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KRITSADA PHENGARREE : A STUDY OF FUME EXPOSURE OF
T-JOINT DURING STEEL STRUCTURE IN SHIELD METAL ARC
WELDING PROCESS THESIS ADVISOR : ASST. PROF. JONGKOL

SRITRON, Ph.D., 66 PP.
SHIELD METAL ARC WELDING PROCESS/WELDING POSITION

This study is an experimental research in order to investigate fume exposure
and fume’s elements during welding position from a shielded metal arc welding of
carbon steel (JIS G3101 SS400). The experiment was conducted by a welder passing
the standard test industrial technician level 1 and the welding position was divided into
4 standard positions. For each position, the duration of welding was 4.13 —4.40 minutes
and a personal air sampling was collected at welder’s breathing zone. The filters of air
sampling were analyzed for fume concentrations and fume’s elements concentrations.
The results showed that the highest fume exposure occurred in the horizontal position
(56.41 mg/m?) followed by the vertical-upward position (32.51 mg/m?), the flat position
(11.63 mg/m?), and the lowest in overhead position (4.52 mg/m?). The top 3 elements
found in the welding fume from X- ray Fluorescence Spectroscopy analyzed were Iron
(77.89%), Copper (6.97%) and Zine (5.01%). and the results of elements found in the
highest welding fume exposure is not meet the standard criteria by OSHA , NIOSH and

ACGIH in the horizontal position.
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Size Range Detection
Characterization Method Comments
(micron) Limit
Size Distribution
Impactors 0.1-20 - -
Aerodynamic Particle Sizer 0.1-25 - -
SEM 0.5-50 - -
TEM 0.001 -1 - -
Elemental Composition
X-ray fluorescence (XRF) Bulk 100 ppm *7> 10
Atomic adsorption spectroscopy Bulk 10 ppm z> 10
SEM-XEDS 1-50 0.10% z> 10
Wavelength dispersive spectroscopy (WDS) 1-50 0.10% z>4
TEM-XEDS 0.01-0.5 0.10% z>5
Secondary ion mass spectroscopy (AES) >5 10 ppm Light
element
Auger electron spectroscopy (AES) >0.1 0.10% z>3
X-ray photoelectron spectroscopy (XPS) >5 0.10%
Chemical Speciation
X-ray diffraction (XRD) Bulk - -
X-ray photoelectron spectroscopy (XPS) Bulk - -
TEM Selected area diffraction (SAD) 0.3 - -
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m3nfSoufounumnasg el ssliuszauouas18u1nsg1U OSHA (Occupational
Safety & Heath Administration) AN UAANT Permissible Exposure Limit (PEL) #1151V Total
Particulate 1% laitAiu 5 mg/m’ LALUINT 31U ACGIH (American Conference Governmental
Industrial Hygiene) MyUAA1 TLV-TWA 1151 Total Particulates 141 1304 3 mg/m3
a a 4 a a 4
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4 o A a 4 4 4 1
YDIOYMANNNUFON A UTUMT IAgNITUATIZH09AYTZNOUUDIOYNIAIINAIULT DN
a a 4 4
Usznoudlslany wieaslsynoulanzyiala nisnsizvesdlseneuvesoynin
Taena 1o 193513 Inductively Coupled Argon Plasma-Atomic Emission Spectroscopy (ICP-
X a o a o a o
AES) #4a111503A312% lane uazaisdsenevldvatesia  Tasnalilezdinsizy lang
o da A ~ 4 A
waza15lszneudIngn twessisey (Be) Al (Cd) lasueaa (Co) InsiHan (Cr) oA
< ~ a ay o Aa A ]
(Cuw) tvian (Fe) LUIMUT (Mn) Mo, HULtNa (Ni) AZNI (Pb) WA (Sb) tAUUU(V) Hardanea
a o 4 = =
(zn) wWavINMSAATIZHEIAYSENeVYBIEIT larny  Aeng1udelSuavesans lavielu
A Y < @ ' = 1 I @ g’; = o
pumanldnnmsinuaiedieerma Taeliviaiululnsniy (ng) MUTUIIING
Muramanututuuesss lavzuaazdlsganiedsziiunSoufouiuamnasgiuae I
L S o ' ) ' ¢ k7
naazsmsmulamaNutuYuvesans lavzuaazdszan lumnvesesn laduesansiu

ﬂ"ISLIEEJ‘UmEJ°Uﬂ‘Ull'IGI§§WMLW@”1J§$LiJui%ﬂ‘]Jf]u@lﬁ"lfJﬁnJﬁnﬁNﬂ 2.2

A1519% 2.2 Air Contaminants — OSHA Permissible Exposure Limits

PEL (mg/m3 )
Element Substance Exposed to
TWA CEILING

Ag Metal and soluBe compounds (as Ag) 0.01
As Inorganic compounds (as As) See 29 CFR 1910.1018
Be Beryllium and compounds (as Be) 0.002 0.005
Ca Calcium oxide 5
Cd Fume 0.1 0.3

Dust (See 29 CFR 1910.1027 0.2 0.6
Co Metal dust and Fume (as Co) 0.1
Cr Cr metal (as Cr) 1




#1579 2.2 Air Contaminants — OSHA Permissible Exposure Limits (@i’f))
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PEL (mg/m’)

Element Substance Exposed to
TWA CEILING
Cu Fumes (as Cu) 0.1
Dusts and mists (as Cu) 1
Fe Dicyclopentadienyl iron Total Dust 15
Iron oxide fume (as Fe,0,) 10
Fe,V Ferrovanadium dust 1
Mg Magnesium oxide fume Total particulate 15
Mn Mn compounds (as Mn) 5
Mn fume (as Mn) 5
Mo InsoluBe compounds (as Mo) 15
Fe,V Ferrovanadium dust 1
Mg Magnesium oxide fume Total particulate 15
Mn Mn compounds (as Mn) 5
Mn fume (as Mn) 5
Mo InsoluBe compounds (as Mo) 15
Total dust
Ni Metal and insoluBe 1
compounds (as Ni) 1
Pb Inorganic (see 29 CFR 1910.1025)
Sb Sb and compounds (as Sb) 0.5
Se Se and compounds (as Se) 0.2
Sn Inorganic compounds except oxide (as Sn) 2
Te Te and compounds (as Te) 0.1
Zn Zinc oxide fume 5
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#157197 2.2 Air Contaminants — OSHA Permissible Exposure Limits (@i’f))

PEL (mg/m’)
Element Substance Exposed to
TWA CEILING
Zinc oxide Total dust 15
Zinc stearate Total dust 15

a ¢y A
2.9 MIWIAINSHANYIATIOI X-ray Fluorescence Spectroscopy
a 4 1 4 d 3 a
guaninaesuradsena new.1.4), L’aﬂmﬁﬂ‘i/\lgaaﬁﬁwu@ Wumaians
a Jd A = o [l o o Aa g
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N http://www.nst.or.th/article/article494/article49418.html

¢y A .
2.10  MIVATZHANAION Inductively coupled plasma mass spectrometry
@ 4 ~ 4 .

