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Comparative Analysis of Exposure to Hazardous Factors of
Welding Lab Activities in Specialized High School

Min-Ju Kim * Seong-Eun Jang * Hwa-Il Kim’
Department of Safety and Health, Catholic University of Pusan

ABSTRACT

Objectives: This study aims to identify and analyze the exposure status of welding students in specialized high
school welding labratories, compare it with the exposure to welding hazards of industrial workers, and seek to
improve the educational environment for youth through domestic and international exposure standards.

Methods: This study compares the level of exposure to hazardous factors in a welding laboratory of a vocational
high school in Jeollanam—do and a welding process in a general industrial site by measuring the work environment.
A 10—question survey was conducted to review the effects of welding hazards on the human body, carcinogenicity
information, international (US, UK, France) exposure standards, general characteristics between the two groups,
and awareness of occupational health.

Results: Exposure to hazardous factors in both groups was below the standards set by MOEL. Specialized high
school students were exposed to higher levels than workers, and some hazardous factors exceeded the standards
when compared to international exposure standards. During the survey, students were less aware of the hazards
of welding, safety and health education, and the need for work environment measurement than workers.

Conclusions: For the respiratory protection of students in vocational high school welding labs, it is necessary
to create a comfortable training environment. Exposure standards for harmful factors should be strictly applied,
such as overseas standards, or exposure should be limited by setting a limit on the number of hours of welding
practice per week. In addition, it is necessary to conduct safety and health education for welding students to
raise their awareness of the importance of measuring the working environment and wearing appropriate
protective equipment.

Key words: exposure standards, mandatory, specialized high school, welding, work environment measurement
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Table 1. General characteristics of welding rods, ventilation and welding type

Specialized high school Work sites
A B C D E F G H J K L M N 0 P

(Welding rod)

KC-28" O O 0 0 0O O 0 O O 0O O
KH-500LF? O 0O O O 0 ©

ST-308” O 0 O 0 O 0O O O
K-71T% 0 O O O 0 O
CR-13° 0 0 0
(Ventilation)

Welding booth 0 0 0

Upward ventilation O 0 0 0 0 0 0 0 0 0
(Welding type)

TIGY 0 0 0 0 0O O O O
co,” o) 0 0 0 0 0 0 o o0 o o o o o o0 o

DKC-28(Mn, Fe,0s)
IKH-500LF(Fe;0s, TiOy)
IST-308(Fe,0s, Cr3*, Ni, Mn, Cr6")

2. 17 e
1) A2 A3

84 B A, W ¥ 28, UARSEA), o
SeERs SOl B4R Wit FA 2s] 9

3 PVC(poly vinyl chloride) o] thilo] MCE
(mixed cellulose ester membrane filter 273 37
m, 3= 0.8 m)< TlAIACIE A 24417 X AX
A oA A7 7= ARAEE FA
S5 AR E ARSSHATE. AE(E8A 671 AE
3RME)2 PVC(AA 37 m, 3= 5.0 m)}E AHESHSITH
Alg Z2H2 54 A -3 755 §s0] 32 71 371
A& AF7)(personal air sampler, SKC AirChek
Touch, US.A)Ql HFYE Holz JFEE ARSI
3-piece cassette filtero] A2} & ZATHSY L
e ol e IA(AEFH, 20200004 78
st= 7ol B4 AR A= 22X 25 fRIE
2R 35715 S42E ¥ 30em BEHOIA AAlsH
Pt FEFE 2.019~2.018 [/ming] FFo=2 IF
(B84 671 38 siHE)2 1.016~1.011 1/ming] &
Fog oIS AHEste] 7iQl AR X{FHE of
Aot AFH F2 A4 ¥ B A (Defender 510,
Gas flow calibrator, Sun Ray)& ©o]&dlo] A& =
AT /FE2 42 B S

kel

ax

=
=
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IK=-71T(Mn, Fe 03, TiO)
SCR-13(Mn, Fe,0s, TiO)

OTIG(Tugsten inert gas welding)
)COy(Flux cored arc welding)

