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ABSTRACT
Objectives: Operators of overhead traveling crane in a ship assembly factory perform work to transmit large vessel blocks to an

appropriate working process. Hazardous matters such as metal dusts, carbon monoxide, carbon dioxide, ozone, loud noise and fine
particles are generated by variable working activities in the factory. The operators could be exposed to the hazardous matters

during the work. In particular, welding fumes comprised of ultra fine particles and heavy metals is extremely hazardous for

humans when exposing a pulmonary through respiratory pathway. Occupational lung diseases related to welding fumes are
increasingly on an upward tendency. Therefore, the objective of this study is to assess properly unknown occupational exposure to

Methods: This study intended to clearly determine an equivalence check whether or not chemical constituents and composition of
the dusts, which existed in the driver’s cab, matched up with generally known welding fumes. Furthermore, computational fluid
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dynamics program(CFD) was used to identify a ventilation assessment in respect of a contamination distribution of welding fumes
They were lower than a threshold limit value level(5 mg/m’) of welding fumes
we need to be keeping the operators under a constant assessment in the operator process of overhead traveling crane
N

the welding fumes among the operators
s
in the air. The operators were investigated to assess personal exposure levels of welding fumes and respirable particulate
Results: The dust in an operation room were the same constituents and composition as welding fumes. Welding fumes, which
caused by the welding in a floor of the factory, arose with an ascending air current up to a roof and then stayed for a long time
They were considered to be exposed to the welding fumes in the operation room. The personal exposure levels of welding fumes
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and respirable particulate were 0.159(n=8, range=0.073-0.410) mg/m' and 0.138(n=8, range=0.087-0.178) mg/m
oA weFRt el

Conclusions: These findings indicate that an occupational exposure to welding fumes can exist among the operators. Consequently,

Key words: computational fluid dynamics, crane operator, shipyard, welding fumes
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29 FANANE g em Adre] 3k FEgl
iy AATRESS AET A Ao &R
o5 §H08 HAYE 24 2= AFE Y
st7] wiEeol &4, FE, AR H R Qo] =
o|FolXtt olF &4 AP &XE, FotE T

o] EBES WAYA =6 (Plog & Quinlan, 2002;
Berlinger et al, 2011), &9 374 EAA &4 2
Hl&o] oF 34 Wi F7lole 83 ArdelA 1
e gelEAe] ogE 4 ok ol 1Y W
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717t 37 o2 WEEH F 4tet 9 Wz i
A AR EE A dAE, T SA] FA 7ol ol
247 S E o Ak FHE SRl whet 2ol
HE|2 o]|Fo]x AthH(Burgess, 1995; Jenkins &
Eager, 2005). #4882 3384 A7|2 9 71A] €A
TEd 4 s B oY SS5EER o|Fo A3
of QlAlel et Aoz d#A  SlETl(ARC,
1990a; Persoons et al., 2014), 357|2 == A] #H4
% (Interstitial pulmonary fibrosis), THA H44d =&
SK(Chronic obstructive pulmonary disease), 242 A
2)(Occupational asthma)¥} 72 3 57|23t & o
T+ AHEo] R1Eal QthBuerke et al, 2002;
Munoz et al., 2009; Koh et al., 2015). Tt} A
Aol A et 7hHs=(Group 2B)= #Fetof wh
ot o] &R E 2E2EHe SHYEY Y H-
AFE A&HAFo7 £3Pxj3r QJYTHIARC, 1990b;
Lauritsen & Hansen, 1996; Hansen et al.,, 1996;
Moulin, 1997; Steenland, 2002).
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Ao 2t 3 r1ehd al(Peters et al, 1973;
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AT LA A Grid(LC400-Cu, EMS Inc.,
USA)7} A2F=l Mini particle sampler(MPS, INERIS,
France)E ©o|g3lo] EZ& 1 L/mnl & 9F 30% &
oF AR o] BAel Uk =7, Fe % et
2 B A% GridE FIEAEN ofy
AR A ZEX|(TEM-EDS, H-7650, Hitachi, Japan)o]]
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T4 ¥l diste] o 047\] &S 107, oy AE= 10°
o|5tZ E‘jiltq THE Ao=m siglon /\}%
H AA W= 1809HE ARE-SGIT

