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SRAT N F B AR TA3MMRE R R %0, YOR
80, [ %k 43514 0.9976, 0.0004710.0020. T
B R R A H AR FEEERAR, UL SfE R EA
R0 25 A AE O 5 i, LABO R il
180/ moﬁénun — 180/ leowr

180/160}%?15E
o hn e 48 B9S2 S R AL 2R 10 [ PR As o i, 4E o g8
FRUE-H K PEK (Vienna standard mean ocean water,
V-SMOW), 180/8QF170/80 L {& 43 51| 4 2.0052x 102
M3.827x10°%. HITHKEIMLREY I . L. Y
B I 4ok 8 R AN (6] H A5 43 T TS [) ) B sl ) AR 22
) B G2 B N R 32 2% 4317 (isotope fractionation). 1%
— RS R R R A O, PR EALR
Jii 54718 (mass dependent fractionation, MDF). % JH]
R AR, STYORM B0 Al {4 +F
H— RO R

570=0.52x 5*0. )

XM CR] EATET A A . KA EY R
RO 3k BR A it b 43 18 £ (terrestrial  fractionation
line), KX it J2 Hr 7K Fi O 38 A W) o7 2= o fat 4317
AORLAE, aniE L.

5t AR AR A 2, 78 OsiIE it 72
HRIBOMYO A e, SHE T REIR, Rk

5°0= %1000. (1)

B 1 (I ROR () S I 47 28 Al S0 4 s e L B v 2 B X RS
R LRI R A0 B SCR[12). Bro, w, OSEgoRihzfE
b DX R AT R R U R 67 2R A WRIUEL 218, e 25 X 3t J2= SLARU Y R 7
RAEME | O RDIE R 3R AR AR 2 AR, e file
5 HIFRV-SMOWHRI RS H O, I AU I 3

Figure 1 (Color online) Mass independent fractionation of oxygen
and isotopes of atmospheric nitrate from mid-latitude. Modified from
Ref. [12]. o, m, < represent the observed AYO of atmospheric nitratein
mid-latitudes®*9; % is the approximate oxygen isotope composition
of tropospheric ozone!*’*¥, the blue oval is the range of tropospheric
water; @ and e are V-SMOW and O, respectively
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PR RAANTEAE, B — 3 P FR by I I i [ 4 2%
418 (mass independent fractionation, MIF)®, PI4g
[Fi] {7 28 5 5 (AY7O) ok fliy 1t I o o [) 47 25 43188 11 e
(K1):
AY0=6Y0-0.52x 6*0. (3)
3k o [ 2 A kAR, B RO R Y
A AYTOOM) [ 1 8 R 7= ) $ 4t T 48U R 7B,
N YR SR AR A R FE . B, KA R
2t OsZ 5NOM AL =5, OsHh 138 4 48 i 1
R B A RS R AR Y b, AR R R 2 SR Y
JRHE, AR ERAIAYO>0. FIUR/R T4 IX KR
fil§ 2 £h L) 137 % 5% (AYNO3, LU R iTigh DLAYASE
NP TAR IR R R SR . BRIk, AYNOZHL
P T o HAR L SR iy (il n: R R O0s. K
FIO5) A X T k. XL 2 Os%a Ak 7= A B i R £k v
AYNO3#5 75 (39.9%0~47.9%0), 1] -OHAE AL ™= AE Ay Al iR
b AN O3 I 421K (0%0). IR Itk 1T LAAR 4 AT O 1 4
i AT A HR A TR R ST R IR IR, T O T
(AR s A2
AR SC A A R R AR 67 36 58 09 0 BT 0k
D58 . LI ZE SR | DR R AR R AR 4D 45 £ o
BT B VEAT T RAS, JEx R SR ml R £k 4R R A
SEH RS AR 2E W 5T U N B R R AT T
Bt

