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ABSTRACT: Seasonal variations in pools of porewater NH,” and exchangeable NH," desorbed by
1-step (easily desorbed NH,") and multiple KCI extractions (tightly bound NH,") were investigated in
sediments from 3 stations in Danish coastal waters. One-step KCl extractions gave higher yields in
winter and lower yields in periods of increased sediment activity and temperature. The exchangeable
NH," pool obtained by 1-step extraction was always less than the total pool removed by the multi-
extraction technique, independent of sediment type. The multi-extraction technique proved the
existence of sediment NH," pools with different exchange capacities. There was evidence to indicate
that the tightly bound pool changed seasonally and entered the normal N cycle. The size and dynamic
nature of this pool have not previously been recognized: maximum and minimum integrated values for
Aarhus Bay, Norsminde Fjord and Randers Fjord sediments were 32, 36, 25 and 4, 9 and 6 mmol m™,
respectively. A lack of correlation between pool sizes of easily desorbed NH," and porewater NH,* was
not compatible with literature values of the NH,* adsorption coefficient (K-value). K-values varied with
station, depth and season (means of all values 3.7 and 11.7 by 1-step and multiple extractions,

Published May 14

respectively), and were in general higher than the literature values.

INTRODUCTION

Allochthonous and autochthonous materials sus-
pended in seawater are eventually deposited on bottom
sediments. Some of the organic material is decomposed
in the sediments, becomes dissolved in the porewater
and adsorbed to sediment surfaces, and is ultimately
released to the overlying water. By speciating and
quantifying sediment nitrogen it is possible to estimate
the extent to which diagenesis or degradation of or-
ganic nitrogen compounds has occurred, and to model
the exchange of nitrogen between the sediment and
the overlying water. The predominant nitrogen species
in O,-limited sediments are NH," in free, adsorbed or
fixed forms, organic N and N,. Berner (1974, 1976,
1977) established the importance of including an
adsorption term in his stoichiometric model of nitrogen
regeneration. Thus, an estimate of adsorbed NH,* must
be considered when calculating the nitrogen budget of
organic matter undergoing decomposition.
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A literature review revealed that KCl is commonly
used to remove exchangeable NH,* from marine sedi-
ments (Rosenfeld 1979, Blackburn 1980, Pregnall &
Miller 1988, Lomstein et al. 1990). However, there are
variations in the use of the technique with regard to
the degree of agitation (Terry & Nelson 1975, Haines et
al. 1977, Henriksen 1980), the molarity of KCI solution
(Bremner 1965, Serensen 1978, Blackburn & Henrik-
sen 1983, Smith & Patrick 1983), the extraction period
(Klingensmith & Alexander 1983, Jenkins & Kemp
1984, Simon & Kennedy 1987, Laima 1991), the extrac-
tant to sediment ratio (Laima unpubl. data), and the
temperature of extraction (Laima 1991). Recent results
demonstrated that 1-step KCl extractions sometimes
did not remove all exchangeable NH," from sediment
(Laima 1991).

The objective of the present study was to investigate,
on a seasonal basis, the efficiency of 1-step KCl extrac-
tions in removing NH," adsorbed to 3 types of coastal
marine sediments. A technique based on multiple KCl
extraction was developed for an assay of pools of NH,*
more tightly bound to sediment, yet exchangeable by
KCl, and to evaluate possible seasonal and depth
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variations in the sediment exchange capacity. During a
6 mo period in 1988, undisturbed cores from 3 sedi-
ment types were sectioned and porewater NH,", easily
desorbed NH,*" (1-step extraction) and total adsorbed
NH,* (multiple extraction) were measured. Emphasis
was given to seasonal relationships among the various
extracted pools.

MATERIALS AND METHODS

Study areas. Sediment samples were collected be-
tween January and September 1988 from 3 stations in
the southwestern Kattegat, on the east coast of Jutland,
Denmark (Fig. 1). Stn 1 was in Aarhus Bay, a 320 km?
embayment with an average water depth of about
15m. Sediment was silt/mud with no or very low
amounts of visible macrofauna, although the poly-
chaete Nephtys sp. and the bivalves Abra alba and
Macoma sp. were sometimes observed. Hydrological
characteristics of Aarhus Bay have been described
elsewhere (Jensen et al. 1988). Stn 2 was situated in
Norsminde Fjord, a shallow estuary of 1.9 km? situated
on the east coast of Jutland with an average water
depth of about 1 m. The fjord receives drainage water,
mostly from agricultural waste products and from the
town of Odder, leading to great local fluctuations of
salinity within the estuary (Muus 1967). The sampling
station was situated in the low salinity part of the
estuary and was described as station No. 2 by
Jorgensen & Serensen (1985). The sediment was a
silt/sand containing Fe hydroxides to a depth of about
4 to 5 cm in winter and about 0.5 to 1 cm in late
summer. Benthic microalgae were observed on the
sediment surface during spring and the green
macroalga Ulva sp. was occasionally seen in late
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Fig. 1. Location of stations on the east coast of Jutland, Denmark

