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Black Butte Mine Site Characteristics

cinnabar

A0 to late 1960s

aste rock & tailings

aduced on the site by heating crushed ore in a

stream channels.




Formosa Mine Site Characteristics

ger & Zinc

bl 101993

aste rock & tailings

D area streams, which contains up to 15 tons of




Introduction to Mercury Methylation

BROf concern due to its increased toxicity and abillity to

e anaerobic bacteria

bethyimercury Production:

N Cury




Site Aqueous Mercury Concentrations

20sa Mine

Black Butte Mine

Furnace Creek Water:

High THg: 32,000 + 36,000 ng/L

(Max: 93,000 ng/L during storm events)
17 + 11% dissolved

Low MeHg: <0.001% MeHg
i Sulfate: 3.1 £ 0.9 mg/L

carbon: 3.0+ 1.




Site Aqueous Mercury Concentrations

a0sa Mine Black Butte Mine
Furnace Creek Water:

High THg: 32,000 + 36,000 ng/L

der et al, 2009

Parameter Site grouping Mean |Median Std Dev  Min Max n Units Comparison

Methylmercury All sites 0.19 0.11 0.35 <0.010 4.11 337 ng/L No significant
Sites in unmined basins 0.20 0.11 0.37 <0.010 411 257 difference
Sites 1 muned basins 0.18 0.10 0.31 <0.010 2.02 80

Total mercury All sites 8.22 209 328 0.27 446 336 ng/L Mined > Unmuned
Sites in unmined basins 2.96 1.90 5.29 0.27 75.1 250 (p<0.0001)
Sites 1n mined basins 23.5 379  62.1 0.48 446 86

Methyl/Total mercury All sites 7.08 4.60 8.18 0.02 81.5 328 Percent Unmined > Mined
Sites m unmuned basins 7.46 5.35 6.72 0.19 46.8 249 (p<0.0001)

Sites 1 muned basins 5.87 237 11.6 0.02 81.5 79




Downstream conditions

a0sa Mine Black Butte Mine

Reservoir downstream of mine with wetlands

Conditions conducive to MeHg production




Stephen Dent, Ph.D.
Coauthors: Nick Anton, Dave

AN EVALUATION OF MERCURY FATE AND

TRANSPORT IN MINING-INFLUENCED WATER | Core chs eckin, sounal A
TREATED WITH ENHANCED SULFATE REDUCTION | oo e (456
BIOCHEMICAL REACTORS Varch 26, 2016

Clu-In Topic: Identifying the Potential for Methylation of Mercury at Mine Sites
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e Background: Mercury in the Environment
— Mercury Advisories
— Food-Web Interactions
— Trace Mercury Assessments

* Biochemical Reactors — Mining Impacted Water
— Formosa Treatability Study

Treatment Configuration and Setup

Mercury Assessment Results

— ORD Bench Top Study

Laboratory Configuration and Setup
Mercury Assessment Results

. eneral Conclusions
e Recommendations
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* Acetaldehyde Production
1932 -1968

e 27 Tons Methylmercury
Dumped Into the Bay

 First Case: 1956

* 900 Killed

e 2 Million w/ Severe
Health Effects
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e Sites with Fish Greater than 0.3
ug/g or mg/kg or ppm
e 25% Exceedances

1.00 |

010 F

Concern level for piscivorous mammals = 0.1 pg/g

TOTAL MERCURY IN FISH,
IN MICROGRAMS PER GRAM WET WEIGHT
.::é

e Sites with Fish Greater than 0.6

"'l'g/g Or mg/kg Or ppm Ilml 90 80 H?IU” 60 IIEIEIH I4IIJ” 30 IZIDH 10 0
EXCEEDANCE FREQUENCY, IN PERCENT

e 10% Exceedances
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Labile Mercury
Electron Acceptors

Carbon Source
Reducing Conditions )

Proximity to Food-web
Competing Ligands

Prey Fish Predator
Fish

Zooplankton
‘ Wood et al., 2013
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TOTALMERCURYIN UNFILTERED WATER

