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N,0 emissions from different cropping systems and from aerated,
nitrifying and denitrifying tanks of a municipal waste water treatment plant

Received: 13 June 1995

Abstract Nitrous oxide emissions, nitrate, water-soluble
carbon and biological O, demand (BODs) were quantified
in different cropping systems fertilized with varying
amounts of nitrogen (clayey loam, Qctober [99] tg May
1992), in an aerated tank (March 1993 to March 1994),
and in the nitrification-denitrification unit (March to July
1994) of a municipal waste water treatment plant. In addi-
tivn, the N,O present in the soil body at different depths
wus determined (February to July 1994). N,O was emitted
v all cropping systems {mean releases 0.13-0.35 mg
NSO mih ), and all the units of the domesltic waste water
wreatment plant (aerated tank 0-6.2 m% N,O m™ h™', nitrifi-
cation tank. 0-204,3 mg NoQ m~2 h™!, denitrifying -unit 0—
During the NO-samipling periods es-

i ,1.5,2.4 and 1.4 kg N;O-N ha”!, re-
spectively, were released_by the cropping systcms.]The

acrated, nitrifying and denitrifying tanks of the municipal
wiste water treatment plant released mean amounts of 9.1,
71.6 and 1.8 g NyO-N m™2, respectively, during the sam-
[ing periods.

The N,O emission were significantly positively corre-
laled with nitrate concentrations in the field plots which
received no N fertilizer and with the nitrogen content of
the aerated sludge tank that received almost exclusively N
in the form of NH,*. Available carbon, in contrast, was
significantly negatively correlated with the N,O emitted in
he soil fertilized with 80 kg N ha™ vear. The significant
negative correlation between the eqitted N2O and the car-
ban o nitrate ratio indicates that the lower the carbon to
nitzae ratio the higher the amount of N,O released. In-
vreasing N,O emissions seem to occur at clectron danor-
lo-aceeptor ratios (Cyy,o or BODs-to-nitrate ratios) below
M} in the cropping systems and below 1200-1400 in the
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waste water treatment plant. The trapped NoO in the soil
body down to a depth of 90 cm demonstrates that agricul-
tural production systems seem to contain a considerable
pool of N,O which may be reduced to N, on its way to
the atmosphere, which may be transported to other envir-
onments or which may be released at sometime in the fu-
ture.

Key words N,O release - Cropping systems -

Waste water treatment - Activated sludge - Nitrification -
Denitrification - Carbon availability - Available
carbon-to-nitrate ratio

Introduction

In soils and waste water, even if well aerated, anaerobic
energy-conserving processes can occur inside aggregates
and sewage flocculates in the sequence NO3, MnO; and
Fe,0; respiration followed by SO} and CO, reduction
(Ottow and Glathe 1973). Much work has been done to
clarify the effect of the variables, water-soluble carbon
(Ch,o0), BODs, nitrate concentration (NO3), moisture con-
tent, temperature and oxygen partial pressure on the onset
of anaerobic nitrate respiration (Benckiser et al. 1987; Ot-
tow 1992; Ottow and Benckiser 1994; Siimer et al. 1996).
Despite these endeavors, the role of the above parameters
on the denitrification process remains unclear because of
the high spatial and temporal variability in soil and waste
water systems diffusional constraints and the numerous
feedbacks of the process itself in the different environ-
meints ((Benckiser 1994; Simer et al. 1995). Products of
anaerobic energy-conserving processes are, in addition to
CO,, Ny, Mn?*, Fe** and H,S, the greenhouse gases CH,,
NO and N;0. Nitrous oxides are well-documented gaseous
products of the lithotrophic ammonia-oxidizers (Blackmer
et al. 1980; Toroso and Hutchinson 1990; Hooper et al.
1990, Manikainen and de Boer 1993; Simer et al. 1996)
and the heterotrophic denitrifiers (Abou-Seada and Ottow
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1985; Myrold and Tiedje 1985; Benckiser and Simarmata
1994), The main and so far known N,O-forming processes
are summarized in Fig. |. “Nitrification-denitrification”
and heterotrophic denitrification appear to be the dominant
processes. Essential prerequisites for both energy-conser-
ving processes are nitrate, nitrite and available carbon. In
natural and agricultural used soils, nitrification and denitri-
fication contribute to the N-availability of plants; and in
wasle water, which might be considered a model for soil
solutions rich in organics and N, both processes are in-
creasingly being used to avoid eutrophication by N-species
in the “receiving” water. As side effects of soil and waste
water management, increasing N-O emissions are being re-
ported (Simarmata et al. 1993; Lorch 1993; Wicht and Be-
ier 1995). N,O, which has a mean resistance time of 132
years in the troposphere combined with a considerable
ozone-destroying capacity in the stratosphere, has a 260
times grealer greenhouse cffect potential than CO, (Papen
and Sciler 1994). Conscquently, this wace gas should not
be underestimated as a potential hazard on a long-term
scale. Unfortunately, local and global estimates of the
quantity of N,O from various terrestrial ccosystems,
ocedns, waste water treatment systems and combustion are
scarce, if not totally lacking (Ottow and Benckiser 1994).
This paper compares the N,O emissions from various
cropping systems and municipal wasle walter (reatment
plant units {activated sludge, nitrification, denitrification
tanks) in order to ascertain to what extent the N-.O re-
teases depend on nitrate (end product ol nitrification) and
carbon availability (prerequisite of heterotrophic denitrifi-
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cation). Another objective of this paper was 10 estimate
the amounts of N,O still stored in the soil body in onder
to obtain information on the fale of N,O during diffusion
from its place of production o the atmosphere.