A A= H??l Ao A 24> 7F=(267 m) x A=
(276 m) x $=°](50 m)E AT o] Ao 249
A7) YRt o R {§A 9 f-50] At dHerH

g F5% 72ls Solof sl viw, $A9) 4%
o] A3t Fele] MAS A FhTi A A AW
u

£ D=SA" whE Aelrh "olAolsiut AlskEl A%
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ﬂ-(Chm et al., 1999). %%‘j%{« %}X}Q} 72 AF 9]

d=dz AlEdeldes FEsk=dl ol#lwe]l SV
wlgo] ATl SHEE] LAAT 1 A
gt AYE el FARE 7FA(SFOE ©]&5te] &
e =8 HHASRE 9 55t3thPiao et al.,
2009). Alek7F Az W3t wE 6Bay WHH

274 55 W52 Bolel] glete] gl 1
g o] 22 mojA o] WgFo R w5 Eash
1, Variation plot 1~3S JLE3lo] FFEALS &
QHEEZ =r & vw BEA 519 ch(Figure 1).
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o glo] HBEst YFH EE ke BAS AGFHY 3 FHE AA=E5E P2
th E3t $PEE FARS Y3l FeF o] (Under- L& ZEZ(Total suspended particulate, TSP)
Table 1. Boundary conditions for CFD
Conditions of the wind
CFD simulation Pollution source(Welder)
Temperature Velocity Direction
Case 1 24T 2.5 Northeast - Total welder: 198 people
- The generation amount of welding fumes per a
Case 2 24T 0.5 " Northeast welder: 0.7 g/min
Case 3 24T 2.5 s Southwest
Case 4 24T 0.5 W% Southwest
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Variation plot 1

Variation plot 2

Figure 1. Model building and control volume

1} A E X (Respiratory dust, RD)S. &2 SLE5}o]
NIOSH Method #0500(NIOSH, 1994)0.2 =% 4 B
Ashelar, A A o] 5 AR 2 104]
e 2% SAIZEA] ARt 5o A F sk &
A3Hld o] 7}X|(Polyvinyl Chloride, SKC Inc., 37
mm, 5.0 um, USA)= Z2}AE 714 E(Plastic Cassette,
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Switzerland) = FAE St 54 £ o] oA
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Variation plot 3

Pollution
source

MAR R QRS S AHE Bl gre
200 nm o3} Zu|Al UAAT, o5 ZEAo|
FeiS vrebiichFigure 2, 3). o] E719] BRePYEL
tjgk H(Fe, 31%), WZHMn, 13%), OFA(Zn, 13%),
TSI, 6%), ZEK, 3%), vh1dl%(Mg, 2%), Eet

Figure 3. Welding fume shapes of approximately 200 nanometers
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Table 2. Constituents of the main welding wires on a material safety data sheet
Welding wire Fe Mg Mn Ni Al&ALLO3 Si&Si02 TiO,
Dual Shield 7100 Rem’ 0.5-1.5 1.5-3.5 - <1 1-3 5-9
Dual Shield II81-K2 Rem* <1 1.5-2.5 1-2 <0.5 1-2 5-7
Unit: %
* Remainer
B (Ti, 1%) 22 o]FoA %=, o] s 5 1) Case 1 A| &8 o] A& A3}

e 54 A 34 oA F=2 AR 84 2.5 9| HEFol "t AlEdelAd A% 2 ¥
82 MSDS/ell Rl= SFehdollA shld o A st s dF ede=d A o] vEhde
CHTable 2). wheba] Al A HHE U dgaEQle] A ARolM e diiE wiEs
Bae AdwEom deld 9 §HES Fe % AckFigue 9)

7R ol B3te] 9%
e, Qi Aol WA gAEle] ol

S ATl Eel BAH

AL TS| ) WA m e

A oF o ER HEax o ol AlF(Simulation) S A

stol 4% BEE F30luslth o] BN 2
3, 8% W A W) 3 2UTE Fo Solek
©]7] ®rego] FAZFelal 9] S&o] HH Hopds
= AAEes @82 AetEAkFigure 4-7). Aokt
A ol HAITE FololA AAIE EX5A7=
w1 FEE SAT 23 JAEY S50 2.5
405 T2 oS 23 s oF 0% © T
7Fete @Adel yEbdHTth

2) Case 2 Al & o] A

0.5 60| BEF] thet AR oIH o] Ak, T
A shiold AAE egBAL oY B4 gam
A3 wEst 243 FobehAa, of egEAL WA
Selo] 9HT B AR WY AGoRE B
= 9 eh(Figure 5).
3) Case 3 A1 o1 4 o2 A

2.5 o] WAF et ABdolH )2 Ak,

SOl A As] A= AL, ©

qede 33 N
HedBde 3 AR AR Nojow sl
4% trerchFigure 6).

