
Mineralization of Sediment Organic Matter under Anoxic Conditions

P.M. Gale,* K.R. Reddy, and D.A. Graetz

ABSTRACT
Organic matter steadily accumulates in eutrophic lakes as a result

of deposition of detrital tissue from algae and aquatic macrophytes
and the slow rate of anaerobic decomposition. The rate of organic
matter decomposition is affected by the nature of the sediment C
(electron donor) and supply of electron acceptors. Batch incubation
experiments were conducted to determine the rate and extent of or-
ganic matter decomposition in bottom sediments under anoxic con-
ditions. Sediment samples from three distinct horizons were collected
from a hypereutrophic lake (Lake Apopka, located in central Florida),
which included the surface unconsolidated flocculent material (UCF),
an underlying consolidated flocculent material (CF) and native peat
sediment. Sediment samples were incubated in serum bottles at 15,
25, and 35 °C in the dark for 534 d. Periodically, the serum bottle
head space was analyzed for COz and CH4 produced during decom-
position. At selected time intervals, the sediments were analyzed for
water soluble organic C, pH, exchangeable NH4-N, and soluble re-
active P. First-order rate constants for C mineralization (defined as
the sum of gaseous C evolved and soluble C species produced) ranged
from 6.7 × 10-4 d-~ for the UCF sediment incubated at 35 °C to 8.2
× 10-6 d-~ for the peat sediments incubated at 15 °C. Two phases of
organic C decomposition were observed in the UCF and CF sediments
while, decomposition in the peat sediments was characterized by only
one phase. The UCF sediment, composed of recently deposited detrital
organic matter, was found to be the most labile. However, under
current experimental conditions, only 8.6% of the UCF sediment or-
ganic C was mineralized to CO2 and CU4o The biodegradability of
sediment organic C ranked in the order UCF > CF > peat. Net
mineralization of N and P was observed in all of the sediment samples
(with the exception of the CF samples incubated at 15 °C). The N and
P mineralized during the decomposition of UCF organic matter may
contribute to the nutrient load of the overlying water column.

THE EUTROPHICATION of a lake often involves in-
creased inputs of nutrients that results in an in-

crease in primary production (i.e., fixation of CO2)
within the system (Henderson-Sellers and Markland,
1987). If the increases in primary production are not
balanced by organic matter degradation and outflow,
an accumulation of organic-rich sediments can occur.
These conditions have been observed in hypereu-
trophic lakes, such as Lake Apopka in Florida (USEPA,
1979a) and Lake Balaton in Hungary (Somlyody and
van Straten, 1986).

Although nutrient loading from external sources
contributes to the eutrophication of lakes, it is also
known that organic-rich sediments can release nu-
trients to overlying waters (Gardner et al., 1989). 
lake sediments, N and P occur in organic and inor-
ganic forms with the latter often predominating. Thus,
the transformations regulating the breakdown of or-
ganic N and P can be critical in supplying nutrients
to phytoplankton and other aquatic biota. Seitzinger
(1988) estimated that between 76 to 100% of fresh-
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water N transformations are microbially mediated within
the sediments of the system. Soluble P concentrations
are not only a function of the organic matter miner-
alization process but are also controlled by dissolu-
tion, sorption, and precipitation reactions that occur
within the sediments (Elderfield et al., 1981).

Several studies have shown the irnportance of phy-
toplankton and bacteria in the cycling of C in aquatic
systems (Adams and van Eck, 1988; Boers and Boon,
1988). In eutrophic lake systems, the production and
degradation of particulate organic matter are regulated
by physical and biogeochemical processes (Boers and
Boon, 1988). Of the organic C deposited at the sed-
iment surface, Adams and van Eck (1988) found that
60% was decomposed aerobically, 15% decomposed
anaerobically, and 25% was buried. In shallow lakes
such as Lake Apopka, FL, aerobic decomposition in
the water column can play a major role, especially
during the periods of wind-driven sediment resuspen-
sion. Under quiescent conditions, facultative anaero-
bic and obligate anaerobic respiration control the
decomposition of organic matter in the sediments.