summer. Benthic fauna, including the polychaete
Nereis sp. and the crustacean Corophium sp., were
occasionally observed. Stn 3 was situated near the
mouth of Randers Fjord. Salinity changes were low
during the year. The sediment was relatively undis-
turbed and was composed of a fine organic-rich sand
containing no visible macrofauna. The depth of the
water column was <1.0 m.

Sampling protocol and extraction procedures. Aar-
hus Bay sediments were collected with a ‘Haps' bottom
corer (Kanneworff & Nicolaisen 1973), from which
smaller subcores were taken using plexiglass coring
tubes (3.6 cm i.d., 20 cm long). At Norsminde and
Randers, sediment cores were taken by hand using
similar plexiglass coring tubes. Sediment samples with
visible fauna were discarded. The sediments were
brought to the laboratory within 2 h after sampling.
Temperature and salinity were determined in the bot-
tom water (5 cm above the sediment). Overlying water
was carefully discarded and the sediment column was
sectioned into the following layers: surfaceto 1 cm, 1 to
2 cm, 2to 3 cm, and every 2 cm for deeper strata down
to 9 cm. Samples from each sediment section were
pooled (n = 3), homogenized and sieved through a
1.5 mm mesh to remove gross detritus. Each pooled
sample was then subdivided for porosity determina-
tions, removal of porewater and KCl extractions.

Water content was measured as weight loss of the
homogenized sediment after drying for 24 h at 105 °C.
Specific gravity was measured gravimetrically in
duplicate. Sediment porewaters from Stns 1 and 2
were separated from sediments by low pressure N,
(max. 50 psi, = 3.3 X 10° Pa) in closed plastic chambers,
with simultaneous filtering of the removed porewater
through prewashed sterile Millipore filters (Millipore
Corporation Bedford, type HA, 0.45 um pore size).
Because of the low water content of sediments
from Randers Fjord, porewater was separated from
the sediments by a centrifugation technique, using a
double centrifuge tube. Small portions of sediment
were placed in the upper vial, and centrifuged (3400 X
g, 5 min), to liberate the porewater and collect it in the
lower vial. Porewaters were immediately frozen. Sedi-
ment samples were mixed with 2M KCI previously
bubbled with N, and containing 0.5 % zinc acetate to
inhibit bacterial activity. The KClI solutions were added
at sediment:KCl proportions of 1:1 (w:v). Sediment
and KCI were vigorously shaken under N, at 0°C,
using a vortex mixer (Ika-Werk VF2). The extraction
time was 40 min. Supernatants from this extraction
were weighed and recentrifuged (2600 X g, 5 min), to
completely clarify. The sediment residues were
weighed, and new equivalent amounts of KCl were
added. This procedure was repeated until super-
natants from 7 KCI extractions were obtained from the
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same sediment section. Occasionally, fresh sediments
and pellets left after multiple KCl extraction were
dried (105 °C, 24 h) for measurements of total N.
Sample analyses. Salinity was measured potentio-
metrically with a Conductivity Meter CDM 3, total N
with a Carlo Erba model NA 1500 Nitrogen Analyser.
NH," was analysed with a Spectronic 70 spectro-
photometer fitted with a 300 VA tungsten lamp, using
the indophenol method of Kempers & Zweers (1986),
with minor modifications (Laima 1991). Prior to NH,*
quantification, a few drops of 1M ZnCl, were added to
porewaters and KCI extracts, to remove any sulfides.
Samples were centrifuged (1700 X g, <5 min) and
NH,* analysed in the supernatants. Absorbance units
were read in suitably diluted samples (> 10-fold),
to prevent inhibition of colour development (Ngo et
al. 1982, Laima 1991). Blank absorbances were low,
with optical density typically within the range 0.011
+ 0.005. The sediment porosity was used to convert
measured concentrations into appropriate units.
KCl-extractable NH,* was divided into the following
pools: (1) A pool of easily desorbed NH,* was calculated
by subtracting the porewater NH," from the pool re-
moved by the 1st KCl extraction. {2) Total adsorbed
NH," was calculated by substracting the porewater
NH," from the sum of NH," in KCI extracts from multi-
extraction. (3) Tightly bound NH," was calculated as
the difference between total adsorbed and easily de-
sorbed NH,*. Concentrations were corrected for resid-
ual amounts from the previous extraction. The multi-
extraction procedure was continued until the NH,*
concentration measured in the extract was <5 uM.

