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The formation of dissolved gaseous mercury (DGM, mainly
composed of elemental mercury, Hg9 in the surface ocean
and its subsequent removal through volatilization is an
important component of the global mercury (Hg) cycle.
We studied DGM production and loss in the coastal waters
of the Gulf of Mexico using 4- 26 h in situ incubation
experiments. DGM production was only induced in the
presence of sunlight. Once produced, DGM was rapidly lost
from solution (with a first order rate constant of k) 0.1
h- 1), apparently as a result of oxidation. Furthermore, labora-
tory experiments showed that dissolved gaseous Hg®could
be rapidly oxidized in the presence of chloride. In the
field, most DGM production (about 60%) was associated with
the dissolved and colloidal Hg(ll) phases. Spiking of
samples with inorganic Hg(Il) prior to in situ incubation
greatly increased DGM production rates, suggesting that
photoreducible Hg(ll) complexes were limiting DGM
production. Diurnally, DGM seems to be formed through
photoproduction in the morning; DGM production halts
when substrate is exhausted, and DGM levels decrease
afterwards, presumably by oxidation of Hg®.

Introduction

The oceanic production and subsequent transfer to the
atmosphere ofdissolved gaseousmercury (DGM )isacrucial
part of the global mercury (Hg) cycle (1). Oceanic evasion
of 10 Mmol Hg yr-! accounts for about 30% of the current
total annual flux of Hg to the atmosphere. By comparison,
values for direct anthropogenic Hg emission to the atmo-
sphere range from about 18 to 23 Mmol yr- (2 3). DGM is
mainly composed of elemental Hg®in the surface ocean (4,
5),in freshw ater lakes (6), and in estuaries (7). Othervolatile
Hg species (in particular dimethylmercury) may be present
at depth in the ocean. Both laboratory culture experiments
and incubation experiments with natural seawater have
suggested that biologically mediated reduction of Hg(ll) to
Hg%contributed to D GM production (8). Thisreduction could
be linked to light-dependent biological processes (9, 10).
Alternatively, photochemical D GM production could also be
important (11- 14).

We investigated the effect of solar radiation on D GM
production in seaw ater sam ples collected along the coast of
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the GulfofM exico,on theshoresofGalveston Island, TX. The
Texas coastal region ischaracterized by relatively little cloud
cover and high temperaturesyear round, both factors being
important in photochemical and photobiological studies.
We assessed the effect of ultraviolet radiation (U Va: 320-
400 nm;UVg: 280- 320 nm), visible radiation (400- 700 nm),
substrate availability, and filtration on DGM production.
Furthermore, the importance of DGM loss by oxidation was
investigated. Laboratory experimentshy Yamamoto (15)have
recently shown thatelemental mercury oxidation isstim ulated
by chlorideionsin adose- and time-dependent manner. We
therefore hypothesized that oxidation should be asignificant
mechanism controlling DGM levels in seaw ater.

Experimental Section

Water samples were collected into 2-L FEP Teflon bottles
(Nalgene)usingaperistalticpump equipped with freshly acid-
cleaned Teflon and M asterflex tubing. Plastic gloves were
worn atall times. Sampleswere taken from afishing pieron
the Seawall of Galveston Island from a depth of 1 m, about
200 m offshore. Thesampleswereanalyzed forD GM content
within 5 min of the end of incubation during time series
experimentsand within 6 h forotherincubation experiments.
During the 6-h lag between collection and analysis, some
DGM may have been lost by oxidation. Therefore, for
experiments with such lags, our DGM production rates
representconservative estimatesand areprobably lowerthen
actual rates.

For analysis of dissolved gaseous mercury (DGM) in
seawater, 2 L of sample was slowly decanted into a glass
bubblerand purged for45min with ultrahigh-purity nitrogen
stripped of Hg® by passage over Au traps, at a flow rate of 1
Lmin-t Thegasstream comingoutofthebubblerwasdried
using a K,COj3 column. Mercury compounds volatilized by
the purging were trapped on a gold-coated sand column.
The mercury on the column was desorbed by pyrolysis at a
flow rateof 60 mLmin-tand quantified by gas-phase atomic
fluorecence spectrometry.

