AT AR

2 Mo4-4-7

%Wz

=
=]

- AgHen e Z2d 224

&2y 83 % X i

1994



oh

A

ERRiay

HF A RuA2 A

o

31

o

19941 12

T
el

o)

o
T

<R
7

5B
=

ip)

o E AR
T X T
of oW
¥ P
Ltk
T T T
TR BR
RE S
..LM
M
M-
5
{Ho
Ho






Biological monitoring of lead in Korea

- Comparison of blood lead concentration
between occupationally exposed workers

and control group

Jecng Sun Yang, Seong Kyu Kang, In Jeong Park, Byung Sun Choi,

Tae Gyun Kim, Young Sook Cho, Se Min Oh, Young Hahn Moon

Industrial Health Research Institute,
Korea Industrial Safety Corporation,

34-4 Kusan-dong, Puk-Ku, Incheon 403-120, Korea

Abstract: Blood lead concentrations of 525 adults in Korea that were not
occupationally exposed to lead were measured as control group by atomic
absorption spectrometry with graphite furnace. We compaired the vaiues
between the living region and sex and smoking habit, Mean concentrations
of blood lead were 6.80 ug/dl for Korean males and 5.37 ug/dl for Korean
females, Male smokers had higher blood lead level (7.20 ug/dl) than male
non-smokers (6.41 ug/dl),

Blood lead concentrations of 245 occupationally exposed workers were
also measured. The workers’ blood lead concentrations were surveyed with
the different kind of plants using lead, The mean concentration of 245
workers was 32.89 ug/dl. The workers in refinery (group A, 63.52 ug/dl)

had higher blood lead concentration than those of other wokers in battery



plants (group B, 32,16 ug/dl), inorganic paint plants(group C, 38.86
ug/dl), and non-ferrous metal plants (group D, 12.59 ugsdl). Vorking
duration and blood lead concentration for all workers had the correlation
with r = 0,258 (p<0.0025), Smoking habit and the blood lead concentration
showed correlation with r = 0,130 (p<0.508). Working duration and blood
lead concentrations for battery workers in one plant (Bl in group B} showed
higher correlation with r = 0.426 (p<0.0012) because the effect coming from
the differences in the concentration variances in the ambient air of each

plant can be removed.

Key words @ Blood lead concentration, Atomic absorption spectrometry,
Graphite furnace, Control group, Exposed group, Smoking habit, Working

duration,
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I, A&

Aol fEDo] o] HAE AL 2 k2 F=E T=2A Ad
Ha A velsles 22 olf Fasich Huskd 22 = RS &
2R gets LAt HEs il AA Aefol wrel viE2A vehtr] oEel
th (1) Qedou} fo} Zr2 QB ARE BN AEYH RUEHYTS &
HEH ZIAEE Yaste AEUE NEEM FoE BY LR si=
7t ot F2g FAeltt (2)

el FE Z2e A=E Urhie HBAHU AEEA EF 3t 25

T8 Al&s) %) (3) m|=2 ACGIH®} BEI(Biological Exposure Indices)ellA
= uvfe] MESHA xFE2A 2 Y (500 ug/l), £ 2 (150 ug/g creatinine)
gl H% zinc protoperphyrinsE {1 mg/l)E 2JesizL gl E¥F ACGIHO| A=
2% b - aminolevulinic acid ¥ %, 2. coproporphyrinsXx, EE § -ALA
dehydratase 2] activity, hair ofA42] Wy 58 7 Aats] 3 dEe
52 AEHH AE2AM AR ¢ At (4)

A 528] BAT(Biological Tolerance Value)Zt ¥3F g %% (300 - 700
ug/l, 48 AF Hg)el 27 5 -ALARE (6 -15 ng/l, HE A5 HR)E H&
A w2 Al etk (5)  dBolME YEE oUE H1T YHPHM ¥F o
8F 8 -ALAE HFBEF Eoldx it "Hert AdFEE B erythrocyte
o 4| protoporphyrin & ZA3tA dta orh. vzl AL ¥F Y EE
2% Y 222 ¥4 8% PP $E EE 2% coproporphyriny® £ 83 §
-ALAE AEYHE AEER AL ook (aty ARA AE 73 =B
1993)

3 @ = U7 5uA] 04FA F Z2o ofE AP FA &9
AEE UehEe AE33 2E24 |ESICE E3 Alessiod} Foakb(6)2 B3
Y 5= E32 AEEH, erythrocyte protoporphyrin £ &) 2| E2 N

