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Abstract

Potential activity of soil and sediment samples
along a watershed is determined for the reduction of
nitrous oxide (N.0), which is a doubly important
trace gas controlling the energy budget of the tropo-
sphere and the ozone level in the stratosphere. N
tracer technique is applied for the determination of
the potential activity using labelled N,O. Most of the
soil and sediment samples have been proved to have
large potential activity for reduction of N,O. The
potential activity is highest for the river and bay
subsurface sediment at the coast, where anaerobic
micro site predominates. The present results indicate
that the nitrate reduction system of soil and sediment,
especially in coastal area is an important process in
consuming N,O.

Introduction

Nitrous oxide is one of the most important trace
gases which have a potential to destroy ozone layer in
the stratosphere? and to control the temperature of
the Earth by greenhouse effect?. New approaches to
the geochemical cycle of nitrous oxide throngh the
natural nitrogen isotope abundance in N,0%® have
provided additional information on the budget of N,
O. One of the great achievements of them is about the
contribution of two important processes, denitrifica-
tion and nitrification, for the cycle of N,O. Nitrous
oxide was considered to be mainly produced by de-
nitrification and nitrification process in terrestrial
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and aquatic systems. A considerable attention has
been focused on N,O production during denitrifica-
tion. However, much less emphasis has been laid on
denitrification process as N,O consuming process. In
fact, in an initial few days of incubation of pure
culture of denitrifying or soils, significant amount of
N,O accumulates, but its concentration decreases in
the latter period of incubation”. Therefore, studies on
the short period of denitrification reaction tend to
give higher N,O producing activity of the systems by
denitrification. Former estimates based on the shorter
period of incubation experiments favored over esti-
mates of N,O production during denitrification proc-
ess.

Production and/or consumption of N,O by denitri-
fication process are determined by the subtle balance
of the kinetics of nitrate reduction to N.O, diffusion
of N;O between reaction site and atmosphere, and
N0 reduction®. Almost all the studies on the kinetics
of denitrification process included either the kinetics
of all these three processes or the kinetics of the two
preceding processes. The purpose of this study is to
estimate the contribution of last process individually
in the whole process of nitrate reduction in natural
environments.

Very little is known about the N,0 reductase
system® as well as N,O reduction activity in natural
environments because of the faintness of the en-
zyme' and of lack in *N-tracer studies using *N
labelled N,O. So, the number of studies have been
limited concerning the N,O reduction activities of soil
and sediments!!~19,

In this study, '*N tracer technique has been firstly
applied to measure N,0O reducing activity of natural
soils and sediments using N labelled N,O. The
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potential activity of soil and sediments was measured
along the wateshed to clarify where the N,O reduc-
tion can proceed actively. A relation between N.O
and nitrate reduction activity has been studied pre-
cisely to provide useful information for the global
estimate of N,O reduction on the basis of a number of
denitrification data hitherto obtained in various eco-

systems.
Materials and Methods

Locations and sampling
Samples of soil and sediment are collected along

the watershed of the Otsuchi River, Iwate Pref. Japan

for the following reasons ;

1) The watershed is in appropriate size for a model
ecosystem including forest areas, river valleys, a
small town and coastal area. So that the sampling
is relatively easy.

92) There have been an accumulation of available
information obtained by interdisciplinary studies,
organized by Otsuchi Marine Reseach Center,
Ocean Research Institute, University of Tokyo.

3) The disturbance of the ecosystem by human
activities is localized and small.

The sampling locations are shown in Fig. 1. Surface
soil sample and river floor sediments at shallow sites
have been collected by shovel and a scoop from 0 to
5cm depth with least disturbance of the sample.
Sediments in the bay have been collected by an
Ekman Birge sampler from the surface to 15 cm depth
and also by a gravity core sampler for the core
sample of 36 mm in diameter from the surface to 34
cm depth. All the samples have been through a 2 mm
sieve as soon as possible and subjected to the activity

measurements.

