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N20 emissions from different cropping systems and from aerated, 
nitrifying and denitrifying tanks of a municipal waste water treatment plant 
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,\l~.?tract Nitrous oxide emissions, nitrate, water-soluble waste water treatment plant. The trapped N20 in the soil 
w h o n  and biological O2 demand (BOD5) were quantified body down to a depth of 90 cm demonstrates that agricul- 
i n  different cropping systems fertilized with varying tural production systems seem to contain a considerable 
:Imounts of nitrogen (clayey loam, -y pool of N20  which may be reduced to N2 on its way to 
1’)9?), in an aerated tank (March 1993 to March 1994), the atmosphere, which may be transported to other envir- 
md in the nitrification-denitrification unit (March to July onments or which may be released at sometime in the fu- 
1094) of a municipal waste water treatment plant. In addi- ture. 
lion. rhe N20 present in the soil body at different depths 
XIS determined (Februiuy to July 1994). N20  was emitted 
I,! :ill crop ing systems (mean releases 0.13-0.35 mg 
SIO 111- h ), and all the unitS of the domestic waste water 
trcarinent olant (aerated tank 0 4 . 2  me N?O m-2 h-I. nitrifi- 

Key words N 2 0  release . Cropping systems . 
Waste water treatment . Activated sludge . Nitrification . 
Denitrification . Carbon availabilitv Available 

2 -P 
carbon-to-nitrate ratio 

. -  . .  
\vasle water treatment plant released mean amounts of 9.1, 
7 I .h 2nd 1.8 g N20-N m-2, respectively, during the sam- 
I’liti: periods. 

‘The N 2 0  emission were significantly positively corre- 
lilted with nitrate c o y m a t i o n s  in the field plots which 
rcceived no N fertilizer and with the nitrogen content of 
!lie aerated sludee tank that received almost exclusivelv N ., 
i l l  the form of NH4+. Available carbon, in contrast, was 
significantly negatively correlated with the N20 emitted in 
the soil fertilized with 80 ke N ha-’ year. The significant 
ilcgtive correlation between the egitted N 2 0  and the car- 
hun  io nitrate ratio indicates that the lower the carbon to 
! h i e  ratio the higher the amount of N 2 0  released. In- 
ucxing  N 2 0  emissions seem to occur at electron donor- 
tu-acceptor ratios (Cl,20 or BODs-to-nitrate ratios) below 
5 0  in the cropping systems and below 1200-1400 in the 

h d i c m d  to Professor J.C.C. Otlow 
“11 IIIC occasion of his 611th hinhday 

In soils and waste water, even if well aerated, anaerobic 
energy-conserving processes can occur inside aggregates 
and sewage flocculates in the sequence NO;, MnO2 and 
Fe20, 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 
(CHx0), BODS, nitrate concentration (NO;), 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 ai. 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- 
ments ((Benckiser 1994; Siimer et ai. 1995). Products or 
anaerobic energy-conserving processes are, in addition to 
C02 ,  N2. Mn2+, Fe2’ and H2S, the greenhouse gases CH4. 
NO and N20. Nitrous oxides are well-documented gaseous 
products of the lithotrophic ammonia-oxidizers (Blackmer 

.> L I . . I ~ , . .  .-... ..., et ai. 1980 Tonoso and Hutchinson 1990: Hooner et al. liuni!%cr (C3) . R. Eilts . A. Linn . H.-J. Lorch . E. Sumer . > .  >-cl>hc . r. WCnZrlOlCr 

h l i l u l e  for Applied Microbiology. Justus-Licbig Universily. 
S~wkcnhergstr;isrc 3. D.35390 Ciessen. Gcnnany 

1990: Manikainen and de Boer 1993; Siimer et 31. 1996) 
and the heterotrophic denitritiers (Abou-Seada and Ottow 
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1985; Myrold and Tiedje 1985; Benckiser and Simarmata 
1994). The milin and so far known N20-forming processes 
are summarized in  Fig. I .  "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 
waste 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 N20 emissions are being re- 
ported (Simarmata et al. 1993; Lorch 1993; Wicht and Be- 
ier 1995). N20, which has a mean resisiilnce time of 132 
years in the troposphere combined with a considerable 
ozone-dcstroving capacity in  the stratosphere. has a 260 

cation). Another objective of this paper was to esiimmc 
the amounts o f  N20 still stored in the soil body in or& 
to obtain information on the fate of N20 during dilTusim 
from its place o f  production to the atmosphere. 

