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— Abstract—

A Study on Metal Concentrations in the Air of Metal Products
Manufacturing Industry

Yong Seon Kang, Se Dong Kim, Tae Hyeong Ku, Hyeong Ryeol Yoon,
Deog Hwan Moon*, Yong Soo Han**

Workers Accident Medical Coporation, Changwon Hospital
Department of preventive medicine, College of Medicine** and
Institute of Industrial Medicine Inje University*

This study was conducted for the purpose of obtaining the fundamental data on improvement of
working environment and contributing to health improvement of workers who dealed with metal by
assessing the metal concentration in air of industries located in Chang-Won Industrial Complex.

Authors measured the concentration of metals(Al, Cd, Cr, Cu, Mn, Ni, Pb, Sn and Zn) in the air to
25 working processes of 73 industries by flame atomic absorption spectrometry from February to
December 1994.

Personal air sampler was used for air sampling with mixed cellulose-ester membrane filter.

The results were as follows :

1. The geometric means(range) of metal concentration;

1) Al: 0.1505 mg/m (0.0147 - 18.6100 mg/m*)

2) Cd: 0.0077 mg/m* (0.0003 - 7.0710 mg/m?)

3) Cr: 0.0163 mg/m* (0.0013 - 1.1510 mg/m)

4) Cu: 0.0097 mg/m? (0.0009 - 0.4950 mg/m?)

5) Mn: 0.0412 mg/m? (0.0006 - 4.7877 mg/m)

6) Ni: 0.0088 mg/mr (0.0001 - 1.0170 mg/m?)

7) Pb: 0.0152 mg/m (0.0015 - 0.4499 mg/m)

8) Sn: 0.0486 mg/me (0.0037 - 0.1500 mg/m?)

9) Zn: 0.1911 mg/m? (0.0122 - 8.2920 mg/m?)

=249 —



2. The geometric mean of lead exceeded TWA in assembling process of other general purpose
machinery not elsewhere classified products manufacturing industries.

Key Words : Metal, Manufacturing industry, TWA
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Table 1. The type of industry included in the study

3l FZALMA Bigow A}

Type of industry

No. of factory

Gray iron foundries 9

Manufacturing of basic steel 2

Manufacturing of steel wire 3

Manufacturing of motorcycle 2

Rolling, drowing and extruding of aluminum 2

Aluminum foundries 6

Manufacturing of parts and accessories for 16
motor vehicles and its engines

Metal product plating services 10

Manufacturing of tanks, reservoirs of 5
type installed

Manufacturing of other general 10
purpose not elsewhere classified

Manufacturing of other domestic S
appliances not elsewhere classified

Total 73

Table 3. Permissible values of metals

Metal

Aluminum, as Al, Metal dust

Aluminum, as Al, Welding fumes

Cadmium oxide, fume as Cd

Chromium, Metal

Chromium(VI) compounds, as Cr water soulble
Copper, fume

Copper, Dust & mist as Cu

Manganese, as Mn Fume

Nickel, Metal

Nickel, Soluble compounds, as Ni

Lead, inorganic dust &fumes, as Pb

Tin, Metal

Tin, Oxide & inorganic compounds except SnH4,as Sn
Zinc oxide, fume

No. of process 83Tt
g C. 3% sigsk
1 2 AT ol 8" F&H9 &
A Tre fEvEr xERe "3st
§ 279 4T (=52, 1994)
. g 71202 dgon Yee =
3% Zt}
1
1 I. o7AH
2 A. Aluminum
& 5719% 10133€ ez
3 SRRy J4FE, I
Py EEE ¥49 2T,
S0 FLY TS o|EAE
A Az, 490w 949 2 &
24, ¢FvFE FE A=Y, &
TWA(mg/mr) FARE AxY, A& 259
10 3 2 7FAFE7] AxhelH
5 °lE 4T 2 FHA TAs=
C* 0.05 RN FEEY AEHTL 43
8'35 F&93 g H3AEE A
0:1 =949 £33FH (71sE ) oA
i 7.7710+9. 2321 mg/m (3. 4351
1 mg/m?), ©|EAFEA A=Y o
1 olALHFAR (71HEF)
0.1 0.4226+0. 3721 mg/m(0. 2877
3-05 ng/m), FEUE FE AZL
2 A 7FEFR (7188 ) 2 0.2993
5 +0. 3846 mg/m?(0. 1649 mg/m?),

