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Abstract

Aqueous transport of mercury (Hg) across the landscape is closely linked to dissolved

organic matter (DOM). Both quantity and quality of DOM affect Hg mobility, as well

as the formation and transport of toxic methylmercury (MeHg), but only a limited

number of field studies have investigated Hg and MeHg with respect to specific

DOM components. We investigated these interactions at the 41-ha forested W-9

catchment at Sleepers River, Vermont, which has a long history of mercury and other

biogeochemical research. We examined spatial and temporal patterns of filtered Hg

fractions and dissolved organic carbon (DOC) concentration, DOM quality, and major

solutes at 12 stream sites within W-9 and the downstream W-3 gage (837 ha) over

five sampling campaigns including a large (79 mm) fall storm, spring snowmelt, and

three seasonally contrasting base flow periods. Filtered total Hg (THg), MeHg, and

DOC concentrations increased in order base flow < snowmelt < fall storm, except

that MeHg remained at baseflow levels during snowmelt. Ranges of median concen-

trations across sites for the five campaigns were THg, <0.2–4.1 ng L�1; MeHg,

<0.03–0.45 ng L�1; and DOC, 0.8–14.0 mg L�1. Humic-like DOM fluorescence com-

ponents, as determined by parallel factor analysis (PARAFAC), dominated the fluores-

cence across sites and sampling campaigns. THg correlated strongly (r > 0.94) with

these humic components, but even more strongly with bulk DOC and absorbance at

254 nm (UV254; r > 0.96), and less strongly with protein-like DOM (0.7 < r < 0.9).

MeHg correlated in the same order but less strongly with humic- (0.8 < r < 0.9) and

protein-like (0.6 < r < 0.8) DOM. MeHg increased in summer, potentially in response

to enhanced microbial production in warmer periods. MeHg formation may have

been linked to protein-like DOM, but its transport was linked to humic-like DOM.
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1 | INTRODUCTION

Mercury (Hg) is a potent neurotoxin to humans and wildlife that bio-

accumulates when converted to its organic and bioavailable form,

methylmercury (MeHg; Eagles-Smith et al., 2018). Hg methylation in

the aquatic environment and bioaccumulation in fish has long been

recognized (Driscoll et al., 2007; Eagles-Smith et al., 2018;

Fitzgerald & Clarkson, 1991). The terrestrial landscape and headwater

streams deliver Hg to downgradient methylation hotspots (Chen

et al., 2016; Krabbenhoft et al., 2005; Riscassi & Scanlon, 2011;

Shanley et al., 2008). MeHg in forest headwater streams originates

primarily from the surrounding catchment rather than from in-stream

production (Branfireun et al., 2020; Bravo et al., 2017; Xu

et al., 2019). Terrestrial methylation also introduces MeHg to the base

of the terrestrial food web (Rimmer et al., 2019; Rodenhouse

et al., 2019; Tsui et al., 2019).

Total mercury (THg) enters forest soils from atmospheric wet and

dry deposition, but dry deposition typically dominates Hg accumula-

tion in forest ecosystems (Risch et al., 2017; St. Louis et al., 2001).

Dry Hg deposition enters the forest floor primarily as litterfall, from

foliage that passively accumulates gaseous elemental Hg from the

atmosphere throughout the growing season (Krabbenhoft et al., 2005;

Navrátil et al., 2022; Rea et al., 2002). On reaching the soil, THg and

MeHg are strongly held by soil organic matter (SOM; Navrátil

et al., 2014; Obrist et al., 2011; Stoken et al., 2016), particularly by

reduced sulphur (S) functional groups (thiols; Liem-Nguyen

et al., 2017; Skyllberg et al., 2003). The strong Hg-SOM bond results

in sequestering of Hg in organic soil such that only a small fraction of

Hg deposition runs off in streamflow (Bishop et al., 2020;

Krabbenhoft et al., 2005; Shanley et al., 2008). In a survey of 14 U.S.

forest soils, Obrist et al. (2011) found that MeHg concentrations were

highest in organic soil horizons, but that 88% of soil MeHg resided in

the mineral soil (top 40 cm).

As in soils, THg and MeHg in waters are almost exclusively linked

to organic matter (OM; Ravichandran, 2004), in particular humic aro-

matic OM of terrestrial origin containing reduced S groups (Liem-

Nguyen et al., 2017; Skyllberg et al., 2003). The transport of THg and

MeHg in subsurface and surface waters occurs in association with dis-

solved OM (DOM; Demers et al., 2010; Dittman et al., 2009, 2010;

Krabbenhoft et al., 2005; Lavoie et al., 2019; Riscassi &

Scanlon, 2011; Shanley & Bishop, 2012), largely in response to hydro-

logic forcing (Jiskra et al., 2017). Stream Hg export tends to be epi-

sodic as storms and transient high water tables flush DOM and Hg

from organic soils (Bushey et al., 2008; Schelker et al., 2011; Shanley

et al., 2002, 2008).

The importance of humic DOM to Hg mobility has been recog-

nized for at least three decades. Mierle and Ingram (1991) linked Hg

transport to humic substances through the positive correlation of Hg

with water colour. Dittman et al. (2009) observed a strong correlation

between THg and bulk dissolved organic carbon (DOC) among small

streams over a range of flows, but they found an even stronger corre-

lation between THg and the hydrophobic organic acid (HPOA) DOC

fraction, which generally represents humic, aromatic DOM (Aiken

et al., 1992). Absorbance at 254 nm (UV254) is another indicator of

DOM aromaticity (Weishaar et al., 2003) and may be an even better

predictor than bulk DOC or HPOA concentration (Dittman

et al., 2009, 2010; Riscassi et al., 2011). Burns et al. (2013) found that

THg was related strongly to UV254/DOC (specific UV absorbance or

SUVA) in an Adirondack (New York) watershed, surprising because

SUVA is a qualitative index of DOM quality. DOM fluorescence in the

humic region (excitation 370 nm; emission 460 nm) was a strong pre-

dictor of Hg in an Alaskan glacial stream (r2 > 0.8; Vermilyea

et al., 2017). Finally, in a pan-European study of large rivers, THg had

a strong association with soil-derived humic DOM (Bravo et al., 2018).

Despite differing approaches, these diverse studies converge on the

important role of humic OM in the movement of Hg on the landscape.