IN NANOGRAMS PER LITER

1,000.00 E
[ | * Unmined ;
L | » Mined !
100.00 E ‘t

' $
- ¢
- Formosa Adit Water

10.00

100 30-day standard for fish-eating widire - 1.3 ngilL
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METHYMERCURY IN UNFILTERED WATER,

IN NANDGRAMS PER LITER

10,000

1.000

Q100

Q0w

* Unmined
« Mined

[“ Formosa Adit Water
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Battelle Marine Science Laboratory

Detection LIMIts o mseumens
— THg: <0.03 ng/L
— MeHg: <0.002 ng/L
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* Treatment configuration and setup

® Mercury assessment results

— ORD Bench Top Study
e Laboratory configuration and setup

e Mercury assessment results

General Conclusions

Trace mercury assessments
iochemical Reactors (BCRs)— Mining Impacted Water

Formosa Treatability Study
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— Food-web interactions

— Mercury adv
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Average 2009
(ng/L)

Chromium Il 9

17,436
[N 167286
49
2,106

0.003

CDM Smith 2014

66
1
82,700

L

.




BCRs are engineered systems that use an organic substrate (electron
donor) to drive microbial (sulfate reducing bacteria (SRBs)) and chemical

reactions to reduce concentrations of metals, acidity, and sulfate in MIW.
— Reactors for this Study:

e Successive Alkalinity Producing System (SAPS) Pre-Treatment Only
e ChitoRem® Mix: SC-20/Sand/Gravel

— SC-20 a blend of calcium carbonate, protein, and processed crab shells
e Woody Substrate/Manure Including Limestone

BCR Chemistry (Also Ideal for Hg(ll) formation)
— SO,2+2CH,0 2> HS +2HCO; +H*

— S% + Me?* =2 MeS(s) and HS" + Me?* = MeS(s) + H*
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= Wood/Manure
o SC-20/Sand

Pre-Treatment: SAPS

"
NOTE
ALGUST &, DISC:

SCHARG 0 LOW
T BE 26° ABOVE BT

BARREL

E TUSIN RED
TOM OF

[S-GALLON)

(SGALLON)
HEAD TAKE 1 E

HEAD TAMK 3

FEED TAWN
Z30-GALLON)

D TANK OVERFLOW.
FE FIFE]

“HD

.

" BRADED
PYG TUBING

L]

DISCHARGE T0 ADIT WATER €

WERSION SYSTEM

EED LINE
FCEEF

Wood/Manure

SC-20/Sand

Pre-Treatment:
SC-20/Sand

Wood/Manure

LEGEND

= TIMER WALVE
=] GLoBE vaLvE

S SC-20/Sand
[ s union

* WATER LEVEL

FORMOSA MINE SUPERFUND SITE
DOUGLAS COUNTY, OREGON

On

Flgure 1-2

Pliot-Scale Treatablllty Study
Process Flow Dlagram ( Record Drawing)
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e Checklist for Mercury Methylation
— Anoxic conditions:
— E-Donors (organic carbon):
— E-Acceptors (sulfate/iron):

e Question: Considering inorganic mercury is
methylated by sulfate reducing bacteria, could
the environment inside a BCR contribute to MeHg
in the effluent stream?

Formosa




""""""‘Hmmmmm""""""""""""HHHHHHHHHHHH{M

N




Trace Mercury (EPA 1631) ~ 2 months

25
Raw Adit MIW SAPS Pretreated MIW SC-20 Pretreated MIW
20
—
> 15
‘:. )
- 5
S 10 -
£ o g
() ) >
2 5 5
k= = =
5 B
0 _ |
Adit BCR 1 BCR 2 BCR 3 BCR 4 BCR 6
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e Background: Mercury in the Environment
— Mercury advisories
— Food-web interactions
— Trace mercury assessments
* Biochemical Reactors — Mining Impacted Water

— Formosa Treatability Study
* Treatment configuration and setup
* Mercury assessment results

— ORD Bench Top Study

e Laboratory configuration and setup
* Mercury assessment results

e Conclusions
e Recommendations
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e Column 1: SC-20 + Sand — Pretreat MIW
e Column 2: Wood Chips + Manure — PreTreat MIW
e Column 3:SC-20 + Sand — Raw MIW
e Column 4: Wood Chips + Hay + Manure — Raw MIW
e Column 5:SC-20 + Sand — Na Azide Raw MIW (abiotic

e Column 6: Sand — Na Azide Raw MIW (abiotic)
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e Wood/Manure BCRs

