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Abstract

Aliphatic amines were determined in sediments and sediment pore waters from several contrasting sites in Chesapeake
Bay. The aliphatic amines diethylamine, sec-butylamine, n-propylamine, and i-propylamine were detected in a limited
number of pore-water samples at concentrations generally less than ~ 0.6 M. The occurrence of these amines showed no
obvious correlation to other sediment geochemical parameters. Whole sediment (HF /HCl-extractable) aliphatic amines were
less than ~ 0.8 nmol/gdw. Isoamylamine and 2-methylbutylamine were the only amines that could be detected and
quantified in sediment extracts, although diethylamine was below our detection limit in selected samples. When compared to
other measured nitrogen pools in the sediments, these observations suggested that aliphatic amines may not represent a
significant fraction of the nitrogen that is remineralized in these sediments, although more detailed concentration and rate
studies are needed to verify their role in sediment nitrogen cycling. These aliphatic amines also did not appear to represent a

major component of the uncharacterized nitrogen in these sediments.

1. Intreduction

The study of nitrogen cycling in the marine envi-
ronment is an area of active research (see Carpenter
and Capone, 1983; Blackburn and Serensen, 1988).
Two important aspects of this problem have been the
characterization of organic nitrogen compounds
found in sediments, and the determination of the
specific organic nitrogen compounds involved in
sedimentary nitrogen regeneration. While a range of
organic nitrogen compounds have been identified in
marine sediments (Lee and Olson, 1984; Patience et
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al., 1992), a significant fraction of the sedimentary
nitrogen remains uncharacterized. Furthermore, with
the exception of amino acids (Henrichs and Farring-
ton, 1987; Burdige and Martens, 1988; Cowie and
Hedges, 1992), very little is quantitatively known
about the early diagenetic processes affecting spe-
cific organic nitrogen compounds.

Aliphatic amines represent a class of organic ni-
trogen compounds that play important roles in some
aspects of aquatic nitrogen cycling. They appear to
be ubiquitous in marine organisms, where many are
used in osmoregulation (Yancey et al., 1982; Wang
and Lee, 1995a). Amines such as trimethylamine
(TMA), dimethylamine (DMA) and methylamine
(MA) have been identified in marine sediments and
sediment pore waters, and several processes /sources
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have been suggested to explain their occurrence (Lee
and Olson, 1984; Glob and Sgrensen, 1987; King,
1988; Lee, 1988; Wang and Lee, 1990,1993; Yang et
al., 1993). Both biotic and abiotic processes are
thought to be important, and the geochemistry of
these amines is strongly affected by their reactions
with sediment particles (Wang and Lee, 1990, 1993,
1995b). Amines may be adsorbed to organic and /or
inorganic surfaces in a sediment (these are also
referred to as exchangeable amines), and may also be
more permanently ‘‘fixed’” within the lattices of clay
minerals in the sediments. Lee and Olson (1984)
observed that exchangeable (extracted by LiCl) and
fixed (extracted by HCI) DMA and TMA account for
less than 0.5% of the total nitrogen in Buzzards Bay
sediments and < 0.1% of the total nitrogen in sedi-
ments from the eastern tropical North Pacific (ETNP).
However, Lee (1988) later observed that HF extrac-
tion of these same ETNP sediments recover up to an
order of magnitude greater concentrations of MA,
DMA and TMA.

Beyond studies of smaller aliphatic amines, little
work has been carried out on the biogeochemistry of
other amines. Scully et al. (1988) identified five
volatile aliphatic amines (i-butylamine, 2-methyl-
butylamine, i-amylamine, pyrrolidine, and piperi-
dine) in primary municipal wastewater effluent, and
their concentrations were comparable to those of the
less polar amino acids. Yang et al. (1993) observed
several aliphatic amines in coastal and estuarine
seawater and sediment pore waters, including n-pro-
pylamine, isopropylamine, diethylamine, n-butyla-
mine and pyridine. Scully et al. (1988) suggested
that the amines they observed in wastewaters origi-
nated from the biochemical decarboxylation of natu-
rally occurring amino acids, catalyzed by an enzyme
like pyridoxamine 5'-phosphate (Metzler, 1977). In
contrast, the results of Christensen and Blackburn
(1980) and Burdige (1991b) suggest that dissolved
free amino acids may not be important sources of
aliphatic amines in anoxic sediments.

