-
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk
provided by Xiamen University Institutional Repository

2R 10384 LR
22 22320120153447

B R

[0 = S VAR 7

4

P

&3, mibkFEMILECEE LT RS is
ERFMEZTR

Distributions of Nitrous Oxide and its Influence Factors in
the Bering Sea, Western Arctic Ocean and Nordic Sea

YA

O O 0O

goodoboboogn goad
O O o0 oboodgdd
000000020150 40
OOOO000020150 50

20155E5H


https://core.ac.uk/display/84989254?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BiRFFMIR R ER

ANEZ WAL SCRANAE T I 3 T, SO 58 I TR o
ANERLE RS H AN NsiG vk D R FERRCR, B7E 3L
HE =07 AR, R EVAEITEAN CRTTRA B 7 AR 22 AR

e G )

T AL SN DR (D
I TCRER, 315 ( ) WA () 28 5 s = 1)
Bilh, fE ( ) LR, GFEMU LFESHNIRS

S

VRO B R 2 01 5T NS IR S A AR, ARAT IRTHE BN, AT RAAME

Rl e )

PN (B4 -
F H H



B RZEZF ML EERUER A

AN AR T TR AR (b A NI [ 22 A7 26 018 AT St 705D
ERURE O BRI I B SA AR 5L, IR 1A 8 BT Bl A e ML IR 32 24 A
W CRARAUBT R LT 1D SRVFSA AL SN B T TR 50
%6 i G NG =3V I AN D= 8 = R N 2 o Ao ) 1 e o 5 2
it 267 v S B e R AT A R A A AR ST b AU 2
G AR, SRHIRZED S 4 B el ey s A B R ) 22 A 1 5

N SVATS G

( ) LA ITRIAIRE 2 = B e IR A AL 3,
T ¥ OH  HEE, WEREH LR

( ) 2. AR, 15 EIRHAL

B EAHNAES AT “ V7 BER BN AR . REAAIR SN
e LA E KA RE R R H e A AR, REF TR RS R

8 B AL SCEIN AT AR S A AR AEHE Y, BN
NIPARLR S, BIiE ) _ERHAL. )

65

pii

PN (B4 -
F H H



H %

H%

L O11) 1112 11 1 J O iv
TR eeeeeieiccnnnecceesssssssssssssssssssssssssssssssnssssesssssnssssssssnsssssssssnssssssssssnnssss vii
B Bl TR e eeeeeeeeeeseeessessnsesssssessasesssssssnsessssesssssesnnsessnsessnsessnsessnsesssnsessnnsannnens X
LiSt Of FIGUIES..uuueiiiiiivrunricisicnnnriccssssnnrnessssnssnssssssssssssssssssssssssssssssssssasens xi
ST Of TaDIS . ceueeeeeieencereeceseceseecssecssecsssessssssssesssessssesssssassesssesssssssssossesssse Xiv
FEIEE.......oeeeeeeeeeeessssssessssnsssnsasasasasssssssssssssssssensassssssssestanntasensasasnsssnssssssssnsnes I
ADSEIACE ceuueeeeeerecereeresecesecsssecessssssesssssssssssssssssessnsosssesssssssssssssssssssssssssssssssss 1A%
BB 1 EE ZETD coeeeeeeeeeeeeeeeeesssssssssassetesssonesssstessssssssasasasasasssssssssssasasases 1
1.1 N2O FTHFTTEE N ceevevverereverevesesesesestonetosessssssssssssssssssssssssssssssssssssssssssssssssssassssssns 1

1.2 S5 INO B TTIEID oo eeeneeeecseesnsessssassssasnssssassssasassssassssssassasasessssassses 2
1.2.1 HEFET NoO BT AT FEHLEIITETT oo 3

