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Abstract
The objective of this study is to establish the sampling and analysis

methods of nicotine vapor and cotinine in urine. Nicotine and its
metabolism, cotinine, was used to exposure indicators of environmental
tobacco smoking (ETS). XAD-4 sorbent, used to collect the airborne
nicotine concentration, assessed the exposure level of second-hand
smoking in the public areas including library, hospital, cinema, pub,
billiards, amusement park, stock exchange. 24 hours exposure to ETS
was measured and cotinine levels of urine sample were analyzed by high
performance liquid chromatographic (HPLC), gas chromatographic with
a nitrogen phosphorus detector (GC-NPD) and enzyme linked
immunosorbent assay (ELISA) in order to understand their correlation
and detective limit. The result showed that the nicotine concentration in
the library, hospital cinema and the lobby of the stock exchange is lowers
the detective limit of instrument. However, the nicotine concentration was
found to be 0.597 mg/m? in pub area. The urinary cotinine concentration
of active smokers, passive smokes and non-smokers were respectively
3054.61, 46.03 and 27.90 ng/ml using GC-NPD method. The results were
consistent with using the ELISA and HPLC method and urinary cotinine
level were highly correlated among three methods. We concluded that
XAD-4 sorbent was used to collect airborne nicotine levels and urinary

cotinine was used to assess the exposure to ETS.

Keywords Environmental tobacco smoking (ETS), nicotine, cotinine,

urine
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4 (sodium bisulfate)
7-10mg 1.7 L/min
: (GC-NPD)
( 75 98 )
98 -102 0.06ug
1.7 L/min 8 LOD 0.2
ug/m’
3-48 pg/m?® 1984  Muramatsu @)
@) 1901
0.7+ 0.6ug/m® 0.5+ 0.5
ug/m® 0.7+ 1.1 pg/m®> 0.4+ 0.5 pg/m®
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(Enzyme-Linked Immunosorbent Assay,

ELISA) &
(primary antibody /Ab,)
(antigen-coated microtiter well)
Ab;
(enzyme-conjugated antisotype antibody
IAb,) Ab;

(Spectrophotometric plate readers)

Langone 39 1988
ELISA
5 1ng/ml
392+ 74 ng/ml 4.67+ 1.1 ng/ml
2566+ 364 25.3+ 8.1 ng/ml Nobuo
9 1998 ELISA
1933 ng/mg creatinine 1108

ng/mg creatinine
61 ng/mg creatinine
27 ng/mg creatinine

(Radioimmunoassay, RIA) &
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(radiolabeled antigen)

(gamma- emitting isotope) 129

Coultas
G0 1987 RIA
19.7ng /mg creatinine  3.5ng/ml Haley

(38) 1983
361+ 80 ng/ml 1 ng/ml
(HPLC) - (GC-NPD)
Hariharan (39) HPLC
<lug/L 99
0.987 -
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Wall “) 19098
LC 6 ng/ml
9.2 ng/ml  Bono @) 1992
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ng/ml
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3.

D
-nicotine  Merck for synthesis Gehalt (GC) >99%
-ethyl acetate Merck GR for analysis Renhet (GC) >99.5%
-quinoline Merck for synthesis Gehalt (GC) >96%

2)
micro-syringe  Hamilton 10 500ul
Brand 5 10 100 500 1000ml
Pyrex 25 50 100 500 1000ml
pipette Brand 10-100 100 200 1000ul
Eppendorf 100-1000ul
viad 1.8 4ml
99.99%
99.99%

3
-GC-NPD HP6890 G1530A
-GC-Autosampler G1512A
TSI Model 8360
(pump) SKC.Airchek Sampler Model 224-52

(4)
l XAD-4
vid
l 1000u | vial



l 100y |

! GC-NPD
(5)
GC/NPD (HP6890)
DB-WAX (30m*0.25mmiD)
(ml/min)
40
3
25
()
250
300
110 (2 )-20 / -150 (6 )
-30 / 5240 (1 )
4,
(D
0.002 ~ 0.231mg/ml 0.9999
(RPD) 6.31 ( )

(2)

3
0.874 ng ( )
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7
0.005 mg/ml

(4)

88.39~ 103.33

©)

