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A study on the airborne concentration of welding fume for
some manufacturing industries

Sang-Hoon Byeon, Seung-Hyun Park, Chang-11 Kim*, In-Jeong Park,
Jeong-Sun Yang, Se-Min Oh, Young-Hahn Moon

Industrial Hygiene Research Institute Korea Industrial Safety Corporation,Inchon,Korea
Inchon Industrial Masters' College,Inchon, Korea*

The airborne concentrations of the welding fumes produced during CO. arcwelding process at ship-
building,shiprepairing, container manufacturing and car accessary manufacturing industry were

investigated.

The effects how much reduced the welding fume were checked when the portable fan was used.

The results were as follows;

1.The geometric mean of welding fume concentration in shipbuilding factory was 10.05ng/ne. This
exposure concentration was higher than other 3 manufacturing industries at 95% confidence level .
2. The sampling filters for welding fume could be digested with acid within 1 hour by microwave

oven. The recoveries for investigated metal elements were all over 95%.

3.The optimal wavelength could be selected for the simultaneous analysis of 8 metal elements by

ICP(Inductively Coupled Plasma).

4.Noxious gases(0,,NO.) produced during CO., gas arc welding process were detected that the con-
centration of ozone(O.) was less than 0.01 ppm and that of nitrogen dioxide(NO,) was 0.01-0.03 ppm.
5.The geometric mean of welding fume particle diameter was 1.26m and geometric standard devi-

ation was 1.51 for the counts when particle analyzer(ELZONE) had been used.

6.When the portable fan had been used,the reduced percent of total welding fume for workers was

about 47.8% when portable fan was applied to blow and 71.7% when to exhaust.
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Table 1. The scale of investigated manufacturers

Type of Number of tatal Number of welding
Manufacturer workers workers

H Ship/B 600 100

D Ship/R 1690 450

S Container/M 900 60

U Car AIM 200 60

(Ship/B : Ship Building, Ship/R: Ship Repairing,
Container/M : Container Manufacturing, Car A/M : Car
Accessary Manufacturing)
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SHAPF 2sEe fEAIIAY 2EO) H
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€ 140me] glacial acetic acid& E#ste o
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b) ICPE o}8tl BNE U IHME £4

Prasma %€ °|8% 34 AA F9 8% ¢
A@yel Hlde RrER] ool UedH AAE
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¥ A7olA} ICPE Thermo Jerrell Ash Co. 9
IRIS® AH#IUIL cross-flow nubulizer®# o}%
32 RF powere 1150 W2 %42 Flush
pump ratee 100 rpm, nubuliter flowe 0.6 1
pmi , Sample flush time#- 30 sec, Purge gasE
Argon-g AH-3%ch £ 8 Vel FEHYEE Fe,
Zn, Cu, Mn, Pb, Ni, Cb, Cr §°¥ st EA
of ¥ 2 F6dddd UM ¥4 e
B 34 BAISH

Table 2. The digestion condition of welding fume by
microwave oven

File name welding fume digestion

Stage N @ (3) “) (5)
Power 50 80 90 00 00
Pressure, psi 80 90 120 00 00
Time 15 20 10 00 00
Tap 10 10 10 00 00
*Temp. 100 110 120 00 00

*Temp.: Temperature

¢) Electric sensing zone 'H4lg§ o}R8t
SHEe 24X 30| #4

B2 JdAEEE ¥t O E gize-selective
sampling (ACGIH, 1992) & %43 373 EYXE
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o} o] Wy e EYr|s] EIPARY 2H
o] ol A, HA7] s A B AQRIF
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2 EJ ¥ 4 givke 9ol Uth(ERA F,1992).
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£ FHEF o] § R §Y 2P3YE F3
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A7l e Ags Asig§ Y A= B E
€ X o]t (IEfli, 1967).
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Age] AH-¥ portable fan (THIT/ER S 24
Y42 EPF-300°)31 774 (O{5) & 282 m, ¥F
60m?/min, A4 3500 rpm ol BAE o 17
ke 2A A¥olr] o] olFsHA ARl s}
i @ito] 7hed HES ol 5 met A
HHAM COy7k2 ol3 438 ¥ o £33 F2) A
EE 4§ AHEA GstE ol B& AR
¥ wi71ste & A& vlasid APk Co,
ola W79 AL AF 110 A, AF 23V 4
1 34 Wired] AL 0.9 m A& A3
h

Table 3. Analysis Lines of Metal Elements in the Wel-

ding Fume by ICP
Elements Wavelength  *I/1, Conc.  **Estd Det. Lit.

