W5 OGRS 2 A A R A
R, W, WA, RIS BB, BAE
(DA T AR, TRTTI A H5FRBR25 400060)

M B BT A A RO GRS UM TNOI ik, BIURE AR OB e SN T2 SRR IE i
MIEGIAS AR TRRSE, LumBa)n, MR T ORI 27 KO0 BRI R 00 3 W T 2
A . ZTTIRHICV<5%, [BIH>98% , Jf AR Bl E T 6 MRS B £ P KA. %7k
Pk, AL PR R, G TSR RS T

KHE: FRIGE: BAY: W R

B PEAMEEANLDI(NO,), o, NOBRALE B HiZEsh, & n] SR H B sl 2R
WL BB A SR A B B B R KB N, IJRIARR o BT AN 70 A AR . A AR N IS A AL SR AL 40 47

OB, xTHUR S e Ut fe ki R, SEaEsk, B AMTIRTI I A e U 1 3856, A FFINOX
B R AT S

%1 NOx KM ke e

fRMEE AN Hikw  RTHR £ ;EE
ElL de—# B Bl NOw
i i & g4 £ NOy
i i = & L LB NOx
BTiE B . a4 e NOx
IC iE ey 3 g % NOx
GC i Y & ax oL ) KO
UV arirmE 8N & X AL NO
IR B -3 ax B} iR NO
el ik 4] E A o B NO. NOy NOy

R, s AR AR (FINO K TR R BN (KINO 4R B AR 1 2 A 143
W, HHT, FEAMRE RS TTNO FI AT I kR A e taikl2 8L uvapoto ik 0L ekt g

7E12-18] - geopil19-22] | |Rykl28--25] 0ykl26y 271y e g ykl[28-32) (1), dLrp, fhZER e, B
CorestadfE #5771k, FA R FEVEFRESFVE S AR08 A, H s N5 SLAR(0,) AL 7 R J6 R RE( NO

+0 —eneems NO,, + O, + V)P EHRA NG, A T MR ASHINO, A TR [T E RS 42 th— 2 AL, %0
(193 INO IS S b TF A6 R M2 ROENO A BT A B Rt IS L BRATNOLHE TR . 7EFINO, 5
B SO BINO I, — BB AR Bl S NO B (L HONO, AR5 P H 2 B R MR o R 7 TP
b, B, Rl R ROREIMAE SRR INO,, I T HEAT T

R RS RFS
1. 1 MK w

42CNO-NO, ST X (& F # i A H]), 146C Dymamic Gas Calibrator (8 TR IEL) (38 F # i 24 7)),

Model 111 Zero Air Supply(F k4= 48) (L EFA A w]), Borgwaldt RM20 / CSWRMHNL, HAE, #i )itk
9 WERAE T, FRBEHN, 1/4"0D(SME). 1/8"ODTeflont, da4mmeliiiE )l fiTeflonds (S (1L)%.



NOKFHEIA(N, R, 34.1. 69.4. 163, 267, 48471979 umol/mol, [FZIR{ L bRUERE F T
1. 22GMHSHNO, [l

P ML TR T (22:41) CRIHIRHE S (60£2) % PR i 1548h,  Phika0s - H i +0.02g F1F-
305 BEL £ A9P a3 A AR i o LRSSy (22:2) C RN ¥ (60£5) %6 U HR 355 v SARUERTR 14 PR A AL
TR IR EE G ARG ERE G B2, 1S/A . RHARENRE SE IS, AR R FR IR 1 (A B 2 k2 1. T
NO /NO, 73 M E £k Il i€ (1) A EWAH T H AINO NO, (BRNO+NO,) . il i e €I 7%, k7 %(1000mL
PRRBE) A ARG T RS R B R2HEE, BRI DIARRN AR B, ENREENHS
M, SE AR R 20 AR RS EEOC T T RS R E R LATIE, AR IEREI42CNO /
NO, M [V Ak, AR — FURE IR L LURS B O I TR D R BE e, AENOINO, a3 A A A TR £ & SR i i <, ik
BRIV I NOINO, WA It s —RE S RM20 / CS WEBLH T IIARIE, 4R G SRR
M —ARGRSAHEE, AT 0. RES PGB T, ERIBHREERT, BB A i
T, IBBIESJRAFAH I 42CNO/NO IR 5 I8 (43 TARESOR DAL H . I ENOIEFENO
WER: WENO,, ZEPENO M.

