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Environmental Significance Statement

Reservoir impoundments of rivers have profound impacts on ecological and biogeochemical processes

oNOYTULT D WN =

of contaminants, particularly in arid landscapes. The risk posed by mercury, a metal that bioaccumulates
1 to toxic levels in the form of methylmercury, is exacerbated in reservoirs as a result of toxic

13 methylmercury formation under low oxygen conditions. This study demonstrates that methylmercury
15 accumulates at depth in a reservoir during stratification simultaneous with transformations of particles
in the water. Seasonal destratification, driven by river-reservoir hydrology, mobilizes methylmercury in
20 water and on organic-rich particles downstream. These processes affect methylmercury uptake in

22 aquatic food webs and inform management of arid land reservoirs towards the goals of decreasing

24 methylmercury exposure within and downstream of reservoirs.
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Pdeseased

Abstract

Reservoirs in arid landscapes provide critical water storage and hydroelectric power but influence the
transport and biogeochemical cycling of mercury (Hg). Improved management of reservoirs to mitigate
the supply and uptake of bioavailable methylmercury (MeHg) in aquatic food webs will benefit from a
mechanistic understanding of inorganic divalent Hg (Hg(ll)) and MeHg fate within and downstream of
reservoirs. Here, we quantified Hg(ll), MeHg, and other pertinent biogeochemical constituents in water
(filtered and associated with particles) at high temporal resolution from 2016-2020. This was done (1) at
inflow and outflow locations of three successive hydroelectric reservoirs (Snake River, Idaho, Oregon)
and (2) vertically and longitudinally within the first reservoir (Brownlee Reservoir). Under spring high

flow, upstream inputs of particulate Hg (Hg(ll) and MeHg) and filter-passing Hg(ll) to Brownlee Reservoir
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were governed by total suspended solids and dissolved organic matter, respectively. Under redox
stratified conditions in summer, net MeHg formation in the meta- and hypolimnion of Brownlee
reservoir yielded elevated filter-passing and particulate MeHg concentrations, the latter exceeding 500
ng g! on particles. Simultaneously, the organic matter content of particulates increased longitudinally in
the reservoir (from 9-29%) and temporally with stratified duration. In late summer and fall,
destratification mobilized MeHg from the upgradient metalimnion and the downgradient hypolimnion
of Brownlee Reservoir, respectively, resulting in downstream export of elevated filter-passing MeHg and
organic-rich particles enriched in MeHg (up to 43% MeHg). We document coupled biogeochemical and
hydrologic processes that yield in-reservoir MeHg accumulation and MeHg export in water and particles,

which impacts MeHg uptake in aquatic food webs within and downstream of reservoirs.

Introduction

Mercury (Hg) is a global contaminant that impacts both wildlife and human health.'? Emissions of
inorganic Hg to the atmosphere from coal combustion and other anthropogenic activities have resulted
in a five-fold enrichment of the atmosphere compared to preindustrial levels.® Atmospheric Hg is
transported regionally and globally and deposited on the landscape by wet deposition of inorganic
divalent Hg (Hg(ll)) and dry deposition of gaseous elemental Hg (Hg(0)).3 In aquatic environments, risk
associated with exposure of wildlife and humans to Hg (via consumption of fish exceeding the
consumption criteria) is ultimately governed by three processes: the formation of methylmercury
(MeHg) by anaerobic bacteria and archaea,** the bioaccumulation of MeHg at the base of the aquatic
food web (e.g., phytoplankton),®” and the biomagnification of MeHg in aquatic food webs to toxic levels
in fish muscle.? Flooding associated with new reservoirs has been well-documented to produce MeHg
and increased fish mercury concentrations which can last up to a few decades,?° though the timing and
magnitude of the response can vary between systems.1? Older reservoirs can also exhibit enhanced

MeHg formation in anoxic waters!! and sediments and downstream MeHg export,'?™'> exacerbating
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MeHg uptake in proximal aquatic food webs.21617 Provided the regional and national importance of
reservoirs in arid landscapes and projected increases in water stress of North American rivers due to
climate drivers,'® integrated science to support reservoir management to mitigate contaminant fate may
be effective to sustain the health of freshwater ecosystems. To this end, an improved understanding of

the coupled biogeochemical and hydrologic processes that control Hg(Il) and MeHg fate is needed.

Reservoirs can have a disproportionate influence on aquatic Hg cycling due to the unique
biogeochemistry and hydrology that arises from the impoundment of rivers. In riverine environments,
the transport of particulate and filter-passing Hg(ll) is tightly coupled to that of particulate organic
matter (POM) and dissolved organic matter (DOM), respectively,'®23 a result of the co-transport of Hg(ll)
with organic matter that is often associated with high flow.1®?124 In contrast, MeHg in rivers is not solely
governed by flow-driven phenomena, as concentrations of filter-passing MeHg are highly variable after
accounting for flow and DOM concentration.?->> Concentrations of MeHg in riverine surface waters are
understood to reflect the culmination of MeHg inputs from tributaries and MeHg contributions from
proximal anoxic environments (e.g., riparian pore waters).?®?’ As riverine water enters a reservoir,
decreases in water velocities result in sedimentation of POM?® and some reservoirs thermally stratify,
the latter controlled by flow, depth, and operation of reservoir withdraws.?° These processes have a
cascade of biogeochemical consequences that influence Hg(ll) and MeHg. First, reservoirs enhance
primary productivity3® which increases POM deposition to deeper waters and sediments and yields shifts
in the concentration and composition of DOM.3-33 Hg(11)-DOM interactions strongly influence the
geochemical nature3*37 and bioavailability of Hg(ll) to methylating microbial communities.3® Second,
greater biological oxygen demand fuels the development of hypoxic and anoxic conditions in the
metalimnion and hypolimnion of reservoirs that promote Hg(ll) methylation to MeHg,*%1>3° resulting in
elevated MeHg concentrations in water (filtered and associated with particles).*® Microbial

metagenomic studies in eutrophic lakes pointed to diverse anaerobic microbial communities possessing
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the genes for Hg(ll) methylation (hgcAB).**! Lastly, MeHg that accumulates in hypoxic and anoxic
reservoir waters can partition to particles (e.g., phytoplankton and thus enter the aquatic food web via
the diet)'>4? and be transported downstream during seasonal reservoir destratification.'2-1# Mechanistic
information on coupled biogeochemical and hydrologic processes governing Hg(ll) and MeHg fate in
river-reservoir systems provide opportunities to support strategic management and remediation of Hg

in reservoirs.