A0 0

422 KOSHA GUIDE W-23-2016(A2=%4 9
37t wp)el w4 A &% S7371(TSI QUEST,
EG4P DOSIMETER, U.S.A)E ARgsto] A AA(Z
B2 72 SAHCE ¥ 30 an BH)OIA SAs1eIT
A2 Aot EHot7] s EAHA(TSI QUEST,
CALIBRATED, U.S.A)E AFgsigon 24 A - 58
114.0 BAA)Z EH otdct £&3A19 FAEHIZ=
A BA, AARA9 Z&2 “H(slow) AMH, threshold
: 80 @8, criteria : 90 &, exchange rate : 5 3= A

A -39 AR FFY
ol AbEshs 5% A HoE ALt

S AE Z2H & oA Alg 23
Fo] 915 Foles stal s ol EHE A
Al 2dtetel A oo ¥X FFEA|(atomic
absorption spectrophotometer, AAS)E °]-835}o]
45U HOSHA Method ID-121, 2002). 67} &
=] B42 A QF F SA oA E Ao
F& 8902% FABMMESE + 3% BAES) SulE
A7kste] AR As] A4l & upiE dastal
By 9 pulste] A3 ojujof o] A=wiETIT
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Table 2. Methods of sampling and analysis

Harmful factors Sampling Sample analysis

Iron oxide

Manganese

Total chromium B method?
Nickel(not soluble) A method”

Titanium dioxide

Chromium(VI) C method®
Welding fumes D method”
DA method : Filtration collection method

?B method : OSHA method ID-121
¥C method : NIOSH method 7605
“D method : Weight analysis method

(Ion Chromatograph, IC)E ol&st] EAsk3lch
(NIOSH method 7605, 2003). Al& A3 9 &4 7t
O (Table 2)9 2t} AL L& A RAJA g+
E g (Detection Management Software)9.&2

HolE(TWAYE =&3Ht

3) 22X W& 4

E/9k sHIET AdEd 84 5792 =40
A& AR s AEXAE AASHH. 42 U823
gARe] dutEQl 54(Hel), &40 A= I
A ASEE AHEFT &4 AR S o 73l - A
A 15 oF 5) AAJEA] digt AXFALBSEA,
24749 ol = - F5) &oltt.

Y 230
2 H| 73] Ys) CGIHA 1Y 8AIZT Ht 5% Al

7t 7 HAA(TWA) SHAgES o9t Zoh=4] 1)
riA g OGOTGhT-+GT, W
8hr
C : =t EH A (ng/ )
T : |alQUA; 248 AlZHhr)
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Edst 1St Y 459 RNt =& AEj Hu 24 159

Z 32MEASH L A 1670, A 84 33
1671) 2E |oQAE 18k s R A4 F85k=
LE 7)E URieE ‘/}E}‘;lour E43t 15sw
=9 FolA 5 &4 2 AR Eo =4
gt 55, 88 &9 h:g%*(ﬁ*g%&)—c A
0.12 mg/m’ B35} SHAY 0.29 mg/m’'= <F 24j .:—;.S_
Foltt, F5F LEHEEEES FAGORE A
ARG =AY vt =EHO R g o] kE
H et A2 AAAER 0.09 mg/m’ /3%
SHY 0.13 mg/n?, 2 AFER 0.03 mg/m’ B35}
2 3H8 0.03 mg/mf, & 22 AAEF 0.0006 mg/nm’
E/43%t2 MY 0.001 mg/nf, YA(EED)S AdEH
0.0003 mg/m* E/8%}aL ¥ 0.0003 mg/m’, ©]4re}tE]
ENg-2 AHIEA 0.0008 mg/m' E43ET SHAY 0.01 mg
/nf, 67F AEF2 AF4EA 0.0003 mg/m’ 5443k S
0.0006 mg/molt}. AHF@EY hFE2 /AR (EH
)71 AR = o] QUA] LUARE, th4=2] A<to| EA s}
Ron JfG-R WA o] Y2 S IA oA & A
= & AAIste] 57] - 87134 &71)7F dgsiaitt.

IL.