Potential activity measurements for rveduction of N,O
and nitrate

Potential activity of N,O reduction has been mea-
sured using an incubation vessel as shown in Fig. 2-a.
Sample of about 5 g in wet weight is put in the vessel.
The atmosphere inside the vessel is replaced with
99.999 9% N, of which nitrogen isotope composition
was measured in advance, by flushing through a
syringe needle plunged to the bottom of the vessel and

capped with rubber cap. Reduction of N,O is started
by breaking the capillary tube which contains *N
labelled N,O of ca. 0.1 cc STP with a stainless steel
ball. The preparation of **N labelled N,O (*N"NO ;
51.8 atm % !N at the labelled position) is described
elsewhere'®. The vessel is incubated at 20°C for a
desired period. At the end of the reaction, HgCl,
solution is added and the vessel is stored at —20°C
until analysis. Analytical procedures are as follows ;
the vessel is attached to the vacuum system through
a syringe needle and the atmosphere inside the vessel
is collected via lig. N, traps by the help of a Toepler
pump. Thorough purification of N, from *N labelled
N,O is executed by trap work using the vapor pres-
sure difference between N, and N,O at the liq. N,
temperature. Nitrogen isotope ratio of purified N, is
determined on a precise ratio determining mass
spectrometer VG 602E (VG Isogas, Cheshire, U.K).
Potential activity (4) of the sample for the reduction
of N,O to N, is calculated by the following equation.

A= VST
u(uR—2t)

= —1-1
wu+yt—2tu—u(y—u)R Vst T ()

where f is the fraction of *N, in total N,, V is the
amount of total N,, S is the amount of soil or sedi-
ment, 7" is the duration of the incubation, R is 2N,/
N, ratio of total N, x is the atomic fraction of *N
at *N of *NNO, y is the atomic fraction of “N at *N
of *NNO, ¢ is the atomic fraction of *N of bomb N,
and # is the atomic fraction of N of N,.

Fig. 1

Sampling locations for soil and sediments at
Otsuchi, Iwate Pref. Japan.
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Arrangements of incubation experiments for
the measurement of activities for the reduc-
tion of N,O (a) and nitrate (b).

Fig. 2

Potential activity of nitrate reduction is measured
using a reaction vessel as shown in Fig. 2-b. Sample
of about 5 g in wet weight is put in the vessel. One ml
of 0.5 mg-N/1 nitrate solution is added to the sample.
The atmosphere inside the vessel is replaced with
reseach grade mixed gas of Ar (96 %) and C,H, (4 %)
which prevents further reduction of N,O, in the same
manner as described above. The accumulation of N,
O is measured by TCD gas chromatograph (GC-
4APT, Shimadzu, Kyoto) and the potential activity of
nitrate reduction is estimated’®.

Both activities are measured once more by using
the same sample stored at 4°C two months later.
Other characteristics of soil and sediment samples are
determined by ordinary methods.

N, O reduction activity as a function of partial pressure
of N,O

Dependence of the N,O reduction on the partial
pressure of N,O is investigated for the sample R-10 at
5 different magnitudes of partial pressure between
1.5X1077 and 5.9X10~* atm. For the N,O partial pres-
sure between 1072 and 107% the same vessel as
mentioned above is used. For ca. 10~% atm, sample is
incubated in ca. 130 ml flask, and for the lower N,O
partial pressures, each sample is put in the flask of
about 1000 ml with ca. 0.1 ml of N labelled N,O. The
low partial pressure of N;O is achieved by diluting
the N labelled N,0 with CO, and the amount of the
mixed gas is precisely measured by McLeod gauge.