This study documents a multiyear sampling effort of water and particulate materials of an arid-land
reservoir system on the Snake River (the Hells Canyon Complex (HCC); Idaho, Oregon, USA),31416 which
involved quantifying Hg(ll) and MeHg dynamics at inflow and outflow locations of three successive
hydroelectric reservoirs and with depth in the reservoirs.** The goals of the study were to establish
linkages between (1) the riverine transport of Hg(ll) and MeHg to the reservoirs, (2) seasonal reservoir
effects on MeHg formation and partitioning and the role of organic matter composition (DOM, POM),
and (3) downstream export of MeHg in water and on particles during reservoir destratification. Seasonal
and longitudinal shifts in particulate composition in the first reservoir in the system, Brownlee Reservaoir,
were quantified using settling traps. The observed spatial and temporal trends in MeHg accumulation in
water and on particles in the reservoir, coincident with increases in the organic matter content of
particles and MeHg outflow concentrations, provide mechanistic insights on MeHg cycling and fate
within and downstream of the reservoir complex. This work builds on companion studies that focused
strictly on the magnitude and timing of hydrologic loads of Hg(ll) and MeHg into and out of the
reservoirs system,'31* and parallel efforts of long-term trends in nutrient loading and reservoir anoxia.?®
The implications of these findings are discussed within the context of MeHg bioavailability to aquatic

food webs and the dynamics of Hg in managed river-reservoir systems.
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Materials and Methods

Site Description

The study was conducted in the HCC, a series of 3 successive hydroelectric reservoirs that span
nearly 100 river miles of the Snake River (Idaho, Oregon, USA) (Figure 1).134* A complete description of
the study basin and properties of the reservoirs are provided in Baldwin et al. (2020)** and Naymik et al.
(2023).%° Briefly, the Snake River watershed represents a heavily managed, arid landscape with
reservoirs that support flood control, irrigation of neighboring agricultural lands, and hydroelectric
power. Brownlee Reservoir, the first reservoir in the HCC, accounts for approximately 86.2% of the total
volume capacity of the reservoir complex (with 3.5%, and 10.3% of volume in Oxbow and Hells Canyon
reservoirs, respectively), is the deepest (maximum depth of 91 m) and is subject to seasonal drawdown,
and has distinct riverine, transition, and lacustrine zones.?%3% Precise boundaries of the riverine and
transition zones vary based on streamflow and reservoir water surface elevation; generally, the riverine
zone is between the formal inflow location of Brownlee Reservoir (Snake River mile 345.6) and river mile
325 and the transition zone is between river miles 325 and 308. The boundaries of the lacustrine zone
are more consistent and are at river miles 308 and 285 (i.e., Brownlee Dam). The centerline elevation of
the penstocks of Brownlee Reservoir is 593.8 m, which governs the vertical location of thermal
stratification.?® Brownlee Reservoir, and to a lesser extent Hells Canyon Reservoir, thermally stratify
seasonally and develop hypoxic and anoxic conditions in the metalimnion and hypolimnion.*#> For the
years of the study, date ranges of high flow versus base flow and the onset and conclusion of reservoir
destratification are provided in Table S1 in the Electronic Supplemental Information (ESI); high flow

periods were typically from January-July and destratification periods were typically from July-December.



Page 7 of 41

oNOYTULT D WN =

Environmental Science: Processes & Impacts

Water Sample Collection and Processing

Water samples were collected from four locations at inflows and outflows of the reservoir complex
including Brownlee Reservoir Inflow (Snake River mile 345.6), Brownlee Reservoir Outflow (Snake River
mile 283.9), Oxbow Reservoir Outflow (Snake River mile 269.9), and Hells Canyon Reservoir Outflow
(Snake River mile 246.9) (Figure 1). Sampling occurred at 2-week intervals during the study (2014-2020).
Complete details on the sampling methods at each location are provided in the accompanying data
release*® and companion study.’® Reservoir outflow locations were downstream of dam tailwaters and
therefore were well mixed. Samples were transported on wet ice to Boise, Idaho, for processing within
24 h of collection. The following samples were collected following vacuum filtration through a quartz
fiber filter (0.7 um QFF, pre-combusted at 550° C; Whatman 1851-047): dissolved organic carbon (DOC)
concentration and DOM composition measurements (pre-cleaned amber glass bottles, no preservation,
stored at 4° C), and total Hg (THg) and MeHg concentrations (pre-cleaned Teflon bottles, 1% v/v 6 M
ultra-clean hydrochloric acid). The QFFs were frozen and stored at —20° C for collection of total
suspended solids (TSS), particulate THg (p.THg), and particulate MeHg (p.MeHg) samples. Particulate
material collected on QFF filters was primarily small organic and inorganic particles, the former including
phytoplankton. Mean daily streamflow at Brownlee Inflow were obtained from USGS stream gage
station 13269000.%¢ The study period spanned a range of Snake River hydrologic conditions including
historically high flow conditions (2017), moderate-high flow conditions (2018-2019), and historically low

flow conditions (2014-2016, 2020) (ESI Figure S1).

In 2017 and 2018, water samples were also collected at 4 locations within Brownlee Reservoir that
span the transition and lacustrine zones of the reservoir.?° Depth profiles were collected between March
and December of each year to target seasonal in-reservoir processes from the spring high flows to
summer stratified conditions and through the conclusions of reservoir destratification. In-reservoir

samples were collected from the water surface (2 meters depth) to above the sediment-water interface



oNOYTULT D WN =

Environmental Science: Processes & Impacts Page 8 of 41

using a peristaltic pump and Teflon tubing (100 meters length, pre-cleaned with 1% hydrochloric acid).
The depths of sampling in lacustrine sites of the reservoir (river miles 300 and 286) targeted epilimnetic,
metalimnetic, and hypolimnetic strata, as determined by measured temperature profiles* and the
relative thermal resistance to mixing (comparable to the analysis in Naymik et al. (2023)).2° The Teflon
tubing was rinsed with 30 L of site water at each depth before sample collection, which included an
unfiltered sample (collected in a 2 L polyethylene terephthalate (PETE) bottle for processing of Hg
samples and TSS) and filtered samples (0.45 um GeoTech Versapor capsule filter) for DOC concentration
and DOM composition measurements (collected in pre-cleaned amber glass bottles, no preservation,
stored at 4° C). QFF filtration was conducted within 24 h of sample collection for filter-passing (f.THg and
f.MeHg) and particulate measurements (p.THg, p.MeHg, and TSS) of in-reservoir samples. Field
replicates were collected and accounted for 10% of total samples. Multiparameter Sonde profiles were
collected concurrent to water sampling and are available in the associated data release* including

dissolved oxygen concentration, oxidation-reduction potential, pH, specific conductance, and turbidity.