WXHHLIT SRt G, R GEHEANEARES, BEZ004 “O"IF %Y, SN R fd — T R RN 24815 KU, W
M HLEEHEHR RN G =T, HIHRG3s, ERSsIN IR ) 2] 5 G SHHE, THGNERE T, WERLEL
10s, FIZE15sS, WIRR2[F N3], XML RRE, W25REEME, JHERE E#E a0 |
2% 6OSAMINLIL F— 1, XOFah B — M NET R R R Wb fadh, sisedl 7 4% 0 ERHESHNO, [

M5 .

gl |
1'**_:\_2:} .‘r‘ﬂ'ﬂnif'm} .E

I R e | —1. |
Fa =& WARRE | 20 NOWOx & WS pE Wb
B 1
[:}:
T H 1L NONOy M R TRE

2 4R 51k
2. 1 TAFdhk

HITeflonf 4RO IINOARHE AR, SRR ER B MIHHLAIIH L IT,  FINO/NO, 3553 53l Il 52 153K J5E
PR AR HINORING, o AU E IR 101 o FH (3 AR i act SR (1 5 W TR AR 2 AN (1O 5 35 048) % 10 FINO AR
BZHCRA N umol) B, 13 2INOFINO, T AR fh 2k KA IE T RE(K2) . MR W, 7 REMIAHSRHE R AT



%2 NO K NOy TH ik ale B

fLa NO Ny
5 s MO o mal B E RO 1 mal
1 IR10784 0470 3R85811 0.470
2 THY1204 0957 TH05192 0.957
i 18041593 7.243 15410683 1.248
4 2804661 3682 0191804 3,682
5 5349219 6674 S4R04462 6674
6 10089615 13,500 110883986 13,500
BESE ¥ = 1 2301 54E07X + 9, 549961 E-04 Y= 1L2ITASSE-OTY + 3467 144E-4
R 0,90997 099509

i EO7 Bt 0. B4 B 107,

2. 2 [l FE S

Fi146C Dynamic Gas Calibrator £ £t #l7< & 490.50 umol/mol(F 4 419 %) Wi b1, 2L/minf)
NOFRHERE L, HINO/NO, M HT A% 53 HIXINOAINO AT SUCTATIIE »  FFARY N A bR AR VT S H A N AL 5 )

IR, SR WAR3. mbmT L, J5 ik m e PR .

R HINO/NO, 43 #4343 3 3A W 5 BB A < P FINOFINO HEATS U AT IIGE - 4 2R (FR4) o, JERSDY
N FS% UL IR B RS -

% 3. NO . NOy o] 5 0 i YL

BT Oy
oty
| 2 3 1 2 i
AL & mol) 1.250 1,375 1.625 1.375 1.375 1.37%
W EAR] v mol) 1.224 1.358 1542 1364 1.3R2 1383
Flee® (2 97497 95 70 97.97 920 9905 100,58
GlAE R (%) 48,22 99 &1
#d4 NO. NO, HHEMES T
e O = mol) Wiy 1 i mal)
Fo g o =R | - Rl ] fss 1 MYy 2 = R
R 1598 2412 7613 2015 3128 7751
3 1.635 = 244 7665 2030 3180 T.700
1 1.558 2.4490 7l 2053 2846 7.851
4 1.556 2467 7.38(0 1.997 3002 7.99|
L 1.564 2586 7.567 2041 3063 7834
i 1 ¥ v mal) 1.552 2.500 7577 2030 3046 TH28
AN (%) 0Es 2.70 .35 1.20 4,22 1.39

H: O 1, 2 M3 A HMEREY, o O ML N,
2. 3 MEFMERMAL
2. 3. 1 AR E

NO A5 T 22 45 (X SEAR AR i AR IR I S I 45 2 21 2R Gl 1 5 2 1) T I O A LRI 5 5 5 PRI R L
(B Z RV B AR Ao SEARAR AR/ LB 0 2 S e AL AT BB, AT 2 BINO, 5 PRI HER P A
AR A BCAR BN KN (8.0~41.5mL), J3Jil%f #- SRR NOMINO, [ ISR BEAT T 20 FATIE, 455R
WS, HILEH: OILEBINO, FICR AR A 2 @NOH [ b SEAR BRI Kk, 27 HAEAAR
BRI NOIRICRAE E (1813), 7T LA HNOI IR Sl R SE I SE AR AE W R AR G, Fr AR ST SE AR AR 22
RATREMI /N . CORESTAMERE vk i e I FEARR A< 10mL, E AR K H SEARFN<8mL,  HAEBAT (¥ sE 3 5 v
SEABURAEFIAN T, BT LASEARERA E <8mL.



