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1. A=

2 84 2 AY SHEA(, 2EEE ) FHF =&2H Aoy, ol e #
73 2 QA9 A Hrhe FaAdol A FAHR YrHL2). A ANEE HrhE)
AsiME= ool 2L HAT Ag7t a7d0 AA, AA od 87 S4B =
ZHAUE FAahoF 3o, X, F9E EZdo] od {3 EAHFEE ZA deoy, A
A, AAe] xZd &4 SAHAEEDS FT A& HUHoF I olF x=&2F FEH
AZol vl FaA HY, BE AA =FFE Hrisly] At #4 ZUEHYP (A o
hrlE Sd=de 248 sAY Y FUg WAE AHEEA QA F e @
d SAEEE BH¥GGH. 23U, 873 EUHY S o &8ty &S AE3te d
T B A Atk dE 59, =E A2 B Aot AlEe] =& E F UE T
28 B, 3718 U oY ARxFE SHE S A A7xEEF I olyE ko
Z 7bed B2Ecl nyHo) FHHeE Wrtd F flon, dAY v #F S4E
dol &3 F7IE T3 AU =FE 7 A= A Fx AANY F YHbE). EF,
3 7] Foll St 873 SAHEHY v FAR A F 93, 2 ¥t Zo] v
T ABE =3FE AY) dF31E 944 & A, JA AAE HULE 3] 9
e FAEG =E87tF TGN EH AREY, & F)E AHd9 HEH =&
FH SHERE HUse Aol 7HE utg sty o] & 9 Biomarkerd] AMAH A9}
g8to] Hepatsojok FTHE,7).

2. Biomarker 2} 2/% B LIEE2] Ao

Biomarker= A 9134 W7HE 93 AH&de o 2A A RYE P de ol &

Ha glon, ofefel o] o] Hez Ao € Frh

D QAo o8] 7 Z(air, water, soil, foods)2 &8 874 SAHAER T+ 1 A,
The W3l A3 Wi 58 FAHI= A

2) BEF, 3153, B3 i SAHAEAH YAJY 3L oz2 YEG g AX
g FH3e A

3) 873 SHEA] A =28 F AXY 223 F£EdA By, A3, 7]
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Biomarker®] A& F3s] B QAo Ao H2ZE T3 FHHoE x589 84 5
Aedol BAUY F2 EA(], DNA, 9%4d, (3 )9 uwks3te Yeves 484,
Azt 715 WIE FAHI}IAY, &4 SHEZHC] diAbst <td AERe] parent
compound ¥3 HAMAE A AlgAA FHEE AL udt A ZYE Yol
Biomarkerg o] 439 =29 873 SAHAEFY AAN TH, A Z F7Y =T, =
Zol e SHIAYS dAFFY = e PSS FIHHB9).

3. Biomarker? 2%

Biomarker & &7 SAE370] AUl x=Fd F AWo] AAHIVIMAE A8 DA
=549 At (Figure D).

wetd, EFE 7 dAe I AANH W3 ZF7 (Internal Dose, Biological
Effective Dose, Early Disease, Susceptibility) BiomarkerZ &£ 43u.

—» —» —» —p
Environmental Internal Biologically Early Environmental
Dose Dose Effective Dose Disease T Disease
\’\\ ] P - - -

Susceptibility

Figure 1. Environmental Exposure, Biomakers and Environmental Disease Progress.

7}. Exposure Biomarker
4 SHEAS QA ZFd F AMuld EA3e SHEH, 1 dAA, B A3}
Z wWs3}7l Exposure Biomarker2 #8&¥d 4 %129, Internal Dose % Biological
Effective Dose (BED)7} & 7]o] 3},

& 549, WxyABP)o] AU FFHUAS 2+ dAE7] o]de] BP9 BPHALA]
(e, BP-1-OH %), W= ¥ tjALA(BP-diolepoxide, BPDE)oll 9] 3 DNA, @9, &
o] £Ad, = BPDE-DNA, -Protein, @ -Lipid adducts o] ool #F3cviz & oAt
(10,11).



t}. Effect Biomarker

874 SAHAEAN =&EF F toxicokinetics®} toxicodynamicsE A X A2} A&7}
UebU 7] A ERgEYL Aluie) Al shA wist, AlstehA wis), ee] Wsl aeln AWy
olz oz AP 4 Q= o WHE olo] I} A2 S Wz =29
F o, 2 A, A el Ao ARG HEIUA Y EdE Y] dojus HE T
Fig=3