Water and Particle Analyses
DOC concentration was determined by persulfate oxidation. UV-vis absorption spectra were
measured from 190-800 nm and decadic absorbance values were converted to absorption coefficients

as

a, = T (1)

where «a; is the decadic absorption coefficient (cm™), A4, is the absorbance, and [l is the path length
(cm).*” The DOM specific ultraviolet absorbance at 254 nm (SUVA,s,4), a proxy for DOM aromaticity*” that

indicates DOM source and reactivity to Hg(ll),11*>3° was calculated by dividing the a;54 (m™) by DOC
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concentration (mg L™1). Spectral slopes were determined at wavelengths 275 to 295 nm(S,75.295) and 350

to 400 nm (S350.400).*8 The spectral slope ratio (Sz) was calculated as the S,75.,95 divided by S3s0.400-

Mercury measurements were made at the U.S. Geological Survey Mercury Research Laboratory
(Madison, WI) (complete details in the associated data release).*®* THg was quantified by cold vapor
atomic fluorescence spectroscopy (CVAFS) following EPA method 1631 on a Tekran 2500 (average daily
detection limit (DDL) of 42 pg L™!). MeHg was analyzed by isotope dilution, isothermic gas
chromatography separation (MERX, Brooks-Rand), and detection by inductively-coupled plasma-mass
spectrometry (Thermo Scientific, iCAP ICP-MS) (average DDL of 6 pg L™1). Concentration of filter-passing

and volumetric particulate Hg(ll) (f.Hg(Il) and p.Hg(ll), respectively) were calculated as:

f.Hg(ll) = f.THg — f.MeHg (2)

p.Hg(ll) = p.THg — p.MeHg (3)

Dissolved gaseous Hg, reported at <0.2 ng L™ in freshwaters,*>° was assumed to have minimal influence
on calculated f.Hg(ll) values. Gravimetric concentrations of Hg(ll) and MeHg, a metric on a particle mass
basis (ng g!), were calculated by dividing volumetric p.Hg(ll) and p.MeHg concentration by the TSS
concentration, respectively. Distribution coefficients of Hg(ll) and MeHg (K Hg(ll) and Ky MeHg,

respectively) were determined as

grav. p.Hg(I)

KqHg() = fHg(ID) (4)
grav. p.MeHg
KqMeHg= ~fyom (5)

where gravimetric p.Hg(Il) and p.MeHg concentrations are in units of ng kg™*. K, values for Hg(lIl) and
MeHg were omitted if filter-passing and particulate concentrations were censored due to measured
values being below daily detection limits (n=35 of 643 total measurements and n=24 of 677 total

measurements, respectively).*? Statistical comparisons between discrete variables were assessed using
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linear regression analysis and paired t-tests (SigmaPlot v.14.5) and p-values < 0.05 were considered of

statistical significance.

Settling Trap Deployment and Analyses

Particulate material settling in Brownlee Reservoir was collected in cylindrical settling traps (0.015
m? opening, Saarso, Hydro-Bios Apparatebau GmbH) deployed at a maximum of three depths at three
locations (Snake River miles 318, 300, and 286), which span the transition and lacustrine zones of the
reservoir. A total of 16 deployments at all sites and depths were carried out between March 2017 and
September 2018; each deployment spanned a maximum of 14 days to minimize the microbial alteration
of materials within collection vessels before retrieval. Each deployment depth targeted discrete
epilimnetic, metalimnetic, and hypolimnetic strata of Brownlee Reservoir based on temperature
profiles.?® Replicate deployments at identical depths (n=8) assessed reproducibility. Within 24 h of
retrieval, the settling trap material was sieved (retaining material <243 um) and analyzed for THg, MeHg,
and organic matter content by loss on ignition.>! Complete information on all the analyses of settling
trap material is provided in the associated data release.*? The relative standard deviation between
settling trap field replicates for MeHg concentration and organic matter content averaged 4.6% and

2.5%, respectively (n=8).

Results and Discussion

Dissolved Organic Matter Dynamics at Reservoir Inflow and Outflow Locations
Dissolved organic carbon (DOC) concentration and DOM composition exhibited strong temporal
dynamics at reservoir inflow and outflow locations based on seasonality and flow conditions (Figure 2a).

Within each calendar year, two maxima in DOC concentration were observed at Brownlee Reservoir

Page 10 of 41
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Inflow (BL Inflow; Figure 2b). First, in winter and early spring (Feb. — March) DOC concentrations
increased from approximately 2 mg L™ to as high as 5 mg L™! during periods of high flow and then
declined to approximately 2.5-3.0 mg L™ with the receding hydrograph (asterisk in Figure 2b). The
magnitude of increases in DOC concentration during the spring high flow period qualitatively aligned
with the magnitude of spring flow over the study period, with substantial increases observed during high
flow years (2017, 2019) and relatively muted responses observed during low flow years (2014-2016,
2020). Second, during August baseflow conditions each year, DOC concentrations increased from 3.0 mg
L to maxima of ~4 mg L™! (arrows in Figure 2b). The second maxima in DOC concentration were
observed each year regardless of the spring flow condition. Following the second maxima, DOC

concentrations decreased to minima of < 2.0 mg L™ from December to February.

The composition of DOM that entered Brownlee Reservoir, as indicated by UV-vis optical metrics
including the DOM SUVA,s, (Figure 2c)*” and spectral slope (S,75.205) (Figure 2d),*® provide insight into
the source(s) of DOM to the reservoir complex across the hydrograph. Coincident with elevated DOC
concentrations during spring high flow were marked increases in the DOM SUVA s, (from <2.0 to as high
as 3.7 L mgC! m™1), indicating that DOM entering the reservoir complex during spring high flow is more
aromatic,*”8 of terrestrial origin,3>2 and of higher reactivity as it pertains to mercury
bioavailability.3>3638 Consistent with the abovementioned observations of DOC concentration, the
magnitude of increases in DOM SUVA,s, during high flow periods are greater during high flow years
(2017, 2019) (asterisk in Figure 2c), interpreted to reflect DOM mobilization from terrestrial sources
(e.g., surficial soils) at the onset of snowmelt.>? In contrast, DOM composition during the second maxima
in DOC concentration in August was of low aromatic quality (DOM SUVA,s, < 2.0 L mgC! m1), which
indicates that the DOM entering the reservoir during base flow was primarily of aquatic origin (e.g.,

algae exudates).31:32

10
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The seasonal dynamics of DOC concentration and DOM composition across all three reservoirs were
mainly controlled by the inflowing Snake River (Figure 2) as opposed to biogeochemical processes within
the three reservoirs. During high flow conditions in the spring, there were no discernable shifts in DOC
concentration or DOM composition between the four reservoir inflow-outflow locations (BL Inflow, BL
Outflow, OX Outflow, HC Outflow), interpreted to reflect the relatively short residence time of water
during high flow.>3 Marginal decreases in DOC concentration (< 0.5 mg L) and increases in DOM
spectral slope (S,75.295; < 2.0x1073 nm™1) were observed during base flow conditions between the
Brownlee Reservoir Inflow and Outflow, with no further differences observed in these parameters
downgradient between Brownlee Reservoir Outflow (BL Outflow) and Hells Canyon Reservoir Outflow
(HC Outflow). We interpret these modest shifts between Brownlee Reservoir Inflow and Outflow to
reflect a combination of microbial DOC mineralization and autochthonous DOM production in Brownlee
Reservoir.31:3353 Processes considered to be of lower importance include the photochemical alteration of
DOM, due to the low surface-area-to-volume ratio of the reservoirs,'348>* and physical removal of DOC

due to DOM sorption or flocculation, provided the high pH (>7.5) of Snake River water.*

