1030 olms) /I o)ladd /¢ sla )5 sl § Cuibblagy aslilnd

ST Li92 sBped b )1 9> 462190 (S Amlio L)
SN g (032 |y olul

T S 08 = S ons 5 e = T plans i B s = lis] JLoS - T 5T ool - sl Sy

fgolbabaei@sina.tums.ac.ir

WEIT) (Lopds g W/F/V) sl s gl

03432
£%5 (y5 B yas  (Shielded Metal Arc Welding) SMAW L jls gy siws 99 ,5SIIL (68 g2 035 el :dodin
e 5105 Joloe Vgano (IS o ke Jsbo 5 w2bon (S0 S ush slas S b oo 9 65 s>
(slopsed Lot il vt oicd Culags o000 1 45 i o lgs il 3 5, 5 o o S olS o s o
Stz slaanld o0yt slapged sy 5 098 o515 Aalio LU oo (rs 0l aalllas il oo 5 S gz
sloanls o |y lapsd b agzrlse 5 e (a3ls ooy b soae lanSTy j) SuphS a5 wiS asie SMAW
a3 g0 (LS )5 g

o> 9 60 o515 b3yl 6l V17 Jae GRIMM [Legs 5 5 il olKiws ol aalllas jo ol )8 o9,
é)laﬁ gl usjf)l)s oolazwl o)},c)...aélm Y culs LY F P «_i\) J.._...al éj)fSAMW 6)150..;? GL‘”??‘B
O b plonl il oo IS a2 93]yl oS 4 b oagled 457 (g e (il FY alold o )3 ol jelaie 4y lga
3955 i b 2 D jg0ty 39 i8I LB 5 2y VO 3y 45 285 g0 aul i 0 lapgd (g0 g (goue o515

¢ (Direct Current Electrode Negative) DCEP L o

o3 WVFFOY o3 a5 ez 8Tl (oS 4l 50 (65 sz (slapsnd (S o0z 5 (g0as 0515 (e s L
L (NCI) jiog,Sce /OB /Y0 o3lail cns, 10 lyd au bgspe (g3 o515 o 5y Sl VEYANY pg/m? § id
oy Saa S0 3 552 5l y3 5 (NCT) g Seon FID b 0 o5l iy 10 13 45 bogs e ] 55 3 yid 20,5 ATAQYS
YO ojlail sy o Slyd a4y bgs e oo,z 10515 i YL (o D9 5 10,3 TPV 9 YAA L o 5 4y (NCB)

Al oo YOO ug/m? o ¥0+ e b s 5 4 MC8) ey ,Seo £10 5l 55,5 )3 s (MCL) e ,Sea /O G

b odgazme ;> 3 (o)l AP 99 (lsie ay (o7 5 539 o515 G 4 0l (LS gy (nl gl 16 S At
Slacens 4 5 SayS D3 aS olaol sl gogeine Gl pac ol D3 ple ol 5 S gS L g 3 ) 929 Gllas
)l s phames pa3l el |y (iilage Coslladl ST Jloel (gl (6 5V iy 5 0 o 395 i3 olSis Gl
o1 58,5 I 50 1o 09 oo y9ei I 095 g0 ularl D)3 5505 S ogeatey g calizie sloojlal iy, yo il
(SISt Sl psas ar g sato S ladame o D3 Lagzlye b3yl o oue oSTi A az g pas 5 ooy
2,5 Soly5 uSate (s SO )| S pow Gl 4 655 gz slopgad dlage Ol STl (siw )0 g mme (L)

e gl ) iy e 3,3 (£ ) s s ST wsoute 5T 5 U s SIS OLelS

OInl el ol (S5 pole olSiils criiilagy 0aSails (gl 48, gy gwiige 09,5 ¢ ol IS -
Onleol s iy i smio olKiils wlge ple 5 gwiige 0aSiils «(35,5)ls 05,5 il =Y

IRl Ol el (S8 pole olSasls sudlagy 00l s3glgmasaal 5 Lol 09,5 Lutils -

Ol el (i daped (S5 pole olSiils ciiilagy 0aSails (gl 48> ilagy 09,5 ¢ Lobiwl -F
Ol (ol (Sip pale olfails wablagy 0aSlasls (gl dd > ciilags (owidige 09,5 Loliwl -0
Ol eil s (ol Sy pole oliily cablagy 0aSLiils (gldd o Cuilagy pwdiges 05,5 wlowl -#



