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= Abstract =

The Study on the Relationships Between Inhalation Volume
and Exposure Duration and Biological |»ndices of
Mercury among Workers Exposed to Mercury

Hye Kyung Park, Jong Tae Park, Eun |l Lee, Yong Tae Yum

Department of Preventive Medicine, College of Medicine, Korea University

" This study was conducted to evaluate the relationships between the environmental ex-
posure and biological monitoring among workers exposed to metallic mercury. We inter-
viewed each workers to get the medical history including previous hazardous occu-
pational history. We measured the respiration rate and tidal volume of éach worker in
order to calculate the 8-hour inhaled mercury of workers. And we wanted to evaluate
the effect of exposure duration to mercury concentrations in blood and urine as biologic
exposure indices of metallic mercury. The regression and correlation analysis were done
to the relationships of 8-hour inhaled mercury and mercury in blood and urine.

" The results were as follows;

1. The subjects were 35 fluorescent lamp manufacturing workers. The mean age of
subjects was 24.8 years old, and the mean work careers of workers was 1.19 years.
89 % of the total was consisted man. :

2. The correlation coefficients between 8-hour inhaled mercury and mercury in blood
and urine were higher than that of only considered air mercury concentration.

3. The correlation coefficients of 8-hour inhaled mercury and mercury in blood and
urine were above 0.9 in workers who had exposed to mercury more than 1 year.

4. The R-square value and -value of regression analysis between the 8-hour inhaled
mercury and mercury in blood and urine was also higher in workers who had ex-
posed to mercury over 1 year than in workers who had less than 1 year working ex-
perience. .
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The important results of this study were that relationships between the Shr-inhaled
mercury and mercury in blood and urine was very high than that with air mercury con-
centration only. And the results were very apparent when considering workers 1 year or
more. Therefore we concluded that the work career and respiratory volume of each indi-
viduals should be considered-in evaluation the results of biological monitoring of worker-

s exposed to metallic mercury.

Key words: mercury, work career, 8-hr inhaled mercury,

biological indices of mercury
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2 33E (Mercurous Compound, HgCD-S
ol A2 o Foll AME3E}Y] Aj2bsiEA] Vel
4& 350 ZAT FF e 1557 Taks
2} Jean Fernelo] g 1&g o2 & 2
A& olf2 WEH =AE HeA = Hx
o] E4o] HAR(Zenz C, 1988), oA 7A &
A8} AbElo) A FEEAE of7| A7 £ F

%02 obeia ok

AT e R FEFF Al Rasm

(Birdstrup -, 1951 ; Trachtenberg, 1969 ; Smit &,
1975; Selffer} Neudert, 1975; Doull =, 1980;
Hryhorczuk, 1982; Shapiro €+ Cornblath, 1982),
falviete] ASE 198819 2 ¥ B3SodA e

T F2 TRASCAAN Ao FEFF0]

st om (Fuled 5, 1989), FAE 27|
T 22A, A2A A FHAFAZ T 2F A
AR A Atz e w2 AF TEANAY
FSEAE ARt Aol 23 5 9
£ A7} H32 Qirk =3 A% AR A9
o] 22alel folut 249 A F vl %
Aol edat A W F ASNE BT

(Bell 5, 1973; Stopford %, 1978) #7] IATF5&

oleiat dske mAsHA dgtod, WAE ol
@ wlAEAE s g Aol A 4
olc}. | |
FEed sl Fsted T1F 29 A
ARAAS F, 25 2 el & A2

A AR, e

24 #43 AL oby gA, Felretel A
g4 Zol BAAEL de ST 2 F
7)ok BAle 3§78 BT AW F571 80% ©]

Ao Z g AREE, ol ARe

& B84 o] 2oiA W o]} BB T wjAe]
Ak aME $T 520 WAL SeZagm
AL qlen ofeizkal el e 2 Helnh
o B Aol g B F YA F1F FLEE
005mg/m? A 24 6HLFF FF 5UT
- F2b AR Z2AES 8F 2%
=7 A % 150g/L 2 ehdel (WHO, 1976;
Zenz C, 1988). :