=

FHAslcla slgled protoporphyrin o1} 3 -ALA dehydratase= screening
testol] Feshcia sheict

Erythrocyte oA & - aminolevulinic acid dehydratase 2] activity:= &
F @ st vl BAZE o 8F ol 20ug/100ml of3telAE ALAD
activity:= A3tidol gl Ze® el alvh wabr ALAD activity & AHE
Tl = g7 2etdt Ao Ee|glct (7)

Erythrocyte protoporphyrin(EP), zinc protoporphyrin{ZPP)S- FeRs}a =]
FE5Z ol Aol Fo[7b4 hemeld & #A8]5te] free protoporphyrin & &

-1-



21313 2]® free protoporphyring MEAL] zinctl ZHo|EE H¥Ad=d)
71dske Zelch olg] ¥/dH zinc protoporphyrine] BFFE 7ZHiTie A& o]
43t FHFEA7IZ F¥AJH zinc protoporphyring] & FHst= ZHeolth ok
8 24 rtiyAES M2 243t 23YE sty i JE Relg
hematofluorometer7t W o] AMZH7|E 3l 12U} olE WAUY AFE2
el RFEFAE el Aoy wIT k= HIEZLME Hol
heme3}d & Aashe FE7F H3hx] eB2 1 A&7 WU Zom oA
olth. (8) ACGIHS] BEIGlN = ¥F ZPPY w=v Hol= 1€ o4 F=EH F¢
%3 stEF Hojglrh

porphyring] %37t metaboliteg] 3P}EH 4% 8-aminolevulinic acidi =
ZoFel L SHE AE El= HAOoT OkayamaE(9)e] RHastz vl =Zr}
2 porphyrin 27} metabolite}] coproporphyring] Z-§ CPU Iz} CPU 1I1&]
isomer?} Ez|t=d] AbeH(10)2 HVF WHE7l S0ug/100mlo]4te] T Exloll M
CPU 1112} WEY wxote] Addo]l $2 ALE Hasty gl

ol gt ol & F22 YUY AEEE

1) AF4A E4o AEBM 8F ¢ 5594

2) Erythrocyte protoporphyrin(EP), zinc protoporphyrin(ZPP)%s & o3+

2|,
3) porphyring] urinary intermediary metabolite®A] & - aminolevulinic

acid®} coproporphyrin 5o Qlcl,

Y SE2e A3 AP k22 FEE Uehdle 4% ANEERA HF
W e=xe EA2 anodic B potentiometric stripping voltammetry (ASV FEi=
Psvief 2i3t whiat Y=ARFHEM7IE ol&shz el SitHil).  Asvigelut
PSVRI S <183 Fol§ HF7|7 vhe S2AES AR & L3 AHEE
gov} FEPEE 10ug/dlR2 HAZFEA7] vdle Rl webd Holrt
2 39 nY % AEE APk de F2 JFAZE o83 HAEHEAT]
& AHgsla alcth

AZLE efeirtd A Fe eFate] & Aol B53t olx Al mhel
A U2 S F¥3 Urle Aoz oA Adri(12). 27 A8 2fE)
AE o2 0%t wiol HAEW dF7L Wesiel, &5, UE & FoE
AEch slietel oo "WolA Al FHI WF W BRE 3wdlelw AZ
3 EAFRL] B 4-22ug/dl 2B gEA gloh(13).
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Table I. Values of lead in blood of the subjects occupationally unexposed

to lead by AA with graphite furnace.

