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crea.)= ©14(0.23+5.07 pg/g crea.)olyt o1& 0](0.35+5.11 pg/g crea.) Rt F
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B <1 7] (Environmental Tobacco Smoke, ETS)E} 3}H, A7} oo S o) AlA
ETS =29 FAHQA 17FF&F ug #4lol F7teta e FA O HH(NRC
1986, US Dept. of Health and Human Services, 1986).

ETS+ nicotine, acrolein, formaldehyde, polynuclear aromatic
hydrocarbons(PAHs), dimethylnitrosamine &< ©# {3t Aol (HEW,
1979)  NIOSH®|| A A EAZ AAFsHer, <AAY carcinogens,

cocarcinogens, ciliotoxins, irritantsZ24] Z}&-3tA Eth(John, 1991). ©|& A&

kN

< nicotine2 AFEoME AHT F4 54 FAE dovle =2E AdlE

o

71299 FAAoEZAN FAR Wyt oflg IHFAAY IA 1T HAME

<7zt NAS(National Advisory Science)dlX= § QA9 A Al= HIE
A HlA7E HIEF AR HlEA w2 Boh Heke] o] oF 30% 8= H =
o Grpsilar, #H ekl 29 BFAAT 20%0]8e] "HHl 7)o == 79

b = Qthar S THNRC, 1986). Hg 7Hgol A wj9-2te] Fo =&H A

-

e A9 dol a¥A &2 Aol vlE] 5Hl, AN DHFAN =8 A

-

He 557 2 9] 29 o} =@ TE FHJAZATL, 2002). o]

@ 2REAS A oldelBeAE Yehta Utk HEAL ool

BF7] ARE STMA, FAAE TPl Al ofdolS e HIE 7HE e o™
olgREY TFV HAIAAGN, HAH Tl tE wsH, 7Y, AIYAH,

HA71s Azt 5 F3°] YEFH(Greenberg et al, 1988; Tredaniel et al.,



1989; Zmirou et al, 1990; ), Tt E A =&H AJHl 5L 1¥8A &Ee o}

S vl 53] ¢17] HAE AZFHo] A "ojxH, EF cotinine FE7} £

ARAE o187 715Hel JED AT} o FolA Fout WA HAow
g FAZ Q7] el B FAde] hF AnAA Frhgyel da

A=y

Nicotine EHljel] digt JEAFS dodle Fa3%% 242 AZHEH(John,
1991), nicotine®] 7] WAMIEEE  cotinine, trans-3’-hydroxycotinine,
nicotine-N-oxide, cotinine-N-oxide, norcotinine®] ATk F - 78 Z AR} A A

gul PR AW Petge 3BH FYstud, 2R YBFH AEDA

U, &4 =% cotinine ©] ETS =30l t)d MEsH Aug 8374 2olx
AH(Willers et al, 1995). Cotinine2 ZFHF A =Zd HIFAAES] #H7]s
Aot w2 AFES Yehlle AR 2 4 Aok(Curvall et al, 1986).

T3 HF

pud
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AHE Ao Z ETSY =% AXE =5 cotinine HAIE 40 =2
Bz Ay FAxte} A A= HEAAY] =F  cotinine FE7F 12 XA

= AtgEol Hlste] 4

ol

= AA w2 AT FAA 19 FAZ vde
o] Z713the Bavl dth(Matsukura et al., 1984). B4 cotinine®] <%
S SHste sty waEr =2 W7 (sensitivity) T 5 ©] 4 (specificity)S ZE
T Rl tg A77F o] Fol A sk v (Pilotti et al, 1975), HPLCE ©]&3% T

HelNE e a7 vt vk
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%% cotinine 3= AW F7]F nicotine =9 AHAAS 3l

)
o
I

2
Y
1o

nAe FA58d #E 29

tlo

3tal, 7HHEAAe] =5 cotinine F=o 3
S zZAbStY] BAZE BTl vl Eo 2 gAAES %F cotinine 559 A%

A7y F4Y #AAdS golr Al ghth(Figure 1).

Indoor nicotine concentration

Spearman correlation

Urinary cotinine concentration of passive smoker

Wilcoxon rank sum test
Kruskal wallis one way test
Multiple regression

Wilcoxon rank sum test
Spearman correlation

Smoking Potential C
. : Subjective symptoms
habits predictors
Gender
Age Ocular symptom
Number of cigarettes | Number of natural Respiratory symptom
consumption/ day ventilation/ day Nasal symptom
Smoking duration Living space Sinus symptom
Smoking location Residence type Central nervous symptom
Income extent Skin symptom
Education extent

Figure 1. Scheme of this study
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12 AFNAE SRR =F cotinine =9 AW F7]F nicotine
FEo AAAS 2AEH] 918k, 199913 9~119d] A& A7 A G A Fuj
E IA dE 798 dFeZ 19 80% ol ARtE AW JHAeA AEst
T FH28~694)8 oldo](2~124))9] = AlEE AAS AT

27 AqdidAe HHFAAY =F cotinine FE9F AW A TG

N

FEAS A7) f8ke] 2000 39 Aedt Gl AFste A 767

WO w AEE AAFAG TF FAAS TAFAAY =F

m[o

(27 ~73A1)

cotinine ¥%= FFE Hlud Huz FA4 148 B6~734)S =AEE A3}



AFHE WA = Algs 47 714 -70CAA d5 AFsd e, 7zt
o] Azl ths}e] Jaffer reaction WHES o83} =T creatinineS =743}