The effect of solar radiation on DGM production was
evaluated by incubating water samples in situ for 5 h in
February 1996 under the following treatments: (1) absence
of light (black FEP Teflon bottles, Nalgene); (2) presence of
solar radiation (transparent FEP Teflon bottles, Nalgene);(3)
absenceofUVgradiation (transparent Teflon bottleswrapped
in Mylar,Dupont); (4) absence of UV radiation (transparent
bottles wrapped in UV Lee filters M odel 226, U.K.). The
wavelength cutoff of UV Lee filterswas determined using an
Optronics 752 Spectroradiom eter connected with an under-
wateroptical spherewith a3-m fiberoptic cable. The filters
were placed 10 cm underwater during measurements. Cut
off values ranged from 390 to 400 nm. These filters transmit-
ted 0.3%ofincoming UVg, 4.9%ofincoming UVa and 80.0%
ofvisiblelight. For M ylar filters, cutoffvaluesforM ylarwere
measured by Lean and Perin (unpublished) and ranged from
315 to 323 nm. Transparent FEP Teflon bottles absorbed
2.5%of total incident radiation (! ) 280- 700 nm) and 0.7%
ofphotosynthetically activeradiation (PAR,! ) 400- 700 nm).
The influence of Teflon on UVA (! ) 320- 400 nm) and U Vg
(1) 280- 320 nm)absorption wasgreater,causing adecrease
in irradiance of 18% and 34%, respectively.

Water samples in black and transparent Teflon bottles
were exposed to sunlight for different time intervals to
investigate the relative importance of DGM loss vs DGM
photoproduction(0,1,2,3,4,5,6,7,24,and 25h). Incubations
were conducted in plastic tubs placed over dark surfaces on
the ground. To ensure a constant temperature during
incubation,waterinthetubswascontinuously renewed using
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TABLE 1. Effect of Visible and UV Radiation on DGM
Production in Seawater?

p value of
treatment DGM  ANOVA for Tukey % of total
during concn  treatment HSD Hg being

incubation (™M) effect  comparison® photoreduced/h®
black 71( 4 0.012 a
no UV 95( 6 ab 0.3
no UVg 111( 19 be 0.5
transparent 123 ( 0 c 0.7

2 Samples were incubated for 5 h (February 14, 1996) in transparent
bottles, black bottles, transparent bottles wrapped in Mylar (no UVg
treatment), and transparent bottles wrapped in UV Lee filters (no UV
treatment). Results of an ANOVA testing for treatment effect are
indicated. Standard deviations based on three replicates are shown.
b Significant differences (p < 0.05) between treatments are indicated
by different letters. ¢ Based on a total Hg concentrations of 1.5 ( 0.2
pM.

a flow-through system. Additional experiments were con-
ducted where DGM levels were measured in black and
transparent bottlesincubated for 0- 6 h. Some transparent
bottleswere putin the darkaftera l-h incubation in thesun
to observe D GM loss afterashortexposureto sunlight. Also,
to investigate the possible role of Hg(OH),,% a photolabile
Hg(ll) complex commonly found in natural waters (12), a
timeseriesofD GM levelsin distilled waterincubated in black
and transparent bottles was measured.

To assess if DGM production was limited by substrate,
watersampleswere spiked with 22,44, and 66 pM Hg(Il)and
incubated for 3 h.

The effect of particulate matter on DGM production was
determined by conducting 7-h incubation experiments (in
black and transparent FEP Teflon bottles) using filtered
seaw ater sam ples (filtration with 0.45-mm M Slpolypropylene
filter capsule, Westborough, M A). Furthermore, D GM levels
in filtered and unfiltered sam plesincubated under sunlight
were measured at different time intervals (0- 5 h; M arch 11
and 18, 1996).