Table 3. Comparison of the exposure level of welding fume

from each groups (Unit: mg/m?)
Welding  Specialized high school Work sites
fumes TWA TWA
1 0.1213 0.0912
2 0.2181 0.1687
3 0.1383 0.3978
4 0.1352 0.0725
5 0.2412 0.0868
6 0.1297 0.0818
7 0.6411 0.8270
8 1.8733 0.0915
9 0.2071 0.0869
10 0.2180 0.0822
M 0.0862 0.0911
12 0.0932 0.0729
13 0.1279 0.0845
14 0.1142 0.1508
15 0.1415 0.0868
16 0.0797 0.5910
NV 16 16
AM? 0.29 0.12
UN : Number of sample MoEL

IAM : Arithmetic mean [Standard : 5 mg/n]
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Table 4. Comparison of the exposure level of noise from each 8HA A=(G T S-8A5A)E 1.8733 mg/w'E o

groups Unit: 8A) 2 ggagst v@ste] JrHoR A et
Noise -SPecalied high scheol, . Work stes g S 81 Rt AAE] A4 Yt
1 13 504 QLA ARy SR 7} AR E o] QLo Bl
) 239 189 SHIEL AR E ARESHA] &2 HollA Yehd 5
3 1.9 65.6 zoltt, FAEA] 34 9 A= ARIEAIH
4 7.9 248 o} o Ak 24o] Hol dou, 167 AR F &
5 69.7 68.9 A ke 83 ol dhetol AR Bt ¥
6 69.7 68.1 Al YebdtKTable 3).
7 70.5 77.1 AAE %Oﬂ gt &% B A= ARAQPHE AR
8 71.7 80.9 710 W3 F& 512% (5\_3 9 AZof o5t A7FA
o 731 79.2 o] alut ool wheh 12 8AIZF 2 7]% 85dB(A) ©
- o ol 9] 288 £2AQY ol et Y 54st 3
12 68.2 81 St shYEC] tigh Agof #It Al st EAY
13 70.9 88.5 ’jﬁﬂ%i—l xﬂSZ(ﬁ‘—Pﬁ%’W L ﬂﬁﬂxu vxma) 1
14 69.3 81.0 F 4olle WA 25 olgta
15 66.4 76.0 oj=]o] St OWUP E*b} %‘Z ‘51 = 4 A
16 66.6 73.3 LEFARREHT)2 55BA)ET ¥ A2 70.6 &
N 16 16 (A= Uebdth(Table 4).
AM? 70.6 76.7
"N : Number of sample School Health Act 2. 29| L= 7|52 MLt QolQIXt LS
2) . . . i . [ = [
AM : Arithmetic mean [Standard : 55 dB(A)] =43 1Sely PR LaEn o591}

Table 5. Comparison of international exposure standards for manganese exposure levels in specialized high school students

(Unit: mg/m)
Moel TLV ACGIH TLV HSE WEL OSHA PEL NIOSH REL France OEL
NY 1 mg/m 0.02 mg/m' 0.05 mg/m* 0.2 mg/m’ 1 mg/m 0.2 mg/nt
TWA TWA TWA TWA TWA TWA
1 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013
2 0.0217 0.0217 0.0217 0.0217 0.0217 0.0217
3 0.0110 0.0110 0.0110 0.0110 0.0110 0.011
4 0.0160 0.0160 0.0160 0.0160 0.0160 0.016
5 0.2128 0.2128 0.2128 0.2128 0.2128 0.2128
6 0.0062 0.0062 0.0062 0.0062 0.0062 0.0062
7~8 — Not used welding rods containing manganese
9 0.0041 0.0041 0.0041 0.0041 0.0041 0.0041
10 0.0130 0.0130 0.0130 0.0130 0.0130 0.0130
717~13 — Not used welding rods containing manganese
14 0.0186 0.0186 0.0186 0.0186 0.0186 0.0186
15 0.0067 0.0067 0.0067 0.0067 0.0067 0.0067
16 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005
AM? 0.03 0.03 0.03 0.03 0.03 0.03
%° 3% 150% 60% 3% 3% 15%
N : Number of samples 2AM : Arithmetic mean 9% : Ratio of level
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Table 6. Comparison of international exposure standards for Chromium (V1) exposure levels in specialized high school students