A1708 AITNIY  (2552) , Inductively coupled plasma-mass spectrometry (ICP-MS)
I & A a d J o a
Wunilaluiims 3n3124519 (clemental analysis) TagrannisvesezaonineilnInsalnil

. 2 a I a d [ o
(atomic spectroscopy) $4351UUNI5AUATILH 1A IAINTLVIUNITAIENE I UVDIDLADY
. .. a L4 A < @
(atomic emission) NIZUIUAITVBINTAATIZHAIIT ICP-MS 1Huns lFndaauannnaiean
a ad o a
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& =t A 9 . . Y 1 a o <
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A0I¥UA AD Inductively coupled plasma-atomic emission spectrometry (ICP-AES) Wie Nisoni
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A P 4 o 1 w 1 . .
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~ A A Saq I 3 o ' A A 9 °

miaseunseslonazglnsainldlunmsinudledisemaninaudon Fuduaini

N32AINNTBIYTA Mixed cellulose ester (MCE) #13 pole size 11111 0.8 luasouldonludga
dy 3 ] Y @ Y o o g % 3’; Y o

anuruwiluiaiedanios 24 31 Tue udninszaiunsed lvaimiin 3 ase udamiuiumi
Y T Y Y
WM AIRATUDINTLAIHNTOIHAIINU U UHY Support pad 1a lUAGUNTBIFU Outlet AU
AENTLAENTOI¥IUA Mixed cellulose ester (MCE) 1182152naUadUNToud1@ 80 U T oA a1l

o @ o v 3 @ 1 o ) v 3
NIDIVIUIU 12 AAUNTOITTIUITUINUAIDYN LA 3 AaUNTDI 91T ULINY Blank m‘%an"ﬁlﬁm
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a

o o o < o ] a o . .
mmsdiumeudunudledisemastinas 11ANA (Personal air sampling pump)
=

9 H
Taga1gn3 111590 1MAlszual 3 Limin anbaizasosiemsUsuiiiouaiugili 3.6 wazns

1 @ v 3 e < @ 1 a a o . . I
apaaunsosnuiilutunudiedwenariiaanayana (Personal air sampling pump) 1w 11/

Mgl 3.7
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317 3.6 1ATRINBN31FTEY Dry Calibration J1 Defender520
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a Jd a = a a J s ¥ @ . . .

n3 AT mFlsuia 193501505121 Taen 15991 111in (Gravimetric analysis

I a a ) 1

method) 1JUN5UTLHIUNALVVBYNIATIN (Total Particulate) vz sziiiumalunsaingulam
Aa X A 1 J J A Aa < a

symanatuInadon lifiosdlsznouvesTanzeon loa nie TanzAliauiuivgs

a ) ' @ { o < o 1 o

1151521 UHANDY Total Particulate 921 HUAINTDINTINTINUAI0E1991MIAUED W1

Y
I UN (Post — weight) LLZWﬂTL!’Jﬂ!‘H']ﬂWﬂ’ﬂmsﬁ}mﬂalju‘ll@\iﬂﬁﬂ1ﬂ*ﬂ1ﬂgﬂﬁ

C = (W2-W1)— (B2 -B1)x 10’ (3.1)

v

{ [l I
Tagn C = mmﬁu%’ummaummm (Total Particulate) #2813l
A Aa o 1 4
HAaNINADYNUIANINAT (mg/ma)

'
¥ @ % AU <]

Wi = WINUNVOIAINTOINFINOUNUAI08190 1A

a Aa o

1 I
(Pre-Weight) #ia1uiiaansy (mg)
?)I o @ i v o [
w2 o = WHINYBIAINTOINTINAUNVAI0E190 1A
1 I A Aa o
(Post-Weight) vurelulaansy (mg)
¥ o o g 1 <3 o '
Bl = U11NY99AINT 09U Bank NOWIAUAI06190101#
[ I A Aa o
nureu Jadnsu (mg)
9°I ] o {3 v Y [l
B2 = W11NU99A N0 Y Bank HaUNUAI061901017
[ 3| A Aa o
nurelu Jadnsu (mg)

Ad o ] 1 I a
\Y £ 5uae1mannua10819 ey ans (L)

a I a ) a o 4
MIAATIzIFIRun M e 1935115305121 1A81A5 09 X-ray fluorescence spectrometry
a3 a a J A oA
(ED-XRF) 11lun1silsgiiu lasia1sneealsznouvetonnina1nanuyeuszaniuns Iag
a s 2 A : Y
M3 uATIZeInlszneuve e YMANINIeNINlsEnouale Taiznazaslsenon Tans
X a L4
F¥992UATILHNT 19 Iron Copper Zinc Manganese Nickel Cadmium Chromium (g Silver 913
NIOSH METHOD 7200 Tagazi1n1589598 9 9AUUNTZAIHNTOMAINNIAUNTY TAoI

AMUMUININNINA 3.10
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319 3.10 MINUIAWHUINTIITIT 9 JAVUNTZATYNTDY

a d Aa A a é 4
M3 unT1zMiIzInunInlag 143503315124 TnoiA3 09 Inductively coupled plasma
I ) 4 1 a S o
- mass spectrometry (ICP-MS) ilumsihnszaisnsesnnmaseulunniunimsiziuaann
Aa Py A ~ ¥ Y =
NIATITHAVYLATON X-ray fluorescence spectrometry (ED-XRF) 158U DYLAN Ta g51amN
a 4
UNITITH (elemental analysis) 152nOUAY Iron Copper Zinc Manganese Nickel Cadmium 40
Chromium
a 4 4
TumsinseHans 04 Inductively coupled plasma-mass spectrometry (ICP-MS) 9
1 I & v A ~ @ 1 1 Y
wieeenilu 3 TuneunanAe 1. MIeseudled1alagnsgesnszaiuniodlasly lulng
=y a I'd 4
(microwave assisted digestion) 2. N15IATIUTITUIATFIU LAY 3. N1TUATIZH 1AUIATOY
Inductively coupled plasma-mass spectrometry (ICP-MS)
= [V ] ] 9 . .
MIIATeNA18819laen1sE0ensza1unI0dlasld luTasiavl (microwave assisted
digestion) (TUAUINGTEY 40% N5A TUATN (40%HNO,) 910 68% nIa'luaTn (68%HNO,) lag
v Y
MuUIuNNFUNITN 3.2 TaatAn 68% n3a lua3n 131105 58.52 ml 1111 DI Water-Deionized
[ =Y a [ o w 1 { <3
water Tuv3015015 1105 100 m1 18 40% n3aluasn uaziuessunsiidisgranldainmnu
Tuduianuyey Tasridied1aluvina Vessel uaauau 40% nsa'luasn 1511035 6 ml uaz
14 14 = Qy 1 1 @ o
30% laTasulesonn lad (30%H,0,) USu1as 2 m ne'l3 hitdesndn 3 ¥21ue dnvazns

v Y X
sy lawgdi 3.1 udwmiush lszneuduasesluTasnm (microwave assisted
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. . a Y (4 1 Aa =
digestion) Mu31N 3.12 Taglgwdsaulumsdes 1,000 w gavigiinialy 175 earuyaided
a = @ 4 9 A A A 1 Y o 193 A
gungiineuen 98 asruwalTya AWAY 30 115 udsudamsosdes udnh ljusdiduive
a o H 1
1Hlumsinszd lutunouse 11

C,V,=CV, (3.2)

v 9 )
= ANUVVUVUUDIFT1TAINU

=)

Tag

Y Y a o J
ANUVUUVUUBDINAANUN

0 < 0
Il

8]

