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Vertical distributions of both concentrations and the 0-17-excesses of

nitrate were determined four times during one year within the mesotrophic water column of Lake Biwa.
By using both the deposition rate of atmospheric nitrate onto the entire surface of the lake and
the influx/efflux of nitrate via streams, we quantified the annual dynamics of nitrate (gross
production rate of nitrate through nitrification and gross metabolic rate of nitrate through
assimilation) based on the 0-17-excess method. The results revealed that 642 Mmol of the
remineralized nitrate was supplied into the water column through nitrification in the lake on an
annual basis, while 810 Mmol of nitrate was metabolized in the lake through assimilation. In
addition, the total metabolic rates of nitrate varied seasonally, with the highest rates in summer
and the lowest in winter. We concluded that the 0-17-excess method reliably estimates the dynamics

of nitrate in mesotrophic lakes.



1. WFZEBRAAE S D5

(1) RO EFIEER & OEEMEIZONT

g (NOy) IZAEMREREBE THY, Z<DOW
HT—REFE OLERR) ZHIBRT 2, 207, <D
WASLEDORAFIIT, NOs IBEOBRIDZESMET  siaan
T TS, LinL, KT O NOsITIZ SR i g
5 BRFEBENRELTEY (Fig. 1), NOs £ &L
R B IS IR SR CL 9, &I O — & BRL )
PERSERERHEEOHER T2 ELHREL , &A%
PR SRR BT AR . KB (L2 D A Z R
T, FAEAKICHRT 24 NOs G B Dz,
B2 DORFZER L OB BN LEAR R K THD,

— R DOWIETIL, TN OAREIARZEF (Org-N) ZELii e T
LUC. M NS AL 2 8 Ok o e l_;"é%ll HBICHEIS NOsERILELEERBIRROE
NAHNOs (UL FZE NOs e &95) B3ELEEDTEH

D, UK K A 2L TSN OIS VD NOs 2305 (Fig. 1), 2055 fi)IFEH D
NO; G E &L KEIEERREH O NOs AR 3 B 1L e i B FERITED, L, BB O
NO; fHARHE (=) (XFERNEELL, LU IR T X728 ME 2 BRI S LB 272 D,
FPEKIEDDERI L7 KGREHT SN THEERR L 7= 7 8 =7 (UNH4") ZIRIIL ., FRBURAT LR BREE T
THERRERI D H A B U2 0 NOs @ SN/UN LA JIEL, 05528 I HF o0 BNOs BEN BB A7k
ROMALHEZ L, ZNE KRS T2 T, OB 2RO LEE N RO LS D 7272
L. ZHLTRO DI s 1, BLIREO TRERRE 1@ X 700, iR B 1T RE 288 T A Al RE
PERHY , ZOF M BN EEL DA, ERROBIIEEZREZ SR HiIA 2 2 THRDIRL | R
DO EZ TR T DM ERSHD, ZD— 5T, BB IIRE~BHL TITHORERHY, Ok
RERBNOY IR AL EMER BRI VIRINC BRI L IX B2 DL DI 5D T, LT LIEE TR
IEfETHD, ZO7=8 AL E DEMZ B U CTHERRUENAZEFHm THY, ZL<OET AEFHFE T, ]
SINOPEIT IS SHEEAESC . E<HIDBRE: F TSI Ll E 2R A L3 %o T,
UKL Tz 1E, RERWAEZ B THBICHFESILES NOs (NOsam) OHOEEFE (0) O H IR
NAREE (T°0, O, 'O OFRRHFIELL) DEHEAREZ R 223 ZEIZE B L, ZREEOMLE
FEEBAITIE AR D TIZ ) EE T,

(2) NOs~ @ HERREINLAREEIZ DWW T
B ARFINLAREL D /N, FEUEWE O B SR FEIN AR L E DRI OFEXHE THAH TS i) TS, 80/'%0
BNz E e, 20 5l (380 fH) 13, L FORTERSNL &

380 = Rx/Rstp — 1 [1]

