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Abstract—Summer samples of marsh gases i Minnesota (fresh-water). Louisiana. and Delaware
(fresh-water and brackish-water) vielded 50-83% methane. 3-32% “excess nitrogen™. 4-15% carbon
dioxide. and small amounts or traces of hydrogen. carbon monoxide. propane. hvdrogen sulfide. and
C.~C; hydrocarbons These types of gas flows were found 1o decrease drasncally in winter periods of
sampling. and large amounts of “air™ accumulate in some marsh and lake sediments. Carbon dioxide
decreases in the winter samples. but carbon monoxide and hydrogen sulfide showed relative increases.
Ethane is present in several. and butane 1n one. sample from Minnesota in the fall There is a drop in
“excess nitrogen™ (non-air N;) in the winter as compared to summer samples

Specimens of marsh plants were placed in culture flasks with mud from each collecting locality and
allowed to culture for several months. In composition. the cultured gases are predominantly methane.
carbon dioxide, and “excess mirogen™ Hydrogen. ethane. propane. and hvdrogen sulfide are minor
components Carbon monoxide was not detected. in contrast 1o marsh gases. Phragmites from industrially
poliuted Delaware Bay evolved many additional hydrocarbons in culture. pH and Eh were monitored for

Typhain culture; pH remained near 7 and Eh near — 100 mV after stabilization

Carbohydrate analyses of marsh plants indicate xvians exceed cellulose as a major source ot methane in
these samples: mannose, galactose. and arabinose are also important potential contributors.

Delta carbon-13 values of methane from marsh gases sampled are more negative than those from
laboratory-cultured source plants. whereas delta deuterium values of methane from marsh gases are less

negative than those of cultured source plants

INTRODUCTION

THis paper presents results of studies on the environ-
ment. origin, and composition of marsh gases from
Minnesota and Delaware in supplement to results
provided in an earlier paper (Swain er al.. 1977). In
that paper results were given of field sampling and
laboratory analyses of marsh gases from natural and
cultured samples from Louisiana. Minnesota and
Delaware. The present paper concerns samples col-
lected in late fall 1974 and winter 1975, together with
a discussion of laboratory cultured samples. A similar
seasonal study of marsh gas is that of KING and WIEBE
(1978).

MARSH GASES FROM NEAR MARSH SURFACE

The variation in composition of marsh gas collected
just beneath the marsh surface by means of a large
inverted glass funnelisshownin Tables 1 and 2 for fall
and winter Minnesota localities. Asdetermined from
earlier studies (Swain er al., 1977) and the present
one. the methane values are low in early summer.
increase during late summer and early fall and
decrease 10 low or negligible amounts in late fall and
winter afier freeze-up. The presence of large amounts
of trapped air in the bog sediments during the winter
is notable (Table 2). It is not known whether this
represents atmospheric air or a biologic mixture of O
and N.. Argon was not recorded in the analyses. The
pH values in the sediments are weakly acid and Eh

Rt

values range from slightly negative to slightly posi-
tive, although the Eh at the Mille Lacs. Minnesota
locality was more strongly positive at the time of
sampling.

The methane contents of surface fresh- and salt-
water marsh samples from Louisiana (Swaln et al.,
1977) in late summer were not greatly different than
those of the freshwater Minnesota samples at the
same time of the year. As noted previously a relation-
ship to pH. Eh, tidal action or lack of it. and nature of
source material and substrate. is shown by the
methane values in the marshes studied (Swain, 1972,
1975; Swainet al., 1975, 1977).

MARSH GASES FROM BELOW THE
MARSH SURFACE

The variation in methane flow obtained by insert-
ing 3-in-dia. glass tubes into the marsh sediment.
evacuating the tube. and monitoring the flow on a
seasonal basis has been reported previously for Min-
nesota and Delaware marshes (Swaix. 1972, 1975)
SwalN er al., 1975, 1977). Such flows were found to
vary by about one order of magnitude during the
summer and fall. and in the present study. to decrease
to negligible amounts (Tables 1 and 2).