(nm) (rm/ml)  (g/mi)
Fe 238.2 65.0 10.0 0.0046
Mn 260.5 145.0 10.0 0.0021
Cu 3273 31.0 10.0 0.0097
Zn 2138 170.0 10.0 0.0016
Pb 220.3 70.0 100.0 0.042
Cr 283.5 42.0 10.0 0.0071
Ni 221.6 29.0 10.0 0.010
Cd 228.8 10.0 0.0027

110.0

* 1/1, : Intensity Ratio,
** Est'd Det. Lim. : Estimated Detection Limit
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ANz - g |, Ze oA 2, AFALEA
ZUo] ¥ F $HFFEE SHYVE E 59

i o A& a¥ez e 2y 19 gk ¥ 5
AN B e o] Mt Axje] MA L2y
AAAel A4e 718 HFL 10,05 me/me(3.39-
30.71 mg/m), Hubeiglel FUAMY 3,78 me/me
(2.05-8.11 mg/m), EefjoliA|ngis] B3 BHA
2.46 mg/me(1.42-5,12 ne/m), AF2} B-FA| 22
W 834 1.91 me/mr(1.5-2.55 mg/md) &2 LJE}
Wt A zsl 2294 AYAe) A% Yojx o
€ ARG FAAE 95 % HE A Heol
A 8dFe E2Est wgten oA dFE
A9 E2¥E Aole FANoZ foskx gsit
(P>0.05).

ool 2o $43H A5 2 g gu
(Deck) A= FHAME 22 2.46 mg/nr (0. 42-
5.12 mg/m) 3} 1,91 mg/me(1.5-2.55 me/me) 2 L}E}
Wed 83 Ajdol Suoln AYAas wAH
o etz 48 AYgun FdAes Ziw)
7l R AA @A Mo 9§ EZAYL g Q
Aoz Yztdr) ole oA (1994 ¢ AEA
AN AERA Z2ur] NG SHES e
9 COota8He 44 2.90 mg/m(0.82-6.60me/
)% s 2 e 8718 (=%, 1991)
5.0 mg/mee]d} Q1R o2 el

3 B3UHE BSHE 55

ZAAPY 8HEF TSR FEE X 69 2
I olAE 19 22 YEUTE E 6914 84 3l

Table 4. Recovery efficiency of metal elements by microwave oven digestion.

Metal elements Fe Mn Zn Cu Cd Ni Cr Pb
Mean SD 101+ 33 98+ 12 97+ 26 100+ 1.2 98+ 19 93+ 39 98+ 25 95 + 0.15
cv 0.03 0.04 0.03 0.01 0.02 0.04 0.03 0.002

Table 5. Total fume concentration of various manufacturing

Type of Working No of Total Weding Fume Concentration
Manufacturing Site Sample GM(mg/mv) GSD Range(mg/mv)
H Ship/B Hull/A 20 10.05 222 3.39-30.71
D Ship/R Holder 7 3.78 1.95 2.05- 8.11
S Container/M Welding 13 2.46 1.70 1.42- 5.12
U Car A'M Deck 9 1.91 1.21 1.50- 2.55

{Ship/B : Ship Building, Ship/R : Ship Repairing,

Container/M : Container Manufacturing, Car A/M : Car Accessary Manufacturing)
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e A% o] H AedxFge] 22YFANA
CO,; 7t o3 §39 2% Ferl 3.50m/m (1. 97-
7.07 mg/m) 22 AU Wol Yein U AFNEE
242 718 (Deck) 29 3% <] 0.58 we/m*(0.42 -
0.95 mg/m’) 22 AY HA Jehgrt,