MeHg/THg is higher in soil solution and runoff than in soil,

suggesting either that MeHg is more mobile than THg or that methyl-

ation occurs more readily in the aqueous phase (Skyllberg

et al., 2003). MeHg export from soil to stream varies with seasonal

MeHg supply due to greater production at higher temperatures

(Hurley et al., 1995; Kronberg et al., 2016) and hydrologic connectivity

to MeHg production hotspots (Branfireun & Roulet, 2002). In the

European river study, Bravo et al. (2018) found that MeHg/THg was

more related to microbially produced DOM than terrestrial DOM. Like

THg, MeHg correlates with DOM, but variable MeHg supply weakens

this relation (Jiskra et al., 2017; Lavoie et al., 2019) and MeHg may

even dilute with flow (Bishop et al., 1995).

The methylation process has been well-studied in lake sediment

(Bravo et al., 2017; Gilmour et al., 1992; Herrero Ortega et al., 2018;

Watras et al., 1995) and to a lesser extent in stream sediment

(Marvin-DiPasquale et al., 2009). Methylation occurs in soils similarly

to sediments, the primary difference being variable water content in

soils (Bigham et al., 2017). Methylation in forest soils is carried out by

a diverse array of microbes, notably iron (Fe)- and sulphate (SO4)-

reducing bacteria (Gilmour et al., 2013; Tsui et al., 2019; Windham-

Myers et al., 2014; Xu et al., 2019). Methylation is favoured by higher

temperature (Ullrich et al., 2001) and higher soil moisture (Kronberg

et al., 2016), and occurs under suboxic conditions (Bravo et al., 2017;

Burns et al., 2014), including at microsites within otherwise oxygen-

ated soils (Shanley et al., 2019). Vidon et al. (2014) found that varia-

tion in humic-like peak C, a fraction of fluorescent DOM, explained

some of the variation in MeHg concentration.

DOM quantity and quality affect both MeHg formation and its

subsequent mobility. Evidence is conflicting on whether OM facili-

tates or inhibits methylation (He et al., 2019), and Zhao et al. (2017)

found that the effect may be opposing in different microbial strains. In

Swedish lakes where sediment was primarily allochthonous, THg and

MeHg in sediment correlated to terrestrially derived, humic DOM

(Bravo et al., 2017). Methylation rates were low in these lake sedi-

ments, suggesting that the MeHg was terrestrially derived and was

transported to the lake by allochthonous terrestrial DOM. In contrast,

methylation rates were higher in lakes dominated by autochthonous

sediment, where sediment Hg bound to algae-sourced DOM was

more available for methylation (Bravo et al., 2017). In a coastal marine

analog, Schartup et al. (2015) found that Hg methylation associated
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with marine autochthonous DOM was greater than that associated

with terrestrial DOM. Schartup et al. (2015) suggested that the larger

molecular size of terrestrial DOM inhibited uptake of Hg into the cell

where methylation occurs. Graham et al. (2013), in contrast, demon-

strated in the laboratory that Hg bound to high-molecular weight aro-

matic DOM was more available for Hg methylation than other Hg-

DOM complexes. Windham-Myers et al. (2014) showed that plant-

derived labile OM stimulated methylation in rice paddies. Similarly,

Levanoni et al. (2015) and Herrero Ortega et al. (2018) found that

fresh OM sources stimulated methylation in beaver ponds.

Despite the long-held recognition that DOM quality is an impor-

tant factor in Hg transport and Hg methylation, relatively few field

studies have linked Hg measurements to detailed DOM characteriza-

tion. Using fluorescence to characterize DOM quality, we investigated

the response of Hg and MeHg in relation to DOM quality over a range

of seasonal and hydrologic conditions (base flow, snowmelt, and a fall

storm) at diverse locations within a forested headwater catchment.

We isolated DOM into component fractions to identify the DOM

component(s) most closely linked to THg and MeHg. Based on the

known affinity of THg for terrestrial humic DOM and the known utili-

zation of labile OM substrate by Hg-methylating microbes, we tested

two hypotheses: (1) THg will correlate more closely to a specific

humic-like DOM fluorescence component than to bulk DOC concen-

tration; and (2) MeHg will correlate more closely to a protein-like

DOM fluorescence component than to bulk DOC concentration. The

long history of hydrologic and biogeochemical research at Sleepers

River (Shanley et al., 2022), including past mercury studies, provided

rich context for interpreting the dynamics of THg and MeHg and their

interactions with DOM. This study is another application of the small

watershed approach to investigate Hg cycling, as was done for the

five catchments of the USGS Water, Energy, and Biogeochemical

Budgets (WEBB) programme (Shanley et al., 2008).

2 | METHODS

Sleepers River Research watershed (SRRW) in northeastern Vermont

(Figure 1) has hosted hydrometeorological research since 1957, with a

biogeochemical component since 1991 (Shanley et al., 2015; Shanley

et al., 2022). SRRW has been a focus of previous Hg research

(Dittman et al., 2009, 2010; Schuster et al., 2008; Shanley et al., 2002,

2008). Most of the sampling for the current study took place in the

41-ha W-9 catchment (Sebestyen et al., 2008; Shanley et al., 2004),

which is 100% forested in northern hardwoods (Figure 1). The catch-

ment is underlain by calcareous schist of the Waits River Formation,

and is mantled by 1–4 m of dense, fine silty, locally derived glacial till

(Shanley et al., 2004). W-9 ranges in elevation from 519 to 672 m,

and it alternates steep hillslopes with relatively flat benches. This

landscape variation gives rise to cryptic wetlands (Creed et al., 2003),

including small swamps at stream heads, and pockets of deep organic

soil horizons, including much of the riparian area.

The 4- to 6-week snowmelt period dominates the annual hydro-

graph at W-9, and flow recedes well into summer, punctuated by

storms that can produce high peak flows at any time of year

(Figure 2). The deep, poorly conductive glacial till helps to sustain base

flow, so that the stream never ceases to flow in summer. The calcare-

ous bedrock, which contains some pyrite, gives rise to a well-buffered

calcium-bicarbonate-sulphate water, with Ca and acid neutralizing

capacity (ANC) each exceeding 1000 μeq L�1 during low flow. The

W-9 stream is flashy during storms, and DOC concentrations range

F IGURE 1 Map of (a) W-9 watershed, showing sampling sites, within (b) Sleepers River Research Watershed, and (c) locator map
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widely from near 1 mg L�1 at low flow to nearly 20 mg L�1 at the

highest flows (Shanley et al., 2015).

