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Studies on the Simultaneous Determination of VNA and
TSNA by GC-TEA
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ABSTRACT : This is to investigate the methodology for the simultaneous deter-
mination of VNA, NVNA and TSNA using gas chromatography(GC) in combination
with chemiluminescence detector, thermal energy analyzer(TEA). The simultaneous
analysis has been estimated by evaluating tobacco.

The TEA was linked to GC equipped with non - polar SPB - 5 fused silica capill-
ary column which was introduced into the ceramic pyrolysis tube by the point of
16¢m from the end of TEA. Quantification was carried out by internal standardization
with NDPA after calibration of retention times and response factors with authentic
nitrosoamines. It was demonstrated that NDPA was most preferable as internal
standard for the simultancous analysis. The recoveries of the internal standard were
in the range of 83~96%. Nitrosoamines in this method were detected with dete-
rmination limit of 0.1ng and was made by a straight line in calibration curve by
TEA response.

The suitability of nitrosoamines extraction in tobacco leaf was investigated. It was
most suitable to extract nitrosoamines from tobacco leaves with 0.01M NaOH within
a period of 8 hours, Thimerosal as an antibacterial agent was added to NaOH solution
to prevent artifactual formation. The fractionation and the purificatin of nitrosoa-
mines form alkaline extracts were conveniently performed using Extrelut multilayer
column and dichloromethane. Reproduceable and reliable results were obtained for
the determination of nitrosamines in a relatively short time compared to previous
known method. TSNA contents in burley were about 4 times higher as those in
the fliecured tobacco.
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Fig. 1. Design of Extrelut column(260mm X 180m) with ascorbic
acid layer for alkaline extraction prdcedure.
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Fig. 2. GC— TEA chromatogram of standard mixture of nitrosoamines using SPB ~5 fused silica capillary column.
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NBPA, NDBA, NDELAS #)95pd TEA @&l

Table 1. TEA response factor for different N - nitroso compunds

Nitroso cormpound Mol., wt NO/Mol TEA response’
NDMA 74 0.405 0.657
NMEA 88 0.341 0.799
NDEA 102 0.294 0.929
NPYR 100 0.300 0.547
NPIP 114 0.263 0.795
NBPA 144 0.208 0.231
NDBA 158 0.189 1.157
NDELA 134 0.224 2494
NNN 177 0.169 0.507
NAT 190 0.158 0.509
NAB 191 0.157 0.633
NNK 207 0.145 0.624

* Injection amount © 1ng.
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Fig. 3. Calibration for NDMA, NDPA and NNK,
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Table 2. Recovery rates of NDMA, NDPA, NPePicA and NNN.

Recovery rates, % (SD)

Buffer solution Cambridge filter Extrelut

NDMA 86.4(+ 3.5) 759(+52) .- 89.1(+25)

NDPA 856(£20) 82.3(+2.8) : 95.7(+ 2.0)

NPePicA 86.2(+26) 834(+ 3.5) 86.2(+3.6)

NNN 832(+28) 85.3(+ 2.9) 845(+4.2)
BrSdd Ao g Q7R GC ARvEIHS ¥ 3°lA Thimerosal2 718 A|82& X4W
2x g 5 Atk NaOH F=o 24 %S @A = A 2o

¥ 29 T U3 FEEE NDPAS NPePicA 2, ThimerosalS 7}k A9 AT A 7to] 22 F
o #&gS uvas] 2E Huldr|dAe Hx Nge] YEE Lol E Ao 22 #& RAFEH
a2 gk elekuf o] 79 NPePicA7} 10% A= ¥ Fx7F0.01Me F AlEe] UEZALT-E B s
ZAL B £ 9= Ao =x 7Y Fol4, XA Thimersoal &®7} L}eEld}, ThimerosalS
2P e Ba% & I/ nold o ghle HotshA] &S o %i'é}aﬁi UEZolgle] &
FHEF YR EFEA 2= NDPAZE Boh 23 78 ZAe YEZ23) dkdo] dojr} artifact’}
Roz sl : *3**5191—"— RAF= %A o|t},

) 3 Eisenbrand'” %2 0.01M sodium azideZ
L ERA0RIE) E&0 O|X|= = : e
b, |—§ |‘ ' == 0" I l NaQH=& I GE 7]—'6}‘01 gl‘_d_HH = %%K}Eﬂ artifact /\g O'% Z]_L‘—,_"_-g_
A}

43l dgwlzRYy YE S glttn B 1% v} 9l o9, Archer” = nitrate®}

2409l %%3}?& O #2a9E HEI}AC o}u]::f&ol FEE NES 328 e gL
¥ 38 gguiAE 599 thste] NaOH(a@) 9 & Ayt BEH Qg AF st ek, 22§ 2o

