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ABSTRACT. Fatty acid and aliphatic hydrocarbon contents have been examined in sediment collected
in traps suspended at three depths at a location in Lake Michigan. Fatty acid distributions are similar
at all depths and suggest an authochtonous origin of these materials. Concentrations of acids decrease
with greater depths of traps and indicate a combination of active microbial reworking and of dilution by
resuspended sedimentary materials, Hydrocarbons in the metalimnion trap contain mostly algal and bac-
terial components, whereas near-bottom hydrocarbons contain a large land plant contribution, presumably
from resuspension of bottom sediments. Comparison of trap contents with fatty acid and hydrocarbons
obtdined from faunal debris and with published diatom compositions indicates that a mixture of such
sources is combined in the organic matter settling in Lake Michigan. Estimated fluxes to the bottom of
this part of the lake are 6.5 g/m®[yr for organic carbon, 1.8 g/m? [yr for fatty acids, and 27 mg/m? [yr

for aliphatic hydrocarbons.

INTRODUCTION

Settling of particles within the water column is a
process important to the accumulation of organic
matter in sediments. Interception and collection
of settling particles with sediment traps is a means
of obtaining information about materials reaching
the sediment surface. Soutar et al. (1977) showed
that the use of sediment traps is an effective way
to monitor the chemical and biological inputs to
coastal marine sediments. In a related study,
Crisp et al. (1979) characterized hydrocarbon
contents of sediment traps deployed in four coastal
California basins. Indications of inputs from fresh
and weathered petroleum, marine aquatic, and
terrigenous sources were identified, with each basin
receiving different proportions from these sources.
Sediment traps situated at multiple depths in a
sub-Antarctic bay were used by Platt (1979)
to estimate the annual flux of organic carbon to
underlying sediments and to quantify the amount
of sediment resuspension. Up to 80 percent of
sediment trapped within 5 meters of the bottom
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was resuspended bottom material, and the organic
matter associated with this material may be made
more available to benthic organisms by this process
of physical recycling.

Prahl and Carpenter (1979) determined seasonal
and annual fluxes of organic carbon, aliphatic
hydrocarbons, and polycyclic aromatic hydro-
carbons in sediment trap materials collected
in Dabob Bay, Washington. Organic carbon fluxes
correlate with rates of primary production, but
the hydrocarbon fluxes do not, leading to their
conclusion that land runoff and atmospheric
deposition are major sources of much of these
hydrocarbons. Furthermore, zooplankton fecal
pellets evidently have an important role in sedi-
mentation of organic matter in coastal locations.

As part of a broad investigation of sedimen-
tation processes in the Great Lakes, we have
determined the amounts and types of fatty acids
and saturated hydrocarbons collected by sediment
traps suspended at three depths in Lake Michigan.
These data provide indicators of sources and fluxes
of organic matter into the bottom sediments of
this lake and of processes operative in the water
column which affect organic materials.
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SAMPLING AND ANALYSIS

Sediment traps consisting of 50 cm X 10 c¢cm
Plexiglas cylinders connected to 500-mL LPE
bottles were deployed from June 6 to September
15 at station 78-3 of Chambers and Eadie (1980)
during 1978. This location is in 83 m of water
at the base of the coastal slope off the mouth of
the Grand River, southeastern Lake Michigan.
Samples were obtained from water depths of 35 m,
73 m, and 82 m. The metalimnion/hypolimnion
boundary during the sampling period was approx-
imately 35 m. Mercuric chloride was added to each
trap at about 100 ppm to prevent decomposition
of organic materials during the collection period.
Details of the deployment and efficiencies of the
traps are given in Chambers and Eadie (1980).

Organic carbon content of trap material and
surficial sediment was determined by placing a
portion in an ampule and using the oxidative
procedure of Menzel and Vaccaro (1964) to
generate CO,. The amount so formed was mea-
sured with an Oceanography International Carbon
Analyzer. TOC content of the three trap samples
is very similar to the 30.0 mg organic C/g present
in surficial sediment at this location and consider-
ably less than that of Lake Michigan plankton
(Meyers, unpublished), indicating that the bulk
of sediment trap material is indeed nonliving
particles. The respective values at 35 m, 73 m, and
82 m are 354, 23.8, and 25.0 mg organic C/g
dry sediment.