The rate and extent of organic matter decomposition
in sediments is governed by the quantity and quality
of organic matter. Organic matter decomposition un-
der anaerobic conditions can be thought of as a step-
wise process where cellulose is converted to simple
sugars, simple sugars to organic acids, and organic
acids to CO2 and CH4 (Neue and Sharpenseel, 1984).
Any one of these steps can be rate limiting in anaer-
obic environments. Environmental factors such as
temperature have been shown to influence decompo-
sition rates, with rate constants doubling for every
10 °C rise in temperature (Atlas, 1984). Although 
vast amount of information is available on kinetics of
organic matter decomposition for upland soils (Paul
and van Veen, 1978), a very limited amount of data
has been reported for lake sediments and wetlands
(Vogels et al., 1988). Decomposition rate coefficients
are useful in simulation models and nutrient budgets
to describe quantitatively the nutrient fluxes from sed-
iment to the water column. Billen (1982) has indicated
that an evaluation of the rates of microbial processes
in an aquatic system are necessary for a complete de-
scription of the ecosystem. The cycling of deposi-
tional C is important in determining sediment
accumulation and is inherently linked to other nutrient
transformations. Work by Ali et al. (1988) found sig-
nificant correlations between nutrient concentrations
in the overlying water and sediment organic C levels
in Lake Monroe, an eutrophic central Florida lake.

The objective of this study was to determine the
rate of organic matter decomposition under anaerobic
conditions as influenced by sediment type and tem-
perature. This was accomplished by simultaneously

Abbreviations: UCF, unconsolidated flocculent material; CF,
consolidated flocculent material; TCD, thermal conductivity de-
tector; FID, flame ionization detector; WSOC, water soluble or-
ganic C; SRP, soluble reactive P; DIC, dissolved inorganic C.
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measuring the C, N, and P mineralization in batch
incubation experiments.

MATERIALS AND METHODS

Site Description

Lake Apopka, located in central Florida, is the head-
waters of the Oklawaha River System. The lake has a sur-
face area of 12 500 ha and an average water column depth
of 1.7 m. The hydraulic retention time is approximately 3
yr. Since the 1950s man-initiated and natural events have
contributed to an increased nutrient loading of the lake
(USEPA, 1979a). Unchecked primary productivity during
the past 40 yr has resulted in an accumulation of organic-
rich sediments covering 98% of the lake bottom (Reddy
and Graetz, 1990). These organic sediments are character-
ized by a surface UCF, underlain with CF, and a native
peat.

Sediment Sampling

A piston type sediment core sampler, similar to that de-
scribed by Livingstone (1955), was used to obtain the sed-
iment samples. The UCF and CF sediments were collected
at the same location about 100 m from the eastern shoreline,
while the peat samples were collected in the northeast por-
tion of the lake. The sediment samples were extruded onsite
into 7-L polyurethane bottles and composited by sediment
type. In all, approximately eight cores of each sediment
type were needed to fill the bottles. The UCF sample con-
sisted of the top 27 cm (--- 5 cm) of the UCF/CF cores. The
CF samples were collected from the UCF/CF interface to a
depth of 70 cm. The UCF/CF interface was recognized by
a distinct change in consistency and bulk density. The peat
sediments were collected from the top 40 cm and at the
location selected, these samples were not overlain by either
UCF or CF deposits. After collection, the bottles were kept
on ice for transport to the laboratory.

Batch Incubation Experiments

Batch incubation experiments similar to those described
by Kelly and Chynoweth (1979) were conducted to deter-
mine the rate, extent, and forms of C, N, and P mineralized
during sediment organic matter decomposition. Approxi-
mately 45 mL of field-moist sediment was placed into 150-
mL serum bottles. The bottles were sealed and purged with
N2 gas (99.998% purity) to remove any O2 and incubated
in the dark at 15, 25, and 35 °C. Sixty-three bottles of each
sediment type were included to allow for seven destructive
sampling times at each incubation temperature and three
replications of all treatments.