To investigate the spatial and seasonal variability of Hg and DOM

dynamics across this landscape, we conducted five synoptic sampling

campaigns from August 2017 to June 2018. Each campaign sampled

the same set of 11 small stream sites within W-9, as well as the W-9

gage site and the downstream gage at W-3 (Pope Brook; Figure 1), an

837-ha basin that includes �20% agricultural land, primarily pasture

for dairy farming. The W-9 sites included outlets to the headwater

wetlands and most major and minor tributaries. The five dates

included spring snowmelt (April), spring, summer, and fall base flow

(June, August, and November), and a fall storm (October; Figure 2;

Table 1). The fall storm was an exceptionally large event of 79 mm

rainfall, occurring about 3 weeks after leaf fall on the evening of

24 October 2017. For this storm, we conducted the synoptic sampling

high on the storm recession limb. In addition, we collected a time

series of eight grab samples over the hydrograph at the W-9 gage.

Samples for Hg analysis were collected in square 1-L PETG bot-

tles, thoroughly pre-rinsed with sample water, and kept chilled. The

Hg samples were filtered (0.45-μm GFF) and acidified to 0.4%

hydrochloric acid (HCl), then analysed for Hg within 24 h at Dart-

mouth College. For MeHg analysis, �30 ml of sample was weighed

into an acid-washed brown glass septa vial. A 0.2-ml aliquot of citrate

buffer was added to each vial, the sample was buffered to pH 4.5 with

potassium hydroxide (KOH), and 30 μl of ethylating reagent was

added. Waters were analysed for MeHg by a Tekran 2700 automated

MeHg analyser. The mean ± standard error (SE) relative percent dif-

ference (RPD) for duplicate samples was 9 ± 2% (n = 11). Mean aque-

ous MeHg spike and standard recoveries were 89 ± 3% (n = 11) and

93 ± 1% (n = 4). The limit of detection for MeHg was 0.006 ng L�1.

THg was analysed using a modification of EPA method 1631 (U.S.

EPA, 1999). Samples (�25 ml) were weighed into clear septa vials and

digested chemically with bromine monochloride (BrCl) and subse-

quently neutralized with hydroxylamine hydrochloride (NH2OH�HCl).

Sample Hg was reduced to Hg0 with stannous chloride (SnCl2), and

samples were analysed by a MERX-T automated total mercury ana-

lyser, with cold vapour atomic fluorescence detection (Brooks Rand

Instruments). Sample results were corrected for field and preparation

blanks as appropriate. The mean ± SE RPD for duplicate samples was

9 ± 3% (n = 6). Mean aqueous THg spike and standard recoveries

were 104 ± 6% (n = 6) and 109 ± 2% (n = 14). The limit of detection

for THg was 0.2 ng L�1. To investigate variations in water sources

across discharge conditions, we analysed major elements: aluminium

(Al), calcium (Ca), iron (Fe), potassium (K), magnesium (Mg,) manganese

(Mn), sodium (Na), phosphorus (P), sulphur (S), and strontium (Sr), by

inductively coupled plasma optical emission spectroscopy (Thermo Iris

Intrepid 2) in 7-ml subsamples acidified to 5% nitric acid (HNO3).

For DOM, all sample materials were pre-cleaned with acidified

water, triple rinsed with pure deionized water, and rinsed with sample

water prior to collection. Grab samples for DOM were syringe-filtered

(0.22-μm, Polyethersulphone, Waterra) immediately on site into 60-ml

glass amber bottles. Separate aliquots were collected through the same

filter in 125-ml PE bottles for major solutes. Aliquots of each sample for

analysis of DOC concentration were transferred to pre-combusted glass

vials and acidified to pH 2 with 6N HCl and refrigerated (6�C) in the dark

until analysis within 4 weeks of sampling. DOC was measured as

nonpurgeable organic carbon using a high-temperature catalytic combus-

tion procedure (Shimadzu Total Organic Carbon Analyser, Columbia, MD,

USA). A 1000 mg L�1 stock DOC solution for calibration standards was

prepared using potassium hydrogen phthalate and potassium nitrate.

F IGURE 2 W-9 hydrograph for July 2017

through September 2018 showing the five

sampling campaigns

TABLE 1 Physical conditions during the five sampling campaigns at Sleepers River Research Watershed, Vermont. Air and water

temperatures are averages from the 30 days prior to sampling. Runoff is flow per unit area at W-9 at its sample time

Number Campaign date Time (EST) Hydrologic condition Runoff rate, mm h�1 Air T, deg C Water T, deg C

1 30 August 2017 12:40 Summer base flow 0.01 15.9 14.1

2 24 October 2017 21:50 Fall high flow 2.72 12.1 11.9

3 20 November 2017 11:40 Fall base flow 0.10 3.4 7.1

4 25 April 2018 18:50 Snowmelt 0.79 0.1 1.8

5 11 June 2018 11:00 Spring base flow 0.02 13.6 10.7
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Absorbance and fluorescence of DOM were measured on filtered,

non-acidified sample aliquots using an Aqualog™ Fluorescence and

Absorbance Spectrometer and 1-cm quartz cuvettes (Horiba, Irvine,

CA, USA). Samples were stored at 6�C in the dark and equilibrated to

room temperature (21–23�C) prior to analysis within 2 weeks of sam-

pling. Chromophoric DOM (CDOM) absorbance spectra were mea-

sured from 200 to 600 nm and blank-corrected using ultrapure water

(Milli-Q, Millipore). Decadic and Naperian absorption coefficients

were calculated according to Hu et al. (2002). Specific UV absorbance

at 254 nm (SUVA254, L mg C�1 m�1), was calculated by dividing the

decadic absorption coefficient at 254 nm (m�1) by the DOC concen-

tration (mg L�1) for each sample (Weishaar et al., 2003). Spectral

slopes of absorbance spectra and slope ratios were calculated

according to Helms et al. (2008) (Table S1).

Three-dimensional fluorescence spectra ranged from 242 to

596 nm excitation and 212 to 619 nm emission. Excitation-emission

matrices (EEMs) were corrected for instrument-specific effects and

solution interference (inner filter effect) using the Aqualog software

correction functions and according to Murphy et al. (2013). As raw

absorbance values never exceeded 0.4 absorbance units, no samples

required dilution (Kothawala et al., 2013). EEMs were blank sub-

tracted using fluorescence spectra of ultrapure Milli-Q water

(Millipore) collected daily. Lamp and cuvette performance were

assessed daily and each pre-processed EEM was normalized to Raman

peak area (Lawaetz & Stedmon, 2009). Rayleigh and Raman scatter

interferences were removed prior to replacement using spline interpo-

lation (StaRdom package in R, version 1.1.1; Pucher et al., 2019).