Sediment trap material was freeze-dried prior
to extraction. Faunal debris was separated with
tweezers from sediment material and treated as
discrete samples. Alkaline hydrolysis of each
sample was done in 50-mL heavy-wall centrifuge
tubes having Teflon-lined screwcaps. A mixture
of 4 mL 0.5 N KOH in 95% methanol and 10 mL
benzene was added to each tube, and the sealed
tubes were heated at 100° for 30 minutes. After
the tubes had cooled, 10 mL methanolic BF,
(Supelco, Inc.) was added, and freed fatty acids
converted to methyl esters by heating the sealed
tubes at 100° for 5 minutes. Lipid compounds
were extracted with five 10-mL volumes of
petroleum ether after adding 15 mL H, O to the
contents of the tube. Hydrocarbon and fatty acid
methyl ester fractions were isolated by thin-layer
chromatography on silica gel. Blanks were done
using the entire extraction and analysis scheme,
and the results have been corrected for the small
amount of contamination found.

According to studies of Meyers and Quinn
(1971, 1973), the single-tube extraction scheme
gives recoveries of over 90% for n-alkanoic acids
and n-alkane hydrocarbons. In addition, because
an aqueous/organic partitioning of fatty acid
salts from nonsaponifiable materials is not in-
volved, possible selective losses of long-chain
alkanoic acids is avoided.

Gas-liquid chromatography was used to identify
and to quantify the components of these fractions.
For the sediment trap samples, analyses were
done on 3 m X 2.1 mm ID stainless steel columns
packed with 3% SP2100 with 100-200 mesh
Supelcoport (Supelco, Inc.). These columns
were operated dual differentially from 150° to
325° C at 4°/min. The zooplankton debris samples
were analyzed using a 10 m SP2100 glass capillary
column operated from 150° to 275° at 4°/min.
Internal injection standards of n-tetradecane,
n-hextriacontane, or n-heptadecanoic acid were
added to samples for quantification. A Hewlett-
Packard 5831 Recording Gas Chromatograph
was used for all analyses.

RESULTS AND DISCUSSIONS

Concentrations of total fatty acids decreased with
the depth of the sediment trap. In the 35-m
sample, 9.8 mg acids were found per gram sedi-
ment. In the 73-m sample, 10 m off the bottom,
the concentration was 5.3 mg/g and at 82 m
it was 1.7 mg/g. After adjusting for the fraction
of organic carbon contained in fatty acids, these
concentrations represent 21 percent of the 35-m
TOC, 17 percent of the 73-m TOC, and 5% of the
near-bottom TOC. These concentrations and
percentages are substantially greater than those
found in Lake Huron surface sediments (Meyers
and Takeuchi 1979).

Normalized distributions of the straight-chain
acids in these samples are presented in Figure 1.
These are dominated by C, acids characteristic
of algae and bacteria and by large proportions
of monounsaturated acids. Palmitoleic acid, the
monounsaturated C, 4 acid dominating the compo-
sitions in Figure 1, has been found to be the major
fatty acid in a number of marine diatoms (Lewis
1969, DeMort et al. 1972, Boutry and Barbier
1974). The unsaturated fatty acid content of the
three sediment trap samples indicates substantial
proportions of recently biosynthesized acids.
Sample 3-10 at 73-m depth contains proportion-
ally more unsaturated acids than does sample 3-1
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close to the sediment/water interface and suggests
that more biological material is present in this
trap.

None of the fatty acid distributions in Figure 1
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FIG. 1. Fatty acid compositions of settling sediment col-
lected in Lake Michigan waters. Acids identified by carbon
chain length and normalized to major component (100).
Solid lines = alkanoic acids; dashed lines = alkenoic acids.
All acids having 22 carbon atoms and more summed as 22+.
Trap depths are 35 m (sample 3-35), 73 m (sample 3-10),
and 82 m (sample 3-1).

contains a large percentage of longer chain acids,
grouped as C,, and longer in the histograms.
Acid distributions having maxima at C,, or C,,
and strong even-to-odd predominance are typical
of terrigenous higher plants (¢f. Simoneit 1977).
Instead, the distributions are dominated by C,,,
Ci6, and C,g straight-chain acids characteristic
of aquatic plant origin (Cranwell 1974). As con-
cluded by Meyers, Bourbonniere, and Takeuchi
(1980a) for fatty acids in Lake Huron sediments,
these sediment trap acids appear to originate from
within the lake environment. Land-derived acids
associated with sedimenting particles are evidently
degraded by biological and biochemical processes
before they can become incorporated in Great
Lakes sediments.

Unlike the fatty acid distributions in the sedi-
ment trap samples which change little with depth,
aliphatic hydrocarbon distributions are markedly
different. In Figure 2, the 35-m distribution con-
tains large contributions of shorter chain C,, to
Cis n-alkanes considered typical of freshwater
algal hydrocarbons (Giger and Schaffner 1977;
Cranwell 1973; Giger, Schaffner, and Wakeham
1980) and lower amounts of C, ; to C,, n-alkanes
characteristic of terrigenous plant waxes (Douglas
and Eglinton 1966, Cranwell 1973, Giger and
Schaffner 1977). In contrast, the two deep samples
are dominated instead by C,,, C,4, and C,,
n-alkanes and contain little of the short chain,
algal hydrocarbons. These hydrocarbon patterns
indicate the origins of the materials from the
three depths.