To further characterize the organic nitrogen com-
pounds found in marine sediments and to further
examine the processes affecting aliphatic amines in
sediments, we have determined aliphatic amines in
sediments from several contrasting sites in Chesa-
peake Bay. The results of these studies are discussed
in this paper.

2. Methods

2.1. Study sites

Studies were carried out at four sites in Chesa-
peake Bay (see map in Burdige and Homstead,
1994). Sites M (38°34'N, 76°26'W) and CB
(38°56'N, 76°23' W) are in the mesohaline portion of
the Bay (bottom-water salinities [PSS] of ~ 10-20)
where seasonal anoxia (or low oxygen) generally
occurs during the summer months (Smith et al.,
1992). Site S (37°16'N, 76°8' W) is in the southern
Bay (bottom-water salinities of ~ 20-30), where the
bottom waters are well oxygenated year-round. Site
N (39°20'N, 76°11 W) is in the northern Bay where
bottom-water salinities range from < 0.1 to 10. The
water depth at site CB is approximately 30 m, 12 m
at site M, and 10 m at sites S and N.

The sediments at sites CB and M are fine grained,
highly porous (J-values range from ~ 0.95 to 0.85
in the upper 20 cm) and organic-rich ()3% organic
carbon). Total nitrogen in the sediments ranges from
~ 0.5-1% (Burdige, unpubl. data). The low C/N
ratio of the surface sediments in this portion of the
Bay (4.5-9) suggests a predominantly marine and
estuarine phytoplankton source for the organic mat-
ter in these sediments. Sulfate reduction (and to a
lesser extent methanogenesis) dominates carbon
metabolism in the sediments of this portion of the
Bay (Marvin and Capone, 1992; Roden et al., 1995).
The sediments in this portion of the Bay only contain
macrofauna seasonally, when the upper few centime-
ters of sediments are colonized by small polychaetes
and bivalves in the spring (Kemp et al., 1990). These
organisms disappear from the sediments in the sum-
mer with the onset of anoxic or low-oxygen condi-
tions in the bottom waters.

Site S, the southern Bay site, is heavily biotur-
bated, primarily by tube-dwelling and burrowing or-
ganisms (Schaffner, 1990). The site has integrated
annual rates of sulfate reduction and measured 3CO,
benthic fluxes that are roughly half those of the
mid-Bay region (Marvin and Capone, 1992; Burdige
and Homstead, 1994). The sediments at site S are
coarser grained, have lower organic carbon ( ~ 0.5%)
and total nitrogen (~ 0.05%) contents, and are less
porous (J-values range from 0.5 to 0.6 in the upper
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20 ¢m) than those at sites CB and M. The sediments
at site N are clay-dominated and iron-rich, contain
~ 2—4% organic carbon, ~ 0.2% total nitrogen, and
have sediment porosities ranging from 0.75 to 0.85
(Burdige, unpubl. data). Organic matter in these
sediments appears to be largely refractory and terres-
trially-derived (J. Cornwell, pers. commun., 1994),
The sediments at site N contain a diverse community
of mixed polychaetes and bivalves, including abun-
dant Rangia clams (W. Boynton, pers. commun.,
1994). Additional data on the geochemistry of these
sites are discussed below and elsewhere (site CB:
Burdige, 1991b; San Diego-McGlone, 1991;
Sholkovitz et al., 1992; sites M, N and S: Burdige,
1991a, 1993; Burdige and Homstead, 1994; Roden et
al., 1995).