® 5 FHEABTF NO. NOy A& ENE T

L] By
RAESimL) MEM  (» mol) Eléee) Bl (smol)  E&EO
80 1237 S8.32 1.508 5901
155 1.21% 97,36 1.520 vo 82
125 1.206 96,63 1512 926
30.0 1,198 9607 1517 T
415 11719 94.47 1519 ¥9.72

iEy N0, NO, B 2N 1.248 B 1523 0 meol

100.00 ¢

Y = -0.1107X + 99.176
B = 0.9933

.00

800 |

.00 |

Elde /%

6. 0D
|
5. 00 F

.0 L ——————— e — e I I L ——

FEHER/ul
B 3. FEAREIR NO [0z 38 i) 8w

2. 3. 2 H TR NIERE

Fer B /D EROC R BIRRAEIR G = H RE PO G50, s m Bk I 2 R i HER P . o e G E
(K T Heid, WRIBE T AR TR, FERERREETR, 2 XA R B ONORRE AR IEAT T 2 FATIE
JHI 5 AFL 5 s AR PR X O 22 A0 AR 5 114 1.0 1 BT RF 2 PR U 7 AR 2 T PRI A v O 22K VAN R 45 R
GiIRNK6. HULFE N, 7R R oG8 350rpmi, A RERR S

N6 AR THEF NO GRS

RSl N0 ME 10 1712 [R] 6 i B ) 30 7 A b M Y A R
(rpem) { @ moel) _ REDM B W)
jzlE 2122 253 8.51
¥ 200 1254 1.04 284
£ 350 23591 .48 -1,22
¥ 500 2293 0.42 =1.14

iFr MO & 23000 mal.
2. 3. 3 RFEIERT A LS

RAFIE IR I R] 2 AR ARHLIT AR EINO, S AT AT 4 I PR U AR IR TR TR o DA 2% B RAE SEE 3R I )0 0
GBI, R E TANRAEEIRI A 5. 6. 7RI8s, FERFANEIRII AN, 43 S5 AH [F)H B INOARHES,
EHAT2UCTATINGE , 4% 000 5 A8 55 bR AR (KRR X I Z2 0 o SRAEZE IR IN ) . 45 (R T) KW, 75 & KRR I

1) T NOJI 2 5 5 ARUEA [ AR R S04 W B 225, ARV Normand B3R 1. ZEbRiE4tE T, 03 i
LHNO[30ug/ H» 0,(10%, viv), NOIE A # # 0y 7.12X109cm6mol-2s-2]7E5s 1 2 WAL EL Bl R >, {H

Bribiminfs, Z9H5%MINOKAE TRV 25 FEBINOLENH S A& A 1 ) N ZE LU AE SR AT T R AE I R Y 52
A%, PTUAAR A RAF AR N (5] 5 5E 58, XA D TR TRIBRAGI 18], S 1 i v

7 KPR ENMEN FNO FEE R

R B R (E)(5) WO B # mal) 0 1 g ) e %)
T 1.227 =168
B 1.226 -1,76
7 1,228 — 160
E 1,227 —1.68

fEs WO BEMENT % 1.248 6 maol.
2. 3. ARG ER/MIES

KSR E RN, R IRI2L7R &% 0 e T 5 iR ORE 38 FEFRINRR . 25 R BoR, fEIR2LIR &
FARFBUE, J72(NO) IR B AT I PR 43 ) 40.29 % F10.00281umol/3 . 0.42% £10.00412umol/3Z, %A W]
BHZEN, BSHERRBERHILKR S E. 2 0mR, AR MRS IEAFI<8mL. 350rpms



e E<500rpm. RAEZER IS [A]5s. RAG E AL
2. AJUFHRES A T HNO, 2 B

SRFHAHE IR T 6 A0 S INO OB U152 4L B (2 10): (DSRIA 5 4 iR
FHINO. NO, KNO, (NO+NO) BT 22 S HEAR K, ST il S 4R P N S50 ALy S B AT
S @BUEPIFINO, IBEHEK B, NOLINO, K%, 45 NO, MIRII90% B I-; @S =45 (Al
A3) U HINO JLNO, fI B I LB T- 2R [l P 4 (B B2), T2 L P9 £ A S 0] B
F T 038 IR A A HR(CY): ONO, R MR K ML W] .