Materials and methods 

Experimental design 2nd l ield monngcmcnt 

Cropping . ~wems  

The experiments 10 qo:intify N20 emissions from different cmppinl 
systcms were carried out at the Experimental Station or h e  lnwillnr 
for Agronomy and PI:int Brceding. Justus-Liebig'univeniry. G i C h  
Gcrmany. The lopsoil (0-35 c m )  W;ZS 2 clayey lbam (clay 31%. dh 
60% and s;wd 5 % )  with a pH (H1O) of 6.2. Total organic c ** 
I .4 I % and iutal orpanic N 0.15%. Thc soil was classified zs M . 

times greater greenhouse effcct potential than CO, (paoen Ihchtonc hrown eanh d w i w d  from r iwr sediments. ?e avenge Pn 
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the polishing pond ( I  IO00 m') and the "receiving" watcr (Fig. 2: 
Linn et 81. 1995). 

~~,,. .,ppliud. respectively. The Trifolium campestre rotation was cut 
,xc , , .L.  h i n g  thc growing season followed by mulching each time. 

licfkrc srarting with the NzO-flux measurements i n  October 1991. 
ll,c. ,\pcrimmental site was ploughed (25 em deep), levelled by rotary 
t l , , r , , , ~ ~ s  and sown with winter rye (20 September 1991). Phosphorus 
,,,<I llmssium were applied on 10 March and the first nitrogen was 
' , l , l>~i~d on 20 March 1992. Herbicides (Starane, 0.8 I ha-', and 
;r,,intcr3. 25 g ha?, Dow Elanco. Germany) were spread on 7 April 
, , l t ~  the second N split application Look place on 21 April. The fungi- 

:.i,lc Corbel (0.75 I ha-'. BASE Gcrmany) and the growth regulator 
rc,l,:d C (2.0 I ha.', BASE Germany) wcre applied together with the 

,l,ilil  3 split on 5 May. The N,O surface flux measurements were car- 
,,(,! OLII rmrc frequently over the winter months ( I  October 1991 to 
1-1 h h y  1992). During the period I December 1991 to 1 March 1992 
,[,( >oil temperature was below 5°C. Consequently. the N 2 0  surface 
llu, Imeasurements were carried out mostly during October. Novem- 
I,~~. March. April and May at temperatures between 5' and 1 5 T .  
,tic roil humidity varied between 20% and 25% (wlw) during this 
Iviiod. 

it;,w I I ' L Z I C ~  frenfmenf plan1 

in situ N 2 0  mcasuremem in an aeratcd fluid-bed reactor. and a 
,,,,,liiu;ltiun-denitrifieati~" tank. were carried out at the municipal 
\(;,\it watcr treatment plant of Giellen, Germany (Fig. 2). In  this plant 
,I,C wrte water from about 150000 inhabitants is purified daily. One- 
,l,i$d of the waste water, with a mean BOD, of 170 (10-510) mp I-', 
('011 of 196 (32-756) mg 1.'. NH4'-N of 33 (5.7-52) mg I- and 
\'[l;-.N of 2.5 (0.3-13.8) mg I-' (Siimer et 81. 1996). passes through 
., w e e n .  B grit chamber (1170 m') and a sedimentation tank 
,:1tS0 8"'. 45 min. to remove the coane panicles). a trickling filter 
i i l lcd with coarse and parous lava stanes for biofilm development 
,tt~ring irrigation wilh waste water (3900 m', 50 m i d  and a aeration 
t . d  (1700 m'. 120 min. far BODS degradation and NO;-formntion) 
t b d f w  it is discharged to a seconda sedimentation tank (2980 m'. 