1 GEERER —AAIRINE 32 (150, TORIEO) K

TR £h vh =4 [ 2 (150, YOFNBO) Mk 1 &ij b
TR F B o =28 (5 1) Bk | AN btk
(WFR R k). P OR 4, R i
$E 445 B Y HN Ogit i+ B 1 52 42+ H1 A g2SOL5% 1k
AgNO3E TR, T 15 i AgN O K 75 15 1 (520°C ) Y
A7 BN P S O, NO, AgRT /b i (G2 /N T
1%) HYN2FINO. A= Jli i AR 285 VALV B o 4 | 4l
4355, 15 300 Ok A 31 34 22 Fa e Rl 67 & FL R
1%4Y (continuous flow-isotopic ratio mass spectrometer,
CF-IRMS) & Gt i, 324 R0 % (570
6180), #Emin] LIS BATO(A K (). Mk 2
SRRV 28 5 H I G R AR o o (W) A7 25 4 TR B 4 ik B
Jei BT A A — A v . AR R R I T T A
HENT A R 5 1BOR I Ty vE 12324 sk TR
1o AR AT RE AR Y R T 3 e, DU RORS B Gk
+0.3%o. {FJE H T 7 A4 ) FR#% %5 (>50 umol NO3),
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Tablel The pretreatment of triple oxygen isotopes measurement in nitrate

WAREE R e b TR
IE Or S T RER SR AR R NS R AR, i BeAG K IR BERE i +03 [19]
v O, MR, WAL RELARRT RRLAE +0.6 [2021]

W, R R G
fezek 0 RRIHIEH, KRS ERRABER, FRABTFERRAG [22]

R FGE A R £ S 3 B R BEAE A, Rk K fhaeideiasong B2 i, AuAbBERS [a)JE, X sy S 44

L W FRBERESERENRBERER A ZoRkE, HHEHBSERLSERNM. M TFER

EE. FERT S, —MIENT, H—EFE N AYNO /Y AZ

21 T a2k — b R TR 1 S e AN T (B4 £
Y, pseudomonas aureofaciens bacteria) ¥ il iz £h
W R NOSAAR. 240 T -5 HAth SR Ak 40 B AN TR, Gk
Z NoOM /3 fift g, P b S Al AR A 7= A 9 M4 A N0,
AN 23— 254 NoOIE JF N2 SR Ak 7= A2 1IN0,
AWk 8 A 5 1. (800~960°C) T AU 42 %, Zfift AN A0,
77 A 1 O 1 8,384 (GC - column) #4325 Hi e J5 1E A
CF-IRMSZ 4¢, 4% sY0F 5180, #k ifif i i i1 %8 af
DI RIAYO(A S (3)). %y Ik ERERIE, JF HAR KRR
BE b REAR T K 1 BR (102 nmol NOg), Wi 45 B
+0.6%o, 12T LOAF A i iR £h Ao [l 457 28 Ik v g FH
BN Z W — RO e (HI% 7 15 B AR i
TR ILE | AR AORIE T, B R0 B AN 15 .

23k MR B Rk, 55— R 484,
FENOZIR JFoNOg; 55 A J2 4 7 £ N O 1 & A4
S R 2% R R AR R 38 IR A N2O. 724 N0,
AR [R) R 3 2o 42 4 1 TR 247 W N2 O, I 1 A BT I
TERAINT 2. Al v i SR A B L S 1R &R Hh pH
F i 2 BB 2 ad TR 23418 Mcllvinfl Altabet!? f;
P, RS T SRR AR 5 A B
24 N 2SR R 1 3 JRURSOR T i B PR K
FERE LAk T G AL By vk B R AR R A SRR R A
P 128, iz 07 iR K R AIG (4.5 ng NO3-N), i 5
FEPR(2 hZeAy), DiaRS B2 48 (£0.2%0). (HZMRfE N
HEE, MUOTAEAEREREEE, SFEA S B EXTA
SRIABE Y ™ H 5 Y. 4 B R ik R b
FETER B AR, ENO; 5 /KAl & A4 E R 758