Author Year N Sex Conc of lead in blood Nation, area
ug/dl, (Min - Max)
Mishima(14)} 1976 136 19.8 (7-46) Japan, Tokyo
97 17.7 (4.9-49.5) ”  Okinawa
Takagi(14) 1977 339 12.1 (1.5-57) " Fukui
Mitoma(14) 1979 20 6.2 (1.2-12.1) " urban hab.
Chikenkyo(14) 1979 1023 7.1 (ND-91.1) "
Yazawa(14) 1980 45 M 8.0(2-186) !
46 F 5.3(1.4-13.5) '
Svartengren(15) 1981 50 13.6 + 1.3 Belgium
195 23.2 1.4 Malta
21 18.9 + 1.3 Mexico
K)| 5.1 +1.7 Sweden
Sathwara(15) 1981 189 M 14.3 £ 1.6 India
194 F 13.8 £ 1.6 "
Sato(14) 1982 276 F 11.8 (ND-28) Japan
Koide(14) 1984 262 M 5.3 (0.6-19.4) " Kumamoto
131 F 3.5 (0.5-9.7) " "
Watanabe(16) 1985 779 M 4.86 £ 015 "
1299 F 3.21 + 015 g
Seto(14) 1987 105 5.37 + 1.35 "
1 s7(17) 1986 134 M 13.56 + 7.59 Korea
(A h) 124 F 15.67 + 7.93
1 H4(18) 1992 1193 M 25.64 + 4,15 ”  urban hab.
(Foteh) 658 F  23.03 +4.85 " g
et 5(19) 1993 212 14.5 + 4.1 “
(=8 &)
4 7&(20) 1993 131 M 9.46 + 2.44 "
(7FHE=Th) 68 F 8.09 t 2.17 "




S8 uele] Ffels Jish AgRe] 2EAES tYeE g2 A3t
o] FojA ko WY 2P cisME 4E 2 dER ¥F o = BN
Ao B AF BaBo] UdATHI4-20). E iof FAUY BF o x| BY
o3 =EEe] HaE Fe¥eh _
£ dFolMe FAR FAIE AEAY JAFHEANIE AN €F
Mg gt A 2AE ZE sta A& £48 ¢ HojetE HAFhalrt
ZAl AL 7)Ee BH(21)E vIReg ofels} ol ik xe Y =& &
A Azl F =& g AEAE sl g PeEE de FTAREE
Ao A AgdAE 85 F BEE ¥R, SNt BN 8F i seet
25 g, F4 3o ¥ ABEE ZASHICH
1-1 xEe] d =& 2y
- Aoz RY WE 14 A¥e A
- HEAAL g 22 AP 2
- HEGSE FET A $HYE S AT T
1-2 ksl & =& 3
- FA¢E Az

- 2318 A=
- Az BE I3k Az
- HA7AEe ass Y =239 B

1-3 T &

- 2 ey AR 2Ea

= dFolMe AYGHLR dof F2HA] o2 WEEZ tizd ¥F
FEE B AYHLR el BRYH ZEAE ¥4 $X& vt oz
o FRoME el g8, AF A, Fd 33 €T U w294 Feii
2 A BAE 24 St fEvRE 4 223 8F J R #T ARE
A 8tarap A =steic

EF W BE IR AU @ Fro] ARt He 9% F 5EE &
Foted ' AlgEA deldE s ¥E J 52E o], 257493, Fd 4
=5 Haet AU SAE A, ferlvel o AdRe deld H2e As
& Feistn fEjuet | AR ZEAE] €8 W wxol U ARE A szt

3icl,

—



IT . 23y
2.1. ZAchd

7h) iR+

A Az 448 APdAes o HEW JHpgo] A g AHF
ZEA} 525%- thate s st tiRToE AAH ZAb tfgAtEe] Wit
Algte] thslde H 20 Ak HIHo= xRyt 316, oAt 2097
om ZAMAIEY Wi dHL bzl 43.084), o=yt 37.22419ch ARl
e
glct.

LAY

38

ol
=]

vk St Zalxbe Wab 2ARE FolA 15698, HlEFAA= 160 0]

Table 1I. HYHOZ ol F2HA ¢ v F2 f2Z
2lY, 4 ZESF

2 123 °=1 #)
A& 121 133 254
¢ld, A7 66 52 118
5 &5 79 21 100
HE HAF 50 3 53
A 316 209 525

@& F2 AEse 17 34N AR dol S5 A9 dE €3}
ZE2} 2458 & oL = st MEolM A o7 /28] FHE uigteg
=R 3 AeE =2AYPLE TR, W AdAY deld, AdAdE =
32p o] FRslel FeslAUrHEI). 2 & =F AdHe F9 Jefd= A
B(FH o209 Y& 14 Aste 3y, HHWAY dg 22 Adst= ),
GEYE(A], HHA] A2)E BHte 2t 23 AxE w&Agd

at

o A9 BAgs, 9 Iu, §AR AF AYReR EFsel zasiar 2
Agabd e, 2¥ 29, F4 3= 5§ A
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Table 11, ZQALE o FEE|= 22 el ZAl4 22214