2.2. Sample collection

Sediment cores were collected by box core and
sub-cored for sediment analyses. All sub-cores were
stored at in-situ temperatures until processed (within
12 h of collection). Sub-cores for pore-water analy-
ses were sectioned and pore waters extracted using
sediment squeezers (Reeburgh, 1967; Burdige and
Martens, 1990) operated at low pressures (20-40
psi = ~ 1.5-3 atm). Pore waters were processed on-
board ship as described previously (Burdige and
Martens, 1990; Burdige and Homstead, 1994). Sedi-
ment ‘‘squeezer cakes”” were saved (frozen at
—20°C) for later analysis. Samples for methane
analyses were collected as described previously (Re-
eburgh, 1980; Alperin et al., 1992).

Pore-water samples (minimum of 50 ml) for the
analyses of dissolved aliphatic amines were only
collected from site CB sediments, and were filtered
on-board ship through a 0.45 pm filter into polyeth-
ylene bottles and acidified with two drops of concen-
trated sulfuric acid. These bottles were refrigerated
on-board ship until they were returned to Norfolk
where they were frozen in a —80°C freezer until
analyzed. In contrast, aliphatic amines in sites S, M,
and N sediments were determined using whole sedi-
ment samples. Sediment sub-cores were sectioned
on-board ship as discussed above and whole wet
sediment sections were stored frozen in plastic bags
until extracted and analyzed in the lab (see below).

2.3. Dissolved and solid phase analyses

Sulfate was determined turbidimetrically (Taba-
tabai, 1974; Burdige, 1991a) while ammonium was
determined by a modified version of the phenol-hy-
pochlorite method (Gieskes et al., 1991). 3CO, was
determined by infrared detection using a modified
Oceanography International Total Carbon Analyzer
(Burdige, 1991a). Methane was determined by gas
chromatography and flame ionization detection using
a headspace technique (Alperin and Reeburgh, 1984),
after thawing the frozen, basified sediment samples.
Amino acids were determined by an HPLC tech-
nique using pre-column OPA derivatization (Burdige
and Martens, 1988, 1990). Particulate nutrient analy-
ses (C and N) were performed by high-temperature
combustion using a Carlo Erba NCS elemental ana-
lyzer (Verardo et al., 1990). Aliphatic amines were
determined as discussed below.

2.4. Determination of aliphatic amines

The extraction method used for the combined
measurement of exchangeable and fixed amines in
the sediments was based on the method of Wang and
Lee (1990). The frozen sediment was first thawed
and centrifuged to remove pore water, and 0.68 ml
of a 10 "* M sec-butylamine solution was added as an
internal standard to a 32 g portion of the remaining
homogenized sediment. This was mixed with 150 ml
of 5 N HF/1 N HCI in a Nalgene beaker, and
stirred for 24 h. The extracted sediment was then
removed by centrifugation, and the acid extract neu-
tralized with sodium hydroxide while immersed in
an ice bath. Any solid precipitates formed were
removed by centrifugation and 110 ml of the super-
natant was then used for purge-and-trap concentra-
tion of the amines.

The purge-and-trap method used to remove
aliphatic amines from sediment extracts /pore waters
was similar to that described by Scully et al. (1988),
except that a 110 ml sample of sediment extract or a
50 ml pore-water sample was used. Approximately
35 g KCI and 1.6 g KOH were added to a sediment
extract sample, which was then purged at 300
ml/min for 2.25 h with ultra high-purity helium gas
(approximately 16 g of KCI and 0.7 g KOH was
used for the pore-water samples). Amines purged
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Fig. 1. Pore-water concentrations of: sulfate, methane, ammonium, 3CO, and total dissolved free amino acids (TDFAA), all vs. depth, in

core CB-41 collected at site CB on 6,/21 /88.

from the sample were trapped on cartridges contain-
ing copper chloride coated on acid-washed Chro-
mosorb W (60/80 mesh). The recovered amines
were concentrated into 1 ml of benzene, and deriva-
tized with 1 ul heptafluorobutyric anhydride (instead

Ammonium (mM)

Ammonium (mM)

of 10 ul as per Scully et al., 1988) and 20 ul of
0.05 M trimethylamine in benzene.