ZIT Rx VRIS TWBIE D 180/1°0 b, F7-
Rsto 1T JEHEME (VSMOW EIEIE N DHEAK) O

1000 X870

180/160 AT, 70/0 HaFT 6170 i Ak oo 5
EFRSND, 8 HITEDEETIE, OO TISWELE ] D .
L7250C, 1000 fHZHER LT T AU (%, (23— (Noa-aW
Vb, =10%) |EMHETHIENE N, HIRRICHELE ad
THNANALRERESESY T-0 880 HR° 570 fili% %o o |

VAL THIET AL AEREBNAONS (Fig &8

2), ZAUZ, HARFCTET T 2P OSRLHEE LD
B EE EHAS . RALAR Sy 7 (B 20X UNSOs .,
HN10,1707, MN10.180 728 IR/ N R D
5THY, [FINLIRS7 B (isotope fractionation) &M (X
o,

B EORERSS DS HRESS .= Fig. S JE Fig. 2 xﬁb\éiﬁc%?i HNO3 (NO3 am) BLUED
fﬁ gi% % %‘%;ﬁtzzﬁ%ﬂi)%ig: 5 75%2% é i?ﬁ o0k £ OB B R LA NOBRFEIALH T,
0. ZOEHT MDFL (Mass-Dependent Fractionation
Line) EFEIIVTWD, ZAUEL— DT BRSSO ZAUIZ D [RINL AR5 5125, MDF (Mass-Dependent
Fractionation) &IFIXNVAFEIAD FIALIARZBINC L > THIEEIZITWDHTHY, MDF 33495
R 370 IEDZARIZXTT 5 8180 IED AR IZ2ZE I, LLF O [2] TERIZEDHIRD Y,

+‘;00 *1‘50
1000X 5180

40 L

In(1+38"0) =pxIn(1 +85"0) 2]

ZIT B REBIEEREFR T, 20X [2] ISR TR AL TRk TaE Lo [3] &
5o



50 =pxs't0 (3]

BELL T, [2] DEAEIE0.52799 %, £7-3 [3] OHE1F0.527 235,
LIAR, KA TS (0:) MDAV (05) AR

THRIGIIFIINT, O DEEFERINLA LT MDFL 725 NOy i =
NREXLE TS D2 . KA PO —E s 5170=0.52 X 61026 &

(NO) 73 O3 LG HZETHRLT S HNOs (NO5 am) 370 4 ahoaes
., 20 MDFL mH REHRIET D (Fig. 2), 2O CYMUHILER

Rt
L THE

A17Omlal

DRESH UTIORTRK 4 TEESINS A0 i
HAWTERILTDHE, BARZHLELIZHFEERICE
{55 NO3 am D2 AVO fEIE, +26 %ol 72 DT EDNVEID
*LTI/ \5 3). 8)

1+86'0

8'%0

AO= —— 1,
(1+61SO)ﬁ

— 5 MBI XV AT D NOsw D O 1%, MDFL
WALE T2 0o HLLIE Ha0 ITHSRL, EBiZENE
BT D SRR TR E B [FNL A3 BIE MDF 720D C, NOsve 3443 MDFL _EI2AZ#E 4% (Fig. 2),
FV, NOse @ A0 fEIZ 0 %0 TH D, 1> T, NOs'am DT IZILF L, 2T NOs e EIRE T HE, £D
IBAHITGCT AVO EIZEA 35 (Fig. 3), —J7 NOs 73, MBS P CRLCiEE L S 728572
RINCAR R 252 T D820 8170 S §'%0 EIZZA b3 203, HIREREE T ORI SHIIIE MDF 720
T, A0 fEIZZ{EL7Z2V (Fig. 3), 2V, [FMLCHiZE 72 & O RINAA BB FEDOF HEIZK ST, NOs
D A0 fED, ZTDOHIZEEND NOsam & NOswe DIRGILERHT5ZEMAHESLL ., NOsTRE L

[4]

