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sdon, 94 7 & 221 84 Au
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R EFE2S H7k8la sodium
oxalate ¥}3% 91}, Acetone:
hexane(2:1) &7} & J%O}c’] FZ8lo

high resolution gas chromatography-

=
it

high resolution mass spectrometer
(HRGC-HRMS)E o[ &3lef &5 t}o]
A FEE 24 o A o
Azol AASH Be e 1)
7) 15 AL Ao @ A 24}
= W#)5}9ith. HRGC-HRMSE o] &3}
of PCDDwFse] 429 4% A3

1L AT B 475 Q) He 4
#e] T 21 (quality assurance and
quality control) 212} z‘s}oﬂ t},

g3 Ao g-5ol 9 PCDDs/Fs
= AR 2 12 ol R Ay
#Foz HAHH ¥F PCDDs/Fs FL&
olgAA e 4% Bl A ety
(body burden)2 4++&8}5{Th

lew 2

Body burden (ng TEQ/kg bw) =
Coiood(ppt TEQ, lipid) x fl
Chiood (ppt TEQ, lipid) : concentration
in blood
f1: percentage of body fat(%) [23]

males: f1 = 1.264 X {weight(kg) /
height*(m?) }-13.305

females: fl = 1.030 X {weight(kg) /
height'*(m'*)}-0.835

B EE R RE RO
1998 WHO XA [24]9 A4 48
the Ao #4-510] PCDDs/Fs 19] 43
#H(estimated daily intake) & A+&35}H9i .

”O{ ('ul

Intake (ng/kg bw/day) = Body burden

(ng/kg) x {In(2)/half-life}/f

estimated half-life for TCDD : 7.5 years

f: the fraction of dose absorbed and is
assumed to be 50% for absorption
from food for human



316

[ON]
2 [d
w— A

ox my S g

0l >~ Ho
o

L o
=

[} EH}‘} X]Eﬁ‘}\ ’ ﬂx}ﬁé%‘%‘/k}_* ?‘-1“9_

malondialdehye (MDA), 8-hydroxy-
deoxyguanosine (8-OHdG) 59 A&3t
A A E AAE A
9t ZAL AFE s A ¢
SFL A, & ZAlel A S5
A 13 S5 L, Estol #5717}
o], #7717} 90 mmHg ©|
A A HRE AEdA S e
Z 9. FEYA 292 Xeray
radiography system (Toshiba, 1998)%
o3 F AP A ABE A3
sttt 2715 AL AB71e 8 AL T8
A 83 2 ks EE 2N (HD Ale) 5]
F oAb AAL IAEF A TR
dgwH AN g EA7
(Hitachi 747)2 A Adsgiz, A
T, W, A, R e £ 2
o Qg Al Nk AU} AF
o B.X17](Sysmex SE-9000 system) 2
2Aean. ~¥ Fd 4sd DNA
adduct9} 8-OHdG] AFH9 24 & ]
sto] wHE0)A in vitro ELISA (JAICA,
Fukuroi, Japan)E o] 4-38}¢] 2% 8-
OHAG %5 &4ttt olE 9l8 14
9] monoclonal antibody 50 12} 50 4
A22 $-0HIGE ZHHogE mi-
crotiter platesd] 7}3}51t}. PlatesZ %
B3eke] 370TH Al 1A17F e},
250 14 PBSE Ao{uj%ith Horseradish
peroxidase2 A§Ho] & 23 FA]
100 W& H7betaL, Hl4E ohe, Al
% th. Enzyme substrate 100 /& 7 7}s}
3, 100 4 1 N phosphoric acidZ ¥H&-&
e 3otk o] 2 HE 3% ol spec-
trophotometer (ELx808, BioTek,
Winooski, VT, U.S.A)Z 450 msl| 4
absorbance & Z48}9t}.