B3 s

=

3) =% cotinine &4 H

) Ak R AR

Al k2 methanolel] Fo}9l+ 1mg/ml(Sigma, USA)S AH&-3}3A

N

Cotinine 3t
3, YHEEFEZLZE 2-phenylimidazole(Aldrich, USA)S AME3IAT. FE52
dichloromethane(Junsei, Japan), methanol(Duksan, Korea), potassium
hydroxide®} hydrochloric acid(Yakuri, Japan)= ©|&3%th. olsFoezZ=
acetonitrile(Duksan, Korea), trietylamine®} potassium phosphate(Junsei, Japan),
==

sodium heptanesulfonate(Janssen, Belgium), citric acid(Yakuri, Japan), &

(Milipore, Milford)E &3t AR&3t3AT



SR EEEEE

= Alge dA-944 FE2HH S 2 dichloromethanel. 2 FZ3} %t}
£42<Ql 2-phenylimidazole?} potassium hydroxide, hydrochloric acid
7tate] A4 E stk 7 WY 89 /UI8ATS ot A4t
i x A7l & HPLC(High Performance Liquid Chromatograpy)$] ©|
Aoz F AxH A|EE o] HPLCO F 3 thHFigure 2).
test tube
Urine, 2ml
i vortexing

2-phenylimidazole
(2ug/ml, 50ul)

l vortexing

KOH
(12.5mol/L, 0.15ml)

i vortexing

‘ Dichloromethane, 3ml J
i vortexing

horizontal shaker, 15min

‘ Centrifuge (5000rpm)

Organic
(lower)
layer

15min
remaning aqueouylayer

| HCI(0.5mollL, 1.5ml)

L vortexing
KOH

(12.5mol/L, 0.15ml) nitrogen Reconstitute HPLC
Evaporate (mobile Analvsis
L vortexing phase, 0.2ml) ¥

‘ Dichloromethane, 2ml

i vortexing remove and discard
horizontal shaker, 15min

‘ Centrifuge (5000rpm)

Organic
(lower)
layer

5min

Figure 2. Sample preparation for urinary cotinine
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4=%" =7 cotinine®] A B A E4E vFoE EXde HAE= =
< =9 dgAdS 7Fx HPLC alliance(seperation module 2690/ dual)
absorbance detector 2487, Waters, USA)E ©°]&3¥tt. IHFo=Z+=
LC-C18(4.6mmx25cm, I.D. 5um, Supelcosil)& AF8-3FH 3, ©]&5 2 acetonitrile,
water, trietylamine, sodium heptanesulfonate, potassium phosphate< & 33}

Tt HPLCO & x7ol| #3g A2 th33 Zth(Table 1).

Table 1. HPLC operating parameters

Parameter HPLC Condition
Column LC-C18 (4.6mmx25cm, L.D. 5um, Supelcosil)
Column : 20T
Temp
Sample : 20T
Aetonitrile - Water (9 : 91)
add Trietylamine 5ml, Sodium
Mobile phase heptanesulfonate 600mg, Potassium
phosphate 30 mmol/ ¢, Citric acid
30 mmol/ ¢, pH 4.4
Run time 35 min
Flow rate 1.2 m{/min
Injection volume 1048
Detection Absorbance at 260 nm




HPLC #4 Z7o2 &3 A89 AHA AL xHF 899 retention
times TAZ F3lAa, AA A5 HFLE ®HF £q9 yI WIS 7%

2 st Cotinined] #FE &4 3t AN 43 Al8E HPLC

(MESRENERNEE: [EEENETENURRNRRRERT
E_l

Standard Sample
Figure 3. Chromatogram of cotinine

) Ame AR 44

A\

e 9% = AlgY ®F S9(lpg/m)S 100, 10, 5 25 05 0.1,
0.05, 0.025, 0.005 pg/mt = 3|4 ZAsto] HaAsH oste] HFAS 2
gttt Cotinine EF &9 =¥ v AHOZHEH AFHY A=A S

£ Table 2¢] YEH AT

Table 2. The coefficient of calibration curve

Subject Slope Intercept Correlation coefficient

Cotinine 0.3612 -0.0256 0.9999




4) =% cotinine #49 FI=

7F) A& (Repeatibility)

A5 B4 3= Hrtstr] Y8l A retention timed T = WA A

o,
tilo

519t} Cotinine £49] AP HFE 20L o]gato 5319 W A3

d

(o3

53 =4 ZAxE AWEZHHRSDU)EZ  H7Fstdth. Cotinine E42

filo

0.025~10 pg/mle] =N A retention timeS Hit 4.25min®| Q3L retention time
o] HUEFAHAE 0.00%, AZHZH Y FHEFAAE 0.07%= e H(Table

3).

Table 3. Repeatability for cotinine of HPLC analysis (n=5)

Retention time Peak area
Cotinine(ug/ ml)
Mean(min) RSD(%) RSD(%)
0.025 4.25 0.00 0.07
0.5 4.24 0.00 0.10
10 4.27 0.00 0.05
Mean 4.25 0.00 0.07

_10_



) 3]+E (Recovery)

Table 4. Recovery efficiencies of cotinine

Cotinine(ug/ ml)
Recovery(%)
Spiked Determined
25 2.37 94.7
5 4.42 88.3
10 9.49 94.9
Mean 92.6

HPLC #49 HETA = cotinined] FHAFE 0025 pg/mE AT F 10
3] WkE =Asle] TFAIE ALstar o2 99% A F gk(confidence) Sl 2.821S

Fote] Fojste] B A3 0.007 pg/ml ©] 3 tH(Federal Register EPA, 1984).