AeE T At Al ZAY ZEA

A HHd Al 22} ME g 12
A2 22} HEy 18

Al 30

B ZAHAA 2 Bl 247 A= 55
B2 23] A= 12

B3 282 AHZ 48

A 115

C ooty c1 7 olg 19
c2 evild5-3 12

Cc3 270lg 15

c4 PVC ¢F A 24

. | 70

D vl dZ% D1 235 10
D2 £33y 20

A 30

Total 245




2.2, A7 9 A%

¥z ¢ %% 3o AH YAFYYEAL CTA model 960] FHY
VarianA}e] Spectraa 400 AMgstdn) Y27l ¥d MF 550 epalE iR
A daEar]E& Agsidch JiddE g xEx A AHE Bacton
Dickinsont}8] Vacutainer HH.o} 134 Zap718 o83l Hastsich w4
7128982 Signarle] 1000ppm £ & Hol&4(Milli Q™ System, Millipore
Co. )2 E]Mste] AMRslTh Bele] ZAHUEF 2%t AE 43 &L Signariel
triton x-1002 ©ol24E EAsie] AMgslgrl. A& 242 F= #eE 4T
T2 A8 NIST (n]2 E£3)2] SBM 9552 €5 Y 24 A% EEARE T
A3 A AHg3tech

2.3. Ay 2 717 =34

gof a2l 2zt TE2AEE FYF e @F Aol HPAZE Fol BA
8 ¢} 2ccE #iAt MelH Vacutainero] H3telct HL ice boxel §eof ¥
3l old F 4T JAIe] HE@stgdch. F] 200 ulE 0.1% Triton X-1002
2 10u) Hste] YUAREHACAE FHAEE stich

Algol 2T 71F AL HIPSH= standard additionYoll o]ste] HF
de ddrh AE 3L F4 go] AFARFYUIE Fol HIF A RF]
16 ul HA FAZRo] FYstden 71&EL92 100 ug/dlE A}%i}ﬂﬁ’r. q45
W BN T HAERFEAL] & 242 2589 Ll

Table IV. Standard addition dilution scheme.

standard sample blank conc. expected
{ul) {ul) (ul) {ug/dl)
blank - - 16 blank
addition 0 0 8 8 x'
addition 1 2 8 6 x+ 12,5
addition 2 4 8 4 x + 25
addition 3 8 8 - x + 50

x ¢ original sample concentration

-7-



Table V. Analytical parameters for graphite tube atomizer,

Instrumental parameters

lamp current @ 4 mA

slit width : 0,5 nm

slit height : normal

wavelength : 283.3 nm

sample introduction @ sampler automixing

measurement time : 4 sec

background correction : by deuterium lamp
Furnace parameters

drying step : 250 C, 25 sec

ashing step : 500 C, 20 sec

atomizing step ¢ 1800 C, 3 sec

Argon purge gas flow : 5 ml/min

2.4, BARA

DE 27 B2 §p8 Towg Ab8ste] Basidr) ojzF 5259We] A
* Z A 42 4y, o], Fd ZFY & dERARHA AR 43 3%
(Shapiro-Wilk test)g Zsle t4AFERst= S #Hesld 7sigd 49 7

3t EZBAE Toidrh M, BA AT 28 0o 8l BHE 95 R £F
oM T-test® ARSATL AW IF4e] ulill B4 2L Agstrt
A BYe AP 3T A2 Aug Erjz Besiy 2

th ute] et BF It

A2 o3 E A (linear regression) &2 ¥eldta HHAAE F-SHTLH
117 2 Atg4 8 EEG 233 T2 2459 0fA vle], TF 4%, F
o Ao o3t EE ZAIAT 4T ST FFof izt A 2AE stad
ch 2% dgte] Z9 8 AFeA st Uz FAT 4& g9 HYol ol #
f= 2 FEE skl 7 AdFE d 8F 2 = AR '3 A

(Shapiro-Wilk test)S =3l vAFETSIE AL 2Qldl 7|5tET 9 7

-8-



3t FEHUAE Figth 2 AT, Uol, Fd R AuEe AR

A (multiple regression)& AME3to] ZA}sldct.