Ibiolu$cally treated waste water is ameliorated during longer periods 
(II' midence) and the "receiving" water. The other two-thirds or 
i!tllI0 m3 day-' pass the screen. the grit chamber ( I  170 m') and the 
dimentation tank (1760 m', 4S min), bur then goes through 80 

:mxrobic tank (4003 m'. 70 min) and nitrifying and denitrifying 
t i i t i t \  (160M) m', 140 min) before the clarified waste water is dis- 
Lhigcd into the secondary sedimentation tank (13450 m', I S  mi,), 

I?: inii i) .  a polishing pond ( I  I000 m , '. d type of lake in which the 

t ' k  2 Schemetic diagram of 
i lw  \iaste watcr treatment plant 
III CiicDcn. Ccrmany. and the screen 

L i t  c h a m b e r  

sedimentation 
L sec" 

Nirmur oxide flux ,nemurmenls ond NzO qim,!ri/icnlion inside the 
roil body 

The in situ N 2 0  fluxes to the atmosphere in the cropping systems were 
determined as described by Schwxz et al. (1994). but without flushing 
the soil with C2H,. Briefly. open chambers (50 cmxl0 cmxlS cm, four 
in parallel) equipped with a sharpencd stcel base and a removeable lid 
were inscncd about 5 cm deep into the soil between the plant rows. The 
plants under the boxes werc removed. Before each N20-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 I h-') using a vacuum pump 
(Vacubrand M2. Germany) and flow meters (Platon. Germany). After 
each N20 measurement the lids werc removed to avoid the develop- 
mcnt of a different micmclimate under the cover boxes. The N 2 0  re- 
leased into the air stream was collected on three 0.5-nm molecular 
sieve traps (19 cm i n  length. 2.5 cm i n  diameter: ca. 35-g 2-mm pel- 
lets; Mcrck. Germany). 

The development of a method to quantify the NZO retained by the 
soil body has been described in detail by Weiske et al. (1995). 
Briefly. soil samplcs from !he cropping system K2 and M 3  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 (0-30 cm. 30-60 cm. 60-90 cm). To avoid major degassing of 
N20. portions of thc parallel soil samples were transferred straight 
from the auger into 100-ml Erlenmeyer flasks (about 40-60 g fresh 
sail). The Erlenmeyer flasks were immediately closed and made air 
tight with B rubber septum seal (Vencrett. France) and stared 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 i n  a water bath to 80°C aver a period 
of 80 mi". Using this procedure. N20 formation during incubation 
was completely suppressed (pasteurization) and a total release of the 
N20 trapped in the soil body was achieved (Weiske et 81. 1995). 

The in situ N 2 0  emissions from the aerated fluid-bed reactor and 
the nitrification-dcnitrificati~" tank of Ihe waste water purification 
plant i n  GieDen were' quantified with floating self-constructed open 
PVC covers (dimensions 6 0 x 4 0 ~ 2 0  cm. six in parallel) as rccently de- 
scribed by KBrner et al. (1993) and slightly modified by Simer et al. 
(1995). For sampling dates see Slimer et al. (1995) and Linn et 81. 
(1995). The atmosphere of the covcrc was transported continuously 

\ -.- 

t second-1 
trickling fi l ter  s e d i m e n t a t i o n  

i k  aeration t a n k  l ank  polishing Pond 

1500 sed imen ta t ion  l ank  

L S d  
a n a e r o b i c  t a n k  

- N,O-collecting siles 
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by a membrane pump (air stream of YO I h-') over silica gel and so- 
dium hydroxide traps (to ICIIIOVC the H 2 0  and CO2. rcspectivcly) into 
colums uf 0.5-nm molecular sieve filled with 2-mm pellets (Merck, 
Ccrmany. t(1 absorb the NzO quantitatively). To ohrain a homoge- 
neous air stream. two uniformly perforated PVC plntcs (with holes, 
each 0.8 cm in diameter) were fixed perpendicularly to the air stream 
inside thc chambers. At each sampling the chambers wcrc flushed far 
2 h. To compensate the frcqucntly changing air lluxcs by thc waste 
water aeration device. the total air stream of YO I h-' was subdivided 
ink, a 20-I-h-' stream (for N20 collection) and a 7 0 - I K  bypass (to 
svuid uncontrolled lifting up of the chambers). Bath sir streams were 
crmtrollcd by flow meters (Platon, Gcrmnny). 

