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ABSTRACT 

Sansone, F.J. and Martens, C.S., 1981. Determination of volatile fatty acid turnover rates 
in organic-rich marine sediments. Mar. Chern., 10: 233-247. 

Volatile fatty acid (VFA) apparent turnover rates in organic-rich marine sediments were 
determined by measuring whole sediment VFA concentration and the corresponding first
order reaction rate constants. In order to measure VFA concentrations, bulk wet sediment 
samples were basified, freeze-dried, extracted with methanol, derivatized to form methyl 
esters of the VFAs, and analyzed by packed-column gas chromatography using hexanoic 
acid as an internal standard. The detection limits for acetate, propionate, iso-butyrate and 
butyrate were 1.0, 0.4, 0.2 and 0.2 ,umoll;l , respectively, for 600 ml samples. Rate con
stants for acetate and propionate were determined by anaerobically incubating samples at 
in-situ temperatures with tracer levels of 14C-labelled VFAs. Metabolized label was re
covered as CO 2 , CH4 , cellular material, water-soluble material, and VFA (ether-soluble) 
fractions. Apparent turnover rates measured during summer and winter in anoxic Cape 
Lookout Bight, North Carolina (U.S.A.) sediments were in the range of 19-330,umoll;1 
h-1 for acetate and 0.7-7.0 ,umoll;l h-1 for propionate. 

INTRODUCTION 

Volatile fatty acids (VFAs) are a class of short-chain carboxylic acids 
generally defined as having six or less carbon atoms per molecule. These 
acids are known to be important intermediates in the terminal steps of the 
anaerobic decomposition of organic matter (e.g. Jeris and McCarty, 1965). 
Unlike aerobic organisms, anaerobes are unable to completely metabolize 
complex organic substrates to carbon dioxide within individual organisms. 
Instead, complex communities of interrelated anaerobic organisms are in
volved in the multi-step degradation of organic matter to carbon dioxide 
and/or methane via fermentation and anaerobic respiration reactions 
(Fenchel and Jorgensen, 1977; Mah et al., 1977; Zehnder, 1978). VFAs are 
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produced by 'acid-forming' bacteria during the initial steps of decomposition, 
Le. the dissimilation of carbohydrates, amino acids, and long-chain fatty 
acids (Jeris and McCarty, 1965; Toerien and Hattingh, 1969). These acids 
can be further oxidized by other bacteria to compounds such as acetate or 
propionate. which are substrates for methanogens (Cappenberg and Prins, 
1974; Zehnder, 1978). Jeris and McCarty (1965) found that 67% or more of 
the starting organic carbon was converted to acetate and then methane dur
ing active fermentations of fats, carbohydrates, or proteins by anaerobic 
digesters. 

Developments in our understanding of anaerobic processes in freshwater 
and marine environments have stimulated interest in the natural cycling of 
VFAs. These efforts have been hindered by analytical difficulties resulting 
from the low concentrations of VFAs normally found in natural anaerobic 
environments. The low VFA pool sizes presumably result from the extremely 
rapid bacterial utilization of these compounds. Several gas-chromatographic 
methods for measuring free VFAs in culture media and anaerobic digester 
fluids have been developed (e.g. Henkel, 1971; Cochrane, 1973; DiCorcia 
and Samperi, 1974; Hauser and Zabransky, 1975); however, these methods 
are generally not usable at the low concentrations found in natural systems. 
The problems encountered (Cochrane, 1975) include severe tailings peaks 
and the appearance of VFA peaks when clean solvents are injected 
('ghosting'). These effects seem to be related to the reactivity of the carboxyl 
function towards gas-chromatograph columns and packings. Ansbaek and 
Blackburn (1980) have described a technique using formic acid both as a 
solvent and as a column conditioner which is injected between GC runs in 
order to overcome these problems. They also described a method for mea
suring acetate turnover rates. Barcelona et al. (1980) have recently described 
a method using ion-exchange chromatography and subsequent GC or HPLC 
analysis of VFA p-bromophenacyl esters. 

This paper describes techniques developed for measuring whole sediment 
VFA concentrations and associated first-order reaction rate constants in 
organic-rich sediments. The product of these two parameters is the apparent 
VFA turnover rate (limoll;l h- 1 ). 