In all three distributions, n-C, s is an important
constituent. This n-alkane has been found at high
levels in lake sediments (Giger and Schaffner
1977, Meyers et al. 1980a) and in some dust
particles (Simoneit 1977). In their comparison of
hydrocarbons from a limited number of biota
sources, Giger and Schaffner (1977) found the
C,;s n-alkane to be an important component
of a sample of mixed freshwater zooplankton and
of the leaves of an unidentified lakeshore reed,
but to be virtually absent in the blue-green alga
Microcystis sp. Hence, this hydrocarbon may
indicate an aquatic yet non-algal inpute to the
sediment trap compositions.

Phytane and pristane are found in the sediment
trap hydrocarbons. These isoprenoid compounds
are derived from the phytol side chain of chloro-
phyll a by biochemical and geochemical trans-
formations. Blumer, Mullin, and Thomas (1963)
proposed that pristane is formed in the digestive
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FIG. 2. Aliphatic hydrocarbon compositions of settling
sediment collected in Lake Michigan waters. n-Alkanes
identified by carbon chain length and normalized to major
component (100). Pristane appears as dashed line after
n-Cy,; phytane as dashed line after n-C,g. Trap depths
as in Figure 1.

tracts of zooplankton. Hence, its presence in the
82-m trap may indicate zooplankton fecal pellet
contribution. Phytane is found in all three sedi-
ment traps and is most abundant in the 35-m
sample. Because important biological sources
of phytane are not known, Crisp et al. (1979)
interpreted its presence in modern sediments
to indicate petroleum hydrocarbon input.

The hydrocarbon contents of the three sedi-
ment trap samples suggest different sources of
input. The 35-m sample contains mostly algal
hydrocarbons with a small contribution of long-
chain terrigenous components. This pattern agrees
with the fatty acid content which is also character-
istic of an algal source. The two deeper samples

are dominated by higher plant hydrocarbons in
the C,5s to C,; range and only 20% of shorter-
chain algal hydrocarbons. These differ from the
fatty acid source indicators to show that in Lake
Michigan land-derived acids are destroyed and
replaced by autochthonous components during
transport to the lake and settling to the bottom,
but that hydrocarbons resist similar degradation.

Similarities between the two deeper fatty acid
and hydrocarbon compositions and those found
in surficial Lake Huron sediments by Meyers
and Takeuchi (1979) suggest these traps contain
a large fraction of resuspended lake bottom
material. Concentrations of total fatty acids and
total aliphatic hydrocarbons are highest in the
35-m sample, reflecting a relatively large bio-
logical input. As this material settles deeper into
the water column and nears the bottom, it be-
comes diluted by resuspended sediments which
are low in organic content and high in mineral
matter. However, even in the near-bottom sample
3-1, levels of acids and hydrocarbons are an order
of magnitude higher than those in Lake Huron
surficial sediments (Meyers and Takeuchi 1979).
The combination of fine grain size and more recent
biological input may be responsible for the higher
geolipid content of the sediment trap materials.

In an effort to learn more about the contri-
bution of biological materials to the trap contents,
intact fauna and faunal fragments that had been
removed from the freeze-dried sediment samples
were analyzed separately. Dried weights of these
faunal remains were 7.7 gm, 57.6 gm, and 52.7 mg
from the traps at 35 m, 73 m, and 82 m, respec-
tively. These represent less than 5% of the total
trapped material.

The concentration of total fatty acids is highest
in the 35-m trap debris and decreases progressively
with depth. This pattern is similar to that found
in the sediment samples, but the concentrations
are an order of magnitude higher than those of
the sediment and show that biogenic debris can
be an important contribution to sediment organic
matter.

Distributions of component acids are given in
Figure 3. In all three, palmitic acid is the dominant
component, and acids of chain lengths having 14,
16, and 18 carbon atoms comprise the total
distribution. Marine zooplankton fatty acids are
dominated by palmitic acid and, like the distri-
butions in Figure 3, contain large amounts of 14,
16, and 18 carbon acids (Jeffries 1970, Ackman
and Hooper 1970). However, compositions of
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FIG. 3. Fatty acid compositions of faunal debris removed
from sediment trap samples. See legend of Figure 1.

these marine species also are characterized by large
percentages of polyunsaturated C,, and C,,
acids. The absence of these acids in the sediment
trap zooplankton debris is probably due to degra-
dation of these labile acids quickly after the
death of the animal, rather than biochemical
differences between the related marine and fresh-
water organisms.