1.2.2 VFPET NoO BT ATEFIE oot eee e, 5

1.2.3 AN20 55 AOU FHIHE I oo, 6

1.3 BERMLZEFATEEE N2O FERRALBIBITIZT cooeeeeereeereeseereessssssessessnnns 8

1.4 FBEX NoO THFTIHR cvvveveeerereeneeeessnsasnsnssssssssasassssssssasassssssssssasassssssssasassssssssas 10
141 FIRVE N2O T IR oo, 10

1.4.2 JEUKEE NaO HFFEIE R oo, 10

1.5 FFTERIEFIUEIER cveeeeeeeeeneeeesneeesnsnessassssssnsssssssssssassssasasssassssssassssasssssassses 12

1.6 TR ITAELE oeeeeeeecereenenesessssasassssssssasassssssssssasassssssssasassssssssssassssssssssasasssssssens 12
F2E PR R R HT oo eerecrcceeesesssesssesesssesssasses 14
2.1 FHGTIERHIIBLTE .oooeeeeeeeeeeeeeeeesneesnsessssnssssnsasssnssssssnssssnsssssssssssasssssssssnss 14
2Ll FH T oottt ren e, 14

212 FHABUKEEFTAETRIT oo, 15

2.2 BB B TREE e eeeecsssssssssssssssssssssssssssssssssssesssssnsssssnsesesesssnssssssnes 16



22,1 FIVRTIEEA oo 16

222 SREFETTT e 16

2.3 N2O DHATTIE corcerrrersresssissssssssssssssssssssssssssssssssssassssssssssssssssssssssssssssasassasess 17
230 MBI IETR oo 18

232 THASAERIALIE oooeee e 19

2.3.3 BRIERE SR T HIHE R oo 20

2.3.4 TS AE R T e 20

2.3.5 A THRBRIKZEE oo 20

2.4 EHEBE oot sasss s s sesst st sasassasens 23

2.5 FEIKH N2O FBIREE T E coooeeeeeeeeeeeeeesssssssssesssssesscassssssssssessssssssssasssssassnes 23

2.6 IR N0 FEFIEREETTR oo 26
FI3IE ASE NO FHIFHEREFEME R oo 27
3.1 TRBTEHBIKIBIFAE ..oovveerereresnrsesrsnssisssssiissssssssssssssssssssssssssssssssssssssssssssssssses 27
3.2 TRBEUHAL «.ovveoerreresreressesessesssssssssossasssnsissassssessssessssessssesssssssssssssasssssssssasassanass 28
33 BEIR ittt sas s st sass s s s st nsssns 31
3.3.1 FHAMERZIFIK N2O S5 AEFAE oo 31

3.3.2 FAAE N2O HEEL I3 oo 33

3u8 TR oo sessssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssassasssens 35
3.4.1 FJEKH N2O IRFEEAATHITTBERZI I 2R oo 35

3.4.2 PR FHHERREIE NoO HE B3R B I oo 36

3.4.3 FEZEIX NoO MG HIFEBIE R oo 40

3.5 ZHIL oo st st s sssss st s ssest s sssssssessassssasens 47
3.5.1 FARMERIZIK oo 47

3.5.2 BB HHEZE N2O TEELAIAT covoveeeceeeeeseeee e 48

3.5.3 FEZEIX N2O TEELAMAT wovvoovvoreevesie s 48
F4E BNEFSMEREEIEBMNEXERZ LERE N0 SERBELR
T e rvueessessesssess s s et s s s R AR R AR bR es R e ARt ase b e Rees 50
4.1 FHGERITHEID «ovovereerereeneressssnssssessssessssssssssssssssssassssassssesssssssssesssssssssssssasassaass 50

ii



4.2 FHRETEALIEE .ooveeereerresersssssssesssssssssssssssssssssssssssssssssssssssssssssssssssassssssssenes 50
B3 ZEIR e ssssssss s ssssssssssssessssssssssasesssssssesssssssesssssssasessasens 53
431 HRERLEF oo 53
4.32N20 FEELITTT woovoeeeeiieieeiesieseie ettt 55