_11_



Y. =% cotinine 3= F7]|F nicotine 3= FFAAH 4

THEFAAY =F cotinine FE9 2] F71F nicotine FES] FAIE

oot

BA317] fete] B AFoA FARE =% cotinine X9 FY A 7t
ol A nicotine F=E FAste] o] A7 B wp Sle ol4Fo =& 4
HE o] &3t HFEFATH2000). Hig Ao wEH B Aol Fdg o

Z+9] 7FgW Aol personal air sampler(Gilian)E AX|3l3l 4% sodium

2

bisulfate’} Z® ¥ glass fiber filter(37mm, Whatman)E AM&-3te] 24A17F &

=

ETSE AFstH, 571742 nicotineS heptane &z FE3}Ach 42 H
6890 Series Injector, HP 5973 Mass Selective Detector®} DB-5 capillary
column(20mx0.2mmx0.33m)©] “&2-¥ Hewlett Packard 6890 GC system<
o] &3tk #AA1S]  column =& 80ToA 0.5%7F HEA ki, 200C 7}
A 2T 20CH FA1713 injector?} detector®] 2%+ Z}ZF 250, 260TC=
splitless mode®l A  15ml/minSE FYF3l 70eVE o]3t H AFEE

electron-impact(El)mode®l| 1.0 & F3te] #4315t
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. AAH A% A7} 24 24}
=% cotinine =0 wWE A% &zt F73o

<
4¢3, 9F) A% Az S0 ds) 2B 2AE AUk 3 Az 0

Aol A 48712 53 =2 ZASFA

Table 5. Variables and contents of questionnarie

Variables Contents

Personal factor Gender, Age

Number of cigarette consumption/day

Smoking habits Smoking duration, Smoking location

Potential predictors| Number of natural ventilation/day, Residence type
of urinary cotinine | Living space, Income extent, Education extnet

Itching, Dryness, Tearing

Ocular symptom Fatigue, Edema

Wheezing, Coughing, Sputum

Respiratory symptom Dyspnea, Chest discomfort

Healthy subjectives Nasal symptom Itching, Sneezing, Rhinorrhea

symptoms Sinus svmotom Laryngoxerosis, Sore throat
ymp Puslike nasal discharge, Headache,

Central nervous Headache, Depression, Tension
system symptom Sleepiness, Psychogenic fatigue
Skin symptom Dryness

_13_



ok A H2A

2/ A 9] #2412 SAS 8.01 B4 packages ©]&stAth Azl g 7
E5AHFL 713 T (Geometric mean)} 7] 3}3EFH 2 (Geometric  standard

deviation)& AF&3}Sal, AET = AT W9 (Interquartile range: Q1 ~ Q3)

rlo

2 Jehhde AW F71F nicotine X9 =% cotinine FE9 AHA
Nonparametic spearman correlation &4} 3+ ¥ Simple regression analysis=

st FAE5TH ETS =F9 #HE 8%l wWE =T cotinine TEE

AE ST g HHFAAY =F cotinine FE] WE A A7 S

L
ry
:Jd

dAHS B7] 9138t  Wilcoxon rank sum test®} Nonparametic spearman

correlation #2432 o]-&3}At}.
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1. &gk

m. |+ 2 3

782 AW 37|F nicotine s &

2 a7 W 7ol Al E71F nicotine FEv FAATL

A E 020£3.12(021~0.93) pg/m’, FAA7L W @ThY A9 o) Aut

7}l nicotine FEE 034%3.33(026~071) pg/m’ Fom, FAxrt 7R

AdANME FAdste 71 BEE 4.00£1.53(1.36~9.64) pg/m’ ©

NoH, F&=

zr},

60%
50%
40%

30%

Percent of obs

20%

10%

0%

o~z O
T =

H Exel §9 F3o ©WE F7|F nicotine =+ Figure 4, 59

Non-smoking(n=48)

e Smoking in the living room(n=10)

Smoking in veranda & outdoor(n=21)

e, DO -
] il R i:; P ... I . | |

<=0 0,2] 2,4] (4,6] (6,8] (8,10] (10,12] (12,14] (14,16] (16,18]

Nicotine(ug/m3)

Figure 4. Distribution of indoor nicotine concentration
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ug/m3 I Q3/Q1 EIGM

(a) Non-smoking e
(b) Smoking in veranda & outdoor
(c) Smoking in the living room

— L

(a) (b) (c)

Figure 5. Comparison of indoor nicotine concentraion for smoking habit

2. A CHAAIS] =& cotinine sk

AR 7V 1.7446.25  pg/g  creatinine, 22k AT TIEAE 1.64+4.28 pug/g
creatinine® UEFSTE 2|3l 7HH A FAdd =E2HA e HHFAAY] =
% cotinine ¥E+v 129} 2xF AFEA7E 22 0.68+5.24 pg/g creatinine,
0.16+3.70ug/g creatinine® B FE=T AolE HYoy FAHSZ {3t

Aol glglom, FEME AAR BIEE U

o

W Ath(Figure 6).

_16_



%) Subjects of first year study
Subjects of second year study

Percent of obs

0% . mm e -
(0,50] (100,150] (200,250] (300,350] > 400
(50,100] (150,200] (250,300] (350,400]

Urinary cotinine (ug/g crea.)