MATERIALS AND METHODS 

VFA Concentration Measurement 

Sediment samples were obtained with either a box corer or diver-inserted 
10-13 cm diameter corers. Subsamples of 300 or 600 mlwet sediment were 
transferred to tared 600 or 1200 ml freeze-drying flasks, respectively. In 
order to minimize contamination, care was taken to avoid sampling sedi
ment within 1-2 cm of the outer surface of the cores. Alternatively, samples 
were first centrifuged and the recovered pore water transferred to the freeze
drying flasks. All glassware and apparatus used in handling samples was 
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rinsed with glass-distilled methyl alcohol (Burdick and Jackson Laboratories, 
Muskegon, MI, U.S.A.) immediately before use to remove organic contamina
tion. Cores were kept in the dark at approximately in-situ temperatures during 
the 1-2 h delay between coring and subsequent extrusion and processing. 

Ten milliliters of 0.875 N NaOH and 5.0 ml of an internal standard sol
ution (50 ~.d of hexanoic acid + 500 ~.d of 2 M Na2 C0 3 + 1 drop glass
distilled CHCl 3 in 500 ml water) were added to each subsample. The samples 
were treated with base in order to minimize volatilization losses which are 
significant for acetate, at least, when pH is less than 10 (J. Molongoski, 
personal communication, 1979). The internal standard, Na2C03 , and NaOH 
solutions were made using organic-free glass-distilled water prepared by treat
ment with 30% H20 2 (1 mil-I) and subjection to UV irradiation (oxidation) 
for four hours in a La Jolla Scientific Co. model PO-14 unit, as described by 
Armstrong et al. (1966). Samples were then mixed by stirring, frozen to 
-20°C, and freeze-dried using a condenser temperature of -86°C (FTS 
Systems, Stone Ridge, New York, NY). Samples were dried in order to elim
inate hydrolysis of the methyl ester derivatives. The use of a -86°C con
denser produced a lower final moisture content in the dried product than was 
possible with more conventional -54°C condensers. The dried samples were 
weighed to obtain the individual net dry weights. 

The samples were then transferred to 200 ml glass centrifuge bottles 
(Corning Model No. 1261) fitted with Poly-Seal polyethylene-lined caps 
(A.H. Thomas, Philadelphia, PA, U.S.A.). VFAs were extracted by adding 
190 ml of glass-distilled methyl alcohol to each bottle, shaking on a wrist
action shaker for 20 min, and centrifuging at 700 g for 15 min. The super
natant was dried at 40° C under reduced pressure on a rotary evaporator, and 
then resuspended in 3.0 ml of 3 N methanolic-HCI (Supeloo, Bellefonte, PA). 
The samples were quickly transferred to 3 ml reaction vials equipped with 
teflon-lined silicon rubber septae (Pierce Chemical Co., Rockford, IL) and 
allowed to react overnight at room temperature to form the methyl esters of 
the fatty acids. 

A Perkin-Elmer Sigma 2 gas chromatograph with a flame ionization de
tector was used to analyze 2.0 tLI samples of the reaction mixture. Oven tem
perature was programmed as follows: 60°C for 8 min, 20°C min-I up to 
135°C, 135°C for 4 min. Injector temperature was 175°C; detector temper
ature was 200° C. Helium carrier flow rate was 20 ml min -1 • The separation 
was carried out on a 4.6 m x 2 mm Ld. silane-treated glass column, the first 
half of which was packed with 15% THEED on 100/20 mesh Chromasorb W 
AW and the second half, with 10% SP2100 on 100/120 mesh Supelcoport 
(SU:pelco). THEED (tetrahydroxyethylenediamine) was used as an 'alcohol 
retardant' in order to separate the methanol from fatty acid methyl esters 
with similar boiling points. A column packed in our laboratory was used for 
approximately 250 analyses before peak distortions appeared and the 
column was replaced. 

In order to trap HCI present in the injected samples, glass' injection port 
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liners for the gas chromatograph were packed with 2 cm of anhydrous Na2 
C0 3 and were used to replace the standard unpacked liners in the instrument 
during the actual running of the samples. These pre-columns appeared to 
have no measurable effect on peak shapes or retention times. 