3 45

W TS BOE D BT LW INO, 19575 . ATRME R VELE. FeR ., e 45 R R
s ONE RS E T FINO, & it T 2% .

23R
1RHEE, #58, &ER, &, —SAESE B b3 BB RN R[] R A3 A, 1997,
13(2):90—92.

2 CORESTA Task Force. A review of methods to determine nitogen oxides in cigarette smoke
[R].1977.
3 REd, EWIH, EHEDF. ST R S AR A X P I AR I]. BAEREST, 1989, 18

(2):20—23.
4 FRF¥, i, TS5, BESREEMNESaltzmanyA[J]. HEFAEEIRMN, 1995, 11(6):2-4.
5 Westcott D T Oxides of nitrogen in cigarette smoke[A] Papers Presented at 18™M Tobacco

Chemists' Research Conference[C], Raleigh N.C., USA, 1964.22-24

6 Smith G A L, Sullivan P J, Irvine W J. The determination of oxidisable nitrogen oxides present in
ciarettes somke[J]. Analyst, 1967, 92:456—462.

7 Barkemeyer H, Seehofer F. Zur Unterschung Der Gas Dampf Phase des Cigarettenrauches 2
Mineilung: Zur bestimmun9 des stickstoffnoNO, ide(NO) aus der gas phase des cigaretterauches[J]. Beiter
Tabadfor, 1968,4(7): 278—282.

8 Scherbak M P Smith T A.A COLORIMERTRIC Method for the determination of total oxides of
nitrogen in cigarettee[J]. Analys,|970, 95:964—968.

9 Urbanic J E, Shutt R F. Direct determination of nitric oxid in cigarette somoke[A]. Papers Presented at
23rd Tobacco Chemists' Research Conference[C],Philadelphla PA, USA,

1969. 22-24.

10 Lurle, Boris,MIKHNO, alexey, etc UV-spectral analysis of NO in minxtures with other gases[C]. Int.
Annu Conf. ICT. 31st)Enengetic Materials),2000.135:1-7

11 Creamer R M. A new method for the determination of nitric oxide in smoke[A]. Papers Presented at
22nd Tobacco Chemists' Research Conference[C], Richmond VA,USA, 1968
17-19.

12 Lionetti G, Carugno N, Neri M. Determination of nitrogen oxides in cigarette smoke with a gas—
sensing electrode[A]. Proc.6™ Intermational Tobacco Sci. Cong,[C],1976:177

13 Morie G P, Ledford C J. Glover C A. Determination of nitrate and nitrate with a nitrate ion electrode
[J]. Anal. Chim. Acta, 1972,60:397—403

14 Loan CH, Kiefer J E. Determination of nitrogen oxides in cigarette smoke with a nitrate ion electrode
[J] Toh. Sci, 1974,18:98-99

15 Sloan CH, Morie G P. Determination of nitrogen oxides in cigartte smoke with a nitrate ion
electrode []J]. Tob. Sci., 1974,8:47-48