Note : *: C : Ceiling

< 2 L/minZ2 34, o v]FAFHE o] 83t
FFRA A

ANBENLE AAFFFE7] (GBC 908 AA,
U.S.A)E ol&3l¥er Zh 53 AAFZFEY
o] BN zAL ¥ 29 2t}

E BEMA A 8372 EFALL blank o
AR S FAPAZE sl BE A5 FUA A

&334 (7188 F) ol 0.2299+
0.3405 mg/me(0.0893 mg/m¥),
dFvlE 4d 2 gEde &3
T (7188 F) 2 0.1940+0.1197 mg/m#(0. 1248
mg/m?), AFAFF A=A 833 (1HHd)
0.1514+0.1396 mg/m*(0.0958 mg/nr), LFrv|E
4 F 2 4EIH (1B I) ol 0.1389+
0.1367 mg/m*(0.0975 mg/nr), °]EFAREA A=
FZ23R (7188 F) & 0.1296+0.1010 mg/n¢
(0.0969 mg/m), ATAFEF AMxPlM 8HFH
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Table 2. Analytical condition of Atomic Absorption Spectrophotometer by Metal

Metal

Zn

Sn

Pb

Ni

Mn

Cu

Gr.

Cd

Al

Condition

water water water
5.0

217.0
1.0

water water water water
Normal
Absorbance

water

water

Matrix

5.0
213.9

0.5
Normal

5.0
235.5

3.0 5.0 4.0
729.5 232.0

324.7

6.0
357.9
0.2

3.0
2228.8

10.0

Lamp Current(mA

396
0.5

Wave Length(nm)
Slit Width(nm)
Slit Height

0.5
Normal

Absorbance

0.2
Normal
Absorbance

0.2
Normal

Absorbance

0.5
Normal
Absorbance

0.5
Normal
Absorbance

Normal
Absorbance

Normal
Absorbance

Absorbance

Instrument Mode

BCon
Integration

BC on BCon BCon BC on BCon BC on BCon
Integration Integration Integration Integration Integration

Integration

BC on
Integration

Integration
Manual

Measurement Mode

Sampling Mode

Manual

Manual

Manual

Manual
Sampling

Manual
Sampling

Manual
Sampling

Nitrous oxide

Manual
Sampling

Manual
Sampling
Nitrous oxide

Sampling Sampling
Nitrous oxide

Sampling

Sampling

Air/
Acetylene

Air/
Acetylene

Air/ Air/
Acetylene

Acetylene

Air/

Acetylene

Air/
Acetylene

Flame type

/Acetylene

/Acetylene

/Acetylene

(7188 ) °] 0.0919=+0.0526 mg/me(0.0745 mg/
m), EFuE FE AP teolA=EIH (715t
) oA 0.0503%0.0174 mg/m#(0. 0470 mg/ms) &=
|ttt

B. Cadmium

SNAF 5/ ez & 7l=82A dAF
4, 334 s=& #59% Zt}

7I=E2 A2 AFATE AzxY, =39,
A8 593 % JRAREY] Axd, 29 ¥
FHA 42 718 9wt EH & ARz, 28 ¥
FHA &2 718 7H8 & 71T A=xhdelH ol 4
T 2 IH A TSt Fl=Fe] dede 299
TREA &2 718 P8 71T AP 2933
44 (188 F) &4 Al 0.5639+1.5832 mg/me
(0.0477 mg/nv), €2 EFHA &2 7|8k 4t B
2HE 71A A=xde &HTH (18EF) oA
0.0027+0.0035 mg/m*(0.0016 mg/m?), AX]& F
£83 2 JRARE7] Axde 833% (1338
) °] 0.0013+0.0009 mg/m*(0.0010 mg/m?), =7
del =534 C15ed) 3 AFATE AxHe &
H3% (71319 ) oA 0.0019+0.0002 mg/m
(0.0019 mg/nmr) o] ol o, 53] 27 EFEA
e 718 7188 Z1AZIT Az =H3F 84
AQAdle draeddo] FHEVIENE I H
7131832 3 871EA] <l 2H3NA

C. Chromium

NMFF 133 S dde= 3 I8N H4F
d, 33 =& F63 2}

I dFe AAFE AR, AR, R
A Az, olgAEA Az, ASAEE AxY,
=39, AX& 493 2 /EAFEY] ARy,
93] ER9R %L 7| 49wt EHE A AR
olf olE dF Z TN T IEY s
HEe AFFE AxQP &3FF (7158 D)
0.1114+0.2793 mg/m*(0.0212 mg/m), AX]& F
&893 2 713ARL7] AxGAM 8333 (18
BF) 2 0.0965+0. 1435 mg/m*(0.0323 mg/me), A
FARE AxYY =FFF (15 E) 2 0.0332+
0.0255 mg/m*(0. 0215 mg/m?), ©]FAFE}F A=l
A =323 (C18EF) L 0.0190+0.0100 mg/m?
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Table 4. Concentration of aluminum(Al) by the type of working processes and industries

