The role of abiotic processes in the formation and
degradation of gaseous nitrogen compounds in the soil

Jannis Heil

c
S
2
<
3]
o
123
%]
<
N
=
<]
=
E
©
T
©
<
=
—
S
=
)
o
£
)
=

Energie & Umwelt/
Energy & Environment ’ o0
Band/ Volume 297 ’ J U LI C H

ISBN 978-3-95806-106-4 FORSCHUNGSZENTRUM




Forschungszentrum Jilich GmbH
Institute of Bio- and Geosciences
Agrosphere (IBG-3)

The role of abiotic processes in the formation and
degradation of gaseous nitrogen compounds in
the soil

Jannis Heil

Schriften des Forschungszentrums Jilich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 297

ISSN 1866-1793 ISBN 978-3-95806-106-4



Contents

ACKNOWIEAZEIMENLS ....eeviiiieiieciieieeie ettt ettt ettt et e b e sbeesaesbesteessesaaessesseesaenseesaensenssensas v
AADSITACT .ttt ettt a bbb e bbbt b et ea e bbbt en e bttt b et et eneebe b nben A%
ZUSAMMEITASSUINE ..c..coventeiieiietietetet ettt ettt b bbbttt st et et ea e eb e e b et et eseebeebesee st eneeneebeabens VIl
LSt OF FIGUIES ..ttt ettt b e bbbt sttt enes IX
LST OF TADLES ..ttt ettt b e bbbttt enes XI
LSt Of QDDIEVIATIONS .....euveiieiieiietiiee ettt b bbbttt et ebe b X1
1. Introduction 1

L1 RAONALE ..ottt ettt et 2

1.2. Objectives and outling 0f the thesis ........ccceririeriiieeseeeeeee e 5

2. A review of chemical nitrogen trace gas formation reactions of nitrification intermedi-

ates in soils 9
2.1. The role of nitrification intermediates in abiotic nitrogen trace gas formation ............... 10
2.2. Accumulation OF NO o ...oiiiiiiiieiie ettt ettt e s et e e e st e e e enaeeeeenaeeeens 12

2.2.1 Role of soil properties
2.2.2 AGriCUItUTAl PIaCtICES....eeviieieiesiieieieeiete ettt ee et e st te e sesneeee e
2.2.3 Drying/rewetting in seasonally dry €CoSyStemS............coeeueieuieuininienneenenennenes 14
2.3. Abiotic N trace gas production mechaniSms............coeeverieririrereneieieeeeeeeee e 15
2.3.1 Self-decomposition 0f NOy .....ccieeiiiiieieiieieiese ettt es 15
2.3.2 Reactions 0f NOy With METAlS......uvviiiiiiieiiieeeeeeeeeeeeeeeeeeeeeeee e e 17
2.3.3. Reactions of NOy™ with SOM ..o 20
2.3.4. Reactions involving hydroxXylamine ...........coccooceevevierienenieneneeeseeese e 23
2.4. Implications of abiotic processes in terrestrial N trace gas emissions...........ecevervennenne 27
2.5 OULIOOK ..ttt ettt b bttt ettt sttt n bbbttt nee 30

3. Site-specific "N isotopic signatures of abiotically produced N,O 32

3.1 INEOUCTION ..ottt sttt sttt sb s 33

3.2. Materials and MethOdS ..........ccuiiiiiiiiiiiiiciicceeeece et e 34



II

3.2.1. Preliminary eXperiments .........ccoceoueeeeererrerieieieieniesieeeneeneetestenieeeseereseeseeneeneenes 34
3.2.2. Laboratory setup for isotope-specific N,O measurements............ccoceeveruereeennene 35
3.2.3. INStrUMENTALION ....evinreniiieiiitirietetctee ettt ettt sttt 38
3.3 RESULLS ittt sttt 39
3.3.1. NO and N,O production from nitrification intermediates NH,OH and NO; .....39
3.3.2. Isotopic signatures of abiotically produced NoO ....c.coveveiriniinieneinineneeee, 41
3.4, DISCUSSION ..vvtiititintenteiteteet ettt ettt ettt eb sttt et ebt e bt st e et ebe et e sbe st et eseebeebenbeneeneane 45
3.4.1. NO and N,O production from nitrification intermediates NH,OH and NO; .....45
3.4.2. Comparison of reaction MeChaniSIMS ..........ccecvererierierierienieieseeee e 46
3.4.3. Comparison with other StUAIES........cccererriiririeriiieeeee e 48