To study dark oxidation independently from photore-
duction, seaw ater and river water sam ples were spiked with
8 nM dissolved gaseous elemental Hg (Hg®), and the loss of
Hg%and totalHgin thedarkwere followed over7h. Inorganic
Hg, Hg(ll), was calculated by difference between Hg® and
totalHg. TheeffectofchlorideonHgloxidation wasevaluated
using river water (Choptank River, NJ), spiked with 0.5 M
chloride and seaw ater (Seaside Park, NJ).The stock solution
of dissolved gaseous Hg? was prepared by bubbling N, gas
saturated with Hg® vapor through Milli-Q water (M illipore).
The N, was saturated with Hg® in a U-shaped glass tube
containing 0.1 mL of liquid elemental Hg.

Onepossiblecaveattothisworkisthat Teflonispermeable
toHg? Itcould bearguedthatany observed declinein D GM
levelswith timeisduetoalossofHgthrough thewallsofthe
experimental vessel. To rule outthispossibility,D GM levels
weremeasured in seaw atersamplesin glassand Teflon bottles
for a 24-h incubation. There was no significant differences
(t-test: t) 4.30; p) 0.263; N) 3 per treatment) in DGM
concentrations between Teflon bottles (137 ( 13 fM) and
glass bottles (149 ( 4 fM). Therefore, Teflon permeability to
HglisnotresponsiblefortherapidlossofD GM concentrations
observed in this study.

Results and Discussion

Effect of visible, UV, and UVg Radiation on DGM Photo-
production. Samplesincubatedintransparentbottlesyielded
DGM levelsthatweresignificantly higherthan thosein black
bottles(Table1l). Samplesonly exposed tovisible ortovisible
and UVaradiation also yielded significantly higher D GM levels.
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FIGURE 1. Time series measurements of DGM levels in Milli-Q
water kept in black (9) and transparent (O) bottles on April 2, 1996.

DGM concentrations (fM)

Visible, UV,a, and U Vg radiation contributed approxim ately
46,31,and 23%oftotal DGM production, respectively. These
results show that DGM production can be photoinduced in
seawater. TherateofD GM photoproductioninthesecoastal
waters is quite low (in transparent bottles, 10 fM h-1) as
compared to some tem perate freshwater systems (11- 85 fM
h-1; 13, 14). But, normalized to the total Hg concentration,
DGM production in seawater (0.7% h-1; Table 1) is faster
than in Floridalakes (<0.2%h-1; 16) atasimilarlatitude. This
may result from the fact that, compared to Florida lakes, the
small total Hg pool in seawater contains a larger proportion
of Hg not complexed to DOC and easily reducible (17). Itis
also possiblethatpartoftheD GM photoproduction observed
in this study is linked to the recently discovered photodeg-
radation of methyl and ethyl mercury by singlet oxygen in
seaw ater (18).

Time Series of DGM Production and Loss. Previouswork
has clearly demonstrated that DGM production can be
photoinduced in lake water (11, 13, 14), but similar studies
with natural seaw ater have yet to be conducted. M oreover,
recentlaboratory experimentshave shown thatthe presence
of chloride ions may promote Hg® oxidation (15). Hence,
seaw ater media may also be subjected to D GM loss through
oxidation. We evaluated theimportance ofthesesprocesses
with time series measurements of DGM in Teflon bottles
exposed to sunlight. First, a control experiment was con-
ducted using Milli-Q water to verify the possible role of
photolabile Hg(OH);® (12). DGM levelsin black and trans-
parent bottles remained in the 30 fM (range: ( 10 fM ) with
nocorrelation to solar radiation (Figure 1). Notethattypical
total Hg levels in our Milli-Q water (~1 pM) are similar to
total Hg levelsin unfiltered seaw ater sam ples taken near the
shore of Galveston Island (1.5 ( 0.2 pM). Thus, DGM
photoproduction in fresh or saltwater is not the result of a
directphotolysisofinorganicHgcomplexessuch asHg(OH),,
which are presentin distilled water at neutral and basic pH.
One caveat to thistestisthatsomeoftheHgin Milli-Q water
may be complexed with DOC since our Milli-Q water has
submicromolar levels of DOC.