Type of Working No.of AM. + SD. G.M. Range
Industry process samples (mg/m?) (mg/m?) (mg/m?)
MM Casting 5 0.1296 + 0.1010 0.0969 0.0507-0.2722
Die-Casting 6 0.4226 + 0.3731 0.2877 0.0755-0.9200
RDEA Melting 5 0.1940 + 0.1197 0.1248 0.0251-0.2870
Extruding 8 0.1389 + 0.1367 0.0975 0.0147-0.3660
AF Melting i 0.2299 + 0.3405 0.0893 0.0179-0.8770
Die-Casting 5 0.0503 + 0.0174 0.0470 0.0272-0.0700
Processing 5 0.2993 + 0.3846 0.1649 0.0650-0.9800
MPAMVE Melting 13 0.1514 + 0.1396 0.0958 0.0190-0.4680
Welding 5 0.0919 + 0.0526 0.0745 0.0297-0.1460
MTRTI Welding™ 8 7.7710 + 9.2321 3.4351 0.0311-18.6100

Note : MM : Manufacturing of Motorcycle
RDEA : Rolling, drowing and extruding of aluminum
AF : Aluminum foundries

MPAMVE : Manufacturing of parts and accessories for motor vehicles and its engines

MTRTI : Manufacturing of tanks, reservoirs of type installed
A.M. + S.D.: Arithmetic mean + Standard deviation

G.M. : Geometric mean

" : No of excesses value to TLV : 2

Table 5. Concentration of cadmium(Cd) by the type of working processes and industries

Type of Working No.of AM. £+ S.D. G.M. Range

Industry process samples (mg/m?) (mg/m?) (mg/m?)
MPAMVE Welding 5 0.0019 + 0.0002 0.0019 0.0016-0.0021
MPPS Plating 5} 0.0019 + 0.0002 0.0019 0.0020-0.0017
MTRTI Welding 13 0.0013 + 0.0009 0.0010 0.0003-0.0038
MOGPM Welding 7 0.0027 + 0.0035 0.0016 0.0007-0.0098
MODA Assembling(Welding)™ 20 0.5639 + 1.5832 0.0477 0.0025-7.0710

Note : MPAMVE : Manufacturing of parts and accessories for motor vehicles and its engines
: Metal product plating services

MPPS

MTRTI : Manufacturing of tanks, reservoirs of type installed

MOGPM : Manufacturing of other general purpose machinmery not elsewhere classified

MODA : Manufacturing of other domestic appliances not elsewhere classified
A.M. = S.D.: Arithmetic mean + Standard deviation
G.M. : Geometric mean

‘v : No of excesses value to TLV : 7

(0.0162 mg/mrv), 2] EFHRA & 7]et Lt 2
AL 7NA AxYe] £HFF (1HT) 2 0.0189
+0,0123 mg/m?(0. 0156 mg/mv), AHFE AP
FAYFH R (1dE ) ZFHA 0.0165=+
0.0118 mg/m?(0.0192 mg/m), E=FHS =FFH
(718 ) ol A 0.0147+0.0171 mg/me (0. 0076 mg/

), AP =3FR 1EdE) ol 0.0130+
0.0042 mg/m#(0.0127 mg/nmy), HZE AzJNA
=333 (7189EF) 2 0.0128+0.0071 mg/me
(0.0102 mg/m?), ABFE AxAS FANTH &
A (138 ) Zd e 0.0122+0.0119 mg/me
(0.0078 mg/m), AZFPe] F2FH (71549 d)
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Table 6. Concentration of chromium(Cr) by the type of working processes and industries