The N,O released from the different cmmine svstems as wcll as 

trically with a WTW BOD-analyser (Model 1002. Germany) or wi&, 
il Sapromntt BOD analyseer (lype B 12. Voith. Gemmy) in samples u- 
samples (150-250 ml) wcrc incubated over 5 days at 2 0 T  in a walp 
hath and thc Oz dcmand 1.' was rccurded directly. 

Simplc and multiple regressions for evaluating the soil and wZIIc 
water par:imeters which might influence the microbial N20 fomatim 
wcre carried out with the SPSS for Windows Release 5.01. 

ken close to the NzO-menrunng sites. The unfiltered w a t e  walp ! 

Results 
.. ~. 

from the dilferent units of the waste water treatment plant, absorbed 
nn the molecular sieve, was desorbed in evacuated Erlenmeyer flasks Figure the nitrate at the N2°-sam- 
~ i l .  I I in voIumc containing 150 ml water (Benckiner et 81. 1995). Piing Sites with the N20 surface fluxes. N20 was emitted 
Cas portions of the atmosphere of the Erlcnmcyer flasks either used by al l  the cropping systems studied and the domestic 
to dcsorb N 2 0  from the molecular sieve or 10 release from thc waste water treatment plant units. The cropping systems 

Zleased mean amoung of 13.08, 0.14, 0.22 and soil solution were analysed gas c h ~ ~ , " ~ t ~ g ~ ~ p h i ~ ~ l l ~ .  A gas chmmato- 
graph equipped with an elcctmn capture detector (ECD: Sigma 300. 
Perkin Elmer. Gennany: Ponpak Q column 2 m. 120 mesh: N, car- 0.13 mg N2° h-l (Fig. 3A-D) and the aerated, nitri- 
rier gas: detector 3 w 0 c ;  injector 1 5 0 ~ ~ ;  column 5 0 T ;  flow fying and denitrifying tanks released mean amounts of 1.0, 
30 ml min-') was cmployed 10 quantify the N,O. The amount uf NzO 19.5 and 0.5 mg N20 m-' h-' (Fig. 3 E-G). respectively, 

The highest N20 fluxes in the cropping systems occurred dissolved in the water WBS calculated according to Maragha" and 
Burcsh (1977). The N 2 0  concentration in the surrounding air was de- 
tcmined in separate units and aubtrectcd from the mreasuremcnts. in the plots fertilized'with kg '"-' year-' and with 
N20 surface fluxes were calculated as milligrams N 2 0  per metre per maize in  the rotation (Fig. 3 0 .  In the waste water treat- . 
hour. 

Anelytical procedure 

Soi l  ramplcs (ten samples per IreJlmCnt) werc collected with an nugcr 
(0-30 cm). combined. mixed and freed from roots and orxanic re- 
#nilins by passing through a 2-mm sieve snd stnrcd at 4 T .  NO.?. war 
cxtmcted following the procedure of Schnrpf and Wehrmann (1976). 
Twcnty grams of fresh soil was shaken with 100 ml extracting solu- 
tion (I N NaCI.ta 0.1 N CaC12) for I h and filtered (595 112. Sohlei- 
chcr and Schiill, Germany). The filtrate was analysed for NOz- by "I- 
tmviolct absorption at 210 nm. Water-soluble carbon (Cl,,o) was de- 
termined following the pmccdure of Burford and Bremier (1975). 
Twcnty grams of air-dried sni l  was s h a h  with 40 ml distilled watcr 
for 30 min a1 130 U tmin-', which 10 1111 of a 4 M NaiSOl solution 
was added and by shaking poured through a filtcr (595 112. Schlci- 
chcr and Schull, Ccmnny). Fram tlic filtratc an :diquat of 20  ~ n l  w:is 
1r:insfcrred into IM-ml Erlcnmcyer flasks and thc water ewpor;~tcd at 
X O T .  Then S ml 2 N K>Cr,O, and Y ml concentrated H2SOJ were 
added and :!llowed to  axidirc for YO iniin ill 120°C. After cooling 
dnwn to rooin tcmpcraturc. the samples werc l i l led with distilled 
wntcr to the 50-ml marker. ccntrifugcd for 1.5 min (3000 U min-', 
Heclcus. Gcnnmy) and the rcduccd Cr" inns snalywd photmictri- 
cally :tt 5JX n m  (Hitachi. Germ;iny). 