— Buffer capacity gone after 34
weeks

— Pre-Treat BCR has no sign of
SRB activity

— Raw BCR has diminished sign
of SRB activity

— BCRs a sink for THg

e SC-20/Sand BCRs

— Buffer capacity maintained

— Both Pre-Treat and Raw BCR
have continued sign of SRB
activity (low ORP, reduced
sulfate, increased sulfide)

— BCRs a sink for THg

e |n contrast with Formosa
Treatability Study




Total Methylmercury

3.00 M Influent SC-20/Sand B Manure/Woodchips m Sand

L3
\

&

o 2.00

T

=

£ 1.00

0.00 [
Raw FMW 2 PreTreat 2 Na Azide 2
Dissolved Methylmercury
B Influent SC-20/Sand B Manure/Woodchins m Sand

_, 3.00

~N

&

oo 2.00

T

s

< 1.00

0.00 —
Raw FMW 2 PreTreat 2 Na Azide 2

Phith



e Wood/Manure BCRs e SC-20/Sand BCRs

— No real change between — Raw BCR contributing MeHg to
influent and effluent effluent

— PreTreat BCR has no real change
between influent and effluent

— Abiotic BCR contributing up to 3
ng/L MeHg.

* Most likely sourced from media
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e Duration and FIow Consistency:
— Treatability Study ran for 8 weeks
— Treatability Study flow gravity fed and slowed over time
— Bench top study ran for 34 weeks
— Bench top flow consistent over time
e Total Mercury Source from SC-20/Sand Media
THg source in Treatability Study after 8 weeks
No THg source observed in Bench Top Study after 34 weeks
e Methylmercury Source from SC-20/Sand Media
MeHg effluent greater than THg influent during Treatability Study
— MeHg effluent increased in abiotic BCR during Bench Top Study ¢
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e Wood/Manure BCRs chemical reduction and buffer capacity
diminished over the study period, however, they remained
mercury sinks throughout study

e |norganic mercury appeared to flush from SC-20/Sand media
following 34 weeks of continuous flow

e SC-20/sand media likely a source of MeHg and remained so after
34 weeks of continuous flow

— MeHg in effluent greater in abiotic Bench Top BCR than all
Treatability Study effluents
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e Quantify mercury load in all material, with speciation

 Perform mass balance to determine how long it would take to
flush MeHg associated with media

e MeHg load from media prevented effective analysis of Hg(ll)
methylation potential in BCRs

Repeat study with fully flushed media

e Wood/Manure BCRs may be a good polishing step for SC-20

Applications
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* Formosa Treatability Study: =

— Performed by CDM Smith Federal
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e ORD Bench Top Study:
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Presentation Outline

Introduction to Methylmercury
Black Butte Mine Superfund Site
Black Butte Mine: Cottage Grove Reservoir Study

— Reservoir Management

— Water Column Methylmercury

— Sediment Methylmercury

— Wetland Contributions

General Conclusions and Lessons Learned



Introduction to Methylmercury

Deposition

5 Hgﬂ-l-

Volatilization

Inorganic Hg Source
w - e Pmatens e

i)
Methylmercury transfer MeHg < 2%

Hg2+ and Hg®: Inorganic mercury
MeHg: Methylmercury
SPM: Suspended particulate matter



wEPA Introduction to Methylmercury

1) Microbial Activity: Hg is methylated by anaeroblc
bacteria—mostly sulfate reducers Eal
(some iron reducers)

2) Mercury Concentration & Bioavailability: Only a small
fraction of Hg is bio-available for methylation

anaerobic water \

+
HgHS methylating bacterium

Sediment @( Ak Hg(HS),°
geochemistry <% (\33 Hg=DOM /E HOS0 e )\
Q N Hg(HS),” uptake by
@ HgSO(aq) passive \

diffusion MeHg/

Source: Hsu-Kim et al, 2013




Black Butte Superfund Site: Cottage Grove
Reservoir

EPA

Inorganic Hg exported from the mine site
Methylmercury (MeHg) accumulating in Reservoir fish

Need to understand connection between inorganic Hg & MeHg

1) What variables control MeHg production?
2) Where is MeHg being produced?