et oxl

JER T8 - olul - B A

MDA thiobarbituric acid (TBA)Z
AdoJA adductE o] 43te] HPLC (High
Performance Liquid Chromatography)=
274390, TBA reagents Merck
(Darmstadt, Germany)ol|A] T5}e], &
2 23 mmol/ [ oA AR&-3153th. 10 nmol
9] MDA stock standard (Aldrich,
Milwaukee, WI, US.A)& 247 ¢ 1,1,
3,3-tetraethoxypropane (Sigma, St.
Louis, MO, U.S.A.)% 100 n! ethanol
(40%)e] =934 Tl TBA-MDA
adductsZ polypropylene stopper 4]
36t 4 FEe 300 ¢ phosphoric
acid, 0.5 mmol/ [ 7} HEE A 50 4
$} 150 1 TBAE E3-el9itt 4 fr 2ol
oA g 8L, 950 T 744 7tEsle 1AzE
591 LES §A39It 193 4 §
HE 9508 587 Witk of7)
methanol 500 U& F7lstn 2+ BRE
5000g2 SE F¢H YAEY 39l A
55 Z autosampler vialsZ 74, 20
HUE #3e] HPLCE $45}5it}. TBA-
MDA adduct isocratic HPLC System
(DX-500, Dione, Sunnyvale, CA,
U.S.A)oA 532 mojj A A3}
Column2 potassium buffer 50 mmol/l,
pH 6.8, methanol?] mobile phaseE &
Nova-Pak C18 column (Waters, Mili-
pore, Milford, MA, U.S.A.)o} %t}
Mobile phase flows= 0.8 ml/min©] 1t}

4 FAXTEE

27 He)E SPSS 10.0¢ AHE39 0.
o, A7 w5 A5 A F 2
2793 Aol & H7ke}] 98l Kruskal-
Wallis one-way ANOVA, ¥ 4, GLM

#42 Agag

ALY
=4 PCDDs/Fs oPyEHl

pa—

z &7
AGFR, daxat A9F, A7) =
S W A GFle] Al 2,3,7,8 97
oA 9art Agd 540l e 17714 &

% PCDDs/Fs |4 449 $EE 1988
d NATOM A Algket ZAAoZ 714
ol AHE R Sle FA SATHIT
(international toxic equivalency factors;
I-TEFs) [25]] o8] #hatel S457H4)
(TEQs)Z Table 19 7]%3%th

MR7IE A4 FHAY AGFT
¢] PCDDs/Fs o] 3449 5 Z(pg/
lipid) & EATHE 2R, F97
7, dx2a AGFuH v,
2,3,7,8-TCDD, hexa-chlorinated diben-
zodioxin (HxCDDs)& 25 AZ5 R %
& ¥k, 1,2,3,7,8-penta chlorinated
dibenzodioxin (PeCDD)-2 8.4-18.9
%943, 59 PCDFRse] #2944 2 4
ol2 w9, 2 23,7,8-TCDDY
HxCDDs, octa-chlorinated diben-
zodioxin (OCDD)S A|9at1: Ay
g 22 FuAY FUSIN
Lt Al A4 FH AY
9 o EARgEE 2 2
EA NG E 24 FH YUk
=T A9FY 7k 7 +PCDDs/Fs 5
EHlE 51,39 4 70090 A7 &
A% F8 A 4FHES] PCDDs/Fs ¢l
A Fahek HiL 12.2 ng TEQkg bw=
EARYIIE A2 22 BAL
71 24 A9FY, 29 dx
T A9FH1E2 PCDDs/Fs ¢4 H8l3F
B3t 1.74,3.16 2 1.64 ng TEQ/kg bwk.
o el87 5kt B <001).

2. o124 QAEH9) 1Y W

o BN Ay TALYHIE &G
7 224, RS FE gk
2 g z2F 9579 +-PCDDs/Fs=
104, 13.7, 7.6 pg I-TEQ/g lipid= 174
Z 29| Held &apAs A2
277 F9 A9Fe PCDDs/Fs&
53.4 pg I-TEQ/g lipid 2.2 WHO9A 7
Ak W7 Z2ge] HeHT A
S ¢ 59k

71§ 247 FH A9F9 10
o} tha] A2k PCDDs/Fs 914 5.3 2
7} 19 43 %S Table 1o] ehidir}.
19901 WHO9 4= PCDDs/Fs 19 3

i
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Table 1. Distribution of PCDDs/Fs homologues in workers, residents near incinerators, and control residents

Workers at the Residents near the Residents near the Control
PCDDS/Fs" congeners  -TEFs? MSW3( rizilél)erators MSW(Ln:cllr;rators mdusm(z:.][ :?S;nerator re(srll(ie;r;ts Povalue®