Derivatized samples were analyzed by gas chro-
matography with electron capture detection or by
GC/MS using both electron impact ionization (EI)
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Fig. 2. Pore-water ammonium concentrations vs.
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depth in cores collected at sites M, N and S in March (@) and July () 1992.
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and methane chemical ionization (CI) to confirm
molecular weight determinations. Both chro-
matographs were equipped with DB-5 columns (J &
W) Scientific). After an initial column temperature
of 55°C for 10 min, the temperature was increased at
10°C/min to 150°C. Unknowns were identified by
comparing their retention times and their EI and CI
mass spectra with those of standards. Amines were
quantified by both GC/ECD and GC/MS analysis.
The aliphatic amines we examined in this study
included: i-propylamine, n-propylamine, sec-
butylamine, diethylamine, i-butylamine, n-butyla-
mine, 2-methylbutylamine, i-amylamine, pyrrolidine,
piperidine, n-hexylamine, 1-methylheptylamine.
Other amines with similar volatilities (i.e. with less
than nine carbon atoms per molecule) could also be
detected, but no chromatographic peaks other than
those reported here were detected above background
levels. For analytical and chromatographic reasons
the procedures described here were unable to quan-
tify the smaller amines trimethylamine (TMA),
dimethylamine (DMA) and methylamine (MA).

3. Results

Inorganic and total dissolved free amino acid
(TDFAA) pore-water profiles at site CB (Fig. 1)
were similar to those observed in other anoxic sedi-
ments such as Cape Lookout Bight (Martens and
Klump, 1984; Burdige and Martens, 1990), and other
portions of the meso-haline Chesapeake Bay, includ-
ing site M (Matisoff et al., 1975; Burdige, 1991b;
Burdige and Homstead, 1994; also see Fig. 2). As in
other anoxic marine sediments (Henrichs and Far-
rington, 1987; Burdige and Martens, 1990) glutamic
acid, B-aminoglutaric acid, alanine, glycine and ser-
ine were the major amino acids found in the TDFAA
pool of site CB sediments (data not shown). The
concentration of total hydrolyzable amino acids in
site. CB surface sediments (109-140 wmol/gdw)
and the THAA/TN molar ratio (0.25-0.44) were
comparable to those observed in other coastal marine
sediments (Henrichs and Farrington, 1987; Burdige
and Martens, 1988; Cowie and Hedges, 1992). As-
partic acid, glutamic acid, alanine, glycine, serine,
alanine, and valine were again the predominant hy-
drolyzable amino acids (data not shown).

Table 1

Dissolved aliphatic amines in site CB sediment pore waters
Depth (cm) I.)PA n-PA sec-BA di-EA Pip
CB-41 (6/88)

0-10 * N

10-15 d 007 005 0.30 nd
15-20 N

20-25 d d d 0.33 nd

CB-12-1 (2/89)®

0-5 N
5-10 nd nd nd 0.62 d
10-20 * N

All concentrations are uM. Symbols: I-PA = I-propylamine; n-
PA = n-propylamine; sec-BA = sec-butylamine; di-EA =
diethylamine; Pip = piperidine. N =no amines were detected in
this sample; N /A = sample not analyzed; nd = not detected; d =
detected by GC/ECD but not confirmed by GC/MS.

* = analyzed as two individual 5 cm sediment sections.

* In a companion core collected on this date (CB-42), piperidine
was detected by GC/ECD but could not be confirmed by GC/MS
in pore waters from the 0—5 and 10-15 cm sections.

®Ina companion core collected on this date (CB-12-2), no amines
were detected in the pore waters of the upper 20 cm of sediment.