Parallel factor analysis (PARAFAC) was conducted on 72 pre-

processed EEMs to characterize fluorescent DOM (FDOM) quality

using StaRdom (Pucher et al., 2019). PARAFAC models are useful for

identifying uncorrelated fluorophore components contributing to the

overall DOM fluorescence within a group of samples (Bro, 1997). All

EEMs were cut to ranges of 250–550 nm for excitation and 250–

600 nm for emission, and data were restricted to non-negative values

to reduce instrument noise associated with low-fluorescing samples

during model development. Each EEM was normalized to its total

fluorescence signal to reduce the influence of DOM concentration

during model development. Conventional fluorescence peaks (B, T,

A, M, C) were also extracted from corrected EEMs using StaRdom

package functions according to the references therein (Coble, 1996;

Ohno, 2002). In addition to the absorbance indices mentioned earlier,

we calculated the fluorescence index, FI (McKnight et al., 2001), humi-

fication index, HIX (Huguet et al., 2009), and freshness index (Zsolnay

et al., 1999) (see Table S1 for details).

Principle component analysis (PCA) was used as a visualization

tool to identify relations between the large number of chemical vari-

ables, and groupings of individual samples. DOM metrics (DOC,

UV254, fluorescence components), major element concentrations, and

Hg and MeHg were included in the PCA. The qualitative optical indi-

ces (e.g., SUVA, FI) were not used to drive the PCA but were laid on

as ancillary variables. All data were log transformed to meet assump-

tions of normality and scaled prior to performing the PCA using the

FactoMineR package in R.3.5.3.

A six-component PARAFAC model (Figure S1) best described the

dataset and was validated using three combinations of random sam-

ples in a split-half analysis. Tucker's congruency coefficients among all

components averaged 0.96 with a standard deviation of 0.07. Since

no further investigation of the chemical composition of fluorescent

DOM was performed for this study, PARAFAC model components

were classified according to known fluorescence peaks (Fellman

et al., 2010; Hansen et al., 2016). Our PARAFAC model matched

36 previously published models in the Openfluor online database

(minimum similarity score: 0.97; Murphy et al., 2014). Of the six com-

ponents, four (C1, C2, C3, and C4) represented humic-like DOM. C2

corresponded closely to the classic Peak M while C1 and C3 cor-

responded closely to the classic Peak A (Coble, 1996). C4 was a blue-

shifted humic-like peak. C5 and C6 were protein-like or fresh-like

components; C6 corresponded to the classic Peak T. We term these

components ‘protein-like’ based on classic literature descriptions of

similar components (e.g., Fellman et al., 2010). These components are

usually associated with either biolabile or autochthonous OM, but

may also include a suite of other DOM molecules (Stubbins

et al., 2014), and are not necessarily proteins or microbially

derived OM.

3 | RESULTS

3.1 | THg and MeHg spatial concentration patterns

Filtered total Hg ranged from 0.01 to 7.9 ng L�1 across all sites and

campaigns (Figure 3b). Median THg across the 13 sites ranged from

0.04 to 1.23 ng L�1, with the highest THg at the outlet of A Bog

(a � 1-ha swamp), the largest wetland area in the catchment. Within

each site, THg ranged over more than one and in some cases nearly

two orders of magnitude, and was positively aligned with flow during

the five sampling campaigns. The five sites in the steeper sub-

catchment A generally had higher THg than other sites, but differ-

ences were not significant (p > 0.05).

Filtered MeHg was quite low, ranging from <0.006 to 0.14 ng L�1

(Figure 3c). Site median MeHg ranged from 0.008 to 0.05 ng L�1.

Within-site variation of MeHg was less than that of THg, generally

close to or within one order of magnitude. Median MeHg values

across sites were also less variable, within a factor of two or three,

except for the wetland outlet, A Bog, which was several-fold higher. A

Bog and C Bog, the other swamp outlet, maintained consistently high

MeHg concentrations during all sampling campaigns.

The MeHg/THg ratio, sometimes termed the methylation effi-

ciency (Krabbenhoft et al., 1999), ranged from 0.5% to 70%

(Figure 3d). Consistent with the lower spatial variability in MeHg, the

pattern of MeHg/THg was inverse to that of THg, with lower values

in sub-catchment A and higher values in sub-catchment B. The range

within each site was generally an order of magnitude, but up to two

orders at a few sites. Site median MeHg/THg ranged from 1.6% to

11.9%. With a few exceptions, MeHg/THg converged on a lower limit

near 1% (Figure 3).
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3.2 | THg and MeHg temporal concentration

patterns

THg concentration during the large October 2017 storm exceeded

2 ng L�1 at all sites (Figure 4b), which was severalfold greater than

during the April 2018 snowmelt, the other high-flow period sampled.

THg was generally more than an order of magnitude lower and uni-

formly less than 1 ng L�1 during the three base-flow periods, and was

lower in the late spring baseflow (June 2018) than the late summer

and late fall periods in 2017. There was strong consistency in the rela-

tive magnitude of THg across sites among the campaigns (Figure 4b;

little ‘crossing’ of lines).

The highest MeHg concentration at each site generally occurred

during the large October storm, when MeHg concentrations at all

sites exceeded 0.028 ng L�1 (Figure 4c). However, MeHg increased

only twofold to fourfold during the fall storm relative to the other

campaigns, compared to the order-of-magnitude or more increase in

THg. With the exception of a few outliers, MeHg concentration

ranged over less than an order of magnitude and centered near

0.01 ng L�1 for the other four dates. Unlike THg, MeHg was not ele-

vated during the April 2018 snowmelt. MeHg at A Bog was signifi-

cantly greater (t-test, p < 0.005) than at other sites (Figure 4c). C bog,

the other wetland outlet, had the next-highest median MeHg.

The MeHg/THg ratio was markedly higher during the three base

flow periods than the two high-flow events (Figure 4d). MeHg/THg

was more variable at base flow, spanning an order of magnitude in

percentage, and was always at least 10% at some sites. It was gener-

ally lower and only marginally exceeded 10% during the coldest base

flow period in November 2017. MeHg and THg were both elevated at

high flow, but MeHg/THg decreased to �1%, and at some sites was

<1% during the large fall storm. MeHg/THg correlated positively to

the 30-day prior average water temperature (p < 0.01 with two out-

liers removed) and inversely with flow (both variables log-trans-

formed; p << 0.001).