Materials and methods

Expcrimental design and field management
Cropping svsiems

The experiments to quantify N-O emissions from different cropping
systems were carried out at the Experimental Station of the Institute
for Agronomy and Plamt Breeding, Justus-Liebig "University, GieBen.
Germany. The topsoil (0-35 cm) was a clayey loam {clay 31%., sik
60% and sand 5%) with a pH (H.O} of 6.2. Total organic C was
1.41% and total organic N 0.15%, The soil was classified as an &l
lochtone brown earth derived from river sediments. The average pre-
eipitation of the experimental site is ¢, 640 mm yc:lr" and the mean
temperature 8.9°C. The experimental design was a Latin Square
(810 m. four replicaics each). which was established in 1982 to ob
tin information about the biological N-supply of different cropping
systems. The different cropping svstems at this site have three o
ton units i common, winter whept, winter rye and barley, and ""‘
different one: A=Viclu  fuba, B=fallew lund, H=Avena saind.
K=Trifolium campestre and M=Zog mavs. Further treatmenls Wefe
achieved by ditfereni Tenilizer Ilppliuuio'ns (1-4). Treatments A-MI
reccived no fertilizer. Treatmenis A-M2-4 reccived 37 kg P
100 kg K ha! ycur" and different rules of N as follows: Tr(‘i«'llmf“g
A-M?2 received no nitrogen, treatments A-M3 80 kg N ha™ )'_“1"
and the wreatments A-M4 820 ke N b ycur'l as ilmmonium_ niw3te
split inta three applications (0. 20, 20 or 60. 30, 30). Dll_f}nﬂ 'hﬁ
growth of Vicia fuba or Zea maxs no pitrogen or 180 kg N ha™ yeo

A




wae applicd. respectively. The Trifolium campestre rotation was cut
o dnsing the growing season followed by mulching each time.
Before starting with the N,O-flux measurements in October 1991,
the experimental site was pioughed (25 cm deep), levelled by rotary
naow and sown with winter rye (20 September 1991). Phosphorus
und potassium were applied on 10 March and the first nitrogen was
applicd on 20 lVEarch 1992. Herbicides (Starane, 0.8 1ha™', and
posnterd. 25 g ha™, Dow Elanco, Germany) were spread on 7 April
il the second N split appfication took place on 21 Aprl. The fungi-
vide Corbel (0.75 1 ha™, BASF, Germany) and the growth regulator
Lerpal € (201 ha™', BASFE, Germany) were applied together with the
thin N split on 5 May. The NyQ surface flux measurements were car-
e ont more frequently over the winter months (1 October 1991 to
14 May 1992). During the pericd 1 December 1991 to 1 March 1952
ihe soil temperature was below 5°C. Consequently, the N;O surface
{lun measurements were carried out mostly during October, Novem-
ner. March, April and May at temperatures between 5° and 15°C.
The soil humidity varied between 20% and 25% (w/w) during this
pcriud.