Figure 6. Distribution of urinary cotinine concentration for study year

HEo® Yol = cotinine FEF ZASAT. 7t5F FAA7E jle 7HE

_

o] ZFHFAA] =% cotinine FE+ 0.35+5.01(0.00~8.99) ng/g creatinine ©

=]

0.78+5.37(0.00~15.15) ug/g creatinine® FTEZ 7FEU AMAANE FA3t=
74gel HFAAY] FE 10.17+3.63(347~69.01) ug/g creatinine BT} e
FFoldtt. FAAS =F cotinine FEE  23.77+3.98(0.34~112.64) ug/g

creatinine 2.2 574 = A th(Figure 7, 8).
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P4 Passive smoker: Non-exposure at home(n=97)

Passive smoker: Exposure in veranda&outdoor(n=37)
Passive smoker: Exposure in the living room(n=13)
E=] Smoker(n=14)
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40%

30%
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10%

(150,200] (250,300] (350,400]
(0,50] (100,150] (200,250] (300,350] > 400

Urinary cotinine(ug/g crea.)

0%

Figure 7. Distribution of urinary cotinine concentration

120 ug/g crea. I Q3Q1 EGM

(a) Passive smoker: Non-exposure at home _
(b) Passive smoker: Exposure in veranda & outdoor
(c) Passive smoker: Exposure in the living room
(d) Smoker

90

60

30

(a)

(b) () (d)

Figure 8. Comparison of urinary cotinine concentraion for smoking habit
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(p<0.001). 7F8A Fdol =ZFHA Fe FAH =F cotinine FE(3.36+2.97
1g/g creatinine)= 143(0.23+5.07 pg/g creatinine)©]t} ©]#©](0.35+5.11 pug/g

creatinine) Rt} 2 FEE H T (Table 6).

Table 6. Concentration of urinary cotinine
(ug/g crea.)

Passive smokers

Non exposure _Exposure Exposure Smokers
h in veranda in the
at home & outdoor  living room
N GM 0 GM 0 GM 0 GM
+GSD +GSD +GSD +GSD
3.36 24.72
Male 12 1997 1 33.25 12 13134
Adults 0.23 0.92 9.96 8.78
. . . 18.7
Class Female 67 1507 27 15 49 12 1364 2 949
Children 18 +05'315 1 9 +()5;41175 1 13.16 —
0.35 0.78 10.17 23.77
B3k
Total 7 sm Y sz Bz M 308
*** p<0.001
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o] FAog A% FA M9 oJ¥e]E9 T cotinine FE= H
714 2] ol@olE9 %F cotinine FE Kt} £& TEgow, FAx7 7}
AdANE Fdske 7Hgolne odole wRE oMUse kE 47
= =4 YeElth ETS 9 =% & oo} o]#o]e] =% cotinine
£ Figure 9| HlaustAth

uglg crea.
Non-exposure at home
15 Exposure in veranda&outdoor
Exposure in the living room
12
9
6
3
i, Wz
’ Mothers Children
Figure 9. Comparison of urinary cotinine for age and ETS exposure
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3. AP EAXS =F cotinine =2 27| nicotine

F71% nicotine® =% cotinined 5 AFTEILIE UEUAE &7
w Fo] A FEEZ ksl AA didAte] 4

=% cotinine FEv BAAFSZ fogt #Hdol YATH(FTASG; 0425,

=
ot
N

] < nicotine %

p<0.001)(Figure 10-a). 7F&% 927 A= 789 HFTAAY =5 cotinine
=
o

%9 F7|F nicotine T A#IBAV © E=ow(F#AS: 0737,

485
NS F FAATE WAth) AslolAE FAse 18T U AL E
A7k gtk 4

ot TAstE 7189 F7]5 nicotined 7HEEAAY] =F cotinine T &

El°1'
re
P‘l‘,
fr
N
ox
o
fu
<
_l
2
oy
o)
>
o
BN
>
P‘l‘,
3R
i
~
I
of
El°1'

= BBATTE 05642 TAAHOE {9384 TH(p<0.01)(Figure 10-c). ¥ A7t 7

Ao e FA3s 7IAY HHETARY =F cotinine 359 ¥ 7] £ nicotine

o

FTEo AL ABAST 094602 w9 ERSW, Ln(Urinary cotinine
conc.)=0.41xLn(Nicotine conc.)+1.319] fFolst 3FA2AES Z=E39tHr=0.807,
p<0.01)(Figure 10-d). S AAe] =F cotinine FE¢ F7]%F nicotine %

o] 4¥#/dS Figure 100 e STt
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r=0.362 I r=0.249
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© 2t p<0.001 © 2t p=0.114
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(d)

O Non-exposure at home
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Figure 10. Correlation between indoor nicotine and urinary cotinine ratio

creatinine of passive smokers
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HE&EA 7F93 &AA7 e 7HES A L wEl RS
g’ 7189 7% nicotine T WE =5 cotinine X5 Figure 119
BRI S99 gle 7HAE, SAX7F Wigtu AojoaMnt St M

ZHW AZAME FAst ¥ 71% nicotine =2 Zol7} HA3IPL

fr
N
N
o
rlo

H, oo W& =F cotinine FFE ETSY =& W& Fx9 xo]& HATh

ug/m3 ug/g crea. 12
(a) ETS non-exposure at home ANt .
4.5 (b) ETS exposure in veranda&outdoor ZNicotine H1Cotinine
(c) ETS exposure in the living room
,,,,,,,,,,,,,,,,,,,,,,, 8
3
,,,,,,,,,,,,,,,,,,,,,,, 4
1.5
0
0

(a) (b) (c)

Figure 11. Relationship of indoor nicotine and urinary cotinine concentration
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4. EASH ETS &2 &3 o wWeE 2™ EA

7l 494539 WE %5 cotinine &%

o] &% cotinine ¥E+v ZH7Z} 0.28+6.62 pg/g creatinine®} 2.54+448 ug/g
o wZ ZolE RAT FAAe FA 7|ZFtel] WA=
FelaAE ot Barel Aolsk vehdeh @ Y FARL A0 AL

i FAsle 1A AFste 7HHITARS] =F cotinine ¥ % 10.17+3.63

(@)
=
o
8
5
5
(e}
o
il
re
ol

pg/g creatinine= Wlgth} AojolX FAst= 7HEC AFste DHFAA
= cotinine % 0.78+5.37 ug/g creatinine BT 2 FE& HYoH FA

Ao Z o3t 2po]lE H A TH(Table 7).