Periodically a 500-~L portion of the sample head space
was removed and analyzed for evolved CO2 and CH4. The
gas analysis was performed on a gas chromatograph (GC
5840 Hewlett-Packard, Avondale, PA) equipped with 
thermal conductivity detector (TCD). Helium was the car-
rier gas and poropak N (Supelco, Bellefonte, PA) was used
in a 1.8-m stainless steel column. The column temperature
was 50 °C with a carrier flow rate of 0.4 mL s- 1. Working
standards consisted of CH4 and CO2 diluted in N2 gas. The
detection limit of the TCD for either CO2 or CH4 was 1
C mL-I of sample. For greater sensitivity to CH4 a flame
ionization detector (FID) with N2 as a carrier gas was used
occasionally. After head space analysis of the samples, the
bottles were purged with N2 gas and returned to the re-
spective incubators. Initially, gas analysis was performed
on a weekly basis, however, since gas production was low
the sampling time was gradually increased to monthly in-
tervals.

On Days 0, 6, 21, 43, 104, 217, and 534, three replicates

of each treatment were removed and analyzed in the fol-
lowing manner. After head space analysis the pH was mea-
sured and 50 mL of deionized water was added. The samples
were mechanically shaken for 30 min, 30 mL was removed,
and vacuum filtered through Whatman no. 42 filter paper.
The extract was acidified to pH < 2 with H2SO4 for analysis
of water soluble organic C (WSOC) and soluble reactive 
(SRP). To the remaining sediment 25 mL of 2 M KCI was
added. The samples were again shaken for 1 h and then
filtered through Whatman no. 42 filter paper. The extract
was acidified for later analysis of NH4-N.

Water soluble organic C (WSOC) was measured using 
total organic C (TOC) analyzer (OI Corp., College Station,
TX) in accordance with Method 415.2 (USEPA, 1979b).
The procedures of Wilkie et al. (1986) were used to deter-
mine the concentration of acetate in the water extracts. This
method employed a GC with a FID. Acid-washed Chro-
mosorb W (Supelco, Bellefonte, PA) was used as the pack-
ing in a 1.8-m glass column with N2 as the carrier gas. The
column temperature was 100 °C and the carrier flow rate
was 0.4 mL s-k Ammonium-N was determined with the
salicylate-nitroprusside technique (Method 351.1; USEPA,
1979b) and the ascorbic acid technique (Method 365.2;
USEPA, 1979b) was used to quantitate soluble reactive P.
Initially, sediment samples were characterized as to bulk
density, water content, and total C, N, and P. The total C
and N were determined using a Carlo Erba C, N, and S
analyzer (Sturmentazione, Italy) and water content and bulk
density were measured by drying sediment subsamples to
a constant weight. Total P was determined using a micro-
Kjeldahl digestion (Bremner and Mulvaney, 1982), fol-
lowed by analysis using as autoanalyzer (USEPA, 1979b).

The dissolved inorganic C (DIC) concentration of the
sediment porewater was calculated using pH and the partial
pressure of CO2 in the samples (Butler, 1982). Aqueous
CO2 was calculated using Henry’s Law

[CO2(aq)] = K, × pC02 [1]

where
[Co2(aq)] the amount of C02 in solution, moles

per liter
KH = Henry’s Law constant, moles per liter

per atmosphere
pCO2 = partial pressure of C02, atmosphere

Total dissolved inorganic C (DIC) was then calculated
using Eq. 2:

DIC = [C02(aq)]

× (K.~K.2 + K~2[H+] + [H+]2)/(IH+]2) [21

where
DIC =

Kal and Ka2 =

[H+] =

[CO2(aq)] + [HCO3] + [CO3 2 ], moles
per liter
acid dissociation constants, moles per li-
ter
IO--PH

The values for the above-listed parameters used to calculate
DIC during the incubations are found in Table 1.