9
= S uasasasdu

a [ 4
FasasHannun

Vv, =

3UN 3.11 MawseuaI9813 Iagnsan 40%HNO, 6 ml 1ag 30%H,0, 2 ml TuuIA Vessel

517 3.12 madsznoudlednluvia Vessel iuasoaluTasnm
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ﬂ"l'im%fli]ﬁTi'ﬂ%QTEJMT@I'J‘@THGIIEN‘ﬁW]ﬁa']EI‘ﬁWSﬂ(MiX standard) muﬁﬁ’mmi?msww
91520 VAIY Tron Copper Zinc Manganese Nickel Cadmium 8¢ Chromium 910 MUY
A Vo v A A 3 AAa Yy 9 ya d
NNIULUTA TﬂﬂnﬂmmmEnmJumiaJms@;mﬂgugwummmmu 1,000 ppm WAATIEN
Y o ~ 9 v o ~ = ~
llﬂ Tﬂ'limiEliljﬂflclsh'ﬂ’ﬂilﬁﬁJ‘WH‘ﬁfMﬂﬁilﬂﬁ”ﬂ 3.2 IﬂElmiElilﬁ1iﬁ$ﬂ"lf]ﬂ1§li§'l‘l!‘l/lﬂ’ﬂi]
9 Y

[N 100 ppb , 50 ppb, 30 ppb , 20 ppb, 10 ppb , 5 ppb ttag 1 ppb laslsulsuaslag

14 296HNO, Tyl Fu1fSuaswiiny 100 ml anyuzmssseuaugli 3.13

gﬂﬁ 3.13 M15aERPNINTIIUVDITINMA18T19) (Mix standard)

a o 4
MIIAATITH 1ABIAT B Inductively coupled plasma-mass spectrometry (ICP-MS) #1143 1

~ A y o P A A vq . =
N 3.14 1UT1TVINTIIU (standard addition) !Lﬂ%ﬁ’J’ﬂﬂNﬂWIiﬂﬂJ% lawaa Vial Gnilqi,‘ﬂ‘ﬂ 3.15

o ) @ a 7 I
1&2MUA Method LAz Sequence FmSumsinsziidluiuy Water uaz 19 ICP-MS Internal
std Mix 100 ug/ml Bi; Ge , In, Li’, Lu, Rh , Sc , Tb 1tag Matrix mix 10%HNO, Tasanuaudu

(g ' ° A <3 1
ﬂlﬂﬂﬂlﬂﬂ?\iﬂ']ulmﬁ]1ﬂ!,’egfl‘lﬂ!ﬂﬁTV\I1I1ﬁ3§1uﬂﬁ%}1ﬂiﬂﬂﬂ1ﬁ/‘|ﬁﬂﬁi$ﬁUWQﬂTi?’]ﬂ‘Uﬁu'ﬂ\‘lﬂlﬂQ

A v o 9y 9 a oy v F S '

INTOIATIVIANUANNULUUVUIDITTITUINTIIU LifJ']JiﬂEJLLﬁ’Jﬁ]gl’lﬂﬂﬁu"lmﬂﬂﬂﬂﬂll'llﬂuﬁu@ﬂ
ug/l 1391129 ppm 11 lduramazfFeufounuuiasgiu ELEMENTS by ICP 7303 (Hot

Block/HCI/HNO3 Digestion) NIOSH 7303
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gﬂﬁ 3.14 1A504 Inductively coupled plasma-mass spectrometry (ICP-MS)

{ .. v ' { 4 U . a td
37 3.15 @1501A551U (standard addition) tazAaegemson 13 ldvia vial inseniinszw

Qd 1 (% 1 Y
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42  WAMFIATITHANHUZMISIFONADIVENINNUTON
HANITINTIZHANYULNMSFOUADI08RIN 1A8TIATIZHNIIAINTIHONITI 91NN
unauieninarfiaaudenasswesddon ludnuuzn1n19a1e q 5 u1H #aa1nnIs

a L4 A a < A
AUATICHUUIATINITIFDUIIN L‘]_Iull‘i_]ﬁHJW"IﬁNW 4.1

AN 4.1 HANTHUATIZHIIAIMNTIHONDIIVDILHUIN T O

4 a1 Arc@dn | IATINRINIIN | NANFONIIE | ITELNNNS
NoU 4 ., M 4
LYOUTIN (s) U ("hwmu) (s) (s) 1¥9U (cm)
RERLT 12.00 36.00 264.00 49.00
MUVUIUUDU 13.00 37.00 250.00 47.50
MAUYOUIU 0.00 39.00 261.00 37.50
NUYoUIHiDATHY 0.00 52.00 248.00 39.00
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@ S a v A
4.3 Naﬂ"liﬂﬁ3%3ﬂﬂ%%1mﬂuuﬂlﬂﬂiﬁﬂ$ﬂ!ﬂﬂﬁﬂﬂ‘VI"I‘VINﬂ"Ii!‘]iﬂN

[ =Y A a ds! 1 A a d Aa
Han3n3293alT Y NYe Tanz MAATUINNINIIMSFOY INNITUATIZHIFY

a a a J s ¥ @ . . . <
Y Tasld35n153as51e¥ 1lagn 15591 111Tn (Gravimetric analysis method) 1114013

d'sl a1 o

U5 UNALDUBYNIATIN (Total Particulate) Tnaniolsumsufugasinialgagiminy

U

[ 1w a { g
24 @Qﬁ']!%'al%ﬂﬁ (297 K) aANUAUUTTIINIANINY 759.5 mmHg Hazguvgy W ﬁmu‘ﬁmu

@208 19UMIAY 33 DIAUFAITEE (306 K) ANAUUITTOINIANINY 758 mmHg 1asanyme
<3 (Y] 1 ] 9 [ ~ o
N3zAINTIINMINUAI081 Tasdunadreanauiullamgii 4.1 uazwanisasivia

H 4 v H
VnauvesTangihaiuainimiens q duldmuanini 4.2, 4.3 uazgalii 4.2

N
A

flat position horizontal position

vertical-upward position overhead position

A < @ ] [ 9 [
ETJ‘VI 4.1 NITMHNIDININMINVAIEN laedunanioanilal
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MTNN 4.2 wamimamﬂﬂ?mmﬁmaﬂamm AVUIINNUTDY

4 M3 4 < 4 nszual | 5nas | Aundeyu
NUFOU 4 AT Hanrou
1o h 91MA (L) | (mg/md)
. E6013 JIS G3101 SS400
IRERYY Arc P AC90 14.998 11.63
(1/8 W) (6 mm.)
. E6013 JIS G3101 SS400
Munuuou Arc P AC90 14.998 56.41
(1/8 W) (6 mm.)
D4z E6013 JIS G3101 SS400
mauFenI Arc - AC90 14.998 32.52
(1/8 U2) (6 mm.)
D4 A E6013 JIS G3101 SS400
NuFoumilofiHY Arc p AC90 14.998 452
(1/8 U7) (6 mm.)
A o Aa 2 A
AT NN 4.3 Waﬂ”l'i@]3'3fﬂ?@‘]JaﬁiJ']ﬂ!ﬁum@ﬂiﬁﬁgﬂlﬂﬂﬂluﬁnﬂﬂnsﬁﬂﬂ
4 Wunaanududuyulang (mg/m?)
NuFou —
ARAY Max Min
My 11.63 6.08 19.78 4.52
MUUIUUDOU 56.41 7.75 65.88 47.15
F2 1 ]
1/]19’]\1!,‘%@3\!%1! 32.52 2.00 34.23 29.71
A A A
NUYOULINUDATHE 4.52 1.40 6.46 3.23
ns1dsaaslSnansdudauaindimianurensnasgiuaie q
60 56.41
~ 50
£
=]
E
=1
=
=
= 30
Bl
=
=
g 20
gg 11.63
10 N
\‘ 4.52
0 2 A
muvinuueu ms nuviief sy
funHaineu HIATFIUISO6947 (2010) HAZAININIATFIH AWS A3.0 Standard)