Time series measurements of DGM in seawater held in
transparent bottlesincreased by 3-fold during the first hour
ofincubation in sunlight and then decreased rapidly (23 fM
h-1) during the next hour (Figure 2). Aslower decrease was
observed during the following 5 h (2 fM h-1). Twenty-four
hourslater,DGM levelsat midday were high ascom pared to
the first day. DGM levelsin black bottles remained low (20
fM) and showed no change in concentration during the
experiment (Figure 2).

When theexperimentwasrepeated 4 dayslater (Figure 3),
DGM levelsin transparent bottles increased at a rate of 67
fM h-tduring the first 3 h and declined afterwards, at a rate
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FIGURE2. Time series of DGM levels in seawater samples kept in
black andtransparent bottles. The sampleswere collected nearshore
(Galveston Island) on February 29, 1996.
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FIGURE3. Time series of DGM levels in seawater samples kept in
black and transparent bottles and incubated in sunlight. Some
transparent bottles were placed in the dark after the first hour of
incubation. The sampleswere collected nearshore (Galveston Island)
on March 4, 1996.

of 23 fM h-!. Some transparent bottles were placed in the
dark after the first hour of incubation. DGM levels in these
bottles declined at a rate of 21 fM h-'during the first 3 h of
darkincubation and reached aplateau atabout 100 fM .D GM
levels in black bottles remained constant at about 50 fM.
Differencesin D GM levelshetween thisexperiment (weather:
sunny with some clouds) and the one reported on Figure 2
(weather: rainy, overcast) may result from differencesin solar
radiation.

Quantitative examination of the data from Figures 2 and
3showsthatthekineticsofD GM lossareapproxim ately first-
order, with a mean rate constantsof k) 0.10 ( 0.01 h-1 It
isunlikely thatzero- orsecond-orderkineticsapply heresince
therespectiverateconstantsfortheseordersvary widely over
therangeofinitial DGM concentrations(19). Notethatrates
forexperimentsundersunlightshould beconsidered netrates
for both oxidation and reduction. However, since observed
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FIGURE 4. Time series of dissolved gaseous Hg® and total Hg
concentrations in seawater samples after an 8.7 nM addition of Hg’.
Samples were kept in the dark.

ratesinsunlightaresimilarto thoseobtained forbottlesplaced
inthedark(afterlhofexposuretosunlight), photoreduction
was presumably relatively unimportant (probably due to
substrate limitation) during this phase of the experiment.

These results suggest that DGM is indeed produced by
photoreduction in seawater and can also be rapidly oxidized
in saltwater. This is particularly significant for it contrasts
with the results from freshwater systems where DGM loss
was either not detectable (11) or relatively slow (13). These
findings support the laboratory study of Yamamoto (15),
whereitwasshown that,duetothe presence ofchloride,Hg
oxidation was more important in seaw ater than in fresh or
distilled water.

The plateau reached by DGM levels (corrected for loss,
assuming first-order kinetics; Figure 3) indicates that pho-
toreduction com pletely stops after 3 h ofincubation. Since
solar radiation was still intense at that time (14:00), D GM
production may havebeenlimited by theamountofsubstrate
available for photoreduction, which would thus be a small
fraction of the total Hg. However, the high DGM concentra-
tions observed after 24 h in transparent bottles (Figure 2)
indicate that the pool of photoreducible substrate can be
replenished during the night. The kinetics of production of
reducible species is thus much slower than the kinetics of
photoreduction.

