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Determination of ammonia in mainstream cigarette smoke by
improved ion chromatography under different smoking regimes

LU Nan, BAI Ruoshi, ZHANG Jie, LIU Xingyu, LIU Dongye, ZHOU Jun
Beijing Research Station, Technical Center of Shanghai Tobacco Group Co. Ltd, Beijing, 101121, China

Abstract: In order to rapidly determine ammonia in mainstream cigarette smoke, an improved method of ion chromatography was
developed by trapping ammonia in gas and particulate phase using a Cambridge filter pad pretreated with ethanol-water solution of
hydrochloric acid under both the ISO and Canadian intense smoking regimes. Results showed that this method eliminated the process of
installation and removal of impingers so that experiment efficiency was improved. Limit of detection for ammonia was 0.021 u g/mL. The
method achieved excellent reproducibility with inter-assay RSD of 4.25% and 4.68%, whilst intra-assay RSD was 3.97% and 4.37% under
ISO and Canadian intense smoking regime. The recovery was in the range of 95.06% - 97.18%. The test data of the same samples using the
method showed no significant difference compared with those using standard method of tobacco industry YC/T 377-2010.
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1 #MR5FHE

L1 (U5

SM450 - FLIEWMANL (FEE Cerulean A F])
CLC707 18 i& 15 & #6 (4% [H Climell 2~ ®]) , ICS-
5000-MSQ & 1% - i (3£ [E ThermoFisher 2
HD o, Milli-Q #8 4l 7K %8 (38 E Millipore 22 A1)
PDS-W11 = # & W fH 7334 (1 [E Omerica A 7)) ,
OnGuard Il RP ¥ EiAb¥EA: (35[E ThermoFisher 2y
"D, KA B RERS (SR AR TR
AFD

NH," e (GBW (E) 080220, PL%it 100
wg/mL, FETFEREER) , R R 4 5 Rk
AT E. R (rird, B2 808 36% ~ 38%,
EZAE R RAFNGRAFD) , 48 (99.7%, AR
BEMEARARD , HEERE R K AERE (MSA,
%% [# ThermoFisher A #]) , S KI5k H Milli-Q
LK RS, 54 GB/T6682-2008 [ — 2 /KB K .

1.2 B iRAIER &

0.01 mol/L Fh R : # L 1.7 mL £ £ 1000
mL 47K A, R 2E 7K 8 2% 22 2000 mL. ¥ EE 274 0.01
mol/L, BERSZEATHCH] .

0.03 mol/L #5718 - ZBE/KVEH: FH 5.0 mL #hE
F] 1000 mL ZEEH, FBAIKE RS 2000 mL. #E
Z1°490.03 mol/L, I SZIGATHECH o

WEhAH: 0.03 mol/L MSA .
1.3 FHik
1.3.1  ERMEIIRE

BAHRE SRR 22£1)°Cy AHXTEEE (60£2)%
(B IR B VR AR S 48 h S, HR R EE R B Bk ik
HAEMSZ . B 15K 44 mm SIHFHEH BT 100 mL £
Mo, N 2.0 mL 0.03 mol/L #h % - 20 B /K ¥
EH SR, WRIEHERE (2241 C. MXEE

(601+2) % [MIEIRIEIRAE P4 2 ho ¥ 2 5K 44 mm

SIMFIE R (15K NERER - LK AL EE, 15KkA
RAbHD BT HMEIFE T, Hh ke e E
THR IR T, ERSTAIET, Wi 1 Fox. M
SM450 — L& W AH ML 73 51l 4% ISO 1 Health Canada
PR 7 PR e AT, PR R I 7 ) S A
F 1R, HA1SO 4 TG 2 4 11, Health
Canada 25 R AW J5 25k 5 Do AFFR il 7 038 1%
B S5 MERPAT.

I

Eiil Gk
P —— W e

1 5kiiE R (44mm)
+
1 skbriESE R (44mm)
1 ERESH NH, HEHFEREE

Fig. 1 Schematic diagram of trapping methods of NH; in
mainstream smoke
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Tab. 1 Conditions of two smoking regimes of ISO and Health Canada
R 5 2 S HIRAR /mL PRGN s SRR s KL MK
. RH60% +5%
ISO 4 35403 240.05 60£0.5 AR &S] 92°C +2C
Health Canada 3 55£0.5 2+£0.05 30£0.5 100% &} 4] RHO0%£5%

22°C £2°C




FiksE ANEER T AR St B T R A R R

1.3.2 AR S B A EUR 23 A

W 2 K3 45 A R R AR ) SR E T
JEN 50 mL A, #ERII 40 mL 0.01 mol/L #;
FRYAW, IR N EY 40 min, E 5 min. FBEZ 10
mL ZEK, 43t 0.45 wm 7K BT R R A
OnGuard II RP F£ b aTALEAE, 352580 5 mL JEWH,
Tl AR VBV AL B T (A1 S BT
1.3.3 25 EHFE S ] 2