XAD-4

94.40

7
(CV )
0.01
179 630 ( )
0.18 0.06 mg
XAD-4
XAD-4
1 4 7 14
14
( )
0.18 0.06 mg
XAD-4

97.28 ( )

0.184
0.12

XAD-4
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A. GC-NPD

(1)
-Methanol TEDIA HPLC/Spectro Grade Assay>99.99%

-Sodium hydroxide SHOWA  Assay>96.0%

-Chloroform TEDIA HPLC/Spectro Grade Assay>99.98%
-Sodium chloride Merck GR Grade Gehalt (GC) >99.5%

-Cotinine  Sigma Approx.98%

2
pipette Brand 10-100 100 200 1000ul
Eppendorf  100-1000ul
Pyrex 50ml 100ml 250ml 1000ml
Brand 10ml 50ml 2100ml 500ml 1000ml
10ml 15ml
viadh 1.8 4ml
3ml
99.99%
99.99%



3)
-GC-NPD HP6890 G1530A
-GC-Autosampler  G1512A

AND HR-200
KUBOTA 5800
EYELA MG-2000
BRANSON 8210
(4)
L 5ml + 1ml 5N NaOH + 1.7g NaCl + 3ml chloroform
5
1 3000 rpm 10

l chloroform 2ml

) 1ml methanol

! GC-NPD
(5)
GC/NPD (HP6890)
DB-WAX (30m*0.25mmi D)
(ml/min)
40
3
25

()
250

2C



300
110 (05 )-30 / -210 (12 )-30
| 240 (1 )

(6)

0.023 ~0.143 mg/ml
0.9997 (RPD)  0.335~4.678

0.2ng ( )

0.074 0.0152  0.00138 mg/ml
7 7
(CV )

002 001 0.2
175 251 498 ( )

0.1093  0.0376 mg/ml
4 -20

21



7 14 21 28
28 93.48~104.90

0.0376 0.0740 0.1093 mg/ml

3
103.70 108.86 100.04 ( )

B. HPLC

D
-Methanol TEDIA HPLC/Spectro Grade Assay>99.99%
-Sodium hydroxide SHOWA  Assay>96.0%
-Chloroform TEDIA HPLC/Spectro Grade Assay>99.98%
-Nitricacid UCW EP Grade Assay>69.0%
-Aceticacid JT.Baker Assay>99.9%
- Sodium acetate Assay>98.5%
-Acetonitrile  Assay>99.9%
- Diethylamine
-Cotinine  Sigma Approx.98%

2)
pipette Brand 10-100 100 200 1000ul
Eppendorf 100-1000ul

22



Pyrex 50ml 100ml 250ml 1000ml
Brand 10ml 50ml 2100ml 500ml 1000ml
Pyrex 100ml  500ml
(Bel-Art products) 40" 8 mm
99.9%
10ml 15ml
250 ml

3)
(HPLC) Shimadzu SCL-10A SIL-10A
LC-6A CTO-6A SPD-6A
Shimadzu C-R6A Chromatopac
AND HR-200
CORNING Stirrer/Hot Plate
-PH meter CORNING 320
HITACHI 05P-21
Scientific industries  VORTEX-2 GENIE
EYELA(Dry Thermo Bath)MG-2000
BRANSON 8210 (ultrasonic cleaner)

(4)
2ml
3 ml 12N HNO;
(60°C 30 min)
5min 3000 rpm



1mi

1 ml 100% methanol 1 ml 5N NaOH 4 ml CHCl3

10 min 3000 rpm
2ml

0.5 ml 50%(v/v) methanol
HPLC

(5)
-colum TSK-ge ODS-80 Tmid 4.6 mm” 150 mm
-flow 0.6 ml/min
-detector UV-254 nm
-oven 40°C
-injector 10m

-mobile phase  water-methanol-buffer acetate-acetonitrile-acetic

acid=50:29:20:2:1 viv diethylamine pH 4.28
(buffer acetate: aceticacid ~ Sodium acetate  1:1v/v mixed)
30

(6)

71.41 ~18280 ng/ml
0.9985 (RPD)  0.758~8.422
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4570.00 142.81 ng/ml
7 7

179 419 (

4570.00 142.81 ng/ml
4 -20

182.80 1.43ng

3
84.03 8396 (

0.10
)

0.078ng (

(CV )

