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Nitrogen isotope ratio of nitrate ion in precipitation at Toyama was traced from June 2003
to December 2005 to investigate the behavior of nitrate ion inassociation with precipitation.
0"N value varied from —7.8 to +1.6% and showed seasonal variation; i.e., it was higher in
winter than in summer. § °N value negatively correlated to solar radiation. Negative correlation
was also observed between 6N value and concentration of atmospheric oxidant, which con-
verted NO, to HNOs. Such correlations suggest that the 0°N value of nitrate ion decreases with
increasing conversion rate from atmospheric NO. to HNO;. Based on an equation obtained from
the relationship between the conversion rate and 6"°N value according to the Rayleigh distilla-
tion model, 78-98% (av. £10, 90+ 5%) NO. exhausted into the atmosphere were estimated to
be converted into HNOs. The similar seasonal variation was also observed at Nagoya, although
the 6N values are systematically higher than those of Toyama. The NO, concentration at Na-
goya istwice as high as the concentration at Toyama, suggesting that the conversion rate from
NO. to HNO; is lower in Nagoya (av. £1 0, 86 +6%) than in Toyama.

Key words: nitrogen isotopes, nitrate ion, precipitation, nitrogen oxide, nitric acid, Rayleigh
distillation model, Toyama
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DOFENPEDOHE IRBTH Y, ZOHIBIIBIT LK
IR DIEEEA + 12DV TIEE L OWFEI TR b T
W5 (fRIIEA, 1996) 2%, [FHISIZ BT 5 B
DE_DIEHYE T H BRI O VT ORI 7%
W,

R ORI R 2B 2 A 5 7-0121%, EERFMARL
(6"N) "AH % iE L %2 1% %5 (Korontzi and
Macho, 2000; Stewart et al., 2002) , 19504EAX I
Hoering (1957) &K FOT7 Y E=7 A4 F v L 1Y
A+ oEFAMAKLEZNE L. Z20%, RS
HWTREKRIZBIT ZHBA L VT vV E=ZT AL+ VD
FAAROWE TN, FEKF DN ED — 15~
+10% DHFHEICH H Z EEH L L % o572 (Moore,
1974; Moore, 1977;Freyer, 1978; Heaton, 1987;
Freyer, 1991; Garten Jr., 1991; Russell et al., 1998;
Xiao and Liu, 2002; Yuan, 2002). €DHTH,
Freyer (1978) X F A4 Y ®» . — 1 & (Julich) TH
WA & v OBRFMAARLIEFIKL, LFITHVF
WAL BB L 2D THM L7z TDOH, MT 7
VHDOTL M) TORKIZBNTY, HEEA 4+ YO
MARIIZH UFEHEL D 5 2 e FMEIN T3
(Heaton, 1987). @EFHRFENMAKHOFEHZLEZS H
129 %728, Freyer (1991) & T3EMbis - B35 -
RIS EI2BWT, K- =7a vy Vv EOE
PN K FME R DS N 2 5 L7z2s, TDF
HEAADHHIZOWTEHRET HICEL LD > T, T
FE, TAVA - N=TV=THOF =% ¥~ (Russell
etal.,1998) T A H + Za—TVx =V MHON—=
#v ME (Yuan, 2002) T, FELLEIIHITT
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DFERD B KRB OMERA 4 » OEFRFEMAKRILZS
ML, ZNCEDOWTRRATOERBILYW 0% %
HSPT DB EERMT

oKL B A E kM &3

2. ¥ BR

2.1 HEHRE
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H) 12, HH3,200 e D REK IR TE % 52 E L T1T o
7oo FHIE UG- 722 1D 0k & L7z
(H—FEAKRR . L2 LadsEohnzREErd
%<, H—oKRcRERMAMALOWESTE
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LNz, HHETNTORBRERR, KAKXIZH 5 HH
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7o B ERWTIXLr A ISRE 2 IRE L 72 BEAK
B2 % o7:10, 11HIREGETIo0REEL, &
AHTEEDR Sz,
BoNzBARERD S B, 100ml 2 R 1) I 55HL
L CEELFRSHER & LT4°C LUT D% T
L7 B0 Z6"N M@k & U, A6 B) % 4
K2 5729, NaOH %Il 2 C pH 1324 12 L THAF
L7
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720 T4 —EIVE HERE 2,000ml) OV I UE
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JIZF vy TEL, XLIRo THER T Ah o2 E R L
W KB LT IV 7 AN L 7214, HERE R
VIHZENL L 720 ) ¥ DIHR o 72 HER A A & —BAL
BEROC T BALEZNEH O F ABME @B L, WAL
SNFIFR- - BERBILREEZWE L. LA L—
MbmFELE LR FER T 2R ERT, ol
P ECHER T A O — AL E R & “RILER 5L
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P ECI g2 RZRMARLLOME I LER BSOS N R
W7z, PEET A IR % 31147V, 51240 ml O HE
KA AR DEFRBRAL 2 I 72,
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TR A & ViR S L ER R E (04~7L) %54
L, 820 —-%1)—INKRL—7 —OELHFIZH-
720 TNESCCICEREL/T—F ) —TNKL —
% —T400 ml ¥ Tigfi L 720 2 OO CTHE
HOTVEZ AL F Y RETVEZ T ELTHEBE
n, BB SBRESIND (Ogawa et al., 2001) . kA
L7z BHE D W T TNV T EE % W TRICEE 21T
W, B OWBRAF v ET VRS T AL F VITETT
LCHEIR L7 2D, BULLZT Y E= T AL F >
BWRICT b9 72 VARTEEF MU T AR ENZ,
FES T2 VERYBET VE AL LTS ET
Y L7z (Sakata, 2001). ZDiLkx “HEEHEIC X
) 850°C T20M; ] #& & = ¥ (Minagawa et al.,
1984), £ U/-ERFN A2 EZET [V TREMILL 72
%, FoRFZEREA AR % Micromass 1 # PRISM &
mAOMEECIE Lze ERFEMAIID T O TER
ENBH LI, RADEZRZHEIEYE & L7z 6N f#