In the dark bottles (Figures 2 and 3), D GM levels did not
significantly decrease over time. This may indicate that a
steady state was reached between light-independent reduc-
tion and oxidation. Itisalso possiblethatoxidation ofHg(ll)
isinduced by sunlight, since lossofDGM wasonly observed
in bottles either continuously exposed to solar radiation or
recently placed in the dark (after a 1-h incubation under
sunlight). It further indicates that adsorptive losses of Hg°
were low.

Oxidation of Hg’. Past laboratory experiments on Hg
oxidationin seawaterwereconducted with liquid Hg droplets
in water as sources of Hg® and only Hg(ll) was measured
(15). To test whether these data are pertinent to natural
environment,weexamined theoxidation ofdissolved gaseous
Hg%in the presence of chloride, but in the absence of Hg
droplets.

Dissolved gaseous Hg®wasrapidly oxidized in the darkin
unfiltered seaw ater (Figure 4) and river w ater sam ples salted
with 0.5 M chloride (Figure 5B). The apparent first-order
constantforHg®lossorHg(ll) production varied between 0.1
and 0.4 h-!(Table 2). By comparison, very little oxidation
was detected in filtered river water with no chloride added
(Figure 5A). Intheseexperiments,Hglossnotonlyincludes
oxidation but also volatilization from solution. In fact, total
Hg decreased over time (first-order k: 0.07- 0.10 h-1; Table
2) as a result of Hg? volatilization in the headspace of the
sample. Foreach oftheseexperiments,onlyonesamplewas



TABLE 2. Kinetics Constants k for DGM Oxidation, Assuming Zero-Order, First-Order, and Second-Order Kinetics?

initial k @infM h- %) k(@inh Y k (frmol- 2 hr 1)
treatment [DaV] (M) zero-order first order second-order see
Experiments at Environmental Levels of DGM
light 68 4.2 0.09 5.8 x 10° 3 Figure 2
light 251 23.1 0.10 45 x 104 Figure 3
dark 157 14.6 0.12 9.3 x 104 Figure 3
dark 227 18.2 0.09 1.8 x 10°3 N/A
mean ( SD 178 ( 82 15.0( 8.0 0.10 ( 0.01 22( 24 x10°3
CV (%) 46 53 10 108
Experiments with Hg® Addition
A River Water (+ 0.5 M Chloride)
Hg? loss 8.3 x 108 1.0 x 108 0.21 49 x 10° 8 Figure 4
Hg(ll) prod 8.3 x 106 4.6 x 10° 0.33 28 x 107
Hg volatil 8.3 x 108 4.6 x 10° 0.07 1.1 x10°8
B: Seawater
HgO loss 8.7 x 108 1.0 x 108 0.44 4.0 x 107 Figure 5
Hg(ll) prod 8.7 x 108 4.1 x 10° 0.42 1.9 x 106
Hg volatil 8.7 x 108 5.9 x 10° 0.10 41 x10 4

2 For experiments at environmental levels of DGM, DGM oxidation was measured in bottles continuously exposed to sunlight (QightOtreatment)
or in bottles kept in the dark after a 1-h exposure to sunlight (GlarkOtreatment). For experiments with DGM addition, kinetics constants for Hg® loss,
Hg(ll) production, and Hg volatilization were measured in the dark after spiking (no exposure to sunlight). CV coefficient of variation; SD, standard

deviation; N/A; not available.
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FIGURES. Time series of dissolved gaseous HgP, total Hg, and Hg(11)
concentrations in (A) filtered river water and (B) unfiltered river
water with 0.5 M chloride. 8.3 nM Hg? was added at the onset. Hg(l1)
was obtained by the difference between Hg® and total Hg.

followed over time, and data points represent subsamples
from the sample being studied. Thiscontrastswith most of
the other experiments presented in this paper where each
data point is associated with a different bottle.