Type of Working No.of AM. + SD. G.M. Range
Industry process samples (mg/m®) (mg/m?) (mg/m?)
GIF Molding 6 0.0085 + 0.0082 0.0065 0.0038-0.0250
Melting 22 0.1114 + 0.2793 0.0212 0.0020-1.1510
Finishing(Welding) 5 0.0122 + 0.0119 0.0078 0.0030-0.0324
Finishing(Gauging) 5 0.0165 + 0.0118 0.0192 0.0013-0.0302
MBS Melting 8 0.0080 + 0.0063 0.0064 0.0018-0.0220
Casting 5 0.0108 + 0.0024 0.0106 0.0088-0.0142
Ingot molding 5 0.0130 + 0.0042 0.0127 0.0090-0.0190
MSW Plating 5 0.0128 + 0.0071 0.0102 0.0037-0.0210
MM Plating 5 0.0190 + 0.0100 0.0162 0.0090-0.0290
MPAMVE Plating™ 5 0.0332 + 0.0255 0.0215 0.0070-0.0629
MPPS Plating™ 12 0.0147 + 0.0171 0.0076 0.0020-0.0550
MTRTI Welding™ 29 0.0965 + 0.1435 0.0323 0.0030-0.5450
MOGPM Welding 7 0.0189 + 0.0123 0.0156 0.0056-0.0400

Note : GIF : Gray iron foundries
MBS : Manufacturing of basic steel
MSW : Manufacturing of steel wire
MM : Manufacturing of motercycle

MPAMVE : Manufacturing of parts and accessories for motor vehicles and its engines

MPPS : Metal product plating services

MTRTI : Manufacturing of tanks, reservoirs of type installed
MOGPM : Manufacturing of other general purpose machinmery not elsewhere classified
AM. + S.D.: Arithmetic mean + Standard deviation

G.M. : Geometric mean

" No of excesses value to TLV : 1
2 : No of excesses value to TLV : 1
“»: No of excesses value to TLV : 11

0.0108+0.0024 mg/m?(0.0106 mg/nm), MHFE
AzPN =334 (71598 7F) ] 0.0085+0.0082
mg/me (0. 0065 mg/m), AZHS] &313F (7158 1)
°] 0.00800.0063 mg/m*(0.0064 mg/m) ] <=o]A
on, MHFE Az LaFHY AX & F&H
3 2 7R Axde SHTHAN e
7o) 3 E71EXNE A3

D. Copper

SANRE 5 MERES dides 3 e 43,
IR FEE B73 2}

FALA AFL AFFE A=Y, ASAEE A
z29, =8¢, AX & 593 4 /A8 A
Z9, 29 EREHA &2 7|E /S V1T AlES
olr olF J4F F FAHoA TAe T e

Hae AEATE Az &HTB 1)l
A 0.0749+0.1696 mg/m(0.0105 mg/m), AX]&
59 F JHEATEY Axde 333 (8t
B1) -2 0.0640+0.0849 mg/me(0.0414 mg/m?), =
799 =53% (7131%F) o] 0.0394+0.0417 me/
(0. 0210 mg/m?), 2] EFHA &< 7|8 7184
717 Azxde 2HTH &3 ClsEE) &AL
0.0185%0.0211 mg/me(0.0101 mg/m?), AFFE
AzAe] 83133 (71318 ) 2 0.0148+0.0212 mg
/m#(0. 0045 mg/me)EolR e, FeB T 7Sy
o] BF #87|EA | n 23t

E. Manganese

5N 10133 S tidez 3 94y dF
W AR E ¥89 2l
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Table 7. Concentration of copper(Cu) by the type of working processes and industries

Type of Working No.of AM.+S.D. G.M. Range

Industry process samples (mg/m?) (mg/m?) (mg/m?)
GIF Melting 6 0.0148+0.0212 0.0045 0.0009-0.0500
MPAMVE Welding™ 15 0.0749+0.1696 0.0105 0.0015-0.4950
MPPS Plating™ ) 0.0394+0.0417 0.0210 0.0030-0.1060
MTRTI Welding™ 5 0.0640+0.0849 0.0414 0.0030-0.1840
MODA Assembling(Welding) 22 0.0185+0.0211 0.0101 0.0010-0.0890

Note : GIF : Gray iron foundries

MPAMVE : Manufacturing of parts and accessories for motor vehicles and its engines

MPPS : Metal product plating services

MTRTI : Manufacturing of tanks, reservoirs of type installed
MODA : Manufacturing of other domestic appliances not elsewhere classified
AM. + S.D. : Arithmetic mean + Standard deviation

G.M. : Geometric mean

“0: No of excesses value to TLV : 2
21 No of excesses value to TLV : 1
*»: No of excesses value to TLV : 1