el

Wyste waler treatment plant

e in sitw N2O measurements in an aerated fluid-bed reactor, and a
muication-denitrification tank, were carried out at the muanicipal
winle water treatment plant of Gieen, Germany (Fig. 2). In this plant
ihe waste water from about 150000 inhabitants is purified daily. One-
hird of the waste water, with a mean BODs of 170 {}0-510) m]g ',
COD of 196 (32-756) mg I”', NH,*-N of 33 (5.7-52) mg 1”" and
N0 =N of 2.5 (0.3-13.8) mg 1! (Siimer et al. 1996}, passes through
< screen, a grit chamber (1170 m®) and a sedimentation tank
(2080 m®, 45 min, to remove the coarse particles), a trickling filter
filled with coarse and porous lava stones for biofilm development
Juring irigation with waste water (3900 m®, 50 min) and a aeration
wnh (1700 m®, 120 min, for BODs degradation and NO; -formation)
before it is discharged to a secondar% scdimentation tank (2980 m®,
i% min). a polishing pond (11000 m”, a type of lake in which the
bivlogically treated waste water is ameliorated during longer periods
ol residence) and the “receiving” water. The other two-thirds or
52000 m® day™' pass the screen, the grit chamber (1170 m*) and the
sedimentation tank {[760 m*, 45 min}, but then goes through an
anacrobic 1ank (4000 m®, 70 min) and nitrifying and denitrifying
units (16000 m>, 140 min} before the clarified waste water is dis-
chiarged (it the secondary sedimentation lank (13450 m>, 18 min),

Ilig. 2 Schematic diagram of
the waste water treatment plant
ws Gieflen, Germany, and the
N:0-measuring sites

screen

grit chamber

30 sedimentation tank

-
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L sec

trickling filter
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the polishing pond (11000 m") and the “recciving” water (Fig. 2:
Linn et al. 1995).

Nitrous oxide flux measurements and N,O quantification inside the
soil body

The in situ N,O fluxes to the atmosphere in the cropping systems were
determined as described by Schwarz et al. (1994), but without flushing
the soil with C,H,. Briefly, open chambers (50 cmx10 cmx 15 cm, four
in parallel) equipped with a sharpened stee! base and a removeable lid
were inserted about 5 cm deep into the soil between the plant rows. The
plants under the boxes were removed. Before each N,O-sampling per-
iod of 4 h day™' the lid was made air tight and the open chambers con-
tinuously flushed with an air stream (20 1 h™') using a vacuum pump
(Vacubrand M2, Germany) and flow meters (Platon, Germany). After
each N0 measurement the lids were removed to avoid the develop-
ment of a different microclimate under the cover boxes. The N,O re-
leased into the air stream was coliected on three 0.5-nm molecular
sieve traps (19 cm in length, 2.5 cm in diameter: ca. 35-g 2-mm pel-
lets; Merck, Germany).

The development of a method to quantify the N;O retained by the
soil body has been described in detail by Weiske et al. (1995).
Briefly, soil samples from the cropping system K2 and M3 down to
90 cm depth were taken in the field (February—July 1994} with an au-
ger (three parallel samples per treatment), and divided into subsam-
ples ((-30 cm, 3060 cm, 60-90 cm). To avoid major degassing of
N;O. portions of the parallel soil samples were transferred straight
from the auger imto 100-ml Erlenmeyer flasks {about 40-6( g fresh
soil). The Erlenmeyer flasks were immediately closed and made air
tight with a rubber septum seal (Veneret, France) and stored in a
cooling box (ca. 4°C) to keep the microbial activity at a low level
during the transfer to the laboratory (ca. 15 min}. On reaching the la-
boratory the flasks were heated in a water bath to 80°C over a period
of 80 min. Using this procedure, N.O formation during incubation
was completely suppressed (pasteurization) and a 1o1al release of the
N,O trapped in the soil body was achieved (Weiske et al. 1995).

