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Composition of marsh gases in the central and eastern United States
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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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Table 3. Analyses of marsh gases from Delaware: mol. % on air free basis: F. funnel sample: T. tube sample:
fall. 1974 and winter. 1975

Location Hydrogen Methane Propane CcO CO, Na H.S Others

Dragon Creek. Del. (F) trace 27.2 0.5 1.0 6.5 64.7 0 0
19.16.74

Dragon Creek. Del. (T) 0 19.3 0.2 1.2 10.2 69.2 0 0
09.161009.23 74

Dragon Creek. Del. (F) 0 40.0 0 0.3 7.0 52.5 0 0
09.23.74

Dragon Creek. Del. (F) 0 37.6 0 14 8.0 53.0 0 0
09.30.74

Port Penn. Del. (F) 0.03 36.3 0.02 0 5.8 57.9 0 0
09.16.74

Fleming Landing. Del. (F) trace 65.2 0 0 4.7 30.1 tr. 0
02.28.75

during the winter. Hydrogen shows a similar, but less
consistent increase.

GASES EVOLVED FROM LABORATORY CULTURES

As described in previous reports. specimens of
marsh plants were placed in culture flasks with mud
from each collecting locality and allowed to culture
for several months (Swaln, 1975: Swainer al., 1977).
Results supplemental to those reported previously
are shown in Table 4.

Most cultures (under the helium or nitrogen atmos-
phere) showed an imitial low period of methane gen-
eration followed by a rise in rate of generation to a

peak 4-6 weeks afier the culture started. then a
gradual decline for several weeks. In composition the
cultured gases are predominantly methane. carbon
dioxide. and “‘excess nitrogen™. Hyvdrogen. ethane.
propane, and hydrogen sulfide are minor compo-
nents. In contrast to the marsh gas samples, carbon
monoxide was not detected. Emanations from a cul-
tured sample of Phragmites from highly contami-
nated Delaware Bay yielded a large variety of orgamic
compounds (Table 5). '

pH and Eh were monitored in a culture of Typha
latifolia for 2 months. pH remained in the range 7-7.1
and Eh ranged between —80 and ~120 mV during the
period.

Table 4. Composition of gases from cultured plant samples; mol. % on air-free basis

Species and location Date
Date culture began sampled H, CH, G:H, CiH, CcO CO, N- H.S
Decodon veriicillaius 11.04.74 tr. 38.0 ir. 0.03 0 32.90 28.47 0
Cedar Cr. Bog, 12.04.74 tr. 28.28 . 0.02 0 38 48 46.77" 0
Minn. 01.30.75 0.04 45.4 0 0 0 346 19.9 0
07.08.74 02.18.75 0 15.3 0 0 0 27.6 56.8 ¢
04.17.75 0 0 0 0 0 0 0 0
Typha latifolia 11.04.74 tr. 34.50 0 tr. 0 39.19 25.70 1 0
Anderson Pond. 12.04.74 tr. 23.60 0 tr. 0 26.80 19.18* 0
Minn. 01.30.75 0.03 44.9 0 0 0 42.1 13.0 0
07.08.74 02.18.75 0 45.4 0 tr. 0 46.4 8.0 0
04.17.75 0 46.4 0 0 0 6.4 7.2 0
Erchornia crassipes 11.04.74 0.04 26.72 tr. 1. 0 3414 38.43 0
L. Guillaume. La. 12.04.74 0.33 22.40 tr. 1. ] 28.63 48,47 ]
09 02.74 01.30.75 0.03 1.5 0 0 0 36.2 223 0
02.18.75 0 414 0 0 0 39.4 19.2 0
04 17.75 0 0 ( Q 0 0 ¢
Amaranthus ausiralia 11.04.74 003 32.75 0 0.03 0 37.04 29.14 0.29
(=Acnida 12.04 74 tr. 30.89 0 ir. 0 34.93 337" 027
cuspidata) 01.30.75 004 549 0.01 0.01 0 35.3 9.5 0.18
CalcasieuR..La 02.18.75 0 533.8 0 0 0 374 8.7 0
09.02.74 M.17.75 0 0 0 0 0 0 a 0
Alternanthera 11.04.74 0 1.84 0 1r. 0 51.07 46.4 0.10
pliloacroides 12 04.74 0 1.44 0 Q.02 0 39.78 58 26" 008
Sabine WL area. 01.30.75 0.02 49.4 0.02 0.02 0 384 120 0
La. 02.18.75 0 3835 Ir. 0 0 414 100 0
09.02.74 M.17.75 tr. 43.0 1r. ir 0 300 27.0 0

* N. + He from atmesphere in culture flask.
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Table 5. Composition of gases from cultured plant sample
(Phragmites communis) from Port Penn. Delaware. on
Delaware Bay: muss spectromeier analysis

Compound Mol %" W1, %"

Hvydrogen 0.02

Methane 12.89 5.63
Ethyviene (.03 0.02
Ethane 0.03 0.03
Propane 0.09 0.11
lsobutane 0.09 0.14
n-Butane 0.07 .1
Pentane 005 (.10
Isopentune 0.21 0.4]
CuHia 0.07 0.16
C.H. 018 0.43
C-H,. 0.04 0.10
C-H, 0.16 0.44
Benzene oul 0.02
Toluene 0.02 0.06
Argon .57 3.90
Oxygen 33.19 29.04
Carbon dioxide 49.26 59.26
" Onnitrogen-free basis 99,499 19.98