Standards and blanks were prepared using mud that had been freeze-dried 
and subsequently combusted at 650° C for 4 h in order to remove all organics. 
This treatment resulted in a clean matrix that was porous and easy to pul
verize and extract. Known amounts of fatty acids were added to 25 g of the 
combusted dry mud in 50 ml glass centrifuge tubes and were processed as de
scribed above, except that only 30 ml of methyl alcohol were used for the 
extraction. 

VFA Turnover Rate Constant Measurements 

A modification of the methods of Christian and Wiebe (1978) and 
Zehnder et al. (1979) was used for these measurements. Subsamples of a 
sediment core was obtained by extruding the core to within 1 cm of the 
depth to be sampled and inserting sterile miniature piston cores made from 
3 ml plastic syringes with cut-off ends. Five subsamples were taken for each 
experiment with two of these used as abiotic controls (see below). The sub
samples were transferred to sterile 15 ml Vacutainer culture tubes flushed 
with oxygen-free nitrogen as described by Hungate (1969). The oxygen in 
the nitrogen was removed by a column of copper filings at 350°C. The 
Vacutainer stoppers were fitted with plastic center wells (Kontes No. K
882320, Vineland, NJ) holding 2 x 5 cm folded strips of filter paper (What
man No.1). One milliliter of sterile, de-gassed, sulfate-free artificial seawater 
(using the composition suggested by Kester et al., 1967), but with chloride 
rather than sulfate salts to avoid stimulating sulfate reduction) was added to 
each tube and the contents homogenized gently with a vortex mixer. The 
tubes were then placed in an incubator set at the in-situ temperature (± 0.5 °C) 
for 30--60 min. 

An aqueous solution of a labeled substrate (10-50 J.LI) was added to each 
tube while flushing with oxygen-free nitrogen, and the tubes were sealed, 
vortex mixed, and allowed to incubate atin·situ temperature for a specified 
length of time. The correct incubation time was established beforehand for 
each substrate by running time-course experiments and detennining the 
amount of time required for the utilization of approximately 5% of the 
added substrate (5-40 min). This was done to ensure that the rate constants 
measured were not affected significantly by changes in the labeled substrate 
pool size during the incubation. The 14C02 produced by substrate utilization 
was trapped on 0.2 ml of phenethylamine (Eastman Scintillation Grade) 
which was added by syringe to the filter paper during the last 30 s of the in
cubation period. The incubations were tenninated by adding 0.3 ml of acid 
fonnalin (67.5ml 40% fonnalin + 62.5ml cone. H2S04 per I water) by 
syringe to each tube and vortex mixing. Abiotic controls were made by add
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ing the 0.3 ml of acid formalin to the sediment slurries immediately before 
the labeled substrate was added. The tubes were then cooled to 4°C for 8 h, 
and subsequently treated with another 0.3 ml of acid formalin, vortex 
mixed, and stored an additional 4 h at 4° C. 

After 14C02 adsorption was completed, a 2 ml sample of each tube head
space was taken for 14CH4 analysis with a gas-tight syringe and injected into 
a 5-ml serum vial containing 1 N NaOH and 1 ml headspace. This step en
sured that any 14C02 not absorbed by the phenethylamine did not contam
inate the 14CH4 measurement. After 1 h a 2-ml sample of each NaOH vial 
headspace was transferred to a 20 ml glass scintillation vial equipped with a 
silicon rubber septum ("Tuf-Bond" disc, Pierce Chemical Co., Rockford, IL) 
and a screw cap with a hole drilled to allow syringe penetration. Twenty 
milliliters of PCS (Amersham, Arlington Heights, IL) was used as the count
ing solution. The scintillation vials were shaken vigorously for 15 s, allowed 
to equilibrate for 1 h, and were then counted on a Beckman LS-7000 liquid 
scintillation counter. Background correction was made; counting efficiency 
was determined by the "H method" (Long, 1977). The partitioning of 
methane between the PCS and the headspace was determined using non
radioactive methane and a gas chromatograph. With our vials (3.96 ml head
space) the ratio of methane in the headspace to methane in the PCS was 
0.460 (S.D. = 0.023 for five replicates). 