RLLIS 033)8 - (o)5 (e - Sinyd aaw - elicl JloS - (505 pumspsl - )3 (sxalw slgs

0393 6)15&5-?' lise LgL(o..\;%T)é I M‘PL’
8O pilee Glls e S P s aS
Iy bpsd ooy oS VYA Jlo jo (gl andllas o
slaanls o (L5 i aazlse o)) Hskte o
5 GMAWY) Lilre 55 L cwsd (o5 b
Uil Gileg0ed G SO jo  geglie (slalads
ol a8 ol lias adlllas cpl glaaidl Lass,S
S slaanld o JS ped o> oSy
o5 b gioglhe B 5 Libns S5 L g
oS o g oS e YIVAEYND o Q/FVEQ/VA
Zimmer lwg a5 gloads i8S asllas all oo
as olo las wl sl YooV Jle ,o Biswas
» OMAW (o5 ez slapsd goue o515
YN gl )l 1o o $Y/Vx) Y (60 il FIA glas )|
0,3 FYIYx) -7 S e o 1 g ke sl
Sliass (g5t (V) conl caSayie bl p
g O30 il Slolid aise),e (sogdom
WS Dyge baze g el (e lapgd
Slge ply jo cbla> (5 slalase o .(V )
Sgu> 5l jeS 4 agzlge als dhuleds (oo
Sl cdadle o] Go aS 0gd o ol codsyues
Sl el LmQT GO s Job o LS8 cdle
o sloluge y0 lapgd g la)lege 5 Sl
e > sl 00l Ao 9> aS T s 4
» béﬁfoj‘&‘ )..5‘ | 0dgs caSs o g f’)f
$U sz Lo ol 48 5 plodl 02 o515 Sline
sl O Sl C;|).S e L oasls 5o Q‘).S
oSy blhosw pl o bl il p2b gos I
,tale ¢l ¢ ¢ I3 5l gol; s (goae
So e plaS aSpl ansl aily jpas oy o

Gas metal arc welding -1

doddlo

037w Oygohy S S g 5, e

oolanl 3,50 Gl plpw ;o 38 slo LSl sl 2
Wlgee Stk lapgd (Jocnll 025 o0 )l 2
Maled wad 1) GISE codle 5 a8 oy
P e g 298l L, 059!
Ol 2 B hex E9 (nF Srasy (SMAW)
adn a5l b (e a5 oo
sl a Ks Glad g )15 w4 0l cda8 S
P B ex (rl 50 (V) 9d e Jog 3955l
o rimes Seboe D)l sl caely (S Sl
39Sl aiS oo ol 55 1) 0 mSUl 18 oS
kol B bolyon (g (pl ol oo tudigy sl
85 ol (S @ )T iz g 99850 98 2925l
(g 0355 Sl bwgd yo Jdl Jaged el
cblax IS mhaw g5, 5l ol aenST Y rls
o )by JSE5 g ey @iz b b oSt
Bile So 55 4 B ogdoo b9 v )
5l iz ysloly delse az,ST(F) a8 Joe
3 ol g g lae (D)l a5 e peid Jd
oBaus I igh oo adgs 5,5 sz Slides Jsb
slapgd Jolse ol (nipe (ad Sl
o Elgl Gl L0 Fadbise )5 oo
SRl s 65N g G e sleogd S
(SN Gosz sopsd (oyme y0 S slasi dag]
ey ool Goelogil 5 o5l 08 ) le
Ooeden O 31 s dilyg) (Pl ioll b o
azlae )5 ez pend b Lo juliw jo )5 o>
odzie OYLI o aS cl sa 5158 (V)le
olssar G5 51, AV sae S0,
Vil 5 wload gaainb cdgales o5 ssz
S0, O olidl sanl J VB0 b Ll oyl
WNegaxe 31 5 bpgd (A) cll aalgs>

S

)5 iag) g Cublagy aslilng

1890 pGws) /1€ o)lasd /¢ sla



r

)5 o) g Cuibblsgy asliliosd

1890 oGws) /1S oylaid /¢ sla

633 § o) @513 pnlwly )AL sloensd b PHEULs agalgs ) alis (b))