218y, Exposure Biomarker%d DNA, Protein Z12]3, Lipid adductyt &4419 39+
Effect Biomarker %, BEDZ &89 + 9t

t}. Susceptibility Biomarker

7 SHEAHN =Z2HAS W AFE AHY £ FHHORE oo &3t 5
B2 zol7l Ut} Figure 104 2o FXo] mZojA A WA o]27]|71x¢] oz
GAlY DA A A wet J& Fxo g AE Wi & F Uh '
& 4, Mxyde] HdEARA 2837] A= BPDEEZ d@Hojof i}, 18
u}, A A A A T 9EY P-450 inductionF =7} thEw, ulo] HAQ)
Glutathione-S- transferase (GST)9 A Ex #ol7t lon=z, F4dF9 BPY =&
§)qr} stoigte BPDES] HF AM#e tizA 5o Aau DNA, Protein, Lipids} ®¢
S8 AEAE AolF 7HA A Ad. A=, MAEE SGERH xFo diF dgEo]
tt2A €t B&, o] #eA DNAZF £48 739, repaird o], HY HJeje zolr}
25 Aoz wigd Aot F, k=3 AHdAdd olEE o dAdA AAE
polymorphism®] %83 factor24 2834 €d.

4. 05 2LIEZ 0l YUO|AC] Biomarker?| AME 3} 2

ol Al AFE viet o] Biomarkers xZFolA] AW wAGA ) olz2r72 a1 FHI)
vl 87 SHEHN & ¥ ojd dAE A3tk w2l Biomarkere] A€ol
getx A S22, Biomarkerd] A&3 Mee AFEAHN ArdAHe] HAAE FH$3HA
"l o & E9, BP =& ® AlHol 2/19 Mol A BP =29% ¥ &% F
3t7] Y&l oyt xoA BP E= 11 dAMAE 43 dd, ZEE 47 Aol
d Holth v} &Y, & F 49 ¥ ol oA A BPE HEIIF 43
&7] wii-olt}, welA, Biomarkerd AAo|i= Biomarkerd W7 717F $23% factor’} ©
t. BP x%F 2/1€¥9 ¥o]i= BP-globin adduct(¥+7713-47/1€9)& &A= Ho|l HAY
Aol tH(12).



Table I . Half Life of Selected Biomarkers

Exposure Biomarkers Half-life Reference
Nicotine ' 2 hr 13

Smoking Thiocyanate 14 day
4-ABP-Hb 3 mo 14

2 mo in the body

H H 15

& & 3-4 yrs in the brain

TCE Tr?chloroetha‘nol . 2 hrs m blood 16
Trichloroacetic acid 100 hrs in blood

Trichloroethylene(TCE)dl =% ¥ 7% 1 diAtAlY] we} 9b@7] 7 508 A X xpo]r}
Qoernz ojd hAAE MYt FAHG=Ue vl§ FR3HTable 1). =%, =549
87 SAHAEAS Y7 =T od ABAA FHSFG= g 248 o & 33 EA
T271 @23t} d& 59 Styrened] =59 AlFo] YA Styrene =2 HE S
38 Styrened ZA Mok 38 oA+ mandelic acidE ZA#oF §t}(Table I).

Biomarkerd] €14 ZuUE gd]e] &8 Biomarkere A4z we} thfsict. ey,
QA 2 BF A Hotel ojA FARUR oW #AFEA] AA YA =EFHAY
E 3 Aol Ald T3y At F, o xFAA i EA 84
EAEAS FA3A FRAE A =EHJYD dAZE F+ Q] WEog. 1 e
GAlE &Y AEolth F WMHAUE 2 d HHF BiomarkerE 4 €3}l Biomarke
rd F59 x&%7e JABAE 13ty AFA o A9 gdEME =FFH
Aol SHEZ 599 FANA BAHAFE o83l E2F S AEFE = Y
7.

Table II. Examples of Chemicals for Analysis in Blood and Urine After Exposure

Chemicals Exposed Chemicals for Analysis
Benzene Benzene(B), Phenol(U)
Benzo(a) BP-OH, BP-(OH);, BP-(OH)3;, BP-(OH)q,
rizota’pyrene BP-Q, BPDE , etc. (B).
Dieldrin Dieldrin(B)
Cd Cd(B)
Nitrobenzene | Methemoglobin(B), p-nitrophenol(U)
Styrene Styrene(B), mandelic acid(U)
TCDD TCDD(U, B)
Toluene Toluene(B), hippuric acid(l])

¥ (B) : blood , (U) : urine



o] o} Exposure Biomarker®} Effective Biomarker3d ©|% Biomarker& A ¥3}1-v%
ZF 28R 9 Exposure Biomarker# oAl % o]¥l Biomarker® XM esl:-up%x Fa7} €}
(18,19).