III. 334 W 22

3.1. 83 Wes £49 A% 4 A4¥H

Holzt @2 AEYY ARES HFor SN A& EAel=zg
dazon xige] P2 EE EHEY AHA2J E7%3ich. AlRY vjFolL}t ¥
Estizd, ©id B2 HAEAY 48 T& AAS] A%l AR LA
BE IS F7ohs EEEA 7MY A%l 23 13 Zeo] APME ¥4
ch 25, 50, 100 ug/diel 3l@shs EEEAE Br7pstda ARl x5 7ht
= A JQeERH AR 9 o =4S ek

AAA RS} o] BAT Matrix® PAH AR AL U FHFEA
ozt 54 Ao FelA FH FAY AL FEI= HY HEelAT uigkA|
o] Bgolct ol H-9- 283 nmoll A FEIA Hwl ashing HHolM FE3] A
A A Bt FE 2ol 2ste] Hol FRA7E v "l whetd 7171 FHd
Yo niyAE RASA Hid 7189 FEF ¥1%s FY mtrixg e
A g2 A FR=AE BEHEIE o] Wasich & dFoME NISTY] %
TAEE M en 7 sRoMe FHE £XE & 6o EAZCE Am F
Mo Ax FE #ste] vf¥ FHA NIST(r] EEF)A FUT 7]E A=
thsted  AlEE Bl AXE uiRsi 7)7] 2R EFEIEl FAsgch
(Z86)

Table VI. Accuracy for the determination of standard reference material.

Conc. of SRM Number of Mean conc. Average Recorded

(ug/dl) assays {ug/dl) recovery absorbance
501 +0.09 10 5.21 104 % 0.034 + 0.004(11%)
13,53 + 0.13 8 14.23 102 % 0.094 + 0.005(8%)
30.63 + 0.32 8 30.52 99.7 % 0.213 + 0.011(5%)
54.43 + 0.38 6 58. 62 108 % 0.378 + 0.010{3%)

-10-



=3 AldAel A AT "oy F Lol tiste] 22 AEA7} Deuterium
lamp 2 Zeeman effect& A}-2-%t background correction¥4]2] 2tje] 7j7]1% &
A3 tolels dof nlaEstdrH 2R 2). 282 Ay 23] deid dloleks
.998] Atabd.g RolFelon Y(Deuterium) = 1.023X(Zeeman) + 0.39 2] 4

<

=

Al S
=

2] = ARoeg Ul & Deuterium correction PAle]  Zeeman

)

l-J

correctiond}Alell H|sled &7t L2 HAZE zE= Hoz vepdch €3l o
olE}E2] Attha el ulz BAME 33t o]F2] FA2 Deuterium correction
49l 71718 Agagn,

3.2, Uz 3 4 v=

oz 4E, Ndd €F ¢ sEE U FFERE stz dglen 2
AL thAEL] % o BR Js B 9 Jist BE WA & 73 Urh
Ao o FEHAGS 4 222} 5258 €% o =2 /% B3I
6.23 ugsdigleon] W=} 3162 ¥F ¢ vxo HITAE 6.80 ugsdl, o=} 209
el WFR= 537 ug/dlojgdem Wizl ofxlo] wlsie] TAAOR 825}/
(p<0.0001) Lsich. .

H2Fe] A9gd dFde Aol dERte] FE Av-ME d AR
of $AZ o Fogt Aoirt QlArHE 8). o=te] AL AV-ME, HI-FF
goll FAA o2 {23t o]z} QlAUTHE 9).

23 34 2 Ay dUd ¥F J 559 £2& FAYcL

_11_



Table VII. tl2Z2] =2[dg¥H, 48 €% d & (ug/dl).

x|y A Hr w+ (F&£Zk - #HoiZh) EFHx}
A o} 121 6,18 (2.3 - 21.3) 1,42
o 133 4,95 (1.8 - 18.7) 1,43
A7) 1% 66 8.17 (3.6 - 12.8) 1.28
o] 52 6.86 (3.7 - 10.6) 1.79
= o 79 7.05 {3.4 - 23.63) 1.38
o 21 3.96 (1.9 - 5.39) 1.31
HF ot 50 6.08 (1.9 - 18.98) 1.52
o 3 6.10 (5.8 - 6.39) 0.23
o} 315 6.80 (1.9 - 29.863) 1.44
H A o 209 5,37 (1.8 - 10.6) 1,45
A 525 6.233 (1.8 - 29.63) 1.46