oBltws (nl 5 o paiges (Q) by s ize
lit/min sséo aglys ol A5 caay bawg 45
@y A o lapsd s> g (g0as (ST el YN
IV Y=V A=Y/ NO[-=0f+ b +-YO/+ o3l
o) gy S OF YL 5 DIO-F BD-O/Y Y
o B d dalal o as (VY) i (6 pSojlail oiws
ools igli A 5V & F X Y ) ol |
D)9 4 0y 9§09 oS5 i A dale>
22lss &l )MCT 5 NCT oo b oo 5 a2 (5 )Lt
sl 5 ey colaiwl 0j5e  iwl o5
e /F s L YF 5 S5 el eSe
S gy (s 39 35Sl (6,5 oo (sl o pe
SAFEY C20320-0500 _%¢> oo 5| (SMAW)
Yoo Jsb g Y/F ,lad L AWS E308L-16 55,250 4
5 o o515 (6,3 ojlail ol eolaiul e e
3955l Cekad o5 3 alowl _ul ) o ey
(DCEP) e 09 oSl - s 4l > &> jo
e p 4 6B G olis by a5y
sobed 51 S rized g el Voo 5 2y YO
a8 5l o 55 detl whaw da (gl diges
Sl isr Jsb o s SL oz 5 Sl
2 (VF)og iy Wooyomiy 5 bays 5 (hgels a5y
Sar B Nz Glapsed Sl o)l paigel s 2
Jodo a8 e g9 5l a4l Ve cndS
plml (Sl g8 g 3y (lyr oas b
Shge &l 58 g9, » )5 her Sldes al
plxl 4,25 b glad > (6,85 sz o Lawgs (g
09 Sl OB pan dgame lo) Do 4y azgi b og al
VA 0,50 ¥ )0 lapgsd 5l ()ls paised o5 5 b9
20,5 plxil osls 5ty Como jglate 4y glast
Saied don al a5 ke Lol 5l Ll

Number Concentration -3

Mass Concentration -4

b agrlye Sy 2Ll lr o pFoslal Guliie
Sladlao (\Y‘ ,\Y)w‘ 03 JJM )..i‘).»um
Wl o0« Slelge g o lazms izl )3 6 g o
Olastin g b S o sblags O35 6 e (uils
o pol> adlhas cany boa o g 5l ol
50 opiiie sloped ooy> g goue WSTE U ole
sleoslail cuo, ;o |, SMAW (6,15 jse> (slaas] )
shoslatwl peyl 9 ame 1,8 anlie 050 il
O 9 ) LS @bl 5 Sy 3 S
as slas |y hd b oagelse e slas lastl

SLETY
5,508 cACGIH' jlojle aSol @5 a>g5 L
oLy (Pcwlass b s \Yocem 1) x>0
sl g slad Sl S e aog (85
Slp 1y )5 s> jee glis,l a5 CCOHS™ labls
yogsle VYA LYY 0 VYO om 08 L (60,8
Lugie jab 4 ela )l asllas ] o 45 Og0d Cpuuss
6)‘0).34.35.03 (PG )‘ NQTA) KW w;).b.,)o 4% cm
as Lg)lfu’l}gq- J?u: )| ) cm alols o Lasﬁ}:_é )‘
() S, s 4l 0 sV e ooiles
olf)lS o Lb(_g)‘o).:d.'}oq GALA.I W) rbl.‘>u‘ o]
il (gielle g olge ouSiils (5,5 oo
5 o plsl (PXAXE m) olal 4 )0 S
Hhego, S il oad 0,5 oSl il dadllas
oWl 5528 GRIMM. gleeS el VN7 o
S8 esliiul 950 ()5 s slapsd 2Ll sln
S ySoslail L 5 il oBiws IS ulul.cd )8

S5l AU g glsel ST L lagly (SasSTn
Al oo aliBre olol b ol 3 yeue S o (5,5 0g00

American Conference of Governmental Industrial Hygienists-1

Canadian Centre for Occupational Health and Safety -2



RLLIS 033)8 - (o)5 (e - Sinyd aaw - elicl JloS - (505 pumspsl - )3 (sxalw slgs

asisly
Sbpsd ox 5 e S5 Y S
ojlal cakizee s, o |y SMAW (6,5 yio>
ol B b Hglnl (i aihie o S
Slapgd IS (0> 9 s20e o515 Oliee a0 e
pg/m’ g vd po, 3 NFFOY s 5w )5 e
a4 by e goue 1515 i e Bl oo VI/VEYY
NC8 s NCT 4 bgsye 5] o yieS 3 %AY L NCI
S by ol 0g %[ F g% Y L S
L B hsr slopasd sove o515 59 (Jo3 W,
Bl jo 098 co camline Dl )3 ojlsl ol 35,5
MCL & bgyye ooz 0515 Ol cn YL (il
Dbl e %Y 9 %YV Gl b sy 4 MCB

O (VAo plonil mhave Coxdye )0 ()8 e
VVaass b JIY sga> jo gloj Jolsd s jo
s iy il 5o Lo ST b iy oliis o
TS ez (Vo a3 )5 )l s 6 )8 Aex
ges S 5,1 o> oSS sl 5l e lo paiges o
1y il 55 Sy o515 il sliie < anls
30 Gl p dges bla jo Cuwyo 5,5 iex o518
3 P2l gl (L85 sl )5 s e (s,
ar s YIVAE YV Glos byl o g ey Jd
30 9o,y VIV E VY il Cugby g (pwgumds
VEIYY 2 YY)+ clos 5 gous o515 Lo plia
YYD £ Y0 s Casby 5 Logmmdes 4y
b plnil ooz oST5 omie pla 3 ws)s