(Unit: mg/m)
. France OFL NIOSH REL HSE WEL OsHA PEL
0.01 mg/m’ 0.0002 mg/m’ 0.025 mg/m’ 0.005 mg/m’
TWA TWA TWA TWA
1 0.0004 0.0004 0.0004 0.0004
2 0.0008 0.0008 0.0008 0.0008
3 0.0004 0.0004 0.0004 0.0004
4 0.0006 0.0006 0.0006 0.0006
5 N - DY N-D N-D N-D
6 N-D N-D N-D N-D
7~16 — Not used welding rods containing chromium(V)
AW 0.0006 0.0006 0.0006 0.0006
%° 6% 300% 2.4% 12%
"N : Number of samples 2AM : Arithmetic mean 9% : Ratio of level “N - D : Not Detected
L et 4 k= 7|&(TLV) mgto s vrelych Table 7. Welding work time for a week (cross analysis)
T 2eolN FET e w2 729l v 01
(ACGIH-TLV, 2019), 9¥=HHSE-WEL, 2002), vl= Group Welding frequency [hour] N=80
(OSHA-PEL, 2014), "|=(NIOSH-REL, 1997), =& 23 34 45 67 101 Total
2(OEL, 2018-2019)% #&3ld U% PSS H3 A3 9 M 15 2 40
K67 28 g, Frhel stel V1% 27 $% el 75 225 275 875 5 100
o8 mFEAY, kE VR Oyl we ez e B0 1T M2 15 40
o (%] 2.5 2.5 27.5 30 37.5 100

i A%}y IS (Table 5), 67} A& IFFEL
(Table 6)°]|t}.

e el 1oz = 0 =2 = f
HA] gt =S vlwslrAt 2AAeEEH T Ay
S AEXAR= IBM SPSS 27.0% o]&st] wApEA

T-testE AAISIATE. ZF Table?] Group A= E4J3}
155k, Group B AFAEAE UeRdT

T 8-k ARY B2 wAEHoz
=16.675, p=0.001 UEFHH. 725 0.01 71E00A]
T A9 9 &4dk= Al SAAR1 2ozt e
oz ‘BHsk=E AR A gk gl & £ ok &
Aska PSS FF 6~7AI0] 158 (37.5%) 22 7t
A =2 NEE HRIth ¥H, AM@ L2AE2 g
F 1047 oido] 158(37.5%) 22 7MY wou=
E44%0 s AdEREY 84 2 AR &

& Aoz YePIt(Table 7).

() 16.675(0.001)"

YA : Specialized high school students
2B : Work sites

5 Q9o B Aole wst] 9l 84l et
AT EH A4 BR oARQDY T-test 24

SAA Fo/dol At wEkM EAgel o w3 -

Table 8. T-test for two groups (Q1)

G Risk awareness training N=80
rou
Y NE) AMY spo {0)

A" 40 2.68 1.16 -2.637

B? 40 3.28 .85 (.010)
YA : Specialized high school students (.05
2B : Work sites
IN : Number of samples
YAM : Arithmetic mean
93D : Standard deviation

www.kiha.kr
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Table 9. T-test for two groups (Q2)

Table 11. T-test for two groups (Q4)

Grow_within the last 3 months 80 o o ettt facore o 8O
N® AM? sSp? Z‘CO) NE AM? sSp? ZBCD)
A 40 3.35 1.08 -2.261 A" 40 4.68 69 -2.680
B? 40 3.83 78 (.027) B? 40 4.28 64 (.009)"
YA : Specialized high school students (.05 YA : Specialized high school students **( 01

)
2B 1 Work sites

9N : Number of samples
YAM : Arithmetic mean
9SD : Standard deviation

A Q14 1w o7 Ht zpol7t qlefetar &
At B3 15w sHIES B 2.68, AHYE
TEASS 3.288 LEAEC] fA4, AEA <
o] dis] Aoz w2 FHF JFFE EY
(Table 8.