RESULTS
One-step versus multiple KCI extractions

Expressed as a percentage of total NH," desorbed by
multiple extraction, 1-step KCIl extractions gave low
NH,* yields at all stations (Fig. 2). One-step extraction
of sediments from Aarhus Bay, Norsminde Fjord and
Randers Fjord in May gave 35, 38 and 29 % of the total,
compared to 50, 77 and 57 % obtained in January.
Increasing the number of extractions resulted in a
cumulative increase of the NNH," yield. The extract-
ability varied with season; NH,* was more easily
extractable in January than in May. NH," yields were
maximum after 6 or 7 multiple extractions.

Extraction of unknown N pool

A pool of unknown N, calculated as total (CN ana-
lyser) N minus the sum of measured pools (KCl extracts
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Fig. 2. Cumulative extracted NH,* expressed as % of total KCl-
extractable NH,* plotted against number of extractions. Mean
values (n = 18) for January (open bars) and May extractions
(shaded bars) of the 0 to 4 cm sediment column are shown for
each station. Standard errors were <15 % of means (not shown)

+ residual), was extracted from Aarhus Bay and
Norsminde sediments, and formed 6 to 26 % and 14
to 48 % of the total N pool, respectively (Table 1).
This pool did not correlate with either total N or
extractable NH," (not shown). No such pool was
removed during the extractions of the sandy sediment
from Randers, where summed pool sizes of KCI-
extractable NH,*-N and residual N equalled the total
N pool (not shown).
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Table 1. Effects of multiple KCI extractions on other sediment N pools (January 1988; Stns 1 and 2). The undefined N pool

was calculated as total N (A) minus the sum of the NH,*-N pool in multiple KC] extracts (B) plus residual N (C). Standard errors

were <10 % of average of triplicates (not shown). Measurements of NH,*, total N and residual N were performed
as described in the text. Pool sizes are expressed in umol g~ dry wt

Section Total N
(cm) (A)

Station

1. Aarhus Bay 0-1 238
1-2 238
2-3 239
3-5 235
5-7 199
7-9

144

2. Norsminde Fjord 0-1 318
1-2 325
2-3 255
3-5 209
5-7 142
7-9

140

Total extr. NH,* Residual N Undefined N
(B) ©) A-(B+C)
1.9 222 14
1.4 222 15
1.1 218 20
0.8 163 71
0.7 219 19
0.6 105 38
6.1 203 112
3.6 243 82
2.2 131 124
14 178 31
0.8 74 67
0.6 80 60

Seasonal profiles of porewater NH,;*

The depth profiles (0 to 9 cm) of porewater NH,*
varied with season (Fig. 3). In January and March,
there was a net production of NH,* in Aarhus Bay
(Fig. 3A), as shown by the convex gradient of the
profiles, and a net uptake in Randers Fjord (Fig. 3C).
Norsminde sediments were already biological active in
January, and a net uptake of NH," was observed in
subsurface layers (Fig. 3B). The activity of benthic
macrofauna increased dramatically in April, coinciding
with the greatest observed loss in NH,*. In May and
June, there was a net production of NH," in Nors-
minde, whereas losses were observed in Aarhus Bay.
In September, a slow build-up of NH,* in the porewater
pool occurred in Aarhus Bay and a loss occurred in
Norsminde.

Extraction of adsorbed NH,*

Significant amounts of adsorbed NH,*, differentiated
into easily desorbed and total adsorbed NH,* were
removed from the sediments throughout the investiga-
tion period (Fig. 3). Concentrations were greatest in
January, with the largest pools localized in the 0 to
1 cm layer. In March, the sediments were depleted in
NH,* from the upper 0 to 1 cm (Norsminde Fjord), 0 to
5 cm {Aarhus Bay) and from the 0 to 9 cm sediment
column (Randers Fjord). A new build-up of NH,*
followed in March and April, but in June, a decrease in
adsorbed NH,* was observed in Aarhus Bay and
Randers Fjord. Net uptake was seen in subsurface
layers during spring, as indicated by concave concen-
tration gradients.