A i ailine

o

ya g 87

610 paiged Joro STilols glod Y ST

T
L)

)5 iag) g Cublagy aslilng

1090 glms) /1€ o)laid /¢ slo



| g Cublsgy aslilios b=

)5

1890 oGws) /1S oylaid /¢ sla

633 § o) @513 pnlwly )AL sloensd b PHEULs agalgs ) alis (b))

MC1
MC2
MC3
MC4
MC5
MCo6
MC7
MC8

INERRARN

oI5 ppsd #1083 585 FlaG akTIA TIALY
MCTotml NCToml MCE  NC8 MC7 | NC7 | MC6  NC6  MCS | NCS

e Yoo VA sl¥ AITY oY Wat «Im »ITY ¥

WU WE-FaY  YAAFF  FEYT  ATA/PA | TAA | IAASF YTEY BRI WY

NC1
NC2
NC3
NC4
NC5
NC6
NC7
NC8

JERRREDON

Y VGeiva YA ALY ey,
MC4 NC4 MC3 NC3 MC2 NC2 MC1 NC1 iz
LZA N IRYL PR 713 4 Var A aiTa | TYIaY  AYITY Ly

WAl-A | AFYA  YY[AA  AWWYPF  WT-/FA  WYAFF | Fa-/-2 ATAAYF Jlade

SMAW &gz o it sl ,a,..s (<) &9 (AN gous ”ﬂ).a AU
(S0 o 1 0,59 S0 1502 pS 15 9 lg — i 20,3 Slual s goue ST walg )

1.0x 104

R
[
X
=
ad

1.0x 10+

LOG,,MC (ng/m*)

I.OxlUE-]

kR 2 [0 T, W——

1x107
1x10¢ £
S
- o
1x10% 2
E
1x10* =
o
Z&’
Ix10° &
S
[}

1x10?

Db iy

SMAW (g, 5ie> 5o calizeo (gl s lw 0y 3o 03> 9600 151y Ao LoV ST

Olime 0 a9 Sea /OG5 /YO &IyS (6l g o 2o
00dl b ecnd 5 ool 4oy ) 00,3 AYAQYS
S A7 glple @, o gj Slleg (8,5
olild ple o) 4 cos bapgd (goue (SIS
oo STy oy Wy, SO asly ol
S5 ol g S b S ey slapses
Loy 50 oz 0515 ROk edee ovalin
YOO 5 FO+ nolie b s 4y MC8 g MCI 4
“:;1).5 Slass L_,..:alf L: O u.ts.o).,.n » ‘a)fsjsu.o
MC3 B MCL 5l 685 29> slopssd (0> o515

oz 9 s oSIE N S e
SMAW 5 )5 s> slapsd
e e 18 anslie 950 )3 ojlail alisee

slas, o |
33, 48 soy> g 6o oST Sy a5 Ll
b_i.._el)f nles sl y Wil oo ol el sla bl
Sl o o, LQQT polie 5l e ooy g
oimli8l as el (S8 LLe el oo a8 5 Y .
L 8 e slapad goue o515 0 (6 S e
&l;dd)#g‘op@ommg;\)é)bé@lf
2 0,3 YAN (5iag o £IO B O Hlad L &l,3 (goae



LLIS 033)8 — (89)S (I - Ginyd araw — ebc] JloS - (1565 pamsysl - )8 (sxalw slgs

1200000 -
- e oo
= 1000000 —
2 - - Q
g i +1.96 SD - T
5 BOOGDQ [ G = e ==== | Size Distribution
< i 808339.7 | @ 0.35-0.5 um
S : @ 0.5-0.75 um
E 600000 3 m 2 0.75-1pum
E i ¢ 1-2pum
= B 0O 2-3.5um
= 400000 s
£ ¥ mEm A 35-5pm
‘; - o ¢ 5-65pum
< 200000 Mean | o Larger than 6.5 pm
5 i 1744157 Method A NC
g w Method B MC
5 OF Differences
= - j
R = Sampie S ?EAA AR TAAA
5 -200000 108882.6184 to 239948 6703
2 [ P (Ho: Mean=0)  <0.0001
E C Standard deviation 323430.5778
- [ Lower limit -459508.1881
400000 . -196SD geye -571893.5622 o -347122.8140
-459508.2 Upper limit 808339.6768
[ T es%cel 695954.3028 to 920725.0509
-600000 | ] | ] ] ]
0 5000 10000 15000 20000 25000 30000

Geometric mean of NC and MC

Bland-Altman ;g0 31 eslaiwwl USMAW (g5 sig> 3l 0 pisiico 5032 § (00 o547 dunny Uil P S

e Sbiyl Glp gz o515 Glae 4 Jad
Loyl ol ccwl oas a8,8 by o I3 L
Ol Jogms Jim FSzsS Ohd (IS @ azy
Sy olail ol 5S> b g ains Gillkay pus