717 4.2 nymluaaafFinamsdudayunndumiaiugon
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‘:I % 2 o 1 1 d‘ 1 tﬂ'
g 42 anuaaslsunamsdudaunnd I ureuaIg 9 1aza1319N 4.3
A a d v YR o ] A [ <3 1 =Y A
NuanInamsuATIzHanyueMIFuAT eI uyol szdunamuITuayun
A I A o VA 3. @ ‘Qy A g
wnngaumsron TudmuniadeuULIUUDY (56.41 mg/m’) ANYULYDIFUINUFDUNGAUY
o yﬂld' = [ [ o ¢=' [ 1 d‘ d‘ I d‘
45 93 M Ingenl TemasududaululSmanunnimureuduy sesaauuilumsiron
° [ 1 g’; A ds! 3 o ] 1 3 ¥ @ 9
Tudumamau¥seuIY (32.51 mg/m’) MUHUINTIV (11.63 mg/m’) HagmMsduiayuiios
t:' o 1 d' 1 A A 3 o 1 ‘Qy d' 1 U
nganuludumiaFoununiiofsyy (4.52 mgm’) MSITMuHIIFUNUFoNDg I UTEA
A A A a ci @ da! 9 o Blﬂlci [ Y Y
mieAs vy YuninannmMsreuIzassdIgauumueIMasen M ke udurauiosal

A Ao A
WanguNuUNIvU

19 d Aa X VA
4.4 Nﬁﬂ]ﬁﬂi?ﬂ']ﬂf’]ﬂﬂﬂﬁ%ﬂf’]‘]J‘lli’)Q“lQ!NIﬁﬂgﬂlﬂﬂmuﬂ]ﬂﬂ1l‘l§ﬂﬂl
v J A a A 1 YA v o a L4
Waﬂ'li@]i'ﬁnﬂﬂQﬂﬂﬁgﬂﬂﬂ"llﬂ\iz\!iliﬁﬂgﬂmﬂfl]']ﬂ‘i/nlﬂf’t’]ﬂﬁ'l\? ] WIVYNINTTUATIEH
L%Qﬂmﬂ1wiﬂ #1935 AT 1N X-ray fluorescence spectrometry (ED-XRF) Qilﬂﬁzﬁ'ﬂmm
Iron Copper Zinc Manganese Nickel Cadmium Chromium t181¢ Silver @14 NIOSH METHOD
7200 TAgazIN38959F 9 9AUUNTZATBNTOURINHIAINGY TaodnBuZNIINNADIVDY

4 I { a
IA509 X-ray fluorescence spectrometry (ED-XRF) 151 11/a1ug1# 43 nagwanisinsigv

padsznouvossgdlulauaaei 44, 45 wazz1ii 4.4

A
oy

flat position

vertical-upward position overhead position

[

3U7 4.3 anwuzyu1Nndov09AT09 X-ray fluorescence spectrometry (ED-XRF)
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a ¢
WNaN13ANIIZ Y (Yomass)

Mo sy —
n Anag SD Max Min
Iron 27 75.44 10.54 90.15 50.82
Copper 27 6.77 5.94 23.86 0.59
Zinc 27 6.41 5.62 23.46 7.37
. Manganese 27 6.14 3.02 12.71 1.68
NIy
Nickel 27 4.67 3.44 11.96 0.51
Cadmium 27 0.7 0.58 2.24 0.00
Chromium 27 0.12 0.29 1.13 0.00
Silver 27 0.08 0.19 0.75 0.00
Iron 27 89.26 4.15 92.15 74.35
Copper 27 2.23 4.09 17.59 0.38
Zinc 27 1.02 0.72 2.61 0.07
. Manganese 27 6.43 4.28 10.88 0.02
MIUIUUDU
Nickel 27 0.73 0.84 3.37 0.00
Cadmium 27 0.25 0.05 0.13 0.13
Chromium 27 0.07 0.05 0.14 0.01
Silver 27 0.01 0.04 0.11 0.00
Iron 27 71.32 10.92 93.97 56.97
Copper 27 10.44 6.45 22.22 0.01
Zinc 27 7.55 5.35 16.45 0.53
L o4 4 Manganese 27 3.15 1.62 5.23 0.35
TANITONTY Nickel 27 6.42 3.39 13.24 0.00
Cadmium 27 0.43 0.62 1.84 0.00
Chromium 27 0.68 0.74 2.20 0.00
Silver 27 0.00 0.00 0.00 0.00
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4 p NAM3IATIZH (Yomass)
NMyaN FIANNY 2

n fnRag SD Max Min

Iron 27 75.55 8.27 88.60 61.92

Copper 27 8.45 5.10 22.69 3.36

Zinc 27 5.07 3.72 11.35 0.00

MUK OFTHE Manganese 27 3.66 1.81 8.15 0.85
Nickel 27 6.94 4.11 12.25 0.00

Cadmium 27 0.23 0.29 0.87 0.00

Chromium 27 0.10 0.28 0.95 0.00

90

80

70

(%Yomass)

60

Sowazmgiiny

50

v

40

30

20

10

v a v a o v oA v
ﬂﬁ1T‘I!Lﬁﬂ\‘iFn!ﬂﬁﬂi?Jf_lﬁz‘ll?)ﬂﬁ]ﬁ‘l‘i’l‘ﬂ‘Uﬂ'INFH!LHHQTH!‘II?JMF‘Hﬁ 9

N
o

7

?
;
.
%
%
.
%
-
%
.
:

5.01 4.85 4.69
7 P - - 0.32 0.24 0.02
Iron Copper Zinc Manganese Nickel Cadmium Chromium Silver
51@‘?‘mu

< A < o oA
gﬂ‘ﬂ 4.4 ﬂiW\lL!ﬁﬂ\‘lﬂ"lmaEJ“Ui’]\i‘ﬁ”IGC]TIW‘]J@]"IiJaﬂ‘]eliLlS‘VI”IL“H@ZJ
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A a d A J
AN 4.5 HaNITAATIEH ']LﬂafJ’E]\‘]ﬂ‘lJigﬂ@‘]ﬁU@\Tﬁ“ﬂ

$ouaz 19 TINY (% mass)
F TNy . RCIITRY Hnagen Nuitle oo
URERIT] P . ANAY
UoU Y1 GEMTE
Iron 75.44 89.26 71.32 75.55 77.89
Copper 6.77 2.23 10.44 8.45 6.97
Zinc 6.41 1.02 7.55 5.07 5.01
Manganese 6.14 6.43 3.15 3.66 4.85
Nickel 4.67 0.73 6.42 6.94 4.69
Cadmium 0.7 0.25 0.43 0.23 0.32
Chromium 0.12 0.07 0.68 0.10 0.24
Silver 0.08 0.01 0.00 0.00 0.02