A5 e F4&98E Fe, Mn, Cu, Zn,
Pb, Cr, Ni, Cd9l 87kxiev}t o|F Pb, Cr,
Ni, Cde vlgeg et & 6ol EAIA sk
th 2§ 2014 Eole AN Zol $(ESF B
ARg we #XA28Y Ferl /M8 B3 avg
Mn# Zn ¥& Mn¥ Zn 28l3 Cud £42 Y
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£HEF YL AT Ak ooz o
ER (34 5 1988 5 1¥F F 199D 9] 23
3 ey 3 AR wal Ay Ael§ Holn
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o}
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g 4 Agdde 47 fle @ A A
e FAFEo] FIeHEE 74 §49 BE 3
£ 9% 7128 (additive effect) & 338l
g7kstaio} &iol ol ERE] 71F3ERE ¢
2ol oJste] A@Etm, 1 A7} 1 o]4deld ¥
2558 2usle Ao B (ACGIH, 1992
; olEAL - Wl 1994).

mg/m3

%+%+%+ +_%-

4714 Ce 2HEd Zzte] 3gFEoly, Te
BPER Fze] Hessold AeE nas
g o Adzde) 229 FP9 A$ 26724
1€ 94 2gsigen Adtda], @sloluA g,
AEAEFAZAL 47 0.46, 0.43, 0.342 19]
sz vehdch

4, Y § Wdsls w2 B

430 F gz Rartee 20y, ol
A4 (NO) & FHeho] dats F4(NO), g4zt
@4 (CO) ¥ A8/ #87teot 248 4 e
U £ dFdMe 484 4 2&(09F ol4ts
AL (NOYl dis] AR d9et. A I3
CO, 1284 F %= 0%k NOFEE ¥ 79
Jelilth, B Tolla el o] 2F(O)H oj4tzta
A(NO) B5 wFH(1991) 9} vl OSHAS| 8¢
¥=4 0.1 ppm#* 3 ppmel&ct. J.J. Ferry
% G. B. Ginther(1952) = 49§ AWt &
4 7t2 o2 83& 498 47 0.6 ppm7iAl9
2.&0] AU D HadPn FAANHEL 3
ppmA =X STt Basigc. £§ A9y
271% Trichloroethylenesl &4A] Phosgen©]
o g Rasiyo

B FAA AEE 2E(0)9 =& 0.01 pp
mAEAR oA NO)Y F=vE 0.01-0.03

H Ship/B D Ship/R

S Container/M

U-Car A/M

Fig. 1. Total fume condentrations of 4 manufacturing industries.
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Table 6. The concentration of metal elements in welding fume

Type of Working No.of GM of Metal Components Additive Effect

Manufacturing Site Sample Concentration(mng/m*) (TLV of mixture)
Fe Mn Zn Cu

H Ship/B Hul/A 7 3.50 1.64 1.13 0.01 2.67

D Ship/R Holder 5 1.00 0.12 0.20 0.01 0.46

S Container/M Welding 11 0.83 0.11 0.26 0.01 0.43

U Car AIM Deck 5 0.58 0.12 - 0.01 0.34

(Ship/B : Ship Building, Ship/R : Ship Repairing,

Container/M : Container Manufacturing, Car A/M : Car Accessary Manufacturing)

mg/m3

3.51

3

2.51

L

H Ship/B D Ship/R

S Container/M

U Car A/M

Fig. 2. The concentration of metal elements in welding fume.

ppme g HEFE vTte g vehdoy AN A
717b & (6-7¥)0l2t AA % FE W& Hu=
3t U EoE F3lo] ohRAy] W&ol f#7}
29] Fx7t AA JAos waEs 9y Adar
7t EoHn @717 Adz HA) g Y Fdel
A $8AAE S el k2] FEE ¥
A & 5 U Aoz wodr.

5. BX&2 AUXY Ex

R 71% digelA CO: 7t of2 $3A gAsle
#3%9] Y237)€ Particle Analyzer (ELZONE
280PC)2 23sjE A Yals] -AcE JEos
&) 29 37 4 oAjs} o] 3 £HFE] AA
FEXE UFATEXY deyarigys e
F Uern 84 E A YA AsE 71ES

2 g AP TEEEn A ¢4 5 AU o
e SHE YA 718 BEL 1.26 wolRA 1, 7)
SEEHAE 1512 veisten Yxte] FAE 7
To235E e 4AF 4AY 78 BHFe