PR 4FLe AFFE A=, ALY, A=
ARE Az, 4X& F5¥3I 2 AR
Az, 28 ERIA &2 78 /P8 71T Az
dold o5 AF R FFAA TAs= P A
EHTE AXE FE5Y3 2 JEAREY] A=Y
o] &334 (1) oA 0.5813%0.7635 mg/m’
(0.2278 mg/mr), AAFE AZA9] &I (718t
B3] 0.3851+1.0149 meg/m#(0.0269 mg/m?), A
el F23%3 (138 E) 2 0.2198+0.2027 ne/
m*(0.1011 mg/ne), 2] EFRHA &2 7| drt
EA8 71A Axde $HFH (7138 F) A
0.1595+0.2016 mg/m?(0.0947 meg/nv), A7ZH<]
£33 (7138 )& 0.1292+0.1014 mg/me
(0.0602 mg/m), MAFE A={Je] FAHTH 7t
A (N8 E) FAA 0.1240+0.0857 mg/me
(0.0900 mg/nme), &3 (Z13H8T) ZHAl 0.0445+
0.0507 mg/m?(0.0172 mg/me), APl =3I
(13815 #) o] 0.0340%0.0174 mg/m*(0. 0278 mg/
w), AAFE AzxQGY 2FIFF 1% D)2
0.0109=+0. 0081 mg/m#(0.0067 mg/m), ATAFF
AzQe] £HFH 18 T) o] 0.0059+0.0025 mg
/(0. 0054 mg/me) =] AT

&R T 7Tl BT HE7IER A vt
Hor AX4 F&PI L /FAZET] A=Y

|HFH AN e Ho] F871EX ¢ ZHHTL
F. Nickel

5714 107133 & dde=s & Uaddy 435
d, IFE TTe ¥99% 2t

ALY JFS AFFE Az, A, =2
d, 4X8& 3593 2 /ARSI A=Y, €3
EREA gL 7g gt BFE A AxdelH
15 4% € FFA 2 YA dedd
AAFE Az 83133 (154 d) A 0.1001
+0.2776 mg/m#(0.0099 mg/m), AX& FEHHA
2 7HEARL7] AxPY 338 (V188 d)
0.0795+0. 1468 mg/m*(0.0419 mg/nv), AHFFE
AzHelA FAHHFES 7HA (1318 ) ZLAl
0.0557+0.0614 mg/m*(0.0111 mg/n), & (7135}
B7) ZAAAl 0.0223+0.0075 mg/m*(0.0207 mg/
w), AZde =AFA (71818 d) L 0.0078=+
0.0016 mg/m?(0.0076 mg/n¥), B2 EFHA &2
71et 49t EA L 71A AP &H3TF (71513
)l 0.0076+0.0047 mg/me(0.0067 mg/mv), |7
Aol F2FA (71318 )2 0.0066+0.0022 mg/m
(0.0063 mg/m), =FHS] =FFH (71318 ) oA
0.0057+0.0029 mg/me(0.0043 mg/me), A7l
2833 (7188 #) 2 0.0045+0.0034 mg/me

o

=255 —



Table 8. Concentration of manganese(Mn) by the type of working processes and industries

Type of Working No.of AM.£S.D. G.M. Range
Industry process samples (mg/m?) (mg/m?) (mg/m?)
GIF Molding 12 0.0109+0.0081 0.0067 0.0006-0.0210
Melting™ 30 0.3851+1.0149 0.0269 0.0020-4.7877
Finishing(Welding) 6 0.0445+0.0507 0.0172 0.0020-0.1145
Finishing(Gauging) 5 0.1240+0.0857 0.0900 0.0290-0.2366
MBS Melting 9 0.1292+0.1014 0.0602 0.0097-0.3110
Casting 5 0.2198+0.2027 0.1011 0.0139-0.4954
Ingot molding 6 0.0340+0.0174 0.0278 0.0100-0.0500
MPAMVE Welding 5 0.0059+0.0025 0.0054 0.0030-0.0092
MTRTI Welding™ 25 0.5813+0.7635 0.2278 0.0159-3.0700
MOGPM Welding 5 0.1595+0.2016 0.0947 0.0100-0.4445
Note : GIF : Gray iron foundries
MBS : Manufacturing of basic steel
MPAMVE : Manufacturing of parts and accessories for motor vehicles and its engines
MTRTI : Manufacturing of tanks, reservoirs of type installed
MOGPM : Manufacturing of other general purpose machinmery not elsewhere classified
AM. £ S.D.: Arithmetic mean + Standard deviation
G.M. : Geometric mean
1 No of excesses value to TLV : 4
2 : No of excesses value to TLV : 4
Table 9. Concentration of nickel(Ni) by the type of working processes and industries
Type of Working No.of AM.+S.D. G.M. Range
Industry process samples (mg/m?) (mg/m?) (mg/mm?)
GIF Molding 5 0.0014+0.0010 0.0008 0.0001-0.0023
Melting™ 13 0.1001+0.2776 0.0099 0.0019-1.0170
Finishing(Welding) 5 0.0223+0.0075 0.0207 0.0117-0.0287
Finishing(Gauging) ) 0.0557+0.0614 0.0111 0.0048-0.0203
MBS Melting 7 0.0045+0.0034 0.0037 0.0018-0.0110
Casting 5 0.0066+0.0022 0.0063 0.0042-0.0096
Ingot molding 5 0.0078+0.0016 0.0076 0.0056-0.0091
MPPS Plating 6 0.0057+0.0029 0.0043 0.0010-0.0090
MTRTI Welding™ 29 0.0795+0.1468 0.0419 0.0014-0.5776
MOGPM Welding 10 0.0076£0.0047 0.0067 0.0037-0.0190