Site S sediments show virtually no sulfate and
3CO, pore-water gradients (Burdige and Homstead,
1994), and ammonium gradients that were almost an
order of magnitude smaller than those seen in site M
and CB sediments (Fig. 2). The lack of significant
pore-water gradients at site S does not result from
substantially lower rates of biogeochemical pro-
cesses in these sediments, but rather appears to occur
due to bioturbation (macrofaunal bioirrigation and /or
sediment mixing) of these sediments (see section 2.1.
above and Burdige and Homstead, 1994, for further
details). Finally, the sediments at site N showed
evidence of ammonium and 3CO, production due
to sulfate reduction and other organic matter rem-
ineralization processes (e.g. manganese and iron re-
duction; Burdige, 1993; also see Fig. 2).

3.1. Pore-water aliphatic amines

Pore-water aliphatic amines were determined in
cores collected at site CB in June 1988 and February
1989 (Table 1). In the vast majority of the samples
collected on these two sampling dates none of the
aliphatic amines that could be detected by our proce-



50 D.J. Burdige et al. / Marine Chemistry 51 (1995) 45-54

dures were found in the pore waters. In pore-water
samples that did contain amines, only five amines
were detected and/or quantified. One secondary
amine, diethylamine, was found in a total of three
pore-water samples from cores collected on both
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sampling dates. The concentration of diethylamine
ranged from 0.3 to 0.6 wM. In one of these samples
(CB-41, 10-15 cm), two other amines (sec-butlya-
mine and n-propylamine) were also observed at lower
concentrations (0.05 and 0.07 uM, respectively).
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Fig. 3. Whole sediment concentrations of isoamylamine and 2-methylbutylamine vs. depth in cores collected at sites M, N and S in May
1993. The vertical dashed lines and the values in parentheses indicate the detection limits for each set of analyses, based on the analytical

detection limits and the specific amounts of sediment extracted.
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These two amines, along with i-propylamine and
piperidine, were also detected in several samples by
electron capture detection but could not be con-
firmed by GC/MS analysis.

3.2. Sedimentary aliphatic amines

Sediments from sites S, M and N were analyzed
for aliphatic amines in cores collected during May,
1993 (Fig. 3). Aliphatic amines were also determined
in sediments collected at site S in July and Septem-
ber 1993. Of the amines that could be detected by
our procedures, only three amines were detected
and/or quantified. Isoamyllamine (I-AA) and 2-
methylbutlyamine (2-MBA) were observed in sedi-
ments from all three sites in May 1993. In contrast,
these two amines, along with diethylamine were
either below detection or not detected in cores col-
lected at site S in July and September 1993 (data not
shown). Depth-integration of the May 1993 data
indicated that the amounts of I-AA, 2-MBA and total
amines were highest in the southern Bay sediments
and lowest in the northern Bay sediments (Table 2).

In general, I-AA concentrations were higher than
those of 2-MBA in sediments collected in May 1993
(Fig. 3), and the highest concentration of I-AA was
observed in the surficial sediments at site M. How-
ever, the depth distributions of these amines also

Table 2
Depth-integrated aliphatic amine concentrations in sites S, M and
N sediments (May 1993)

I-AA 2-MBA Total amines

Site S Core S1 120 38 158

Core S2 53 15 68

Average 113
Site M Core M1* 20 <6 ~20-26
Site N Core N1 <12 <11 <23

Core N2 <6 <6 <12

Average < ~17

All depth-integrated amounts are 107° mg N/cm?, and were
determined using the data in Fig. 3, and the average porosites and
dry sediment densities for the sediments at the three sites (Burdige
and Homstead, 1994; unpubl. data).

Symbols: I-AA = isoamylamine; 2-MBA = 2-methylbutlyamine.

? Integrated concentrations were not calculated for core M2 due to
the lack of aliphatic amine concentration data for the 0-5 cm
section (see Fig. 3).