B TTIL ererrrerererrssessesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssassssssens 57
4.4.1 FEHEIX N2O BT AT BERIE (oo 57
4.4.2 MERIEFEEH EIRZE NoO SHE BT RERTVE oo, 60

4.5 ZEID ceeeerereresesesesnsensensensensesessessnsassasssssnssssssssssesssssaesaessie st e sessessnssees 62
FESE MEXEEFILRCE N2O FFHFLE....ooereererscieernrensscnseneans 63
5.1 FFGTRIBFAE .oooeveerereerereessseesssesssssssssssssessssssssassssisnssssassessasssssssssssssssasassaess 63
5.2 SEEETHAL cvvoevereerenserssensessersnesssessesssesssssssssssasiasasasessssssossssssssssassssssssssssssssssses 64
5.3 ZEIR ot sssssssssassssnssisssss st sssssssssssssssssssssssssssssssssssssees 67
5.3.1 BRI LA RRIRE AU AR EE R s 67
5.3.2 dCBRIGEAIN S KGR Z WK NoO 7 A FRHIE L HE R 5 .. 69
5.3.3 BRI RIS RIGZE NoO TE BT oo 70

5.4 TTIL wererreresersssssesinissssssstsssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssassssssens 72

5.4.1 LR %5 IS R N2O 70 AT B B2 &R .73
5.4.2 BRI AN KR R ARG JZ K N2O IR 731 (R R A 4R

LI P AU, AN VOOV OOV OTOORT OO 75

5.5 ZEHID ooeeeeececceeeeeeeseseseseesseesssssssssssas s s et s s e s s s s st as s s ssasssnsasaee 79
OB L ZETNRBEE oeeeeeeeeeeeeesesesssssesssssssssssesssssssssonsossossossossossessons 81
(i R V- - 81
6.2 FF B HNBUTT o esesssesesesessssssssssssnsssssnsssssasssnsasasasaes 84
RINEE, N 3 Jink S el L ik 1 3= 85

B TTE oovoveeeeeeneeeeesesnsnsessssasasssssssssssssssssasassssssssassssssssnsassssssssassssssssassssnns 86
MR BUEETZAMHABIERZERILIC cccerrererenennnenennesennsesssseens 100
BUTBT e veeeeerneesnnernsesnsesssessnsesssesnsesssssssessssssnsssnsesnsesssesssessasesnsesnsesssessssssassns 101

il



Contents

Contents

ADSIrACt (CRINESE) ..uuveeeeeeeeeeeeeeecesssssssnnasssseeeccsssssssssssssssssscssssssssssssnsasssssens I
ADSEEACT.cuuueieiiireeiisneecssnencsssneessssnnesssseesssssnecssssessssssessssssassssssassssssasssssane v
Chapter 1 INtroduction.......cceeeecnseeecssneecsssneecssneecsssneecssseessssseecssascsesasance 1
1.1 The implications for N2O researche .........eeneeeneecsennsnesienisneisacinsaissecsnne 1

1.2 Research progress of 0ceanic NaO ....cuciivveeciverccssencssseniosssnesscseossanssssssssnsses 2
1.2.1 Formation and depletion mechanism of N2O.......ccccociiiiiiniininnennenne. 3

1.2.2 Distribution patterns of NoO .......cooeoiiiiiiiiiiiiiceeeeeee e 5

1.2.3 Relationship between AN20 and AOU ..........cccoeviieiienieniieieeieeeeee, 6

1.3 The application of isotope method in oceanic N,O mechanisums.............. 8

1.4 Research progress of N2O in polar regions .......ceeeieecserssecnseecssnecsaensaneens 10
1.4.1 Research progress of N20 in Southern Ocean ............cccceeveeeieeniennnen. 10