Ladou (1990)7} % ¢} & 42514 By Ealo]
Zzsrie]l BHog YEA X gl 3hat
fral3hA o3 A3haA
= col S FUE &
A5 A S g At 3
53 F2x vhedd 4 9l jQdebed o8
sier2de 43, 5, Ashen o)A} (Biotran-
sfofmation), Al 52 wedgl 4= ¢l o w3k 3}
AN e Pl = AHST S e AYE
23 ok AEsE 2UEHAAE Al &
o]& BEAS &2H3lE Aolng E 7 (Exposure)
Bobs oF(Dose)ol 717ke 7o Qe 5 9l
t}. Checkoway -2 “of(Dose)” & EA Aj7ts
b AEEH Edol Y 249 ko2, “Bur-
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2, 24A7eA F(Uptake)sl = A &, A}

‘ 7% (Clearance), ZFFA|ZF (Residence Time),

Z g ol (A} v}, $-FefF od=d Al 7471-/0—\:,}])
'—°ﬂ o3& W=t}

FEped Z2d TRAEY =
WU polrrol= (il 1:2.6 =] vl&
Holt}y 3} ¥ 2 (Ehrenbeg, 1991), 2] =2
=5 AESH RYEIY 722 3 9oy,
7Ve} et Aol of7F vide FRI MRV
ot AZES 3T e TEA A BE
23 wjdo] AME 53 AR Yre dT7=E
slc} (Lovejoy, 1974).

£ QA7E 335 Azl 728 A3k o
£ F A9 SEAES WAt R, FYE 2
Aol A AedS st FUAYR T F TSR
o Figiy dx 2 F2A5e APAEY
ZE7IE AR Apololl &) A F2eo)
daba 4 olrhs A s Al L F2
¥t ek 14 A7} ove] Feeatel B
Bd& AAstaa St 22AES 3§
TQ} 13 &% % AgAz2E 2l E 8413

F& Fgolagte M2 HFE AESle] of
3441]2} ol o 24 A7 2] o] 25299
TR dolry, &3 IV F £
ddx o2 Hed FAL v uas B
stgich =3 7L 20 JEHH AREFH} F

°H‘ to >

2 7175 BRAAE 27 e g 2EAS
& 2% WS 14e F1Eoz FRae] ¥ oug
Zbe] ARA W A=Y ) 45 B shsich

AFCHA W Wy
1. o3 CHAH

B71% Aol A FF5 AzgA 244
E dA2® vxd F27]7ke] B3, o)A f3
2l A 2FAHe] gl d 224 1993

169, & 3595 djAte 2 slgon Az
A7) 89% G2, AFH 2= 200071 71 % B2 7HA
=2 F-Au]E Beivh(Table 1).

Table 1. Distribution of the study population by

company ( )%
Company
A B
M F M F
<20 4(11.49)
20 ~ 29 14 (40.0) 7(0) 4(11.4)
> 29 1(2.9 5(14.3)

No. of Subject : 35

T QAo A Zzb 5} 27kl AR AlSH
2.2 24A7 24, A $eEeds) o Fo
ANg AH R ZEFF, 13 55 59 o)A A
AHE A Al st

2 AT Uy

1) QBHE ZA}

© AA A7 A7 22AFE AR
A5 A sk

\1

@ #HY 2h: 2 gAY A Z2A Al
&) A A dd-g Falo] AAA R
FEA AR S HAH AFH R 2
748 5& gtk

® %% (Respiratory Rate) &4 : -7 I
83 o3ty AARA, 3FFE TEAE
o] Zg]Fql AleolA FFe] FAUE
Ars] wjel 19 43, ZAX ok} 15~20%
Eot 24 3lo] B 3 FrE At F4
o} ZEAEL 1Y 535 B¢ A F
U WAL A4S 8 Yol wie} 24
7HAL oA, 9% 234 Agg A1AgE A

