The Biogeochemical Cycling of Mercury
within Lake Powell,
Glen Canyon National Recreation Area,
Utah-Arizona
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Fish consumption Advisory

» striped bass (only)

* Lower reservoir (only)

* Initiated 2012

 Sample population > 300 fish

Map Image: www.sharetheyacht.com



STUDY GOALS / OBJECTIVES

a) Determine underlying processes that lead to fish Hg spatial trends
b) Investigate spatial differences (upper vs lower reservoir / arms vs mainstem)
c) Investigate seasonal differences (high flow vs low flow)



Mineral Resources Data Systems database
Upper Colorado drainage basin

113,347 square miles

2650 Mines: mercury / gold / silver

Mine Density = 0.023 mines / sq. mile
(u/s of Lake Powell)

Distance from Lake Powell = 350 miles
(mean geometric center of the mines)

Mining UPSTEAM of Lake Powell




Shasta Lake
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Lake Oroville

Data from SWRCB, Reservoir TMDL draft staff report (2017), Table B-1
plus unpublished USGS data



Conceptual Model



» 2 Sampling Events
= Early Season / HIGH FLOW (MAY/JUN 2014)
= Late Season / LOW FLOW (AUG 2015)

» Collected: Sediment / Water / Plankton

> Vertical In Situ Water Profiles

O »> DATA ANALYSIS by
= UPPERVS LOWER RES.
= MAINSTEM VS ARMS
= SEASON



Water Column: In Situ Metrics
* temperature

* dissolved O,

 pH

e specific conduct.

« fDOM

e algal pigments (chl.a)

e turbidity

Water Column: Intensive (<5 depths)

The Analytical Toolbox

Plankton: vertical tows (20 m)

size fractioned plankton biomass
THg & MeHg

Surface Sediment (0-2 cm)

* Total Hg (THg)
 Methylmercury (MeHg)

* nutrients

e DOC and SUVA

e particulate C and N (isotopes)
e total suspended solids (TSS)

* microbial 16S-rRNA

* major anions & cations

e alkalinity

THg & MeHg

reactive inorganic Hg(ll)

MeHg production potential rates
MeHg degradation potential rates
microbial 16S-rRNA

organic content

total reduced sulfur

iron chemistry

grain size

redox

pH



Least Squares Mean Statistical Models
For Water Parameters:

Y = TYPE.1 + TYPE.2 + SEASON + DEPTH + [SITE]
where: TYPE.1 (upper / lower)

TYPE.2 (mainstem / arm)
SEASON (early / late)

DEPTH (surf / epi + therm / hyp + b2)

random

For Plankton Parameters:

Y = TYPE.1 + TYPE.2 + SEASON + FRAC + [SITE] _ 4.
where: FRAC (63-118 / 118-243 / 243-500 / > 500 um)

For Sediment Parameters:
Y =TYPE.1 + TYPE.2 + SEASON + [SITE]

random
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Striped Bass THg

 Sampled: Nov. 2014
e N=50
e Data standardized (420 mm)

Fish Collection by: Utah
Division of Wildlife Resources



Striped Bass THg
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/\"Hg, IN PER MILLE
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WATER COLUMN: Temperature

Early Season (high flow) Late Season (low flow)

1 WaterT, indeg.C

l 6.5
_- 10.88

15.26

19.64

O SRF O SRF
4 EPI A eo| -
I O THM <]|:I iy 24.02
| A MHY ] | A MHY . 28.4
¢ B2 O B2

_Jlower Lupper [ 7 lgwer [upper " ™

0 -~ 50 100 150 200 0 50 100 150 l200
DISTANCE FROM GLEN CANYON DAM, IN KM

CLower < Upper I viain | < m



—
o D S N
o o o o o

o

—

DEPTH BELOW WATER SURFACE, INM
N

—
n

WATER COLUMN: Turbidity
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WATER COLUMN: Chlorophyll-a
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WATER COLUMN: Dissolved Oxygen
Early Season (high flow) Late Season (low flow)
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DEPTH BELOW WATER SURFACE, IN M

WATER COLUMN: Nitrate + Nitrite

Late Season (low flow)

Early Season (high flow)
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Water Column: Phosphate
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WATER COLUMN: Particulate Organic Carbon (%)

Late Season (low flow)

| L LA B B B B S S S T B S B S B L B B B L S R

Early Season (high flow)

POC in percent

POC, in percent

35
o . IIower|upperI -44
0 50 100 150 200 0 50 100 150 200
DISTANCE FROM GLEN CANYON DAM, IN KM

CLower |>) Upper NN viin - o NN cory |- e

lower | upper
PR S T P S R R |

IES
N




o

—
(] (o)) B
o o o

o

—_—

DEPTH BELOW WATER SURFACE, IN M
N

—
o
o

WATER COLUMN: Dissolved Organic Carbon
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WATER COLUMN: Fluorescent Dissolved Organic Matter
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Surface Water DOC, SUVA
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WATER COLUMN: Filter Passing Total Hg
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WATER COLUMN: Particulate %.MeHg (% of THg)
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WATER COLUMN: Particulate MeHg (by mass, ng/g)
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WATER COLUMN: Total microbial 16S rRNA

Early Season (high flow) Late Season (low flow)
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Size Fractions:

e 63-118 um (phyto & zooplankton)
e 118-243 um (phyto & zooplankton)
e 243-500 um (zooplankton)
 >500 um (zooplankton)

 BULK (63 to > 500); reconstructed
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CONCLUSIONS
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What Made This Study Successful?
 Began with a conceptual model
 Designed with statistically testable hypotheses in mind
 Emphasis on processes (e.g. plankton dynamics),

 The use of stable isotopes as a investigative tool

- Hiﬁg-risolution vertical pgofiles of water quality
« Studied ervoirholistically.

» sediment, water, plankton fISh

» drivers of Hg speciation (chemical form) and phase
» spatial considerations (shallow / deep; upper / lower)



Study Limitations / Hindsight View

 Limited temporal sampling (and different years)
 No assessment of THg or MeHg load / flux / trapping

No taxonomy ORRhENRI SN OHISIPERTaCl

Inreiz] unefdf=looracization of tne ootggiis

' "ty sl
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lally important pr0cesSes not assessed
photo-degradation of MeHg

vs the water column as zones of MeHg productl"



Next Steps / Mercury ‘Fixes’ for Lake Powell?

Side Canyons / Tributaries / Embayments

>t warranted, ouolic outreach