1.4.2 Research progress of N2O 1n Arctic OCean.........cevveeeereeneeviereeneennens 10

1.5 Objective of this diSSertation......cccceeesrercsssercsssnrcsssnrcssnscsssssssssssssssssssssssssnns 12

1.6 Framework of this disSertation..........cceeeccsecnscenicsencssencssnencsssescssseecssanes 12
Chapter 2 Study area and methodology ..........eeecceecveericcsscnnnecccscnnnnnes 14
2.1 StUAY ATCA cuerervercrsrercssnrrcssaresssansssasssssssssssssssssssssssssssssssssssssssssssssssssssnsssssnsssses 14
2.1.1 BOTING S@a....icuiiieiiieiieeiieiie ettt ettt et ettt e aeeseaeeteeeabeebeesnseensaens 14

2.1.2 Western Arctic Ocean and NordicSea...........cooceeviiiiiiniinnieniceneenen. 15

2.2 Collection SAMPLING....ccceeveenrensnnnsensnensrensnssssessnssssesssnsssssssasssssssssssssssssasss 16
2.2.1 Cruises and sampling StationNS..........cccveerveeerieeeriiieerieeesieeerveeeevee e 16

2.2.2 Method of SAMPIING ...ccuveevieiiieiieeiieiece et 16

2.3 Analytical method 17
2.3.1 MAAEIIALS ..o 18

2.3.2 Preparing for headspace sample..........ccccovveeviieeniieeniieeiee e 19

2.3.3 Preparing for standard and control samples..........cccceceeienernenienennene 20



Contents

2.3.4 Balance of headspace sample..........cccceeeeviviiiiiiiieiiieeeiie e 20
2.3.5 MOISt SYSEEIM ....eeuiiieiiieeiiieiie e eiee et estte et esieeeteesaeeebeesabeenbeessseeseeenseas 20
2.4 Other PArameEtersS....c.cccceeverecssarcsssarsssssssssssssssassssssssssssssssssssssssssssssssssnsssssnsssses 23
2.5 Calculation of N20 solubility in sea Water .......cocceeveecreessnensuencsaessnessaeesanee 23
2.6 Calculation of N20 saturation anomaly in sea Water .........ccceeeeeervurecsaneces 26

Chapter 3 Distribution patterns of N2O in Bering Sea and the

INFIUENC FACLOTS cccuunrriiicnniininniinncnnrinssnniesssnniesssnsiesssnsiessnsesssaniacssnsssssncasses 27
3.1 Study area in Bering Se€a .......cueeineeiseensenssecnsenssnnsssesssienssecsssissssessassssesans 27
3.2 SamPling loCAtIONS .....uueiervueicssnicssnicssnnsssanssssassssssnecsssesssasscssessssssssssssssssnssss 28
3.3 RESUILS cuueerennericiniiciniicnnieninncssnntensssncssssncssssnescissssossessssessssnssssssessssnssssssessssnes 31

3.3.1 Distributions of N2O in the surface water.............cocceevveiiiniiiniiennene 31
3.3.2 Vertical distribution patterns 0f N2O........ooovieviiiiieiiiiieeiieeeeieeee 33
3.4 DiSCUSSION.cccuueiiricruiiiseecssensssecssnsissnissncsssesssnssssssssessssnssssssssssssassssssssssssassssassnss 35
3.4.1 The N20O distributions influence factors in the surface water ............... 35
3.4.2 Aleutian Basin........cccoiiiniiiiiiiee e 36
343 SRl ..o e 40
3.5 CoNCIUSIONS ...cccceieiiiinnisnnnsnicsanisnissseessseessnssssnsssessssssssnssssssssessssssssssssassssasssns 47
3.5.1 Surface water of N20 in the surface water............cccceeeeivenienieenieennnne. 47
3.5.2 N2O distribution in the Aleutian Basin ..........cccooceviiiiiiiiiiniiniee 48
3.5.3 N20 distribution in the shelf ..o 48

