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Although mercury (Hg) emissions peaked
in the United States over the last 20 to 40 years
and are now declining, they remain.well above
“natural background levels in soils and
sediments. Only a small fraction of the Hg
* deposited from the atmosphefe to the terrestrial |
andscape runs off in streamflow. However,
some of this Hg:is methylated in the environ- . -
‘ment and can potentially b1oaccumulate to
he top of food webs, posing a Thazard to
_ people who eat fish, espec1ally children and-
i, pregnant women.
" What factors determine the amount of
-"'Hg that runs off in streams? During the 2000
nowmelt at Sleepers River in Vermont, strong
“eorrelations were found betweendissolved
*. ~ and particulate rnercury and the respective
. dissolved and particul até organic carbon
_ fractions, even when data were pooled from
. 10 streams of diverse watershed size and
- land cover. Episodic export.of particulate
©+ Hg during the highest flows appears to be
*""the dominant mechanism of Hg movement. -
*+.| Evidence for an Hg-organic carbon (OC)
" association is not new.A long and growing
list of studies in temperate and boreal
- environments in North America and northern
" Europe have reported Hg-OC associations
[e.g., Meili, 1991; Bishop et al.,1995].Hg and
- OC are correlated both in stream water and -
<.~ O-horizon soil water at other Vermont sites
[Shanley et al.,1999],and DOC appears to
. play an important role in regulating Hg in
“ ¢ -Adirondack (New York) lakes [Driscoll et al.,
- '1995].The present study supports previous
.* research in Vermont that suggests Hg export
" . in stream flow occurs principally in discrete
episodes of high flow accompanied by
.. large releases of particulate organic carbon
" [Scherbatskoy et al., 1998]. The association
. -of Hg export with particulate organic matter
- implies that activities that disturb the forest -
“ - floor such as logging, road-building,and
.- residential development may release large
“ -amounts of Hg to streams.

" Hgis a potent toxin that.primarily affects
"+ humans’ central nervous systems.The risk of
»" Hg toxicity to human health is now recognized

.. by most U.S. states. As of 1999, 41 states

""~had issued Hgrelated advisories on fish

. consumption, up from 27 states in 1993. Hg
. has long been used in commercial applications.

- Starting in the 1850s, California miners
_ released Hg to mountain streams by the
kilogram as a byproduct of gold mining. Despite
increased awareness of the health risks, Hg is
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" coal eombustion and waste'inciner

- movement at the Sleepers River-Res
. Watershed in northeastern Vermont

“of the -annual stream flow occurs
. B-week period frém: late Mafchto e

' Sleepers River Research Watershed (Frgure D
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electronic switches, and other’ produc !
primary anthropogenic sources of ]

We investigated the dynamiics of &
the spring 2000 snowrmelt. Abov O

We chose this dynamic time.to assu
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.";River watershed comprises 111 km?in a hilly -
" landscape of mixed forest and agricultural

" land. Northern hardwood forest at upper

" -elevations (500~750 m) gives way:to mixed -
 forest with open dairy farm pastute and flelds
:at lower elevations (200-500 m)..
17 Stream water at Sleepers River.iswell: buffered
i by calcite within the quartz/mica phylllte
I+ bedrock.An.average of 2 m of dense basal tll -
" derived froim local bedrock covers the watershed.”
‘Dommant soils are spodosols and inceptisols
.developed to a:depth of-about 75 ¢m in the.

11: The region recejves more-than-1000 mm

of precipitation evenly distributed. throughout S

_the year,; and aboit-30% of it is snow. The .- o

_year 2000 ‘was fairly typical; in' late March

- ~maximum snowpack water equivalent.was

.7 .20-25 cm atupper elevations and 12-15 cm
.. . at lower elevations: For this study, we sampled -

2010 streams with.drainage areas from ~2 ha to
Co11 km’.-Forest__cover ranged from 27% to-100%.