(%) THRENS,

0 15Nsample (%0) = [ (lsN/MN) sample /(15N/14N) air N2 1]
X 1000

CDOIFEIC X BHEEA * ¥ OB R RN AR OB E R
FEIZ£0.2% CTdh 5o HEJHLHER A A h OB R RILY
b, FHEROBIEICL ) 5PN A HIE L7z,
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Mg®", Ca®", &£ + ~ Cl", NOs, SO2 ® #8fif)
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% Compact IC 761; kA 4 > F— v —#IC-
8010) IZX D MIE L7z MERZEIIF O NIREI
L T+5%LUHNTH 5,
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Table 1 Results of precipitation from June 2003 to December 2005 at Toyama.

No. of NO; Monthly total nssSOZ/NOy 5N
(av.£8.D.) NOj; deposition (av.£S.D.) (av.£S.D.)
samples
peq/l meq/m’/month  equivalent ratios %o

Jun., 2003 3 26.8 +53 2.9 1.7 +0.2 -4.8 0.5
Jul., 2003 4 244 *11.2 2.4 1.6 =04 23 %06
Aug., 2003 3 17.5 +6.8 3.1 2.1 +0.4 2.5 +0.3
Sept., 2003 2 174 9.9 1.4 23 x0.9 -3.0 1.5
Oct., 2003 3 122 +13.1 12 27 0.5 -0.6 +0.7
Nov., 2003 2 14.9 0.5 13 23 203 -04 £0.6
Dec., 2003 2 29.4 +8.7 2.1 2.6 +0.9 0.5 1.4
Jan., 2004 1 411 -- 2.4 18 -- 08 --

Feb., 2004 2 44,6 +2.1 4.1 2.0 +0.1 -0.5 +0.8
Mar., 2004 3 33.9 =*13.2 1.9 1.6 =02 -4 £0.7
Apr., 2004 2 27.5 £242 1.4 1.8 %05 -43 1.5
May, 2004 3 8.8 +0.6 1.0 1.7 +0.2 4.4 *1.2
Mar, 2005 2 333 %173 2.9 2.4 x0.6 -1.5 1.7
Apr., 2005 3 65.8 +40.8 2.6 1.8 +0.4 235 *1.7
May, 2005 3 448 *18.5 2.1 2.5 %03 -4.4 %12
Jun., 2005 3 18.5 +30.6 1.1 22 +0.8 2.9 0.5
Jul., 2005 5 16.7 142 2.2 2.5 %05 -57 %03
Aug., 2005 7 20.2 +10.1 4.3 27 +1.6 -6.0 +0.9
Sept., 2005 4 154 7.2 2.0 1.7 =07 -6.0 1.5
Oct., 2005 4 25.1 +89 3.9 1.8 +0.6 -39 *1.5
Nov., 2005 6 51.9 £32.2 8.5 2.6 =0.8 -1 #2010
Dec., 2005 2 40.6 +23.8 2.0 43 +3.4 02 +2.8

nssSO,” represents non-seasalt sulfate
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FEEDOEEN & o 7203, FED HRFHI X B K4
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ED11H138.5 meg/m*month & & alt TE VA3,
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Fig.1 Nitrogen isotope ratio of nitrate ion in pre-
cipitation collected at Toyama during from
July 2003 to December 2005.
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2 -55~+1.6% (av. —1.8+2.0%) TH > 7D
LT, F, EFIZIE-7.8~-03% (av. 4.3+
2.0%) Lzolze TOMENDL, F, EFEOFNHE
3Fk, AFITHART25%I1E LW L 2SHBI L 72,
Freyer (1991) HMHE L7z A YD1 —1 IZBIF
LRERDOMEEA + ~ DO N fEIX, —6.2~+1.0%D
HPATH o 7288, 4% (0.0£2.0%) 2L, BF (-
4.2%1.3%) WKL 2B HERL TS, ZOFH
ZALIZE LT O D LK TH 57278, BT TO
ONfEi% FAYDIZ— Y e TOELILETEE, B
ZOMIZIZIEFARETH > 729 FF2%1F &K -
720

