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ABSTRACT

Geometric mean of airborne welding fume concentration at technical high schools was 4.80mg/ m(N.D ~35.39 ng/
m?) and the percentage of samples exceeded TLV of the Korean ministry of labor was 43.6%. Geometric mean of
airborne Mn concentration was 0.06mg/n(N.D ~0.42me/ nr) and the percentage of samples exceeded TLV of
ACGIH was 15.4%. In case of airborne Mn concentration, there is a significant difference among schools
(P<0.05).

Mn concentrations in blood of the exposed and control groups were .84 ug/ dl and 1.91 ug/ dl, respectively. Mn
concentrations in urine of the exposed and control groups were 1.36 s/ | and 0.57we/ [, respectively. In case of
Mn concentrations in urine, there is a significant difference between both groups(P<0.001) and among
schools(P<0.05). Mn concentrations in blood and urine of exposed group were not over BEIs of the Korean
ministry of labor. Mn levels in blood and urine were not significantly affected by smoking, drinking and
residence. There was no correlation between Mn concentration in air and blood. but there was a statistically
significant correlation between Mn concentration in air and urine(r=0.323). There was no a statistically significant
correlation between Mn concentration in blood and urine.

key words : Technical high school, Welding laboratory, Welding fume, Manganese
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Table 1. Distribution of subjects
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Exposed group

Non-exposed group

A 18 -

B 26 -

C 20 -

School D 22 _

E 17 -

F - 87

Total 103 87
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hood 7R-Rol| A 2] 7Hg el —smoke testeryt 574,
booth8] 4=, fan®] $1x] %) 1 zhe (zhgjch o) 9
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(1) &71 % &d& 41

EHE sEe} 37 F e
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(Millipore, GN type) &
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ALg-3F6 0 H| A} Ao E o]
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$0AT 19 HASY, A

S 2R EATCH AREY 23S 57 d
Foll HlFAFNEE §309 S A skalch 84
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AA-6501S, Japan) 2 Flame® & AH-3IA 3L, w4

Table 2. Analytical conditions of atomic absorption spectrophotometer for airbome manganese and GFAA condition for the

determination of manganese level in blood and urine

Items Airborne Mn Mn in blood Mn in urine
Method Flame Flameless Flameless
Wavelength{nm) 279.5 279.5 2795
Slit width(nm) 02 0.5 0.2
Background correction Do D2 D2
Lamp current{mA) 10 10 5
Purge gas Air-acetylene Argon Argon
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Table 3. General characteristics of subjects
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No.(%)

Exposed group

Non-exposed group

Smoking
Yes 58 (61.1) 21 (24.1)
No 37 (389 66 (75.9)
Dringking
"Yes 43 (51.8)
No 40 (48.2)
Residence
Urban 37 (39.4) 45 (561.7)
Downtown Area 57 (60.6) 42 (48.3)
Smoking under work
Yes 46 (93.9) -
No 3 (61 =
Eating inside workplace
Yes 46 (58.2) -
No 33 (41.8) -
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1% (ver. 8.0)F} Microsoft excel(ver. 7.5)% ©]-& o] 7| E ] Yr} sHE LA V) 5AF A)E S |5}
stoict 4 st 8AE, o7 § Wbset U 7] glaked oF 409 J AFHOoR LS st 2
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o, AFA PRI T 2 °1 Zpolis t—test 2+ 8t hood ] e, fan®] $12], =)z 4y
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FHE 20~4001709] 14 7o HGE
2437 booth 7k A& ¥ o] )ik 2+2+e] boothy= 7Heh
Table 4. Characteristics of local exhaust system and work conditions
School
A B C D

Hood type canopy canopy canopy canopy
Position of fan asymmetric® one-sided® asymmetric? asymmetric®
Capture capacity poor very poor poor poor
Posture of work bad bad bad bad
Position of work  The surface of The surface of The surface of
stand a wall a wall Center of booth a wall
Curtain or door close close open open

a: Centering around main tan, the number of booths is not even
b : Fan is located at the end of a serial booths

Main fan behind booth

App. Fig.“ 1. Example on the asyme—
trical exhaust system.