A

controls-on-Hg-movement:The-inve
was designed to define the. role of both |
dissolved organic carbon (DOC) and-particu
late organic carbon (POC) in Hg mo /ement:
and to asséss whether these relatrons varied

. with land cover type. We sampled stréams in - ’

both agricultural and forested landscapes

Sleepers River Research Watershed

was established in 1959 by the US.Department
of Agriculture (Agricultural Research Service)

and is currently operated by the U.S.Geological -
Survey (USGS). It is one of five sites of the .~
USGS Water, Energy and Biogeochernica] Budgets
(WEBB) Program, which seeks to understand
the effects of climatic variation and-human - -

) .1nfluence on watershed plocesses Sleepers ; .

' ';;.-Methods

One challenge of thls study was to develop :

"‘protocols for samphng Hg and carbon species
with high spatial and. temporal intensity with-

in the narrow window of peak discharge.The

including the outlet stream of a- small wetland. " nearsimultaneity of peak flow in the network

..~ of mountain streams combined with the possi-
bility of sub-freezing temperatures précluded
. time-consurning on-site filtration. Instead, we

" collected all samples in holdlng bottles -

(Teflon for Hg; glass amber for C species)
(Figure 2) and processed them in a field labo-

- ratory within 4 hours.of collectlon Common
- field parameters were measured in situ.
* Duplicate aliquots for total Hg analysrs were

filtered,(0.4-um polycarbonate) into acid-

_ washed glass bottles for dissolved Hg (l—IgD)
‘and the f1lter membranes were leached in
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Fig. 1. The Sleepers River Re

arch Wdte‘rshed and Hg santplfng sites are shown.




double-distilled nitric acid and the oxrdant
potassium dichromate for partlculate Hg |
(Hg,).Duplicate aliquots for DOC were f_rltered
through a 0.7-um glass fiber membrane and
POC was analyzed on the retained particles.
Additional sample aliquots were reserved for
major ion analysis. Researchers wore particle-
free latex gloves when performing all field
and laboratory procedures for the Hg'samples. |
 Hg and major ion concentratlons were
determined in triplicate and DOC was deter-
mined in duplicate at the USGS National
_Research Program Laboratory in Boulder,

Colorado. Hg was defermined by cold- -vapor: |

- atomic fliorescence spectrophotometry. For”
this study,the procedure provided a method

" detection limit of 0.3 ng/L and-a precision of -

#6%RSD.DOC was analyzed by wet-chemical
oxidation with infrared detection.Anions . -
were determined by ion chromatography L
and cations-were determined by mductlvely
coupled plasma emission spectrophotometry
.POC was analyzed by elemenital analysis at -
the 'Chesapeake'Biological Laboratory.

Mercury at ngh Flow

Animportant contribution of the past 25
years of catchment research is recognition -
* of the chemical dynamics during high flow
periods and, thus, the need to sample during -
these times. High-flow sampling is particularly
critical for Hg. Hg is among the minority
of solutes whose concentration tends to .
increase with greater stream flow [Bishop

“etal, 1995] ,causing an exponential increase

in flux (product of concentration and stream
discharge) during high flow Scherbatskoy et
al. [1998] calculated that half of the annual
Hg flux in stream flow occurred on the single

.- Fig. 2. Researcher is samp[zng for Hg durmg modera[e snowmelr f[ou) at the mtxed [and— ise
catchment W3 Pho{o courtesy of Pau[ FSchuster USGS. TR

day of peak snowmelt at a different Vermont
site. The sampling strategy in this study was "
designed to capture this high-flow dynamlc

We obtained 58 samples at 10 different stream

sites during the 2000 snowmelt, and ari-

additional seven seep/groundwater.samples ;. ' o
neaf the peak of melt. Samples were collected . -

at winter base flow at each of three rain-on-

sistent 1rrespect1ve of catchrnent srze"land use:
“and hydrologic conditions. Once again pool--

ing samples from all 10 stream sites, as well as’
“the 7 seeps; Hg, had a strong positive correla-

“tion 'with DOC (r>=0.46, p<0.0001), and Hg,

- had a strong positive correlation with POC
(=0.84,p<0.0001) (Figure4).Although samr-
‘pling at any given site was t00'sparse to com-

pute Hg fluxes, the’ occasional very high Hg,
concentrations (up to 16 ng/L,compared to a

