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Table 1. Characteristics of surveyed workers an industry

Characteristics N
No. of samples 109
Age(yrs) 38.46+7.57
Mean Work duration(yrs) 6.69+5.31(n=98)
(n=11)
Smoking, N(%)
Yes 63(57.8)
No 46(42.2)
No response 12(11.0)
Working area, N(%)
Indoor 77(70.6)
Outdoor 12(11.0)
Indoor + Outdoor 11(10.1)
No response 9(8.3)
Helmet wearing habits, N(%)
Holding by hand 42(38.5)
Wearing 18(16.5)
No helmet 24(22.0)
No response 25(22.9)
Wearing respiratory protective mask, N(%)
Yes 92(84.4)
No 4(3.7)
No response 13(11.9)

THERTT FHgond g zAAE 92 B(B44 %)°] TF
S¥vha shola, As AEshA @e FRAVE 48WE7T
= 3

(11.9 %)°l A}
2 z2A g dAldAE F2 A3E ZAR e COp olaEH
(gas metal arc welding, CO; welding)o] F& o|FojA 1 glon =}
o

ANARE CO 7h2% ol g5t AT AF $HEE HBA(sholo])

-6 -

Fefo] &xEo] AFEHM, i A A E AdEdT e SF-TL,
70MX, &4 % SF-71T, SF-70, 444 CSF-71T7} AH-&4 A th.
ZAY JAdA F2 AMEH e S38e Wi dREe o
SF-71< 1-3 %, SF-7T0MX< 1-2 %, SF-71TS 1-3 %, SF-702
1-3 %, CSF-7T1T 15 % A% g5 Ak

2. A8 23 % £4

E 90l AAE Am EH7(MSA, Gillian, US.A)
2 A%l % oF 20/mine® TAFAL. A A - Fo A
e olgste] ¥ EAS AASAIL, AR EA AREE o A=

37-mm mixed cellulose ester membrane filter (pore size=0.8um)%i T}

kel A1 NIOSH 7300 el wet dAestlon, 715 %
HEA e B2 21355330 = A (flame atomic absorption spectrometry,
Varian 30A, Australia)& °o]-§3tith @ & 43k 24 ] AH
" 89 ANEe 24 A4 ¥ Rad § 24, ¥vE A
7t S o]l gdte] AFHAE A T uEE AAFTHF Y =A (flameless
atomic absorption spectrometry, Z-8100, Hitachi, Japan)® #4131
WA A AR B2 ZeemanW S o] &3kt AE AEIER AFHE
g5 gt digk £4e wiF A A (matrix modifien) 2 1.25 %
(NHy)>:HPO,Z At&3lem, 1 % Triton X-10022 10u] 343 &
10 wE o FHIIAY. FARNAY REFRS AZTA

Fd=
85-150 C, 3] 3e+A 1200 C, Yx+3hkA 2700 C o).

3 A8 4 2 =27|F d¥ 7}



i (geometric mean, GM) % 7]3}E 3 (geometric  standard

deviation, GSD)& Y}E}wl ),

T

9] Threshold Limit Values (0.2 mg/m')S ZtZ 283t H718kS
Zt 71EE ek HES vasslvh. ACGIHO A= 1979d el %3b
o] &7+ S 1 m/mE Aot FFAEA L YA FHE
durslr] 9l& 1992 del FE&7]Fo® 02 mg/mE Ak L 19954
of o] NAGte e g vp vt

caAe] WY wESEL wER 58720 ng/m) @ ACGH

A7

L 334 &3 FAd7Z ¥t 5=

7} 0174 mg/m' 9, 1 T A &
7go] 0.032 mg/m', AH5EH T 0174 mg/m', HEEH Tl 0.048
mg/m, B9 &4H FAo] 0.132 mg/m’, Box&H FTAHo] 048
(Table 2) (Figure 1) Z¥7} Yelyth 4] =&Fx=57}