Abos GRlBl ey g oue (ST w Sgles

Sisdgmadl aie) o oabplxl Cllas

1515 Olee sl o el 0l S LS s lame
P Gl G 58 goas (ST aSl (oo >
S oo ) Bleal @l llael @31 b))
oz 1515 s opdle ¢yl aslllan ;5 5,0l .(12)
Aoy 5 3 6,80 lpsd (goue (ST
OSHA) Lol b i ,sSae sbaojlull

Occupational Safety and Health Administration -1

3 e el s 3 815 s 2015
a3 MC8 5 MC3 3l o] s 5 i
MC7 5 ol (s laie o5 ool S5 5bls ol o
Sgd oo oddlin L8 slple o) 4 cad
Slpgd (ox 9 e oSy TS

Bland- loges 5l solial L |, SMAW (5,5 s>
—ails Jloges .l cols 1,8 auslie )50 Altman
5o 03l Gialed (39, (£98 (Sslis Jlogas b) (]
el sl o el s ol 5 ol o
B aoad g pFoslul el go e @ly5 Ol
Slgh o uizpr loged cpl (VY V) 05, 0
S hgy b RSl By o anmlie sl
(Y )ogd 42,5 IS 4y cad b il a5
@ axg b wgd oo csalin ¥ S jo a5 5blen
oS5 e Gilkay 45,8 (<0.0001) P-value ,lass

L goae &I;W)osop@o)sng9do.\s

_; .. -
| 9 Cublagy asllng <

)5

1090 olums) /1€ syladh /¢ sla



-
E

)5 o) g Cuibblsgy asliliosd

1890 oGws) /1S oylaid /¢ sla

633 § o) @513 pnlwly )AL sloensd b PHEULs agalgs ) alis (b))

VE 5y j0 aS WS (5 S oslail calie slaslidg
Y 5Ly j0 5 caSayip il o3 WAL
SJb 50 d0F)og ceSayine sl 0,3 AYAL
Iy goae o515 (il Sen g Buonanno asllas 45
NP OSCORE Y WYY SAREE 1 S R R PR CIN
Con ,o gt laglas 31 SO (0O)sls Llis
odds )i goae oST5 axly yo Galas YU
olawi cows S Al598 Clllas (o a5 Wil o
g yols addlae jo Lol 09 xS o il 30)d
5 ddyy opl a5 allbge s g o0)d slaw s
yol adllas o ol ouds b slple o,
sl 90 D398 o3gazme )3 polu o) A
@0, soled A 398 Dlalllas ,o Lol caizs 5 )13
Oz Sl gl U Sl)d 9,500 oagae 5l o ple
Or o ol lis il aS 458 les el ool
2 GG slapsd 4 bgye oo oSS
0S5 (R5eS g ey See YOI — /0 plu s,
s 0 —OF Slaple (uo, ;o Old & by goue
2SS e hlie o il oo e ,Sen PIO I 5,5
g San OIF 5l 5550 o YOI — + 1B sl o,
il osls plazlogs w1y oy o515 (0 5
@3 o515 o YL @ plgiee | ouny nl e
P e g fegySee YOI — 0 plo i) o
FegSee OF 51 55,5 oS sl ol o
Sl ojlasl Hal 3 SSeS b pge 0l Cais
WS oo My xStz Rl gl goue oSy
Sl ORIl e el Ld g39xe W)
ol nle el LGB slapsd soue
oSy Oy aes o Gl aF e o cdmlin
33e oS5 (npie @z anlp (e
A (oo PR 5SEsS sbaple sy slp
S5 o &S ol plas ey onl @S e
ol 2l pals 98 pleie 4 0y g o0