TABLE 3. Effect of Hg(ll) Addition on DGM Levels in
Transparent Bottles Incubated at Midday for 3 h?

amt of Hg(ll) added DGM concn
(M) (™)
22 920 ( 60
44 1440 ( 200
66 2040 ( 40

a2 Samples were collected nearshore on Galveston Island on April 5,
1996.

These results clearly indicate that Hg%isbeing oxidized in
thedarkto Hg(ll)inthepresenceofchlorideand thatoxidation
may be asimportant asvolatilization in the depletion of the
Hg%poolin seawater. Furthermore,sinceno headspace was
left in the bottles incubated in situ at environmental levels
(Figures2 and 3),volatilization could notbeinvolved in these
cases. Oxidation of Hglisthusthelikely mechanism of D GM
loss.

HgdI) Availability as a Limiting Factor of DGM Produc-
tion. DGM levels obtained after incubation increased with
theamountofHg(ll)added tothesamplespriortoincubation,
suggesting that D GM production waslimited by the amount
of available photoreducible substrate (Table 3). Therefore,
organomercurialcompoundsarenottheonly potential source
of substrate for reduction.

While, under natural conditions, maximum D GM levels
aftera3-hincubation werelowerthan 300 fM (Figure 2), here
D GM production ranged between 920 and 2040 fM after Hg-
(I1) spiking, after a 3-h incubation. This corresponds to a
conversion of total Hg of 3- 4% per 3-h incubation. These
rates are lower than those obtained in tem perate and arctic
regions (up to 27% in a 4-h incubation; 13, 14). One
explanation for this difference may be that D GM oxidation
ismoreimportantin subtropical environmentsascompared
to tem perate areas.

Effect of Particulate Matter on DGM Production. Due
to resuspension of sediments and high productivity, sus-
pended particulate matterin coastal regionsismuch higher
than in the open ocean. To determine the influence of the
particulate phase on DGM photoproduction, filtered and
unfiltered sampleswereincubated and com pared. In afirst
experiment, after a 7-h incubation under daylight, D GM
production was 40% lower in filtered than in unfiltered
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TABLE 4. Effect of Filtration (0.45 mm) of Seawater Samples Collected near the Shore of Galveston Island on Janurary 23, 19962

treatment DGM concn
type of bottle before incubation (fm)
black none 69( 6
transparent none 171 ( 11
black filtration 36( 5
transparent filtration 101 ( 16

pvalue of ANOVA Tukey HSD hourly DGM production
for treatment effect comparison® M h- 1)
<0.001 a
b 15( 2
c
d 9( 2

aSamples were incubated 7 h prior to analysis. Standard deviations based on three replicates are shown. ? Significant differences (p < 0.05)

between treatment are indicated by different letters.
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FIGURE 6. Time series of DGM levels in filtered and unfiltered
seawater samples collected nearshore of Galveston Island on March
11, 1996.

samples (Table 4). DGM concentrationsin filtered samples
keptin transparent and black bottles were respectively 41%
and 48% lower than their unfiltered counterparts.

Inanotherexperiment(Figure 6),unfiltered sam plesagain
yielded higher production rates of DGM than filtered ones,
during thefirst3 h,confirmingthecontribution of particulate
matter in DGM production. After 4 h of incubation, D GM
levels became relatively similarin both treatments because
ofanimportantD GM lossin filtered bottles. However,since
the observed decrease in the unfiltered samplesis based on
only one point, we do not consider that this experiment
convincingly shows the presence of oxidation of Hg°.

These resultsindicate that the majority (~60%; Table 4)
of sunlight-induced DGM production was associated with
dissolved and colloidal Hg phases. ColloidalHg (1 kDa,0.45
mm) in Galveston can account for as much as 77% of the
filtrate (<0.45 mm) (20). Consequently, it is likely that
photochemical processes are responsible for most of the
observed DGM production. However, other processes as-
sociated either with particles or with photosynthetic organ-
ismsmustalsobeimportantsince 40%ofthe D GM production
involved particles larger than 0.45 mm. Filtration may be
removing areadily exchangeableoraphotolabileparticulate-
Hg poolorahbioticcomponent (e.g., bacteriaand algae) that
can reduce Hg(ll).