, R A IR 45 R

e LA 1 3P A A B v mT D B ARG T
K RERC R, UARERA R4, A BR A A0 B T
TR BE A X AIG, A A B R 7 B S B 1, A BR A

AT 5 35 10%0(62), PRIt BFh 75 12 14 mT 4 2 0 0K 22
MR, FOE i TRV AT AL BB B 2%, itk
BT SE B, 3K PR 5 V5 B 0 22 b, 4
BRI R 2 1A i TR = 4] o7 28 0 4 174y 5 2 iy Ak 2
itk

2 KA ERRERAT O LM

i 1R k. = 48R 6 A ity ik B Vs, AR
2 B RS I RE S AT T RS R AR A R R
LI Kz 43 A . Michal ski %5 A T31E O I A 42
TRAPERRER W AYO, 4341 T 92 = hin 1 45 J& W 2%
iy STV R b XA 39— A B SO RERE i, UL E] 9 AYO
0 Bl 23%0~31%0, H 2 HATKE . HEEWI
R ZE AR . X2 i T4 TR NO I AE A
1 B2 2 P Os B TR T B BN . R T OO Y A TR
e CIE VA R NY A e AW N W At o2 3 C O S (7
Ap AR Z 2R H X T i 46 B M X 35 W 7 35 T RO A R AR
SR B W AT T FSE29300, Shi%h A 3O g 7 4% &6
RZT | S IR+ K R A HNOsf) AYOlH]
BFFEAT T 430,k B0 e AR T 16 s DX 35 v ) i R AR A
35%K F m il K Bl 22 2 &5 HELAINOy, 65%k [ H ik
i b XX L2 B RS R R i AL V.

RUBIR T3 KA R A R 2 75 A5
i AR DM RE AR B KSR £, FLAY Oy
(EAAEAEARL AV 2t v o R 2RO IR 25 28 4k, iX
ERA A A AL Oz - OHk B 19 Z= 45 28 AL FRHE A
Koo 1R R B IX (U ) I AVNO;— I B R T rh 4
X, 0 KB A ATNOS B i TAb i | e AF
AT ML IX (% 2). X 5 AR RSP KA R ER
A T R A G, R4 X H BERT R K, KA
H-OH [ i JE PR B IR, XENOKIY AL 1
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Table2 Comparison of AYO in atmospheric nitrate in some researches

RAEAE A SR 25 SRR 28 Bf S 2 AV O[] (%o) SCik
WUk rh SRR R
1997~1998 3 [ X B REE SRS R k4 20.0~30.8 [13]
2001 R T VAR i IX kLY 19~43 [31]
s YR ) 20.1~27.1
2002(#) 2 = Jb T 41X — p10-075 [16]
2004 g RALH i Ok 29.8~35.0 [32]
W R
ﬁli{j;éi;)% . 24~33
2006 65°S~79°N e A ) [15]
) 3542
2007~2008 A5 A SO WA it 2 Wik 4 27~31 [33]
o EZ0) FULr% 22.3~30.1
2009 HA LT A Ttk 18.8~25.0 (341
£ 2345
2010 AR L =1l k4 [35]
H:12+4
oLy .
2010 3 [ i gﬁ/f;;fi) R4 19~27 [36]
2010~2014 TR B IRAA 8 5 Y X i R4 13.8~30.5 [37]
2011 I KB IR AR Tk 4 WUk -0.2~1.8 [38]
2012~2013 [ap 4 e b vk 3 Wik 4 H:27.3~32.4 [29]
4 28.9+1.7
2014~2015 PE RS LR LYY [39]
H:23.1+2.4
NIl 6% b A 22.5~35.5 [40]
[ RNl g
2000 EJE| R 4 20~30 [41]
2000~2001 5 I 31 75 JE M L2 LZERAR Ra K 20.2~36.0 [42]
2007~2009 H AR 3L L 5 Wit IX £/ 20.8~34.5 [43]
2007~2009 =N TP N5 TR IX [ K 15.7~32.0 [44]
o EZ0) BTN 5 22.7~30.3
2009 HA LR 0] MR 23.0~30.8 (3]
2010~2014 T KB R 1A S V5 YR X JE i KK 19.2~30.1 [37]
2010 mERLZR % 22 HEAL R K 18.9~28.1 [45]
HAb R AR+
2001~2002 2 FEIRAZHL V5 YT A AR AR KPR B KA 21~29 [46]
2005~2006 At (LSNPS B TR A ZASHN O, 22~32 [47]
2010~2014 ?gji?g e 15 YL IR X K R i SASHNO; 16.7~30.2 [48]