Simultancously to each N1O mciisurcmcnt wastc water samplcs 

ment plant the highest N20 releases occurred in  the nitrifi- 
cation tank (Fig. 3F). As frequently observed with field 
data. the correlations between soil or waste water nitrate 
and N20 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 fenili- 
zittion (Fig. 3D) and in the aerated tank which receives ni- 
trogen almost exclusively in organic form or as NH4+. The 
correlation coefficicnts for the.croppitig systems (Fig. 3 A- 
D), in particular. but also for the waste water treatment 
plant (Fig. 3 E-G) suggest that decreasing N-fertilization 
or N-inputs improves the positive relationship. 

Figure 4 compares the watcr-soluble or available car- 
bon contents at the NzO-sampling sites with the N20 sur- 
Face fluxes. In contrast to nitrate (Fig. 3) the correlation 
coefficients wcre gener;illy neptive. The cropping system 
with Vicio fiih in the rot:ition and fertilized with 
XO kg N ha-' year-' showed it significant negative correla- 
tion (Fig. 4A).  This significant correlation. supported by 
thc others, obviously shows thal with increasing amounts 
of availahle carbon the N1O eiiiissions are lowered. 

The water-soluble carbon- or BOD,-to-niirate ratios at 

Cnipping S,il depth Sampling d;Ws during 1Y1)4 
y E l C l l l  i cml  

%2 17.2 I .3  22.4 10.5 21.6 21.7 
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R = 0.12 
" = 21 

~i;. 3h-G Nitrous oxide sur- 
fi,<e fluxes from different crop- 
,,i,g systems and h e  aerated. ni- 
,"(!ing and denitrifying tanks of 
,hc ,vme water mamcnt plant 
i l l  GicOen. Germany, in cornpar- 
),,,I IO the nitrate contents. A 
.\i=\qciafaba. 80 kg N had kg; 
1% ~4 Wcinfobo. 120 kg N ha- ; 
(: h lJ  20 mays. 120 kg N ha-': 
1 )  ~2 Trifolium cornpestre. no ni- 
,I~,~m ienilization: E aerated 
,d.: F nitrification tank G deni- 
irihcation tank 
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the aerated tank (Fig. 5E). From Fig. 5B, E as well as 
tentatively from the other investigated cropping and waste 
w t c r  systems, it can bc concluded that the wider the car- 
hon-to-nitrate ratio the lower the N 2 0  fluxes. This sug- 
p N s  t l ~ i i t  the cropping and waste water Ireatment systems 
can be potential N 2 0  sinks if organic carbon availability is 

high compared to nitrate. Water-soluble carbon-to-nitrate 
ratios above 60 in the cropping systems and BODs-to-ni- 
trafe ratios above 600-800 in the waste water treatment 
systems generally correspond to decreasing N 2 0  emis- 
sions. 
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Fig. 4A-G Nitrous oxide sur- 
face fluxes from difTerent crop- 
ping systems and the aerated. ni- 
trifying and denitrifying tanks of 
!he waste water trealment plant 
in Gicllcn. Germany. in compari- 
son IO the water-soluble clrbon 
contents or the biological oxygen 
demand (BOD,). For legend see 
Fig. 3 
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Table I shows the iiinoiints of  N20 triipiicd during Feb- 
ruiiry to July 1994 in the soi l  hodies (if the cropping sys- 
telns MR (XO kg N hit-' y m - ' )  itnd K 2  (no N-feni l i rr t-  
tion) down to ii ilepth of YO cin. Despite i tn  unknn\vn 
itiiinuitt of N20 which might he lost t o  the :ttinospherc 
during the transfer of the soi l  s;iniples fmir tltc inigcr to 