RESULTS AND DISCUSSION

Selected physical and chemical properties of the
sediments used in these incubations are presented in
Table 2. All of the sediments were characterized by
high water contents (>90%) and low bulk densities
[<0.1 g (dw) cm-3]. Since the C/N ratios of all 
the sediments were below 20, N limitations to decom-
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Table 1. Values for equilibrium constants used in dissolved
inorganic carbon (DIC) calculations (Data compiled from
Butler, 1982).

Temperature KH /~1 /~

°C mol L-~ atm- | -- mol L-

15 0.047 3.8 × 10-7 3.7 x 10-u
25 0.034 4.4 × 10-7 4.7 x 10-u
35 0.026 4.9 × 10-7 5.6 x 10-H

position would not be expected to occur. However, P
could be a limiting factor in the decomposition of the
CF and peat sediments, where measured C/P ratios
were 615 and 1480, respectively. In general C/P ratios
above 300 could be factors limiting microbial produc-
tivity (Paul and Clark, 1990).

Carbon Mineralization

The UCF sediment was the most labile with signif-
icant amounts of both COz and CH4 being produced
at the higher incubation temperatures (Fig. 1). At 35 °C,
CH4 production from UCF sediments showed an ini-
tial lag period that lasted until Day 280, while the rate
of CH4 evolution from the samples incubated at 25 °C
was constant throughout the incubation. For both the
35 and 25 °C incubations of UCF sediment, an initial
flush of CO2 was followed by a slower rate of CO2
evolution. The initial flush of CO2 was most likely
due to the presence of a readily decomposable frac-
tion, while the slower rate would be associated with
the more recalcitrant organic C compounds (Gilmour
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Fig. 1. Cumulative coucentratious o¢ CO2 and CH4 evolved

during anaerobic incubation of unconsolidated flocculent
sediments (UCF) collected from Lake Apopka.

Table 2. Selected physical and chemical properties of sediment
samples used in the incubation experiments.

Sediment Bulk Total Total ’Total
sample density C N P C/N C/P

g dry wt.
cm_a

--g kg-~ dry wt.--

UCF~" 0.029 284 23.6 1.36 12.0 209
CF 0.062 351 26.1 0.57 13.4 615
Peat 0.072 473 29.3 0.32 16.2 1480

t UCF = unconsolidated flocculent material, CF = consolidated
floceulent material.

et al., 1977). For the UCF samples incubated at 15 °C
the initial flush of CO2 was not as pronounced as that
at the higher temperatures. The most striking differ-
ence at this temperature was in CH4 evolution. At the
15 °C incubation temperature noticeable CH4 produc-
tion did not occur until Day 280 of the incubations.
Total CH4 evolved from the UCF sediments incubated
at 15 °C was less than one-tenth of that of the samples
incubated at the higher temperatures. At the end of
the 534-d incubation, at 25 °C, 8.6% of the UCF sed-
iment C had been evolved as either CO2 or CH4.

The evolution of CO2 during the decomposition of
the CF sediment was similar in rate and amount to
that of the UCF sediment (Fig. 2), while negligible
levels of CH4 were detected in the CF sediment. The
trends in gaseous C evolution from CF sediments were
similar to that observed for the UCF sediments, where
an initial flush of CO2 evolution was followed by de-
creasing production. The extent of decomposition, as
measured by the fraction of sediment C evolved as
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Fig. 2. Cumulative concentrations of CO2 and CH4 evolved

during anaerobic incubation of consolidated flocculent
sediments (CF) collected from Lake Apopka.
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CO2 or CH4, in the CF sediment incubated at 25 °C,
was 1.3%.