FH 55 750 265 5 FNA b DA E B R B L. 171 OgX NOLfY
AARTE I BB R A a], R H R S ) v 46
Hi X R, O il R 8 14 A J A FH o8 o 228 (3 D
3.17). W AT IR TP A AYNOZEAIR T4k 17 T R A
S KTV AYNO;. 31X J2& i T3 Hbo X DTk
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HR R A PRk 32 2 R M HE I NOE KR B A
FH L (40-OH, HO,, ROSE)AALTE WL, T k&K H i)
i 1 5 W0 B 220k [ 3 BE B AL 1 FHBY. ORI h
2 5067 ) 5 R URE ) B AYNOZ 78 B 3 AR (L, A
FEAR—U 21 AR {16,
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AYNO3

KA AYNO3 Y WL 3= 22 1y X 3k 4 Bk
FE] PN il PR 6 A i3 A% 1) ST iy R Al A, LA i R
HRH T B ST H G, AYNOg I DL R e KA Al 1R 6 AR
R R ) R A L B T S B TR
FHNOsH A BGE TR . HHT IR Y NO S Ak 229 35 Je
s A v SR A6 28 9 7R Ab EL A A X 4 1T Y T i

3.1 RAUPERRERN R A RER

KA NO(NO+NO) /2 il iR £h 1 R (R 41, 7
AR AR A9 /E R 234 BUHNOs. 220 K FFNOK
() Ak 24 18 R S HN O3 3 B A B 12 1 17 8. NOW#
AR A R R £ B fb 22 R AT LA A PRS2 NO
IEAL 2= G IR S HN Ot A= B Bt .

KA HNOE L HNO T B4 2Fh ik 1% Os% Ak
(52 i 3 (4)) 8 HO/ RO A Ak (S 1 2 (5)).  H: 1 HOf
RO F /NI 4 [ 1 3k, 33 48 &R T it S HL L A
R ERKAHFOL AR =AM —KY i, HKRIINO,
6 77 A NO(B I 2K (6) F1 (7)), 5 NOH E Ak i 72—
e, ML T NOHOGAL =R R,

KA AR R 1 32 A a4 Tl LI HE AN O
14 T A 241 40 B o7 A — A~ AE YA I . NO#E & ik hy
NO.J&, MK e -OH E Ak I X AHNOs (I
K (8)). [FIHFNOARL AT fEBE Oz AL INOs, (HSEH T
NOSTE I KM 5 B, It ANOsZ: 5 (1) I i JL-F-
NRAETER M. WBHNOsT] L 5SS BEY K
(hydrocarbon, HC)al, — H J£47; (dimethyl sulfate, DM S)
A A HNOs (S i 5K (9) 1 (10)). 53 4b, & [H]
NOsif 1] LA 5 NO&E AT iIN2Os, I 751 11 2 1 7K
I R S HN OS2 22X (11) F1(12)). Herp 540 B i
P RS HN Ot 2 7 R I R 11 & — R R

Bl 2 (MZNOE ) R PNOMD AR S HNO; (1 £ %4 ikt
Figure 2 (Color online) The photochemical cycling of atmospheric
NOy and dominant formation pathways of HNOs

JO7 T BR8P A, sl RS A A UL ) 1 2
T, il HoRIAR Y

RS S 118 N W R 6 e SR B DN
VR o s S (S i 3 (4)~(22)):