the Erleninsyer tlitsks. the f d l n w i n g  conclusions can be 
drsan from Xiblc I. First. hoth cropping systems Cover 
signiliciintly different iiinoutlts o f  N20 in their soil bodies. 
The ret;lined ?!?O iiinniints n i  the \,iiri:tiit M 3 itre about 40 
titncs higher thitn thnse froiii the wrirtnt K 2 .  Secondly. in 
both cropping systcins I ~ L '  h ighc l  itinourits of N20 are in 
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piF. jh-G Nimus oxide sur- 
fluxes fmm difTerent crop- 

I,i,,g systems and the aerated, ni- 
IG(ying and denitrifying tanks of 

waste water treatment plant 
i,, GieBcn, Germany. in compari- 

IO the water-soluble carbon 
,,/ hiological oxygen demand , l~()l15)-lo-nitmte d o .  For le- 
+,XI sce Fig. 3 
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the 0- to 30-cin soi l  layer. Third, i n  the decpcr soil I;lyerS 

1.3-60 cn i  and 60-90 cm) the ;iiiiounts of N 2 0  arc St i l l  
Coo\icierahle. Th is  N 2 0  formation seeins to be restricted to 
I l i \ t i i ic t  pcriods during the cropping season. 

~ i ~ ~ ~ ~ ~ i ~ ~  
The  data presented show that the NzO enlisSiOnS f r m  
soils and waste waters seein to depend predon1in;llltly on 
the carbon-to-nitrate ratio. In some of the cropping and 
wiistc water systciiis studied i t  was even found that N10 
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release was highly affected by the availability o f  both car- 
bon and nitrate. The various N20-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 o f  these N,O-forming pro- 
cesses need available carbon as the electron donator and 
nitrate or nitrite as the electron acceptor. In the presence 
o f  oxygen, the availability o f  carbon and nitrate i s  gener- 
ally improved. In reverse, oxygen diffuses more slowly 
than nitrate into the inner parts o f  the soil aggregates or 
sewage flocculates. Consequently, instead of 02. nitrate 
and nitrite are preferentially used as e--acceptors for en- 
ergy conservation and N20 may be formed. N20 can now 
diffuse into the atmosphere o f  i s  dissimilated into N2 by 
acting as the eGacceptor. Depending on the nitrate-to-car- 
bon ratio more or less N2 wi l l  be released during denitrifi- 
cation. In this context, i t  i s  not surprising that the N20 re- 
lease from the well-aerated nitrification tank i s  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 
N20 emissions and factors such as water-soluble carbon 
(CHlo), BOD,, NO;. NO; concentrations and p02, tem- 
perature and p H  showed that in the aerated tank N20 in- 
creased with NO; and NO; concentration as well as with 
the pH, but remained nearly unaffected by changes in  pO2, 
temperature and CHz0 or BODS (Sumer et al. 1995, 1996). 
Nitrite and nitrate has been identified as one o f  the proxi- 
mal controls in the denitrification of  nitrifiers (Blackmer et 
al. 1980 Bock et al. 1988;.Tonoso-and Hutchinson-1990; 
Robenson and Kuenen 1991; Hooper et 81. 1990; Mosier 
and Schimel 1993; Siimer et al. 1996) and i n  the hetero- 
trophic denitrification process (Tiedje 1988; Benckiser 
1994; Ottow and Benckiser 1994). In well-aerated topsoils 
and waste water treatment systems N20 emission should 
be ascribed essentially to nitrification-denitrification rather 
than heterotrophic denitrification. At  reduced oxygen pres- 
sue the ammonium and nitrite oxidizers o f  the genera Ni-  
frosonionas and Nirmhacrer are able to use organic com- 
pounds andor NH; for supplying reduction equivalents. 
With nitrite andlor nitrate as electron acceptors in order to 
continue their energy conservation (Komer et al. 1993; Su- 
mer et 81. 1995; Bock et al. 1995). 