Fig.3.This hydrograph shows Sleepers River Stream B (13 ha) during the 2000 snowmelt period, with
dissolved Hg, DOC, and nitrate concentrations. Note the diurnal snowmelt peaks and larger rain-
on-snow event peaks and the emphasis on high-flow sampling.




understanding, provides an optinial settin'g- :

‘ overlap between the Hg and- catchment '

\downstream recervmg Waters

sarnpling for Hg in reséarch’ catchments
could capltahze on existing process
'understandmg to clarify the naturé ofithis -

for research on the fate and cycling of atmos-
pheric pollutants such as Hg.Yet there is little

A coordinated effort of intensive. hlgh flow o

nts a small fraction of i incoming Hg in rain
‘snowmelt that avoids removal by the soil -
_cause it associates with a mobile OC fraction

ion or binding to an OC colloid) and thus * -
aches the stream channel, or (2) Hg and OC.
lushed from a common source-—the soil
nic horizon—by infiltrating meltwater or
ing groundwater:While both processes likely
erate, our data suggest that the latter may
inate,at least during snowmelt. Hg concentra-
in the snowpack just before the onset of
wmelt were near or below the detection limit,
esting an additional source such as soil
nic matter was necessary to account for
1 stream water. Secondly the high Hg,
Odes suggest that erosion of nearstream
s or stream sediment re-suspension may .

soll organic matter [Hurley et al., 1998}
difficulty in establishing causality in .
g-OC relation is that Hg in strearn water
elated to constituents other thar the
ractions. For example, Hg, is negatively

acrdlc conditions. This niegative correla-
wever, is most likely an artifact of dilu-
ream water composition at Sleepers .
controlled largely by two-component
» Pre-event-groundwater mixes with -
ng meteoric water.The composition-
oric water is modified by its passage
ough the soil 6rganic horizon, where it

s nitrate and DOC (and Hg).As sriow
Drogresses, increasing contributions of

" enrich stream water in these solutes
iluting the weathering solutes (Si,base
and alkalinity). Therefore, Hg, which is
ly correlated with DOC and nitrate,
ssarily be negatively correlated with
he weathering solutes. The inverse
10n of Hg and alkalinity does not

“Jess than 400 ueq/L While PH remairis near 7,
Hg and OC are not always hnked In 81 btroprc s

or example, ion-pair formation with an organic -

Sleepers River watershed may lie in the Hg -,
! flushing rate relative to DOC and nitrat
port Hg previously sequestered in litter fal] .

ted with alkalinity (r:=0.32);suggesting
ternative hypothesis that Hg is mobilized-

*_concentrations with succéssive disch

is absent. Instead, methy Hg conceri atlon N
sediments (an indicator of the bio vail bthty;
of Hg to methylating Bacteria) correlates. :
inversely to sulfide concentration [Berioit et
al., 1999].In the Everglades, the formation of _
Hg-sulfide complexes and their associated . -
“redox states, along with the character.of the B

- DOC in the sediment and water column are .

thought to play an important role.in Hg movement
and bio-availability [Reddy and Aiker, ‘2'(_)0,1] o

Soil Flushing
Akey to understandmg Hg behavior in the

Although nitrate, DOC,and Hg each show &

-positive relation to flow, the dynamics of theif ;-
_ release to stream flow, during snowmelt differ,
- (Figure 3).Nitrate in stream flow péaks hlghest =
<. duting the initial snowmelt pulses, then shows a. |
" ~progressively subdued response to subsequent
“peaks in flow even if the peaks are larger;
. which suggests that a limited-pool of nitrat

is available to be flushed: :
DOC,in contrast, tracks the snowmelt
-curve more closely, continuing to reai

g NN
peaks. Hg behaves similarly to DOC, and the

"Hg source appears to be even more endunng' B

than DOC; the Hg/DOC ratio in'stream water
tends to increase as snowmelt progresses This..:

* pattern, which held at most of the sarmipling

sites, suggests that Hg is associated with a
particular fraction of DOC that may behave
differently than total DOC.

Mercury and the Catchment Approach -

‘The instrumented research catchmént, with
a longterm record and a history of process
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ment well into the future appropnate land

) management practices may be an effective’”
. strategy for controlling the mput of Hg to S
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