Logas (PEL) Js:d b5 aglse S50 (5i5T
00,5 pebais 5 hex slapsd b aexlee sl
e Olye ]y 5 Gisr slops:d NIOSH' oo
5 8IS 5,8 o 5 3 ol i Ll
g Fomb @l B vz lopsd b agzlse
1,251 ACGIH cogdea; (Y¥)aiS oo olgiiiy 5o
90,5 sl 1y (TLVY) agzlge jlxe d9a> jlaie
2 (YHcw! sols zals dmg/m?® Jlade 4 7 IS
agzlye S99 S eloiz joal 5 5 & 55 (L]
7 Gl LB 5ok BB 21,9 sl i
s Ymg/m® 4 Vemg/m’ polie L ocus
B a5 e slapssd slp oS Canlos S
S sz o515 Hlade ol alllas )5 (V)25 0
ag>lge jlre dg0> 5l 5 ol g sl £Y/Y mg/m?®
oSan g Lee anlllas 1o a0 SAI 5o i
At Lulp )0 s lopsd (02 o515
FIYY mg/m?® U AP mgm® o 6,505l
adllae 4y Cons 1) 6 5VL polie 5 (TF)og st
1 o bl glas Soslul amo o i ol
Glod b o )l5 her SELT S o lag] anlllas
S rezd a5 (YP)Cwl a8,y Ojg0 dgd0m
3 oz oS og YL e wilgs oo SEUT ol o
Oz bl pol> aalllas 4 Cos o] g
Sy yd 5o, VYIVXY T IS soae (ST lude
I, @hd goae oSy 50 il Ken  Stephenson
O el 9y 2 (SepSI posd S Aex 5o
(OY) W )S 5,158 caSla o (SOl y 0,8 Tx) +©
s 1, old goae (S1,5 Rayner ¢ Hovde o gu0 3

permissible exposure limits -1

National Institute for Occupational Safety and Health -2
Threshold Limit Value -3

Total dust -4

Inhalable -5

Respirable -6



RLLIS 033)8 - (o)5 (e - Sinyd aaw - elicl JloS - (505 pumspsl - )3 (sxalw slgs

DS e Gl oS Casdly ol 185
Ol plowd cuS 5 SO og Lo we, e

oole G ) Slg g G ool G el jol8
) Solite sl slaiaSly 9 oS hos (oo
aody sl asly b 5 gy Slule b
s meﬂ seslagy oglhel oIS xoli8l cely
o 092y (godmie Slallas l),_>-| O R O
5 2 b3 b alee o 1y BLS)1 s (Saspa
ilosly lis oMl OISCew b o plse &l 6L
beo jo 1) plasley Sl ool (Asu gLl
S el bl SISl cplply il )38 o 8
bl izl )o logase O3 L 4l
Sy aldlas 5l golawi a0 o> axgi 3,90
al S o] i g agzlye 51 (Soye% e e
culiiie a5 Conl (pl a8 o 5668 La5los S ol
A g 50y DSl saiwsS 0 la3leg Sle Ul
yenlil b prels Jlbio! sla Jbo abewgas o]
Ay o, bl U5 4 anilg oo Lyles o3 oyl
) 50 5 D)3 (g3ae 0515 ¢ cay 0ST)5 ogdle
slalaoe ;8 agzlae 2L slp i slapl
Gil?()y\ Slogdeds 5,5 1,8 a>g5 3,90 o ,5
Biws i glizs slacond 4 5SS Ol)d oS
Jlesel Gl 6 5YL il § aliS o D985 (sl
bl g s pg i iyl siilagy Calladl il )il
)MS Qoya}d.a 9 i LQLQ)JL» ;&J"&) )d u‘)d
@38 1S5 4 az gl pas g o0y o1 (18,5 Ll
o 5 slalao o 3 L agzlge &lﬁ})‘ 4o
g e by sz anl o pegas 4 g
Sl )l gy p 1y (stilage ogllacls &l 35l s yo
S,5 walgts WSaie 4, S8l ool A4 g W

Sl oad 5SS by 3 sy Bk
Shd aS ool 5hcwl gogein slbs pac oy
it ol 5 i sloceand 4 s
Sl Jlecl slyt sV Jomilty 5 35 e 355
Sl @li)ls Ghomiw poil s (dlage oollasl
PRy S pgatd g e glaple s s
A 50 Bro 0gd oo ygai 1) 0gh oo el OIS
O o3 oI5 4 axg pas 5 (00> o515 RS
95 e L8 ladkae ;o O3 L agzlse 25
g e Sb)l s, S ber anld 0 pogas o
SOl 55 5 (ol @ollacls SIS Sy
4255 b o aalgss Saie ) Zdbiogg 4 g o
o Sl oliizs gy @l Gios e 4l 4
305 e aslyl oy s0 a8 Slolgaion | gy oo leus
e )3 gk 5 385 4 Sl S Wlgse
WSS oaiy | yo Old gl g 9,500 b agalae b))
gdoe Bl p) zrh 4 el (pl Slilrin
2wy g 5 939 o> 1515 2Ll )
oo 8 Glalame o OIS L agzlse oL
axlye byl Y
S e it Oldas o gL slaple

@, 4 oy b

(S oS A
azlye (lime sl pSelul ST eSTen
(S5 e ez 3l g )5 slalae o DS L
Sl o (TLV) Ll agzlge jlxe polie ailes
Sy S oy WL w3y e ploil ooy o515
2 e g Foas Shd e b oawlie jo
ol e Ll e sl swe LS slalase
Shd 5,500 5l g0k sl goae (o515 lalae
L aS obuTyl 0,8 smalin lsce o3 gl
Ol o2 (2,8 b l)d ojlal ad 5SS
2 by wbee RIPFH LS e 4 e o