HY 2 5k 2 (A SIMRIE % “1.3.17 5T T ikl 4%
ANHHR AR, SRIGH: “1.3.27 FFTR 7 ik ERE o #,
I A MR b 320 R I 2 B RO i SE BRI
EAEBR T AR RS .
134 BF g™

3% 4. Dionex TonPac CS16A FH B 128 1 70 #r
H (250mmX3mm); i #E: Dionex IonPac CG16A [H
SRS TRE; 4 : CSRS-ULTRA- 1T (4 mm) 411
HlgE; POHIHEIR: 40 mA; AEIR: 40 C; FERIE:
0.45 mL/min; HEFEE: 25 vL; JshAH: 0.03 mol/L
MSA. Beligr: SRS .

2 HREU®E

2.1 FERREERAE

I AT b bR E YC/T 377-2010 5% F 345 20 mL
0.01 mol/L F5 B VA R ) R AT It R 4 B E YA < AUl
PR E, R 20 mL 0.01 mol/L EhFRIARERFELC
FEDSIMIE R R ERME TR RE, —F
AN E S ERE P AN R g, ASLEHER
T 7 AR S IE A O AR R — A AR T ER
JHAS A S AR AR AR D) B2, 255 AT L bR 1
YC/T 377-2010 BRI H &, 1EH 40 mL 0.01 mol/
L (1) 3R BRI A N AU
22 HERMEERRAE

SIA 98 R T T Ak B 200 £ IE it n 98 R B 4
WA, HAG s th 4. AR &t 2 8
kb, EARIT FRUES AR, BT ORES
KHTCEE, ALK O - K (ViV=1:1)
A N AR AL BE S IE B, X it AR R AT
T, B E R E A 25 9 R A 2.0 mL B9 ERTR -
CBE K BBOIERT. 44 mm SUMFIE R, i i e 2 ol
HyER5eaizidE, B CE TR ERA P .

N T WE AR B, R AN R L () R R -
L FEEIKVETR (0.01 mol/L+ 0.03 mol/L. 0.05 mol/L. 0.07
mol/L, 0.1 mol/L) KACHEEGIHrJE Fr, B2 H X &= %
HUSZRpsem, Hu A, seiess R 2 fos.

NH, &/ (ugleig)
T

0 —
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TR / (mol/L)
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Fig. 2 Effect of hydrochloric acid of different concentrations on
the extraction efficiency of NH, (n=5)

B " B, 0.01 mol/L (NH,=7.61 u g/cig)-
0.03 mol/L (NH;=7.98 1 g/cig). 0.05 mol/L (NH,;=7.74
u g/cig)s  0.07 mol/L(NH,=8.23 u g/cig) A1 0.1 mol/
L(NH;=7.68 u g/cig) /A~ A4l SR IRk B S )l AR 45
BRI RN (RSD=3.25%), % F& B35 43 5 WA i it
ITIRFERITR N T RE > B AR m S B, AR TER
F 0.03 mol/L #hFR1FE A Btk -

2.3 SI#NIE R TR R AT RE

8.\i/§\§/i

NH, &/ (ngleig)
o~
L

0 T T T T T T T T T T 1
1 2 3 4 5 6
T 18] /h

3 AEFEREXESERRM (0=5)
Fig. 3 Effect of different equilibrium time on the content of NH,
(n=5)
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SIHFUE  AUE T EIRAEIR AT P — A B
[~ A I TR SRR IE P, AR BRI PR, 4
DB 3. HE3 A LLEH, 1 h (NH=7.91 uglig)-
2 h (NH;=7.75 wg/cig). 3 h (NH;=8.12 ug/cig). 4
h(NH,=7.48 u g/cig) Al 5 h(NH,=8.35 u g/cig) A~ [7] *F
IS [F)0F SUMFIE Py 1 R 22 AN K (RSD=4.22%). %5
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HEAT, % 4 32K, 40 mL 0. 01 mol/L #hFRE %
ZHUE A 10 min, 20 min, 40 min, 1 h A2 h, %%
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Fig. 4 Effect of different extraction time on the content of NH,
(n=5)

()15 AR S mL S VBRI, -3 B ] JR AR AR A LR
HEIREE, SIass R LE 4.