The partition of NH,* between porewater and ad-
sorbed pools can be better evaluated by investigating
the exchangeable:porewater ratios (NH,"e, : NH,* ) as
given by 1-step and multiple KCl extractions (Table 2).
There was a 2 to 8-fold increase for multiple KCI
extractions compared to 1-step extractions. Ratios were
lowest in January and March, and varied little with
depth. The highest ratios were obtained in May and
June for the 0 to 3 cm sections of Aarhus Bay sedi-
ments, where pool sizes of porewater NH,” were
negligable (<5 nmol cm™%) compared to the pools of
adsorbed NH," (Fig. 3A).

The tightly adsorbed NH,* pool (total adsorbed
minus easily desorbed) changed with season (Fig. 4),
indicating that it was in dynamic equilibrium with
more readily available pools. The pool was only stable
in January and March, whereas in May and June
substantial amounts of NH,* were released. This pool
tended to gradually increase in September. There was
no obvious relationship between seasonal changes in
the pools in Aarhus Bay (Fig. 4A) and Norsminde
(Fig. 4B) sediments, but there were some common
trends in Randers Fjord sediments (Fig. 4C). The rela-
tionship of these pools to temperature and salinity will
be discussed later (Fig. 4D to F).

DISCUSSION

It was shown (Laima 1991) that KCl is comparable to
NaCl or artificial seawater (ASW} in simultaneously
removing porewater and adsorbed NH,*, provided the
sediments are maintained at low temperature during
extraction. Quantitative evaluation of these exchange-
able pools, particularly the adsorbed pool, is important
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Table 2. Seasonal variation of NH,*.,:NH,*,,, ratios {or K-values) for easily desorbed NH,* and total adsorbed NH,* (in paren-
thesis). Averages are shown (n = 3). Standard errors were <10 % of mean values (not shown). ND: not determined

Station Layer NH,; "o : NH,*p,, ratios
(cm) Jan Mar Apr May Jun Sep
1. Aarhus Bay 0-1 2.3 (5) 0.1 (3) 2.9 (10) 9.3 (43) 2.5 {(7) 29 (7
(silt/mud) 1-2 1.9 ) 05 (3) 5.6 (20) 14.6 (74) 53.0 (108) 1.5 (7)
2-3 1.0 (3) 00 (2) 22 (10) 1.5 (15) 147 (33 21 (9)
3-5 14 (4) 0.3 (2) 3.8 (14) 0.6 (8) 2.5 6) 1.9 (6)
5-7 1.1 4 11 (3 3.5 (10) 12 (8) 04 (1) 23 (5)
7-9 .1 (3) 2.2 (5) 1.4 {4} 2.1 (5) 0.0 (0) 0.3 (4)
2. Norsminde Fjord 0-1 3.5 (5) 05 (7 1.7 (15) 4.8 (2% 0.5 (1) 1.7 (9)
(mud/sand) 1-2 2.6 (4) 1.0 (6) 2.5 (19) 08 (8) 0.9 (2) 3.3 (6)
2-3 4.1 (6) 3.9 (6) 2.9 (18) 14 (%) 0.7 (1 8.1 (13)
3-5 3.2 (5 34 (5 2.8 (12) 06 (4) 1.1 2) 7.0 (17)
5-7 2.3 (3) 2.5 (3) 6.8 (22) 3.0 (6) 0.3 (1) 2.1 (7)
7-9 1.2 (2) 1.9 (2) 8.6 (30) 29 (5 1.0 (4! ND ND
3. Randers Fjord 0-1 17 (3) 24 (7) 4.0 (14) 30 (9) 43 (9 4.5 (24)
{organic sand) 1-2 2.6 (9) 1.5 (7) 7.7 (25) 7.9 (24) 1.5 (3} 14 (9
2-3 1.9 (4) 44 (17) 12 (8 7.7 (29) 13.0 (24)  30.1 (98)
3-5 0.8 (3) 1.9 (8) 2.5 (15) 53 (24) 0.8 (4) 8.0 (22)
5-7 2.0 (4) 1.5 (7) 2.0 (13) 6.4 (30) 14 (9 6.9 (12)
7-9 0.3 (2) 0.8 (7) 1.9 (14) 3.7 (20) 1.5 (5) 0.5 (1) |