The in situ NoO emissions from the aerated fuid-bed reactor and
the nitnification-denitrification tank of the waste water punfication
plant in GieBen were quantified with floating self-constructed open
PVC covers (dimensions 60x40x20 cm, six in parallel} as recently de-
scribed by Kémer et al. (1993) and slightly modified by Siimer et al.
(1995). For sampling dates see Siimer et al. (1995) and Linn et al.
(1995). The atmosphere of the covers was transported continuously
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by a membrane pump (air stream of 90 1 h™") over silica gel and so-
dium hydroxide traps {10 remove the H,O and CQ,, respectively) into
colums of 0.5-nm molecular sieve filled with 2-mm pellets {(Merck,
Germany, 10 absorb the N;O quantitatively). To obtain a homoge-
ncous air stream, two uniformily perforated PVC plates (with holes,
cuch 0.8 ¢m in diameter) were fixed perpendicularly 10 the air stream
inside the chambers. At each sampling the chambers were flushed for
2 h. To compensate the frequently changing air fluxcs by the waste
water aeration device, the total air stream of 90 1 h™" was subdivided
into a 20-1-h~" stream (for N;O collection} and a 70-1-h™" bypass (to
avoid uncontrolled lifting up of the chambers). Both air streams were
controlled by flow meters (Platon, Germany).

The N,O released from the different cropping systems as well as
from the different units of the waste water treatment plant, absorbed
on the molecular sieve, was desorbed in evacuated Erlenmeyer flasks
ca. 1 1in volume containing 150 ml water (Benckiser et al. 1995).
Gas portions of the atmosphere of the Erlenmeyer flasks either used
to desorb N;O from the molecular sieve or to release NoO from the
soil solution were analysed gas chromatographically. A gas chromato-
graph equipped with an electron capture detector (ECD: Sigma 300,
Perkin Elmer, Germany; Porapak Q column 2 m, 120 mesh; N, car-
ricr gas; detector 300°C; injector 130°C; column 50°C; flow
30 ml min™') was employed to quantify the N;Q. The amount of N,O
dissolved in the water was calculated according 1o Moraghan and
Buresh (1977). The N,O concentration in the surrounding air was de-
termined in separate units and subtracted from the mreasurements.
N2O surface fluxes were calculated as milligrams NoO per metre per
hour.

Analytical procedure

Soil samples {ten samples per treatment) were collected with an auger
(0-30 em}), combined, mixed and freed from roots and organic re-
mains by passing through a 2-mm sicve and stored at 4°C. NOy~ was
extracted following the procedure of Scharpf and Wehrmann (1976).
Twenty grams of fresh soil was shaken with 100 m! extracting solu-
tion (I A NaCl-to 0.1 N CaCl,) for 1 h and filiered (595 1/2, Schlei-
cher and Schiill, Germany). The filtrate was analysed for NO;™ by ul-
traviolei absorption at 210 nm. Water-solubte carbon (Cy o) was de-
termined following the procedure of Burford and Bremner (1975).
Twenty grams of air-dried secil was shaken with 40 ml distlted water
for 30 min at 130 U min™', which 10 m] of a 4 M Na>SO, solution
was added and by shaking poured through a filter (595 1/2, Schlei-
cher und Schiill, Germany). From the filtrate an aliquot of 20 ml was
transferred into 10{(-ml Erlenmeyer flasks and the water evasporated at
80°C. Then 5 ml 2 ¥ K5Cr,0; and 9 ml concentrated Ha.SO, were
added and allowed 100 oxidize for 90 min at 120°C. Afler cooling
down to room temperature, the samples were filled with distilled
waler to the 50-ml marker, centrifuged for 15 min (3000 U min™,
Heracus, Germany) and the reduced Cr'* ions analysed photometri-
cally at 578 nm {(Hitachi, Germany).