Note : GIF : Gray iron foundries

MBS : Manufacturing of basic steel

MPPS : Metal product plating services

MTRTI : Manufacturing of tanks, reservoirs of type installed

MOGPM : Manufacturing of other general purpose machinmery not elsewhere classified
AM. £ S.D. : Arithmetic mean + Standard deviation

G.M. : Geometric mean

" No of excesses value to TLV : |

' No of excesses value to TLV : 4
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Table 10. Concentration of lead(Pb) by the type of working processes and industries

Type of Working No.of AM. S.D. G.M. Range

Industry process samples (mg/m?) (mg/m?) (mg/m?)
MSW Plating™ 5 0.0408 + 0.0342 0.0332 0.0230-0.0920
MM Welding ) 0.0150 + 0.0021 0.0148 0.0129-0.0170
MPAMVE Welding™ 45 0.0290 + 0.0710 0.0140 0.0020-0.4499
Plating 5 0.0195 + 0.0043 0.0190 0.0130-0.0250
Assembling(Brazing)™ 10 0.0201 + 0.0148 0.0174 0.0115-0.0580
MOGPM Assembling(Brazing)™ 6 0.0660 + 0.0280 0.0598 0.0370-0.0940
MODA Assembling(Welding"” 20 0.0182 + 0.0246 0.0101 0.0015-0.3200

Note : MSW : Manufacturing of steel wire
MM : Manufacturing of motercycle

MPAMVE : Manufacturing of parts and accessories for motor vehicles and its engines
MOGPM : Manufacturing of other general purpose machinmery not elsewhere classified
MODA : Manufacturing of other domestic appliances not elsewhere classified

A.M. + S.D.: Arithmetic mean + Standard deviation

G.M. : Geometric mean

v : No of excesses value to TLV :
2 : No of excesses value to TLV :
“»: No of excesses value to TLV :
“: No of excesses value to TLV :
*: No of excesses value to TLV :

AN — D —

0.0037 mg/m), WAFE AzYe ZHBA (13
Hi) o] 0.0014+0.0010 mg/me(0. 0008 mg/m?) =]
gov] NAZE Aze LFFo VeAFL
zaac),

G. Lead

SHF T3S ez & Add dF4,
T e X103 2ok

A JFE AN AxY, olgAEA A=
d, ASARE Azxd, 28 BERHA @2 78
dut BR G 7)A A=d], 28 EFHA ¥2 7|E
7H8& 717 AxAelH ol 4F % AN &
e A9 dedde 2 EREA ¥ 9w
228 714 Azde 2333 9 O D) 3
Al 0.0660+0.0280 mg/m*(0.0598 mg/me), HZHd
AzPel =333 (715198 d) & 0.0408+0.0342 mg
/m#(0.0332 mg/m?), AFARF AZPNM &HF
7 (7189 2) ©] 0.0290£0.0710 mg/m#(0. 0140 mg/
2933 249 (1stg ) A4 Al 0.0201+
0.0148 mg/me(0.0174 ng/m), =333 (715t91)
& 0.0195+0.0043 mg/m#(0.0190 mg/nre), B2} &

),

FHA &2 78 7P 71T Axd =HIA
4R (7188 F) APl 0.0182+0.0246 mg/n¢
(0.0101 mg/m), ©l&EAEAF AMEHS] 8HIH (7]
34 ) o] 0.0150+0.0021 meg/m*(0. 0148 mg/nv) 2]
Eolger 27 EREA &2 7g dut £ &
71A Az =H3F 9H s ) HHA Ak
B 2 7ol EF EVIEAE 28
AR AxJY =FFF A e AP T 71318
o] 3&71EX A AU