0.33

1 3 5 7 14

3 94

)



C.ELISA

(1)
- Anti-Cotinine Coated Plate
-Cotinine Enzyme Coniugate Buffered protein reagent with
stabilizers
-Wash Buffer Concentrate 1500 mi
- Substrate solution 3,3’ ,5,5' -tetramethylbenzidine
- Stop solution 1M sulphuric acid
2
50 mi
3)
- ELISA Reader ANTHOS 2001
-Printer  Fujitsu DL700
(4)

50 M sample control  wdll

100 M Cotinine Enzyme  well

30 mins
~ 350 M Wash Buffer plate 4
~ 100m  Substrate Solution  well 30 min

100m  Stop Solution  well
~30min 450 nm

2€



)

~ 30

(6)

(7)

ng/ml

(RPD)

10 M sample control  wdll
100 M Cotinine Enzyme  well

30 mins
350 m Wash Buffer plate 4
100 m  Substrate Solution  well
100m  Stop Solution  well

min 450 nm
ELISA reader : 450 nm
10~5000 ng/ml
0.9966
4.8~41.74 -2.252~3.403 (

Excel

30 min

1~50
0.9889
)

SAS/PC+ 6.12
(ANOVA)



8 6

0. 04mg’/ m 0.597
mg /! m 0. 10mg/ m 0. 05nmg’/ m
2 4
20624 11
2 2 1
0. 1mgs/°’m 1
3 4

0.387°mg/ m

HPLEGNPDELI SA

94
27 39
28 67 33
26 81 79
54 18 7 8

18

2€



(p<0.05)

27
44. 45 29. 63
40. 7
25. 9 11. 14
6
HPLC
3055. 1@g/ ml GENPD
3054 .ng1 ml
46. M3y / ml 27 . @/ ml
(p<@. 0 ELI SA
2784.285b. 9316. 16
ng/ mli (p<@. O ELI SA
19. 653. 681. 9n§/ ml
(p<@. O
94 ELISA
0. 92 ( )
(p<@. 0 ELI SA

0. 45) (p<Q. o0



(p<@. O

62. 4

12

26 .

22.

10

3C

6 6.

18
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(1.667 mg/m®) ACGIH 0.5

mg/m® (TLV-TWA) Trout @) 1908 XAD-4
0.01 mg/m®> Thomas D
0.037
mg/m®
24
0.178 mg/m®
15
XAD-4
24 24
24
(33
(46-47) (47) (40-42) (48

ELISA RIA HPLC  GC-NPD
ELISA RIA
ELISA HPLC
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GC-NPD ELISA
(r=0.9966) HPLC(r=0.9993)
GC-NPD(r=0.9997) GC-NPD (99.81 )
(104.2 ) HPLC(84.93 84.0 )
HPLC GC-NPD
HPLC (0.078ng) GC-NPD(0.2ng)
HPLC GC-NPD
HPLC peak
Bono “0 " 1995
GC-
NPD 1ng/ml 4.3 100
24.8ng/ml (46.03
ng/ml) wall ‘D
LC
10 ng/ml
10 646.8 ng/ml 10
1100.7 ng/ml 11.14
3055 ng/ml
12
Hariharan =9 LC GC-NPD

0.987 (r=0.92)
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0.037 ~1.667 ngm®

6
GC-NPD (104.2)
(99.81 ) HPLC(84.93 84.0 ) GC-NPD
HPLC (r=0.9997 r=0.9993) ELISA(r=0.9966)
GC-NPD (3054.61
ng/ml) (46.03 ng/ml)

(17.90 ng/ml)
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(n=3)

(mg)y m
0.0:02007 .039 0.051 ND
A 0.0:87004
B 0.0:6. 001
C 0. 089003
0.1:09015 .093 0.279 0.041
A 0.1#01017
B 0. 1486126
C 0. 1000109
0.0:82021 .041 0.083 0.041
A 0. 0885006
B 0.0:00001
C 0.0801001
0.58007928 .078 2.162 0037
A 0. 0885012
B 0. 088002
C 1.6:07438
N D N D N D N D
A N D
B N D
C N D
N D N D N D N D
A N D
B N D
C N D
(n=5) N D N D N D N D

4C



24

(mg)y m

A 24 N D
B 22 N D
C 22 0.003
D 23 N D
E 22 N D

F 22 N D
G 23 N D
H 23 N D

I 21 0. 0083
J 21 N D
K 21 N D

L 20 0. 387
M 20 0.178
N D (6*10°mg 7)) m

41



(N=94)

(N6 7)

(N=27)

) (N=39) (N=28)

n () n()

24
24

25(92.59)0(51.28)8(64. 290.