<
B

)5 iag) g Cublagy aslilng

1890 pGws) /1€ o)lasd /¢ sla



s s =
| g Cublagy asllod o

)5

1890 oGws) /1S oylaid /¢ sla

633 § o) @513 pnlwly )AL sloensd b PHEULs agalgs ) alis (b))

S9 S5 g poli Sy cllie (Bt 95 izree
iyl (i ol 6)5"L"‘° °5)§ U‘“’L"“‘”)ls )‘ ‘)
OBl 093 (5, Sen baS Sloww )L joems oiges
e (Dl w5 pal,i 1, s ol b

REFERENCES

1. Gomes JFP, Qualidade IdSe, de Formagao
S-SA. Higiene e seguranca em soldadural993.

2. Golbabaei F, Zare Sakhvidi MJ, Tirgar
A, Shahtaheri S, Rahimi Foroshani A.
Assessment of Hexavalent Chromium
Emission in Various Stainless Steel Welding
Processes. Iran Occupational Health Journal.
2007;4(1):20-4.

3. Loukzadeh Z, Torab Jahromi M.
Occupational hazards in welding industry.
OCCUPATIONAL MEDICINE Quarterly
Journal. 2013;5(3):95-114.

4. Hobson A, Seixas N, Sterling D, Racette BA.
Estimation of particulate mass and manganese
exposure levels among welders. Annals of
occupational hygiene. 2010:meq069.

5. Yoon CS, Paik NW, Kim JH. Fume generation
and content of total chromium and hexavalent
chromium in flux-cored arc welding. Annals
of Occupational Hygiene. 2003;8(47):671-80.

6. Gomes JF. Analysis of welding fumes: a
short notice on the comaprison between
two sampling techniques. Toxicological and
Environmental Chemistry. 2005;87(1-4):345-
9.

7. Yu K-M, Topham N, Wang J, Kalivoda M,
Tseng Y, Wu C-Y, et al. Decreasing biotoxicity

SI10ya8 g S
=2 Tk 5l sy Al ol
00gs Q‘J'Q" t_fi"”)" fﬁl‘ oKisls 5o o»..\.wwya_c
olads 4y oBuile (! siegh Cigbe lawg g
ol oadlzel el AF-FoYV-YAVA)

of fume particles produced in welding
process. Journal of hazardous materials.
2011;185(2):1587-91.

8. Sriram K, Lin GX, Jefferson AM, Roberts JR,
Chapman RS, Chen BT, et al. Dopaminergic
neurotoxicity following pulmonary exposure
to manganese-containing welding fumes.
Archives of toxicology. 2010;84(7):521-40.

9. TARC; International Agency for Research on
Cancer: IARC Summary & Evaluation. 49 p.
49, 1990.

10. Zimmer AT, Biswas P. Characterization of the
aerosols resulting from arc welding processes.
Journal of Aerosol Science. 2001;32(8):993-
1008.

11.Bakand S, Farshad AA. A review of
nanotechnology and nanotoxicology
(Editorial). Iran Occupational Health Journal.
2007;4(1):1-3.

12. Warheit DB, Borm PJ, Hennes C, Lademann
J. Testing strategies to establish the safety
of nanomaterials: conclusions of an
ECETOC workshop. Inhalation toxicology.
2007;19(8):631-43.

13. Trout DB, Schulte PA. Medical surveillance,
exposure registries, and epidemiologic

research for workers exposed to nanomaterials.



LLIS 033)8 — (89)S (I - Ginyd araw — ebc] JloS - (1565 pamsysl - )8 (sxalw slgs

Toxicology. 2010;269(2):128-35.

14.Hygienists ACoGI, Vincent JH, editors.
Particle size-selective sampling of particulate
air contaminants1999: ACGIH (American
Conference of Governmental Industrial
Hygienists).

15. Canadian Centre for Occupational Health and
Safety (CCOHS). Welders Health and Safety
Guide. Hamilton, Ontario. 128 p.(1998).

16. Guerreiro C, Gomes J, Carvalho P, Santos T,
Miranda R, Albuquerque P. Characterization
of airborne particles generated from metal
active gas welding process. Inhalation
toxicology. 2014;26(6):345-52.

17.Model 1.106 Dust Monitor Manual, GRIMM
Labortecknik GmbH & CO.KG, 1997.

18.Gomes JF, Miranda RM. Emission of
airborne ultrafine particles during welding
of steel plates. Ciéncia & Tecnologia dos
Materiais.2014.

19.Brand P, Lenz K, Reisgen U, Kraus T.
Number size distribution of fine and ultrafine
fume particles from various welding
processes. Annals of occupational hygiene.
2012:mes070.