Fig.3 NO3am & NOsre (B R KIRTHEEERLE) O
8170 {EE 5180 fEDR R,

AO S, NOsam IR EZFHHT52 L8 KD,

2. WFEDO BB

AAFFETIL, WIAKF OS5 NOs IZONTID ZIEFRNAREE (A70fE) ZHIEL., 220 b
WO) NO37@%{§\E%'{EBEE (ANmt) %’f‘f\“%\\ﬁ'fhﬁg (ANassim) %tﬂ@i%lﬁ%ﬁ'@‘%}o Jﬂﬁh]\'zﬂﬁhtﬁiﬂﬂuzié%

T S N AR H SR 2 BASH 72 217 3°% NOs~
DN ATOME (A Orake) 15, TOWEIZH L TRAIL
EERETHAREND NOs (NOsam) & WIENEBOHY
(ERGARE THEARES NS NOs (NOsve) D HERAEE F
% RG 5D T, NOs am DILEEE (ANam) HSEEH
725, AVOlke 2>HIAN D ANwi % € EAL 22 * (Fig.
4), SHIZ, ANnit & ANam 23R EFUX, IHKH D4 NOs~
BEDNRTUANG  HAKNGREINTZ NOs &
(ANmetab) HRODHZEDHIZKD P (Fig. 4), ZZ T ANmetab
ElE, —RAFEIZHED NOsFRERETHD NOs b &
(ANassim) & FHEEPEIR (ZEAVAYREIZE TTEOUR) 121D
NO:; BREHE THOME R (ANdenit) DFITHHD,
—HRDWAE TIH UL ANassim 15 ANdenit VIR EU
DT, KD7= ANmetab 15 ANassim (ST KD, F7-. T
AW HHRTINZ LD NOs it HH A 2SR HA e B At
TRHE O, A RN LD NOs i A &
EE) AVO EAE FERIL THIIE T 228 T, [FARIZ ANait
R ANussim & & BALH DI THD, 22T, AARZN
FTHWE THIEEMN 27 0 — L RITIHK S0 7k o
D NOs L AVO fEZSERIL . ZHUZBHe R &b
ZEHET T LD RDTZ ANam IS HZE T, ANnie
R ANassim ZERALT D 9, F/o, FRFICHERE (PN B
L——%) ZH T ANwsimZ FFEL Y | 52 R
HZET, I FEOEEMYE () MEkiEOME R
ZRH T 5, SOITHHFERREA~OICHLFITT 2,

3. WO H Ik

FEEE I D = B « it AT )1 & T8 PN 6 T D 7 R
T, [Fl—"ZEH 4 GH.6 H.8 A, 10 A) IZE-T
REUEFEER I, NOs DIREE AVO fEARIEL ©
10D N O E JUTIEL, 58 TRBUBHZ B, NOs~
DIRFEE AVO HEOSHE A A ROz, 7eds, H L,

NOsotal
A0, 5

NOsve |
AT0=0% =

Ao + ANy _ A0 5]
No + ANygm + ANy +26%o
ANpetab = No + AN, + AN — Ny 16]

Fig. 4 Fit-RARNIOFENESRH KD MBICHTD
NOs 2D ELEERBRERARE, SAMV5—N)L
(=0 &N t=t) MICHEHIEICLDIKFICIDo%Z NOs &
(ANnit) PEMEPBZEICED#KPHLOERESNTZ NOs-
= (ANmeab) EHBRED NO;DIRE No BLU No) &
SUZD A0 B (A Owt) EDERIR,

HADENO; & (Mmol)

Ao 100, 400 No No+ANia-ANowt 300
. 1)) 1 : ;l 1 1 1

Initial !
AAin i
-ARout i
OESFRA
W ANatm
i

(F S 5%
— 113
1
ANau |
i
Final ;4- e 1 P -)E\'l EE+ AR
A VN No+ANin-ANour+ANatm+ANwie
NO3™re
NO37atm

Fig. 5 Eu*iﬂjlliﬁ)\ (ANin'ANou[ B;U AAill'AAOll[)s k
KURE (ANatm) . FHIE (ANwie). RMEBSLUBREICLD
B2 (ANmetab = ANassim +ANaenit) DETOLABIICH T
TRUE, BAMVA— NIV DRAOE NOsE (No D
No) & HADE NOsam = (Ao h'D Ay) DEFEZEE,