LA 3A17b0] A Al T Ee R &
A sk} :

@ 13] 3§ (Tidal Volume): Z2AHEE 3}
oF TR FAL A & F Spiro
Analyzer (ST-250, FUKUDA SANGYO)&
o]-8-3te] 7% HAALE 23] olAt AAlsle
dojal 13 ZFFe] FFaS Ao
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® 24217y A} A 2ERASAAN 2
o) AXARE A FHs)r] st AT
Al E2AFEC] 89E = wiuibth AT
b)) Al 2 244 Polyethylene 471 & o} A

& rgo} 2% 2 sgch oA Eopdl
Amol 2tz AAE A& A3, 2 A w
of 2¥eE 2stAct olPA 7 4700

[+] =
- Rolal YAmESL ®F HRo} Mass Cil-

ynder o} Y3 23] 42 F 2427 & A]

B A7} Brh
A5 P g

2 &718 T2k =8

A2 AAE FEAFEA NIOSH (Na-
tional Institute for Occupational Safety and Heal-
th, 'USA, 1989) Method 6009 <l Z5}o] 7} qlA] &
#3]7] (Personal Air Sampler, Gilian, Instru,
Corp., USA)ell Hopealite F2H2] & 3-ztsjo] 2
2A50) wFsHe AAAH 5 015~025
LPM 22 5~6X17F Eok A A& 5942 B 4
A= 297 AH k)
~ 50ml Volumetric Flask o)) 17] '/‘] Z A3
Hopcalite #3447 o 3 s A Ao
3. conc-HNO:2} conc—HClE— 7}2&1:}. FakA 7}
443 L8l wizbA] 1A A g F 2
o] &% AH4-3ted 50ml 2 M3t A &
oA 22 100ml Volumetric Flask o] 93 gho] -
F2 42 F YAFFFEAS Cold Vapor
Generator (IL-551 ENGLAND)#14} 10% SnCl:
2 72E F4AA A 253.7nm ol A "7‘43]—03
o}, ojd FV1E FHAIA L FAAE 2
Alme Fd3A AT F Blank 2 5}e] 1"—£

AR ol 015 ¥ A sk '

b oy

]

3) 8AIZE =2 =22 (8-hr Inhaled Mercury)

o) Aol B 93 8417 S F3leFe]e

= A E AR =T ] o= /il A5 EH
71& ol &3l ZA &t liter & TEF %o 7R
9] 13 3 &2F(Tidal Volume)a»]— Ho} 3849
A FE ez kA olRA el
B8NS /1 ELZ 22AT] AAF F9
3 F2F718 Adige] =Hu, o] 3o dHE

mg 2.2 FA|HEc}

8-hr Hg'* = Aw™ (mg/m3) * T.V(ml) * ¥ 3.F
Z=(3]/min) * 8hr * 60 min/hr * 0.001

+ 8-hr Inhaled Mercury

+ Geometric Mean of Mercury in the Air
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4R

Zy T2AES 4417 2 A EF SmlE F
3}ed conc-HNO: 2ml & A 7}3}3L Microwave Di-
gestion System (QESTRON, USA)-S- A}-&-3}o] 4
ANEE ek old &7 o hEE
160psi, # 3 wlo]Z 2 900Wolr 2=
180C vt Hsi 7t 44" F —20C o FFA el
A 4718 WA 7| AL Hol2E ol 4] B g
3} 100ml 2 S Aghc}. o] gl & AAFFFEA
2] Cold Vapor Generator (IL-551, ENGLAND)
o4 10% SnChZ &5 FUA|A Ak 253.7
nm ol A} &4 g}

SOmlZ Age}. o] 44L AAFFFEA
Cold Vapor Generator (IL-551, ENGLAND)}] 4]
10% SnCLZ 4~2-5 A|A 314 253.7nm o
A A}

A w

3.