&L, 87 5HEAY =323 AYHor BEsty JEY F U= AETH wgo)
¥ 7lolt}t o] 7%, BED, Early Disease® B7}% 4 1+ Biomarker& FA3to d+3F
o} WgE A 3¢ BEDol:= @Y EA-DNA, -RNA, -9 adduct’} o] &5 o
¥, Lipid adducte #H+ /1% Fo vl Early Disease - Oncoprotein P213}
Chromosome loss& Biomarker2 #&&% 4 gt}

Biomarker?] A ¥jolli= sensitivity®} specificityE =3 Lz sjof $cH(20-22). Table M
o YdEel UXxe] sensitivity®} specificity’} 73 ¥ % Biomarker= DNA adduct,
protein adduct 22]i31 A (Y, x)fje] 7 EMHEAEL & & Ao8, sensitivity?}
specificity 7} 7FF & Biomarker = @4 oA, ¥IZFo|rx e HGPRT
(hypoxanthine guanine phosphoribosyl transferase)?] &3, 123l Lo wo|dA S
ZA = Aok 1), oA WojdA s A AL xF AR EFERT
olvel, Alg Ao FE L F+ o8] £79 false positive ¥ false negativeE 23
4 9+ antifactual factor’t EA3tE2 A4 FAX Ut

Table IHN. Sensitivity and Specificity of Biomarkers in Molecular Dosimetry of

Environment Carcinogens.

High
DNA adducts
Protein adducts
Unchanged or Metabolized Carcinogens

Intermediate
Urinary amino compounds (Aromatic amines)
Methemoglobin (Aromatic amine)

Low
Chromosome aberration
Hypoxanthine-guanine phosphoribosyl transferase (HGPRT) in lymphocytes
Mutagenicity in urine

EE kb wjAdEHE 9FY W] Fdojnz Aol thE F 2 Biomarker$ 4@ @A
7b gle’ 1§ Fonsit. H dFEHA HAFR] HAE o]fF Y
A Al BiomarkerZ Alg3l= do oA A7) ZFAHQ A7 thE Biomarkerol W3
Hlwd am, &% g3 AANAME vf$ sensitivity7} HolA ™ specificity = 2t}



vk, DNA adduct't protein adducti= - 5384 %715 AH23, 24) (Figure 2, 3).
%, YA ol Ad Al M= BP9 Fo] 10814 F7lge] o 0.3~18 Fx¢
HMA o]do]l MEA &1 Bonj(vly F43A F7H, DNAY Protein adduct®] 7
£ BPFA #Fo] vy FI1e of adductF® A9 3ui4 FUhdch

Ao WGEAY wFI A BGEAd uiy &AMy 4Asol Exposure
Biomarker®Z #&83% % QJrH2h).

Table IV. Biological Samples for Measuring Biomarkers,

Blood Milk Sputum
Expired Air Placenta Tissues
Fingernails Saliva Urine
Hair Semen etc.

Biomarker& ©]€3 a4 7ol oA Age FHIF F23F FAoly, HA o]&
7155 NE9 EHAE o7 dtHTable V). 28y, Foluc} Alge Mgy 3
7 Biomarkerd M€ zAx ZF83] 1a FHojof 3c}(Table V).

Table V. Factors Affecting Biomarker Selection

Accuracy

Cost

Half-life

Measurement Method : easy, practical, rapid, simple, reproducible.
Sensitivity

Specificity

Stability

VA 1814 Hrlol o)A Biomarkerd] /s $&8 ATV A RUEHHY F
AME Lo Byt ohye), #HerEAHd SFHA 2 FoAel ZA F-ZA4HI U w
2, 874 2 984 ZHule meHe 7 M E B3 SAHAEHY x=Fd o
Biomarker®] database’} A A3} s|olok & v, Biomarker®Xd & &Y € AE&3H3td,
Biomarker& o] &% 93l H/MIYES FuUdAE WE Ao FF3jof jt}



Figure 2.
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Chromosomal aberration of mouse spleen cells treated with benzo(a)pyrene.

Compounds were added in 20 ul anhydrous DMSO to monolayer cultures of

2 x 10° cells growing in 5 ml of medium. Cell cultures were initiated24 h before
treatment and were exposed benzo(a)pyrene., Cytotoxicity was determined by
counting the number of chromosomally aberrated cells of 100 or more

BPDE~I tmol/ug DNA, BSA
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Figure

3. Dose-related adduct formation of modified calf thymus DNA and BSA
with BPDE-I in vitro. Calf thymus DNA and BSA were incubated for
2 h at 37 °C in dark with BPDE-I delivered in tetrahydrofuran at final
concentration fron 0.106 to 9.760 nmol. Each point was expressed as
mean *SD of three experiments. Statistically significant with P<0.005
(F test). The symbols indicated BPDE~I-DNA (), BPDE-I-BSA(@)
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