NNMNA 4.4 AIVUEAAIAIRABVBITIANNUANHULNUFOUAN ] HAZIINA1T NN
! v Ay = A o Y o = S A
4.10 %W‘mum’ﬂuummmmaﬂiaﬂazﬁmﬂwuuaﬂymzﬂmﬂﬂu Iﬂﬂ“ﬁ?ﬂﬂWUﬂJTﬂﬂq@ﬂ@
Iron (77.89%) Copper (6.97%) Zinc (5.01%) Manganese (4.85%) Nickel (4.69%) Cadmium
(0.32%) Chromium (0.24%) t@g Silver (0.02%) MNAIAY
a ¢ g A a 4
Llﬁ$ﬂ1ﬂﬂ1§3!ﬂ31$ﬁﬂ%ﬂ1ﬂlﬂl@ﬁ@\1ﬂﬂﬁ$ﬂﬂﬂﬂl@\i‘ﬁ”lﬁ]“ﬂlﬂﬂ%1ﬂﬂi$‘ﬂ'3uﬂ']ﬁLGIﬂ’JiJIﬂfJﬂ'lﬁ
1 a J 4 14 o
gounsza1unIodlasldnsa’luain 40 lesidud (40% HNO,) uaz laTasinunlesoon lad 30
I I J [l 9 K 9 N A v a
osisud (30% H,0,) g0 1ne 19 Microwave digestion NWAIITU 1,000 W gUWAN 175 837
@ J o a 4 4 .
ralFee Auau 30015 uaziildAmsizialenses Inductively coupled plasma mass

a ¢ ] A I A
spectrometry (ICP-MS) #AN133A12H 1UH18 ug/l 150 ppb 1Dulmiunis1ai 4.6 uas 4.7
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1 a g 4 4
M1519% 4.6 HANMTAATIZHAUNAUD 519 TABIATOI ICP-MS 519 Fe, Cu, Zn, Mn

ANAY Fe ANay Cu AnAY Ni ANAY Zn
‘I/IIH%E]EJ Conc. Conc. Conc. Conc.
R R R R
[ppb] [ppb] [ppb] [ppb]
‘vhznu 0.992 497.49 0.999 19.19 0.994 | 24.37 0.996 27.43

MIUIUUDU 0.992 |5,455.03 | 0.999 | 93.74 | 0.994 | 3457 | 0.996 | 732.06

MAUFoNIU 0.992 | 97027 | 0.999 | 2440 | 0.994 | 12.05 | 0.996 | 146.72

o florfue 0.992 | 440.58 | 0.999 22.37 10994 | 10.03 | 0.996 | 34.00

fhm?;mqm/h [ppb] 1,840.84 33.83 20.25 235.05

M3199 4.7 HaMT AL AR AY09519 TAtiATed ICP-MS 519 Ni , Cd 118 Cr

ANNAY Mn AuRAY Cd AURAY Cr L
D4 ANRAYNND A
NYou Conc. Conc. Conc.
R R R [ppb]
[ppb] [ppb] [ppb]
N5 0.998 48.16 0.997 0.08 0.993 83.41 700.12
MIUIUUOU 0.998 56.51 0.997 0.15 0.993 | 87.59 6,459.67
ﬁ]é’qg%anﬁ?u 0.998 49.86 0.997 0.09 0.993 80.86 1,284.25
WiFeumilon vy 0.998 39.49 0.997 0.08 0993 | 74.13 620.68
ARG [ppb] 48.5 0.10 81.50

nnansInzdlmavesestiszneuvessigiiinnnnizuaumsisen Tae
Lﬂé@ﬂﬁjﬁﬂlﬂéﬂﬂ Inductively coupled plasma mass spectrometry (ICP-MS) mmmnﬁ 4.6 uag
4.7 Tagsn R-Squared 0¢ 14329 0.992 - 0.998 WuNFWHLIMIWTA0IALTZNOUVDA Tron
M0 497.49 ppb , Copper 10U 19.19 ppb , Zinc 1A 27.43 ppb, Manganese N 48.16
ppb , Nickel MY 24.37 ppb , Cadmium MY 0.08 ppb, Chromium N 83.41 ppb MUY
Tudumanvnuueuiunaeanlszaeuued fron (AU 5,455.03 ppb , Coppertiiil 93.74
ppb, Zinc N 732.06 ppb, Manganese N 56.51 ppb ppb Nickel N 34.57 ppb ,Cadmium
11111 0.15 ppb , Chromium 1101 87.59 ppb AUE1AU Tudumisidadeuauiliuia

839A1U52ABUYBY Iron INIAY 970.27 ppb , Copper 1M1AL 24.40 ppb , Zine 1AL 146.72 ppb,
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Manganese N 49.86 ppb , Nickel 10U 12.05 ppb , Cadmium (110U 0.09 ppb , Chromium
[ o o ° 1 1 a 4 " W
INY 80.86 ppb A1ME1AY TudmuanuvilersvzdSuaesAlsenouves Iron (MNY
440.58 ppb , Copper MINY 22.37 ppb , Zinc (MINY 34.00 ppb, Manganese MINY 39.49 ppb

, Nickel (11111 10.03 ppb , Cadmium N 0.08 ppb , Chromium 0D 74.13 ppb CRES RN
a d A 4 A a A A

HaN13 AT HUTIIUV09039A1 52 NOVVBITIANINADINATEUIUMIFOY TAdIATOI

CRLIGEGR Inductively coupled plasma mass spectrometry (ICP-MS) TagviAunaes IUVDINN
Aa S Y Y . 1 A o 1 VA A ' "W J
519N UATIZH IdonIu Silver ANRABVOIWNUIMUFONAD MITIWNINY 700.12 ppb WIYUTU
Y 1 4
UOUININY 6,459.67 ppb MIAUFOUAUINIAY 1,284.25 ppb MUK BATHLININDY 620.68
v = = Q'J gOJ %
FIA0AAA0INUNITIATIZH 1AsITA1TIATILH 1A8n155911119 A (Gravimetric analysis
method)
o 4 A a A Y A

Han1smuIalsnavetesdliznouvessigiinannnizuIumsFen Iaglunseq
Inductively coupled plasma mass spectrometry (ICP-MS) Tuvivae mg/m’ Han1IAIUIULAL
nfSeuMeunuAIAIgIU ELEMENTS by ICP 7303 (Hot Block/HCI/HNO3 Digestion) NIOSH

< A ° 7 A

7303 Wlulaumiaed 4.8 wamsanalsunuesdlszneuvessinannizuiumsyonlu
W18 mg/m’ 1azm3190 4.9 ramaFeuieuaanasgivieensulvduda’ld (Exposure
Limit) A14U1AT311UD3 Occupational Safety and Health Administration (OSHA) 9117 199 4.10
nam3fTouieuaiuninsg1unesusulaa1u1AT5 11 National Institute for Occupational
Safety and Health (NIOSH) t#1aga1519% 4.11 wam3tfSoufouamuiasgiunesusoldnu

U1IMT31U American Conference of Governmental Industrial Hygienists (ACGIH)