© Box &4, S84, #d &4, AFEH, A9 T4 Foldrh

evete] #Zq) 8d T Ut F =F 7]%% 1.0 mg/m'o] ™ (=5

pr, 2002), ° FEE ZIsE Al
/R

1 mg/m's ZHste= Al=7H

S 2Hste Ame A& T4 H 27020 %), AF* &4 4
oA 37420 %), T &FH FAHAME 8M2(B0 %), Box&H &4
ol A= 13714813 %)oler, du3dde ACGIH(199%6) TLV 0.2
mg/m' & Z¥aE A E7F fLACh



Table 2. Concentrations of airbone manganese number of above KPEL

and TLV
Type of pocess N Concentﬁ;{ziz /r(r)f)alrbome No, of above No, of above
GM"  GSD? Range KPEL'(%)  TLV'(%)
Cutting 4 0008 4816  0.002-0.069 0(0.0) 0(0.0)
?Vttl‘é?;‘;“"e 4 0174 3079  0.073-0.802 0(0.0) 2(50%)
Patch Welding 15 0.048 6041  0.003-0.980 0(0.0) 3(20%)
Panel Welding 16 0.132 4.846  0.008-1.293 1(6.25%) 8(50%)
Box Welding 16 0488 4.881  0.015-5.613 4(25%) 13(81.3)
Total 55 0122 6888  0.002-5.613 5(9.1) 26(47.3)

"KPEL : Koren permissible exposure level(1.0 mg/m’)(the Ministry of Labor, 2002)
"TLV : threshold limit value(0.2 mg/m')(ACGIH, 1996)

UGM : geometric mean ?GSD : geometric standard deviation
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Figure 1. Concentrations of airbone manganese number of above KPEL

and TLV.

2. 344 &3 YR g9 T W v=

T 8H <=A 1099 T 8%l g T Wieks 248
g

A=Y AA 222 F s Ee VstE T = 0.109 1g/100
me i, 1T e 2 FE3E FAHe] 0709 ng/100ml, At ¥ ol
1.203 pg/100ml, As-8&3 3ol 1.189 ug/100me, FHF&H FAHo]
1.070 pg/100me¢, 4 &34 F4do] 1.060 wg/100m¢, Box&3x FHo
1.613 1g/100m¢ % e tH(Table 3 2 Figure 2). 8 & #3ho] 5%
© Box &4, A9, As&3, ANEH, ¥d &4, Ve 2 49
T4 woR ¥& 3o YEyt ey duEge A AEF

)
& o
o
po
o

Faf FAE WA AdEAs s =

Table 3. Concentrations of blood manganese by type of process

Concentrations of airborne Mn(mg/m’)

Type of process N

GM GSD Range
quality management 5 0.709 1.757 0.307-1.216
Cutting 1 1.203 - -
atomotive Welding 3 1.189 1.308 0.895-1.527
Patch Welding 18 1.070 1.682 0.446-2.414
Panel Welding 23 1.060 1.438 0.449-2.347
Box Welding 23 1.613 1.651 0.914-6.483

Total 73 1.19 1.653 0.307-6.483
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Figure 2. Concentration of blood manganese by type of process.

3. FART L 2R3} Y F Y =0y B

FEo Y3t Zo)l= AHE A (Table 4 &£ Figure 3), 47+ Fol =
48 22A9 ¥F 4 vEv FAAY v FAATE 27 119 ug

Table 4. Blood manganese Concentrations of the subjects by smoking habit

Mn in blood(xg/100me)

Smoking habits N

GM GSD Range
Smoking 50 1.19 1.651 0.307-6.483
Nonsmoking 18 1.22 1.487 0.671-2.826

99
98 o

95 H
90 A

® Smoking

80 1 v Non-smoking

70 A

30 o
20 A

Cumulative frequency, %
[6;]
o
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Concentrations of blood manganese, #8/100m

Figure 3. Blood manganese concentration of the subjects by smoking habit.