Chapter 4 Distributions of subsurface maxima of nitrous oxide in the

Chukchi Sea Shelf and upper halocline of Canada Basin................... 50
4.1 SUAY ATEQ .cceeruverersrricssrrrcssaresssansssassssssssssssssssassssssssssssssssssssssssssssssssssnsssssnssssss 50

4.2 SaMPLing SEATIONS .cccueeerruenreenseenssnnnsenssnnnsaenssnesssesssaesssesssnesssessssssssssssassssssssses 50

4.3 RESUILS uuceurriiniiieiistensticsniiseicsnensnisssessensssnsssessssessssssssesssassssessssssssssssassssssssase 53
4.3.1 Temperature and SAINILY .......c.cecveriiieriieniieeieeie e 53

4.3.2 Vertical patterns of N2O ......ooouiiiiiiiiiiiiiiieieeeee e 55

4.4 DISCUSSION..cciiriuerirsrrcssnresssrecsssnecsssnessssnesssssessssesssssssssssesssssssssssssssssesssssessssssses 57



Contents

INOFAIC S@A...uueueeiicittriiitiinitttisintiecsntiesssttessssseessssssesssssessssssnssssesscsnsasse 63
5.1 StUAY ATEQ .ccccuueerirruricssuricssanisssansssansssssssssssssssssssssssssssssssssssssssssosssassssnsssssnsssses 63

5.2 SamMPLing StATIONS ..ccuueerruenreenirenssnnnsenssennsaenssnnsssesssassssesssnssssescansssnssssaessassssane 64

5.3 RESUILS ueceuriiniiieiineintinstinseicnensnicsnessseesssesssessssesssssisnisissssssessesssssssssasssssessase 67
5.3.1 Vertical distributions of temperature and salinity .............ccccccvercieennenne 67

5.3.2 Distributions of N20 in the surface water in Nordic Sea.............cc....... 69

5.3.3 Vertical distributions of N2O in Nordic Sea and Canada Basin............ 70

5.4 DiSCUSSION...cuuiiieiireeiitiistinseicsnnisiiesisnnsensssesssassssesssassssesssassssessssssssssssassssssssase 72

5.4.1 Difference of N2O in the upper water in the Norvegain sea, Greenland
sea and Canada Basin........c..c.cioiiiiiiiiiiiiiiiicceeec e 73

5.4.2 Difference of N2O between the middle depth water and deep water in

Nordic Sea and canada BaSIN..... ... eeeeeeeenees 75

5.5 CONCIUSIONS cuueiireeeeeereneeceereseeccereseeseessseesssssssssossssssssssssessssssssssosssssssssssssssssanssse 79
Chapter 6 SUMMATY  ..cccvvvveriicsssssnnrecsssssssssssssssssssssssssssssssssssssssssssssssssss 81
0.1 CONCIUSIONS ..eereeerereerreereereeeeessesssssseseessssssssssssssesssssssssssssssssssssssssssssssssssassssssses 81

0.2 INNOVALIOIS u.oereeneeeereeneceereeneecerssseeserssseesessssesscssssessessssesssssssessossssssssssssessossanssse 84

0.3 ProOSPECT..cueeciciceicssnicssanisssarcsssnrssssassssssssssasssssasssssnssssssssssssssssssssssssssssnsssssnssssss 85

| 243 13 (3 1 (S TN 86
DN 1 175 1 T 1 P 100
ACKNOWIEZEIMENTS...ccconicnrriiisiesnnrecssssnnrecssssssrnesssssssnessssssssssssssssssssssses 101

vi



KIEES

H%x
K 1-1 2005 2E NoO H ZRIEFTAAVEHETT v, 2
12 VFFEF N2O TEFRBUE oo, 4

K 1-3 J7E NoO SR B A ) FVEMREIRE 704 (7). (a) 02> 10
pmol L [RHEX; (b) IRIFMEEIEIX (0<02<2-10 pmol L) 5 (o)

