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Coastal salt marshes as global methyl halide sources from
determinations of intrinsic production by marsh plants
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[1] Emissions of CH;Cl, CH3;Br and CH3I were measured biweekly for 12- to 24-month
periods between March 2002 and March 2005 from monospecific stands of four dominant
southern California coastal salt marsh plants. These measurements revealed large inherent
differences between species and more detailed patterns of seasonal production than
previously reported. Marsh plants displayed intrinsic abilities to produce methyl halides.
Salt marsh plants produced 92% of CH;Cl and 90% of CH3Br emitted and only 41%
of the emitted CH;1. Unvegetated areas emitted 7.9% of CH;3Cl, 9.9% CH;Br, and 59% of
the emitted CH3l. The accuracy of the estimated methyl halide emissions from a
coastal marsh and probably other ecosystems can be dramatically improved with
increasing the number of species being measured and including emission from barren
(mudflats and soil) areas. Estimates of global salt marsh emissions based on vegetated and
barren area are 130, 21, 5.5 (mg m ™2 yr ') for CH5Cl, CH;Br, and CH;], respectively, or

1.2, 3.9, and 0.8% of total global fluxes of these gases.
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1. Introduction

[2] Methyl chloride (CH3Cl), methyl bromide (CH;Br)
and methyl iodide (CHslI) are chemically important atmo-
spheric constituents. They are also significant vectors of
halogen transport (especially for bromine and iodine) from
the terrestrial and marine environment to the atmosphere.
Accurate knowledge of CH;Br and CH;Cl sources is
particularly needed because their relatively long residence
times allow them to reach the lower stratosphere where
halogen radicals produced from their photodissociation and
OH attack catalytically destroy ozone. Despite its short
residence time, CHsI can contribute to stratospheric ozone
destruction [Solomon et al., 1994], strongly affect tropo-
spheric chemistry, especially of the marine boundary layer,
and indirectly promote marine aerosol and cloud condensa-
tion nuclei formation [Davis et al., 1996; Carpenter et al.,
1999; O’Dowd et al., 2002].

[3] Methyl halides (CH3X) are naturally produced by
photoautotrophs and certain fungi. The major mechanism
of biosynthesis is enzymatic [Wuosmaa and Hager, 1990],
although an additional abiotic mechanism in leaf litter has
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been proposed [Hamilton et al., 2003]. The relative environ-
mental importance of higher plant methyl halide emissions,
especially from marshes [Varner et al., 1999; Rhew et al.,
2000; Cox et al., 2004], agriculture [Redeker et al., 2000] and
tropical plants [ Yokouchi et al., 2002] has only recently been
appreciated. Vegetation from temperate coastal salt marsh
plants was estimated to produce 10% of the global source
strength for the two gases CH3Cl and CH3Br [Rhew et al.,
2000].

2. Materials and Methods
2.1. Location and Plant Species

[4] The location for this study was Upper Newport Bay,
California, near the old salt dike (33°38.75N, 117°52.94W;
Figure 1). Four halophytic species Spartina foliosa (Cord-
grass), Salicornia virginica (Pickleweed), Batis maritima
(Saltwort) and Frankenia grandifolia (Alkali Heath) were
chosen based on their known ability to produce methyl
halides [Rhew et al., 2000] and their dominance in southern
California coastal salt marshes.

2.2. Incubation Conditions

[s] Methyl halide emissive flux was determined by
enclosing a single plant species in an incubation chamber
and periodically withdrawing a gas sample into a valved
preevacuated canister or lockable syringe. The bottom was
sealed by the surrounding mud and soil (>0.5 cm deep).
Different sized chambers were used to accommodate the
different sized plants. The smallest was a 4L modified glass
beaker (14 cm ID) with sampling port, thermometer port
and an internal battery powered fan. The sampling port
contained a 20-cm-long stainless steel tube (1/16 inch OD,
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Figure 1. Map of the sampling point located in Newport Back Bay, California (33°38.75N,