BB OB DA H2—r39L (3-6 AR 6-8 A-8-10 AR -10-3 AM) %, TN AEBIM - 5 -
FRHARE - XA E RS 82T 5,

FT ROIZWIKF D NOsPREEE AVO EOSRIE AT & WIEHITEZ JTIZ, A BLRAIRFOWIK o4
NO; & (N) &4 NOsam i (A) Z2RD72, WIT, FJID NOs L A0 i JTiT, KA Z—N
JUZDOWT, JiE AR )R CEEREMICER ARG SIS NOs O E (ANin—ANow) &, JEAVEH
RS B CEEINCIERMFE SIS NOiam O E (AAin-AAow) Z3RDT Y, IHIZ, HALH—N
JUAZIHAENZIEAE LTZ NOs am 2 (ANam) b WIBEO KKBUH AR TE=HV 7 SIVCWESERIT — 2 &
ETNEICICHEE LT 19, 2L T, 58U 2 — L OB IAR % Initial (t=0), #& T RF% Final (t=t) &
LT, 2O D4 NOsED KA (No B N ~) &L A NOs am =D REIZAL (Ao ND A ~) N
ARSI, A2 =73 D ANpit & ANmews 2 FLHI L7219 (Fig. 5), SHIZ, 29U TRD7=EA
VA=V D ANnit & ANmetab ZFE R T HZE T, HHID ANnic & ANmetab 23R 672 10, F72| RIRFIZZR 1
KIBELUVKIE 10m ZKIZEFZ I BNOy hL—H— RN, SeIBGER B T ICE 8 PG W 2
T 24 FEEEER L, TOMITKL HIRE DL T2 SN OB 19735 ANassim & FAED 72 19,

4. WFZERRR

@ FEEWI ORI LI I LU NOs TR ol araseese
KOTZEEMICB T HEMOBIHILE (ANm) (X
641113 Mmol yr' (Mmol = 10° mol) &7z {1 : o
D NO; i A& (ANm) D 351 T/ (Fig. 6), = 7 O mi solsr
D—J7C, MO NOs TREE (ANmewv) 1% 809£120 (™)
Mmol yr! 720 ANt E[RIFREE Tho7- (Fig. 6), E7- 5,
WY

KOS, KA H =D ANt R° ANmetab & A
VA=V DESTEILZLT, HA L Z— LD
E‘ﬁ'ﬂjﬁg (Fnit) %’qziéj NO37|§%£BE§ (Fmetab = Fassimt M- * & 1_5 .
Faenit) Z3RDDE Frnewan 1ZA B — TR, HHIMIC  Fg 6 ESMCHIISREREE A0 8, —FH
| . . N " [CREICEDBIK RS0 NOsy & (ANwio) PRIE®
—FHL IR DZ EMBAGNNI IR~ T (Fig. 7). ZAUXFEME Z&%Eﬁ)iﬁﬁéﬁﬂb\éﬂ%ﬁ%%& IEIJS(E%%&(AIT;éE% Ff;b
B (Fassim) OFEHIZA, T70bb—RAEEDFHIZE S8 (B2 Mmol) * 17, []AIOB S8RB b2
- o § BA (3 H) OMROS NOy & (B Mmol),
(2 LT B TR B, 7, A re s — O v (FHLNmeD
aYiZp) Fit/ (Fassim+ Fdenit) te (“Di@ Fig.7 EP"C“\ %5‘:‘_

B LR ARG AT EROMEE) 12F BT 58, FBHIRHR "
B/ BRI D e KT D, TR, Fassim OHEIHIIHTL 5
T 1-2 7 AT Fau SR TZZ L2 R LT-h D& 8 = o Fa”
DI N —IRAEFETERTLHHRIKRERZDHFM E
X, 12 » ARRETHLIEZRBL TNV, g° e
e A
@ A0 BLRERIED R |
PEFIEAE W THRIED 72, % KFEFD Fassim 13 90 725 <O,
709 mmol N L' d! 720, 2 ARS H 358 0
4.0 7°5 52 mmol Nd ' m2&7257- (Fig. 8). HA2 4 — Y it P Mmold)