Methane flows from below-surface samples in
Louisiana marshes in late summer 1974 showed that
saltwater localities had markedly lower values than
freshwater localities for reasons discussed earlier
(Swaixeral._1977).
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Table 1. Analyses of marsh gases from Minnesota; samples collected fall. 1974
All are “{unnel samples™; mol. % on air {ree basis

Location Hydrogen Methane Propane

CO Co, H:S  Others Eh

Fish Lake. Minnesota
(Typhalatifolia)

Anderson Pond.
Minnesota (Typha
latifolia)

CedarCreek Bog
Lake.Minnesota
(Decodon
verticillatus)

Mille Lacs LakeNo. I,
Minnesota
{Typha latifolia)

Mille Lacs Lake No. 2,
Minnesata
(Typhalatifolia)

Mille Lacs Lake No. 3.
Minnesota
(Typhalatifoha)

0.05 55.32 0

0.09 0.02

0.06

0.06
0.07 76.40 0

0.08

(74
—
[5]]
w

0.03

0 375 39.97 0 +110

9.53 0 +20

ethane-trace

6.1

18.33 0 ethane-trace
n-butane-
trace

0 9.68 ethane-trace

8.18 0

COMPOSITION OF MARSH GASES

Mass spectral analyses of marsh gases from Min-
nesota and Louisiana were discussed previously
(SwaIN er al.. 1977). Some additional analyses from
Minpesota and Delaware are presented here
(Tables 1-3). Ethanc is present in several Minnesota
samples, collected in the fall. not noted previously,
and butapc is apparcntly present in one sample.
Carbon monoxide, which had previously been noted
in the Minnesota and Louisiana samples. was not
detected in the fall samples from Minnesota
(Table 1), although it is present in the winter samples

(Table 2). Carbon monoxide also occurs in several of
the Delaware marsh gas samples.

Carbon dioxide forms a very small percent of the
marsh gases in the Minnesota winter samples,
whereas it js an important component in the summer
and carly fall samples. The striking decrease in
methane in the winter samples was already men-
tioned. and there is also 2 major drop in the “excess
nitrogen™ in the winter as compared to the summer
samples.

Carbon monoxide and, to a lesser extent. hydrogen
sulfide appear to be the only authigenic components
that generally increase relative to the other gases

Table 2. Composition of marsh gas samples from Minnesota. winter. 1975; values in parentheses are on an air-frec hasis

Plant and
sedimenttype
and date Al Non-air
Locahty sampled G Na"o H. CH, C.H., G:H, Cco CO. H-S
CedarCrechBog  Decodonpeat  99.5 0.19 ¢ (] 0 0 010 0.08 (1
dftofdepth (11.23.75
CedarCreekBog  Decodonpent 99.7 0.08 0 0 0.02 0.02 0.13 0.04 0
Qftofdepth M.23.75
CedarCrech Bug  Decodonpeat 99.5 (.18 0.14 0 0 0 0.1 008 0.0
10fiof depth 01.23.75
CedarCreckBog  Decodenpear 99.7 0 n 0 0 0 0.14 0.04 o1
1 ftof depth 031.18.75
CedarCrech Bog  Decendonpeat 93.2 5.38 0 0.65 0.01 0 .11 0.59 (.01
Topof peat 03.23.75
CedarCreck Bog  Decodonpeat 91,1 653 1.56 ftrace 0 0.01 o 0.70 0
Tapofpeit (1.23.75
CedarCrechBog  Decodonpest 92 6.03 0 1.25 0 0 0.08 0.64 0.01
Topof peut 01.23.75
Lake Johanna Copropel 95.8 3.87 ] C.06 0 0 0.1 0.15 0
Depthof 01,2573 (1.42) (2.60)  (3.53)
water, 0t
Anderson Farm Taphapen 3.5 14.6 r 76.85 ( 0 0 4.9 0
Pand 03.2.75 (79 6) (3.1)
CedarCreeh Bog  Decwdonpemt 19 8.7 ir. 512 0 0.2 0 1og 0
Topof pemt 03.21.75 (63.2) (1.3)
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