117°52.94W).

dead volume, 0.1 mL) which extended into the center of the
chamber. The portion extending outside the chamber had a
glass sleeve with septum for withdrawing a 30-mL gas
sample into a syringe. The larger chambers were made of
stackable sections of polycarbonate tubes (29.5 cm ID,
30 cm height) with polyethylene connectors, mounted on
a permanent polyvinyl chloride chamber bases (15 cm
height) to yield sealed chambers volumes of 24-90 L
[Redeker et al., 2000]. These large chambers had a sealed
lid containing two ports, one for sampling and the other for
a thermometer. The sampling line was a 30-cm-long stain-
less steel (1/4 inch OD, <5 mL dead volume) tube extending
in to the center of the chamber with an Ultra-Torr™ fitting
for sampling with the attachment of a 500-mL stainless steel
canister. These chambers did not inherently emit or absorb
significant amounts of methyl halides [see Redeker et. al.,
2000, note 8]. Control incubations were performed similarly
by positioning the same type of chamber over unvegetated

areas close to, and at the same elevation as, the other
chamber avoiding all aerial plant material. The green algae
Enteromorpha sp., at times present on marsh mudflats, was
avoided as a Spartina control site.

[6] Permanent chamber bases were used for Spartina and
Salicornia incubations because bimonthly removal of
Spartina foliosa was destructive to the habitat and because
the woody basal and migrating stems of Salicornia virginica
made it difficult for the glass chamber to form a seal in the
soil without damaging the plants. No biomass was harvested
from within the permanent bases after incubations. Control
incubations used chambers without permanent bases. We
began our study of Spartina by placing the chamber base
over new shoots on the immediate edge of a pure stand.
After 2 years, at the end of our measurements, the chamber
base was well inside the Spartina bed, >3 m from the
growing edge. Independent of the Salicornia incubations
using the larger chambers, nine additional incubations of
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Salicornia were performed using the small glass chamber
followed by tissue harvesting to determine biomass specific
production rates. Small glass chambers were used for Batis
and Frankenia incubations. After the incubation period,
all aerial Batis and Frankenia biomass, including woody
biomass, was harvested for fresh weight determinations.

[7] All incubations were performed between 0930 and
1400 local time, at a period of low tide. Weather conditions
and air temperatures were recorded. Incubation sampling
duration and frequency ranged from 5 to 15 min at 1- to 5-
min intervals depending on the plant species and chamber
used.

2.3. Methyl Halide Analysis

[8] Analysis was performed as described by Redeker et al.
[2000] using gas chromatography. A known amount (by
pressure) of chamber air sample was preconcentrated in a
glass-bead-packed stainless steel loop at 77 K. It was then
directly injected onto a 50 m x 0.53 mm Poraplot-Q column
(Chrompack) and detected by electron-capture (Hewlett
Packard 5890 Series II). Standards in N, (9.68 ppb CH;Br
and 479 ppb CH;CI; 25.4 ppb CHsl) from Scott Specialty
Gases were injected at low pressures to create a linear
calibration curve with a range of absolute amounts brack-
eting sample amounts.

2.4. Halide Extraction and Analysis

[¢] Halide analysis was intermittently performed on tissue
harvested throughout the study period. The chambered Batis
and Frankenia tissue harvested for biomass determination
was so analyzed. Spartina and Salicornia tissue immedi-
ately adjacent to the permanent chamber base was used for
halide analysis. Tissue samples were weighed, rinsed in
deionized water to remove any external salts and dried to
constant weight at 55°C. The dried tissue was weighed,
milled into a fine powder (40-pm mesh) and stored in a
capped glass vial under desiccation. Solid content of tissue
(% dwt) was calculated.