2(7.41)19(48.72)0(35.71)

16(59.261)9(48. 72)6(57. 140.

11(40.74)0(51.28)2(4P.86

5(18.52)10(25.643(10.71)0.

22(81.48)9(74.3625(89.29)

16(59.263)3(84.62)5(89. 290.

11(40.749(15.38)3(10.71)

16(59.261)5(38.4620(71.430.

4(14.81)012(30.77)1(3.57)
7(25.93)12(30.773(25.00)

19(70.3732(82.0522(78.570

2(7.41) 5(15.82)5(17.86)
6(22.22)2(5.13) 1(3.57)

4(15.38)7(18.42)4(14.29)0.

22(84.623)1(81.58)4(85. 71)

002

654

308

012

032

098

894

* X2 test



(N=)2 7

%

8 29.63
12 44 . 45
6 22. 22
1 3.70
9 33.33
11 40. 74
7 25. 93
( ) 11 .+164. 6 4
6. 800.63
* +
(N=67) P
(N=27)
" -

HEC 305(5‘521)92'85Non=39) NPDn=28) NA
30542807 . 246 .408. 7627 . 9107 . 25
GANPD <0.01
(25) (5) (12)
27842839 . 827 .493. 1916 .£16. 78
ELI SA (27) (21) (22) <0.01
19.#68. 89 5. 698. 22 1961. 09
ELI SA <0.01
(19) (5) (3
* +
* * ANOVA tet
ng/ml

N D
N A non-available



ALL(N=94HPLuO i tE |-BA1 nEeL I-S Al i |@@P-Dr i ne

HPLUQ i ne 0.92 0. 37 0.92
ELI-BAi ne 0. 45 0.94
ELI-SAIl i via 0.33

GEANP-Dr i ne€

(N=7) HPLuQ i rEe I-6Ai nEeL |-S Al i |G@PDrine

HPLUQ i ne 0.92 0. 37 0.92
ELI-BAi ne 0.30 0.91
ELI-SAl i vl 0.17

GEANP-Dr i ne€

(N=6HPLUQ | TEL I-6BAI NEeL I-S Al i |[G@P-Dri ne

HPLuO i ne N A N A N A
ELJAUTrine -0. 14 0.30
ELI-SAl i v -0. 68

GENP-Dr i neg
** p<0.01 * P<0.05

HPtuG i ne ELI-6AIi nELI-SAIl | GaNP-Dr i ne
B(SE) B(SE) B(SE) B(SE)

( 1) 171.1(30086)0(35D.2)2.4p2.275.37)
12.3(14.-2)1.2(16:-06)2(0. 1D)8. 4(15. 3)

O~ fonsnoker=0) 1183.9(42894)8(4a8. 2 411019.1(459.6
1 ~ fonsmoker=0) 2603.2('38829) 7(4®9.25)3.8318.5(416. 8
5 (nonrsmoker=0) 2058 (5272058.3(514.%)(328p0.2(572.2

( 1) 184.9(25892)2(298.8)2.0)8.4(277.0)

« 1) -15.3(49780%(581.-9)2(3.826.1(539. 6)
« 1) -204. 4(34848)6(402.2)2.-1)y9.1(378.5
3.(729.6) 14.9(34.00.)1(0.22.6(32.1)
Rsquare 0.49 0. 46 0. 34 0.55
P-val ue <0.01 <0.01 <0.01 <0.01
* P<0. 01

ng/ml
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(N=94)

(%)
1. 21 22.6
2. 18 25 26. 9
3. 20 38 40. 9
4. 59 63. 4
5. 77 82. 8
6 . 8 8 94. 6
7. 8 2 88. 2
8. 6 8 73.1
9. 30 32.3
10. 74 79. 6
11. 80 86. 0
12. 58 62. 4
13. 79 85. 9
14. 72 77 . 4
15. 76 81. 7

I+

66=*34.
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