Mean + SD Mean + SD Mean + SD Mean + SD
2,3,1.8-TCDD” 1 nc.’ nc. . n.c. 0.233 £ 0570 -
1,2,3,7,8-PeCDD® 0.5 0.744 £ 1.09 1.678 + 2.146 14.074+11.709 0.758 + 1.188 0.025
1.2,3.4,7,8-HxCDD” 0.1 0.119 £ 0.263 0230 + 0.290 n.c. 0.051 + 0.124 -
1,2,3,6,7,8-HxCDD 0.1 1.588 + 1.164 2724 + 1412 nc. 1.290 + 0.997 -
1,2,3,7,8,9-HxCDD 0.1 0.301 + 0433 0418 + 0480 nc. nc. -
1,2,3,4,6,78-HpCDD®  0.01 0211 + 0251 0.316 + 0.238 0.587 + 0.252 0.157 £ 0.133 0.001
OCDhD? 0.001 0341 + 0475 0915 + 1.236 0.252 + 0.181 0.264 + 0.170 0.058
2,3,7.8-TCDF" 0.1 0410 + 0914 0.015 + 0.059 1.344 + 1.029 nc. 0.000
1,2,3,7,8-PeCDF" 0.05 0.056 = 0.144 ne. 1.262 £ 1.100 nc. 0.000
2,34,7,8-PeCDF 0.5 4812 + 3.300 5.999 + 3.392 18.239 + 9.906 3.761 + 2.189 0.000
1,2,3,4,7,8-HxCDF" 0.1 0.800 £ 0.641 0.589 + 0487 4349 + 2429 0.466 + 0405 0.000
1,2,3.6,7,3-HxCDF 0.1 0.476 + 0.488 0.546 + 0.468 4,033 + 1.339 0.466 + 0.535 0.000
2.34,6,7,8-HxCDF 0.1 0306 + 0.681 0.169 + 0.205 3.947 + 2615 0.061 £ 0.149 0.000
1.2,3,7.8,9-HxCDF 0.1 ne. ne. 3.628 + 2.127 nc. -
1,2,34,6,7.8-HpCDF*  0.01 0214 + 0.265 0.112 + 0.049 0.740 + 0.379 0.075 + 0.065 0.000
1,2,3,4,7,8,9-HpCDF 0.01 0.004 + 0.014 nc. 0183 + 0.123 ne. 0.000
OCDF* 0.001 0.003 £ 0.009 0.001 £ 0.004 0.025 + 0334 0.001 + 0.002 0.029
t-PCDDs/Fs 10.395 + 6.768 13.711 + 8.443 53420 + 23.96 7.584 + 4.196 0.000
Body burden of t-PCDDs/Fs
(ng TEQ'/kg bw) 1.740 + 1.381 3.160 £+ 2.196 12.161 + 6.849 1.638 + 0.722 0.000
gaguly_ ;g%‘i‘;;;‘sgz;ms 0881 + 0699 1,600 + 1.112 6260 + 3,638 0830 + 0366 0.000

unit: pg /g lipid

" Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans, » International-toxic equivalency factors, ¥ Municipal solid waste, © Non countable,
* Tetrachlorinated dibenzodioxin, ® Penta chlorinated dibenzodioxin, » Hexa-chlorinated dibenzodioxin, ® Hepta-chlorinated dibenzodioxin ® Octa-chlorinated
dibenzodioxin " Tetrachlorinated dibenzofuran, " Penta chlorinated dibenzofuran, * Hexa-chlorinated dibenzofuran, ™ Hepta-chlorinated dibenzofuran, * Octa-chlorinated
dibenzofuran

*Statistical analysis by Kruskal-Wallis one-way ANOVA, comparison between exposure groups

' ng TEQs: 10 g Toxic Equivalencies

* pg TEQs: 10" g Toxic Equivalencies

24358 10pg I TEQkg bwiday £ 22219 Hi Yol 3994, ZA1E A §818e] Aojo5 B8, EAIL
02 FAT AL AZsg o 1973 HY|E 24 AGFNL 4774, A FHVE 24F 2EAY FH A9F
o] o]2 1~4 pg -TEQkg bw/day T2 H7I& 42747 A9l 5854, dz 7, iz A5, Aer)e 243
2 yzo] Aokagnh TAREYIE  F AEFUEL 30549 FAEe  FH AGFurjolo] FHUAA o]
A7V} 2Eae . Qe gy EARYHY|E A4 22 BALY A7, g adAL I-Glutamyltrans-
Yz 293509 PCDDs/Fs 19 Ad #7158 2747 A3, gz A9 ferase, T 2HE, AW, 75T
0. BT 1~4 pg I-TEQ/kg bw/dayE |, A w718 8 A gFule] 247 9 3ag| 222 H(Hb Alc) 52 Aol
nEAy T gled, AdurE 24F 385,125,800,66.0%F Ao]E Btk Keo)d] g9kor, PCDDs/Fs 5k
Fu 2930 F 30%0o] o] WA e At vo|, FAL AT AedM = Ao #AE Huy a4 23
g EA)7) 2 gtk NZEH7 8 244 222, A EE 2 98 W, SA7Y, A aga)