in studies of NH,* turnover (Blackburn 1980}, and their
dynamic nature implies that they might play a signifi-
cant role in sediment nitrogen cycling, for instance by
retaining NH," that would otherwise rapidly diffuse
out of the sediment (Blackburn & Henriksen 1983). The
NH,* data (0 to 4 cm) shown in Fig. 2 represent the first
reported effect of season on the efficiency of KCI
extraction of NH,* in marine sediments. In 3 different
sediment types, the extractable NH,* pool (i.e. pore-
water plus adsorbed) removed by 1-step KCI extrac-
tion was underestimated by 34 to 50 % in January and
63 to 71 % in May, relative to the total pool desorbed
by multiple extraction. The removal of NH,* from pools
not immediately available clearly suggests that NH,*
exchanged slowly with added KCIl. The extractability
of NH,* from bound pools resulted in similar patterns,
independent of the sediment type. However, further
refinement of the technique is needed in order to
define the origin of this NH,*. The capacity of K* to
remove all exchangeable NH," has been shown else-
where (Laima 1991).

A drawback of the technique was that an unknown
N pool was simultaneously removed from clay sedi-
ments (Table 1). Thus, care should be taken in making
mass balance calculations for the nitrogen cycle. The
suspicion that organic N compounds can be removed
during intensive leaching has been reported in soil
studies {Azam et al. 1989). In our experiments, the
multiple extraction technique was used to investigate
and compare the extractability of NH/".

The absence of a common seasonal pattern in the
depth profiles of porewater NH,*, easily desorbed
NH," and total adsorbed NH,* may reflect changes in
the biological and physical processes to which the
sediments were subjected throughout the investiga-
tion period. In winter, when the bacterial production
of NH," is expected to be small due to low tempera-
ture and little input of readily degradable organic
material, there were high concentrations of adsorbed
NH,* and to a lesser extent, of porewater NH,*
(Fig. 2A to C). A possible explanation for the ob-
served lack of gradients of porewater NH," in sub-
surface layers (1 to 9 cm) could be sediment resus-
pension by bioturbation and physical disturbance.
Simon (1988) observed a similar lack of porewater
NH,* gradient in the 0 to 10 cm layer of Potomac
River sediments (USA).

Concentrations of NH," in the investigated pools
changed dramatically in early spring (March). Accu-
mulation of NH,* in the porewater of subsurface layers
of Aarhus Bay sediments (Fig. 3A) was in contrast with
the observed loss of NH,* from the upper layers of
Norsminde Fjord (Fig. 3B) and from the 0 to 9 cm
sediment column of Randers Fjord (Fig. 3C). The
NH,* profiles in porewater and exchangeable pools
seem to be inversely correlated in Aarhus Bay
sediments, positively correlated in Randers Fjord
sediments and uncorrelated at Norsminde, where the
input of freshwater (Jergensen & Serensen 1988) and a
fall in salinity would release some NH," from the upper
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Fig. 4. Depth-integrated profiles (0 to 9 cm) of porewater NH,*, easily desorbed NH,* and tightly bound NH,* plotted against
month for (A) Aarhus Bay, (B) Norsminde Fjord, and (C) Randers Fjord. Temperature and salinity data are also shown (D, E, and
F, respectively)

sediment layers. This suggests a dynamic equilibrium
between these pools at the first 2 stations.

A decrease in porewater NH," concentration was
commonly observed at the 3 stations during the transi-
tion period from March to April-May (Fig. 3A to C).
This pattern, suggesting evidence for increased sedi-
ment activity during this time of the year, was not
apparently balanced by a corresponding decrease in
NH," in the adsorbed pools. On the contrary, increas-
ing quantities of NH,* were adsorbed to the uppermost
0 to 1 cm of the sediment. Below this layer, common
patterns of NNH,* loss through bioturbation and/or
microbial uptake were observed. This suggests that
these NH,* losses were counterbalanced by mineral-