3) What is the source of inorganic Hg being methylated?
--new releases from mine?
--legacy Hg from the mine?
--atmospheric deposition?




o . .
= PA Black Butte Mine Superfund Site: Cottage
\’E Grove Reservoir

 Flood Control Reservoir

Permanently Inundated Pool

* Most fish >0.3 ug/g; some fish up to 2.5
Ha/g

| « Reservoir popular recreational fishery

Seascnally Inundated Pool [l >
Wetlands

« Actively stocked



EPA \ Black Butte Superfund Site: Cottage Grove
“.. Reservoir

Reducing Conditions

Fall and Win® > £ N Ay Summer

High Low
Concentration



< EPA Black Butte Mine Superfund Site: Cottage
Grove Reservoir,Year |

® Do seasonal changes in water level increase
Mercury Methylation?

Permanently Inundated Pool

Seasonally Inundated Pool

— 4 sample Locations

Wetlands

— 4 sampling Events

— Measurements
 Surface Water:T-Hg, Me-Hg, DOC,
Sulfate, Sulfide, TSS, pH
e Sediment:T-Hg, Me-Hg, Organic Carbon,
Sulfide
18 -
16 - Soring ‘... ................... ‘....Summer
- 147 , @ sample Event
£
2 10 - .
Q .
5 87 ’ Winter -
@ 4 eeeeeet Fall Wpeeeeeeeees
2 -

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month




N
< P4 0. Black Butte Mine Superfund Site: Cottage
7 EPA ‘. Grove Reservoir,Year |,Water Column

P ——

 Highest Total-Hg concentration at permanently inundated location

Ca%.?eg
* Highest methylation potential at the seasonally inundated i fb_"\m\(
locations f

—eo— Winter —e— Spring —e— Summer —e— Fall

1.0 . ) 4
0.8 4 - -
B
0O 0.6 1 =
E Oxic Water Year
£ 04+ ' Round
2 . No Detectable
N i Sulfide
0.0 - i Very Low Fe?*
Very Low DOC

006 008 010 012 2
Me-Hg (ng L")




< P4 Black Butte Mine Superfund Site: Cottage
\’EPA Grove Reservoir,Year |, Sediment

 Highest Total-Hg concentration at permanently inundated location .
ab‘ageGroy

 Highest methylation potential at the seasonally inundated “{4

locations r B!

0.0 0.2 0.4 0.6 0.8 1.0 1.2

. E ) \

§ER H o0 e

5 ,,’," L o -

4 ;“ e No Detectable Sulfide in
i the Sediments

\ e Low DOC
v
6 N --ll-- Loc. 1: Permanently Inundated
--@--Loc. 2: Seasonally Inundated
o

--¢-- Loc. 3: Seasonally Inundated

Sediment Core Depth (cm)

. --$--Loc. 4: Seasonally Inundated




7 . :
- Black Butte Mine Superfund Site: Cottage
\’EPA Grove Reservoir,Year |

® Conclusions

— Minimal methylation of mercury occurs in the water column
» Oxic conditions persist through out the year

— Majority of methylation occurring in the sediments

— Sediments undergoing seasonal inundation result in increased Me-Hg compared to
permanently inundated sediments

® Remediation Implications
— Changes in reservoir management may reduce total methyl mercury concentration and
production
— Mostly “new” mercury being methylated, total concentration of methyl mercury in the
reservoir may respond quickly to reductions in loading
L

Lingering Question: Where is the Majority of Methylmercury being produced?



Black Butte Mine Superfund Site: Cottage
Grove Reservoir,Year 2

Legend
® Sample Locations
Permanently Inundated Pool
Seasonally Inundated Pool
Wetlands

Permanent
Pool

Seasonal
Mudflats

Where is Me-Hg being
Produced?