The peat sediment was the most resistant to decom-
position (Fig. 3). Even at 35 °C only 0.7% of the peat
sediment C had decomposed during 534 d. At 25 °C,
0.5% of the C was lost through gaseous evolution and
0.4% was evolved at 15 °C. The trend in CO2 evo-
lution from this sediment was also different. The in-
itial flush of CO2 noted in both the UCF and CF samples
was not observed in the peat sediments. For the peat
sediments, the evolution of CO2 occurred at a constant
rate throughout the incubation.

The lack of significant CH4 production from the CF
and peat sediments is indicative of a substrate limited
or byproduct-inhibited process. Methane formation
during decomposition of organic matter (Acharya, 1935)
involves first hydrolysis and fermentation of organic
compounds (such as carbohydrates, lipids, and pro-
teins) by acid-forming bacteria to low molecular weight
compounds such as organic acids and alcohols, H2 and
CO2. Methanogenic bacteria convert these products to
CH4 and CO2 (Chynoweth, 1987). The first step de-
pends on the biodegradability of organic matter pres-
ent in the sediments and results in an increase in the
water soluble organic C pool. The second step in-
volves the consumption of the soluble organic C pool
and its conversion to CO2 and CH4. In the UCF sed-
iments, it is possible that acetate and H2 production
were high due to the ease of decomposition of organic
substrates of the UCF sediment as compared to much
more stable organic compounds in the CF and peat
sediments. This is evident in Table 3 where the size

500

40O

30O
_J

f’~ 200

~ 100

~ o
> 500

0 CO2 35°C
¯ CH4

4O0

300

2O0

1oo

~ 0
C) 500

25Oc

~oo

200

100

0
0

15°C CO2 CH4
LSD 0.05 =,:

1 O0 200 300 400 500

Time, d
Fig. 3. Cumulative concentrations of COz and CH4 evolved

during anaerobic incubation of peat sediments collected from
Lake Apopka.

of the WSOC and acetate pools in the UCF sediment
remained fairly constant throughout the incubation.
Suggesting that both production and consumption were
occurring at approximately equal rates. In contrast wide
fluctuations in both the WSOC and acetate pools oc-
curred in the CF and peat sediments (Tables 4 and 5).
The higher concentrations of WSOC in the CF and
peat sediments suggests that the consumption of this
pool may have been a limiting factor in these sedi-
ments.

The pH of the samples increased during the incu-
bation experiments (Tables 3, 4, and 5). Initially, all
sediment samples had pH values above 7.0 and in-
creased to 8.0 by the end of the experiment. The pH
data along with the pCO2 in the incubation bottles
were used to calculate the dissolved inorganic C con-
centration. Although some fluctuation occurred in this
pool in general the values for all of the samples re-
mained in the 30 to 80 mg C L-1 range.

Kelly and Chynoweth (1979) have proposed the use
of CH4 production alone as a measure of decompo-
sition under anaerobic conditions. This approach is
valid as long as methanogenesis is not limited. In our
batch incubation experiments, the sum of CO2 and the
CH4 evolved plus the water soluble C produced during
anaerobic decomposition would be more indicative of
the decomposition process than measuring CH~ pro-
duction alone (Gale and Gilmour, 1988). This is es-
pecially pertinent since the samples were purged at
the end of each gas analysis. By including all C end-
products, whether gaseous or soluble compounds, a
more complete picture of the degradation process was
defined.

For this experiment, total C mineralized was de-
fined as the sum of the CO2-C and CH~-C evolved
plus the water soluble and dissolved inorganic C pro-
duced during the incubations (Fig. 4). The UCF and

Table 3. Porewater concentrations and forms of C, N, and P
during anaerobic decomposition of unconsolidated Ilocculent
sediments (UCF) incubated at different temperatures.