Results and Discussion

Time course of N,O reduction

In order of determine the adequate duration of
incubation, the time course of N,O reduction is
checked using the sample R-10. The result is shown in
Fig. 3. The reduction rate is rather constant until 24
hours. Because of the high sensitivity of this method,
a few to a few tens of minutes incubation is sufficient
for the determination of N,O reduction. N,O reduc-
tion activity is detemined by taking the average of
the data at 3 and 24 hours incubation for practical

reason.

Potential activity for the reduction of N,O and nitrate

The results of incubation experiments are summar-
ized in Table 1 (Series 1) and schematically illus-
trated in Fig. 4. Both activities are unexpectedly high
for particular samples such as the soil (M1) and the
river floor sediment at the river head (R1). This fact
may be due to high standing stock of micro-organ-
isms together with high nitrate concentration!”. It is
an additional reason for high activity for the soil
sample M1 that the high water content is favorable
for the existence of anaerobic micro site to proceed
denitrification including N,O reduction. Except for
these two exceptions, general trend is shown in Fig. 4.
That is, both activities are high for the estuarine river
floor sediments and the bay sediments. Potential
activity of sediments is concluded to be promoted by
the increase in the anaeobic site in sediments and also
by the increase in nitrate concentration in the lower
reaches of the river'”.

Accordingly, estuarine area and bay are considered
to be greatly responsible for the consumption of N,O.
This is supported by a large extent of undersaturation
of N,O in the water column of bay where anaerobic
conditions are developed in subsurface layer!®-29,

In order to obtain more information on the bay
sediments other than SW-3 (SW-5, 6 and 7), another
set of incubation are carried out as shown in Series II
in Table 1. The general trend is conserved and the
higher activities are also observed in estuarine and
bay sediments. Some characteristics are, however,
disturbed ; both activities are reduced for the sample
M-1 from the mountain area. The soil materials with
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Table 1 Experimental results and some characteristics of soil and sediments

Sample pH Vzg/t?r (rgez/*) Kjeldahl-N . Murllsell Series 1* Series II*
H,0 KCI o 2/8)  mgN/g permil color N,0 NO,- N,0 NO,~ CO,
M- 1 484 407 536 0.12 2.52 95 75R2/1 1358 13.65 144 404 927
R-1 654 551 476 0.07 0.97 06 10YR3/4 622 467 1554 341 1032
R-2 740 626 256 0.04 0.31 35 10YR3/3 085 228 229 155 4.80
R-5 722 586 194 0.02 0.19 41 25YR4/3 133 142 108 045 118
R- 8 731 608 201 0.02 nd. nd. 25YR5/3 582 632 464 134 279
R- & 711 593 211 0.36 0.33 51 25YR4/2 507 657 235 405 9.32
R-9 781 638 197 0.18 0.29 54 10YR3/2 528 416 316 418 1019
R-10 780 680 237 0.47 0.43 31  25GY2/1 1353 1027  70.63 2637 36.79
SW-7(7) 766 750 386 110 0.56 0.8 25Y3/2 nd. 1057 128 347 849
SW-6 (10) 765 755  53.7 2.32 0.86 —07 5 Y2/2 nd. 1116 6.80 5.83 1961
SW-5 (20) 750 754  56.9 1.19 1.06 14 25Y3/2 nd.  6.06 819 589 2373
SW-3 (32) 766 749 584 185 1.19 37 5 Y2/2 867 1173  22.16 1119 28.28
SW-3F-1( 0- 2) 63.8 1.08 5 Y3/2 933 9.32 5324
SW-3F-2 ( 4- 6) 58.4 2.13 5 Y3/2 1355 503 26.88
SW-3F-3 ( 6- 8) 59.1 2.30 75Y2/2 988 624 2673
SW-3F-4 (10-12) 57.0 1.68 75Y2/2 393 0 13.67
SW-3F-5 (24-26) 57.1 1.39 75Y2/1 074 0 6.65

* . Results of the incubation series I and II are expressed in terms of reduction and production potential activities for
N,O, NO,~ and CO,, respectively in the unit of £ STPg'day~".
Figures in the pharenthesis indicate the water depth for the samples SW-3-7 in metre, and the core depth for the samples

SW-3F-1-5 in cm. n.d. : not determined.
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Fig. 8 Time course of N,O reduction for the sedi-
ment sample R-10.

high porosity seemed to be suppressed of its activities
under anaerobic conditions. Generally in Series II,
potential activity for the reduction of N,O increased
almost twice as much as that of nitrate.