_12_



Table VIII. HZEZ Wl alold 2 A9 ¥3y w2

Ato] (95% 2] £F, * 2lo] UF

2 kS 237 5 HF
AE - -
Z7 #x - .
5 -
A 2% -

Table IX. ChEZ ojzle]l glejA] 7} x|odd 5 H=9

o] (95% -§28] £ #x xlo] QS)

A9 Ag A7 32 AR
A& - o
%7 ok - ok
5 oy -
aF _

-13-



3.3, dZ2Zo oo F4, Uolg} F Y e 4AA

a3 49} T3 50 4 g €5 g Uolste] AEBAE AL
2o A velst dF W pERE ARBAY g ZoE eikhtleR} ¢ =
0.026, o3#} r = 0.024). 3£ 8off thz2t date] glo] 4 W vl Fdstel cigt
HEF 2 HAEg U T testARE FAYC) 2T e glo] Fd @ HFE
Avie] tie FF o EXE ol 3 EXE st gglen dA4ZedM &
zte] 8% gl J1st Bdghd 7.20 ng/dl® v]EE PR} 6.41 pg/diet wlEd
oz} 5.37 pgsdlo] HIBte] 95% [ £Folld FAFASE RASA ol
(p<0.0005). wlFA At AS= wFA odzlo] HlBte] 95% R oM F
AHog {2stA &hrH(p<o. 0005).

e

Table X. ¥R, HIFAT o] BB = w95 §2) $F)

RES @2 =2 (H47 - Hulzh # =}

o wa} 156™ 7.20 (2.6 - 14,98) 1.39
H[Ed o=} 1607 6.41 (2.3 - 21.3) 1.46
T walue 3. 5409 p<0. 05

B]Eel W= 1607 6.41 (2.3 - 21.3) 1.46
HlEZo of=} 209 5.37 (1.8 - 10.6) 1.45
T wvalue 4 3583 p<0.01

3.4, ¢ A% 22AEY dHd 3 deE

1) At 2EAb M5HE ciYoEY ¥F Y ¥
6ol EASIon 2 AdRd ¥F ¥ vEY E¥EY 2
23k £ 9o Felsterch

_14_



Table XI. 117] A3 222158 F Y 5=

AlgA 2= e N ER'(FHa-Hugh EEux”
(ug/dl)
Al 22t Ay 12 62.95 (23-85.3) 1.42
A2 22 Ay 18 63.98 (33.2-93.9) 1.37
B1 A2 FHz 55 34.61 (13-84) 1.70
B2 == Az 12 35.94 (52.7-20.2) 1.34
B3 T b I P 48 28.73 (14.1-59.2) 1.47
1 27 9ty 19 40.75 (16-84) 1.47
c2 2I¢ts 12 21.41 (11-65) 1.77
3 2Its 15 25.84 (12.5-54.3) 1.59
c4 PVC QHA A 24 65.02 (44-102) 1.21
D1 Hd 2% 10 10.19 (6.2-25.3) 1.62
D2 BE 34 20 13.99 (5.7-24.2) 1.41
Total 245 39.41 (5.7-102) 22,18
* 7|8 B
w715} & WA}

2al A er ZRE AL A2 AldFe] ZF9 HFAXE L5 dAE A
Aete AMERLE B3 o BEY BIAU 2R JdE ¢F &AL 60
ug/dlE gagle]l o] gelelly e=d & F271 U{E vERaL gtk A
Al &zl Bl, B2, B3 AiAe ZR 5FO AdAeld Ald@e g BA
Telst "EL ole B3 A4 BS ¥F © w571 Bl B2 Aol bS]
drFez wE Ao g uehyth

PVC b AE AAshs ¢4 AR A% % ¢ &Y Bz 7&
AE 2SR ol o] Ad Y] AL B ey JHyE A g 2y
2] BlibolM o AFE Jiede] &Y He® AZHEcl R ¢g A
Blatel C1, €2, €3 ARl AR, BET g Ade) QL A #r7 B3
Atde] B 83 J w27t 559 el Halol vldle] &A Ueht 3t A

#elel $o4& Wil F31 9

=

[t

_15_



B 3% AJBA D, D2 A A S=F 5 Vel 24 T2 £3
g Azt HARZ 2T Bobs o XN MR ¥€F d 5EE UE
Vit elch

A, B, C, D4/ 28 v A Al BEY vt SAS ZROYS A
£3te] oi A EXste AL #Hdddon d3d vx4 JE HF U 78
FEEHAE Fi12¢] Helstgic)