[10] Halides were extracted from the milled plant tissue
by adding the powder (0.5 g) to 50 mL of boiling deionized
water in a 150-mL flask for 10 min. Boiled tissue was then
vacuum filtered and the filtrate collected and stored frozen
until halide analysis. The extraction procedure was repeated
5 times on the same sample to ensure complete halide
removal from the tissue. Greater than 98% C1~, 97% Br
and 99% I~ was removed from the tissue after three
sequential extractions and the three-step extraction proce-
dure became the standard method. Values were not cor-
rected for the 1 to 3% loss. The halide concentration in each
extract was determined using a specific ion meter/autotitra-
tor in conjunction with the appropriate halide electrode
using Gran’s known addition method [Redeker and
Cicerone, 2004; Gran, 1952]. This method allowed for
the measurement of halides near their limit of detection:
5x10°MCl;5x10°MBr;and5 x 10°M 1T~
(Thermo Orion specifications) and minimized the interfering
effects of other ions and compounds. Following the auto-
titration the calculated initial concentration reported in mM
was converted to tissue halide content as percent dry weight.
The mean standard check for accuracy (with precision as
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%S.D.) of the analysis was 98% for C1™ (5.7%), 88% for Br™
(11%) and 95% for I" (8.0% [Ralph and Manley, 2006]).

3. Results

[11] All emission rates reported are net rates (plant
chamber minus control) unless otherwise indicated. The
two-point averaged net emission rates normalized to the
marsh area enclosed by the chamber, from sampling twice a
month are shown in Figures 2a through 2d for S. foliosa, S.
virginica, F. grandifolia, and B. maritime, respectively. The
average ambient monthly temperature at Newport Harbor
was obtained from NCDC-NOAA (Climate-Radar Data
Inventories, 2005, available at http://www4.ncdc.noaa.gov/
cgi-win/wwcgi.dl1?wwDI~StnSrch~StnID~10500018).
The insolation was taken from the data set provided by
Michael Goulden (UCI) from the San Joaquin Freshwater
Marsh (University of California—Natural Reserve System),
approximately 6 km NNE from the site along San Diego
Creek. Biomass normalized net emission rates are shown for
F grandifolia and B. maritima (Figure 3). The emission
values for CH;Br and CH;I shown in Figures 2 and 3 have
been scaled up by appropriate factors to allow all graphs to
fit on the same vertical scale. For instance, in Figure 2a, the
actual measured CH3Br and CHil fluxes from Spartina
have been multiplied by factors of 4 and 2, respectively, to
give the plotted values.

[12] We analyzed the data by determining the linear
correlation coefficients between monthly emission rates
and monthly mean temperature, and monthly insolation.
(Fitting the data to several nonlinear regression models such
as exponential and rectangular hyperbola, yielded poorer
correlations.) In no instances did the same effector correlate
equally with emissions of all three methyl halides from a
given plant. Only weak correlations (r < 0.7) were observed,
except for the correlation of CH;l emission to temperature
by Spartina (r = 0.83) and Batis (biomass-based; r = 0.75).
Mean monthly insolation was most often more highly
correlated to emissions than mean monthly temperature.
Mean monthly temperature changes, however, rarely
exceeded 10°C and were usually not highly correlated with
methyl halide emissions. In most instances, either temper-
ature or insolation, for the month in which the emissions
were measured, displayed the highest levels of correlation.
Occasionally, it was the previous month’s temperature or
insolation that more closely correlated with emissions. Only
at shifts of —1 month was r sometimes greater than r when
no shift was applied. A shift in the emission data to one
month previous insolation resulted in an increased correla-
tion for CH;Br produced by Batis and Spartina only (r=0.7
for both). Salicornia emissions were poorly correlated with
monthly mean temperature and insolation (r < 0.36).

[13] The dramatic increase in biomass normalized CH;Cl
and CH;Br emission by Frankenia was correlated with
flowering (Figure 3a). Flowering in Batis corresponded to
a striking increase in biomass normalized CH3l emission
and a secondary spike in CH3Br emission (Figure 3b). Area
normalized emissions of CH;CIl and CH;Br from Spartina
site correspond to this flowering pattern (Figure 2a; 19 and
21 flowers maximum for 2003 and 2004, respectively).
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