This suggests that photoinduced DGM production in
seaw ater is the result of more than one mechanism. Near-
shore water samples used in this study contained relatively
high levels of particles (suspended particulate material in
Galveston Bay: 7- 16 mg L-!; 20) as com pared to the open
ocean,and particulatemattermay belessimportant offshore.

Mechanism of DGM Loss. Ourworkand otherlaboratory
studies suggest that DGM loss is likely the result of Hg®
oxidation, since Hg? is the predominant volatile species in
most natural waters. At this point, we have insufficient
information to propose a specific Hg oxidation mechanism
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involving chloride mediation. Chloride ions may stabilize
oxidation products (e.g., Hg(ll)) and therefore promote the
oxidation reaction (15). The oxidants involved in this
oxidation may beorganoperoxy compounds(21), 0;5(22, 23),
OH¥(3, 24) and/or O, (25). Since, in the present study Hg
oxidation was observed in the dark, the most likely oxidant
would be O,. DGM loss may also result from nonoxidative
processes. For instance, if dimethyl mercury represents a
significant fraction of DGM (which is unlikely; 4, 5), degrada-
tion of dimethyl mercury to monomethyl mercury or other
nonvolatile specieswould decrease D GM levels. Adsorption
and complexation of volatile species can also induce some
D GM loss,athough theconstantD GM levelsobservedin black
bottles suggest that adsoptive losses are low.

Analytical and Biogeochemical Implications. Ourresults
strongly support the view that Hg? does not always behave
as a conservative element in aquatic systems but may be
rapidly oxidized. From an analytical perspective,itistherefore
very important to analyze seawater samples for DGM im -
mediately after collection (i.e.,during the 0.5 h). Itwould be
even betterto measure D GM insitu. Some storage protocols,
such ascooling,could be tested to minimize theseproblems.
Furthermore, in view of the very dynamic nature of DGM , it
isimportant to study the temporal variations of DGM levels
over short time intervals

From a biogeochemical perspective, Hg® oxidation may
haveto beconsideredin future modeling ofsea- air transfer.
Previously, only reduction, diffusion, advection, and the
availability of reducible substrate were considered as im-
portantparameterscontrolling D GM levels(26). Therelative
importanceofHgoxidation vsHgvolatilization in controlling
DGM levels in seawater will depend on the rate at which
DGM degases from the water column as compared to
residencetimesandthedepth ofthephotoreductioninfluence
(i.e., light penetration). To illustrate, with a piston velocity
of 5 m day-! (typical of the equatorial region; 27) and an
atmospheric gaseous mercury concentration of 2 and 40 ng
m-3in the water (about 200 fM ; see Figures 3 and 6), we
calculate a flux out of the water of 8 ng m-2 h-' By
comparison,thelossof DGM resulting from oxidation (first-
order k) 0.1h-')atthesameinitial DGM concentration (40
ngm-3)wouldbedngm-2h-‘foralm deep watercolumn
(halfofthe evasional flux) and 40 ngm-2h-'foral0 m deep
water column (five times the evasional flux).

Therefore, in shallow coastal waters, such as Gulf Coast
estuaries, evasion of DGM may be more important than
oxidation. DGM photoproduction will be favored since light
may penetrate the entire water column (although in some
cases light penetration may be diminished by high loads of
suspended particulate matters). Also, DGM degassing may
be promoted by turbulence, warm tem peratures, and prox-
imity oftheair- waterinterface. Incontrast,D GM production
in offshore water can occur at greater depth, and DGM
degassing will be lessimportant than in situ degradation of
DGM. Note,however, thatthe presentstudy dealsonly with
coastal seaw ater rich in suspended solids and allochtonous
matter. No oxidation of Hg® has yet been reported in the
open ocean.
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