Detailed study is conducted on the vertical profile
for the bay sediment core sample SW-3-F, which is
collected by a gravity corer. As shown in Table 1,

N,O reduction activity is the highest at the subsurface
layer and decreased with depth but does not vanish
even at the depth of 24-26 cm. On the other hand,
nitrate reducing activity is limited to the depth of 0 to
8 cm and vanish for the deeper samples, which can
still reduce N,O and produce CO..

The assimilation of N,O by the samples is not
observed, which is checked by the fact that the nitro-
gen isotope ratio of organic nitrogen (Kjeldahl-N) is
not altered after incubation.

As expected from Fig. 4, the N;O reducing activity
is closely correlated with that of nitrate reduction.
Both activities for the reduction of N,O and nitrate
correspond to each other as shown in Fig. 5 {Note that
the units for both activities are the same). This indi-
cates that both potential activities are almost the
same for all the samples.

To estimate the global amplitude of N,O reduction,
it is one of the best ways to utilize abundant estimates
of denitrification in both local and global, on the basis
of the relationship between two activities. Therefore,
it must be the next step in the present study to
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Fig. 4 Potential activities of soil and sediment for
the reduction of N;O (top) and nitrate (bot-
tom).

determine the ralationship of substrate concentration
dependence on both activities. Fig. 6 depicts the
dependence of the N,O reduction activity for the
sample R-10 on the partial pressure of N,0O. The
dependence could be approximated by Michaelis-
Menten type saturation curve. The substrate concen-
tration that gives the reaction velocity half of that at
the maximum (half saturation constant : K)is 1.88 %
10~* atm. This K, value corresponds to the dissolved
N,O concentration of 5.68X10-*mol/] calculated
from the solubility data?®, assuming that N,O is in
dissolution equilibrium with pore water of the sedi-
ments. The K; value of N,O is almost the same as
that of nitrate for estuarine sediments, which is about
5X10*mol/1*?. Accordinglly, N,O reduction activity
at lower N,O concentration is also related to nitrate
reduction activity at lower nitrate concentration.
Several more steps are required to estimate the
global amplitude of N,O reduction ; such as diffusion
studies of N,O of soil and sediment between atmo-
sphere and/or pore water micro site where reaction
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Fig. 5 Relationship between reduction potential
activity of soil and sediments for N,O and
for nitrate.

takes place and detailed analysis of sequential
kinetics. However, it may be concluded that denitri-
fication system plays an important role in regulating
the atmospheric concentration of N,O through sup-
pressing the enhanced level of N,O in soil and sedi-
ment.

Summary

Soil and sediment samples are collected along a
watershed from mountain area to a bay via coastal
area. The potential activity of soil and sediment for
N0 reduction is found to be significantly high. The
N.O reduction activity is highest for the sediment of
the river mouth, where anaerobic micro site prevails.
The vertical profile of N,O reduction activity is
studied for a bay sediment core to reveal that the
subsurface is responsible for suppressing the N,O
level of the pore water in the sediment column. There
is a good correlation between potential activity of N,
O and that of nitrate, which indicates the possibility
to estimate the global amplitude of N,O reduction
through abundant nitrate reduction estimates.

Nitrogen and oxygen isotope studies are another
important approaches to the global cycle of N,O.
Combination of isotope studies with flux studies is
expected to provide comprehensive information for
the global budget of N,O.
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Fig. 6 Dependence of reduction rate on partial pressure of N,O for sediment sample R-10.
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