3.4.4. Mechanism leading to high positive SP...........ccccoiniiiiiininiiicee, 48
3.4.5. S0UICE PArtItIONING .....evveriiiiiriieierit ettt ettt ettt sae s sae e 49
3.5, COMNCIUSIONS ...ttt ettt ea e 50

4. Abiotic N,O production from hydroxylamine in soils and their dependence on soil

properties 52

4.1. Introduction ...................

4.2. Material and methods

4.2.1. SamPIe COILECTION ..c.euvnieiieiiieieieeieet ettt ettt 54

4.2.2. Soil chemical aNAIYSES .......cceevveriieieiieiieieeieteeie ettt 55

4.2.3. Incubation EXPEIIMENLS ......ccueeeeruerieierietestieeesteeneesteeeeeseeseeetesseeneesseeneesseeneenees 55

4.2.4. Reaction Kinetics analySes ........cccevvereiruierieniieieniieiesieeceie et 57

4.2.5. N3O 1SOtOPIC ANALYSES ...evviuriiieiiriiiiesicetestcet ettt e 58

4.2.6. CalCUlAtiONS. ....coueiviierieiieiieieetestee ettt sttt nene 59

4.3 RESUILS ettt h bbbt b ettt b e bbbt 59
4.3.1. Soil INCUbAtION EXPETIMENTS......ecvireieiireieieetieeerteeeeeeeeeseeseeeeeseeeaesseesaenseeneenees 59

4.3.2. Kinetics 0f NyO fOrmation ........ccccvecevinenierieinininenieieceenenteeeree e 62

4.3.3. Isotopic signature of produced NoO ......ccoeiviiiiiiniiiiiiiiinececeeeee 64

4.4, DISCUSSION ..entinteeiienteeitete ettt ettt et et e et et sae et e sbees b esbees s e bt ee s emtesaeentesbeestesbeentensesaeenees 65
4.4.1. Abiotic N,O formation from different SOilS...........coovviieviiiiiviiiiiiiieieeiee e 65

4.4.2. Factors influencing abiotic N,O formation..........cceeeevevenierienieieneeiese e 67

4.4.3. Isotopic signature of abiotically produced NoO .....ccccevievirieieniiereeeeenee, 70

4.5, CONCIUSIONS ...ttt ettt ettt ettt sttt sttt be b saesaenennan 70
5. N,O decomposition over hot and dry surfaces 72

5.1 INETOAUCTION ...ttt et ete e e et eeeta e e e etaeeeeaaeeeeasaeeeenseeeenseeeeaseeeenns 73



111

5.2. Materials and Methods ...........c.cooveeiiiiiiiiiiciiceeee,
5.3 RESUILS oo
5.4, DISCUSSION ...uveiiiieirieceieeiee ettt seee e e ere e

5.5. CONCIUSIONS ....covviivieceiieiie ettt

6. Synopsis

6.1, SUMMATY ..ottt
6.2, SYNERESIS ..cveveiiriiieieieiceiete et
6.3, PerSPeCtiVES...ceiiiieiieiieieie ettt

6.3.1. Source partitioning using stable isotopes.........

6.3.2. Abiotic NH,OH oxidation in soils....................

6.3.3. N,O decomposition over hot and dry surfaces

References

74
76
79
81

82

83
86
&9
&9
90
91

92



Energie & Umwelt/
Energy & Environment ’ o0
Band/ Volume 297 ’ JU LICH

ISBN 978-3-95806-106-4 FORSCHUNGSZENTRUM




	Titelei 297.pdf
	Leere Seite

	Leere Seite