DOC concentrations in the Snake River were low and the DOM composition was primarily aliphatic,
conditions consistent with other reaches of the Snake River®> and arid-land rivers of the Western United
States®® with low wetland cover.>” The upgradient processes controlling the inflow of DOM to the
reservoirs, including seasonal DOM mobilization from surficial soils and autochthonous DOM
production, largely governed DOC concentration and DOM composition throughout the HCC. Extensive
eutrophication and impoundments of the Snake River and contributing tributaries?® upgradient of the
HCC likely dampens the influences of HCC reservoirs on DOC concentration and DOM composition,31733>3
as supported by the autochthonous nature of DOM entering the reservoirs and only minor shifts in DOM
composition observed across the reservoir system. These observations provide a foundation to interpret

DOM controls on Hg(ll) and MeHg behavior across the HCC.

11



Page 13 of 41

oNOYTULT D WN =

Environmental Science: Processes & Impacts

Hg(ll1) and MeHg Dynamics at Reservoir Inflow and Outflow Locations

During 2017-2020, concentrations and aqueous-particulate partitioning of Hg(ll) trended seasonally
across the four reservoir inflow and outflow locations (Figure 3). The concentration of filter-passing
Hg(Il) was highest during periods of high flow (Figure 3a), when the DOC concentration and DOM
SUVA,s, were highest (Figure 2b and 2c, respectively). During high spring flow, a strong positive
correlation is observed between the f.Hg(Il) concentration and DOM a5, (Figure 4, R?> = 0.67, p<0.001),
the latter being an optical proxy that positively scales with both DOC concentration and DOM SUVA ;..
Independent correlations between f.Hg(Il) and DOC concentration or DOM SUVA,s, were also significant
but of lower correlation coefficient (ESI Figure S2, R?2 = 0.58 and 0.44, respectively; p<0.001). Thus, the
f.Hg(Il) concentrations entering the reservoirs under high flow conditions are interpreted to reflect Hg(ll)
co-mobilized with terrestrial DOM from surficial soils of the upgradient watershed. Similar observations
have been made in other riverine systems larger and smaller than the Snake River,'*=23 a co-mobilization
phenomenon explained by the strong binding of Hg(Il) to DOM thiol groups.®® In contrast, under base
flow conditions, f.Hg(Il) concentrations were lower (0.2-0.5 ng L™%; Figure 3a) and coincide with lower
DOC concentration and more autochthonous DOM (i.e., low DOM SUVA,s,) (Figure 2). Seasonal trends in
f.Hg(Il) concentrations observed at Brownlee Inflow were also observed at the three reservoir outflow
locations. Yet, discernable decreases in f.Hg(Il) concentration (of as much as 0.5 ng L) were observed
between Brownlee Inflow and Brownlee Outflow, particularly during base flow conditions, for reasons

described in a subsection below.

Particulate Hg(ll) levels, both p.Hg(ll) concentrations in water (ng L™!) and on a particle mass basis
(ng g1), exhibited seasonal trends and shifts between Brownlee Reservoir Inflow and the three reservoir
outflow locations. First, p.Hg(ll) concentrations (ng L™!) (Figure 3b) were elevated at Brownlee Reservoir

Inflow primarily during high flow when TSS concentration was highest (ESI Figure S3b), explained by the

12
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association of Hg(ll) to POM mobilized during high flow.?* A notable decrease in p.Hg(ll) concentration in
water was observed between Brownlee Reservoir Inflow and Outflow, consistent with previous
documentation of Brownlee Reservoir being a net sink for particulate Hg(ll) (on average -52.2 g p.Hg(ll)
d™1)'2 and reservoirs, in general, being sinks for particulates, including POM.28 Second, the mean
concentration of Hg(ll) on particles (ng g*) nearly doubled between Brownlee Reservoir Inflow and
Outflow (from 40.5 ng g* to 73.2 ng g%, respectively). Downstream of Brownlee Reservoir, there were
minimal changes in f.Hg(ll) or p.Hg(ll) concentrations based on outflow data from Oxbow and Hells
Canyon reservoirs, indicating that processes that influence aqueous and particulate Hg(ll) fate within the

HCC primarily occurred in Brownlee Reservoir.

Methylmercury (MeHg) exhibited seasonal and spatial trends in concentration and filtered-
particulate distribution (Figure 5) that contrast the abovementioned trends of Hg(ll). At Brownlee
Reservoir Inflow, f.MeHg concentrations were of low correlation to inflowing DOC concentration and
DOM composition (R? = 0.11 and 0.04, respectively; ESI Figure S4), and were highest in summer reaching
maxima of ~0.10 ng L™* (Figure 5a). Higher inflow MeHg concentration at base flow?%>° has been
attributed to in-stream and riparian MeHg production.?” Counter, the volumetric p.MeHg concentration
(ng L™1) entering the reservoir complex correlated to the inflowing TSS concentration and was elevated
during high spring flow (ESI Figure S3c). Importantly, the gravimetric MeHg concentration on particles
was largely temporally uniform at Brownlee Reservoir Inflow (3.3+5.2 ng g™%; avgtstd, n=98) (Figure 5c).
In marked contrast to trends at Brownlee Reservoir Inflow, higher gravimetric p.MeHg concentrations
were observed at Brownlee Reservoir Outflow (Figure 5c),particularly under base flow conditions when
the reservoir was stratified or undergoing destratification (an increase from 3.72+7.11 ng g (n=49) to
14.7+15.5 ng g~* (n=49); p<0.001, t-test). Furthermore, elevated gravimetric concentrations of p.MeHg
were also observed at Oxbow and Hells Canyon reservoir outflow locations comparable to Brownlee

Reservoir Outflow during Brownlee Reservoir destratification (Figure 5).