¢ Additional sample Locations added
in the wetlands

¢ 3 sampling Events:Winter, Late
Spring, Late Summer

®Measurements

—Surface Water:T-Hg, Me-Hg,
DOC, Sulfate, Sulfide, TSS, pH

—Sediment: T-Hg, Me-Hg, Organic
Carbon, Sulfide

—Sediment Pore Water:T-Hg, Me-
Hg, Organic Carbon, Sulfide
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= Black Butte Mine Superfund Site: Cottage
\’EPA Grove Reservoir,Year 2

® Rational for Porewater

— Porewater Hg is more bioavailable for methylation

— Me-Hg/Hg tr Core Squeezer: Grain Size, Porewater |nt trends
- _Iow Path, Oxidation

* |solating |

— Pore water N ptake

— Porewater di

n Techniques

Sediment (Peepers)
Grain
137 ® hery Sampler
Pore Betwe

Grains Fille

Curtesy of USGS: www.usgs.gov/definitions/porewater



- Black Butte Mine Superfund Site: Cottage
\’EPA . Grove Reservoir,Year 2

Porewater Methodology—Centrifuge/Filtration

Step 3) Centrifuge

Step 4) Filter porewater



< EPA Black Butte Mine Superfund Site: Cottage
Grove Reservoir,Year 2

v p— Me-Hg (ng g”)
Legend TR A 04 06 08 10 12 14 16 1.8

® Sample Locations T T T T T T T 1
Permanently Inundated Pool :
Seasonally Inundated Pool [l gy ] 1 - 9] L}
Wetlands
Permanent
Pool
2 -
=
O
—
/ 8 3
.| Seasonal ;:3
T/ Mudflats =
< 1 4 =)
=
.2,
s
54
z
Wetlands =1
]
(]
6 = Ilr"l
/ —0— T-Hg Low Pool
—e— T-Hg
{ 0,
7dé & —e— %Me-Hg L
—e— Me-Hg

0?2 ' 074 ' 076 I 078 I 1?0 I ‘1f2 I ‘1f4 . 1f6.
T-Hg (ng g7)
%Me—Hg
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- Black Butte Mine Superfund Site: Cottage
\’EPA Grove Reservoir,Year 2

e Sediment MeHg increases with Total-Hg at levels <1,000 ng/g Total-Hg

* Sediment Total-Hg bioavailability at higher concentrations may decrease

35

3.0 o
o
o y=00039x-034 .~ @ o
D s
o
L 20
q} -
= 15 y =-5E-06x2+0.0078x-0.93 ..
€ R? = 0.69 -
e .
£ 10
@ .
v

05

0.0

0 200 400 600 800 1000 1200 1400

Sediment THg (ng/g)

Data are provisional and subject to revision. Do not cite or distribute. 0-8cm composites



- Black Butte Mine Superfund Site: Cottage
\’EPA Grove Reservoir,Year 2

Remediation implication:

Reductions in THg may not always result in 1:1 response in MeHg

35
]
=

30 S o
— 8 .
(a4} o -
S~ ) y =0.0039x-0.34 ® 4
D s -
ao
L 20
m -
= e y =-5E-06x2+0.0078x-0.93 ™.,
e R? = 0.69 .o
] ° :
g 1.0
D °
W

05

Decrease THg
0.0
0 200 400 600 800 1000 1200 1400

Sediment THg (ng/g)

0-8cm composites

Data are provisional and subject to revision. Do not cite or distribute.
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- Black Butte Mine Superfund Site: Cottage
\’EPA Grove Reservoir,Year 2

 Porewater THg concentrations increase with sediment THg---except at locations with
~>1,000 ng/g

e THg in the most highly contaminated sediments shows low partitioning into porewater

@

1
o5 250
-
o])]
T 200
|_
T 150 y =-0.0003x2+ 0.53x - 53
]
= RZ = 0.45
2 .
E 100 ‘
(»]
O

50

@
0 b 2 [ ]
0 200 400 600 200 1000 1200 1400 1600 1800

Sediment THg (ng/g)

0-4cm composites
Data are provisional and subject to revision. Do not cite or distribute.
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- | Black Butte Mine Superfund Site: Cottage
\’EPA Grove Reservoir,Year 2

 The fraction of sediment inorganic Hg that is available for methylation is in the
porewater phase

e THgand MeHg in porewater are correlated over the full range of concentrations

5.0
4.5 -

v =105.81x-27.899
1.0 R?Z=0.65 ®
3.5 @

3.0

Porewater MeHg {ng/L)

®
a® '
. ]
0.0 '@
a 100 200 300 400 500 600 700

Porewater THg (ng/L)

Data are provisional and subject to revision. Do not cite or distribute. 0-8cm composites
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< EPA Black Butte Mine Superfund Site: Cottage
Grove Reservoir,Year 2

e Stable Isotope Additions
Measuring Methylation Potential

 Add available isotopically
enriched source of Hg?*
(Hg™>?)