Sample Extractable
temperature Day WSOCt Acetate DIC$ SRP§ NH4 pH

oC
15

25

35

LSD (0.05)

--mgCL -t- mgPL-t mgNL-’

0 32 12.5 50 1.30 31.4 7.0
6 42 9.8 51 0.90 30.4 8.5

21 35 1.0 59 0.17 41.8 7.4
43 68 5.3 63 0.61 39.0 7.2
104 41 13.2 55 2.33 38.8 7.6
217 47 6.7 59 3.94 46.1 7.4
534 41 0.0 53 4.06 171 8.0

0 32 12.5 50 1.30 31.4 7.0
6 55 31.7 54 0.67 40.0 7.8

21 54 8.4 66 1.23 50.2 7.2
43 51 7.3 70 1.77 55.5 7.0
104 57 0.0 55 3.74 85.3 7.7
217 58 4.5 54 5.28 119 7.8
534 37 6.1 53 4.95 212 7.9

0 32 12.5 50 1.30 31.4 7.0
6 57 0.0 56 2.27 53.9 7.6

21 26 9.7 67 2.16 46.3 7.1
43 76 3.1 72 3.93 57.2 7.0
104 47 12.2 62 5.16 53.8 7.3
217 35 1.9 56 1.80 56.0 7.6
534 140 3.3 57 4.42 227 7.5

31 6.8 13 1.77 60.5 0.3

~"WSOC = water soluble organic
$ DIC = dissolved inorganic C.
§ SRP = soluble reactive P.

Co
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Table 4. Porewater concentrations and forms of C, N, and P
during anaerobic decomposition of consolidated flocculent
sediments (CF) incubated at different temperatures.
Sample Extractable

temperature Day WSOC~" Acetate DIC:~ SRP§ NH4 pH

°C --mgCL-’-- mgPL-’ mgNL-’

15 0 45 0.0 65 5.10 78,6 7.1
6 39 0.0 66 4.78 83.0 8.3

21 42 0.0 70 0.68 66.0 7.7
43 106 16.6 71 4.77 74.7 7.7
104 61 5.7 68 6.41 54.0 8.0
217 82 5.0 68 4.74 76.3 8.0
534 34 3.4 67 5.89 76.9 8.1

25 0 45 0.0 65 5.10 78.6 7.1
6 92 5.3 69 5.19 55.7 7.8

21 66 1.3 73 4.56 64.2 7.6
43 100 10.1 72 5.35 62.2 7.6
104 73 0.0 67 4.38 64.8 8.0
217 72 0.0 68 4.92 74.1 8.0
534 44 0.0 66 3.80 152 8.4

35 0 45 0.0 65 5,10 78.6 7.1
6 74 12.1 68 5,13 58.7 8.0

21 47 7.8 72 4.37 66.8 7.6
43 116 14.0 73 5,02 68.3 7.5
104 83 12.0 68 5,47 124 8.0
217 53 2.9 66 3,48 93.5 8.3
534 57 5.0 67 4.12 128 8.2

LSD (0.05) 31 4.7 16 1.65 30.8 0.2

t WSOC = water soluble organic C.
~: DIC = dissolved inorganic C.
§ SRP = soluble reactive P.

Table 5. Porewater concentrations and forms of C, N, and P
during anaerobic decomposition of peat sediments incubated
at different temperatures.

Sample Extractable
temperature Day WSOC# Acetate DIC~: SRP§ NI-I 4 pH

°C
15

25

35

LSD (0.05)

--mgCL -~- mgPL-1 mgNL-1

0 47 0 30 0.14 7.7 7.7
6 91 17.8 60 0.05 4.5 8.8

21 46 31.3 31 0.35 7.0 8.3
43 176 1.8 31 0.05 3.8 8.1
104 159 13.5 31 1.71 5.2 8.1
217 181 0.5 31 0.62 16.6 8,0
534 39 0 31 0.39 26.5 8.2

0 47 0 30 0.14 7.7 7.7
6 88 6.1 30 0.04 5.2 8.8

21 62 1.3 31 0.12 7.9 &0
43 137 4.3 31 0.04 6.5 8.0
104 83 0.4 31 0.73 6.3 8.0
217 108 0.4 32 4.68 16.3 7.8
534 47 0 32 0.45 23.0 7.9