A o s y
AT NN 4.8 Wﬂﬂﬁﬂ1u3mﬂ?u1m@ﬁﬂﬂ§$ﬂﬁ]ﬂﬂl®\1‘ﬁ1ﬂmﬂﬂiﬁJ’Juﬂﬁl%@Niu

N mg/m3
' = Yy 9 3
AUNAYANVLUNVUVDITN (mg/m)
$6) TY L ]

M3 MUNUUOU MAUFONUY NUMieri vy ANNAY
Fe 0.8025 8.8075 1.5650 0.7100 2.9700
Cu 0.0250 0.1450 0.0325 0.0300 0.0575
Ni 0.0350 0.0525 0.0150 0.0125 0.0300




A o ¢ &
AT NN 4.8 wamimmmiﬁmmmﬂﬂizﬂ@mm‘ﬁmmﬂﬂizuaumiwaﬂu

NUIY mg/m’ (70)

' A Y 9 3
ﬂ’]lﬂaﬂﬂ'ﬂ’luﬁluﬂlum@\i‘ﬁ1ﬂ (mg/m )
ﬁ’]g! Y 1 Y ]

RERY) MUUIUUOU MAUFo U NUnoive ANnAY
/n 0.0350 1.1750 0.2300 0.0475 0.3725
Mn 0.0750 0.0900 0.0800 0.0625 0.0775
Cd 0.0025 0.0000 0.0025 0.0025 0.0000
Cr 0.1325 0.1400 0.1300 0.1175 0.1300

~ = ~ o Yo o k4 ..
ATNN 4.9 Wﬁﬂ’li!lldﬁfllllﬂflﬂﬂﬁ'llliﬂg’lﬁﬁ']uﬂfJE]lIfI"]JGLW’ffiJWﬁllﬂ (Exposure Limit)

AUNINTIIUUBY Occupational Safety and Health Administration (OSHA)

AAsgIutazran)iouioy (mg/m’)

HAI3 U Fe Cu Ni Zn Mn Cd Cr
10
A
NUYOY (dust, 0.1 (fume) 1 3 C5 0.005 0.5
fume)
0.8025 0.0250 0.0350 0.0350 0.0750 0.0025 0.1325
LAERM . . . . . .
WY WY WY = WU WU WY
, 8.8075 0.1450 0.0525 1.1750 0.0900 0.0000 0.1400
MIUIUUDU
WY hlllN']“Ll WY - WU WU WY
L4 2 1.5650 0.0325 0.0150 0.2300 0.0800 0.0025 0.1300
MAAUYDUVU 7 - - - - -
WY WY WY 3 WU WU WY
D4 R 0.7100 0.0300 0.0125 0.0475 0.0625 0.0025 0.1175
NUYOUHUDATHE
WY WY WY - WY WU WY
2.9700 0.0575 0.0300 0.3725 0.0775 0.0000 0.1300

L4
Annae lnesIy

WU WU i - WY WY WU
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M1519% 4.10 wamslSeufeuaninasgiuneensulaa1ua1as§1u National Institute

for Occupational Safety and Health (NIOSH )

AmesgIuLazkansouifioy (mg/m’)
VINTTIU Fe Cu Ni Zn Mn Cd Cr
5
A lowest
Niyou (dust, 0.1 (fume) 0.015 - 1 0.01
feasible
fume)
0.8025 0.0250 0.0350 0.0350 0.0750 0.0025 0.1325
‘Vl,_ls‘lll T T T 1 ] T
o o Taisim - F (Ao Tairm
, 8.8075 0.1450 0.0525 1.1750 0.0900 0.0000 0.1400
W1S|Ju’]uuﬂu T T T 1 ] [
Taisim Taisim Tairim - F (Ao Tairm
L4 2 1.5650 0.0325 0.0150 0.2300 0.0800 0.0025 0.1300
MAUFAY
WU WU Tadeinug - Ao Y Tadping
4 . 0.7100 0.0300 0.0125 0.0475 0.0625 0.0025 0.1175
niyeuMiloni by ' ' ' ' . —
o Y AR - F (A Tairu
L 2.9700 0.0575 0.0300 0.3725 0.0775 0.0000 0.1300
Annae laesIu ' ' - ' . —
Y Y Tairim 2 F (Ao Tairm

{ { @ 9 .
M350 4.11 wanmsnfSeuiouauiasgiuneensy lAn a5 g1 American Conference of

Governmental Industrial Hygienists (ACGIH)

AesgIuazkansouioy (mgm’)
VNI Fe Cu Ni Zn Mn Cd Cr
1
LA 5 1
mMiyou 0.2 (fume) (insoluble, - 0.01 0.5
(fume) (fume)
metal
0.8025 0.0250 0.0350 0.0350 0.0750 0.0025 0.1325
W3 . , . , , ,
MY A WU - A AU AU
, 8.8075 0.1450 0.0525 1.1750 0.0900 0.0000 0.1400
MVUIUUOY — . ' . ' '
Tadeing [ WY - [ A [
L4 2 1.5650 0.0325 0.0150 0.2300 0.0800 0.0025 0.1300
MAWFOUTY
WU AU WU - A WU AU
4 . 0.7100 0.0300 0.0125 0.0475 0.0625 0.0025 0.1175
NNy
WY [ WY - [ A [
. 2.9700 0.0575 0.0300 0.3725 0.0775 0.0000 0.1300
Aunae lngsIy
WU AU WU - A WU AU
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MINAT19T 4.8 tazNaM I euneUnUNIATIIURAM I sUNEVMNIATTIUA Y
miNﬁ 4.9 N1MTI1UVDN Occupational Safety and Health Administration (OSHA) W‘UﬂTﬁmﬁ
IAULIATFIUAD Copper (0.1450 mg/m)lud i uFeuivsnuuey awa3 i 4.10 A
U1ATJ1U National Institute for Occupational Safety and Health (NIOSH ) W1 115 16 ﬁ U
1551 1A MU 1UAD Nickel (0.0350 mg/m’) 11ag Chromium (0.1325 mg/m’) AW
viwmuuauﬁlﬁummgmﬂizﬂauﬁ’aﬂ Iron (0.1325 mg/m’) Copper (0.1450 mg/m’) Nickel
(0.0525 mg/m’) Chromium (0.1400 mg/m’) @IUEIAL 1u¢i1Lmﬂqvhﬁy’u%wﬁuwudmmﬁgﬁu
WIAT§IUADT1A Nickel (0.0150 mg/m’) Chromium (0.1300 mg/m’) Tudumianaaioutu
wudwﬁmﬁgﬁummgmﬁaﬁm Chromium (0.1175 mg/m’)  11A2A1519% 4.1 AUUIATTIY

American Conference of Governmental Industrial Hygienists (ACGIH) W1 2151 g Anaua

WATFINAB Tron (8.8075 mg/m’) Tudumamvinuuen Azl 4.5 naz 4.6

_ - ACGIH Exposure Limit =0.2 mg/m’ OSHA , ACGIH Exposure Limit = 1 mg/m’
10 SFARRore Lmi = 1o mgm 0. e = : 0.0
e 8.8075
9
8.5
o 8 a R = 0.08
g 75 & 0.15 0.145 c
z ~ = g
~E 7 e e
E s E £
g ‘6 g g 0.06
©? (= @ shsx
= = = 0.0525
=2 5.5 ACGIH . NIOSH Exposure Limit = 5 me/m> =2 OSHA, NIOSH: Exposure Limit = 0.1 mg/m’ =
Bl 2 P e e EId
= 5 e N - = 00N =——N8- ao =
4] (4] (4=
e 4.5 qﬁ ag
q
2 4 2 < 0.04 0.035
= = fod
a 35 o = 0.03
e 3 =] 2 S
S 25 3 =
=2 n 3 s e’
i~ - ~ NIGER Exposure LingS.015 me/m
S 2 = S 002 > N
1.5 -
0.8025
1
0.5
0 0
Fe Cu Ni
8 Wi ey S ey & iwmiloriiee Amie