Simultancously 1o each N,O measurement waste water samples
were taken from a depth of 0-20 cn. NO;™ was determined in 100-
ml waste waler samples by extraction with 100 ml of a (.1 & NaCl
and 0.0t & CaCls solution for | h and analysis of the filtrate by uhra-
violet absorption at 210 nm (Navone 1964). The biological oxygen
demand after 5 days of incebation (BODs) was determined manome-

trically with 2 WTW BOD-analyser (Model 1002, Germany) or with:

a Sapromat BOD analyser (type B 12, Voith, Germany) in samples 15
ken close to the NpO-measuring sites. The unfiltered waste wapey
samples (150-250 ml) were incubated over 5 days at 20°C in waler
bath and the O, demand 1= was rccorded directly.

Simple and multiple regressions for evalueating the soil and waste
water parameters which might influence the microbial NyO formasigg
were carried out with the SPSS for Windows Release 5.01,

Results

Figure 3 compares the nitrate contents at the N,O-sam.
pling sites with the NyO surface fluxes. N;O was emitled
by all the cropping systems studied and_the domestie
waste_waler treatment plant units, The cropping sysfe—;'ns
Teleased mean amounfs of 0.08, 0.14, 022 and
0.13 mg N,O m™ h™" (Fig. 3A-D) and the aerated, nitrj-.
fying and denitrifying tanks released mean amounts of 1.0,
19.5 and 0.5 mg N;O m™ h™' (Fig. 3E-G), respectively,
The highest N,O fluxes in the cropping systems occurred
in the plots fertilized with 120 kg N ha™' year™ and with
maize in the rotation (Fig. 3C). In the waste water treal-
ment plant the highest N,O releases occurred in the nitrifi-
cation tank (Fig. 3F). As frequently observed with field
data, the correlations between soil or waste water nitrate
and N,O emissions were relatively poor. A positive corre-
lation significant at the 95% probability level was found
for the field site which received no mineral nitrogen fertili-
zatton (Fig. 3D) and in the aerated tank which teceives ni-
trogen almost exclusively in organic form or as NHy". The
correlation coefficients for the.cropping systems (Fig. 3A-~
D), in particular, but also for the waste water treatment
plant (Fig. 3E-G) suggest that decreasing N-fertilization
or N-inputs improves the positive relationship.

Figure 4 compares the water-soluble or available car-
bon contents at the N,O-sampling sites with the N,O sur-
(ace fluxes. In contrast to nitrate (Fig. 3) the comelation
coclficients were generally negative. The cropping system
with Vicig faba in the rotation and fertilized with
80 kg N ha™' year™' showed a significant negative correla-
tion (Fig. 4 A). This significant correlation, supported by
the others, obviously shows that with increasing amounts
of available carbon the N-O emissions are lowered.

The water-soluble carbon- or BODs-to-nitrate ratios at
the N,O-sampling sites are compared with the N;O sur-
face fluxes in Fig. 5. A significant negative correlation is
shown by the cropping svstem fertilized with 120 kg N
ha™ year™ and Vicia faba in the rotation (Fig. 5B) and by

Table 1 Amounts of nitrous

oxide (mg N2O kg™ dry soil) re- Cropping  Soil depth Sampling

dates during 1994

leased from soil samples taken System tem)
during 1994 from differem 9.2 17.2 L3 224 19.5 L6 277
m::&;%‘:::\ESTJT%KEY—:I;:];4 0-30 0 0 R80T 3620005 THOOR  6.6£007 - 4.22005
tentilization, M3=80 kg N ha™) K2 30-60 0 0 Y L4008 2.620.04 0 ]
T : 60-90 ] (} 0 0 0 (} 4.320.08
{130 (02013 6107 354+02  458+09 21503 19.5:0.22 6.8£0.15
M3 30000 () GALET 11220004 282002 99403 9.1+0.16 3.1x0.02
{1-90 3] 3520005 0 0 L3+0402 [ 42003 0