The concentrations and distributions of aliphatic
hydrocarbons are given in Figure 4 and differ
for the three samples. It is possible that different
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FIG. 4. Aliphatic hydrocarbon compositions of faunal

debris removed from sediment trap samples. See legend of
Figure 2.

types of planktonic fauna contribute to the debris
in the three traps or that benthic faunal remains
are found in the near-bottom trap. Hence, these
hydrocarbon differences may be primarily source-
related. It is also possible they may be due to
different amounts of hydrocarbon degradation,
inasmuch as Giger, et al. (1980) report preferential
loss of shorter-chain n-alkanes compared to longer-
chain ones under anaerobic conditions in sedi-
ments. This effect, believed to be microbially
mediated, may account for the 82-m distribution
since this trap appears to contain a large propor-
tion of resuspended, and hence older, sediment.

From the measured organic component con-
centrations and from sediment fluxes determined

- by Chambers and Eadie (1980), the fluxes of TOC,
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total fatty acids and total aliphatic hydrocarbons
can be estimated. These data are summarized in
Table 1. Although concentrations of organic
materiils are lower near the bottom than in the
35-m trap, the fluxes to the sediment increase
progressively toward the bottom because of
increase in sediment accumulation rates. However,
the near-bottom trap may contain over 90%
and the 73-m trap a substantial amount of resus-
pended bottom sediments (Chambers and Eadie
1980).

TABLE 1. Concentrations of total organic carbon ( T0C),
total farty acids (TFA), and total aliphatic hydrocarbons
(THC) in trapped sediment samples and estimates of fluxes
to bottom sediments. Fluxes at depths of 72 m and 82 m
not corrected for resuspended bottom material,

Component 35m 73m 82m
TOC, mgm/gm 354 238 250
TFA, mgm/gm 938 53 1.7
THC, ugm/gm 148 36 53
Sediment flux, gm/m? /dy* 0.5 1.5 14
TOC flux, mg/m? /dy 177 353 350
TFA flux, mgm/m? /dy 49 79 23.2
THC flux, ugm/m? /dy 74 54 742

* from Chambers and Eadie (1980)

As reported by Chambers and Eadie (1980),
the 35-m trap collected material at the same rate
as the %2!'°Pb sediment accumulation rates in
southeastern Lake Michigan. Hence, the fluxes
at 35 m are the more accurate representations
of input to the bottom. On an annual basis, these
are 6.5 g C/m?/yr, 1.8 g TFA/m?/yr, and 27 mg
THC/m? /yr at this Lake Michigan site.

In summary, terrigenous and aquatic sources
contribute organic matter to Lake Michigan
sediments, and settling particles contain varying
proportions from these two main categories at
different depths. Suspended sediment particles
collected in the metalimnion contain organic
matter characterized by fatty acids and hydro-
carbons predominantly from aquatic sources.
Fatty acid distributions are similar to those of
surficial Great Lakes sediments (Meyers and
Takeuchi 1979) yet different from Lake Michigan
surface water particulate matter (Meyers, Owen,
and Mackin 1980b), indicating rapid changes in
organic matter character in the biologically dyna-

mic epilimnion. While diatoms appear to be an
important source of lipids to surface particulates,
other algae are dominant in the metalimnion.
Aquatic inputs of fatty acids evidently are similar
in character within the metalimnion, hypolimnion,
and profundal sediments of the Great Lakes and
change only in a quantitative way.

Differences in the types of n-alkanes present
in suspended matter trapped at different distances
from the bottom reveal changes in organic matter
sources. In the metalimnion, these hydrocarbons
indicate an algal or bacterial origin. A small
amount of these compounds may be derived from
diatoms. In addition, a portion of the hydro-
carbons could be from petroleum. Closer to the
bottom, resuspended sediments dilute the organic
content of the trapped sediments. These particles
contain predominantly land-derived hydrocarbons
transported downslope in association with fine-
sized sediments. These near-bottom hydrocarbon
distributions resemble those of Great Lakes sur-
ficial sediments (Meyers and Takeuchi 1979).

Fatty acid content of the suspended sediments
reflects active microbial reworking of contri-
buted organic matter. Hydrocarbon distributions
seem to have been little altered by this activity,
probably because the periods of time required
for the changes observed in laboratory degrada-
tions of hydrocarbons (Cranwell 1979, Giger
et al, 1980) are not available during the settling
times of these sediments.
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