B 27 AT AYAIIE B 2 YR 2] AR wF

3. 47K SRAA LMY PR jany gaz A7 dld 83 7 bl B0 Aol AT+ ol
NAFUS =28 UGYY peppopse ol Aols wat  AYE 244 Fo 4979
N (Table 2) MDA 2685 smol/mol creatinine &7

AGY B FH A2 B2 EADYAR 404 2Eds FH EADYIE 22 2240 13

A BF gAoln, TN & AR AdAlE A0 TR A J1R A4 FAAGFY, Oz 49
B AGFN, APNE AGFVE,  FU, A2F ALFUA)Y §3122  FHe] MDA BT 1296, 110.1, 1265 4
27 AGFNE 2 A9 H&L 7+ &F £33 A9 4EEA AT mol/mol creatinine BT} Foj8}A =9t
4 56.3%, 400%, S00%SI Gk 244 5 $HasITh (Table 3). PCODSFs 9 L) & 7ol 4%, §98 019
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AT A7 E A7 FHAY 185 ugfg creatinined} EAHOE §9]  lipido.E U 27 Z2A} ZHR|

FUE UE AAFvEt ASA2E  § Aol & HolA] gk AFHIET =3 WHOO A B33k v
2 AEEA MDAZL frojetA A4 v 7 EE B HHE 2ele ALE
B (p<00). 98, §d 59w 1 B AT AGH7E A7 FE A9
A9 Y5 HA % 8% PCDDs/Fse FH19| +-PCDDs/Fs] 19 4#F& 9
MDA o]t S WX 1L (Table 4), 8% AYHos 34E I3 PCDDs 73] HobE Wk 109 F 39t
PCDDs/Fs =23 717 8] &8 vb  /Fs ¥ 5% A Ul o8] 229 PCDDs  WHO 19 4#3§% 1~4 pg I'TEQkg
& WAE A¥H 1A PCDDs/Fs QA /Fs 59 =& FAAAE HolW, | bwidayE WHEA 7|1 glv}. 1 A7} A
B3leH(body burden)#} log-tranformed AW 2 ®-§ AojA e PCDDs/Fs s Ed H]]EU"’] SRS Z]OE‘, HEY AL
MDA #7E ZA3l Figure 13 2 9% fAlg ?%01 1 wiEe 9wy ol AW A9 & FUE 15E 09
o) Y AAE WefFI Yt ARt AL < A =FHM TR olgHT Yt A GE A9t 1 a“% TR oA 9]

A28 224 F9 AdFud 8 [2627). 19974 AARA7|HWHO)| PCDDs/Fs 55 G0l 14-43 pg

OHdG #Hi2 17.0 sele

creatinine©2 At A9 PCDDs/Fs w7 Z2 22  TEQs/g lipid, ol g|7}e] A= 19~27

SATEN)E 2247 2249 TAT 10-30 pg FTEQ/g lipid2 AN 4Tk £ pg TEQs/g lipid, 2| A%E 2022 pg

712 2944 9 AY

g5, gz AveM AduNE A7 F9 A9 TEQyg lipid £9 4302 HuH

AGEulel 8-OHIG Bt 166, 134 2 F19] PCDDs/FsE 534 pg TEQ/g  [28] 8% to| Al 848 Zn|zk 24
ol & FEAE EAso} 3] uF
o Fol £40) o oY ARE
Table 2. Differences of blood +-PCDDs/Fs by exposure groups, with controlling for 2834 Qtol} Ao A uh
age, smoking, BMI o
kil 371718 Wl e} e E4jol

Type Il : 3l
Source Sum of Squares df Mean Square F Sig. }‘r‘o]:]] E]'kl()o:} gt HE— U]ivj'
s} oAl ¢ i
Model 21678638 4 5419.659 33589 000" [ =edolA] 2} 40 pg TEQs/g lipid -
BMI 513751 1 513751 3.184 083 #9 o7} Bud d1dds 9o,
Age 6777.602 1 6777.602 42,005 000 AL Bold duk A Z2)d] R
Smoking 73713 1 73713 457 503 col w=
Group 1090.013 1 1090013 6755 013 g4 2% PCDDs/Fs = 20-40 pg
Analysis by GLM : TEQs/g lipid Ao]¢] 09 38 HojF
' Model significance: .