After the Vacutainer headspace sample was taken, each tube was opened 
and the filter paper and plastic center well transferred to a plastic scintil
lation vial filled with 10 ml of PCS. These samples were vortex mixed and 
counted as described above. The Vacutainers were then frozen and later 
thawed for further analysis. 

The thawed Vacutainers were centrifuged 10 min at 1500 g; 1 ml of the 
supernatant was counted in 10 ml of PCS, as above, and another 1 ml of the 
supernatant was combined with 0.3 ml of acid formalin and extracted three 
times with 6 ml of diethyl ether to remove the added VFA substrate. The 
extractions were carried out in 16 x 100 mm culture tubes with teflon-lined 
caps and consisted of vortex mixing the tubes for 30 s; 1 ml of the final 
aqueous phase was counted, as above, in 10 ml of PCS. The net activity mea
sured for this fraction was divided by 1.15 to compensate for the extraction 
of water by the ether, which would otherwise increase the measured activity 
(Christian and Hall, 1977). 

The centrifuged sediment pellet was resuspended in 10 ml of artificial sea
water, centrifuged, and the supernatant discarded. This washing procedure 
was repeated and a portion of the pellet was placed between 2.5 x 7.5 cm 
glass microscope slides, dried gently on a hot plate in a hood, and 5-15 mg 
scraped and transferred to a tared plastic scintillation vial. Four milliliters of 
distilled water was added to the vial, and the mixture sonicated for 5 min;8 
ml of PCS was then added to the vial, which was then vortex mixed and 
counted as above. The resulting gel suspension of the sediment was counted 
with an efficiency of 60-85%. 
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The above operations thus recovered the added label in one of the five 
fractions: (1) CO 2 ; (2) CH4 ; (3) water-soluble compounds; (4) water-soluble 
but not ether-soluble compounds; and (5), particulate material. The activity 
in each of these fractions was corrected for the activity measured in corres
ponding controls and was converted to units of counts per minute per 
sample. Subtracting the activity of fraction (3) from fraction (4) yielded the 
activity of the ether-soluble portion of the slurry, Le. the fermentation end
products and non-utilized substrate (Christian and Hall, 1977). Turnover rate 
constants for each fraction were calculated using the formula 

Turnover rate const. (h -I ) activity recovered/activity added/incubation 
time (h) 

The following labeled compounds were used: 1,2-14C-sodium acetate, 
53.5 mCi mmol- 1 

, and NaH I4C0 3 , 59.7 mCi mmol- 1 (New England Nuclear, 
Boston, MA); 1-14C-sodium propionate, 56.7 mCi mmol- I (lCN, Irvine, CA). 

RESULTS AND DISCUSSION 

VFA Concentration Measurements 

Figure 1 shows chromatograms from a dilute mixture of VFA standards, 
and an extract of an anoxic marine mud (Cape Lookout Bight, NC; see 
below). Chromatograms were analyzed by calculating the ratio of individual 
VFA ester peak heights to the internal standard (1.S.) peak height, thereby 
compensating for sample losses during processing. Typical standard curves 
are shown in Fig. 2. The detection limits for acetate, propionate, iso-butyrate 
and butyrate for 600-ml samples are ~ 1.0, 0.4, 0.2 and 0.2 J.LlI1011;1 respect
ively, where Is is the volume (liters) of bulk wet sediment. These values are 
the equivalent concentrations of VFA peaks in blank analyses. 

Larger samples would result in lower detection limits but may present 
problems in terms of handling time necessary and the need for large-capacity 
freeze-drying equipment. Alternatively, the methanol extract could be dried 
in a Knuderna-Danish apparatus (Gunther et al., 1951) allowing for a much 
smaller amount of methanolic-HCl to be used, thereby increasing the 
method's sensitivity. 