H Tin

NAE N3H LS A= & FAMY 4T,
449 =& ¥113 2

FAY g4Fe =3¢, 22 EREA gL 7
e gut EH 8 714 AxHolH olE JF ¢ T
A LAzt FA AEHTL TFYPY =FF
A (713k8 F) oA 0.1090+0. 0430 mg/m? (0. 0971
ng/mv), B2 BEFEHRA &L 7|g gk ERL 7|4
Azel 44833 (7138 T) 2 0.0499+0. 0473 mg
/m2(0. 0279 mg/me)wolH o AeHF 7|3
o] &% FE71EX o =2t

== 20l



Table 11. Concentration of tin(Sn) by the type of working processes and industries

Type of Working No.of AM.£SD. G.M. Range
Industry process samples (mg/m?) (mg/m?) (mg/m?)
MPPS Plating 6 0.1090+0.0430 0.0971 0.0400-0.1500
MOGPM Welding 7/ 0.0499+0.0473 0.0279 0.0037-0.1060
Note : MPPS : Metal product plating services
MOGPM : Manufacturing of other general purpose machinmery not elsewhere classified
A.M. + S.D.: Arithmetic mean + Standard deviation
G.M. : Geometric mean
Table 12. Concentration of znic(Zn) by the type of working processes and industries
Type of Working No.of AM.+SD. G.M. Range
Industry process samples (mg/m?) (mg/m?) (mg/m?)
GIF Melting 7 1.3004+0.9896 0.8436 0.2300-2.2900
MSW Plating 8 0.1909+0.1354 0.1342 0.0122-0.4100
MPAMVE Welding 7 0.1746+0.1228 0.0989 0.0771-0.4000
Plating 6 0.2877+0.3528 0.1041 0.0300-0.7653
MPPS Plating 10 0.1707+0.2011 0.0904 0.0270-0.5890
MTRTI Welding 6 0.6380+0.2331 0.5951 0.3600-0.9700
MODA Aassembling(Welding) 8 0.8452+1.3697 0.3757 0.1100-3.2920

Note : GIF : Gray iron foundries
MSW : Manufacturing of steel wire

MPAMVE : Manufacturing of parts and accessories for motor vehicles and its engines

MPPS : Metal product plating services

MTRTI : Manufacturing of tanks, reservoirs of type installed
MODA : Manufacturing of other domestic appliances not elsewhere classified
AM. £ S.D.: Arithmetic mean + Standard deviation

G.M. : Geometric mean

lsaZinc

MG THTHE tdez 3t olddd 435,
Y 5 %129 2o

ol AFS HMAFE AxY, FAM A=
4, AFARE Az, =34, 2X8& FEFY3
2 71EAAE7] Az, 98 EFERA gL 3
£ 717 AxGelH ols dF Z FHONA A
£ olde AsHde MAFE APy &33A
(18 F) A 1.3004+0.9896 me/me(0. 8436 me/
), 22 EREA &L 7 e T AxY
o] =Y3A &4 (153 FAAA 0.8452+1. 3697
mg/m?* (0. 3757 mg/mv), AX & FEHI L /AT
471 Az &3IF (VB8 E) S 0.6380=%

0.2331 mg/m?(0.5951 mg/m?), AFEAF-F A=<
=234 (7188 F) ol 0.2877+0.3528 mg/m
(0.1041 mg/nv), A AxP] =73F (71513
7)< 0.1909+0. 1354 mg/m*(0.1342 mg/m?), A-F
ARE AxYY SHFTH eI o] 0.1746+
0.1228 mg/m?(0.0989 mg/m), =FHe =FFH
(188) oA 0.1707+0. 2011 mg/me(0.0904 mg/
) ol om AEHTAY 7)H Al BF 47
FA o DA

V. o

[

¢FrEe 7REE, W4, WF4e] Forz &
A, AR, AFA, ¥FE, T, FF
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7], 2 4e F2 olgHY A LFv|FHEY
bentonite, clayse %=, ARG E3 AHeke]
2EAZ ALEEHT EFUFEIFE (NazAlOs)
Alum (NaAl(SOy)) & 21E4delA &34 ¢ o
ot dA=AZA Frdeld, N4, 33 ¢ g
stele] GRigAl = o] 4H T

71%%= 107-351 mg/mre] LFu|E&HF &
7124 (20-21¢) 228 FAJAY] =5 ¢FrEEEE
Z2EA] g2 AFREY 5% FuEEEY 108]0]
olr =% dFvEEEe Z2vt SAHGEE
FAEL =& FEE E3on, TLV-TWASES
ZHE F71F LFuEEEd] Z249 THo g
o] FAQAFTEA =F EFETEE 4D3 =}
H F2Y ofzle] dad olAEY HEA Jehgt
(Clayton® Clayton, 1994).