Table 3
Depth-integrated total nitrogen and aliphatic amine concentrations
in sites S, M and N sediments (May 1993)

TN TAA TAA /TN
(mgN/cm?) (1075 mgN/ecm?) (%)

Site S 7 113 0.002%

SiteM 25 ~20-26 ~107°%%

Site N 17 < ~17 <107°%

Symbols: TN = depth-integrated total nitrogen; TAA = depth-
integrated total sedimentary aliphatic amines. TAA is from Table
2, while TN was calculated as discussed in Table 2 using unpub-
lished total nitrogen data for the three sites.

suggested that amines were more ‘‘evenly’” dis-
persed in the upper 20 cm of site S sediments. The
high concentration of I-AA in the surface sediments
of core M1 decreased rapidly with depth, and I-AA
was below detection at depths greater than 10 cm.
Unfortunately, a comparison of this observation with
core M2 is not possible since the 0—35 c¢m section of
this core was lost during sampling. In site M sedi-
ments 2-MBA was either not detected or below the
detection limit in both cores. Finally, with the excep-
tion of I-AA in the 0-5 c¢m section in core N1, both
amines were below detection in site N sediments
(Fig. 3).

4, Discussion

The concentrations of pore-water aliphatic amines
in site CB sediments (Table 1) are similar to the
generally <1 wM concentrations of MA, DMA and
TMA observed in other marine and estuarine sedi-
ments (Sgrensen, 1987; King, 1988; Wang and Lee,
1990; Yang et al., 1993), and are comparable to the
pore-water concentrations of ethylamine, n-pro-
pylamine, diethylamine, and pyridine reported by
Yang et al. (1993). The concentrations of sedimen-
tary amines observed here (Table 3) are similar to, or
up to two orders of magnitude smaller, than the
concentrations of MMA, TMA, and DMA observed
in other sediments (see references above and Lee,
1988).

Previous studies of the geochemistry of these
smaller amines have shown that they are strongly
adsorbed to sediment surfaces, and that
adsorption /desorption reactions play a significant
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role in affecting the geochemistry of these com-
pounds (Wang and Lee, 1990, 1993). The low to
non-detectable dissolved aliphatic amine concentra-
tions observed in site CB sediments are consistent
with this observation, although the lack of combined
pore-water and solid phase analyses of the same
sediment samples precludes a more quantitative dis-
cussion of these phenomena using our data. The
observed pore-water dissolved aliphatic amine con-
centrations at site CB also showed no obvious corre-
lation to other geochemical parameters of these sedi-
ments, and will not be discussed further.

4.1. Sources of aliphatic amines in marine sediments

Aliphatic amines are found in many plants, ani-
mals and bacteria [see references in Scully et al.
(1988) and Wang and Lee (1995a)], although of all
the amines observed here (see Table 1 and Fig. 3)
the biological source of diethylamine has not been
described. The amines I-AA and 2-MBA can also be
produced by the biological decarboxylation of the
amino acids leucine and isoleucine (List and Hetzel,
1960; Metzler, 1977), and such decarboxylation reac-
tions have been proposed to explain the occurrence
of these (and other) aliphatic amines in wastewater
(Scully et al., 1988). While leucine and isoleucine
are found in marine sediments and sediment pore
waters (Henrichs et al., 1984; Henrichs and Farring-
ton, 1987; Burdige and Martens, 1988, 1990; Cowie
and Hedges, 1992), previous radiotracer studies with
other amino acids (alanine and glutamic acid) could
not detect the occurrence of such decarboxylation
processes during the remineralization of these amino
acids in anoxic estuarine, tidal flat and coastal sedi-
ments (Christensen and Blackburn, 1980; Burdige,
1991b).

A comparison of site M and S depth profiles of
aliphatic amines in May 1993 (Fig. 3 and Table 2)
indicated not only lower total concentrations of
amines in site M sediments, but also a much more
rapid attenuation with depth in their concentrations.
This suggested that benthic macrofauna and /or pro-
cesses associated with bioturbated sediments could
be responsible for these distributions. Such a sugges-
tion is consistent with previous studies of TMA
cycling in Danish coastal sediments (Glob and Sgre-
nsen, 1987; Sgrensen, 1987). At the same time, the

high concentrations of amines in cores collected at
site S in May, 1993, and the lack of detectable
amines in cores collected at this site in July and
September, 1993 may result from a high degree of
spatial heterogeneity at the site. Temporal differ-
ences in either the abundances of source organisms
and /or rates of amine production and consumption
may also play a role.