At the W-9 stream gage over the large fall storm hydrograph,

THg increased rapidly from 0.4 ng L�1 at pre-storm base flow to a

maximum of 6.7 ng L�1 just after peak flow (Figure 5). THg remained

elevated at 2.5 ng L�1 9 hours after the hydrograph peak, when flow

had receded from nearly 4 to 0.2 mm hr�1. MeHg behaved non-sys-

tematically, increasing from 0.06 ng L�1 pre-storm to 0.09 ng L�1 as

flow began to rise, then decreasing to 0.04 ng L�1 at peak flow and

remaining near that value throughout the recession (Figure S2).

3.3 | DOC and DOM optical quality dynamics

Across all samples, decadic UV254 absorbance coefficient varied from

1.6 to 90 m�1. Minimum fluorescence intensity across PARAFAC

components varied from 0.00 to 0.36, while maximum intensities var-

ied from 0.30 to 1.85, in Raman-normalized fluorescence units (R.U.).

F IGURE 3 (a) Spatial distribution of

average relative PARAFAC component

fractions; and (b) THg, (c) MeHg, and

(d) MeHg/THg across sampling sites.

Except for a few missing samples, n = 5

for each site, that is, one sample from

each of the five sampling campaigns.

Within each site, values are in

chronological order along the x-axis
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Analogously, minimum fluorescence intensity for the Coble peaks A

(0.07 R.U.), C (0.04 R.U.), and T (0.0003 R.U.) were approximately two

orders of magnitude lower than their respective maximum intensities

of 3.2, 2.1, and 0.4 R.U. These ranges match or exceed those in other

temperate forested natural waters (Fellman et al., 2010; Yamashita

et al., 2011, and references therein). DOC exhibited a similar dynamic

range as THg, ranging overall from 0.4 to 22.4 mg L�1 (site medians

0.8 to 14.0 mg L�1), and had a similar strong positive correlation with

flow. DOM quality was dominated by the humic-like components

(C1-C4) across sites (Figure 3a) and across campaigns (Figure 4a). C1,

C2, and C3 were present in roughly equal amounts and collectively

made up 70%–80% of total fluorescence intensity at most sites and

dates (average 73% ± 3%). C3 varied inversely to C1 and C2 to main-

tain this relatively constant fraction. C4, the blue-shifted humic com-

ponent, ranged tightly from 10% to 15%. C5 and C6, the protein-like

components, were the most variable, each varying independently from

near 0 to �15% (Figure S3). Spectral slope (S275�295) over the study

ranged from 0.011 to 0.018. The highest S275-295 values (>0.013;

Figure S4) generally occurred at base flow. The lower S275-295 values

at higher flows were associated with increases in C1-C4 and

decreases in C5-C6 (Figure S5).

DOC during the October high-flow campaign was generally an

order of magnitude higher, and both the humic and protein-like DOM

fluorescence component proportions shifted in composition relative

to the other campaigns (Figure 4a). Among the humic fractions, per-

cent C1 and C2 increased and C3 decreased, but C1 + C2 + C3

remained similar to the other campaigns. Among the protein-like frac-

tions, percent C6 was higher during the fall storm than the other

4 dates, while C5 decreased from its typical value of �10% to near

3%. Over the storm hydrograph at W-9, the protein-like C6 compo-

nent spiked from 7% to 22% on the rising limb before falling gradually

and progressively back to 6% (Figure 5b). The humic-like C1 and C2

components remained at a fairly constant percentage, while percent-

ages of C3, C4, and C5 collectively increased or decreased to compen-

sate for the variation in C6 (Figure 5b).

3.4 | THg and MeHg behaviour relative to other

solutes and DOM quality

THg, DOC, DOM components, and flow were all strongly interco-

rrelated. (Note: all r values reported in this section are Pearson's r for

linear regression, and all p values are <0.001 unless otherwise indi-

cated [Table 2].) Over all sites and dates, THg had its strongest corre-

lations with DOC and UV254 (r = 0.957 in both cases; Figure 6).

Among DOM fluorescence components, THg correlated most strongly

with intensities of C1 (r = 0.940) and C2 (r = 0.937), and lowest with

intensities of the protein-like components C5 (r = 0.708) and C6

F IGURE 4 (a) Temporal

distribution of average relative

PARAFAC component fractions; and

(b) THg, (c) MeHg, and (d) MeHg/

THg across the five sampling dates.

Except for a few missing samples,

n = 13 with one sample from each

site and date. The x-axis on panels

(a) and (b) denote the month and

hydrologic condition, while panels

(c) and (d) show the corresponding

sampling dates. Sampling locations

are shown in Figure 1
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(r = 0.874; Figure 6; Table 2). THg did not correlate more strongly

with any additive combinations of components than with C1 or C2

individually. THg correlated nearly as strongly with the intensities of

the conventional humic-like peaks A, C, and M (0.923 < r < 0.937).

The largest outliers in all relations were the wetland swamp outlets A

Bog and C Bog, which had less Hg for any given DOM metric

(Figure 6). Variation in THg concentrations across sites was large rela-

tive to variation in DOM composition (Figure 3a).

MeHg correlated with DOC, UV254, and all fluorescence-based

DOM components somewhat less strongly than THg. If one high-

MeHg outlier is removed, all correlation r values increase by >0.2 to

0.87–0.88 for the humic-like C1-C4, 0.80 for the protein-like C5, and

0.72 for the protein-like C6 (Figure 7; Table 2). Unlike THg, MeHg

correlated less strongly with DOC (r = 0.846) and UV254 (r = 0.843)

than with the fluorescent humic components (Figure 7).

THg and MeHg correlated inversely and less strongly with the

DOM quality indices FI, S275�295, and freshness index (Table 2).

MeHg had a significant inverse correlation with freshness index

(r = �0.49), and an even stronger one for the storm time series

(r = �0.89; Figure 8). Freshness index is an indicator of fresh

autochthonous DOM (Huguet et al., 2009). THg had a significant

inverse relation with FI (r = �0.50), and again a stronger one for the

storm time series (r = �0.94; Figure S6). THg had an inverse relation

with S275�295 and a positive but non-significant relation with HIX

(Figure S4). MeHg had a significant positive relation with HIX

(Table 2). See Supporting Information for further discussion of THg

and MeHg in relation to the DOM quality indices.

During the October storm hydrograph at W-9, THg closely

tracked DOC (and Fe) concentration, but varied inversely with Ca,

which diluted with increasing flow (Figure 5). Compared to the overall

relations across the campaigns, THg over the storm hydrograph corre-

lated slightly lower with DOC (r = 0.95), but even more strongly with

UV254 (r = 0.99) and the humic fractions C1-C4 (0.91 < r < 0.99). THg

did not correlate with the protein-like C6, which peaked well in

advance of the THg peak during the storm (Figure S2). MeHg behav-

iour was decoupled from THg and DOM over the storm hydrograph.