ZIVINEZD Fassim T E THLEBEL TERKIEE  pig, 7 BBHMICSI2 2 BHV5—1UOFH NOS
- ANassim 23R 5 E 978 Mmol yr! (= 4.6 mmoINO; m~ EEE (Fassim + Faenie) EFHTHILEE (Fu) ORI

241y L0, A0 BT R ST R R AN

(=ANmew) T % 809+120 Mmol (= 3.3 + 0.5 mmoINOs~

m? d") EBEF—HL 72, ANassim (Fassim) 13 ANmetab —

(Fmewy) TULEAL THRIEEENZ & 8K A0 IETR ) oo T

% ANassim (T EHHED AMETHLIEMNFEN £ !

ST, R LEESE O II LT LS — BT, 2 o] awm NhL=y—% Lo, F

A0 EDDRODFNCEET, HRIEORLEE Y ¢ g | R

NTHRIGBR, AFRCENHELRDZLDHENE E P T TS emg-"" a0 &

72572, ATO BEAELBIA 5 — LD RRE T o o S

FEZ RS 0I5 LT B EIEITBIRIRE OBRE Y72 < | T [amm |, -

AL 2 B B3 2% D Tdo V) | B A IR o0 113 % ok —=F =

AR O LB R ERBT LR B LTb DR L

7o DFED, FERIETRODEMLEE IFRFMEL T MEMD RS QLD BN
VAN 170y sk N =z

I+ﬂf%w‘ ATO HRTRO LT DBAMEELTREL Fig. 8 A0 ATRBELLEEHCHIZZEAIVAR
o - = NILDFE ) NOs BRERE (Fassim + Faenit) & N MU

@ FLOLAEZROBRE —H—i% (BEE) CRBLOLREABO NOy Rk

Fox BBBILT-OI NOTISFEEZ D FRFIRL (KA R A maRmeR GLOBRLE CHaTs.
EVSBUERZ T, AR 4 BICBER, Zh

THE O RLHIE L OFMAALAE RILT 5 LITHIILE, BMAFTHRTL 7, Bl
AP UHEAT T DRHL UL TERAL RSO 25, ZOBFLOFI A TloB, 4815, ATBL



T DRI RO Z DML o> 2 FEIHBR IR EE AN M 218 U CTHIES DI 028 £ L TZOHEANTEE
OEFAMEEL D, KRBT K DHRE E AR ~E L ZE D HIRF KD,

(G FHSCER)

1) Yool, A.. etal. (2007) The significance of nitrification for oceanic new production. Nature, 447,
999-1002.

2) Michalski, G.. et al. (2003) First measurements and modeling of A0 in atmospheric nitrate.
Geophys. Res. Lett. 30, doi:10.1029/2003GL017015.

3) Tsunogai, U., etal. (2010) Tracing the fate of atmospheric nitrate deposited onto a forest ecosystem
in eastern Asia using A'70. Atmos. Chem. Phys., 10, 1809-1820.

4) Coplen, T. B. (2011) Guidelines and recommended terms for expression of stable-isotope-ratio and
gas-ratio measurement results. Rapid Commun. Mass Spectrom., 25, 2538-2560.

5) Young, E.D., Galy, A.and Nagahara, H.(2002) Kinetic and equilibrium mass-dependent isotope
fractionation laws in nature and their geochemical and cosmochemical significance. Geochim.
Cosmochim. Acta, 66, 1095-1104.

6) Miller, M.F. (2002) Isotopic fractionation and the quantification of 1’0 anomalies in the oxygen three-
isotope system: an appraisal and geochemical significance. Geochim. Cosmochim. Acta, 66, 1881-
1889.

7) Thiemens, M.H.. et al. (2001) Mass-Independent Isotopic Compositions in Terrestrial and
Extraterrestrial Solids and Their Applications. Acc. Chem. Res., 34, 645-652.