Table XII. M=o ol B2H 220 deld ¥3F o 58

A1 el A IE N PRI (HAZ-HZ) EEHA)

Ay A 30 63.52 (23-93.5) 1.38

="M= Az B 115 32.16 (13-84) 1.59

=BT 53 c 70 38.86 (13-84) 1.79

B EEY D 30 12.59 (5.7-25.3) 1.52
Total 245 32.89 (5.7-102) 1,89

2T 2459 BF o w59 st IS 32.89 wgsdlglen B-CoFE 7
S A2lgt A-B, A-C, A-D, B-D, C-D& Zlo= 95% 2] £Fojd EAHOZ &
2%t Aol 7t QIATH R 13).

HAdez ETFH A Fo] 7MY 52 ¥F =8 Byod 77 ¢E,
3] AzYge] HfF ez 2 FF ¢ =& Rk FI] <48, 34 A
Zte} zleli= BAYLE fofsta] efalrh. vl B s Axder I
gL B €F 2 52 VIt EF #1792, Ray viel o
7 ;UL AR o) A3 gl Al 2eskx] & AR 2y

ztolzt olglch WIH F% AdFE 7MY W2 ¥F o =& Harth

U B
it 12

il
Iz

-16-



Table XIII, Z2Fo] cleld AlQA deid 5 F w54

Aol (95% f&] $£, # Ao] AUF)

S E] A B C D
A - 5 ok %
B % - sk
C £ - %X
D sk s %k -

3.5. Y& 22 Qo] A, 2T AV BF ¢ FE YAy

= @] Fote] dEo] $Y TBAES $AULE U], TF A, F

d A= 3 o vEoY WA Zasigdl. Ojrel €5 W3t velety

EA ST uolet B3 b= r - 0,361 (N = 223, p<0.0001)2] A4t

#agol algdnh il IR dgto] 7 Algl Foll olrt W Algle)l wWorzg
2 EF ARl o3 g ukg Aow gzEc

33 goll ¥F Wit ZFdTIY JuH S EAYch 2RAY 5

= r=0.258(N = 134, p<0.0025)8] @7 do] ddch ofA2 A AgAE o

BT ABEE E AR AA AR B2 AZs BR E Af E2

A 3% U7 dEd FY Aol 4HEE 2 B ¥

A

9 =4 3 ¢ =9 ARsEr = 0130 (N = 28, K0.508)
A HEe] o] FAPHF Aol viste] ArfHoz Yormz Alygdo] ok}
tH Y 9). Multiple regression of &%} Ar2hale PB BLOOD = 0.005439 AGE
+ 0.001781 DUR + 0,1367 SMOKING + 1.3431 (&¢I} SMOKING=1, ¥]&Zdz}

32 o

SMOKING = 0, AGE = year, DUR = months, r = 0.4838)¢. 2 vL}ebuith
H=gt vt} o] dal g £2 =27 2% o2 AL T2 LT
o o FAA 4% B wio] TU Agahfold HTHe A B "avt
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UTh mEbA FUY AL 56 TEAp thsle Lo], 2Rt wjE ¥
T dae HBdE HESGh delst 83 |y JEdE r o= 0.386
(p<0.0035)Hl e 27 Azt o] HBAHL r = 0.425 (p<0.0012)2 L je}utc),
ofg] Alg#e] A FEFo] FE A= uwel i3 2 4%

2 9%
FE7} WEks Zlof WSl WU 1% WeldE 2% 48 83 9 H27l 7
A4 HelHc,

Tabie XIV. HEgof] oA B@F W3t vo], 27 A%, FdF3=ete

B A%

I 7 HE N r p
Ljo] 223 0.306 0.0001

A4 5 Ak 134 0. 259 0.0025
249 Ax 28 0.130 0. 5086
1}o] 55 0.386 0.0035

Bl ZF 43 55 0.426 0.0012

* PB BLOOD - 0,005439 AGE + 0.001781 DUR + 0,1367 SMOKING + 1.3431 (¥4
2} SMOKING=1, H]E-&I=} SMOKING = 0, AGE = year, DUR = months, r = 0.4838)
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. EdE Ay B SAFLYEAES &Y HF o 24E ST

CAGAo® o] BRHA|Y2 4o TEA 5256F F 2R 316W EF

o] BEXE 6.80 ug/dl, oAb 209 2] HFX|{= 5.37 pgsdle gl

ow A7} ofzje] vlsle] BAA o2 FolstA (p<0.0001) &3UTH

tZ2FolA velgt 83 | $EE AHHAAS e Aoz Ushklth

bt e o= 0,026, oA r o= 0.024).