T 370 W 8FLE QI F9 ol AH(Q2)E
dotH 7] 5] T-test ¥4 A}, t=-2.261, p=0.027
2 §9Y5E 0.055 7IE07 BAZFQA S0l Utk
mEbA F 370 Y 8FHCoE QIgE F9] ol ofF9
Bt Apol7 icF et & = Qurk. EA43) 155t sy
52 B 3.35, ARl 2= 3.8308 JEAE
o] 9 ol ofFo] s 4H o= =2 B IS
e Table 9). 2AeHd 4 A=) oof Z3 5 =
2HPZIA] A 5 2 S 292 7 U9 B4
2ol7h glou g FA AR f2o/4do] gt

AAeESY 4 EFA3AE 1A £=2(Q3) A
ot T-test ¥4 AT}, t=-2.267, p=0.026°2.% |2+
= 0.05% 7|22 BAZR Fo4do] AUt webA

0
Q,

O.

2B : Work sites

IN : Number of samples
YAM : Arithmetic mean
93D : Standard deviation

§ 9 EARRTE 2] dioiA dddos
=0 G H$LE HKTable 10).

FolJIAZREE A4S Hog 98 AR QH)E &
ofH7] Yol T-test &4 A}, t=-2.680, p=0.009=
FO¢E 0.012 71202 BAZRI 4940 Qdrt. m
A FOQIAIREE A4S B g offo] Hit
o]zt Q¥ etal & 4= itk EA43F 15shy A=
2 B 4.68, AJEY IEAEL 4.28F SHYE0]
QFRJIARRE AAS H53F WQ ofFo] thaf Arth
HOoE w2 Yo FFE HeldtKTable 11).

AR A 9 AFRASHY A& YRS
oE(Q5)E LotE7] Al T-test B4 A}, t=9.076,
p=0.00022 894 0.001S 7|&0 & EAZ &
ol/do] ok, weba @A AA F9 FAATAFEF 9
A& SO F3]) o Fo] i Apol7} Quryetal & 4
Atk B3} 153t SIS Bt 3.98, FA AFE
T SEAES 21008 sPEo] AAEEZHY A

o
o

AAeESAY D S, 7TE QIA| o 79| Ht Zpo] <& 3O T3 ofFof oA HH R w2 HitZ
7F b el & & Qoh 543 15ste SIS UERtKTable 12).
Table 10. T-test for two groups (Q3) Table 12. T-test for two groups (Q5)
Awareness of work Hopeness to continue work
environment measurement and N=80 environment measurement N=80
Group special health diagnosis Group (Mandatory)
N3) /-\l\/|4) SDS) TCO ) N3) Al\/l4> SDS) f(p )

A 40 2.42 .96 -2.267 A" 40 3.98 1.12 9.076

B? 40 2.95 1.1 (.026) B? 40 2.10 67 (.000)™
YA : Specialized high school students (.05 DA : Specialized high school students "¢.001

)
2B : Work sites

IN : Number of samples
YAM : Arithmetic mean
9SD : Standard deviation
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2B : Work sites

9N : Number of samples
YAM : Arithmetic mean
9SD : Standard deviation
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£ A7 el E48k SHEo] ofdl ol
o Bt Aol AT vAE fefelde]
253 U AHE sl BF Seluet A

o] F50] d B/t sHYE] AQJEA9 84
= A4S sk, X“’*Wﬂi‘. o573} Al=E 59
A 2 AR AYtke Ae BHow i

o|E s AEA E*ésﬂr 15t S 94
=9 T571°] ==H Q= FoiA ST AR
HA st QAEE grlsty AYAY AN AR
% 84 34T vwsldct ES sHIEQ [l
LEFS 9 =E 78R =50 AHE H|
Wt ZAASH S ol S4BT L=
AE(40%)S Hdo= ARIEA9] 914, AdeE =T
A& 3RS o7, HZ 370E W 8He= gt
=9 ol AR 5 HAERAE AAISH

AQeAEH T 5 Ao 19 AR FAS
71208 k= AR BEEHTWA)LE & a]
o AT 545 DET SHASAY fIIH LS

o] dl AMAER 24 ITAHT} f l-:_7_]

U AR Sezolth. E3), TWAR $H¥et S43ta o
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