Table 7. The concentration of urinary cotinine for smoking habits
(ug/g crea.)

Variables GM=GSD

Number of cigarettes consumption
1 ~ 5/day (n=12) 0.28+6.62
6 or more/day (n=28) 2.54+4.48
Smoking duration > 10 year (n=9) 0.73£6.07
10 year < (n=23) 1.27+5.51
Smoking location * Veranda & outdoor (n=37) 0.78+5.37
Living room (n=13) 10.17+3.63

* p<0.05
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. ETS =5 #d 894 W& HFHRS == cotinine T &=

D AEAA ] == cotinine &9 FTFS v X= ETS == #dd 2207 7}

£ FAAVE e R FAAS =F cotinine FE9Y HBAE EHAMSATH
g Ate] 4w, A ETS =29 #d 89low 19 A4 &7 dF, AF
FHl, 77 "WAS AT B 9 =5 #d 892 AFAEAE a9e

1g/g creatinine, 1.42+5.22 pg/g creatinine &2 YEWTH AFHZ 313 7
Bt ool wE HHFAAY =F  cotinine FEE  4.07:4.87 ug/g
creatinine, 0.34+5.38 ug/g creatinine 22 9|8t xo]E E Y th(p<0.05). AF
Fe7) olgE, 458, AYFEd Ao 7HHEAAS] =F cotinine F%
= 1.25%6.18 ug/g creatinine, 3.47+5.00 ug/g creatinine, 1.40+5.50 pug/g
creatinine 2.8 AYFH AFst= WY =7t 7 =Rou BAFS
2 fFY3 Aol ofyth AR AAF 219 7MY A A= FAAY w

§ T 2 HHFAXY =F cotinine FE=& Zo]7F g1l tH(Table 8).
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Table 8. The concentration of urinary cotinine for potential predictors

(ug/g crea.)

Variables GM=GSD
Gender Male (n=9) 1.73+4.84
Female (n=39) 1.68+4.97
Child 2~12 year (n=10) 0.71+£5.82
20~29 year (n=2) 0.00+1.00
30~39 year (n=13) 5.61+3.13
Age

Adult 40~49 year (n=9) 3.83£6.62
50~59 year (n=11) 0.65+4.87
60 year~ (n=7) 2.09+7.41

Number of natural ventilation
1 times/day (n=6) 1.91+4.63
2 times more/day (n=26) 1.15+5.14
Living space * ~30 floor space(n=28) 4.07+4.87
31 floor space more (n=16) 0.34+5.38
Apartment (n=19) 1.40+5.50
Residence type  Detached house (n=11) 1.2546.18
Tenement house (n=11) 3.47+5.00
Income extent ~1,000,000won/month (n=12) 1.42+5.19
1,000,000won more/month (n=26) 1.93+5.45
Education extent ~Middle school (n=3) 1.24+9.01
~High school (n=14) 1.14+5.76
University more (n=16) 3.13+4.07

* p<0.05
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Table 9. Characteristics between low symptom group and high symptom

group (%)
Class Characteristics Low SYZETBT group High syzzzl)n roup

Gender
Personal Male (n=12) 14.0 28.2
factor Female (n=52) 86.1 714

Age (year) 49+14 51+12
Indoor smoking

Yes (n=24) 27.9 333

No (n=40) 72.1 66.7
Number of cigarettes consumption

1 ~ 5/day (n=8) 14.3 11.3

6 or more/day (n=10) 14.3 22.0
Smoking duration

> 10 year (n=6) 5.4 17.7

10 year < (n=11) 22.7 59
Smoking location

Veranda or outdoor (n=14) 15.8 16.8

Indoor at home (n=16) 12.2 15.2
Number of natural ventilation

1 times/day (n=28) 58.3 62.5

2 times more/day (n=25) 41.7 37.5
Living space

~30 floor space (n=22) 41.0 33.3

31 floor space more (n=35) 59.0 66.7
Residence type

Apartment (n=27) 43.6 55.6

Tenement house (n=14) 28.2 16.7

Detached house (n=16) 28.2 27.8
Income extent

~1,000,000won/month (n=22) 46.3 47.05

1,000,000won more/month (n=25) 53.3 52.8
Education extent

~Middle school (n=9) 18.0 111

~High school (n=24) 41.0 44 .4

University more (n=34) 41.0 444
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Y. A7 A4 S WE =5 cotinine T&

A% A7 Z3e] WE FREARY wF cotinine BEE A% A7 =4
o] =& HAY =F cotinine F%(0.19+4.40 ug/g creatinine)’} 17F A2 F
2ol vre Hh(1.11+3.86 ug/g creatinine) BTk oF 6] =& FFo 2 FAHO

2 o3t Aol E B H(Table 10, Figure 12).

Table 10. The concentration of urinary cotinine for subjective symptom

(ug/g crea.)