Table 5. Blood manganese concentration by work duration

work duration N Mn in blood(/:g/lOOmE)
(yrs.) GM GSD Range
<10 37 1.08 1.577 0.307-3.029
10=< 31 1.36 1.590 0.534-6.483
total 68 1.20 1.595 0.307-6.483
- 13 -
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Figure 4. Concentrations of blood manganese by work duration.

Table 6. Samples of above 1.0 wg/100m¢ , 2.0 wg/100ml, 3.6 £g/100ml in

blood manganese Concentration

No. of above No. of above No. of above
N 1.0 ¢g/100me 2.0 ¢g/100me 3.6 1g/100me

of blood Mn(%) of blood Mn(%) of blood Mn(%)

Work
duration(yrs.)

<10 37 19(51.4) 4(10.8) 0(0.0)
10=< 31 25(80.7) 4(12.9) 1(3.2)
68 44(66.1) 8(11.9) 1(3.2)

A5 B2k FEE 109 o) g SRV 10 d vRke] 2
AR FostA =4 vEut. g5 93 R AAX
WHO(1986a)= 2 1g/100ml, Lauwerys®t Hoet(1993)2 1 pg/100ml=E
HAastz Yok o] VFES AR 2R nE 2 7o 5 43t
TRV 29 E ZEATE AHE ZA3(Table 6), 1 1g/100m2 =7}
s TRAE F 4766.1%) 010k A E el 10d viRkE 10 o]

E

et 22AE 474 19 9(614%)% 25 9
>

oL

7hehe A¥S EATh 8 2 w/100mE Zdshs S22E & 8
(11.9%)° 5+ d

ol o] 71Eg 2Tk vt % Wrke] AeAQl 36 ug
/100mE 238t S22 103 ol <53 Z2AbdlA 19(3.2%)
o & ety

4 AQ 87 F UL FES 22AY Y FT FAFESY
A

ahel ¥ B ARBATL Ae
Ao vrhdth o7lelA ARS7E 1l @9l FAN Fugom
EAL we 29 degte AAS FRAAE 4R A%, fel
He 8% FelshAl el 2o Uehdthr= 0572)

- 15 -



45 y =0.4605x +1.0716
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Figure 5. Relationship between airborne manganese concentration

and Blood manganese concentration.
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Figure 6. Relationship between airborne manganese concentration

and Blood manganese concentration by type of process

SagEelA €O, o}a g
Co, 83 A BAE WD F
of gRa Ad A4E ¥ 83T w
o] A%How wolAiL oItk AAow §8F w

o] 7] Wiitel 83 SERAE Witk =EE JheAdo] B

a2 et A7 AN T T I e 4F el wol@ A
ol7F e (P<0.05), # TxE Axd 2 AN M =2 @3
Fol BAsk= Adew Ha Ha Jdu(Aled o] ¢85 1997). wet

B HAFAG el WE 9= AFRae]  <swW  Johnson¥

Melius(1980)= 0.004-0.19 mg/m'ZE 2L FEE5 Hlttnw HE3 nf
931, Roels 5(1987)2 0.07-8.61 mg/m’, Richard(1994)= 7% %1t =
=7 d F2E &8 A 073 mg/m, EE £FH Al 032 mg/mel E3F

]
Fol wAHT @ wh Uk olsh Mwaw ® AFAelA ekt
= How we

)

TUHE I A= ol WAdT WMEA(1994)2> AEAk AA A T

4d 4229 W F=7F 0085 mg/m', MAFE 5(1995) AU Hx
Aol A 3.39-30.71 mg/m’, AukgEldolA]l 2.05-8.11 mg/m’, ZH oY A
2ol A 142-512 mg/mr, ASAFFAZDANA 1.50-2.55 mg/m'e] &



ol =FH 3 Juia HEI v 9dow A8 5(1997) =AYl
A 11 mg/m’, EEEE AxGAA 0.99 mg/m’, AFE A A£G A 012

m/mel W] wEHm dvkn wad o gtk Fdws wga
=
K3

SEvete 2 84 T U9 F wF 71E2 1.0 ng/melH (e
BO2002), ©] ¥EE xFeE ZEAE B9 fFHAA 196.25 %),