Table 7. Gas coneentration during welding process

Type of Working No.of Mean of Gas Concentration(ppm)
Manufacturing ~ Sile Sample  NO, (0}

H $hip/B HulfA 8 0.02 0.01

D Ship/R Holder 4 0.01 0.01

S Container/M Welding 5 0.01 -
UCarA/M  Deck 3 003 -

(Ship/B : Ship Building, Ship/R : Ship Repairing,
Container/M : Container Manufacturing,
Car A/M : Car Accessary Manufacturing)
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T8 Z=ALA A8 9 73 (SEM:Scanning Electron
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o] AP 1Y sVl 2 BF AANE e
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2HE 2 Mz 2o

Autaz R el A4 35 oE dFA
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3.714
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Fig. 3. Counts distribution of total welding fume log-linear plot.

LOG-PROBABILITY PLOT
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Ly W T3 U SO {1 NS D SO 0 N0 3 182 SRS SO S S SO 8 TAS
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0,100 0.70m 360,500 ~1.000 2,09RA0GE.000 10.00 20.080.0050.00 100.V
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Fig. 4. Counts distribution of total welding fume log-cumulative probability plot.
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LOG-LINEAR PLOT (RELATIVE)
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B AT e g3 7iE o154 #§ o83 4
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2" TE 01T WE ARSIl WSk HE P
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B SHEE o8 WE o83l B0 FUE A ¢
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3} ool Qe Ro ehsth | 500)
E 8llM B & e 3T ol BE ENUNE
deolle 84FS 7189 T2 43.73 me/m*(31.68-  Table 8. The reduction effect of welding fume by
99.52 mg/me) ol 2RYAL oz Aol 44 portable fan
FHAM F 60enF = HolF FeA olF] HE Type  No.of Sample GM(me/m?) GSD  Range(re/nv)
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SHEE U HEE A A9 2281 ™/ venilation on
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Bt oF 47.8% A% 9 E2FHYT 8 o)F4] o blowing 7 2281 199 9.85-85.64
€ ol 83l 9o} 2L FPoz P SHEEL o)
7130E Afole S3E A[A] UF 2y 2 JePgoh uig g #o] £AEE v T WY
=€ 12.38 mg/me(8.98-17.16 mg/m?) 22 A2 o] 2] Lo ZHEFEHA 1.992 T Yol uis)
Y WE B ¥%E AREG 4 7.7 AT E ¥InA ¥ olfE vige] EHYHos ¥ yE
271 AZEAS. o BHEFol WAe AHAAN o REHoE FHANA AZ2 B 7 U
A= (ZAS4T) & Aol £ 23 0.3-0.4 m/sec  UERfo] Fuglch. E o] A3F SAS BAZ2
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ool 8 WE AeHA dsté A9sh 4%
Hitiel #o) o€ AH-E P=0.18 2A 95% A
5 4@AN HAY AolE HolA YN,

I

+HES 834 9o o8 FUE &3F0] 47l
oMY AYAH(WES-9002-1976, HA#stiars
2 0|34 FHE FHAEL TN H
& 7R3 fle] AREE RN, Cra-
lley et al., 1985 ; G.b. Clayton et al., 1978).
diAd e 2 1887 Benardoas] 2% ©@iolag
el Wi olo] 1891'd Slavianoffel 98 &
- kAR e Wi ] FAAL HFHA AR
%ol $A7ee 20 WY 71T FFA RN
MigkE]l AR Awel AP ATk, BAER
Mk, NIt (D), 1985).
Bl APl AEHR e SHEYL
24 $#sa] $-UF v 8-Ege] len ¥
A4 e} ol284, Electro Slag 441, A%
A4, #lolA 84, /T2 84, A4, 4H 4, dY
#olgict, Yoz ALgEla 3l AL o328
A48 Y& olfdhe WHol2 4, 7tade
oG ot FAR 7kx A=£J € AHS3he )
0] F7i8tan glen, 87Mdel FluxE B4 A
& 7=l Helsly] o o453 Uch
L B2 F9 2171844 o) AaE €
L e MEshe A We dovRE ¥4
2.8 e gol AR47]&4 e WFEE WL
e Belt}, 7l Al8-8a Sl NIOSH #3214
e 120C ©l4de) FRHolM M st Yol
L BE ALEEC St ARE B34
B HEY 9he &dol 0 F Ax M=EF
L MElgy] ek ARV U & glow o f div]
240 44 deld + Ut 2E0E ol &
G B AN e N2 2 AE 5 2
€ 9414 ¥4 @ Akl Nelgs sle
AAo|ct, Ay Aol wet AMe 2o tHE
299 Aua AR sl B AN Lo @ S 517 Hie] 88 ¥EYE AY Waot A
£ ARkx) g Aes o8y & olitled  ov agtez M8ty WEd ABAME Ro] ¢
Wlga& A4 P=0.007  0.052 95 % AH4 Tik A+ N8 &4 R HAA= A7 A& F
FoAM #2144 JRD Aolrt UG € 4 1 A7) WE A2[A RAEdleiof ¥,
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FTHeFOATA(1984) v AF Muppz @
FeAAY INAE oz A B3 S-S
FEE 11.4-20.48 m/mr2 JENTID B DEge
o ABFH £7138(1991) 9 2 249 =3, g2