While THg maintained strong positive correlations with DOM compo-

nents for the eight storm samples, the MeHg-humic linkage present in

the synoptic sampling broke down over the storm hydrograph. MeHg

in general correlated negatively with the humic component intensities

(Table 2) during the storm, and after an initial flushing, MeHg tracked

the diluting base cations (Figure S2).

In the PCA, PC1 explained 60.2% of the variance and PC2

explained 16.8% of the variance (Figure 9). MeHg and THg bracket

DOC, UV254, and all the DOM fluorescence components and con-

ventional EEM peaks with strong positive PC1 loadings, while the

autochthonous indices FI, SR, and freshness, had strongly negative

PC1 loadings and grouped with sulphur. PC2 had positive loadings

F IGURE 5 Large 79-mm rainstorm of 24–25 October 2017, showing (a) W-9 stream hydrograph and time series of THg, dissolved organic

carbon, Ca, and Fe concentrations, and (b) PARAFAC component fractions. The bold numbers on the hydrograph in panel A correspond to the

photos in panels (c), (d), and (e). The photos show the flume on 13-ha tributary B of the 41-ha W-9. Note the clear base flow (c), high-sediment

rising limb (d), and low sediment, high colour falling limb (e). Photographs by Kevin A. Ryan
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for a cluster of base cations (Na, Ca, Sr, Mg) and another cluster of

soil-derived and/or redox-and pH-sensitive elements (Fe, Mn and Al)

and nutrients (nitrogen [N] and P), as well as HIX. THg plotted

directly opposite the base cation group and tightly between the

DOM-related cluster and discharge along PC1. MeHg plotted on the

other side of the DOM cluster from THg, proximal to the soil-derived

solutes Fe and Mn.

Samples were widely distributed along both axes among the

variables in PC space, but they grouped strongly by campaign date

rather than by site, suggesting greater temporal than spatial cohe-

siveness in the dynamics and controls on THg and MeHg move-

ment. Summer, fall and spring base flow samples loaded negatively

along the primary axis associated with low discharge. The elevated

MeHg, THg, and Fe at the wetland outlets caused each cluster to

spread into positive PC1 space. The October storm and snowmelt

samples loaded positively on the high-discharge primary axis. Sam-

ples from the two coldest temperature campaigns, fall baseflow

and snowmelt, loaded negatively along the second axis, separated

from the spring, summer and fall storm samples. These samples

had low MeHg, even during the high snowmelt discharge in the

spring.

4 | DISCUSSION

In this study, we characterized DOM in detail to assess whether specific

DOM components governed THg and MeHg cycling in a forested catch-

ment. At the Sleepers River W-9 catchment, THg varies dynamically in

strong association with DOM and correlates strongly with the HPOA

fraction of DOM, whereas MeHg varied more independently of DOM

(Shanley et al., 2008). Here, we conducted Hg sampling jointly with

DOM fluorescence characterization to test whether THg and MeHg

associate preferentially with specific DOM fluorescence components,

and whether these components differ for THg and MeHg.

4.1 | Overall relations and PCA interpretation

Variable clusters in the PCA (Figure 9) aligned by discharge along the

strongly dominant PC1 and by temperature along PC2. The grouping

of THg with DOM components and soil-related (Fe, Al, TDN, K, HIX)

clusters with positive PC1 loadings, coupled with negative PC1 load-

ings for the base cation cluster, suggested flushing of THg and DOM

from shallow soils and dilution of groundwater under high-flow

TABLE 2 Pearson's r correlation coefficients and corresponding p values for regressions of filtered THg and MeHg on all DOM-related

metrics measured in this study

THg MeHg

Synoptic surveys October hydrograph Synoptic surveys October hydrograph Synoptic - outlier removed

r p r p r p r p r p

DOC 0.957 <0.0001 0.953 0.0003 0.600 <0.0001 �0.253 0.546 0.846 <0.0001

UV254 0.957 <0.0001 0.988 <0.0001 0.592 <0.0001 �0.401 0.325 0.843 <0.0001

C1 0.940 <0.0001 0.986 <0.0001 0.620 <0.0001 �0.402 0.323 0.877 <0.0001

C2 0.937 <0.0001 0.967 <0.0001 0.630 <0.0001 �0.319 0.441 0.885 <0.0001

C3 0.890 <0.0001 0.955 0.0002 0.631 <0.0001 �0.659 0.075 0.883 <0.0001

C4 0.930 <0.0001 0.981 <0.0001 0.620 <0.0001 �0.577 0.134 0.875 <0.0001

C5 0.708 <0.0001 0.917 0.0014 0.584 <0.0001 �0.622 0.074 0.795 <0.0001

C6 0.874 <0.0001 0.371 0.37 0.485 <0.0001 0.511 0.196 0.717 <0.0001

Peak B 0.763 <0.0001 0.020 0.96 0.350 0.0045 0.728 0.041 0.648 0.0045

Peak T 0.912 <0.0001 0.672 0.068 0.438 0.0003 0.232 0.580 0.801 0.0003

Peak A 0.923 <0.0001 0.990 <0.0001 0.497 <0.0001 0.481 0.227 0.882 <0.0001

Peak M 0.937 <0.0001 0.961 0.0002 0.498 <0.0001 �0.291 0.484 0.879 <0.0001

Peak C 0.931 <0.0001 0.989 <0.0001 0.494 <0.0001 �0.473 0.236 0.877 <0.0001

FI �0.506 <0.0001 �0.938 0.0006 �0.340 0.007 0.648 0.082 �0.508 <0.0001

S275-295 �0.543 <0.0001 0.492 0.216 �0.235 0.0655 �0.301 0.468 �0.476 0.0001

SR �0.731 <0.0001 �0.617 0.103 �0.528 <0.0001 0.912 0.0016 �0.736 <0.0001

Freshness index �0.786 <0.0001 0.085 0.84 �0.491 <0.0001 �0.867 0.0053 �0.731 <0.0001

HIX 0.320 0.011 0.318 0.443 0.428 0.0005 �0.899 0.0024 0.520 <0.0001

SUVA �0.077 0.55 �0.116 0.78 �0.229 0.074 �0.588 0.0125 0.126 0.333

Note: October hydrograph refers to the eight samples collected at the W-9 gage during the large October 2017 storm. MeHg regressions performed with

and without one high outlier. DOC is dissolved organic carbon; FI is florescence index; S275-295 is spectral slope; SR is spectral slope ratio; HIX is

humification index; SUVA is specific UV absorbance (UV254/DOC).