Peak heights of esterified V.FA standards (prepared as described above) 
were compared with those of authentic methyl esters, and the following 
extraction plus esterification efficiencies were computed: acetate, 95%; pro
pionate, 116%; iso-butyrate, 59%; butyrate, 80%. The following average stan
dard deviations (1 S.D.) were calculated from eight replicate analyses of an
oxic sediment samples as percentages of means: acetate, 17%; propionate, 
6%; iso-butyrate, 9%; butyrate, 11%. 
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Fig. 1. Chromatograms obtained from (a) a dilute mixture of VFA standards (equivalent 
VFA concentrations in 600-ml samples (J,lmol 1;1): acetate, 15.2; propionate, 17.0; iso
butyrate, 3.7; butyrate, 3.6), and (b) an extract of summer Cape Lookout Bight, North 
Carolina surface sediments relatively depleted of VFAs (measured VFA concentrations 
(J,lmol 1;1 ): acetate, 133; propionate, 8.1; iso-butyrate, 2.1; butyrate, 2.7). Sample taken 
on 11 July, 1979. FID ranges and attenuations are indicated. 

Figures 3 and 4 show profiles measured in summer and winter in sedi
ments from Cape Lookdut Bight, North Carolina, a 10 m deep coastal basin 
with oxygenated water overlying organic-rich anoxic sediments (Martens and 
Klump, 1980). Samples were obtained using diver-operated 10- and 13-cm 
diameter corers. Temperature-dependent microbial degradation resulted in 
greater sulfate depletion in summer sediments as compared with winter sed
iments. The increase in the degradation rate assoCiated with higher temper
atures was reflected in higher VFA concentrations found in the intermediate 
depths of the summer sample. It can be observed that these acetate and pro
pionate levels are highest immediately below the 4 mM sulfate isopleth. This 
may reflect an interaction within the consortia of sulfate~reducingand 

methane-producing bacteria which is utilizing acetate and propionate in 
Cape Lookout Bight sediments (Sansone, 1980). The higher VFA concen
tration's in the upper portions of the winter sanlple most likely result from 
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Fig. 2. Standard curves obtained for VFAs showing the detection limits of the method. 
Concentrations shown are for 600-ml bulk wet sediment samples. I.S. = Internal standard. 

the decomposition of organic matter observed to accumulate during the fall. 
Table 1 lists data from a box core taken from the continental slope in 655 

m of water, approximately 150 kIn NNE of Cape Hatteras (360 20.3'N, 74° 
44.2'W; R/V "Eastward" station 36438). This sample was an anoxic silty
clay with only a minor amount of sulfate depletion evident. The low rate of 
anaero.bic decomposition inferred from the sulfate profile was reflected in 
the low VFA concentrations found; acetate was the only VFA which was 
detectable in all portions of the sediment examined. Below 6 em, acetate 
decreased monotonically with depth. 

VFA Turnover Rate Constant Measurements 

Of the label initially added to each incubation tube 85-90% typically was 
recovered in one of the five fractions at the end of each· rate constant mea
surement. The efficiency of 14 CO2 adsorption by the phenethylamine, as 
measured by the recovery of NaB 14C03 added to control tubes, was 102.6% 
(S.D. = 2.7% for five replicates). Zehnder (1979) found that even after add
ing 750,000 dpm of 14C02 into NaOH CO 2-absorption bottles, no 14C02 
was found in the bottles' headspace after 1 h; it was therefore assumed that 
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Fig. 3. Summer volatile fatty acid, sulfate and methane profiles measured in Cape Look
out Bight sediments. The sediment temperature was 24.3°C. VFA data points are from 
depth intervals indicated by bars. Sample taken on 11 July, 1979. 
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TABLE 1 

Volatile fatty acid and sulfate concentrations in box core from R/V "Eastward" station 
36438 (sediment temperature was 5°C) 

Depth Volatile fatty acid concentration (J..lmoll;l ) 804 
interval (mM) 
(cm) Acetate Propionate Iso-bu tyrate Butyrate 

0-6 61.4 1.71 <0.41 <2.2 29.7 
6-12 69.0 11.4 3.36 <3.3 29.0 

12-18 46.1 3.06 0.86 3.1 28.5 
20-26 35.8 3.01 1.37 <1.9 29.3 
34-40 10.7 <1.2 0.86 5.41 28.7 

14C02 does not interfere with the measurement of 14CH4. We have found 
through the gas chromatographic analysis of nonradioactive methane that 
methane was not measurably adsorbed by the phenethylamine-treated filter 
strips over 21 h (S.D. = 1.96% for four replicates). The ether extraction pro
cedure was found by Christian and Hall (1977) to have an efficiency of 
greater than 95% for formate, acetate, propionate, and butyrate. Lactate was 
extracted with an efficiency of 72%. It should be noted that the method
ology described here does not measure transformations of one VFA to other 
VFAs because in this case both the substrate and the products are extracted 
by the ether and, hence, are not discriminated between. 