4) Case 4 A B o 4 o 5 A3}

0.5 2] AIFe] cha ABAolA o= Ak
A SRl AAE egEue T
Q18] 5wk F28) SRR, of HAE 2By

Figure 4. CFD simulation case 1(2.5 s northeast wind)
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Figure 7. CFD simulation case 4(0.5 ™s southwest wind)
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A Absiie] A Qoo St ¥ AAEE 7
9 Upepiic) mjebA] Case 4= B Q9] AlEd o]
A2 24 FoIA b Aok B/ g vt
tH(Figure 7).
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ol =
AT AP 20109 = ~2013d &= 2H 2

24 ARolN LAY SRF BE FEE 038
(n=9, Range=0.072-2.068) mgym'S.= I

71%0] Blsh oF 17% $-Eel g, £ A7 AT &
H(n=8, 0.159 mgm’)of H|3} 2F 5ul] =SQFtH(Table 3).
T3F 2004 = ~2009 o] AFAA oA A H o=
AN 3EAHAEA HiF =5 0.577(n=40, Range=
0.015-2.487) mgm'e =2 X AFATe] TFHAHEZ
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Table 3. The results of working environment measurement among the operators of an overhead traveling crane

Type of dust Investigation period* n AM(SD) GM(GSD) Range(min-max)
Welding fume' 2010-2013 9 0.852(0.554) 0.650(2.554) 0.072-2.068
Respiratory dusts’ 2004-2009 40 0.577(0.448) 0.446(2.262) 0.015-2.487

AM: Arithmetric mean, SD: Standard deviation, GM: Geometric mean, GSD: Geometric standard deviation
Unit: mg/m’
§ampling time: Time weighed average(TWA)
. unit: year
Total suspended particulate
#
below 4 m

Table 4. The levels of welding fumes and respiratory dusts by a personal sampling

Type of working Type of dust n AM(SD) GM(GSD) Range(min-max)
Welding fume’ 8 0.159(0.106) 0.138(1.668) 0.073-0.410
Operators . N
Respiratory dust 8 0.138(0.038) 0.133(1.338) 0.087-0.178
Welder* Welding fume' 4 3.525(2.610) 2.663(2.546) 0.828-6.518
elder
Respiratory dust’ 4 2.147(1.565) 1.591(2.711) 0.419-3.921

AM: Arithmetric mean, SD: Standard deviation, GM: Geometric mean, GSD: Geometric standard deviation
Unit: mg/m’
Sampling time: 9:00~17:00
: CO, Welding
Total suspended particulate

below 4 m

140 A SAAANA HAAZE v AEX 57477
< 120 = TimevsPuto 2 ANE v 2R s RS s da 4
i, ~=- Tewvapi Ao] mAER FEE oMo ART BE SES
‘. AL AR A2 F FAE ol AFe
; &l sl rh(Figure 8). ATl B4 278 S 6]&
3" o] 0.8(PM.5/PMio), 0.7(PMi/PMyo) ! 0.8(PM,/PM,s)
e o= gl uA YRR o|Rold S & 5 YUl
2t ), o] A Q4R HrlolA o] Hal 27
£ o W ew v89l 0.8(PMYTSP)T} GAFSHAl LebyiTl.

1000.00 120000 140000 160000 18:0000 - =}

L)
Time(hour) =

Figure 8. The levels of PM10, PM2.5, PM1 by time

(n=8, 0.138 mg/m’)o]] H]&l <F 4} =Q}TH(Table 3, 4). U FlEES A E 7S SolA BEsteE

Al LYY 845 245 FUKe Holgloy YR A AE HAAH QL =YY
A3}, 83E FH == 0.159(n=8, Range=0.073- SAEF =F o AAE AR Zsto] &g
0.410) mgm' S 2 1 ZA] 8 (n=4, 3.525 ng/m)d Grro| A Fetels 97 A E AL Qi) o]of & ¢
vl3l] oF 5% £Fo|T, TE-TH 7|25 ny TFox= I SHHe] EHE wE2HE &
m)ell Hlsl oF 3% ol lok SAUY EEAdEA st Qe AAaE el LA EAghe EHS
2 0.138(n=8, Range=0.087-0.178) mgm'S.= LAY AL k2R 9 lkeEaS BISHITh
(14, 2.147 ng/m)o]| ¥]3) SF 6% 30| Tk Table 4). Jenkins & Eager(2005):= FopAA-#Av| 3 ©]-8-5t
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£9°] =7 Yelgtth(Lehnert et al., 2012; Cena et al.,
2014). 2 At AAolA= AR A SHLY &
ZE(0.159 mgm)ollA TEAEZ(0.138 mgm) &
Hl& A 85%F 2utskqlar, AAIRE plAlE2 54
71719] #4127 skolA PMiyy & PMas9| HI&
2 80%, PMig & PM, 9] H]-&2 70%, PMys 5 PM,
o] H]&-2 80% S E(Figure 8), o] AP Aaks5
Aol dAstelek wepA Hgae el &4
ZA5tes S HEA] =8 5 e ®
71z FAE As AT 5 Ak

