

Sumgail, Azerbaljan (=2)

Bandar Imam, Iran
Shiraz, Iran
Kor Rivar site_ Iran ()

Locations of Former or Current Mercury Cell Chlor-Alkali Facilities

Irag - 1

Irag - 2

UAE —1

Syria — 1

Haifa, Israel

Alrall, India

Mumbai, India

Ganjam, India

Singrauli, India

Wadadara, India

Kola, Rajasthan, India
Renukoot, Utlar Pradesh, India
Nagda, Madhya Pradesh, India
India — 9

India — 10

Kala Shah Kaku, Pakistan
Myanmar -1

Bangkok, Thailand

Peral, Malaysia

Merak, Banten Province, Indonesia
Indonesia - 2

Minamata Bay, Japan

Niigata, Japan

Omi, Japan

Aralf®osal, Japan

Uto, Japan

Shin-Manyo, Yamaguchi, Japan
Tokuyama, Yamaguchi, Japan
Mizushima, Kurashiki, Okayama, Japan
Takasago. Hydgo, Japan
Nobeoka City, Miyazaki, Japan
Kashima, Ibaraki, Japar
lchihara City, Chiba, Japan
Kitakyushu, Japan

+ 22 additienal sites in Japan as per Yarime (2008)

Ezhou City, China

Wuda Distriet, Inner Mongolia, China

Shihezi, China

An Ming, China

Huludao, China

Tianjin, China

Yongjing, China

Qingzhen, China

Jilin City. China

Dazhou City, Shandong Province, China

Lanzhou, China

Kaohsiung City, Talwan

Tainan City, Taiwan

lligan City, Mindanaa, Philippines

Hamhung, Morth Korea

Morth Korea - 2

Alexandria, Egypl

Mohammeadia, Morocco

Algena-1

Angola-1

Libya — 1

Matraville, Australia

Adelaide, Australia

Malbourna, Australia

Burnia, Tasmania

Mercury Cell Chlor-Alkali Facility — identified

Acetaldehyde Facility — identified

Mareury Chi
nave aparalad with an asie

-Alkali Facility — not confirmed; facility may
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So, where
IS oceanic
mercury
coming
from?







% e Operating 6525

I % @ Construction 421

® Permitted 254
® Pre-Permit 229
® Announced

L
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® Retired

® Cancelled
® Shelved

® Mothballed




And on a smaller (individually) but no less dangerous
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(gold mining is extraordinarily dangerous for those who
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SerraPelada Brazil

Photographer:
Sebastiao Salgado
(1944- 2025)

1986¢ 1989 | gold mine