* Measure amount of stable
isotope methylated in a
given time period

e Conditions in the Delta sediments
are favorable for methylation

e Reason for decreased
concentration of Me-Hg may be
related to the source/species of
Hg present

e March and May

2049 o March -
i? l
U) a—p—
1.5
O
= @
©
© 1.0
o |
o)
s :
()]
= 0.5 g

0.0 T T T T

Low Pool Delta* Wetlands

Location

Data are provisional and subject to revision. Do not cite or distribute.
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Conclusions

o Water-level fluctuations increase methylation—related to sulfate re-cycling

* Hg methylation has high spatial variability within a reservoir

* Inorganic Hg in the most highly contaminated sediments appears to be less available
for methylation

More information available!:

Contents lists available at ScienceDirect |i e
Applied Geochemistry
[ SI journal homepage: www.elsevier.com/locate/apgeochem
Influence of reservoir water level fluctuations on sediment i

methylmercury concentrations downstream of the historical Black Butte

mercury mine, OR

CS. Eckley **, TP. Luxton”, J.L. McKernan”, |. Goetz”, J. Goulet?

*US Environmental Protection Agency, Region-10, 1200 6th Ave, Seattle, WA 98101, USA
" us Environmental Protection Agency, Office of Research and Development, National Risk Management Research Laboratory, 26 West Martin Luther King Drive, Cincinnati,

O 45268, USA
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Mercury {Hg) is a pollutant of global concern due to its ability to accumulate as methylmercury (MeHg) in
biota. Mercury is methylated by anaerobic microorganisms such as sulfate reducing bacteria (SRB) in
water and sediment. Throughout North America, reservoirs tend to have elevated methylmercury
(MeHg) concentrations compared to natural lakes and rivers. This impact is most pronounced in newly
created reservoirs where methylation is fueled by the decomposition of flooded organic material, which
can release Hg and enhance microbial activity. Much less is known about the longer-term water-level
management impacts on Hg cyding in older reservoirs. The objective of our study was to understand
the role of on-going water-level fluctuations on sediment MeHg concentrations and sulfur speciation
within a reservoir 75 years after initial impoundment. The study was performed at the Cottage Grove
Reservoir located 15 km downstream of the historical Black Butte Hg mine. For 8 months each year,
the water level is lowered resulting in roughly half of the reservoir's sediment being exposed to the atmo-
sphere. Water samples from the inflow, water-column, outflow, and sediment were collected seasonally
aver a year for total-Hg, MeHg, and several ancillary parameters. The results showed that conditions in
the reservoir were favorable to methylation with a much higher ¥MeHg observed in the outflowing water
(34%) compared to the inflow (7%) during the late-summer. An anoxic hypolimnion did not develop in the
reservoir indicating that methylation was predominantly occurring in the sediments. In the sediments
subjected to seasonal inundation, MeHg production was highest in the top 2 cm of the sediments and
declined with depth. The seasonally inundated sediments also had significantly higher methylation activ-
ity than the permanently inundated area of the reservoir. Oxidizing conditions in the sediments during
periods of exposure to air resulted in an increase in sulfate concentrations which likely stimulated SRB
methylation following the raising of the water levels. In contrast, the sulfur in the permanently inundated
sediments was all in a reduced form (sulfide) and sulfate remained below detection throughout the year.
Overall, our results indicate that reservoir water level fluctuations can affect sediment redox conditions
and enhance MeHg production. This process can result in a continued elevation of MeHg concentrations
in older reservoirs after the initial impact of landscape flooding has subsided.

Published by Elsevier Ltd.
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