519 4.5 m3nfSevumsunuuInIgIu OSHA , NIOSH Hag ACGIH 519 Fe , Cu Ni

U
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OSHA , ACGIH Exposure Limit = 0.5 mg/m’

004§ __________ NIOSH , ACGIH Exposure Limit =1 mg/m’ 0.07
0.46 ] =m——— - —— 0.065
0.44
0.42 0.06
= 04 = -
§ 0.38 § g 0055
2 036 =2 =
€ 034 = E 0.05
= 032 = a 0.045
2 03 2 =
)
& 0% & =7 004
< 0.26 = e
92 0.24 :E os = 0.035
q 0.22 . ©
@& 02 & § 003
& 0.18 = &% 0.025
@ 016 X108 Exposure Limit =0.01 mgim® = =
z 014 = § 0.02
S B z g o015
= 0.
@ OOOé LS & ACGIH Exposure Limit =0.01 mg/m®
0.06 0.07599 9880775 001 — = — e = = = -
0.04 0.005 00025 _, 00025
. — =00y 000, — o
02 _ |- - , N NN o BN AW
OSHA Exposure Limit = 0.005 mg/m’
Cr Mn Cd
W3 nnnuueu ] WiAaeuAn B mmilorSuz 3] Aundy

319 4.6 ManfFoumeununInggIu OSHA , NIOSH 11ag ACGIH 519 Cr, Mn ,Cd

U W 4’ =\ L 4’
4.5 NﬁﬂTﬁﬂﬁ?‘ﬂ’JﬂlﬁN1m1{‘l"N AUAUBDNIIIVBIV I ON
- A il 4 2 4 “ o
NNHANMTUATIZH AN TN 1 Tdaua1s19n 4.1 74 disnfFeuneuny
=Y d' a 4? gJ/ 1 d' 4‘ a 1 l 1 1 = =
YSnauninevuiy HavoIrI A NiFeNIFIV0 WAaMoglUTI9 4.13 D3 4.40 U1T Tag
wamsfSeumenlsunayuuazseareuninavulunilanninainsem 4.12

< a 4 Ao X & a
MTNN 4.12 ﬂ”lillﬁﬂ‘ﬂLﬂﬂﬂﬂ%h?ﬂ!ﬂumm$'§$EJ%‘I/]Nﬂ1il“ﬁ®n%tﬂﬂﬂlu1uﬁuﬂu1ﬂ

ATZVIUMIIAON 5 1IN Wousa 1 Ui
4 SERTRLINTEh
Nuyo & Lo | 2
ANaenal | Amagal | ey (mgm’) | Usuau
4 - i3 FZHZNIAMT
M3 Tu'lddsen Mnavu .
- - — , 193 (cm)
59 (U M) M) (mg/m’)
M 4.40 0.60 11.63 2.64 11.14
MUYUIUUDU 4.17 0.62 56.41 13.54 11.40
MAUFO U 435 0.65 32.52 7.48 8.62
Moo vy 4.13 0.87 4.52 1.09 9.44
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v W

~ ' A YA Y o A 1 o
INATTNN 4.6 WU'J’]GLUingzL'Ja'] 1 UTVIﬂ!ﬂf@ll@]@\?§UﬁNWﬁwN1u1ﬁﬁJ1ﬂ!ﬂll@ﬂﬂ1qﬂu

a

(%

pazlSuumadeniuananiuaanyuznureuse InedienszsududayululSuadn

U

Y ¥ W

d' o [ 1 zﬂ' =~ 9 :ﬂl [
gangaludwmianureuvinuueu Tasluy 1 unngaeuassdunayululSuamniny 13.54

a

9 Y
% tﬂ'

mg/m’ AeseeiTon 11.14 wuRimas sesaanniuiuFonsusontu Taslu 1 nidiveudes
Fuiernuludz ity 7.48 me/m’ AeseniTon 8.62 isuAmAs sesaunfenuFensy Tag
Tu 1 wnfidivendesdudaulutSinamiify 2.64 mym’ AeseuiFey 11.14 15uRiunT uaz
Sivugateddugatisieduniaiuiiori e Taslu 1 nidiveudesduiauludsum

IMAY 1.09 mg/m’ ADI0UTON 9.44 LYUANAT
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unagil

=
51 ayUwamsanmn
=2 2 A a 49! A 1 ' '
iﬂﬂﬂaﬁ]"lﬂﬂ"liﬂﬂklﬁJill"lmTQ!ll“IJ@\TIa‘ﬂg‘ﬂlﬂ@ﬂluﬂ?ﬂﬂ?il“ﬁ@ﬂﬁ@i@ﬂﬂ1ﬂ Taguan
A IS A ' ' YA 2 ' A A <3 (J '
oy NIFoNNIT IV MUUIUUOU MAUFONTY AN UHHOATHE 1AINSINUAIDEI
A o y ¥ a s
't’]'lﬂ'lﬁl!,ag‘wﬂ?im?ﬁﬂ?WL!’)ﬂﬁ}@N Llﬁgﬁﬂ}lmgﬂWﬁl%@N SIUNINITAATIZHOIAYTENO UV

Aa 2 A d ' 9 A < Y Y
FINNAVUITNNITNIEUIUNITIFDUNG 4 M Iﬂfﬂ%aj@lﬂfau E6013 U114 1/8 U Gl,"])'l;waﬂﬂa']

q

¢ o

av Vo &
MSVOUA JIS G3101 $S400 (6 mm.) nszualulith AC90 annsnagilnansiveladl
< a ¢ IR 0%
511 agdwamsdnnzndSnafulaedsimanzilaemsyainvin
a d Aa a yJa a 4 o %’ @
nnmMsiaenyalsuia Taglsisnisdmsig lagn1sdariinidn
. . . =2 ' = A A I A o ]
(Gravimetric analysis method) HamM3ANHINYINYTINAWNNINANgaumTrenlud ML
A N w 2 A 2 o q UYL A o
ABNVUIUUBY (56.41 mg/m’) ANHULVIIFUNUFONNRLUU 45 83 11 IVAwENT Tomasy
¥ o = oA 4 < 4 3 v YA 2
dudaululsunammnanimiendy sesawniumaenludmunianauyenauy (32.51
1] Y
mg/m’) Taganyuznawen luduriainananyasaduIzassvuMINeINA HazdHUg

! 9 a Yo A D) A A ~ o A A 2 A o
ﬂzagmwm‘waﬂ Glﬂﬁﬂ‘]JTJiL'Jqu’IﬂWﬂLG]fﬂiJHJ’EJL‘IEEJ‘]JW]EJUﬂUﬂTLWu@ﬁﬁ‘HgﬂQMIﬂﬂTﬁiU