Wright (1974) has suggested that a 20% substrate enrichment above 
naturally occurring concentrations is the maximum allowable for tracer 
experiments such as those conducted in this study. The labeled acetate and 
propionate added in our experiment was less than 1.5% of the substrate con
centrations in Cape Lookout Bight sediments. 

Apparent VFA Turnover Rates 

Whole~sediment VFA concentration and corresponding first-order reaction 
rate constants are multiplied to obtain apparent production rates 

Apparent production rate (Jlmoll~1 h- 1) = Whole sediment concentration 
(Jlmoll~1) Rate constant (h -1 ) 

Use of the term 'apparent' is based on our measurements of whole sediment 
acetate concentrations (pool size). The methodology described here allows 
for determination of total 'extractable' pool sizes of acetate; this should 
however, be distinguished from the 'microbiologically available' pool size. 
This latter pool size may be less than the total because of partitioning of 
acetate between sediment pore water (both free and complexed), adsorption 
sites on sediment particle surfaces, and microbial cells. The actual microbial 
production rates may therefore be less than the apparent production rates. 
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It should be noted that the rate constants obtained using singly-labeled 
compounds (e.g. l- l4 C-acetate) can be used directly for calculation of turn
over rates, but rate constants obtained using multiply-labeled compounds 
(e.g. 1, 2- l4 C-acetate) must be corrected before use. This is because the rate 
constants derived from these experiments are measures of atomic turnover 
rather than of whole molecule turnover. In the case of singly-labeled com
pounds the 'atomic' turnover rate constant is the same as the 'molecular' 
turnover rate constant; in the case of doubly-labeled compounds the atomic 
rate constant is one-half the molecular rate constant. In the latter case the 
rate constant is for the turnover of carbon that is represented twice per 
molecule; the measured atomic rate constant must be multiplied by a factor 
of 2 in order to obtain a molecular rate constant suitable for multiplying 
by the molecular substrate concentration to compute the molecular (actual) 
turnover rate. 

Apparent turnover rates measured during summer and winter in sediments 
from Cape Lookout Bight (Sansone, 1980) are listed in Tables II and III. 
Two environments in the sediments were studied: 

(1) the zone of sulfate reduction (S04 zone), which was sampled from 
1-6 Col below the oxic-anoxic interface; 

(2) the zone of methane production (CH4 zone), which was sampled from 
0-5 Col below the 1 ruM sulfate isopleth. 
Turnover rate constants for the four fractions were summed to provide a 
total turnover rate constant which was multiplied by the whole sediment 
VFA pool size to calculate the apparent VFA turnover rate. Note that the 
turnover rate of 1, 2- l4C-acetate is the sum of the turnover rates of l_ l4 C_ 
acetate and 2-l4 C-acetate. Changes in acetate turnover (Table II) and S04 
zone propionate turnover (Table III) are primarily due to differences in sub
strate pool sizes between summer and winter. There is, however, a significant 
decrease in the l- l4 C-propionate total rate constant in the CH4 zone from 
summer to winter. Ansbaeck and Blackburn (1980) found acetate turnover 
rate constants of 1.5-2.5 h- l and turnover rates of 3.5-9.9 Mmoll;l h- l in 
the top 10 Col of sediments of the LiOlfjorden, Denmark at 7°C. The turn
over rates were lower than those found in Cape Lookout Bight sediments due 
to the low~r pool sizes found at the Limfjorden site (0.89-4.9 Mmoll;l ). 

Rate constants for the production of CO2 from acetate in continental 
slope sediments were measured in 1980. These data were multiplied by the 
corresponding acetate concen,trations measured in 1979 (Table I) to obtain 
the apparent rates of CO2 production from acetate (Table IV). Rates and rate 
constants both decreased monotonically with depth. Continental slope appar
ent CO2 production rates were 20-3000 times slower than rates measured at 
similar temperatures in sulfate-containing Cape Lookout Bight sediments 
(Table II). Rate constants were most variable in the upper portion of the 
sediment, presumably due to the effects of bioturbation and irrigation by 
the abundant macroinfaunal community. 