NO+0, — NO, +0,, (4)
NO+HO,(RO,) — NO, + OH(RO), (5)
NO, +hv — NO+O(*P), (6)
oC*P)+0,+M = O,, (7)

NO, +-OH+M — HNO, + M, (8)
NO, +0O, - NO, +O,, (9)

NO, + HC,DMS — HNO, + A /=4, (10)
NO, +NO, < N,O,, (11)

N,O, +H,O(F i) — 2HNO, (#X). (12)

S 7 3K (4)~(7) 9 NOHY G A “2 1 26 2 72, by 5K
(8)~(12) Jy KM IR EL AL L 1) 2k Ae, MR R
H Y O2 /BN .

3.2 RAUPERER A AR R R

BR 7319 R AR SRR Z A, R R AL
o i T A AR M M X A 22 2 5 NOKE AL~ 1 34 9 4R
PENOKE BUHN O 849], Nelson&s ANB4L B, 151 i &
53 XOXARFRCL, Br B5145 54 5 0 28 7R I 45 22 L X
P T I 30 B AR T B A R A PR A ) A 1 A P
E AR, LIBrOA B, w2 s il w4 LR LA
TS E RO

Br+0O, » BrO+0,, (13)
NO+BrO — NO, +Br, (14)

NO, +BrO+M — BrONO, + M, (15)
BrONO, + H,0(#) — HOBr + HNO,, (16)

H v BrONO 1 7K fiff 23 A2 (S 1 (16)) & A= 7 FUhE ) 11
T, 5K, BrOf i Oz b4 iy, Hit
i 35 BrOA: sl (1 i R £ th LA B I AYO. Ak 5K
AP IEE R R R XOMRER EHVIM KR, Y
XORYIE A i I (<3 pmol mol=2), X £k il iy A
il B2 £h AYORY 5% Wi JL-F- 7] L) 22 W (AYN O3 f K i 1F
+0.5%0); 1H i XOM IR & It #i25 pmol mol-tKT,
AYNOZ 2 /i 2%o. XOFALIRIRTE BRI F (1 DTk
WA RS, (FR B A 5 2Ry X8 B N X X
JENO e i K it IR 119 A B B AT 2 5 1 (501,
BRIt 2 41, HNOsP A 35 FH £ 2% i 0 2 A b 1
DA TR 1) A R AR 22— 3K g Pl T A b DX AT R B
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52 N NOFIHOR S 1 A 5 1) T A5 HN O i 2 s 51521,
WASHNOL ] LAZEARIR T 5 KA h ZF9 ii (HSOs3,
HNO,, CI-, Brfll~)J i A= sl g £R 1481, JHL s g 3
17 158551

HO, +NO, + M — HNO, + M, 17
HNO, +M — HO, +NO, + M, (18)
HNO, (<) + HSO; () — HNO, (/%) + SOz () + H",

(19)

HNO, + HNO, — 2NO; +2H", (20)
HNO,+Cl~ — NO; +HOCl, (21)

HNO, + Br~ — NO; + HOBY, (22)

HNO, +1~ — NOj + HOlI, (23)

b, O 3 (18)FE # ik e (25°C, 1 atm)#& 14 T J
I BE B M, HNOSZE 10 sP B AT 43 fi#, (H 7F (% IR
(—20~0°C ) 41k '~ HNO4 1] 76 RS 4 B8 L4 2] L
/NEEL PRI, X PR R GR AR AR T AR X
X T b X AYYN O3 [ B0+ 43 F 2, (R X T 4Bk R
JEE R H A bt IX KA TR R TR A2 2R A F 5% v L T
DLW 2 0

3.3 AN RIEERBIAYNO;

TE— b2z i b FE v, SOz 1 ) R o7 3R 40
BV 12 RS 40 1 TR A5 2 R s g 3k R TR R Bl ) 2 43
T (kinetic fractionation) F1~F-f 73-1% (equilibrium frac-
tionation) LAl P se. XA EA R RE, TLARAR N