HI

1) A= Tt RLe| &2

@ gAd
@ Z2Z79: ACGIH® TLV-TWA 7]%(0.05
mg/m3)
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s
At
Zd o}
1. AT Xl ety §Y S ARS EF
TEskt

ZAL HARALE A 2 RSl S wle] Ha
e A BQA 27 2849 27.1 Ao,
A 247172 0587 19900t AR
A A, 7 giA e WAl SEANEe] F25 37
T TEES 4 [ 2]+ 0.068, 0.021 mg/m3, H5
X 5.526, 1.555ug/dl, 8.5 AT F2
s 232.591, 42.499pg/L 2 repgtt}(Table 2).
o] W F71F T2 W T HHFTA
oJ3t FE oF4ge) wbet 713t F& AHe-skact
Z2 A Tol upE d3s ool Rzl A of
AAEL AgA A ExT Y T S e F
A %) (ACGIH, TLV-TWA)E 7 E22 8314
0.05mg/m3 o]Akel LE277 0.05mg/m3 w|gk
o AEZTLR TEAS W 7 ol S 2
EAE] i AP 211 25949, HF

Table 2. General characteristics of the study population

25 A5 05837 138302 nE R T
P dF g IS5 A7 27 Xi%i—}oﬂ H]

o A vebgt 2 PER 2RAE ¥F,
F BT FEEE vug AddAe g
6.744 9} 2.498ug/dl, oAM= 277.8803 92.
817ﬂg/Li AZ2 TN BFH 8F FEEE
oM ¥ 5 =5 el ol (Table 3).

& 3ot o2 2o g AEHA A

S Aol BN 4w B3 GRS E
24 Q% 1d vl 23 19 oA FoE
grel wmalgc. BF 24 A5E nF2E

3 AZ2Fo A ztzt 046032 2.8 309, H
T A= 235418 272412 velgd) v
33 83 yd T vlus) B A3 7
T Afelel BAA LR fofF zeolw Hol Xl %
gk} (Table 4).

o H
Repeated Measure ANOVA 2 o] &3ted FA3F}
A3} A7 S A7 HEhy A7t HelE B
o]x] ¢kgrem 2 (P> 0.05) (Table 5), 7iMele]
IESF WRBS 2AINE SR 4 Y
FF HFFE T4 o] &371= s =
dizkel BAHCR foy

( ): Standard Deviation

Company No. Age(year)  Work Career* (year) Amng* (mg/m3) Bug* (ng/dl) Ung* (ng/L)
A 19 22.789 0.579 0.068 5.526 232.591
(8.052) (0.333) (0.109) (2.731) (181.729)
B 16 27.125 1.921 0.021 1.555 42.499
(5.045) (1.642) 0.014) (0.634) ( 28.306)

Awg: Geometric Mean of Mercury Concentration in Air
Bus: Mean Mercury Concentration in Blood

Usg : Mean Mercury Concentration in Urine

*: P<0.001
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Table 3. Mean mercury concentration of air, blood, urine and mean values of age, and work career by ex-

posure group ( ): Standard Deviation
Exposure Group No. Age (year) Work Career* (year) Awng® (mg/m3)  Bug* (ng/dl) Ung* (ug/L)
High* 8 21,125 0.563 0.103 6.744 277.880
(1.553) (0.398) (0.145) (3.113) (218.160)
Low™ 27 25.852 1.380 0.024 2.498 92.817
(7.740) - (1.426) 0.012) (1.597) (101.520)
P-Value <001 < 0.05 > 0.05 < 0.01 < 0.05

* Geometric Mean of Mercury Concentration in Air 0.05mg/m3 or more
= Geometric Mean of Mercury Concentration in Air below 0.05 mg/m3
Axg . Geometric Mean of Mercury Concentration in Air
Bre : Mean Mercury Concentration in Biood
Une: Mean Mercury Concentration in Urine