R Squared = .789 (Adjusted R Squared = .765)

9} [29-31]. 10 o] W Ao tho]&

Table 3. Exposure and outcome biomarkers of PCDDs/Fs in workers, residents near incinerators, and control residents

Mean+SD (minimum-maximum)

Workers at the MSW Residents near the  Residents near the industrial ~ Control residents (F, #)
incinerators (n=13) ~ MSW incinerators (n=16) incinerator (n=10) (n=6) P-value

Age(years) 399 + 9.7 (29-64)" 477+ 8.9 (23-63) 58.54 12.6 (42-80) 30.5+ 13.3(22-57) .000
Female(%) 0.0 56.3 40.0 50.0 013
Smoking(%) 385 125 80.0 66.0 .000
BMI(kg/m?) 229+ 23(189-26.5) 232 £ 27(185-277) 233 £3.1(18.1-27.1) 239+ 2.6(20.1-26.1) 318
gzd%é’g/ffgnb‘v’i)d“”““ 17414 (0.0-5.0) 324220474 122468(34219) 1607 (052.5) 008
Hypertension(%) 0.0 18.8 30.0 00 25
I-GTP(U/L) 43.1+27.9 (15-103) 31.8+24.2(10-82) 23.1+164 (10-64) 19.8+12.2(11-42) .588
Cholesterol(mg/dL) 196.8+40.6 (106-242)  172.0+£24.3 (142-226)  178.5430.6 (134-234)  174.3+32.8 (137-223) 874
Triglyceride(mg/dL) 121.9+91.8 (47-397) 103.0£50.6 (34-179) 183411567 (41-491) 134.0£75.0 (61-268) 785
FBS?(mg/dL) 89.9+12.1 (74-126) 87.2+8.9 (74-108) 9474172 (79-139) 94.7424.1 (74-141) 822
(/Mzr?cﬁ;nol creatining)* 129.6+60.3 (69.0-236.9) 110.1+36.2 (50.5-190.6) 268.5+79.4 (1159-383.2) 1265+645(A39-2472)  000%
8-OHdGug/g creatinine) 16.6-:8.9 (5-38) 13.4+4.4(6-23) 17.0+16.1 (5-54) 18.5+132(743) 534

" Municipal solid waste, ® I'-Glutamyltransferase, » Fasting blood sugar, ® Malondialdehye, * 8-hydroxydeoxyguanosine
* gtatistically significant by generalized linear Model, after controlling for smoking and age
f range
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Table 4. Exposure-effect relationship between +-PCDDs/Fs and MDA

Type Il Sum of
Source P g o df Mean Square F Sig.
quares
Intercept 485.704 1 485.704 098 756
BMI 6036.960 1 6036.960 1218 217
Age 3833310 1 3833.310 174 385
t-PCDDs/Fs  22462.484 1 22462484 4533 041
Smoking 34588.919 2 17294.460 3.490 042
Analysis by GLM : Model significance: .003
R*=0316
6.0 °
o ¢ , =020

5.5

5.0

LOGMDA

45

4.0

°

50 70 %

DIOXIN (t-PCDDs/Fs): pg -TEQ/g
Figure 1. Exposure-effect relationship between blood +-PCDDs/Fs and log(MDA).

Intergrating ‘E‘x‘posur‘e: and Effects

Avg. Daily Intake = 1-2pg TEQ/Kg/day
WHO TDI(1988) = 10pg/Kg/day
(assuming 100 x safety factor from animal NOAEL)

M-O€=
exposure.of interest
Tow effect favel

A
+——Cancer (A& H)
Toxic hepatitis, Polyneuropathy
«4+—pAltered Glucose Tolerance,
Insulin Metabolism, Diabetes({H)

*Effects on Infants(Dutch, Japanese Students)
—

Average

Body Burden

| | | P

| nw Dose Animai Fifacts?

/

T
102 107 100 10

Il
T T
102 102 104

Body Burden(ng/kg)

A=Animal H =Human
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Figure 2. Integrating exposure of PCDDs/Fs and effects.
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