B 4 mT 0L, S5 E A R I AT AR A K,
F] 20 min J5 BT F%, HT 20min B A K& T
SERa,  MUARTT VR R 40 min AREEUN (A, TRE S
FRE PR IR, A R AR TR 56 i I S 21 4% S 5
JEA L, TE 12 h Z PSS R, SRS B B R
AT 4 CUKFR N T ORAT 48 he
2.5 FHHENRRIE

7E W YT B R i N 20 mL 0.01 mol/L s 2 ¥ i K
W R E RIS IE B, Hpig “1.3.2”7
TR 7 R BEATRE AL R, R SE RS, 2 R
“13.47 NTETIR AR T, WE S HFAT, TE
ISO Al Health Canada /% F 4l W 75 3 43 551 N 52 SE B
B 0 S AN R i A 2 (0 45 00 S 1
RO E RINEPE A bRt i P RS
&5 SRR A B R S ' S A LU RO,
45BN 2 fron. I1SO Al Health Canada 7 il W 5
XTI ERCERIITE 95% L L, FHERCRKS, W
B IR T AR TR M S8 ZE AR AT DL SE i SR
Pl 7 3R S AR S R A

% 2 ISO #A Health Canada il A X T EAHEEMZE (n=5)
Tab. 2 Trapping efficiency of NH; under two smoking regimes of ISO and Health Canada (n=5)

iSO SRR R R SR/ Cugleig)

M F K S/ Cngleig) TEEIR 1%

ISO 11.75+0.11

Health Canada 24.55+0.16

0.23£0.03 98.08

1.09£0.02 95.75

26 tREHZ. KHRMESR

F1 100 mg/L NH," b #E ¥ % L 1 NH," & 5 N
0.097, 0.195, 0.365, 0.608, 0.853, 1.094 ug/mL
R VIR HEIS R, 4% FTIR 74T I, LA NH, 1
R Y AP AR, DA BT 2R X et Ak
PRibAT LA Y, 18 ROTRE Y=-0.0747X° +
0.5842X + 0.0166, R’ > 0.999. AR FE bR eV,
AT E 10 IR, THE AR HER 2, UL 3 5 badE 2N
KPR, 10 fEbr i 22 v IR, 3 H 7 VAL
FA0.021 wg/mL, E&ERHM 0.070 pg/mL, 584
B R O SR = E I R BUE TR bR RS bR
FESERAA A NH, BB Tk e 5.
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Fig. 5 on chromatogram of NH,"in standard samples (A) and
mainstream smoke in actual samples (B)
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27 EEEHMEILE

S ] — AR % “1.3.27 A5 TR 7 AT RE
WERJE, SRF “1.3.47 FFTR AT E SR8 4
PRI 5 4 T R R DARL— R A R B E I E 5 WK,

M 3 K, THEAXARE I 2= KR m 1. 2]
B REE MR DIES: 3 K, BERIE 5 M, 1
S AR E Ml 22 K R 7R 9. E 1SO F1 Health Canada
PRI 7 SN RS P R A S 45 R LK 3.

®3 SWREMMESH
Tab. 3 Stability and repeatability of NH,

¢HE] Inter-assay (n=15)

AN Intra-assay(n=15)

il 7 =X
FEfE / Cug/cigd RSD/% SFEIME /(0 g/cig) RSD/%
ISO 8.31 4.25 8.22 3.97
Health Canada 24.69 4.68 24.55 4.37

K BRI NI 52 7 s i R, B TE 25
By 0 N b A i 2R BRI BE (0.097 g/
mL) . FkE (0365 ng/mL) A& Wk E (0.853

wg/ml) [EARHERWL 1% “1.3.47 T PTIR St
TR RO E BRI R HE, f
WPEML 5 AT, THECFEE, 4RI 4,

F4 FWMAREYLE (n=5)
Tab. 4 Recoveries of NH; (n=5)

Fefb & s/ Cug/mb) IikseE / Cng/ml) Mg &/ (ug/mL) [ /% RSD/%
0 0.097 0.094 96.91 439
0 0.365 0.347 95.06 4.01
0 0.853 0.829 97.18 3.87

28 HoESEERERESPISERARFTEN
ELERILE

XT 6 AN AL i 23 0l AT AR YC/T 377-
2010 FUATJTyEBEAT I, 45 RWE 6 Fin, X
TECHEAE 0.05 1) 83 K FREATECXT £ A5 56. 25 1
FH: MWEAT L ARUE YC/T 377-2010 5405 41 ¢ 18

4 -0.687, P=0.261>0.05, i B J7 %[0 2 R i AN B
KN, AT7EEE T R A & 8w A
T B A0 E bR ATE P I8 3 A E Health Canada #1077
R IE FRE P AR AENE T, RTARTTE
7t Health Canada 1% 75 =0 0900 22 25 2R L4 AN

g

% 5 SO #A Health Canada iR A THISIELZ R (n=5)

Tab.5 Measurement results of NH;under two smoking regimes of ISO and Health Canada (n=5)

LS TREs fEiE /mg S /mg THELAT M ARAE YC/T 377-2010 ¥ /( 1 g/cig) ATTVE I u glcig)
RER 1 3 0.3 2.3410.05 2.1540.03
REH 2 10 0.9 8.2240.08 7.9440.11
BER 3 8 0.8 9.9040.12 10.1340.09
IR 4 8 0.8 10.55%0.06 10.48+0.07
JEIEAY 5 11 1.1 17.9140.09 18.53£0.11
P& AL 6 10 0.9 12.3340.06 12.44+0.07

=-0.687, P=0.261
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