Site N sediments contain very low levels of amines
(Fig. 3), yet also contain benthic macrofauna (see
discussion above). Differences in the type and abun-
dance of macrofauna in these sediments (and in the
aliphatic amines associated with these organisms)
may play a role in explaining these observations.
Furthermore, differences in the sources of organic
matter to site N sediments (e.g. nitrogen-poor terres-
trial organic matter versus more nitrogen-rich marine
and estuarine phytodetritus) may also affect the dis-
tribution of aliphatic amines in these sediments. Fur-
ther studies will be required to examine all of these
suggestions.

4.2. The importance of aliphatic amines in sediment
nitrogen regeneration

When the results in Fig. 3 are compared to typical
hydrolyzable amino acid and total nitrogen concen-
trations in coastal sediments (THAAs = 10-100
wpmol/gdw; TN = 0.05-1% = 35-700 umol/gdw;
see Results section and references cited above), they
indicate that these aliphatic amines are a minor
component of the nitrogen found in these sediments
(also see Table 3). If we use these data to calculate
aliphatic amine ‘‘budgets’” for these sediments, this
suggests that aliphatic amine remineralization ac-
counts for less than ~ 1% of the total nitrogen
remineralization in these sediments [see Martens and
Klump (1984) and Burdige and Martens (1988) for a
discussion of how these budgets are calculated]. This
calculation assumes that aliphatic amines are input to
these sediments as a part of the organic material
sinking out of the water column (as is generally
assumed for the vast majority of the particulate
nitrogen and hydrolyzable amino acids found in sedi-
ments), and that changes with depth in aliphatic
amine concentrations result from their remineraliza-
tion to inorganic nutrients (e.g. ammonium and CO,).
In-situ production (and rapid turnover) of these sedi-
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mentary amines could, however, makes these com-
pounds more important in the dynamics of nitrogen
cycling in these sediments (e.g. Wang and Lee,
1995b). More detailed seasonal concentration and
turnover studies are needed, however, to examine
this suggestion.

4.3. The importance of aliphatic amines in compris-
ing the uncharacterized sedimentary nitrogen

A comparison of depth-integrated amounts of to-
tal nitrogen and total aliphatic amines in these sedi-
ments indicated that these amines represent much
less than 1% of the total sedimentary nitrogen (Table
3). In addition, the possible temporal trends in amine
concentrations in site S sediments (see Results sec-
tion above) further suggested that amines are not
significant organic nitrogen compounds in Chesa-
peake Bay sediments. Since the analytical procedures
used in our study should have extracted the maxi-
mum amounts of sedimentary amines, these observa-
tions suggested that these aliphatic amines are not
likely a significant component of the uncharacterized
nitrogen in estuarine and coastal sediments. An ex-
amination of the data in Wang and Lee (1990) for
sedimentary concentrations of MA and DMA in
several nearshore sediments suggests that MA and
DMA also represent less than ~ 10% of the sedi-
mentary nitrogen in the environments they studied.

The low amine concentrations observed in our
study are somewhat surprising given the fact that
aliphatic amines are produced by a wide range of
marine and estuarine organisms. To account for the
low sedimentary concentrations we observed, either
these aliphatic amines represent a relatively small
fraction of the total organic nitrogen in these organ-
isms, or the turnover rates of these amines (in either
the water column or in the sediments) are very rapid.
Additional studies will be required to examine these
suggestions.

Further studies are also required to verify whether
aliphatic amines are a significant component of the
nitrogen in deep-sea sediments, where both total
nitrogen and hydrolyzable amino acids are found at
much lower concentrations than those in estuarine
and coastal sediments (e.g. Whelan and Emeis, 1992).
Differences in the sources and reactivity (e.g. Wang
and Lee, 1995b) of aliphatic amines and amino acids

in open ocean marine environments could possibly
increase the importance of aliphatic amines in deep-
sea sediments (Lee, 1988).
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