C AT WAl FdAtY] 8F ol BA32 7.20 ngrdlE BEA

WAl 6,41 pgsdlet BIEQ of=} 5.37 pg/diof] niste] BAAOE f-os}

A EUTHpP.0005). B FA €A ALE w[FH oxte] H|Etd F

AROE FolstA & UTHp<0. 0005).

U ETY x|y ZF3EY ol d@Rte] A FU-HE 9 A7-AF
tof] BAIH o2 F2% o] 7} 9lgdc}(confidence = 0.95), o=xte] 7

2 AA-ME, #A7)-3F 7ol 9% 2] T EAHoE FT A

o7} sladct.

ﬁ

. EZF 24550 g3 ¥FL 32.89 ugrdlg e B-CFE ZHS AL
A-B, A-C, A-D, B-D, C-Dit o= 95% 2] &N BAZLE {2
gt ajolzt glavh APges EFH A Fo] 63.52 vy/dl R 71 w2
8 @ 555 H¥en RBr) tu(BY, 38.86 ugsdl), HHA A=Y
(CT, 32.16 ugrdlio] Aoz o 2 o =5 &8 Bodr} 7] ¢
B, H3x] Azd 719 zloli= BAFHLE f3HH Yo 2L F
7] ¢4 Aoz EHFY ALY A EF H v=9 7% EE H
2t7F 1,792, 2y B2 @zt AR ol Fo] AL de AgFAY 14
SHA] of2 AlgdA 7he] Aolzl 9lglnh wlE I ARGA(DLE, 12,59
ug/dl) 2 71 U2 5 ¢ $E& EAch

. AA E2 o] iy 2HAF €2 Uk r=0.258(pd0.0025) 8] A
gol slddem FA Fxel ¥ W wRe YEEE r 0130
(p<0.508) 2 “d3tigo) ofstairt AA Ald#e] B J=7 BE &
ZY B wno Yl v 2A 4% 9 gl 5Y Aol 4

weE ZApgvh, ST Al 557 ZRA thsle] TRAL
whE "3 o] 4TS r o= 0.425 (p<0.0012) 2 UrElytcl.  ofy A}

Aol A F2de] {2 F=of wel 7Hg F IS Lod ¥E
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27} Mt o Wsly] ©@d 1§ Uejde 27 d¥ ¥2 4 5
=7} 71 2 4% BAA A= Ao yehart,
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Fig. 1. Standard addition graph. Intercept of X axis means the concentration

of sample.
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Fig. 2. Results of intercomparison of monitoring blood samples

between two persons. Y(Deuterium)=1.023X(Zeeman) + 0.39
(r=0.99,N=15).
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Fig. 3. Distribution of blood lead concentration for the control group
(1=Seoul male, 2=Seoul female, 3=KyeongKi male, 4=KyeongKi
female, 5= ChoongJu male, 6= Choonglu female, 7=JeonJu male).
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Fig. 5. Correlation between age and blood lead concentration in the
control female group (r=0.024, N=209).
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Fig. 6. Distribution of blood lead concentration for the exposed group
taken from 11 factories using lead (1= Al, 2= A2, 3= A3, 4=B1,
5=B2,6=Cl1,7=C2,8=C3,9=D1, 10=D2, 11=D3).
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Fig. 6. Distribution of blood lead concentration for the exposed group
taken from 11 factories using lead (1=Al, 2= A2, 3=B1, 4=B2,
5=B3,6=Cl1,7=C2,8=C3,9=C4, 10=D1, 11=D2).
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Fig. 7. Correlation between age and blood lead concentration in the

exposed group (r=0.361, N=227).
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-..31_

120



blood ph concentration (ug/dl)

110

1004 ©
90
80 o°
:PD O
70+ DI:J O a
]
4 &
60 IO
50f]
o}
404
_
30
2y oo
O
10 ‘ ; . , ;
0 200 400 600 800 1000

Smoking factor

1200

Fig. 9. Correlation between smoking factor and blood lead concentration

in the exposed group (smoking factor=smoking year x No. of
cigarette per day, r=0.130, N=30).
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