[T

Y
dudayuTanzunna 50909A0MUKININTIY (11.63 mg/m®) Tasdumriamuianyas

Qy o dy (9 o Y o A a dal a Y Y A

Funuezwiunulazilddnsazuinaiuazlznzusnavihenvesdisey tazms

[ Y Y d' o 1 4 1 =\ ) 1 ay 4

dumayudesngany luduiiaudounutiofsyy (4.52 mg/m3) INTIEEWURUITUNUITOY
[ Y] A A A a A @ dﬂg Y o ﬁlﬁld' %

agluszaumilofsuy YuinavnnmareuszassdIgauumueImeason v ladxonduda

9 4 =1 % VoA
Wurlesauiomonunion

¢ ¢ .
512 ajdwamsinnztiosntsznovvesyulanziinaoinnives
a g a o J A a
NNMIAATINFIRUNN Tasnsaziviaesntlsznevvediu larginann
' 4 ' A, a 4 S 4
NMFoUAT il 14355 AT 12H X-ray fluorescence spectrometry (ED-XRF) “dﬁﬂtﬂﬁz‘l/m”lﬁ”lﬂ

Iron Copper Zinc Manganese Nickel Cadmium Chromium 8¢ Silver @14 NIOSH METHOD

[ Y

1 9
7200 T8 1IN158959T 9 ﬂﬂﬂuﬂi%ﬂ"ﬂgﬂii’]\‘lllﬁ?h?ﬁ?ﬂ%ﬂﬁﬂuu wamsﬁﬂmwmﬂu

Y
KX A 1

. . . d o
nauTangimavulidiunauvesTaneiillusigiwuniniigane sigman(ron) ALnay



Y
=)

2 7 ¥ o 1w ' = - A o 1w o
Lﬂ@ﬁl“ﬁuﬁu1ﬁuﬂlﬂ1ﬂﬂ 77.89 oA (Copper) mmamﬂ@imu@mwuﬂmmu 6.9 NTH
. A A @ 1w a A s3I o
(Zinc) mmamﬂaiwuﬁumuﬂmmu 5.01 HUINIUE (Manganese) ﬂ']LﬂﬂfJL‘]J’E)ﬁLC]fuﬂu']ﬁuﬂ
[ a a . 1 = S 3 o’so‘ ] [ = . 1 =
MNY 4.85 UNNA(Nickel) mmamﬂaimu@umummﬂu 4.69 UAALNYN(Cadmium) AURAY

I 3 s 2 @ 1w = . ' A J 3 s 3 @ [ Y
Lﬂ@ﬁl%uﬂuTﬁuﬂl‘ﬂWﬂU 0.32 Iﬂﬁmﬂll (Chromium) ﬂuﬂﬁﬂlﬂﬂﬁl%’u@lﬂﬁuﬂm']ﬂﬂ 0.24 Qg
a . ' A J < s 3 Y Y o w J A a
NU(Silver) ﬂ'llﬂﬁfJL'IJ@ﬁl%uﬂuWﬁuﬂl‘ﬂWﬂ‘U 0.02 MuaIny @Qﬂﬂi%ﬂ@ﬂﬂl@ﬁi{‘lﬁﬂjaﬁgﬂlﬂﬂTI"Iﬂ
mw@uuuuaﬂymzmﬂﬂwaluﬂﬁmqmmﬂu

a ¢ d S a oA A
5.1.3 ETE‘I]Naﬂ"lﬁ’J!ﬂ’i]Z‘Vi?Jx‘lﬂﬂiZﬂi’)‘U‘llﬂx‘lw"Niﬂ‘ﬂg‘mﬂﬂﬂ"lﬂ‘i’l"l!‘lf?)?»liﬂmﬂ’ii’)\‘i
ICP-MS
a Jd a [ 4 A a
VINNITUATISHIBIAUN TN Iﬂﬂﬂ1iﬁ§]ﬂ3ﬂ@ﬂﬂﬂi$ﬂﬁ]ﬂﬂlE]Q‘I{\I”iJIﬁﬁg‘Vllﬂﬂinﬂ
J 4 1 Ay a 4 % 4
NUFOUA d 1$33n1531A51¢H mass spectrometry (ICP-MS) G?Nmﬁ%:‘ﬂ‘ﬂmﬂﬂ Iron Copper

Zinc Manganese Nickel Cadmium 182 Chromium @148191 Tagn1sgeenszarunsadlaelds

Microwave 1§11 IR AT EA LI ToN wamiﬁﬂy1wm'ﬂuﬂ'%mmyjﬂamﬁlﬁﬂ%uﬁ
drunanveTavsmiusiginumniigaaudiduaeandoasy %mass 9101A504 X-ray
fluorescence spectrometry (ED-XRF) AANNADANE DI R-Squared ?JEﬂWI%’N 0.992 - 0.998 Iag
AURGIVEITIANNIINNTgARe 519N ron) AURTITY 1,840.84 ppb UAZAURTIVEN
duiniaiuFeuie M3 WEIRY 700.12 ppb MVLUUBUITNTY 6.459.67 ppb MauFouiu
MR 1,284.25 ppb WUMTT0AR HEINITY 620.68 Faaeandoafun1IT A5 1z W IAe3Tn3
amwﬁiﬂamisﬁ"qﬁmﬁﬂ (Gravimetric analysis method)
514 aplwamsinnsiBnasflanziidanniigealasasos ICP-Ms
MMz B naiiodaSuavesesdsznevvessgiiiia
1nnszuaumFen TaolHia3e Inductively coupled plasma mass spectrometry (ICP-MS) 1
NU2Y mg/m’ #an13aIuIAULAZToUNeUNUAININTFI1U ELEMENTS by ICP 7303 (Hot
Block/HCI/HNO3 Digestion) NIOSH 7303 W1 CRGREVETRTCE: F1UVBN Occupational Safety and
Health Administration (OSHA) wudrmqﬁzﬁummgmﬁa Copper (0.1450 mg/m’) @119
VI'HG?;'?JM‘VI'”I‘IJH”IHL!’E)‘IJ muminﬁ 4.10 MUUINTI1U National Institute for Occupational Safety
and Health (NIOSH ) nusgiinumnasgiuludumiamsuie Nickel (0.0350 mgm’) uag
Chromium (0.1325 mg/m’) A 1uM UM 1vuIMNe U AuNIATgIuYTENOUARIY Tron
(0.1325 mg/mz) Copper (0.1450 mg/mS) Nickel (0.0525 mg/mS) Chromium (0.1400 mg/mS)
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A study of fume exposure during welding position from shielded metal arc welding process
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Abstract

This study is an experimental research in order (o investigale
fume exposure and fume’s elements during welding position from a
shielded metal arc welding ol carbon steel (JIS G3101 §8400). The
experiment was conducted by a welder passing the standard test
industrial technician level 1 and the welding position was divided into 4
standard positions. For each position, the duration of welding was 3
minutes and a personal air sampling was collected at welder’s breathing

zone. The filters of air sampling were analyzed for fume concentrations
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and clements. The results showed that the highest fume exposure
oceurred in the honzontal position (56.41 mg'm‘) followed by the
vertical-upward position (32.51 lug"‘m‘). the flat position (11.63 mg‘-“mﬂ).
and the lowest in overhead position (4.52 mg'm:). The top 3 clements
found in the welding fume were Iron (77.89%), Copper (6.97%) and

Zine (5.01%).
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