|2 S84 Fejol et W Aelzt ol
=1, CO&7(CO; Gas Arc Welding)-2 Argon(Argon
Arc Welding) ¥ Spot(Spot Welding)-&% ol v]s] &3
& o] o WolthLee & Paik, 1994, Kwag &
Paik, 1997). & AtollA A=A QL &AL &4
EF w2208, 0.159 ngm)S £4Un=4, 3.525
mg/m)e| 5% o2 ATt 2polE HGl=Tl|(Table
4), o]t Zpol= &4 WA F iAoz el
71} wol =EE= COERE % §HdEY

Hel
Ahe HF &7 COxgo] ofd o
|4 WA v, gAY Q] ALY &
AR eFapE Aols o5 Aoz Hith
Schoonover et al.(2011)2 d]=F A|7}3L &]ZF 2|9
Qg A7)/ HA A 227
e & & AR =3d 5 Q= 7IE 4
T AR 38Ye HdeR 8HE Ml ErES
Brbstal A= vlastd=d, 84 A9 71 2
T AAH o] Hor FEEo =
AL 71E AF AAREe AR ka2l HE
=L JkA g AHE ofF 8£7(Gas Tungsten arc
welding, GTAW)S et ZAAE3 GAlH|
e Zsizdo] ge 2 Aol 4gdeR v
WS ol PN WA LAY o] SHF
THAeR keFHed, B4 201097 2013 =
A9 g S Aol Al &9
SHE E24FS Pt 0.852 ngm'o| 3L, 2004H =
HE 200097 =AY STAHEA L2hFo
0.577 myme2 & A2 §5E(0.159 mgm) H =
SAEZ0.138 ne/m) =Bl u]s) 22} 4-5u] %
A dehton], Y bEeze 77 2068 ngm,

fn o
Mo
:
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2487 myme 2 XY HH =S4}
TH(Table 3, 4). Alch7t A=l &84
AR FEe &5 2ol ot 2fo]
Ch(Figure 8). whebA] =9l &4 ¢lo]
2 wBEE UF SRS B oA o
A Aol wheh Aol g Ui, S5 2o
N
$4F FEo| m2E 4 NS Aom porE.
SHEL QA 1eE A 557 B DB WA
4 9= Aoz U4 A Q)of(Antonini, 2003; Antonini
et al, 2004), §HFo) Y wBEE 2RAS A4
|5 == gk ¥ Weto] "asith A -
Ueh 18 esioAs §HES SRR 3
7Ft=S HolQl=t, o] H7F S I ks I8
ARRE SHH £xlo] ojugt A7), FE 4 3"5}51“3
EOo8 o|FolA A wHstr| 7} ofHek &
S wdshr| Zeb &3 T 2 A7)0 EW«P L3
ofj ol FAEgt ;‘“ﬁﬂﬁ%‘ﬂﬂ
Fold 4= Qlrk AR Syt LT H =57
Z3} Zolal 7|28 AesldE ulLA AL oA
713 9] 3] (American  Conference of Governmental
Industrial Hygienists, ACGIH)o|A= 82 ez
54" &HE =276 mgm)e AH3sin
(ACGIH, 2011), &Y =5 A}3] 5 (Federal Ministry of
Labor and Social Affairs, BMAS) 5 |3 & &3 4
& 71 RS =E2TIES 5948310 mgm)
I EEHEG mgm)em FhEske] -GSt Qe
(GESTIS, 2012). uwglA] 7H =% L2419 £4%
LEg7tollA TR oyl dA=r] 9 3}
M B7HE FAlOl s Zlo] HiEHA st
2 Aol A SHAANA SHEH &

]_
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AL 2 FAEE Aol7} 9 S glof £ A
A7t Seldet AgAd LAY B4R
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