FREEIEDX oo 6
2-1 FARTFHITE B oo 14
Bl 2-2 JEUKFERIIERRIFEHETE B oo 16
2-3N20 Z3HTBEE (oo 19
B 2-4 TR PAZEEIREI oo 19
2-5 N2O FRAETAEHILL oo 20
Bl 2-6 A T84 B 20 N SAH TS MK FE N2O (IR AR a3 ... 21
2-7 1R A SR E N TIRAIM AN, AR B K FE N2O FR9R
FEAEAHETE oo 22
2-8 (RS M TR BT, ARG HTKFE N2O IR AR
PETEZE oot 22
3-1 AW EZE KRR B oo 28
B 3-2 AT RAEIEAL coooveeeeee s 31
3-3 HAMERZ KT No2O WK () MIRIE R & (SA) (b). HEJF (o)
FTCA) EREE AT oo 32
P 3-4 BB B 7 N2O () VAR (B) MFE ELZPAT oo 33
K 3-5 [AMREZEX N2O FEH 20 4F . (a) BS With; (b) BN With; (c) BM
Wil s (d) BL T cooveeceeecceeeceeeeeeeee e, 35
K 3-6 BB FRIEAL 0 - 600 m iR (a) AEEFE (b) EEAI A oo, 37
3-7 BTEg HE AL R KR N2OL MR SR LA AOU 1) 3 H. /3 A ...37
P 3-8 Bl fH HIE AL EKAN20 5 AOU Z AR I (oo, 39
3-9 Bl B FIE 7 ZKAN2O 5 NOs Z [A FIFE IR o 40
1 3-10 2012 4F 7 H A HERE SR DXCRAT b 67 5k S A0 35 B2 EL A0 oo 42

vil



KIEES

3-11 2012 £ 7 A1 9 H A4 2L X R FE A7 15 B AN 25 B 3 B0 A1 ....42

B 3-12 AR SERFEIEAIZET e 43
3-13 AL REZEKAF N*5 NaO Z AR IR cooeee e, 44
Kl 3-14 A AR UK I A A 1E OL (IR IXIED e, 46
Bl 4-1 FERF AT E A AL S R RSB e, 51
Kl 4-2 T-S-N20 73 fi . SML: ®ZWREJE: UHL: EERJZE; LHL: RERJZ;
AL: KPEV#)Z: CBDW: HIERIEEEIRIZEIK oot 54
Kl 4-3 JERLERE R AT E KB EIRE () ML (b) EESAM
................................................................................................................ 54
Kl 4-4 BEZEX NoO WA (a). MIMIEERHAE (b) LLL DOWKEE (¢) HEH)
A et 56
Bl 4-5 INERIEE N2O WRIE (a). MR R4 (b) A DO WRE (¢) FEHT
A et e 56
Kl 4-6 FERIEREREIEX T EK CRER D M ERE GEAEZETE) FaN0 Al
AOU Z I FIFHTEIEZR oo 58
Bl 4-7 FERIEFHEREZEIX N2O 5 N*Z AN AHIGHE oo 59
4-8 FERFATHEGZE X I ERINEE K7 300 m PAV N*HEEL 73T ... 60
B 5-1 ABIKEERZ DT oo 64
5-2 AERRAE AN ZE KIFBRAETEAL oo 65
B 5-3 DR R G LA ER FEHE B0 B e 67
5-4 JLERIG A P AT R BB Wit AL 34 FE (o) BhFE (b) AN A FE (o)
IITTBE oot 68
&5-5 duig AN Kig AR ZE KPR E (a)y FRE (b)) N2O WKEE (o)
IR S FAE (A AT oo 70
5-6 MNERIEH N20 (a) F1DO (b) WRERITEE DA oo 71
K 5-7 G G CATO8 30D % 3h 0 4 CATOS sAn) A B 2 i 72 (BBO7
BAL) T N2O A DO W JETE EL AT oo, 72
Kl 5-8 REHE A& =W AN ZE RIF R N2O FEE PN o 73
5-9 AFRHEFHANO 5 AOU I MM, &R 2R CRER SO I