{ \.i' |
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Fig. 3A=G  Nitrous oxide sur-
jace Muxes from different crop-
ping systems and the aerated, ni-
wrifving and denitrifying tanks of
[he' wasle water treatment plant
in GieBlen, Germany, in compari-
< 10 the nitrate contents. A
Ai=Vicia faba, 80 kg N ha™ kg;
I Ad Vicia faba, 120 kg N ha™;
C M4 Zea mays, 120 kg N ha™";
1 K2 Trifolium campestre, no ni-
wreecn fertilization: E aerated
wank: F nitrification tank; G deni-
ritication lank

the aecrated tank (Fig. 5E). From Fig. 5B, E as well as
tentatively from the other investigated cropping and waste
water systems, it can be concluded that the wider the car-
bon-to-nitrate ratio the lower the N,O fluxes. This sug-
2ests that the cropping and waste water treatment systems
can be potential NoO sinks if organic carbon availability is
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high compared to nitrate. Water-soluble carbon-to-nitrate
ratios above 60 in the cropping systems and BODs-to-ni-
trate ratios above 600-800 in the waste water treatment
systems generally correspond to decreasing N,O emis-
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Fig. 4A-G Nitrous oxide sur-
face fluxes from different crop-
ping systems and the aerated, ni-
trifying and denitrifying tanks of
the waste water treatment plant
in GieBen, Germany, in compan-
son to the water-soluble carbon
contents or the biological oxygen
demand (BODs). For legend see
Fig. 3

Table | shows the amounts of N,O trapped during Feb-
ruary to July 1994 in the soil bodies of the cropping sys-
tems M3 (B0 kg N ha™' yczu"‘) and K2 (no N-fertiliza-
tion) down to a depth of 90 cm. Despite an unknown
amount of N2O which might be lost 10 the atmosphere
during the transfer of the soil samples from the auger 1o
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the Erlenmever flasks. the following conclusions can be
drawn from Table 1. First. both ¢ropping systems COVer
significamly different amounts of N,O in their soil bodies.
The retuned N.Q amounts of the variant M 3 are about 40
times higher than those from the variant K 2. Secondly, in
both cropping systems the highest amounts of N2Q are in
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Discussion

(30-60 cm and 60-90 cm) the amounts of N,O are still

considerable. This N,O formation s
distinct periods during the cropping

cems to be restricted to
seqason.

The data presented show that the N>O emissions from
soils and waste waters scem to depend predominantly on

the carbon-to-nitrate ratio. In some of the cropping and
waste water systems studied it was even found that N.O
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release was highly affected by the availability of both car-
bon and nitrate. The various N,O-forming processes
(Fig. 1) can occur simultaneously in soil aggregates and
sewage sludge flocculates, even if the soils and waste
water are well aerated. Most of these N,O-forming pro-
cesses need available carbon as the electron donator and
nitrate or nitrite as the electron acceptor. [n the presence
of oxygen, the availability of carbon and nitrate is gener-
ally improved. In reverse, oxygen diffuses more slowly
than nitrate into the inner parts of the soil aggregates or
sewage flocculates. Consequently, instcad of O, nitrate
and nitrite are preferentially used as e™-acceptors for en-
ergy conservation and N,O may be formed. NoO can now
diffuse into the atmosphere of is dissimilated into N, by
acting as the e -acceptor. Depending on the nitrate-to-car-
bon ratio more or less N, will be released during denitrifi-
cation. In this context, it is not surprising that the N,O re-
lease from the well-aerated nitrification tank is about 40
times higher than from the un-aerated denitrification tank.
Simple (Figs. 3-5E) as well as multiple correlations be-
tween the spatially and temporally highly variable in situ
N»O emissions and factors such as water-soluble carbon
(Ch.0), BODs, NO3, NO3 concentrations and pOj, tem-
perature and pH showed that in the aerated tank N,O in-
creased with NO3 and NO3 concentration as well as with
the pH, but remained nearly unaffected by changes in pO;,
temperature and Cy o or BODs (Siimer et al. 1995, 1996).
Nitrite and nitrate has been identified as one of the proxi-
mal controls in the denitrification of nitrifiers (Blackmer et
al. 1980; Bock .et al. 1988;.Tortoso -and Hutchinson -1990;
Robertson and Kuenen 1991; Hooper et al. 1990; Mosier
and Schimel 1993; Siimer et al. 1996) and in the hetero-
trophic denitrification process (Tiedje 1988; Benckiser
1994; Ottow and Benckiser 1994). In well-aerated topsoils
and waste water treatment systems N;O emission should
be ascribed essentially to nitrification-denitrification rather
than heterotrophic denitrification. At reduced oxygen pres-
sue the ammonium and nitrite oxidizers of the genera Ni-
trosomonas and Nitrobacter are able to use organic com-
pounds andfor NHI for supplying reduction equivalents.
With nitrite and/or nitrate as electron acceptors in order to
continue their energy conservation (Komer et al. 1993; Sii-
mer et al. 1995; Bock et al. 1995).