A0y =D A0 g + D Ay, (24)
H i AYOpof W SN 7= v Y AR R R S, aftER
Bk B RO AU B JR 2088, AV Oreacti
RER N AYOMME, enfCERNYiIZS 5B
o7 v 5 il BE A OC 1 3l ) 2 [R5 2% %000 (Kinetic isotope
effect, KIE)B -8 70 A0 9 R . A AR i
[F) 457 3R 488 0% S g 2o 2 TP AF TE Agnni#0, BR T Osfiy2E
B AR LASE, H R A 1k A K B A S ) 72 A
Zéo RO E 5 R VA ot M S B A 21 NP A0
P2, Agnni=0, BV RHIR £k Hh AYO R 5 S )
AYOf5 %, R
A0 0o =D AATO oy (25)

HR 8 W) 37 28 o3 i ~F fE e A, R iR #h 1Y
AYOUR T T 1 IR h B — B A LR 48 1Y) DTk S iz ik 42
A AR IR ER I ATOfE. BT
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AYHNO,=> AYHNO,(j)x f(j). (26)

P AYHNOs(j) #2718 S0z j ™ Az HNOs ) 4 R 36 S
f()F2oR SN AL A M R SR o7 77 A6 ) VRS R £6 1) L A7),
M4 DL E R, Jf45 A KA 05, HOJ/ROASHE ML
YRR i, H P HATHO=ATRO=AYOH=
0%o(1E.4.275), KA HAT0:=35%0113, H Ox48 fk it 2
Hh ] F U B R Y TR AL R S R R D AYOS
( AY0,=1.18+0.07xA"0,,, +6.6+1.15 ¥ WL 4.177),
H A AV Ogam #2718 ¥ i J2 KA Osf S IR 7 3R 578
JIT LA AYO3"=47.9%0. [HIL, F-ATAT LAAS 345 5 I 38
2R A A R kAU R 3R S W (AR AR L, ne 3.

4 REPEEERERAY O gy e A 1

KA WEIRER Aok A R EER AL
7, W03, -OHKHO,(RO,)%, O FTH O 1] BE A il iR
ERPR AR T (PR 3.0, R B AR A ) B s )
AYOXT T RS AYHNOsAY B FI L R 3 B 2.

41 MiFIZOMAYO

Oz X it J2 h i EE M R LEFNZ —. Oz
A G AR B A 1R AT R B e — e AR AR i i [
7 Z 4318 (MIF) K 528 . HathornFl Marcus!®® & Gao#l
Marcus>” 7£ Rice-Ramsperger-K assel-Marcus(RRK M) #
WA R T X — IR A AT BB R A Og3F Hh A7
TE X FR 45 ¥4 (symmetric molecular) 41160 160 60, FidE
X #% 45 ¥4 (asymmetric molecular) 41160 60 'O} 160
180 0. TEOIE Wit # v, JEXTFR 1yl 4 A+
Toie YO /&80, Ho A B R AR L = T X AR 4 1
XL T B T VORBOTE AL ALY OsHh HA A [R] 1Y =F B2
HHFFREIEE, AL TR &R R 5515,

S AT BB R R O S B R A 20 Bt
SERIRW, X E KA B AY O3B 7E 25%0~37%0 A
4 [1358-601 | yond SUFI| b 24 i A L, 454 SC e
2 AR DL K Al 16209 1 5545 B M 3R Os 19 AYO=35%.
Michal ski 1 Bhattacharyal® # 4 M orinZ A 1151 fi) 512 56
FERAREAT T RIUG, R 2R B M XA I R R
SR T AYOs7E 33%0~37%0 1 5 IF . Johnston
H1Thiemens ™ & K rankowsky % A 1815} %} 37 /2 Oaitk 47
KHFE, D5 AR A7 255 0 E 43 51 24.7%0+
11.4%0 1 26.2%0+5%0. Vicars Y Savarinol®® ¢
50°N~50°Syts [l P SR 4R 1) Os PR 458 5 i 43 A7 45 S /R
A17O3:25.9%oil.1%0.
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Table 3 Isotope assumptions of different nitrate formation pathways