13
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Shifts in filter-passing and particulate Hg(ll) and MeHg concentrations between Brownlee Reservoir
Inflow and Outflow had pronounced effects on Hg distribution coefficients (Ky) (Figure 6b and 6c), a
parameter representing the competition between filtered and particulate ligands for Hg(ll) and MeHg.
The average log Ky of Hg(ll) and MeHg at Brownlee Reservoir Inflow were 4.89 and 4.83 (n=94 and 97,
respectively), respectively (ranging from 4.48-5.92 and 4.17-6.35, respectively). The average log K, of
Hg(Il) and MeHg at Brownlee Reservoir Outflow were 5.28 and 5.35 (n=95 and 98, respectively),
respectively (ranging from 4.30-5.93 and 4.58-6.06, respectively). The increases in log Ky for Hg(ll) and
MeHg observed between Brownlee Reservoir Inflow and Outflow were greatest under base flow
conditions when the reservoir was undergoing destratification, with differences as high as one order of
magnitude (Figure 6). No notable changes in the log Ky of Hg(ll) and MeHg were observed downstream
of Brownlee Reservoir, reinforcing that the redistribution of Hg(ll) and MeHg between aqueous and

particulate phases within the HCC primarily occurred at Brownlee Reservoir.

Observed differences in log K, values at reservoir inflow and outflow locations could only partially be
attributed to water quality conditions. Lower log K, values of both Hg(ll) and MeHg were observed
consistently in the presence of more aromatic DOM (higher SUVA,s,), higher DOC concentration, and
higher TSS concentration (ESI Figure S5). However, log K, values were not explained by any single
variable as all three parameters (DOC concentration, DOM SUVA,s,, or TSS) co-varied with spring flow at
the Brownlee Reservoir inflow. Higher DOC concentration and higher DOM SUVA,s, likely limit the
partitioning of Hg(l1)>® and MeHg to particles (i.e., lower K4 values), which is consistent with observations
in other riverine environments.?! In addition, lower K, values at higher TSS concentrations may reflect
the effect of particle composition on Hg(ll) and MeHg particle concentrations. If particles at Brownlee
Reservoir Inflow (ESI Figure S3a) have lower organic matter content than reservoir outflow locations,
and thus are less efficient at binding Hg(ll) and MeHg,%%%1 this could help explain differences in Ky values.

Notably, Ky values of Hg(ll) and MeHg were the same magnitude and exhibited notable scatter under

14
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base flow conditions when the reservoir was stratified or undergoing destratification (Figure 6); the
latter observation may result from low TSS masses at this time of year used in Ky calculations (Eq. 4, 5).
Below we evaluate the biogeochemical and hydrologic processes within Brownlee Reservoir that help
explain observed shifts in aqueous-particulate partitioning and Hg concentrations between Brownlee

Reservoir Inflow and Outflow locations.

In-Reservoir Processes: Methylmercury Accumulation and Particle Enrichment

Changes in Hg speciation and aqueous-particulate partitioning observed between Brownlee
Reservoir Inflow and Outflow were evaluated with depth profile data collected at four locations within
the reservoir at high temporal resolution. The four locations spanned the transition zone (sampled at
river miles 318 and 310) and the lacustrine zone of Brownlee Reservoir (sampled at river miles 300 and
286). Seven depth profiles were collected between March—November of 2017 and thirteen depth
profiles were collected between April-December of 2018, each targeting reservoir strata present at the
time of sampling (epilimnion, metalimnion, and hypolimnion). Profiles of ancillary measurements (DOC,
SUVA,s4, 0354, and TSS), Hg(Il) and MeHg concentrations in water and on particles, and Ky values are
presented in ESI Figures S6-S13 and animated electronic supplemental information files. Dissolved
oxygen concentration and temperature heat maps of Brownlee Reservoir that were collected during in-

reservoir sampling are available in companion studies.?4?°

At river mile 318, which is at the upstream portion of the transition zone where the velocity of the
Snake River decreases,?® concentrations of TSS, DOC, Hg(Il), and MeHg largely reflect seasonal
fluctuations of upgradient riverine conditions measured at Brownlee Reservoir Inflow (ESI Figure S6 and
S7). The ranges of measured parameters at river mile 346 are presented as vertical hashed lines in

Figures S6 and S7 for comparison with depth profiles at river mile 318. Temporal decreases in TSS, DOC,
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and p.Hg(ll) concentrations were observed from high spring flow to base flow each year. Concentrations
of Hg(Il) and MeHg on a particle mass basis (gravimetric p.Hg(ll) and p.MeHg, ng g*) greatly exceeded
those observed at Brownlee Reservoir Inflow in 2017 but were within those observed at Brownlee
Reservoir Inflow in 2018. The water column at river mile 318 exhibited anoxic conditions only briefly at
depth early during the stratification period (May-July) and the extent of anoxia varied based on annual
hydrology (i.e., high vs. low flow years).142%43 Only marginal MeHg accumulation was observed at depth
at river mile 318, as f.MeHg and volumetric p.MeHg concentrations were uniformly low (avgtstd of
0.04+0.03 and 0.09+0.07 ng L, respectively; n=38) throughout the water column over the period

sampled.

Within the downgradient portion of the transition zone (river mile 310) and the lacustrine zone
(river miles 300 and 286), depth profiles present strong evidence for both MeHg accumulation at depth
in Brownlee Reservoir and subsequent hydrologic mobilization during reservoir destratification. First, at
river mile 310 (ESI Figures S8 and S9), TSS concentrations were substantially lower than at river mile 318
and the seasonal fluctuations in TSS, DOC, and p.Hg(ll) concentrations (ng L™* and ng g™*) were largely
invariant with depth in the water column. MeHg concentrations (f.MeHg and p.MeHg, ng L™ and ng g%)
were more dynamic; concentrations were low across the water column in March—May and September—
December (avgtstd of 0.03+0.02 ng L™ f.MeHg, 0.05+0.02 ng L™ volumetric p.MeHg, and 5.7816.35 ng
g! gravimetric p.MeHg) but elevated in June—August in the metalimnion and hypolimnion.
Concentrations of f.MeHg and volumetric p.MeHg at maximum depth were as high as 2.1 and 1.0 ng L™},
respectively, and gravimetric p.MeHg concentrations exceeded 200 ng g-* on a particle mass basis. The
log K4 of MeHg was largely uniform with depth in the water column, yet increased temporally through
the stratified period, attributed chiefly to increased gravimetric p.MeHg concentrations. The post-

August decreases in f.MeHg and p.MeHg concentrations at river mile 310 coincided temporally with
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interflow that eroded and flushed metalimnetic water out of the transition zone of Brownlee

Reservoir.142?

At the two deep lacustrine sites in Brownlee Reservoir (river miles 300 and 286), MeHg

concentrations (f.MeHg and p.MeHg) progressively increased in the metalimnion and hypolimnion to

maxima in late September of each year, exceeding 3.0 and 0.6 ng L™, respectively (ESI Figures $10-S13).