NH; +NOj — N2+2H,0 DG = 360 kI mol™" (1)

This alternative strategy of nitrifiers of continuing ATP
synthests by using part of their own end products of aero-
bic metabolism at reduced oxygen supply may make a
considerable to temporary contribution to the N,O emis-
sions from topsoils or waste water tanks. 1 more sophisti-
cated biological waste waler purification plants are in-
stalled world wide in the next t0-30 years, nitrate pollu-
tion and eutrophication of our waters will be reduced but
as u side effect the global contribution of wasle water puri-
fication plants to the atmospheric N>O budget might be in-
creased. At present the N»O concentration in the atmo-
sphere is increasing by 0.2-0.3% annually (Papen and Sei-
ter 1994}, An annual incrcase of (.25% corresponds to an

additional amount of 3.5 Tg N,O-N year™' on a globa]
scale. The amounts of N,O released from terrestrial egq.
systems (agricultural soils, grassland and forests) on a glo-
bal scale have been budget at ca. 5 Tg »~' and from Ger-
many in the range of 0.075 Tg year" {Davidson 1997.
Dritter Bericht der Enquete-Kommision 1994). The aeraled'
tank and the nitrification-denitrification units (Fig. 2) re.
lease about 0.001% N or 0.04% N, respectively, if N,O.N
is expressed as a percentage of the total amount of N re.
ceived (Figs. 3-5E~G; Linn et al. 1995, Siimer et g
1995, 1996). German waste water treatment plants recejve
N-inputs from 161x10° inhabitant-equivalents. Based on
the above N,O percentage and the inhabitant-equivalents
and considering that all German waste water treatment
plants are equipped with N-elimination units (Fig. 2), the
N>O emission will increase from about 7 Mg N,O year!
(roughly estimated from the data of the aerated tank; Sii-
mer et al. 1995a) to about 350 Mg NoO year™ (roughly
estimated from the data of the nitrification-denitrification
tank; Linn et al. 1995). Compared to the estimates of total
German anthropogenic N;O emissions (206-276 Gg N,O
year"), these amounts of N»O, should be considered insig-
nificant. In view of the characteristics of N,O that it is
trapped in considerable amounts in the soil (Table 1;
Weiske et al. 1995) and waste water (Linn et al. 1995) as
well as being characterized by an atmospheric lifetime of
about 100-200 years and a relatively high potential for IR
adsorption, this trace gas should not be underestimated
(Stimer et al. 1996). Our measurements of trapped N;O
are' based on soil -samples taken with an auger (Table 1).
Compared with the amounts of dissolved N>O, determined
in soil solutions drawn up in a southeastern hardwood for-
est (USA) using high-flow porous cups (0.07—a
8 ug N,O-N I"": Davidson and Swank 1990), the amounts
of N,O trapped in the soil body (76 mg N,O-N 17! in the
K2 plots, which received no mineral N-fertilizer;
74.6 mg NoO 1™ in the M3 plots. which received
80 kg ha™' year™) are approximately 10°-10" times high-
er. The quantitics of NoO trapped in the soil seem to de-
pend on fertilization, seasonal constrainis and soil depth.
Subsoils have a potential for N>O production which
should be not neglected (Lehn-Reiser et al. 1991). In
phreatic aerobic aquifers, nitrate enriched by diposal of hu-
man and animal wastes, the N-O concentrations are up to
3 orders of magnitude higher than the concentrations ex-
pected as a result of equilibrium with the atmosphere (Ro-
nen et al. 1988). This N,O. which may be entrapped in
soil aggregates (Kemper et al. 1985), dissolved in the soil
waler (Minami 1987) or sorbed en clay minerals and or-
ganic substances {Hazzard et al. 1985; Chalamet 1990)
may dissimilated to N, and/or released somewhere at
some future time nto the atmosphere. potentially increas-
ing the hazardous greenhouse eficet.
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