9, 471399) 83 F F2 BEE 8.97-12.00 m |He ¥HSGE

/mol2tn BaElgon ole BRAMIA 4zy (A

2A3%)ols) 2 ¥% 10,05 ng/m(3.99-30.71
.’&WMMGM delx agetl & A O 7

ng/nry o} W] @A RKAbShT)

Phoon, W.H. 3 Tan, K.T(1983) Auwdz -
3 JAeE

el 2N F FAE Fof F(Pb)A4Fol
Fe thg-2.2 (.27-0.38 me/mr2 o1 HEEUctn
Badgey & d7dMe 88 F $ 9 PnA
2 0.01 mg/m* o)&E AFE Aoj& UYshiAE
tl ol& $3A2 Feol Y Rez Y@

Paik3 Goller(1985)& helmet 2Hgo 2% &
HE vE9 F4&E o 36-T1%°) Aok Bans
Hom 4T AA FRF=g WL wrisb)
AHAE helmetts] ¥ 8 280k dctn 54y
ot & AFNME helmetdtsl $43EF ¥58 29
st o AFF F(199)H vlakalz 2
A #8Ee BAYel A Fe] 2P o] helmetlol
Mol EHEF ¥ 2SR Ry shgd @
EHA BF7) siveleld SHF NEE Al
ek Agzke] Hjjel APE FA km YWl gt
A &AEE e NEANTY Adel g ¥ 2
HEGNA "ol ool §HE ANEE 2=
A o2l Aoz Yz,

g E

Az e, 2eolUAzY 28z AEA
FEAZYY 4F 34T GAse £HE
Y, E25x FA € olE #E o8 £HE
o AANE ¥ Ane ol e} g}

LASAzY 22YPAe] A% & 839 s
BREEE7 10.05 me/mro @ Mutpely 3,78 mg/
m, Zejo|UA 2 2.46 ng/me, AFARE A2y
1.91 mg/nr Bo} BAIR 02 05 % AHFZA &
oA wten] $HE HEr2S UMY 2s)
B2 A8 AN 9 A Badse) Wasi
1 Ayetec}

2. Microwave Oven® ©]83ld &HEF N8B

GO ?Pé:- ola 434 wasE £€‘(€3~334 el

# 0.01ppm, NOSI 3% 0.01-0.03 m ke

5. 8H% UA=7E Aol ﬁﬁ’r Z!-r 7IE=°§
B3€ Ate YAy VEEEe 1. 26 m°l.ﬂ 713}

EZU LAE UeR

6. 8% e 2 At
o 054 Wi ALEH:
Atk % 4.8 %HE AB

LA L R 7.7 %mm Jﬂ%
B e Aos e

H¥nE

A mim M&, 834, 33-3, 1987,

AEE O 2 2N AP TR 4N ¥
Eol B¢ 241, BIUAARYABA 1(1) 68-72, 1991

FTHxENGATL ¢ 8 DAY fABH A
EﬁMv 19&4.

:;M AAEAH SR, ::-.N:M A 9121z,
901
o4 wwanwm MWW 18 H¥
=5 & «w«m Mmm dw €

/’\i:#’ﬁ] i, BEMERMR(IT) 287, 1985,
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e (1) 181-186, 1992
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