App F 2. 3. Example of a bad position
of workstation in booth

Main far

Ap. Fig. 2. Example of an inappropriate
local exhaust system.

App. Fig. 4. Example of a poor welding sture.
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th 228 F/HE F 29 F 81.0%7F A4S A}
$atx o, £ FCELE ¥ KSE
4316(83.3%)& AH&-3ka Qlet,

2. SFA LA Rﬁg_ al DD}L-:E

FYpssty 23 J**ﬁ 1}1}01] Al personal air

LL 9 £HF
A= E 63

= 57
HogH uere faEdd nidd Ao o o EAE 2 VF ks 7lé}ﬁﬁt 7474480
FEHATHF-F la‘ 4). 257 (EHE~35.39my/m', 0.06+3.64(EF
MEA S Bt} 2A SHER A 257, &3 0.42)mg/m'E FeR
o T % BRI -8R AaE # 60l e Zr stad £4F vt DSt 6.58mg/m 2 7}
ot xokon, st $AHF FEe Fot Akel7 ¢l
Table 5. Welding types, kinds of base metal and welding rod, and supplied personal protector
No.(28)
School A B C D
Welding type
SMAW 17 (94.4) 20 (76.9) 14 (70.0) 14 (73.7)
Others 1 ( 56) 6 (23.1) 6 (30.00 5 (26.3)
Base metal
Mild steel 14 (82.4) 19 (79.2) 16 (84.2) 15 (79.0)
Others | 3 (17.6) 5 (20.8) 3 (16.8) 4 (21.1)
Welding rod
KS E 4316 14 (87.5) 20 (83.3) 18 (94.7> 13 (68.4)
Others 2 (12.5) 4 (16.7) 1 ¢ 53) 6 (31.6)
Personal protector
Welding face shield (100.0) (100.0) (100.0) (100.0)
Respiratory mask - - - _
SMAW : Shielded metal arc welding
MAG : Metal active gas welding, CO2 welding
Table 6. Results of total welding fume and airborne manganese concentration at technical high schools it me/m
unit- m
Total welding fume Airborne Mn
School No. .
choo ° GM =+ GSD No GM*GSD
A 15 475+ 2.61 15 0.10+3.17
B 9 5.08£1.95 16 0.08+£2.32
C 12 277%+2.36 16 0.03+2.74
D 20 6.58*+2.69 18 0.04x5.20
Total 56 4.80+2.57 65 0.06=3.64
Significance N.S P<0.05

N.S ! Not Significant
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Table 7. Sample numbers of exceeding TLV : concentration of total welding fume and airborne manganese
No.(%)
Violation Possible overexposure Compliance
School Total
LCL>1 UCL>1, LCL=1 UCL<=1
Total fume 31 (46.3) 2 3.0 34 (50.7) 67 (100.0)
A 9 (60.0) 0 (0.0) 6 (40.0) 15
B 6 (37.5) 0 (0.0) 10 (62.5) 16
C 3 (187 1 (6.3) 12 (75.0) 16
D 13 (65.0) 1 (5.0 6 (30.0) 20
Airborne Mn 0 (0.0 0 (0.0) 65 (100.0) 65 (100.0)
Table 8. Results of biological monitoring of manganese
Blood{ug/de) Urine(ug/ £ )
School _
No. Mean = SD No. Mean =t SD
A Y7 196+ 0.54 17 2.15*1.41
B 25 1.83+0.52 25 1.35+1.17
C 19 1.85+0.60 17 1.03*0.95
D 18 1.58+0.233 14 0.92*0.66
E 17 2.01+0.62 4 1.12+0.73
Total 96 184x054 77 136%1.16
Non-exposed group 56 .1 91+ O '39 77777 29 O ‘37 +0.66
ANOVA among the schools 77777 N.S ) P(’() 05
T s r<ooo
N.S : Not significant
O} 7]% whzke = A 87 0.10mym 2.2 7 pe/de, P eE 1.91 (713 1.88, HY @ 1.05~
=1, B8 0.08mg/m', D& 0.04mg/m’, C8rul 307 pug/de o % {23k zpo] 7} gli= o 7 et S
0.03mg/m' 2 B8 F-2l gk 2o] 7k 21 eHPL0.05). th 8 F sl AeE Al mETo] 1.36
B 7oA 44 F v 37 F U 5w s (ZVsFE < 0.93, H9l 1 0.134~5.144)pg/ ¢ 2 W]
7} w2 Em7)EE 2obehs Aol g whaks o Aae wE92] 0.57(718ME ¢ 0.36. ¢ 0.005~3.00)
LHEL 9 6770 A5k 7kl 3170 (46.3%) 7} g/ ¢ ol Hlsﬂ F2l8kHAl #eHP<0.001).
ek :;z_z}-s}aigz, wENES 29 750 7y S N F s Ee) A A B8
o]