Abbreviations: DOC, dissolved organic carbon; DOM, dissolved organic matter.
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conditions. MeHg loaded positively on flow and also on temperature,

and it aligned (inversely) with the authochthonous variable cluster,

suggesting MeHg is also flushed from soils in association with terrige-

nous DOM, but that its supply is limited in cooler temperatures.

MeHg associated more closely than THg with Fe and Mn, supporting

that it is sourced from reducing soils (Figure 9). The clustering of

streamwater samples by campaign date in the PCA supported the dis-

charge and seasonal temperature controls.

4.2 | Why does bulk DOC outperform humic OM

in predicting THg?

Hypothesis 1 posited that THg would associate more strongly with

one or more of the humic-like DOM fluorescence components than

to bulk DOC or UV254. Filtered THg concentration indeed correlated

strongly to the four humic-like components identified by the PARA-

FAC analysis, and more weakly to the two protein-like components.

However, except during the October storm time series (Figure 6), THg

correlated more strongly with DOC and UV254 than with any of the

PARAFAC components (Figure 3) or the conventional humic EEM

peaks A, C, and M. Thus, hypothesis 1 was refuted.

The failure of a specific humic component to emerge from bulk

DOC as the ‘best’ predictor of THg may follow from the strong

similarity of DOM source environments in this small headwater catch-

ment. DOC and UV254 analyses are more robust than the data-rich

but less reliable/more nuanced fluorescence-derived components

(Stubbins et al., 2014), which likely overlap in this relatively homoge-

nous headwater landscape. Fourier transform ion cyclotron

resonance-mass spectrometry (FTIRC-MS) is a tool that can identify

specific organic molecules transporting Hg (Chen et al., 2017). Unde-

rscoring OM diversity, FTIRC-MS has revealed opposing hysteresis

loops during storms for specific molecules in this catchment (Wagner

et al., 2019). The strong THg-UV254 correlation was consistent with

earlier findings of Dittman et al. (2009) in this catchment, that THg

correlated more strongly to UV254 than to other measures of DOM,

including hydrophobic acid. Lescord et al. (2018) demonstrated con-

vincingly that THg associates with different DOM components in dif-

ferent settings in a large heterogeneous basin in Canada.

4.3 | Hg-OM in soil versus solution

The strong relation of THg to humic substances is well-established

(Lavoie et al., 2019; Ravichandran, 2004) and is so prevalent in the

environment (Demers et al., 2013; Dittman et al., 2009) that Hg

movement is universally associated with humic OM movement. The

affinity of Hg for reduced S groups (i.e., thiols) in OM far exceeds that

F IGURE 6 THg versus (a) dissolved

organic carbon, (b) UV254 (m
�1),

(c) PARAFAC component 1 (R.U.), and

(d) PARAFAC component 2 (R.U.), for

samples over the five campaigns, and for

the 24–25 October time series at W-9

weir (data points, regression line, and r-

value all in red for time series). Regression

lines shown are linear in arithmetic space.

Circled points represent outlets to

headwater swamps
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of all other ligands and inorganic anions (Liem-Nguyen et al., 2017;

Ravichandran, 2004; Skyllberg et al., 2003), and the population of

reduced S binding sites far exceeds the supply of Hg (Skyllberg

et al., 2003). Thiol groups tend to occur in a wide array of humic com-

pounds (Haitzer et al., 2003), which may preclude the emergence of a

single dominant humic component that associates with Hg.

Hg desorption is a slow process (Jiskra et al., 2014), so the Hg-

thiol bond in soil OM (Hg-RSH) is likely to be preserved in the aque-

ous phase upon solubilization, rather than Hg desorbing and forming a

new DOM complex. While Chiasson-Gould et al. (2014) observed fre-

quent ligand exchange with ‘new’ Hg, the stable OM-Hg complexes

in forest soils should remain intact and move as a stable complex on

F IGURE 7 MeHg versus (a) dissolved

organic carbon, (b) UV254 (m
�1),

(c) PARAFAC component 1 (R.U.), and

(d) PARAFAC component 2 (R.U.), for

samples over the five campaigns.

Regression lines shown are linear in

arithmetic space

F IGURE 8 (a) THg, and (b) MeHg versus freshness index, with October storm time series plotted in red. Note the significant regression and

r value for MeHg
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dissolution. If ligand exchange occurred and a new Hg-RSH bond

were to form, it would cause enrichment of heavy Hg isotopes in the

dissolved phase. No such isotopic fractionation occurred at boreal

sites in northern Sweden (Jiskra et al., 2017). Instead, the Hg isotopic

evidence, the OM radiocarbon signal (indicating post-bomb C), and

the Hg/C ratio collectively indicated that stream Hg and its associated

OM were jointly sourced from the soil Oe horizon (Jiskra et al., 2017).

In sum, Hg and DOM are released from a common source in soil OM,

and the specific Hg-humic association present in the soil persists as a

complex in solution. The organic ligand maintains the Hg in solution,

preventing Hg from immobilization by soil OM. Hg/C ratios generally

increase with depth in the soil (Navrátil et al., 2014; Obrist

et al., 2009), indicating that Hg persists as OM is mineralized, owing

to its strong preference for solid phase OM (log Kd for soils 3.5–4.8

for THg and 1.3–3.8 for MeHg; Lyon et al., 1997).

4.4 | Contrasting MeHg and THg dynamics

MeHg concentrations closely tracked THg concentrations and also cor-

related, albeit less strongly, with humic DOM components. The poorer

alignment of MeHg to DOM is a common finding (Brigham et al., 2009;

Schwesig & Matzner, 2001; Shanley et al., 2008), and was likely related

to the seasonal production cycle of MeHg. Due to its microbial origin,

MeHg was more linked to the seasonal temperature changes and labile

carbon availability that control microbial activity (Hurley et al., 1995). An

illustration of low microbial MeHg production at cold temperatures is

the low MeHg relative to THg export summed for the world's largest

Arctic rivers of 0.5% (Mu et al., 2019), compared to a global median of

2.2% (3.2% including particulate fluxes) (compiled from Table S1 in

Bishop et al., 2020). However, MeHg production is highly site-specific,

and Kirk and St. Louis (2009) found MeHg export near 10% of THg in

two mesoscale Arctic rivers draining to Hudson Bay.