NH:+NO;-N2+2H20 DGo = -360kJniol- '  (I) 

This alternative strategy of nitrifiers o f  continuing ATP 
synthesis by tising part of their own end products o f  aero- 
bic metabolism at reduced oxygen s~ipply may make il 
considerable to temporary contribution to the NzO emis- 
sions from topsoils or waste water tanks. I f  more sophisti- 
cated biological waste water purification phiits are in- 
stalled world wide in the next 10-30 years, nitratc pollu- 
tion and eutrophication o f  our waters wi l l  be reduced but 
a s  ;I side effect the global contribution of wiistc watcr puri- 
licotion plants to the :itmmpheric NzO hudget might be i l l- 
creased. At present the N20 concen[riitioii in the iilino- 
sphere is increxing by 0.2-0.3% :~iinunlly (Papcn and Sei- 
ler 1994). An annual iiicrciise o f  0.25% corresponds Io :in 

i 
additional amount o f  3.5 ~g N~O-N year-' on a global 
scale. The amounts o f  N20 released from terrestrial 
systems (agricultural soils, grassland and forests) on a 
bal scale have been budget at ca. 5 Tg :I-' and from Ger- 
many in  the range o f  0.075 Tg  year-' (Davidson 1991: 
Dritter Bericht der Enquete-Kommision 1994). The aerated 
tank and the nitrification-denitrification units (Fig. 2) re. 
lease about 0.001% N or 0.04% N, respectively, if N,O.N 
i s  expressed as a percentage of the total amount of N re- 
ceived (Figs. 3-5E-G; Linn et al. 1995; Siimer et a. 
1995, 1996). German waste water treatment plants receive 
N-inputs from 1 6 1 ~ 1 0 ~  inhabitant-equivalenIs. Based on 
the above N20 percentage and the inhabitant-equivalents 
and considering that al l  German waste water treatment 
plants are equipped with N-elimination units (Fig. 2), the 
N20 emission wi l l  increase from about 7 Mg NzO yew-' 
(roughly estimated from the data o f  the aerated tank; Sii- 
mer et al. 1995a) to about 350 Mg N20 year-' (roughly 
estimated from the data o f  the nitrification-denitrification 
tank; Linn et al. 1995). Compared to the estimates of total 
German anthropogenic N20 emissions (206-276 Gg N20 
year-'), these amounts of N 2 0 ,  should be considered insig- 
nificant. In view o f  the characteristics of N20 that i t  i s  
trapped in  considerable amounts in the soil (Table I; 
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 
(Siimer et al. 1996). Our nieasurements of trapped N20 
are. based on soil-samples taken with an auger (Table I). 
Compared with the amounts o f  dissolved NIO, determined 
in  soil solutions drawn up in a southeastem hardwood for- 
est (USA) using high-flow porous cups (0.07ka. 
8 pg N20-N I-'; Davidson and Swank 1990). the amounls 
o f  N20 trapped in the soil body (76 mg N,O-N I-' in the 
K 2  plots, which received no mineral N-fenilizer: 
74.6 mg N20 I-' in the M 3  plots. which received 
80 kg ha-' year-') are approximately 102-10' times high- 
er. The quantities of N20 trapped in tl ie soil seem to de- 
pend on fenilization, seasonal constraints and soil depth. 
Subsoils have il potential for NzO 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 N20 concentrations are up to 
3 orders of magnitude higher than tl ie concentrations ex- 
pected as a result of equilibrium with tl ie atinosphere (Ro- 
neii et al. 1988). This N1O. which may be entrapped in 
soil aggregates (Kempcr e l  til. 1985). dissolved in the soil 
water (Minnmi 1987) or sorbed on clay iiiiiierals and or- 
ganic substances (Hazzard et al. 1985: Chnl:iinet 1990) 
may dissiinilatcd to N, :ind/or rcleiiscd somewhere at 
somc futurc time into the atiiiosphcrc. potentially increas- 
ing the h;lz.irdms grcciihousc cffccl. 

I 
l 
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