Tabie 4. Mean mercury concentration of air, blood, urine and mean values of age, and work career by work ca-

reer group ( ): Standard Deviation
Exposure DurationNo. Age(year) Work Career* (year) Ang* (mg/m3)  Bug* (pg/dl) Ung* (ug/L)
<1 23 23.522 0457 0.059 4.367 165.225
(7.433) (0.220) (0.101) (2.621) (160.322)
>=1 12 27.167 2.604 0.023 2.454 108.253
(5.967) (1.37) (0.020) (2.975) (173.013)

Axg: Geometric Mean of Mercury Concentration in Air
Bre : Mean Mercury Concentration in Blood
U, : Mean Mercury Congentration in Urine

*:P>005 :
Table 6. Daily variation of respiratory rate of the study subjects by company () Standafd Deviation
Company No. 1st (Mon) 2nd (Tue) 3rd (Wed) 4th (thu) Syh (Fri)
A 19 24.453 22.333 22.132 22.557 - 22.525 °
(3.555) (2.337) (2.429) (2.705) (2.235)
B 16 20.787 20.500
(1.043) (1.633)
z}o] & Holx] okgich(P > 0.05). z}o] B Beich(Table 6). 1 3] S Feke] A7t =}

715 A4S Bol ol 2 2RAS 18 o BgkE @ izt 4% AolF B
SFFe) AARE T QAT FADLZ fo17 cH(Table 7).
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Table 6. Mean value with standard deviation of tig-

al volume by company (unit : ml)
Comp No. Mean S.D
A 19 834.7 346.2
B 16 619.4 202.1

P =0.03
S.D: Standard Deviation

Table 7. Mean value with standard deviation of tid-

al volume by sex (unit : ml)
Sex No. Mean S.D
M 31 766.8 309.6
F 4 500.0 122.5

P <001
S.D: Standard Deviation

AP el 4 71 &3 nle} 2o} olei R AxntE
& o] 83l 8|7t & F3lEHS AlAbete o
o] Ft& olgsl I 23 HF FEx
o] AARVAE AHERT, FV|F FLERHS
AHeR AR o) Azte) A 2 v walg et

359 222 HAE AR gls o F
71% i FLEEe) F f2akwe) AgA S
< 06155 vehi o}, 8A)17F & F]lgkE o]
E31H 1 3he) 065322 A= HAE B F
Aok 85 FEFAE 821 2 FUETH
ABAT7) F71%F B 2552 0.519 914
0.553 &2 Z7}= 5o} (Table 8).

8417t & FEH WF HT FEE R
3 85 9 8.5 HF FFrete] AwdA
£ 25 d5EE o] njas) vy, 24
71l ojael FolMeE EF Y 8 F 52
of| s A} A AT} 0.928 o) 4] 0.935 2
0932014 0.941 2 7}7z} Z7ld AS B 4 Q)
(Table 8). zajvt &% 3 1 v|qtel FollAE

3

A%
s
3

P

Mo A i A

FORT BRelA ATt ke 3Fl
B AE APk Aol AvlE 2A WS
+ o 5 A 2 24 35 1wl
TR 149 o]kl FellAl9) r-gho] AAE o
Aoz g AR AR oR & g Ze A
LR Mol HF xE 25 AT T2y 5/
NTR AL 371% A PSR A7 2
4T
&

q

drowogr
b
fr

[e]
—_

% 347k 19 o4l wlmA 37

o535 8t TEAEANAM ¥ 77 Aba
BAE 7= 7o ¥alr}

2% Q4 1d oA FA 2EE A

25 At

2 RE & 2530 s MY 72
21t )

9F £ 59) ofa] S7uso] N 5 A
AL TR 5 $oEwel) ol #7154
Azbs} b 2 24035 1 o) Fol A
P17 ASet Aol AR FA4e) F7H
o} A7 QS-S & 4 U (Table 10). .