Hg methylation requires a labile carbon source. Windham-Myers

et al. (2014) showed that microbial Hg methylation more than doubled

in vegetated versus non-vegetated plots, attributing the increase in part

to the presence of labile root exudates. We did not measure DOM labil-

ity in this study, but 10%–20% of the fluorescence in most samples was

from C5 + C6 components, which are classically described as protein-

like (Fellman et al., 2010), suggesting that labile DOM was likely

available for Hg methylation. Humic DOM provides substrate for Hg

methylating bacteria (Zhao et al., 2017) but the large size of the Hg-

DOM complex inhibits passage across the cell membrane (Hsu-Kim

et al., 2013; Jiang et al., 2018). The stronger link of MeHg to humic-like

fluorescence rather than protein-like fluorescence in this study suggests

that the DOM involved in MeHg formation is different from the DOM

involved in MeHg transport. In this catchment, MeHg was both

transport- and supply-limited. MeHg was lowest in the coldest base

flow period sampled (November; Figure 4), and unlike THg, MeHg was

not elevated during snowmelt, suggesting supply limitation. Demers

et al. (2010) also invoked supply-limitation, attributing an early snow-

melt MeHg peak to flushing of the limited MeHg produced under the

snowpack. MeHg was elevated during the October high-flow event,

though to a lesser extent than THg, suggesting that the high flow pro-

moted flushing of MeHg produced over the warm growing season, a

sign of transport limitation. However, the MeHg peak early on the

October hydrograph also suggests supply limitation. The muted MeHg

response to our two high-flow events and positive loading on the

temperature-dominated PC2 axis in the PCA support supply limitation.

Although MeHg was highest during the October storm, MeHg/

THg fell to �1% (as during snowmelt) at all sites (Figure 3d). Higher

MeHg/THg ratios indicate that MeHg supply kept pace with transport

at base flow, but supply rapidly depleted during storms. Our hypothe-

sis 2, that MeHg would be most strongly associated with protein-like

DOM, as found by Noh et al. (2018) in lakes, was refuted. A possible

explanation is that Hg methylation and MeHg transport are

F IGURE 9 Principal component analysis (PCA) with like variables grouped by colour shading (left panel) and samples (right panel)

differentiated by the five sampling campaigns. Samples from A bog (A) and C bog (C) for each campaign are indicated. Qualitative indices (HIF, FI,

S275-295, SR, and freshness; see text and Table 2 and Table S1 for definitions) were not used to drive the PCA, but were overlain as ancillary

variables
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decoupled, and humic DOM was simply the carrier for MeHg that

formed in association with protein-like (labile) DOM.

4.5 | Comparison to other studies

Authors that have linked Hg to DOM quality have usually focused on

the DOM absorbance spectrum, and its derivative indices such as

spectral slope and SUVA (UV254/DOC; e.g., Burns et al., 2013). Those

studies that have related Hg to DOM fluorescence metrics have typi-

cally linked Hg behaviour to the conventional Coble fluorescence

peaks (C, A, etc.; Jiang et al., 2018), or derived fluorescence indices

such as HIX, FI, and BI, which is similar to freshness index (Lescord

et al., 2018). For example, in a lake with a mix of terrestrial and

autochthonous DOM in China, Jiang et al. (2018) found that THg

related poorly to bulk DOC, but significantly to the humic-like A and

C and protein-like T and B peaks (all r values between 0.3 and 0.5,

p < 0.05). These relations were much weaker than comparable ones

(r > 0.9) in the present, all-terrestrial study. As in the present study,

however, Jiang et al. (2018) found that MeHg related more weakly

than THg to these fluorescence markers.

We identified only a few other field studies that applied PARAFAC

to relate Hg behaviour to specific DOM components. Similar to the pre-

sent study, Lescord et al. (2018) found that four humic-like PARAFAC

components made up more than 80% of the fluorescent DOM at

47 river and lake sites in the forested boreal Attawapiskat basin in

northern Ontario. A multiparameter model that tested seven PARAFAC

components and six optical indices predicted THg with an r2 of 0.72 and

MeHg with an r2 of 0.47 (Lescord et al., 2018). These models had much

lower predictive power than OM components in the present study, but

they outperformed DOC, which illustrates that deconvolution of DOM

into fluorescence components clearly had high value for THg and MeHg

prediction in this more diverse environment.

De Bonville et al. (2020), working in an aquatic system with

recently constructed reservoirs in boreal Canada, found strong corre-

lations of THg to humic DOM isolated from PARAFAC, but MeHg

related poorly to all fluorescence components. In Utah's Provo River,

Packer et al. (2020) noted that stream THg generally tracked the

humic-like PARAFAC components, which dominated stream DOM. In

contrast, Cárdenas et al. (2018) found that THg correlated most

strongly with protein-like DOM components in as area of volcanic-

sourced Hg in Patagonia. Noh et al. (2018) found MeHg distribution

was linked with protein-like fractions of DOM in reservoirs. Schartup

et al. (2015), seeking the source of DOM associated with Hg methyla-

tion in the ocean, used PARAFAC to differentiate terrestrial from

marine DOM. Wang et al. (2022) did not apply PARAFAC, but found

that Hg had the greatest affinity for humic, aromatic DOM.

5 | CONCLUSIONS

At a small forested Vermont catchment, we investigated the role of

DOM quality in total mercury (THg) and methylmercury (MeHg)

dynamics in streamwater in spatial campaigns under five contrasting

seasonal and hydrologic conditions. Isolation of DOM fluorescence

components by a PARAFAC analysis indicated strong association of

THg and MeHg with humic-like DOM fluorescence. Over a large

range of DOC concentration and across seasons, THg tracked humic-

like DOM components strongly (r > 0.94), but no single DOM compo-

nent nor any combination were stronger predictors of THg than bulk

DOC and UV absorbance at 254 nm (r = 0.957 in both cases), a simple

indicator of aromaticity. THg correlated less strongly with the two

protein-like DOM components, which comprised 10%–20% of

FDOM. THg also had less robust relations with the conventional

DOM quality metrihumification index (HIX), freshness index, fluores-

cence index (FI), and spectral slope ratio (SR), though THg had a strong

negative correlation with FI over a large October storm hydrograph.

MeHg was weakly correlated to THg but had stronger seasonal

variation. We hypothesized that MeHg would associate with the labile

protein-like DOM components most conducive to methylation, but

like THg, MeHg associated more strongly with humic-like than

protein-like DOM. MeHg relations to DOM components mirrored

those of THg, but were weaker across the board. Though protein-like

DOM is more likely to facilitate methylation, humic DOM plays a

larger role in its transport. Deconvolution of DOM into its fluores-

cence components shows promise for predicting and understanding

stream THg and MeHg, but its application is most suited to diverse,

mixed land-use landscapes.
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