Class Low symptom group High symptom group
(n=43) (n=21)
Urinary cotinine * 0.19+4.40 1.11+3.86
p<0.05
10 ug/g crea.
8 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
6 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0 Low s%t)?moup High symptom group

Figure 12. The comparison of urinary cotinine concentration for subjective

symptom
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o HHEFAAY =F cotinine ¥ =& A A7 F449 BA
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Figure 13. Healthy subjective symptom score according to urinary cotinine

concentration
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Figure 14. Relationship of urinary cotinine concentration and subjective

symptom score
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T Ak(dle, 1990). 1}, Bk B2 Aol A
Bk ohgt I FAA A Ao A RIFES Solwrt Blud =& AR
2 a&AAAagrtEaR A S o]&3 EAUHE JdEol HAHem e
A Ak (Baranowski et al., 1998).
o &

ETSS] =Zof dish Al HE&FS Fetsl=dl cotinined 73S g<2lsh

AFN = &7 = nicotine} A M Y cotinined HAAAL FAFSH

2

o

% %% cotinine ol VA= #HQNES EAbsta A7 FE HUbSEATH
ARF e 4% BT 53] fol} ofdo]s59 AlgE AFsH7] AL
sl wWo] o] Qlt(Hariharan et al., 1991). =% cotinine ¥=v @43 E}
WA FEHRT ThA EHol(Russel, 1986; Wall et al., 1988), ETSS| =& A|
5 AFHAR]Y AFY &4 e vl RFsie mEbd = Alse @3 olu
Efdore] FAY ot =FH F o W Azto] A AMge] FA% HHF
Aol AHeHE #F w3 ti(Hariharan et al, 1991). ZHEE B AFAe
nicotine®] A A X ZA =5 cotinineS A B3} Cotinine £ Qo] &
Mol ey AYEY FIHdS fel WHEEFEZE  N-ethylnorcotinine,
2-phenylimidazole©] AFgE o] gko Hariharan et al.(1991)

2-phenylimidazole©] %3 WHREEFEZAS BFEIAT. wep £ Ag0lA

rr

YWHREFEEE 2-phenylimidazoles ARt oW, 77| = Alg BEA
= ?18] =% creatinines st £49 JI=S =yt HPLCO 2§ &
A9 3FE2 926% = Oddoze et al.(1998)9] 92~100%, Bazylak et al.(2000)<]
BRe} AR H, A it U EFTHA=  0.00%(retention time),
0.07%(peak area)® Nakajima et al.(2000)9] 52~8.0%X.t} 3 AZE HY
o E3 cotinine w419 HAZ$HA(LOD: Limit of detection)= 0.007ug/ml=

Aol 4 Wy Fd3I HPLC/UVE AME3F Zuccaro et al.(1993)3%
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Pichinie et al.(1991)¢] LOD 0.01xg/m¢X.t} 943} H T

AF el AW 71X A3 F7] F nicotine TEE HE

e

ol
=

oiN

A7 AQAAE FAsts 744, Wdtht Ao A FAste 7 viEd vt
gol Zzb 4.0041.53(1.36~9.64) pg/m> 0.71+3.00(0.35~7.62) pg/m’, 0.20+
312(0.21~0.93) wpg/m o2 FAFHAG. 29U 2EEEo FANMHAME
11 pg/m, HIFA7FFANME  0.05ug/m'e] FE=FFES Ko (Phillips et al,
19%), & ARt 4] AE L sEHoy, g s A9 127t
goll el 8- 317+3.02 pg/m, ASEH 1.60:240 pg/m'e FEE HAF
Bu7t JehEDE 5.1995).

gAY =F cotinine FTEv FAAVE 23.77+3.98(0.34~112.64) ug/g
creatinine, 7}&% $937F AAdAME EFAE 71AY A EZTAAT 1017+
+3.63(3.47~69.01) ug/g creatinine, 7}5% FAA7E Wlgthy Aol FA3s}
= 7HY HEFAAIE  0.7845.37(0.00~15.15) pg/g creatinine, Hl&<A 714 <
HEARE 0.35+5.01(0.00~8.99) pug/g creatinine & F+& e} ETSQ
=% oo BE 4TS BAth HEFAA F FAA gl el ATt
= A9 Y =F cotinine FEE 3.36+2.97 pg/g creatinine &2 o9
S FTEE HY 7MY o]9f9 A3
B35 T oAy FaolM ETSY =& 714 S RAFT

il

2

F% 0.23+5.07 pg/g creatinine Xt} wlj--

Hir

o FAAS} HAFAAY ®F cotinine FEE FALH, =EHE,

BAu, A ) Ago] wE B Aot BlwatgthTable 14). 1¥ 5 A

e FE 7HEAA BRlle F78 ofdo]s2 9 Rl ETS =30] A9 gl
omz B A3 AyE Y9 gdFd AFARUE o9 e cotinine FEE

Bt a8y 98yt @els el sUE, 88 FelE, 88 HE s F
ol 170 F nicotine® BF= &&Fo] Z+ZF 05~0.7 mg, 5.5~8.5 mgSl HhH A=

o vtdE AE H¥2es 1amgd 13.0mg, v=e] THES WAL ¥ 0.