on #

£ AT dAae] HAd F A AL A3
% YF5 AFE F2 AAste gAEA
AR A =T, 19910 A, vixd A7)
A EAN & T2 T2l A7
FAZAGE A E $koh o] F 3 A= A

[ELORN [ G T 2 A
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Table 8. Correlation coefficients between mean mercury concentration in blood and other independent vari-

ables by exposure duration ( ):P-Value
‘Exposure Group No. Variables (r) with Bug- (r) with Ung
Ang (mg/m3) 0.66 (0.0006) 0.537 (0.008)
1> 23 8-hr Hgt 0.630 (0.0013) 0.508 (0.013)
Uhg (pg/L) 0.737 (0.0001) - :
_ Asng (mg/m3) 0.928 (0.0001) 0.932 (0.0001)
1 =< 12 8-hr Hg 0.935 (0.0001) 0.941 (0.0001)
: Usg (/L) 0.985 (0.0001) -
A (ng/m3) 0.615 (0.0001) 0.519 (0.0014)
Total ) 8-hr Hgt 0.653 {0.0001) 0.553 (0.0006)
Usig (g/L) 0.829 (0.0001) -

Awe 1 Geometric Mean of Mercury Concentration in Air
Bue: Mean Mercury Concentration in Blood

Ung: Mean Mercury Concentration in Urine

8-hr Hg: 8-hr Inhaled Mercury

Table 9. Linear regression analysis between mean mercury concentration in blood and other independent var-
iables ’

Exposure Duration™ No. ~Variables Parameter Estimate P-Value R-square
: ! S ' 23 Ang 17.224 0.0006 0.437
- - 8hr Hg: 2.752 0.0013 0.397
| <= 12 Ang 135.209 0.0001 0.861
: 8hr Hg 12.513 0.0001 0.874
’ Amg 21.037 0.0001 0.378
tal 3 :
Tota > $hr H 3.614 0.0001 0.4260

Aue: Geometric Mean of Mercury Concentration in Air
8-hr Hgi: 8-hr Inhaled Meércury

Table 10. Linear regression analysis between mean mercury concentration in urine and other independent var-

iables

Exposure Duration  No. Variables Parameter Estimate P-Value R-square

1> . » Ang 855.075 0.0083 0.288

8hr Hg 135.757 0.0133 0.258

| <= i Ang 7900.628 0.0001 0.870

a e 8hr Hg 732.737 0.0001 0.886

Ang ' 1022.944 - 0.001 0.269

tal 35 ’
Tota . . 8hr Hg 176.418 0.0006 0.306

Asg: Geometric Mean of Mercury Concentration in Air
8-hr Hgi: 8-hr Inhaled Mercury
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& & 5737 PARAE 128 3 119 (8.6%)
o] 8% F2 1004g/L ©14F, 21 % (16.4 %)o] 2004
g/L o]A4& velil= 5 A seiake] 24
7} A7 E e Rold L, ke dAe v A
2] A} g3 s 93 Sekr) WAl g
AAE E23she T2AHE YebA stk
HETA] BE 5279 ¥E 0.1 mg/m3
ojeke ebdsitiw AzbEle] o, 0.05~0.1
mg/m® A2 FEAME AT A7 P sz
ql olatel vehixm A L widFET}
300.g/L m]uE, & 50~100.g/g Cr 22 Yept=
Z2rANAE WA g el 44715 ol
Ayo] vrehdchE B 37} 9lh(Roels 5, 1985).
EAFA) EAL BT £ A F5
, B, f715-29 A7EA ddE E45)
dl, 25719 #29 Fdlo] AgA 725
91 T %‘ﬂii waA glem, FE, FTAE
%° 2] Wo) wet A= ohE A
7) W Eol o2 23ty A+ A}
}Ziﬁ’— = S{lb}(Zenz C, 1988)
g-a.,—ﬂ—#oﬂ Zgg =9} st
QA el A 9] 4 éﬂ Bﬂ*éoﬂ ﬂr gl &
AALRD 2A F-87 AL obA gieh Al T2
o) o F-E-(80%)E FFell 2lstH, #H ) A7)
A R BA W g FLoia F48
o A 2} (Teisinger 5, 1965), A5 ﬂ?‘—"ﬂ/"]‘—
Yrqro s F4EE F1 295} 9% dofo)z
3 A4 sksdch (Berlin 5, 1969). FE520H
23gHEe F2 A E2NE B8 50 qui‘r
Fa AL o8 o Astd F
P2 %TEJJ_ 27} o2 g o] %Qli
A -2 me} ol F3H HH, AR 7
& FE5eal AR T4 o] Bt
FQ1H 42719 oF 0% = AMEA A
23} Ao] A7 FEAY S E9) %hﬂ%iu}
(Teisinger @} Fiserova, 1965). 1Al F5x o7&
2 AA 2 24 FE3HA =], AL 7:17]'
SEE F FRD oFe) oF 2% AA G 1L