TABLE II t-:> 
,j>. 
,j>. 

1, 2)4C-acetate apparent turnover rates (numbers in parentheses are standard deviations of measurements) 

July 14, 1979 January 19, 1980 

804 Zone CH4 Zone 804 Zone CH4 Zone 

Rate constants (h -I ) 

CO2 1.68 (0.36) 0.433 (0.177) 2.16 (0.74) 0.158 (0.011) 
CH4 0.020 (0.003) 0.0518 (0.0094) 0.0 0.0492 (0.0052) 
Water soluble 0.222 (0.128) 0.0006 (0.0010) 0.0354 (0.0186) 0.0228 (0.0054) 
Particulate 0.0288 (0.049) 0.0464 (0.0456) 0.0 
Total 1.96 (0.39) 0.531 (0.183) 2.19 (0.74) 0.230 (0.13)* 

Pool size (J,Lmoll;1 ) 91 (15) 360 (61) 150 (50) 83 (14) 
Turnover rate 
(J,Lmoll;1 h- I ) 180 (50) 190 (70) 330 (120) 19 (3) 

* Without particulate fraction. 



TABLE III
 

1·14C-propionate apparent turnover rates (numbers in Parentheses are standard deviations of measurements)
 

July 14, 1979 January 19, 1980 

804 Zone CH4 Zone 804 Zone CH4 Zone 

Rate constants (h-I ) 

CO2 
CH4 
Water soluble 
Particulate 
Total 

0.607 (0.169) 
0.0101 (0.0060) 
0.655 (0.166) 
0.128 (0.138) 
1.40 (0.27) 

0.414 (0.132) 
0.0090 (0.0139) 
0.0393 (0.0431) 
0.0 
0.462 (0.139) 

0.0403 
0.0 
0.123 
0.0601 
0.223 

(0.0038) 

(0.002) 
(0.0578) 
(0.058) 

0.260 
0.0 
0.0123 
0.0577 
0.330 

(0.033) 

(0.0046) 
(0.0312) 
(0.045) 

Pool size (~moll;1 ) 
Turnover rate 
(~moll;1 h- I ) 

5.08 

7.11 

(0.30) 

(1.46) 

13.2 

6.10 

(0.8) 

(1.88) 

12.1 

2.70 

(0.7) 

(0.7) 

2.1 

0.70 

(0.1) 

(0.10) 

~ 

"'"01 
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TABLE IV 

Calculation of the apparent production rate of CO2 from acetate in continental slope sed
iments. Values in parentheses are standard deviations (1<1) 

Depth CO2 from acetate Whole-sediment Apparent rate of 
interval rate constant acetate concen CO2 production from 
(cm) (h- I ) * tration (,umoll;1 )** acetate (,umoll;1 h- I

) 

8-13 
17-22 
20-25 
28-33 
35-40 

. 0.3102 (0.4878) 
0.0654 (0.0162) 
0.0232 (0.0090) 
0.0148 (0.0078) 
0.0106 (0.0024) 
0.0092 (0.0124) 

60 (10.2) 
67 (11.4) 
40 (6.8) 
33 (5.6) 
19 (3.23) 
12 (2.04) 

18.62 (29.4) 
4.38 (1.32) 
0.928 (0.394) 
0.488 (0.270) 
0.202 (0.058) 
0.110 (0.150) 

* Data from September 11-13, 1979. 
** Data from August 19, 1980. 

CONCLUSIONS 

The method described here for measuring VFA concentrations is suitable 
for use with organic-rich sediments with micromolar VFA concentrations. 
The advantages of the technique include short handling time, the use of 
common laboratory equipment, and the low toxicity of the reagents used. 
The turnover rate constant measurement technique described should be use
ful for any anoxic sediment. However, in samples with very low substrate 
concentrations it may be necessary to use 3H-Iabeled compounds, which 
may be obtained with higher specific activities than 14 C-Iabeled compounds. 
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