Afbigiz FEPIAYOR A FEHI AYO(%0)

At AYNO,=AYO; 47.9
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The nitrate is a significant component in atmospheric aerosol and has a great impact on the atmospheric chemistry, fine
particulate formation, radiative balance and human health. The oxygen isotope anomaly (A¥O) is quantified as ATO=
0170-0.52x 510 and it represents the enrichment in YO relative to 0 over the expected relationship (570~0.5x5°0)
in mass dependent fractionation processes. The AYO vaues in atmospheric nitrate (AY'NO3) depend on the mixing of
oxygen sources (e.g. Os, H-0 and O2) when NOy is photochemically converted into nitrate. In that case, the observation
of AYNOj3 coupled with photochemical modeling can be used to quantify the relative contribution of each pathway. Here,
the recent research progresses of oxygen isotope anomaly of atmospheric nitrate are reviewed. Firstly, the preparation of
the triple oxygen isotope (*°0, 'O, ¥0) measurement of atmospheric nitrate are compared: (1) The precision of the py-
rolysis technique is high (£0.3%o), but this method requires relatively large amount of nitrate (>50 umol NO3) and com-
plicated preparations. (2) The size and purification limitations are largely overcomed by the denitrification method con-
ducted with Pseudomonas aureofaciens bacteria. It is suitable for isotopic analysis of nanomolar amounts of nitrate with a
precision in AYO of +0.6%.. (3) The reduction-azide technique also has the advantage of high precision (+0.2%.), low
detection limit and sample preparation. But the utility of toxic substances (cadmium and azide) are unavoidable in the
reduction. Secondly, the global characterization of AYNO; are compared. ANO;3 tends to be higher in high latitudes
than in mid-latitudes, whereas AY"NQOj3 in cold seasons are higher than that in warm seasons. Thirdly, the possible for-
mation pathways of atmospheric nitrate are summarized. NO can be converted to NO, by Os or HO./RO; in NOy cycle,
and then oxidized into nitrate via NO2+-OH, NOs+HC/DMS or N2Os hydrolysis. Reactive halogen (e.g. BrO) and HNO4
photolysis can also play an important role in nitrate formation in polar regions. Nitrate oxidized by -OH have lower AYO
values, and higher AYNO;3; normally suggests more Oz oxidation. Fourthly, the AYO values of oxygen sources that con-
tribute to nitrate are introduced. Among all the oxygen sources (Os, -OH, HO2/RO,, O, and tropospheric water), only the
AYO of ozone is exhibited with high value (25%0—37%o), other compounds are considered to have A0 ~0%o.. Therefore,
the AYNO;3 from each pathway can be presented based on these values. Next, the photochemical box model and other
atmospheric chemical models simulating the A¥NO; on regional and global scale are summarized. The photochemical
box model is limited for not considering the transport of atmospheric nitrate from neighboring regions. The 3-D model is
more advanced than the box model for including vertical and horizontal transport, and incorporating spatia variationsin
surface fluxes of important primary pollutants such as NO, and VOCs. Finally, the future directions and the application of
the researches on AY'NQj3 in the field of atmospheric chemistry are proposed: (1) The target areas of AYNOj3 observation
should be expanded to cover more different regions such as polluted urban and rural areas. (2) More studies are in need
for decreasing the uncertainties in the simulation of AYNO;3. (3) The nitrate formation mechanism under different at-
mospheric conditions in various regions still needs to be better understood. (4) The study of oxygen isotope anomaly
should be coupled with other approaches in atmospheric research (e.g. air quality modeling and online observation of
chemical composition in atmospheric aerosols).

atmospheric nitrate, oxygen isotope anomaly (A'’O), nitrate for mation pathways, mass independent fractionation,
atmospheric chemistry model
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