=9 ?;‘"%}‘]Zl'c’ﬂ g HAE VNAY TSNAS A8g S 001M NaOH F5F4 & artifact”}
Jojt). AFe] AYP=HF F AL A 4 ARer, BelA Thimerosal

ol FF 3]“‘—_- o9l FoF YE 2484 (NOs —> L 283l artifact®] A ARE ¥ 2 ARG

NO:)7} Xz w33 artifactS 47, UE NaOH=Z A 2|3l = artifact7} 4 B}E Spiege

Zolm e EMghol) JaS FA =B vt lhalder® % Fischer™ %9 BH1gl Zg ZAE

g]e} AlekQl Thimerosals AMg-3dla] & 2319 =23

A artifact A4 55 B3 H ¥ 3& NaOHZ AH@3dte AlZto] ZojAR Y

Table 3. N - Nitrosamines with the extraction conditions(ng/9).

001M NaOH OlM NaOH 001M NaOHa
1hr S5hr 24hr 1hr 5hr 24hr 1hr 5hr 24hr

NDEA 727 79.3 80.2 90.5 85.3 86.2 1174 1255 1324
NPYR 295.5 293.2 2994 2922 296.8 299.1 296.7 302.1 307.8
NBPA 104.2 111.2 1124 109.5 116.7 118.3 1083 1154 1179
NNN 56.6 59.7 60.5 58.0 64.6 60.1 725 75.3 79.6
NNK 6.0 122 154 84 13.7 15.2 18.7 184 19.2

Compound

4 Without Thimerosal.
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48 A WRF FFQ FAEH w3
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Table 4. N - Nitrosamines with leaf species(ng/cig).

(Ls)®) GC-TEA AE2vtEIY0] sl 23 4
of Bolx 1 A= & 4o FstATh

1@ 32 VNA, NVNA, TSNA 5ol tidle] =
2ulEad 49 ulgad Egs 7t5ds 2y
Zh ol YEZAoWe] EFEAY Wdd
GC-TEA ul4d ¥2& HAF o] 979 £4
Z3(29 2)°] 9ulel dA HEANMNE HY
&2 QL& BHAF Aafolr)

Flue - cured Burley
H:? H: Ls Hs H, Ls
NOs, % 0.18 0.14 0.09 78.1 0.63 0.53
NDEA 75.7 69.6 719 78.1 80.3 723
NPIP 172.8 157.9 165.8 187.9 198.9 1454
NBPA 449 46.7 4.2 475 519 439
NDELA 155 6.7 12.9 16.5 6.7 trace
NNN 13.9 85 7.5 924 108.8 83.9
NAT 22.6 18.1 94 40.6 434 46.2
NAB trace trace trace trace trace trace
NNK 6.6 trace 26 199 7.1 31.0
aLeaf grade (H : Heavy, L : Low).
: :
é s
o 2

» &
I} - &
& E 5
& g
2]

8 g ¥

p 2

Fig.4. GC-TEA chromatogram of VNA and TSNA in tobacco leaves.
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casing©] 2} ¥t} ¥ Bi= toast — casing ET casing
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G® wsg 22H Aotk

¥ 55 922 toast — casing & &= I w=AME
ulrols dgule] pitratedt HEZ A0S A
23tA e Ago vste AA HA FRSE
Rojgoh Az F0FL Zis wie]EFe
71 A%E B ¢ 9. 28y 495
toast — casing ¥+ oA NNNZ NAT7} ¢ 50%
Aok Fage JERZLT AT toast
—casing FAoA A¥ JEZLolglo] F w3
Ao T3 v o|Fo FrtEA= G 9T
UER4oh Aol 44 gez YA
£3] NNN# NATZF 24 248 AL 4249
WHalo) 2l Az Koy o] RE i) o
gl AL A7/ 2.8 Fes A

4 B

o] A7 Fury B M FRY YERL}UI
) B89 YEZLWNES 7)H AZVEL
Ao AaUA BAIE olgdta FAl ¥
A 4 Qe WS ATH Ao o] EAWWHE
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GC e =42 SPB-5 &84 AT
2+ (30mx053m ID)ol® TEAS A= 4L
M ooz 16em AQtE A AFe) wpEdE
Az wEde SEg4T RF o £4
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T o] WAL GC FRTY 2=t 200C9)7)

Table 5. Level of N - nitrosamines in leaf tobacco by toasting(ng/cig).

Flue - cured Burley

Non - Casing ™~ Toast - Non - Casing — Toast -

toast toast casing toast toast casing
Nitrate, % 0.18 0.17 0.17 0.82 0.76 0.78
NDEA 7.9 71.9 53.2 78.1 80.0 76.7
NDBA 824 78.7 102.8 94.6 116.3 1034
NNN 134 7.5 72 924 131.2 94.5
NAT 22.6 94 9.9 40.6 594 445
NAK 6.6 2.6 5.8 199 59.4 445
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