20.Altman DG, Bland JM. Measurement in
medicine: the analysis of method comparison
studies. The statistician. 1983:307-17.

21.Bland JM, Altman D. Statistical methods

for assessing agreement between two
methods of clinical measurement. The lancet.
1986;327(8476):307-10.

22.Bland JM, Altman DG. Measuring agreement
in method comparison studies. Statistical
methods in medical research. 1999;8(2):135-
60.

23.0SHA. (1997) Occupational safety and health
guideline for welding fumes. Occupational
Safety and Health Administration Available at
http://www.osha.gov/SLTC/healthguidelines/
weldingfumes/recognition.html. Accessed 30

March 2011.

24. ACGIH Monograph. (2011) TLVs and
BEIs, threshold limit values for chemical
substances and physical agents and biological
exposure indices. Cincinnati, OH: Signature
Publications.

25.Lehnert M, Pesch B, Lotz A, Pelzer J, Kendzia
B, Gawrych K, et al. Exposure to inhalable,
respirable, and ultrafine particles in welding
fume. Annals of occupational hygiene.
2012;56(5):557-67.

26.Lee M-H, McClellan WJ, Candela J, Andrews
D, Biswas P. Reduction of nanoparticle
exposure to welding aerosols by modification
of the ventilation system in a workplace.
Nanotechnology and Occupational Health:
Springer; 2006. p. 127-36.

1§ Cublagy aslibing g

)5

1890 pGws) /1€ o)lasd /¢ sla



Journal of Health and Safety at Work  Vol. 6; No. 4; Winter 2017

The comparative assessment of welders’ exposure to welding

fumes based on mass and number concentration

Javad Sajedifar', Amir Hosein Kokabi’, Kamal Azam?, Somayeh Farhang Dehghan*
Ali Karimi®, Farideh Golbabaei*”

' B.Sc., Department of Occupational Health Engineering, School of Public Health, Tehran University of Medical Sciences,
Tehran, Iran

? Professor, Department of Materials Science and Engineering, Sharif University of Technology, Tehran, Iran

3 Associate Professor, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

* Assistant Professor, Department of Occupational Health, School of Public Health, Shahid Beheshti University of Medical
Sciences, Tehran, Iran

3 Assistant Professor, Department of Occupational Health Engineering, School of Public Health, Tehran University of Medical
Sciences, Tehran, Iran

® Professor, Department of Occupational Health Engineering, School of Public Health, Tehran University of Medical Sciences,

Tehran, Iran

Abstract

Introduction: Nowadays, Shielded Metal Arc Welding (SMAW) is the most widely used arc welding. During the
welding operation, typically, various harmful agents such as fumes, gases, heat, sound and ultraviolet radiation
are produced of which fume is the most important component from the viewpoint of occupational health. The
present study aims to compare the number and the mass concentration emitted in SMAW to determine the most
appropriate index of exposure to fumes in the welding processes.

Material and Method: In this study, the portable laser aerosol spectrometer and dust monitor of GRIMM, model
1.106, was used to measure the number and mass concentration of fumes emitted from SMAW on 304 stainless
steel with a thickness of 0.4 mm. Air sampling was performed at a distance of 41 cm representing the welder’s
breathing zone. The measurements of number concentration (NC) and mass concentration (MC) were taken
under the condition of 25 volt voltage and direct current of the electrode polarity.

Result: The total NC and MC of welding fumes in welder’s breathing zone was 1140451 particles per liter and
1631.11 micrograms per cubic meter, respectively. The highest number concentration was found to correspond to
the particles with 0.35 to 0.5 micrometer-sized distribution (NC1; 938976 particles per liter) and the lowest was
related to the particles with 5 to 6.5 micrometer-sized distribution (NC7; 288 particles per liter) and the particles
larger than 6.5 micrometer (NCS; 463 particles per liter). Moreover, the highest mass concentration was related
to the particles with 0.35 to 0.5 micrometer-sized distribution (MC1; 450 micrograms per cubic meter) and the
particles larger than 6.5 micrometer (MCS; 355 micrograms per cubic meter).

Conclusion: The findings indicated that there is no agreement between number and mass concentration as two
particles assessment index, and as the particles’ size become smaller, the mismatch of them is becoming more
apparent. Since the smaller particles penetrate into the lower respiratory tract and have higher potential for
adverse health effects, it is necessary to measure and assess particles in various size distributions and especially
the smaller fraction of particles. Therefore, it is thought that considering the mass concentration alone and not
paying attention to number concentration in the assessment of exposure to particles in the industrial workplaces
and specifically in welding stations will not be reflected valid assessment of adverse health effects of welding
fumes as a systemic poison on body organs.
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