3.1.2 HEETRERKOEEA + 2 RE LERAM
&t Table 212 4415 E 1 THUM X 1172200545 H ~
1R2ADOXKAOMEEA + ViIRERFILER, SN I,
ONMEZ R LTze BB OWEEA + ViREIZ6H 12
KM (64.3 ueq/L) Z/RL, 10, 117 1Zm/ME (8.2
ueg/L) L7, EFIZRREWHEINZ R L7, ILE
BEATCHADLE, SAHPSIHDEFFEL (8.3
1.4 meg/m*month), 4 Z 3K v (1.0=0.1 meq/m?
month) {1 %Z/R L CWwiz, EEFEMAKLIZONWT
2, 5H”58H 13 -0.3%~ —4.3% & K\, 9H 7
512H130.3~0.6% L L > TEBY, EIT & Mk
DOFEHEAER L. L2L, FHDNHE 4
Bl i cliRd 2 &, HlEHOLAE LTI
HART, 0.5~6.3%RERMWICEL RoTnb,

3.2 BERH XD NO« DEFRLFL

KREPOEZBALY O FEHHIE O O & D13 HEpH
DHRTATH Y, FTHEH VY VEI) T4 —E
ALY KREBHPEHEE 2o TWBRHIF LIS AMSNT

Table 2 Results of precipitation from May to December 2005 at Nagoya.

Monthly total

NO; N nssSO, /NOy 3N
NO; deposition

ueq/1 megq/m*/month equivalent ratios %o
May, 2005 49.1 5.5 1.1 -0.3
Jun., 2005 64.3 3.7 0.9 2.4
Jul., 2005 13.8 1.9 1.3 2.5
Aug., 2005 35.8 3.0 1.0 -4.3
Sept., 2005 34.2 2.4 1.1 03

Oct.& Nov., 2005 8.2 1.1 1.8 0.5

Dec., 2005 26.9 0.9 1.3 0.6

2-
nssSO,” represents non-seasalt sulfate
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W2 G- S, 2000; BBEE)T, 1998), FDEH
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4.1 FHERA # > DN EOZFHELE ZDER
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TR T D S/N H % nssSO.D6*S AT 5 Z &
AERLCAOLN TS ek iZa, 1993). A% %
To2BIHTHBAKDOREEA 4 > D o*S lidi4
KR R EDBHM SN T 5 (FFF - 4T,
1996), D78, AFZDRBEA *+ ¥ DIPN HIE
BB FEROVEDL LT, KEPLINHEOFH
BEBIWDIRE L TOLRENZZ 5N 5,
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D, FOSNHLIFUZEY (FRiED, 1991, —7,
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D= ORERP O SN i, HEKEED S oW %
DHWIRE LR ZEPMSLN TS AR,
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A, KEED D 6N EO F W E R 2SREK T 5 2
LWIZEoTRELZDTHNIE, N LA L LD
WCSINHDHREL 25T THS,

B R O LT O KO S/N ik, BlAkEIC
B2tk (SN 5.7, 7.1) 2L &, BBEhll
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& RESEIGFIE A % 2 HE& TEILTTOREKIZHS L
TWDLIENGhb, TONEIX, EFIZ-7.8~
—1.7% LRV As, AFIZ-2.6~1.6% HmiHKV2:
B —47L -55%ERL) LR BoTWAE I LN
BrhH, Lo L, Fig 2I/R L720"NfE & SN LD
BIRICIE, TEEZBLTOAL LT, BEFERCATIIR
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LAFEOI N LI, SN O WEEZBRILY
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Fig.2 The relationship between "N value and
nssSO; /NO;” ratio in precipitation at
Toyama.
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SNEDOEALD N % % 2 5 72012, 5N fii & 55
WROFHM ORE, W, WE, HE L RBRKERIK
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T2, WEEEA 4 v OSSNl 1E ) # AR $r=
0.14) RBE =-011) L3 F o HEPRS
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AR & 912, Russell et al. (1998) X Yuan (2002)
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IbtFEFF 5 bR EPSEEENSE (KH,
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4.1.3 O0"NfE, BHHEHE, KEEAXI 5> OB
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2257 T KRABR 2 E L, KA+ F¥ 4 v b
BEAZIELTYS (FI Eiﬁﬁﬁﬁﬁﬁﬁﬁﬁ
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EMIZOWTHN (Fig. 4-a)o ZOME, HEHE®
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Fig. 4-a The relationship between monthly oxidant

concentration and solar radiation from
July 2003 to May 2004.
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