8) Tsunogai, U.. et al. (2016) Accurate and precise quantification of atmospheric nitrate in streams
draining land of various uses by using triple oxygen isotopes as tracers. Biogeosciences, 13, 3441-
3459.

9) Tsunogai. U.. et al. (2011) Quantifying nitrate dynamics in an oligotrophic lake using A!’O.
Biogeosciences. 8. 687-702.

10) Tsunogai, U., et al. (2018) Quantifying nitrate dynamics in a mesotrophic lake using triple oxygen
isotopes as tracers. Limnology and Oceanography. 63, Issue S1, S458-S476.

11) % 1 (2018) BEIC3R 2 E RNLIAR L O B BE Sy BT (S B O S BR R B FL 2 IS - ERBRBE )27
e F R (H AL o B Bl &m ). HEk{bs ., 52, No. 4, 107-129,
doi:10.14934/chikyukagaku.52.107.

12) Tsunogai, U.. et al. (2008) Sensitive determinations of stable nitrogen isotopic composition of
organic nitrogen through chemical conversion to N2O. Rapid Commun. Mass Spectrom., 22, 345-
354.



11 8 1 8

30
2017
3-17
DOl
David M. Nelson, Urumu Tsunogai, Dong Ding, Takuya Ohyama, Daisuke D Komatsu, Fumiko Nakagawa, 18
Izumi Noguchi, Takashi Yamaguchi
Triple oxygen isotopes indicate urbanization affects sources of nitrate in wet and dry 2018
atmospheric deposition
Atmospheric Chemistry and Physics 6381 6392
DOl
10.5194/acp-18-6381-2018
Fumiko Nakagawa, Urumu Tsunogai, Yusuke Obata, Kenta Ando, Naoyuki Yamashita, Tatsuyoshi Saito, 15
Shigeki Uchiyama, Masayuki Morohashi, Hiroyuki Sase
Export flux of unprocessed atmospheric nitrate from temperate forested catchments: a possible 2018
new index for nitrogen saturation
Biogeosciences 7025 7042
DOl
10.5194/bg-15-7025-2018
52
2018
107 129

DOl
10.14934/chikyukagaku.52.107




41

2018
66-71
DOI
, 61
2018
81-90
DOI
Tsunogai, U., T. Miyauchi, T. Ohyama, D.D. Komatsu, M. Ito, and F. Nakagawa 63
Quantifying nitrate dynamics in a mesotrophic lake using triple oxygen isotopes as tracers 2018
Limnology and Oceanography S458-S476
DOI
10.1002/1n0.10775
Oanh Thi Ngoc Bui, Sohiko Kameyama, Yusuke Kawaguchi, Shigeto Nishino, Urumu Tsunogai, Hisayuki 22
Yoshikawa-Inoue
Influence of warm-core eddy on dissolved methane distributions in the southwestern Canada basin 2019

during late summer/early fall 2015

Polar Science

100481 100481

DOl
10.1016/j .polar.2019.100481




Urumu Tsunogai, Yuko Miyoshi, Toshiyuki Matsushita, Daisuke D Komatsu, Masanori Ito, Chiho 65

Sukigara, Fumiko Nakagawa, Masahiro Maruo

Dual stable isotope characterization of excess methane in oxic waters of a mesotrophic lake 2020

Limnology and Oceanography 2937 2952
DOl

10.1002/1n0.11566

Takahiro Inoue, Fumiko Nakagawa, Hideaki Shibata, Urumu Tsunogai 126

Vertical Changes in the Flux of Atmospheric Nitrate From a Forest Canopy to the Surface Soil 2021

Based on A 170 Values

Journal of Geophysical Research: Biogeosciences -
DOl

10.1029/2020JG005876

Hao Xu, Urumu Tsunogai, Fumiko Nakagawa, Yijun Li, Masanori Ito, Keiichi Sato, Hiroshi Tanimoto -