ization of recently deposited material. In Aarhus Bay,
for example, microscopic observation of the uppermost
5 mm of the sediment showed the presence of a slime
of diatoms (including Skeletonema costatum), partially
degraded. Thus, the sedimentation of algae might
have increased microbial activity at the sediment sur-
face, despite the low temperatures in spring (Fig. 4).
This is in agreement with other studies (Graf 1987,
Meyer-Reil 1987). Although some of the newly pro-
duced NH," may have been denitrified (Jensen et al.
1990), substantial amounts of NH," were simultane-
ously adsorbed to the sediment (Fig. 3A}. It seems thus
plausible that such bound pools would compensate for
the liberation of NH,* to the overlying water, by the
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location of NH,* at sites inaccessible to competing
cations. The spring increase in NH," in the bound pools
was of a transitory nature. This can be seen in the June
profiles, when much of NH,* was lost from almost the
entire sediment (except at Norsminde). Again, the
convex porewater NH," profiles indicated that the
sediment was highly active. Further, the September
profiles suggest that these pools might have been
slowly rebuilt in order to reach the concentrations of
the winter months. Thus, the sediments behaved
dynamically with respect to NH," pools and adjusted to
seasonal events.

The different changes in the NH,* pools will neces-
sarily influence calculated NH,.:NH,",,, ratios at
the various sediment depths (Table 2). The increased
amounts of NH,* obtained by multiple KCI extractions,
compared to 1-step extractions, resulted in a signifi-
cant increase of the corresponding NH.',:NH/,.,
ratios. The high ratios when NHy" was difficult to
extract (Fig. 2) suggest an inverse correlation between
ratios and extractability. This is to be expected, since
exchangeable NH,' was continuously and slowly
removed from more tightly bound pools. This kind of
correlation would not be predicted if the exchangeable
pool was only determined by 1-step KCI extractions.
On the other hand, assuming that mineralization of
organic matter results in the liberation of a free NH/*
pool, a rapid equilibrium between porewater and
adsorbed pools would be expected, resulting in an
unchanged ratio. This was found to be true in labora-
tory experiments (Laima 1991). The observed seasonal
variation of the NHg*. :NH,",,, ratios suggest that
these altered ratios might be attributed to variations in
the degree of anaerobiosis of the sediments. The high
spring-summer ratios were, in fact, associated with
high sediment activity (Fig. 3A to C). This is in
agreement with Yamada et al. (1987), who found that
NHex: NHy", ratios increased with an increase in
H,S concentrations. Large concentrations of adsorbed
NH,* compared to porewater NH," concentrations
(5- to 100-fold) were also reported by Simon (1989) in
sediments of the Potomac River and Estuary.

In light of the present evidence for an important role
of not easily exchangeable NH,' in sediment pro-
cesses, it is perhaps convenient to isolate this pool from
the total adsorbed NH4* pool, and named it 'tightly
bound NH,*" There is evidence suggesting that this
pool is dynamic, slowly following the patterns ob-
served for porewater NH,* and easily desorbed NH/*,
particularly the latter (Fig. 4). This time delay might
indicate a slow equilibrium with more available pools,
thus influencing the calculated NH,%,,: NNH,*,,, ratios
(Table 2). Concentrations of this pool were correlated
with salinity values, which are expected to influence
the degree of NH,* adsorption onto sediment (Boatman
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Fig. 5. Plots of easily desorbed NH,* (1-step KCI extraction)

against porewater NH,™ for (A) Aarhus Bay, (B) Norsminde

Fjord, and (C) Randers Fjord; n = 72 at each station. Values

were from all sediment depths at all sampling times. Data

points were fitted through a 1-1.3 regression line (Mackin &
Aller 1984)

& Murray 1982). Moreover, changes in temperature
are also known to determine the adsorption of NH,*
(Kamyiama et al. 1978).

Mackin & Aller (1984) found a high correlation be-
tween porewater NH," and easily desorbed NH,* in
sediments from nearshore and hemipelagic deep-sea
areas, and calculated the linear adsorption coefficient
(K-value]. The K-value is used in most models of pore-
water NH,* distribution (Berner 1976). A K-value of 1.3
was found to be representative for terrigenous, surface
marine sediments (Mackin & Aller 1984). However, a
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random distribution of data points along a plot of pore-
water NH " against easily desorbed NH,* suggests that
this value could not be applied to our sediment systems
(Fig 5). A low correlation between porewater NH,*
and adsorbed NH,* was also observed in Potomac
River sediments (Simon & Kennedy 1987). The present
K-values (i.e. NH,".:NH,",, ratios) are shown in
Table 2. The K-value of 1.3 is only close to the January
ratios. The seasonal variation of these ratios has not
been predicted in models of NH," adsorption (Boatman
& Murray 1982). Further experiments are needed to
evaluate the availability of tightly bound NH,* pools to
microorganisms and the extent to which these pools
might influence the calculation of NH," turnover rates
in anoxic marine sediments.
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