16 Satoshi Sugaya, Norihiko Nadanami, Norihiko Noboru Ishida, etc. Method and device for
determina-tion of NO,, GAS [P]. JP 2000-97905,2000.4.7
17 Allen B W, Coury L A, Pianatadosi C A .Electrode materials, sysstems and mtehods for the electro-
chemical detection of nitric oxide [P]. US 6280604,2001.8.28.
18 Campanella , Persi L, Tomassetti M. A new tool for superoxide and nitric oxide radicals determina-
tion suing suitable enzymatic sensors [J]. Sens. Actuators B, 2000 , B68()1-3:351-359
19 Horton A D,Guerin M R, Stokely J R, et al. Determination of nitrogen containing components in the
gas phase of cigarette smoke by the use of Coulson electrolytic conductivity detector [A].Papers Presented
at 27" Tobacco Chemists' Resarch Conference [C]. Winston Salem, NC, USA, 1973,10:3-5
20 Horton A D, Stokely J R, Guerin M R. Gas chromatographic determination of nitric oxide in cigarette
smoke [J]. Anal. Letters, 1974,7:177-185.
21 Horton A D, Stokely J R, Grerin M R. Nitric oxide in the gas phase [R].ORNL Tobacco Smoke Res.
Porg. (Summary report), 1975, ORNL-5008,40
22 Koichi Funazo,Minoru Tanaka, Toshiyuki Shono. Gas chromatographic determination of nitric oxide
at sub ppm levels [J]. Anal. Chim. Acta, 1980.1199(2):291-297
23 Williams T B, Belk C W, An infrared method for the determination of nitic oxide levels in the cigartte
smoke [A]. Papers Presented at 27!
USA,197310:3-5
24 Lefers J B, Pieter J. van den Berg. Determination of nitrogen oxides and nitric acid vapor by
infrared spectrometry [J]. Anal. Chem., 1980,52(9):291-297
25 Parrish M E, Lyons-Hart J L,Shafer K H. Puff by puff and intrapuuf analysis of cigarette smoke

Tobacco Chemists' Research Conference [C], Winston Salem, NC,

using infrared spectroscopy [J]. Vibrational Spectroscopy,2001,29-42

26 Makoto Nonomura, Toshiyuki Hobo. Development of automatic continuous analytical apprartus of
sulfur oxides, nitrogen oxides and hydrogen chlorede in flue gas by ion chromatograph [J]. Kenkyu Hokoku-
Tokyo-toitsru Sangyo Gijustu Kenkyusho, 2000,3:47-50

27 De Santis F, Degeroglu T, Fino A, et al. Laboratory development and field evaluation of a new
diffusive sampler to clooect nitrogen oxides in the ambient air [J]. Analytical and Bioanalytical Chem.,
2002,373(8):901-907

28 Neurath G, Dunger M. Measurement of nitrogen oxides in tobacco smoke by means of the
chemiluminescence method [J]. larc, Sci. PUBL., 1972,3:134

29 Osdene T S,Wickham J E,Meye r LF, et al. The AA-2 chemiluminescence analyzer as a readout for
NO in the gas phase of cigarette smoke [J].Beitr.Tabakforsch.,1975,8(3):153-157

30 Cumming E M. A smoking machine attachment for the analysis of carbon moNO, ide, carbon dioxide

and nitric oxide in the vapor phase of cigarette smoke [J]. Beitr. Tabakforsch., 1975,8(3):153-157
31 Jenkins R A, Gill B E. Determination of oxides of nitrogen (NO,) in cigarette smoke by

chemiluminescent analysis [J]. Anal. Chem.,1980,52(6:925-928)
32 Health Canada-official methok T-110. Determination of oxides of nitrogen in mainstream tobacco
somoke [S]. 1999.

33 Norman V, lbrig A M,Larson T M,et al. The effect of some nitrogenous blend components on
NO/NO, and HCN levels in mainstream and sidestream smoke [J]. Beitra. Tabakfors Int.,1983,12(2):55-62

Determination ofOxidesofNitrogen in Mainstream Smoke

byChemiluminescentAnalysis
ZHULI—JUN, DAIYA, TANLAN-LAN, DENGFA-DA, PENGZHONGandLVJIE-CHAO
TchnologyCenterofChonggingTobaccolndustrialCO., Ltd. Chongqging400060. China

Abstract: In order to determine oxides of nitrogen in mainstream somke rapidly and accurately



amethod was developed by exhausting the filtered mainstream vapour phase into an evacuated smoke
mixing chamber puff by puff then determining oxides of nitrogen by >chemiluminescence nitrogen oxides
analyzer, the CV of this method was below 5% and recover of oxides of nitrogen was over 98% . The two
compounds nitrogen moNO, ide(NO) and nitrogen dioxide(NO,)in mainstream moke of six brands of
cigarettes were determined by external standardmethod. This method was faster and suitable for analysis
of oxides of nitrogen in mainstreamdearette smoke.
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