Determination of the triple oxygen isotopic composition of tropospheric ozone in terminal 2021

positions using a multistep nitrite- coated filter- pack system

Rapid Communications in Mass Spectrometry

DOl
10.1002/rcm.9124

40 3 10

JpGU-AGU Joint Meeting 2020, Virtual

2020




JpGU-AGU Joint Meeting 2020, Virtual

2020

25

2020

2020 67

2020

Tsunogai, Urumu, Peng Weiqing, Masanori Ito, Chiho Sukigara, D.D. Komatsu, and Fumiko Nakagawa

The 170-excess of nitrate in the Japan Sea

SOLAS Open Science Conference 2019

2019




Nakagawa, Fumiko, Urumu Tsunogai, Takuya Ohyama, Daisuke D. Komatsu, Atsushi Kubo, and Jota Kanda

The triple oxygen isotopes of nitrate as tracer of atmospheric nitrate deposition in coastal seawater

SOLAS Open Science Conference 2019

2019

66 , , 2019 9 17-19
2019
15N

66 , , 2019 9 17-19
2019

66 , , 2019 9 17-19

2019




66 , 2019 9 17-19
2019
66 , 2019 9 17-19
2019
2019 , 2019 9 25-29
2019
15N
2019 2019 9 25-29

2019




24 , , 2019 11 5-7
2019
24 , , 2019 11 5-7
2019
2018
2018
2018

2018




2018

2018

2018
2018

2018
2018

2018

2018




2018

2018

2018
2018
2018 65
2018
2018 65

2018




2018 65 , , 2018 9 11-13

2018

2018 65

2018

Peng Weiqging, , s , ,

2018 65

2018

Nakagawa, F., D. Ding, U. Tsunogai, T. Ohyama, D.D. Komatsu, I. Noguchi, T. Yamaguchi, D.M. Nelson

Influence of urbanization on the sources of atmospheric nitrate; Evidence from the triple oxygen isotopes of nitrate in dry
and wet deposition

2018 joint 14th iCACGP QS, 15th IGAC SC, Takamatsu, Kagawa, Japan

2018




Tsunogai, U., T. Ohyama, F. Nakagawa, K. Sato, T. Ohizumi

Seasonal variation in the triple oxygen isotopic compositions of atmospheric nitrate in the Asian monsoon area

2018 joint 14th iCACGP QS, 15th IGAC SC, Takamatsu, Kagawa, Japan

2018

Mineno, Y., U. Tsunogai, Y. Li, D. Ding, R. Nakane, F. Nakagawa, K. Sato, H. Tanimoto

Determination on the triple oxygen isotopic compositions of tropospheric ozone in Asian Monsoon area

2018 joint 14th iCACGP QS, 15th IGAC SC, Takamatsu, Kagawa, Japan

2018

Tsunekawa, S., U. Tsunogai, F. Nakagawa

Determination of the triple oxygen isotopic compositions of tropospheric carbon dioxide

2018 joint 14th iCACGP QS, 15th IGAC SC, Takamatsu, Kagawa, Japan

2018

Ding, D., F. Nakagawa, U. Tsunogai, K. Egawa, I. Noguchi, T. Yamaguchi

170-excess of atmospheric nitrous acid in urban area: quantification of its sources

2018 joint 14th iCACGP QS, 15th IGAC SC, Takamatsu, Kagawa, Japan

2018




JpGU-AGU Joint Meeting 2017

2017

David M Nelson, Urumu Tsunogai, Takuya Ohyama, Daisuke Komatsu, Fumiko Nakagawa, lzumi Noguchi, Takashi Yamaguchi

Triple oxygen isotopes indicate that urbanization causes differences in the sources of nitrate between dry and wet
atmospheric deposition

JpGU-AGU Joint Meeting 2017

2017

64

2017

64

2017




64

2017

HNO3

23

2017

31

2017

2018 1 22




(Sudo Kengo)

(40371744) (13901)
(Nakagawa Fumiko)

(70360899) (13901)
(Ito Masanori)

(70762251) (13901)

Univ. Maryland Center
Environ. Science

University of Alaska
Fairbanks