7~0.8mg, 9.0~11.0mg(UDS wAAT4, 2000022, 2vet ©@H] F nicotine 7
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Table 11. Comparison of this study with previous study
. . Cotinine
Study (year) Smoking status Exposure level  Analysis
conc.(ug/ ?)
Smoker(m) 3,140
MS Lee GC-NPD
Nonsmoker(m) 70
et al. (1997) (Urine)
Nonsmoker(f) 90
#
TY Lee Smoker(14 ~20") HPLC 236
Contact of smoker .
et al. (2000) Nonsmoker(14~20") (Urine) 67
out of house: 64%
Smoker(m, 19~28") 1,092
JH Noh u GC
Nonsmoker(m, 19~28") High . 5.32
et al. (1990) (Urine)
Nonsmoker(m, 19~28") Low 0.4
Smoker 1,390
Jarvis et al. GC
Nonsmoker Exposed i 7.7
(1984) (Urine)
Nonsmoker No exposed 1.5
Both
Nonsmoker(c) 0.4
parents smoked
Jarvis et al. Nonsmoker(c) Mother smoked GC 1.3
(1986) Nonsmoker(c) Father smoked (Saliva) 2.0
Neither
Nonsmoker(c) 3.4
parent smoked
Smoker 1,691(GM)
Lives
Thompson  Nonsmoker i y RIA 11.4(GM)
et al. (1990) with smoker (Urine)
Lives alone or
Nonsmoker 4.4(GM)

with nonsmoker

m: male, f: female, c: children, w: worker, #: years old
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Table 11. Comparison of this study with previous study (continued)

Cotinine
Study (year) Smoking status Exposure level  Analysis
conc.(ug/ ?)
Smoker(m) 243(Medain)
Tunstall  gmoker(f) ac 240(Medain)
-Pedoe et al.
(1991)  Nonsmoker(m) (Plasma) ) 68(Medain)
Nomsmokler(f) 0.10(Medain)
u Both
Nonsmoker(5~7") 4.0(GM)
parents smoked
Cook et al. Nonsmoker(5~7#) Mother smoked GC 2.2(GM)
(1994) Nonsmoker(5~7") Father smoked (Saliva) 1.2(GM)
u Neither
Nonsmoker(5~7") 0.29(GM)

parent smoked

Nonsmoker

(f, 10countries)

Nonsmoker

No home or

work exposure

Exposure at work

2.7(ug/ g crea.)

4.8(ug/g crea.)

Ribolie et al. (¢ 10countries) but not at home RIA
(1990) Nonsmoker Exposure at home (Urine)
. 9.0(ug/g crea.)
(f, 10countries) but not at work
Nonsmoker Exposure at work
. 10.0(ug/g crea.)
(f, 10countries) and home
Both parents and
Nonsmoker(8 ~13%) P 8./ & cred
others smoked Median)
# 6.3(ug/ g crea.,
Nonsmoker(8 ~13") Mother smoked >
Medjian)
Willers et al. GC-MS
Nonsmoker(8 ~13") Father smoked 5/ & cred
(2000) (Urine) Median)
None of parents
Nonsmoker(8 ~13") P 43(ue/ & cred
but others Median)
Nonsmoker(8 ~13%) None 053&2&1;; e
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Table 11. Comparison of this study with previous study (continued)

Cotini
Study (year) Smoking status Exposure level Analysis O(IHH;Z)
conc.(yg
4 No home
Nonsmoker(4~11") exposure 0.12(GM)
H
Nonsmoker(12~16%) O:II;e exposure 1.14(,GM)
Nonsmoker(12 ~16") Ie\j(‘}’)(i‘l’:;e 0.11(GM)
Nonsmoker(>17") I;Z;“e exposure 0.81(GM)
Pirkle et al. h -
Nonsmoker(w, >17") No home or LEMS 0.12(GM)
(1996) work exposure (Plasma)
Nonsmoker(w, 217#) No home or 0.13(GM)
work exposure
Nonsmoker(w, 217#) Z\r]:l)}r/k exposure 0.32(GM)
H
Nonsmoker(w, >17") O;)lr;e expostire 0.65(GM)
Nonsmoker(w, 317#) i%rg:ujend work 0.93(GM)
ot Both 7.5
Nonsmoker(4~14') parents smoked (ug/g crea.,,GM)
Oddoze et al. HPLC 20
N ker(4~14" Moth ked .
(1999) onsmoker( ) other smoke (Urine) (ug/g crea,GM)
At 3.5
Nonsmoker(4~14") Father smoked (ug/g crea,GM)
ot 24.72
Smoker(m, 41~69") (ug/g crea.,GM)
# 18.78
Smoker(f, 38) (ug/g crea.,GM)
ot Exposure 9.96
Nonsmoker(f, 28~69") in the living room (/g crea,GM)
.ot Exposure in 0.92
Nonsmoker(f, 28~697) veranda& outdoor HLPC (ug/g crea,GM)
This study :
4t Exposure in (Urine) 0.47
Nonsmoker(2~13") veranda& outdoor (ug/g crea.,GM)
__ .o Non-exposure 3.36
Nonsmoker(m, 41~69") at home (1g/g crea.,GM)
ot Non-exposure 0.23
Nonsmoker(f, 28~69") at home (18/g crea,GM)
Non-exposure 0.35

Nonsmoker(2 ~13%)

at home

(ug/g crea.,GM)
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A7 oA AW F7]5F nicotine =9 HHEFARe] =5 cotinine &

o

o

ofete], 7 #¥QllE =

Z cotinine ¥% ¥

Abetal A7 A7 F49e] BAE HrhskA

A 71A- 9 F7] = nicotine FE 9 HHEFAAY =% cotinine 5 &
AA7E gls 7Hgel A Zhz 0.20+3.12 pg/m’, 0.35+5.01 pg/g crea. o™, 7}
£F FdA47 WPty AooMnt FAske PP E 034333 pg/m’,
0.7845.37 ug/g crea., 7P AXANE FAskes 7F4olA 4.00+1.53 ug/m’,
10.17+3.63 pg/g crea, WA F FAAY =F cotinine X+ 23.77+3.98
pg/g crea. &2 ETSO| =3 FFol| wet 793 2to]& B At (p<0.001).