viii



KIEES

BgE (AR MERKEE GEARAD s 74
Bl 5-10 K7L B E KA FAN20 5 NOs Z [ A M e 75
5-11 NERigHE CREE D Mtk OB ED B - HEKH NOsy
EAN2O Z T FIFHIEME oo 77
6-1 P 2 JZ 7K o NoO MR BEAILAN BE S A AT oo 82



*Hx

FEXR

R 2-1 b A TS 20 W TR AT HE KR it o N2O IR L AR o v Al 22

................................................................................................................... 23
F 22 WRRE KoM F AT E R E o 25
31 EAMERBEREALAE TR oot 29
R 4-1 R FRRG SR IX BN R 2R Sl A5 B LR R 7K N2O i

LRI S B v e 52
# 5-1 ALRRIEEAIIN S R NoO SKAF sl A215 B DL AR 27K T N2O IR BEFN 1A

T S B B oo 66
% 5-2 LRI 5N SE K A A E IR E AR N2O R 76
* 5-3 LB S InE R - RE KRS RIS N2O IR ... 79
R 6-1 FiFIXRZHEK A N2O [ E RN EE A oo 82



List of Figures

Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.

Fig.

List of Figures

1-1 Natural versus anthropogenic N20 emissions in 2005..........cccceeeevuennenne. 2
1-2 A sketch of the oceanic N2O formation mechanism..............ccoceeveeniennne. 4
1-3 Typical N20O profiles (right column) and dissolved Oz (left column). (a)

Oceanic regions with dissolved oxygen concentrations O2 > 10 pmol L.

(b) With sub-oxic environments (0 < O2 <2 - 10 umol L™). (c) with

anoxic deep water masses with O2 =0 pmol L' .................ccoovimiinirnnnen, 6
2-1 Topography of the Bering Sea..........cccceeverieniiiiiiiiiniiiineeeeeee 14
2-2 Topography of the Arctic Ocean and Nordic Sea...........ccccveevveeerreeenneen. 16
2-3 Analytical equipment for measurements of dissolved N2O .................... 19
2-4 A sketch of the headspace introduction apparatus..........c.cceeveveeeeveeennenn. 19
2-5 N20 standard WOrking CUIVE ..........cccuieriierieeiieeieeiieeee et 20
2-6 The change trend of N2O under N0 MOISTUIE........cccueeriiiiiiieniiiieenieeee 21
2-7 The change trend of N20O after insertion of a 2 m stainless steel tube

packed with Mg(ClO4)2 at room temperature..........ceeeeveereereeenieeeeeennen. 22
2-8 The change trend of N20 after insertion of a 1 m stainless steel tube

packed with Mg(ClO4)2 cooled using a semi-conductive refrigerator...22

3-1 Schematic of circulation in the upper water of the Bering Sea............... 28
3-2 Sampling stations in the Bering Sea.........c.cccccvvevviiiiciiiniiecciee e, 31
3-3 Distributions of N2O concentration (a), saturation anomaly (b),

temperature(c) and salinity(d) in the surface of Bering Sea.................... 32
3-4 Vertical distributions of N20O (a) and oxygen (b) in Aleutian Basin........ 33
3-5 The vertical distribution of N2O in Bering Sea shelf. (a) BS section, (b)

BN section, (¢) BM section; (d) BL SeCtion ..........cccceeeeiveeeeieeieieeenienns 35
3-6 Vertical profiles of temperature (a) and salinity (b) in the 0-600 m........ 37
3-7 Vertical profiles of N2O, SA and AOU in the 0 - 150 m of Aleutian Basin