s £

&l

=

Yol H-x=gic) AT Fse AL
Aol SEE AL GH FFIE H L o] 2
Bl of sh27h Ack AP 529 FE
HARc} oF 267} = ol v &2 FE F
B4 647 ASEr, Wzl e g 3342 %
& g v)estdn. 29 AW = -9
o w2} thEn], YL 33t 3029 FrhA] F
ol Mﬂﬂ 74Aw HF W3] E 3.3 Yok,
Y FLErv 39 F2EEAREA 24
S T
o] QI o= MU} AA 22 AGE THE
AL wwre] 2wlg 71 4 SITHEPA. US,
1978). -8l W77t E2 Felt 29 53
wAdo] M 13% & A sh, 3712k Ay
A Z2 Tl oF 8% S AR 3 FUE I
k7%= 3715 6 wiEdch

Fe9 F M RE 2ueln, tioly @
2% AT 4 T Fo0 MALe F
9«‘4 Fe), QA2 Z2F A7 AT S 98
F A gleicl @2 xpolr) 9ith(Doull 5, 1992).
WL FAlsslo) 71 £418 Aeo)n), 24 4]
2 228 Yrtshd JbY 8 A
T =
}

r\r e >

l.x_

F ik 22 2l Aol A AlAl

0::’.

ko) o] 42 W) YA =g A =e)
Aol ¥ FEe Wil o8 /o AE
Ho)7} £A)51A et o2 d M3t 2 vlF
(SG 1.014)°t 2% =#oleld (1 g Creatinine)
x52 BANEc 2 Fask "ok 1FER
%2 (SG > 1.030, Cr>3g/LE A e 54
(SG < 1.010, Cr< 0.3~0.5g/L)¥l & A 8= A5
4 X & & A8 2E A3slA drh(Lad-
ou, 1990). & 3 wjH S EEe] $L0
2" Ao o5 AL, 3% F29 ¥
=9t AY wAsld FAF AT FeEE
0.05mg/m3ell A FF 5UZ} H 43t 671Le] A
q4 E27) A £ BF FLEEE o
1504g/L7F R tH(MAC Comittee, 1969). NIOSH
A& E7)|F 582 TWAS 0.05mg/m3 = 5F

o o —{> i r:i DI
»

—605—



Ao glen ok WF L 30l 25 5
& = gtolt (Rom, 1992).
2 ATNE o559 F §5 A2 &

1] O

= S
- - s
g Asinz, 24 9

o AEHH TZAES

Pon)
2
non olde} - e el fajEAd T2
Aol glorg F2r|7HS A TH3L e

GA A9 24 52 JAF 5 gt

T Az A B F HE T EE
0.068 7} 0.021mg/m3, hA T2ALES] HF T4
dee 0587 192902 vepren], 2
TNF BF FEF L gAAA ke
2259 &5 A7t 7 o] Ao A
o °dgkg vl = glogta Azt 245
F 1d wjubpelA] 238 833 25 B
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