Though TSS concentrations were low in the hypolimnion of Brownlee Reservoir, gravimetric p.MeHg
concentrations exhibited a monotonic increase with depth in the reservoir, exceeding 500 ng gt in
several sampling events and locations. For comparison, gravimetric p.MeHg concentrations in the
hypolimnion at these sites were two orders of magnitude greater than concentrations observed at
Brownlee Reservoir inflow (avg = 3.3+5.2 ng g1). p.Hg(ll) concentrations on a particle mass basis were
also elevated in the hypolimnion of Brownlee Reservoir, and increased with depth during the stratified
and destratification period, and at times exceeded 1000 ng g™*. Concentrations of f.Hg(ll) also exhibited
elevated concentrations in the hypolimnion compared to epilimnion in both 2017 and 2018. Elevated
hypolimnetic f.Hg(Il) can, in part, be explained by the stratification of Brownlee Reservoir that trapped
water with high f.Hg(Il) and DOC from spring high flow (Figure 2). Particle enrichment of Hg(Il) and
conversion of f.Hg(ll) to MeHg likely explains decreases in f.Hg(ll) concentration observed between
Brownlee Reservoir Inflow and Outflow, whereas other sinks (e.g., photo reduction of Hg(ll)) are
considered less important due to the low surface-area-to-volume ratio of the reservoir.'? Elevated
gravimetric p.Hg(ll) and p.MeHg concentrations were responsible for higher log Ky values of both Hg(ll)
and MeHg at depth in Brownlee Reservoir. In November 2017 and December 2018, the f.MeHg and
volumetric p.MeHg concentrations in the water column were uniformly low at river miles 300 and 286
(avgtstd of 0.04+0.04 and 0.03+0.02 ng L™, respectively; n=12; ESI Figures $10-S13), which coincided

with the complete destratification of Brownlee Reservoir.'*2°
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A snapshot of the spatial trends in MeHg concentrations and dissolved oxygen observed
longitudinally and vertically in Brownlee Reservoir is presented in Figure 7 (September 2017). Depth
profiles of f.MeHg and volumetric p.MeHg concentration (ng L™%; Figure 7a) show a systematic increase
from upgradient to downgradient in the reservoir and elevated concentrations are observed in the
anoxic hypolimnion at river miles 300 and 286. In addition, at river mile 286 elevated concentrations of
both f.MeHg and p.MeHg are observed in the metalimnion at the penstock elevation of Brownlee Dam.
Gravimetric concentrations of p.MeHg (ng g%, Figure 7b) progressively increased from river mile 318 to
286 across the water column (from 4.50 to 153 ng g%, respectively). Although this study did not quantify
rates of MeHg formation in the water column, though confirmed to be appreciable in an independent
study of Brownlee Reservoir during the study period,!!* accumulated MeHg in the hypolimnion is
interpreted to result from local internal MeHg production likely associated with the decomposition of
settling particles.®? Elevated MeHg in the metalimnion at river miles 300 and 286 coincided temporally
with decreases in MeHg concentrations upgradient in the reservoir and the timing of interflow events
within the transition zone.'#2%%> Thus, metalimnetic MeHg observed at river mile 286 primarily reflects
both proximal MeHg production and MeHg hydrologically mobilized from upgradient in the reservoir.
The observed seasonal production and mobilization of MeHg in the water column are consistent with
observations in other reservoirs.?>#%42 Although the relative contribution of these two MeHg sources is
unknown, we conclude that elevated MeHg in the epilimnion, metalimnion, and hypolimnion in the

lacustrine zone of Brownlee Reservoir in late summer and fall is chiefly from internal MeHg production.

We further evaluated temporal trends in particulate Hg concentrations to compare Hg levels within
Brownlee Reservoir to those at Brownlee Reservoir Inflow and Outflow locations. Volume-weighted
average concentrations of p.MeHg and p.Hg(ll) were calculated at three sites within Brownlee Reservoir
for the combined epilimnion and metalimnion from discrete depth profiles (see ESI Section S1 for

calculation details; Table S2) and compared with p.MeHg and p.Hg(ll) concentrations at Brownlee
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Reservoir Inflow and Outflow (Figure 8, ESI Figure $14). This analysis focused on MeHg on particles in
the epilimnion and metalimnion because these strata are relevant to MeHg assimilation in
phytoplankton and flow downstream via the penstocks,'**> and thus impact downstream food webs.!?
First, gravimetric p.MeHg concentrations at Brownlee Reservoir Inflow were uniformly low across 2017
and 2018 (avgtstd of 2.9+3.5 ng g1; n=47) (Figure 8a). In stark contrast, during periods of Brownlee
Reservoir destratification, subtle increases in gravimetric p.MeHg concentration were observed at river
mile 318 and dramatic increases were observed at river miles 300 and 286 (up to 100 ng g2). Further,
systematic temporal increases in gravimetric p.MeHg concentration were observed from upgradient to
downgradient (river mile 318 > 300 > 286) during the destratification period of both 2017 and 2018.
Increases in gravimetric p.MeHg concentration of similar magnitude were observed at Brownlee
Reservoir Outflow shortly after the observed maxima in gravimetric p.MeHg concentration at river mile
286 (Figure 8a); these observations demonstrate the progressive downstream mobilization of MeHg
formed at depth within Brownlee Reservoir. On average, a 7-fold increase is observed in the mean
gravimetric p.MeHg concentration from Brownlee Reservoir Inflow to Outflow during the

destratification periods (from 3.32+4.56 to 23.0+17.8 ng g%, n=27 and 25, respectively; t-test, p<0.001).

Similarly, the percentage of total mercury as MeHg on particles (% p.MeHg) increased systematically
within Brownlee Reservoir during the destratification periods to as high as 42% (Figure 8b). An analysis
was conducted for p.Hg(ll) as well (ESI Figure S14) that shows a more modest enrichment of particles in
Hg(ll) within Brownlee Reservoir that aligns with the observed increases in p.Hg(ll) concentration on
particles between Brownlee Reservoir Inflow and Outflow (Figure 3c). In summary, measurements
within Brownlee Reservoir demonstrate the enrichment of particles in MeHg (and to a lesser extent
Hg(Il)) with increased depth in the reservoir, and the hydrologic mobilization of MeHg (as both f.MeHg
and p.MeHg) through the reservoir during the destratification of Brownlee Reservoir. Concurrent

increases in gravimetric p.MeHg concentration and %MeHg on particles can only be explained by de
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novo production of MeHg within Brownlee Reservoir and a combination of MeHg adsorption to organic-
rich particles (including senescing cells) and active uptake by phytoplankton.®? Thus, in-reservoir MeHg
production, increases in organic matter content of particles, and hydrologic flows within Brownlee
Reservoir are responsible for shifts in particulate concentrations and log K, values in Hg(ll) and MeHg

observed between Brownlee Reservoir Inflow and Outflow.