HgelA Fol =E2HA e F49 =5 cotinine FE(3.36+2.97 ug/g
crea) ©1/3(0.23+5.07 pg/g crea)olyt ¥ 0](0.35£5.11 pg/g crea) HTh =
TERE ASEET RAAMY =F JMeAS BRoFH, FRY FAoF g
A 7H8Y ool 5(0.7145.82 ug/g crea)> BIFAZHE Y o™ E(0.35+
511 pg/g crea) BT+ ETS o] el ¥ =2 =& &2 EATh

HHEARS] =% cotinine ¥E9 F7]F nicotine 5 §93F o]
AROH(FTA G 0425, p<0.001), WFAE] AHPHY =F cotinine =+ 4
Bl Atk 7HEF FAAE AMAA Fdste M HFAAY =F
cotinine F%9 F7|F nicotine FTE=v FIABJAVE O Aow(FTAS
0946, p<0.01), = 3I)AEA ZAF  Ln(Urinary cotinine conc.)=0.41x

Ln(Nicotine conc.)+1.312] 93t 3| A4S =Z3tHr=0.807, p<0.01).
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ABSTRACT

A study on relationship between urinary cotinine level

as a biomarker of passive smoking and smoking habit

Hyo Jin Kim

Dept. of Environmental Health
The Graduated School of
Health Science and Management

Yonsei University

(Directed by Professor Dong Chun Shin, M.D., Ph.D)

Environmental Tobacco Smoke(ETS) increases risk of human health for
passive smokers as well as smokers and causes lung cancer and respiratory
symptom. However, there has been no reference of the exposure level of ETS
for many populations in Korea.

Therefore, this study analyzed correlation between wurinary cotinine
concentration and indoor mnicotine concentration for the subjects to find
potential of urinary cotinine as biomarker of passive smoking, and observed

urinary cotinine concentration of passive smokers to investigate factors
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influencing it and evaluate relation with subjective symptoms.

For this study, sample collection was performed 2 times from Sep. 1999
to March 2000. Urine samples were collected for 14 smokers and 150 passive
smokers including housewives who spend 80% or more of time in their
house daily and children under twelve years old to measure urinary
creatinine. Liquid-liquid extraction of the subjects’ urine was performed with
dichloromethane, and they were analyzed by HPLC alliance with reverse
column.Indoor nicotine concentration of previous study at the same subject
were used to analyze correlation between indoor nicotine level and urinary
cotinine level. To investigate related potential predictors for urinary cotinine
with smoking habit and ETS, structured questionnaires were used to collect
data, and to investigate relationship of them with health symptoms,
subjective symptoms for ocular, respiratory, nasal, sinus, skin, and central
nervous system were questionnaired.

Indoor nicotine concentration in the air of the subjects’ houses and
cotinine concentration in the urine of passive smokers were each 4.00+1.53
pg/m and 10.17+3.63 pg/g crea. when the smokers smoke in their living
room, each 0.34+3.33 pg/m' and 0.784537 ug/g crea. when the smokers
smoke just in veranda or out of doors, and each 0.20+3.12 pg/m’' and 0.35%
501 pg/g crea. in the family without smoker. And, wurinary cotinine
concentration of the smokers of the subjects was 23.77+398 pug/g
crea.(p<0.001).

There was statistical significance in urinary cotinine concentration of

passive smokers and air nicotine concentration(correlation coefficient: 0.425,
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p<0.001), and there was no correlation between age of the subjects and
urinary cotinine concentration. Moreover, there was great correlation between
urinary cotinine concentration of the passive smokers in the family having
smoker and air nicotine concentration(correlation coefficient: 0.737, p<0.01),
and a significant regression equation could be drawn by simple regression
analysis(Ln(Urinary cotinine)=0.55xLn(Nicotine conc.)+0.26, r=0.485, p<0.01).

Significant smoking habit and related factors influencing urinary cotinine
concentration of the passive smokers were smoking location where the
smokers smoke in their family and residence area. Urinary cotinine
concentration of the passive smokers in the residence area of less than
30pyeong and that of more than 30pyeong showed significant difference as
4.07+4.87 pg/g crea. and 0.341+5.38 pg/g crea., respectively(p<0.05). Urinary
cotinine concentration was not significant in daily amount of smoking of the
smokers(less than/more than 6 tobaccos), period of smoking(less than/more
than 10 years) and residence(apartment, single house, tenement house), but
they showed differences in mean values. Any aspect was not found in
family income and education of socioeconomic factors.

For urinary cotinine concentration of the passive smokers by subjective
symptoms, it showed statistically significant difference as wurinary cotinine
concentration of the group with high symptom group(1.11+3.86 yg/g crea.)
was higher than the group with low symptom group(0.19+4.40 pg/g crea.,
p<0.05). However, urinary cotinine concentration for each symptom showed
weak positive relation, and they little appealed subjective symptoms

generally, so it was judged that the exposure level was not as high as they
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feel strong subjective symptoms.

It is considered that, for study of active smoking and passive smoking,
many studies shall be made with objective biomarker to clear up the effects
of smoking on health and prevent disease, and at the same time changes in
policy and social culture of smoking shall be required to reduce smoking

rate.

Key words : nicotine, cotinine, biomarker, passive smoking

subjective symptom
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