VARIATIONS IN CARBOHYDRATE CONTENTS
OF METHANE-PRODUCING PLANTS

Because of the importance of carbohydrates as
source material for bacteriogenic methane, the total
carbohydrate contents, free sugars. and polymeric
sugars were analyzed in several plant species used in
the culture experiments. Both fresh plant samples
and those that had cultured with bacterial muds for
varving lengths of time were analyzed. The total
carbohvdrate contents of the plants analyzed varied
from 43 10 8% on a dry weight basis. and after
culturing for 6 months the loss of carbohydrates

F. M. Swain

ranged from as low as 21% (in Distichlis spicata) 10 as
high as 83% (in Typha latifolia). The free sugar
contents ranged from negligible to 4.9 mg/g in fresh
plants and from 0.2 to 3.1 mg/g in sumples cultured
for 6 months. Glucose. galactose. mannose.
arabinose. and xylose were variably represented
among the free sugars. whereas ribose and rhamnose
were not found in any of the samples. The abundance
of mannose in sex eral of the brackish water specimens
was noted previously (Swain. 1971) and may have
originated in yeasts and molds attached to the plants.
Total carbohydrates were analyzed by a phenal-sul-
furic acid method (DuBots er al., 1956): free sugars
were extracted with water and separated chromato-
graphically.

The polymeric sugars in the plant samples were
extracted with dilute sulfuric acid under reflus con-
ditions and were separated chromatographically
{Table 6). Xvlosc is the predominant sugar and galac-
tose and arabinose are also major components. Glu-
cose is an important although subordinate sugar 1n
the polymeric components of these plants. A recon-
struction of the possible polysaccharide suites in two
fresh and decaved marsh plant species, based on data
from Table 6is shown in Table 7. Xylans predominate
aver other polysaccharides in both species. The car-
bohydrate analyses show that cellulose is subordinate
to other sugars as plant components and probably
also as sources of methane in these samples.

CARBON AND HYDROGEN ISOTOPE ANALYSES

The average of 6"C (PDB) analyses of the
methane of 33 marsh gas samples was —52.7 %o as
compared with an average of —45.7 % for 13 cultures
of plant specimens that were obtained from the same

Tauble 6. Carbohy drute analy<es of fresh and cultured plant vumples from marshes for marsh gases.
Polymeric sugars. in percent of total ueid extractable sugars

Totul
sugars
extracied
1. Freshsumples {(malp) Locality gal glu man  ara xvl rib rhi
Phragimites comnums 354 Delaware Buy 8.0 113 &0 261 M8 ng Lo
Distichlis spicata 443 Dclaware Bay 9.8 94 6.8 3.6 435 0
Typhalanfolia 3.3 Minnesota. Fish 236 RS 3.7 279 363 0 0
Luke
Alernunthera philoyeroides 2.6 Louisiana, Subine 182 139 0 2.5 341 0 2.3
Wildhfe area
Spartina putens 7.5 Louisiana, Sabine 222 15.0 43 212 316 22 25
Wildlife area
Acidnacuspidata 4.9 Louisana. 17.1 122 121 143 207 102 73
{ = Amuranthus ausiralia) Calcasicu River
Erchorma crassipes 84 Louisiuna, 16.8 146 6.1 3.7 232 KN
Guillaume Lake
2. Cultured samples
Phragmites cammunis 364 Deluware Bay 2.5 16.1 7.9 144 391 u 0
Disnchhsspicatn 2o Delaware Bay M3 1270 1oy 6.1 0 0
Trphaluniola L Minnesota, Pish 9.3 184 &1 257 3k 0 0

Luke
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Table 7. Comparison of polymeric sugars in {resh and decayed marsh plant specimens.
calculated from monosaccharide analyses

Calculated polymersin

Species Calculated polymersin fresh plant decayed plant
Phragmites conununis 1 Xvlans(hemicellulose) 71% 1. Xvlans 53%
(xyl(B11)453%) (ay1399%)
(ara(B1-3)26%) (ara 14%)
2. Cellulose (and Starch?) 11% 2. Cellulose? 11%
glu(B1-4)(B1-47)) (glu)
3. Mannans 10% 3. Mannans? 8%
(man(B 1)) (mn)
4. Pecucsubstances? 8% 4. Pecticsubstances - 23%
(gal (B1-9)) (gal)
{may alsoinclude 5. Undet. glucans 5%
1-3and -3 ara)
Dustichlis spicata 1. Xylans 753% 1 Xvlans 53%
2. Celtulose 9% (xv136%)
3. Mannans % (ara17%)
4. Pecticsubstances 10% 2. Cellulose? Y%
3. Mannans trace
4. Pecticsubstances 13%
5. Undet. glucans 24%

and galactans

localities tested for marsh gas. §D (SMOW) analyses
of methane from eight marsh gas samples showed an
average of —239.9 %o as compared with an average of
~334.1 %o for seven plant cultures from the same
localities. Only two §D water analyses were obtained
during this study: a fresh-water lake in Louisiana
(=74 %) and a brackish water marsh, also in
Louisiana (425 %o).

The observed values of §'*C and 6D are consistent
with a bacterial origin of the methane (ScHoOELL.
1980). although the cultured samples are exception-
ally light in D. The relatively lighter values for ''C of
methane from marsh gases as compared to those
from the plant cultures suggest that organisms other
than macrophytes or a variety of intermediate
metabolic products contributed importantly 10

methane generation in these samples. The expla--

nation for the lighter D values in the methane from
plant cultures than in the corresponding marsh gases
is uncertain. but may be related to the fresher water
of the culture sample environmenis than that of the
marsh environments. The 8D values of sea water are
a little less negative than those for rainwater and
ground water (ScHIEGEL and VogGEL. 1970) but the
differences are small and may not be a factor in the
variations observed here.
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