0 47 0 30 0.14 7.7 7.7
6 78 0 31 0.04 5.6 8.3

21 64 0 32 0.24 8.9 7.9
43 112 4.8 33 0.19 6.3 7.7
104 72 0 33 1.24 12.3 7.6
217 90 1.6 35 0.96 13.3 7.4
534 45 0 34 0.72 34.6 7.5

49 0.7 12 1.15 9.7 0.3

~"WSOC = water soluble organic C.
:~DIC = dissolved inorganic C.
§ SRP = soluble reactive P.

CF sediments exhibited an initial rapid phase of C
mineralization (0-43 d) followed by a slow phase. 
contrast, C mineralization in the peat sediment re-
mained relatively constant throughout the experiment.
The decrease in C mineralized for the peat sediment
incubated at 15 °C was the result of a decrease in the
WSOC pool that was not accompanied by an increase
in DIC, COs, or CH4.

Table 6. First-order rate constants for C mineralized during
decomposition of sediment organic matter incubated under
anoxic conditions at different temperatures.

Rate constants
Sediment
sample Temperature Rapid phase Slow phase

°C d-~

UCFT 15 3.6 x 10-4 (0.98)~c 5.9 x 10-s (0.95)
25 5.6 x 10-4 (0.99) 1.3 x 10-4 (0.99)
35 6,7 x 10-4 (0,98) 1,5 x 10-4 (0,97)

CF 15 1.5 x 10-4 (0.97) 1.1 × 10-s (0.84)
25 1.5 x 10-4 (0.89) 1.3 × 10-s (0.96)
35 1.8 x 10-4 (0.95) 1.2 x 10-s (0.94)

Peat 15 8.2 × 10-~ (0.70) --
25 1.3 x 10-s (0.71) --
35 2.5 X 10-s (0.90) --

UCF = unconsolidated flocculent material, CF = consolidated
flocculent material.
Coefficient of determination (r~).
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Fig. 4. Total C mineralized in Lake Apopka sediments incubated

at different temperatures under anoxic conditions (Total 
= COz + CH4 + WSOC + DIC).

For the UCF and CF sediments first-order rate con-
stants were calculated for an observed rapid phase (0-
43 days) and a slow phase (43-534 d) (Table 4). 
ever, for the peat sediments only one decomposition
phase was observed. The rate constants for the UCF
sediment slow phase (0.6-1.5 x 10-4 d-1) were sta-
tistically similar to those of the CF sediment rapid
phase (1.5-1.8 x 10-4 d-I). This was not surprising
as the CF sediment consists of partially decomposed
and compacted UCF material. (It also suggested that
our treatment of the data was appropriate.)

The Q~o has been defined as the factor by which
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the rate constant changes with a 10° increase in tem-
perature (Atlas, 1984). The Qlo values of 1.25, 1.03,
and 1.41 for the UCF, CF, and peat sediments, re-
spectively, were calculated using the Arrhenius equa-
tion. These values are similar to those reported by
Nyhan (1976) for biological reactions.

Nitrogen Mineralization

The trends in extractable NH,~-N were similar to
those observed for C mineralization (Tables 3, 4, and
5). All of the sediment samples exhibited net miner-
alization of N with the exception of the CF sediment
incubated at 15 °C. In this sample no significant changes
in extractable NH4-N concentrations were observed.
Since extractable NH4-N represents both porewater
concentrations and the reversibly bound fractions, the
data can be used as a measure of organic N mineral-
ization. For the UCF sediment, incubated at 25 °C,
26% of the organic N was mineralized during the 534-
d incubation. Values for the CF and peat sediments,
at 25 °C, were 5 and 1%, respectively. Nitrogen min-
eralization percentages were twofold greater than the
C mineralization percentages, suggesting that the
availability of N is not a limiting factor in the anaer-
obic decomposition of organic matter in these sedi-
ments.