3-8 The relationship between AN20 and AOU in the middle depth water of

X1



List of Figures

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Aleutian Basin ......c.cociiiiiiiiiiiniiii e 39
3-9 The relationship between AN20 and NOs™ in the middle depth of Aleutian
BaSIN ..ot 40
3-10 The vertical distributions of temperature and salinity in Bering Sea shelf
INJULY 2012 1o 42
3-11 The vertical distributions of temperature and salinity in Bering Sea shelf
1N September 2012 ....cooiiiiieece e e e e 42
3-12 Types of sampling stations in Bering Sea shelf...............ccc.ccooinninin. 43
3-13 Relationship between the N* and N20O concentrations for the water
column samples in Bering Sea shelf............coccoociiiiiiiiiini 44
3-14 Distributions of polynyas in the Bering Sea snd Chukchi Sea.............. 46

4-1 N20 sampling stations in the Chukchi Sea and the Canada Basin during
the Sth CHINARE in 2012 ....ccoiiiiiiiiiiiiiiieiceecceeeeeeeeeeene 51

4-2 T-S-N20 diagrams for the Chukchi Sea shelf and Chukchi Abyssal Plain.
SML: Surface Mixed Layer; UHL: Upper Halocline Layer; LHL: Lower
Halocline Layer; AL: Atlantic Layer; and CBDW: Canada Basin Deep

4-3 The vertical distribution of temperature (a) and salinity (b) in the
Chukchi Sea Shelf and Canada Basin..........cccocceeviiiiiinieiicenicniccee 54
4-4 Vertical profiles of N2O concentration (a), N20 saturation (b), and
dissolved oxygen concentration (c) in the Chukchi Sea shelf................ 56
4-5 Vertical profiles of N2O concentration (a), N20 saturation (b) and oxygen
(c) in the Canada Basin..........ccceeeiiieiiieeiiie e 56
4-6. The relationship between AN20 and AOU in the shelf bottom water
(black circle) and upper halocline layer (UHL) of the Chukchi Abyssal
Plain (blue diamond)...........cceeieiiiiiiiiiiiic e 58
4-7 The relationship between the N* and N2O concentration in the Chukchi
Sea shelf the water column ..........cccoviiiiiiiniiiinee 59
4-8 The distribution of N* in the upper water (0 - 300 m) in the Chukchi Sea
shelf and Canada Basin..........cccevoueviiiiiniinieniiiienccceceeeeseee e 60



List of Figures

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

5-1 The circulation of the surface waters in the Arctic ocean. ...................... 64
5-2 Sampling locations in the Nordic Sea and Canada Basin ....................... 65
5-3 The vertical distributions of temperature (a) and salinity (b) in Canada

5-4 Distributions of potential temperature (a), salinity (b) and potential
density (c) in section AT and section BB.........c.ccccoviiiniiiiiiniiiicci, 68
5-5 The distributions of temperature (a), salinity (b), N2O concentrations (c)
and saturation anomaly (d) in the surface water in Nordic Sea and
Canada Basin .........ooiuiiiiiiiieiieee e 70
5-6 The vertical distributions of N2O and DO in the Canada Basin.............. 71
5-7 The vertical distributions of N2O and DO in Norwegian Sea (AT0S),
Lofton Basin (AT05) and Greenland Basin (BBO7) ........cccccoevveeciiennnnnn. 72

5-8 The vertical profile of N2O in Norwegain sea, Greenland sea and Canada

5-9 The relationship between AN20O and AOU in Greenland Sea (black dot),
Norwegain Sea (red dot), Canada Basin (blue dot) ..........cccccceervveneennee. 74

5-10 The relationship between AN20 and NO3" in the upper water in Canada

5-11 The relationship between NO3s”and AN20 in the middle and deep water

in the Canada Basin (black dot) and Nordic Sea (black circle).............. 77

6-1 The distributions of N2O and SA in surface water in all sampling stations

xiii



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