=
Box&7% 4925 %)t} dek, 2AE84, A8 eA-NM= 1 mg/

mE 23 AE7F 9ok @9 ACGIH(1996) TLV 0.2 mg/m'S =
Hahe 2EAE AsE FAAA 2 HE0 %), AFEHTAHANA 3
820 %), A &4 FANA 8850 %), 123 Box&HEFANA 13
H(81.3 %ol dd F4L& ACGIH1996) TLV 0.2 mg/m' S *=3}3}
= 223E gk

4 72 AxfdelM Co, &4 A B3t F9

ol A Aol ol FolAE Box§H 3 A%

Ae o g3e ol
A B ol A A dehkon, AU §4 Agle] ofF
A4 g duAdn 48" AeHel olFelAE  ALEHAA
skt

2.8 T 3= dF V1€ R B A7ES v
Roels 5(1987)& 715 @1k ¥% 007-861 mg/melA g} Z @
%70 0.10-359 pg/100mg % LTk

(1997)2 715 "3t §% 0.36 mg/m' ol A 7

/100me = vpEbsteRal Bangk wp glok ol #d i 2 lte} Wl

mﬁl K
s
=
ot
e
o
pac
(o
a
OO
ox,
r)v

Ao Hlth

AT E AFEHAN T2 F FEEE 0174 mg/md o,
A5 e 1189 pg/100me, AT &4 F7] T WFEE7F 0.048
mg/m W dF WHS 1.070 pg/100ml, Box&HAA &7 T Wit
7 0488 mg/m'd W, 5 Wk 1613 wg/100m FEQ Aoz

Wk 7lE 2 FARRA, daagde VF 93k AR7F gAY
4
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ABSTRACT

Study on Workers’ Exposure to the Manganese and
their Blood Manganese Levels for the Welders

Yu, hoon-jong

Major in Industrial Hygiene Engineering
Department of Industry and Health Engineering
Graduate School of Occupational Safety and Health

Hansung University

This study was conducted to evaluate workers’ exposure to
airborne manganese and blood concentration levels of manganese
among the welders during welding process. Total number of 109
workers were surveyed with a questionnaire. Personal air samples
were taken using NIOSH method for the airborne manganese
exposure assessment. Blood samples were collected and analyzed

with use of AAS.

The results of this study were as follows.

1. Geometric mean of airborne manganese concentrations was 0.174
mg/m°. One of workers' exposure to manganese in the Panel
welding process(6.25%), and four in the Box welding process(25%)

exceeded the Korean Ministry of Labor Exposure Limit.

2. Mean exposure level of manganese was 0.032 mg/m3 in the
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cutting process, 0.174 rng/m3 in the automatic welding process, 0.084
mg/m® in the panel rib fit-up welding process, 0.132 mg/m’ in the
panel welding process and 0.488 mg/m’® in the box welding process

respectively.

3. Geometric mean value of blood manganese was 0.109 xg/100mf.
Blood manganese level was 0.709 1g/100ml in the department of tech
and quality control, 1.203 xg/100m¢ in the cutting process, 1.189 pug
/100m¢ in the automatic welding process, 1.070 pg/100m¢ in the panel
rib fit-up welding process, 1.060 pg/100m¢ in the panel welding

process and 1.613 pg/100m¢ in the box welding process respectively.

4. It was found that there was a statistically significant correlations
between airborne manganese concentrations and blood manganese

levels (r=0.748, n=19).

5. Blood manganese level in the group having more than 10 years
of work duration shows 1.36 xg/100m¢, which was higher than 1.08
£1g/100m¢ that was the blood manganese level of the group having

less than 10 years of work duration.

6. No statistical significance was found in the relationship between

smoking and non-smoking groups.

- 27 -