Phosphorus Mineralization

While inorganic N concentrations are often domi-
nated by the microbial community, soluble P concen-
trations are as dependant upon the chemistry of the
system as the microbiological properties of the system
(Reddy, 1983). In the UCF sediments incubated at 
and 25 °C (Table 3) an initial decrease in SRP con-
centration (Day 0-21) was followed by increasing
concentrations of SRP in the samples. The UCF sed-
iments incubated at 35 °C showed an initial increase
in SRP (Day 0-104), after which the concentration
leveled off for the remainder of the incubation. The
elevated levels of SRP in the UCF sediments are po-
tential P inputs into the water column (Syers et al.,
1973). The percentage of the total P that was solubi-
lized was 11, 13, and 10% for the UCF sediments
incubated at 35, 25, and 15 °C, respectively. In the
CF sediments 2% of the total P was solubilized at
15 °C, while a net reduction in the SRP pool occurred
at the higher incubation temperatures. For the peat
sediments incubated at 35, 25, and 15 °C, the per-
centage of the total P solubilized was 2, 1, and 0.9%,
respectively, and these percentages were similar to
those observed for the amount of N mineralized in this
sediment.

Net Nitrogen vs. Net Carbon Mineralized

It has previously been shown that a linear relation-
ship exists between the net N and net C mineralized
from organic materials undergoing both anaerobic and
aerobic decomposition (Gale and Gilmour, 1988). 
the present experiments, the slope of this linear rela-
tionship was 0.24 mg N (mg C)-1 and the coefficient
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of determination was 0.89 (Fig. 5). The positive 
intercept (16 mg C -1) suggests that i nitially t he N
released during decomposition was needed for cell bi-
omass.

CONCLUSIONS

The organic matter decomposition rates for Lake
Apopka sediments under anoxic conditions were very
slow. Of the sediment types studied, anaerobic de-
composition of the UCF sediment resulted in approx-
imately 10% of the C being evolved as gaseous end
products during the 534-d incubation. The percentage
decomposition for the CF and peat sediments were
10-fold lower having values of 1.5 and < 1%, respec-
tively. Slow decomposition rates in CF and peat sed-
iments were in part due to the nature of the organic
substrate.

Net mineralization of N was observed in all of the
sediment samples. The percentage of N mineralized
was 1.5 to 3-fold greater than C mineralization, sug-
gesting N is not limiting the microbial processes in
these sediments. Changes in soluble P concentrations
of the sediments were either due to organic matter
degradation or the solution geochemistry of the sys-
tem. The UCF and peat sediments showed net in-
creases in the soluble P pool, while, the CF sediments
showed net removal of P from solution during the
anaerobic incubations.

The rates measured in these experiments are thought
to be lower than those occurring under in situ condi-
tions. This is especially true in regards to the UCF
sediment that is most likely in contact with enough O2
to undergo limited aerobic decomposition. Under in
situ conditions, a steady supply of electron acceptors
(such as nitrate and sulfate) from external and internal
sources can also enhance the decomposition rates in
the sediments. The N and P released from the UCF
sediments during either aerobic or anaerobic decom-
position will be in equilibrium with the water column.
Thus, the sediments can be considered internal source
nutrients to the overlying water column. Future stud-
ies should be directed to evaluating the role of electron
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acceptors on organic matter decomposition in lake
sediments and its impact on nutrient flux.
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Mineralization of Sediment Organic Matter 
under Anoxic Conditions 

P.M. Gale, K. R. Reddy, and D.A. Graetz; J. Environ. Qual. 
21:394-400. 

Equation [2] on page 395 of the above article contains a 
typographical error. It should appear as: 

DIC = [COz(aq)] 

x ( K A 2  + Ka,[H+I + [H+12)/([H+lZ) 121 

The correct equation (as shown above) was used in the cal- 
culations made in the paper. We thank E.M. D’Angelo, Univ. 
of Florida, for pointing out this error. 
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