The compositional evolution of particulate material in Brownlee Reservoir was evaluated to assess
potential influences on particulate Hg(ll) and MeHg concentrations in the reservoir. Settling traps
collected materials from the epilimnion at river mile 318 and epilimnion, metalimnion, and hypolimnion
at river miles 300 and 286 (n=16 deployment events from March-November 2017 and 2018). Although
marginal differences in the organic matter content of settling trap material were observed between
collection depths of a given deployment (epilimnetic vs. metalimnetic vs. hypolimnetic), the time of
deployment and longitudinal location had a greater influence on the organic matter content of settling
trap materials. A significant increase in the organic matter content of the settling trap materials
(<243 um) was observed between river mile 318 (avg = 12.2%) and river miles 300 (avg = 16.8%) and 286
(avg = 18.7%) (Figure 9a). Further, at river miles 300 and 286, the organic matter content of settling trap
materials increased from spring to fall (Figure S15b), concurrent with expected increases in primary
productivity in the reservoir?3° and decreases in inorganic particle loading from the upgradient
watershed. Across all settling trap deployments at all reservoir locations, the organic matter content of
settling trap materials was strongly correlated (R? =0.75, p<0.001) with MeHg concentration (ng g3)
(Figure 9b). Further, temporal trends in settling trap material MeHg concentration (ESI Figure S15a)
were consistent with observed trends in gravimetric p.MeHg concentration collected on filters from
reservoir water samples (Figure 8a). Taken together, the settling trap material results demonstrate the

systematic increase in organic matter content of particles within Brownlee Reservoir concurrent with
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internal MeHg production, which are interpreted to contribute to the observed enrichment of particles

in MeHg within and exported from the reservoir complex.

Synthesis of Processes Governing Mercury Fate in an Arid River-Reservoir System

This study provides a comprehensive spatial and temporal evaluation of processes governing the
fate of both Hg(Il) and MeHg in water (filtered and associated with particles) in a three-reservoir system
spanning nearly 100 river miles. A synthesis of key processes is detailed below, starting at high flow
conditions in spring that precede reservoir stratification to the conclusion of the destratification of

Brownlee Reservoir in fall.

First, in the spring, particulate Hg(ll), particulate MeHg, and filter-passing Hg(ll) entered the
reservoir under high flow; volumetric particulate Hg(ll) and MeHg concentrations were governed by TSS
concentration (ESI Figure S3) whereas the filter-passing Hg(ll) was governed by the concentration of
DOM of terrestrial origin (Figure 4). At the upgradient transition zone of Brownlee Reservoir, we posit
that inorganic-rich particles, anticipated to be deficient in Hg(Il) and MeHg,?*%%6! preferentially settle
out of the water column whereas particles with higher organic matter content are transported
downgradient. This selective particle settling would explain the observed modest enrichment of
particles in both Hg(ll) and MeHg in the upgradient transition zone of Brownlee Reservoir (ESI Figure S8-
S9). In late spring, the onset of thermal stratification established the concentrations of f.Hg(ll) in the
hypolimnion of the reservoir (ESI Figure S11), with higher f.Hg(ll) levels under elevated spring flow when
terrestrial DOM and f.Hg(Il) are delivered to the reservoir complex. Concurrent with thermal
stratification, anoxic conditions developed first in the upgradient portion of Brownlee Reservoir'4?°
resulting in Hg(ll) methylation in the metalimnion and hypolimnion (ESI Figures $6-S7). MeHg
accumulated in these strata, in both filter-passing and particulate fractions, and increased longitudinally
both up and downgradient in Brownlee Reservoir with the spread of anoxic conditions.?®> MeHg
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accumulation in the water column is tentatively attributed primarily to the methylation of water column
f.Hg(ll) by methylating organisms on sinking particles as they decompose,'-¢?2 a phenomenon enhanced
by the DOM of aromatic quality?® that is more prevalent in Brownlee Reservoir during high flow years.
The processes described above occur between February through early July in this river-reservoir system,

when warm inflowing water enters the epilimnion of the reservoir.?®

Throughout summer (July—September) three important processes occurred concurrently in
Brownlee Reservoir: (1) MeHg continued to accumulate in the metalimnion and hypolimnion of the
lacustrine zone, reaching maxima in September (Figure 7); (2) the organic matter content of particulate
material increased (i) temporally and (ii) longitudinally in Brownlee Reservoir (Figure 9a), presumably
due to autochthonous organic carbon production;3® and (3) cooler inflowing water that penetrated the
metalimnion starting in ~July-August at the transition zone (river miles ~320 — 305),142°4> transporting
MeHg as both f.MeHg and p.MeHg downgradient at the depth of the metalimnion towards the
penstocks of the Brownlee Dam. This anoxic, MeHg-rich water mixed with epilimnetic and metalimnetic
water due to thermal destratification yielding particles with exceptionally high MeHg concentrations and
%MeHg (upwards of 100 ng g and 42% MeHg, respectively) within the upper layers of Brownlee
Reservoir (Figure 8). Interflow events incrementally destratified Brownlee Reservoir throughout the late
summer and fall (July — December),? evidenced by pulses of MeHg-rich water and MeHg-rich particles
exiting Brownlee Reservoir!®14 and exported downstream. The timing of destratification is expected to
be dependent on the gradient of the thermocline and density differences between inflowing Snake River
water and epilimnetic, metalimnetic, and hypolimnetic reservoir waters.?® In summary, (1) the
biogeochemistry of Brownlee Reservoir enhanced MeHg production and shifts in particle composition,
and (2) the stratification-destratification cycle of the reservoir supported efficient downstream export of
MeHg (on particles and in water) through both Oxbow and Hells Canyon reservoirs to the downstream

Snake River.
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This study demonstrates that reservoir impoundment has a multi-dimensional influence on the
processes governing MeHg formation and partitioning, both of which play pivotal roles in MeHg uptake
in proximal and downstream aquatic food webs.2® This can be the case both during the early years of
impoundment due to decomposition of flooded organic matter,®® and afterwards in some older
reservoirs, as described here. Filter-passing and particulate Hg(ll) and MeHg concentrations entering
Brownlee Reservoir are similar to other riverine systems in the U.S. that receive Hg from upgradient
watersheds as a result of atmospheric deposition,1%21.2263 yet particles were highly enriched in MeHg
exiting the reservoir concurrent with f.MeHg export. We interpret the particle enrichment of MeHg as
MeHg uptake by phytoplankton (passive and active uptake to both dead and alive cells)®” due to
autochthonous organic carbon production in the reservoir.? Provided that gravimetric p.MeHg
concentrations averaged 100 ng g in the epilimnion and metalimnion (Figure 8) and exceeded 500 ng
gt in the hypolimnion of Brownlee Reservoir during fall destratification (Figure 7, Figures $10-13), we
assert that there is high potential for MeHg uptake in aquatic food webs within and downstream of the
reservoir complex. For comparison, gravimetric p.MeHg concentrations within and exported from
Brownlee Reservoir were comparable to those of a reservoir impaired by local Hg mining (e.g., 100-300
ng g! MeHg)*? and hydroelectric reservoirs in South America (<104 ng g7%)*° and exceeded those
observed in subtropical wetlands recognized as MeHg hotspots.®* Interestingly, log K4 values of MeHg
and Hg(ll) were of similar magnitude (Figure 6), counter to most other environments where Hg(ll) K4
values exceed MeHg K, values by a half order of magnitude. 21656 We suspect that the highly eutrophic
state of the river-reservoir system likely enhanced MeHg assimilation in phytoplankton, and the low
DOC concentrations of this system and low aromatic quality of DOM, particularly during periods of
MeHg production, are insufficient to outcompete organic-rich particles for MeHg.?! In summary, the
elevated p.MeHg concentrations within and exported from Brownlee Reservoir, driven by coupled