B(50.7%) ,i_CLU:] Ul—7].o]
8]
L4E wB7E
65.0%7) w271 F 232 Ef 8hito)
ko Ak 60.0%, 38t 37.5%

s
arn

270(3.0%) 34

U]D}-
# 657 7
#7h\glch. 7t b
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e, CBHIL 18.7%

wE ) ve 2
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08 7h wkgkeh

e
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wE 1847188 176, 9] 1 0.87~3.21)

7F 201pe/dez 7FF mko ), At 1.96ue/de,
C8rn. 1.85ug/de, B 1.83ug/de, DS 1.58ug/de

Fo]gd o} g 7he) 2]t x}o]M ot ¢ =%
e ASu7F 215w/ ¢ 2 7 %o B E,
C.Dew o8 747+ 1, 3);1;3/ ¢, 1.12ug/ ¢, 1.03ug/
0, 0.92ug/ ¢ 24 ¥ E Fo]8 o]t qlct
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Table 9. Blood and urine manganese concentration by smoking, drinking and residence of exposure group

Blood Urine
No. Mn conc. No Mn conc.
(ug/de) (us/ £)
Smoking
Yes 58 1.83+0.59 48 1.29+1.13
No 36 1.85+0.47 27 1.47+1.26
Significance N.S N.s
Dringking
Yes 69 1.86+0.55 55 1.25+1.01
No 26 1.80+0.54 21 1.65+1.49
Significance N.S N.S
Residence
Urban 37 1.93:+054 25 1.02+087
Rural 56 1.76 £0.53 49 1.48+1.21
Significance N.S N.S
- oha oot o3k Alol= gl on, S50 R HAE v R 22X 39 B 2 F LkE
9 A Aol E FAw @ Fo WIEER F T (ug/ £)=1.079 +4.145x71% P55 (ng/m) &
%k 27 glsich ol viepst
5,715 UzHsEol BN U 8 B UTHEH7I) V.o #
2o
7127 g 2 Wrtesrie] Au e AlThAL: AL 27 ol F5 ARE Bolut k& vh
7} 01772 frol% ARWAE Ko7 gkgkon} @ & MZ HATIE 55 7H e aA ¢4
Z a7ien o] AS 7)% ks wo) r=0.323 9 & (fusion welding), % (pressure welding), &%
3 AR BAS BYTHP0.05). w5 Foiat @ (soldering brazing) & Ml FFZ TR 1 F
TR 7k AFRALS AR A4 0016208 §-9] &3] Dol 44 T8 S gt
3t AT A S Bolx okokt} SYutehs A7 3095t T3 $e S48
g8 18 37)E Wrkesel 9 2 Wrkewelo) ArFo =M 24, A% 5o BE 7|7 A Al
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s . . A B E= g Qo &3E 4%
. Y=1.079+4.145X ° Fus5 oY dAd =4 el T fElgd
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Fig.

Airborme Mn conc.

1. Relationship between airborne manganese concentration and
manganese concent- ration in urine.
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