biogeochemical processes and hydrologic mobilization, likely explain the high bioavailability of MeHg to
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the food web in the system!46 and other arid reservoirs that stratify.” Accounting for mechanistic
processes governing Hg(ll) and MeHg behavior under variable hydrologic conditions may result in
improved management of reservoirs, particularly in the context of climate stressors'® and changes in
nutrient loading.?® Remediation strategies to reduce Hg uptake in aquatic food webs of reservoirs,
whether focused on upgradient nutrient loading to reservoirs or in-reservoir management (e.g.,
hypolimnetic aeration,®” oxidant additions),%8 should consider implications of these actions on coupled

biogeochemical and hydrologic processes that will ultimately govern responses in Hg(ll) and MeHg fate.
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Figure 1. Schematic diagram of the Hells Canyon Complex (HCC, Idaho and Oregon, USA) including locations of

reservoir inflow and outflow locations (Brownlee Inflow, RM 345.6; Brownlee Outflow, RM 283.9; Oxbow Outflow,
RM 269.9; Hells Canyon (HC) Outflow, RM 246.9) and locations of in-reservoir collection of water and settling trap

material (RM 318, 310, 300, and 286) in Brownlee Reservoir.*® River miles (RM) identify the distance to the

confluence of the Snake River and the Columbia River.
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Figure 2. Plots of the (a) discharge at Brownlee Reservoir Inflow,*® (b) dissolved organic carbon (DOC)
concentration, and dissolved organic matter (c) specific ultraviolet absorbance at 254 nm (SUVA,s,) and (d) spectral
slope from 275-295 nm (S,75.295) from 2014 — 2020 at inflow — outflow sites of the Hells Canyon Complex (Brownlee
Reservoir Inflow, BL Inflow; Brownlee Reservoir Outflow, BR Outflow; Oxbow Reservoir Outflow, OX Outflow; and
Hells Canyon Reservoir Outflow, HC Outflow).** Arrows identify DOC maxima observed in August each year, and
asterisk symbols identify DOC and SUVA,s, maxima observed in spring during high-flow years. S,;5.,95 data were not
available from October 2019 — 2020.
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Figure 3. The concentrations of inorganic divalent Hg (Hg(ll)) in (a) water (filter-passing; f.Hg(ll)) and associated
with particles, both on a volumetric basis (b; vol. p.Hg(ll), ng L™!) and a gravimetric basis (c; grav. p.Hg(ll), ng
g1), from 2017 — 2020 at inflow — outflow sites of the Hells Canyon Complex (Brownlee Reservoir Inflow, BL Inflow;
Brownlee Reservoir Outflow, BL Outflow; Oxbow Reservoir Outflow, OX Outflow; and Hells Canyon Reservoir
Outflow, HC Outflow).*® The shaded gray area plot is the discharge at Brownlee Reservoir Inflow.*®
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Figure 4. Scatter plot and linear regression line between filter-passing Hg(ll) (f.Hg(ll)) and the
absorbance of the DOM at 254 nm (a554) at inflow and outflow sites of the Hells Canyon Complex.*® The
dashed gray, dotted black, and solid black lines present the linear fit of data, 95% confidence interval of
the fit, and prediction interval of the fit, respectively, for samples collected under high flow conditions
(n=271; see Table S1 in the ESI for definitions).
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Figure 5. The concentrations of methylmercury (MeHg) in (a) water (filter-passing; MeHg) and

associated with particles, both on a volumetric basis (b; vol. p.MeHg, ng L™1), and on a gravimetric basis

(c; grav. p.MeHg, ng g1), from 2016 — 2020 at inflow — outflow sites of the Hells Canyon Complex
(Brownlee Reservoir Inflow, BL Inflow; Brownlee Reservoir Outflow, BL Outflow; Oxbow Reservoir
Outflow, OX Outflow; and Hells Canyon Reservoir Outflow, HC Outflow).** The shaded gray area plot is
the discharge at Brownlee Reservoir Inflow.*6
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Figure 6. Plots of the (a) discharge*® and (b, c) log-transformed distribution coefficients (log K4) of Hg(ll)
and MeHg from 2017 — 2020 at inflow — outflow sites of the Hells Canyon Complex (Brownlee Reservoir
Inflow, BL Inflow; Brownlee Reservoir Outflow, BL Outflow; Oxbow Reservoir Outflow, OX Outflow; and

Hells Canyon Reservoir Outflow, HC Outflow).*3
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Figure 7. Depth profiles of (a) f.MeHg (ng L™1) and volumetric p.MeHg (ng L™1) and (b) gravimetric
p.MeHg (ng g™*) at river miles 318, 310, 300, and 286 in Brownlee Reservoir (9/25/2017) overlaid on a
DO heat map (9/20/2017).%3 Plots show an increase in volumetric f.MeHg and p.MeHg (ng L™?) with
depth associated with hypoxic and anoxic water and the step-wise increase in gravimetric p.MeHg (ng
g!) from upgradient to downgradient in the reservoir.
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g™!) and (b) percent particulate methylmercury (% p.MeHg) at the inflow and outflow of Brownlee
Reservoir and within the reservoir at Snake River miles 318, 300, and 286 across 2017 — 2018.%% The gray
shaded areas identify the approximate timeframe of reservoir destratification (defined in Table S1). The
volume-weighted data are summarized in Table S2.
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Figure 9. (a) Box and whisker plots of % organic matter (by loss on ignition) of settling particles collected
in Brownlee Reservoir at river miles 318, 300, and 286 between 2017 and 2018 (<243 um size); plots
present the median and quartile range, error bars represent 10-90% percentiles, outliers are shown as
data points, and letters designate statistical similarity and differences among comparisons (t-test).*

(b) Scatter plot showing the significant linear correlation between the settling trap material MeHg

concentration and organic matter content (n=53);% the gray dashed line is the linear fit of all data, and
the black dotted lines are the 95% confidence intervals of the fit.
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