A2 A% 3248 FRAZEAL 3454 450
FEAY 3595 Z2d 3 wPHQ FHAS
o5l AMgsld e Eart JdeH (Ueda MS,
1958), &FrlE ArkAl A A AdsdFuE
o Z2E ZAFAANA v 5 F7A#T} v HGH
% X-ray2ze] ¢zt BaHon =& Ax3
v Z2AY GFEAA g o AYF FH2o)
el 4% o (Clayton® Clayton, 1994).

£ AT FHENEG meg/m) S AEHIT 7]
st o]l BF 239 AL gllen sy
o] 23 FA L HAX & FEHI E /HF ARE
71 AZFY &HZFANA 7.7710+9.2321 mg/me
(3.4351 mg/m?) ol x, UmA] AHFel e 5 &
71l A vl on ol 19734 wl=9] 1x
IFuF AYFFANAY 1.2-18.5 mg/m(Shuler<t
Bierbaum, 1974) ¢ fAMSE 222 EbsTh

FIEES A4 Aol don yde] e &
Aol glo] YA, &, & 13z ¢FuESY T
I 71 "7 R 0] sl Ar|=Fel 7 dE]
2ol G3ude] A L FFF Az o] &
= wrEA| 9} AFA D | AzAdded de
AHEE AL gl tE et fE]Ee Alx, &9 Fol o
|53 Je FFEIH(Zenz, 1993).

FIeES FATEY WFEeE FRAe F
AFEL Fl=golv FlEEEEY £HAATAA
A ATtEge] e 9 ERE FYsiA
dojdt}, o] FAFTEL 7IFEE 1 mg/mro] dol A

A1 Z2ZHALTH dojun sy HY
(Chemical peneumonitis) @] €2le] €t} wA=
52 7l=F Folv £33 A7 24 Fhge=
A dojutedl, 715%= 0.005 mg/me o]4}e] 7=
S 24l Fdste A S dEdo.
Friberg (1950) © ©F 514 773 dA & ¥sle
ZEZ1A A3, AZFH HAFEIL w2 N=ES
Bk ot (g B3], 1995).

HIZoe Ft=g 9T Alxd &3] o3 o
7t e SEANAA 42AN 0] Bo] dste A
= 83 3t (Jarup9t Elinder, 1993). =3
AFFENE dod)7le] SRS Fxe] Fl=Fo =
2 FAFHNE Jeidte 975 3t (Rose
S 1993). UM E oFF] Fl=Fol 9% 3
PAAZo] FHHoZ AFEHL AT F=FF
=5 g4lste ARdo]l BAsl AlFHes A B
A" FHo] lom (25T, 1991) A et
TEAE AUF SR ZFVIT] Fol A EZ o]
EAEE Aoz FHHY goz FHEI2FZ|
g} Ft=go] oF AARR &5 As)rt 2y
& 7FsAol &2 ez FHdm U (AATT,
1995).

2 AFelA F87]E(C0.05 mg/m)S 7|SHF T
3 gl B 235 AL gilen e
o] 2% FFL 2o EFEA &2 7|E 7}
AL 71T Axde 843 NA 0.5639+1.5832
mg/m? (0. 0477 mg/me) ol oM °|FFL BATFT
(1995) o] AAG 7l=F Z2FES] R/ 3t
FE2F (0.01 mg/meold) el EFEJCH Ywz]
G FZ22F(0.01-0.001 mg/ne)oll EIHE A
o

IFL IAFAlY FIAEMAEY, HEHETF
4, A3, AMEAZY, ZEEIY, AYA=
d, dddEel g AMgE3 glen, 3F7], &
3171 2 HRE T3t Al FaEo 1, A
T 2 250 2HHY F2 A3 53
o vldET. IEIFEC A FHTELRE Al
AN, 9734, FAMNEFE & 7 don S
=02¢ =, H¥E 93] o] ¥HS dodl=
Aol EAAoln HRIAY, &3, FRE 4o
71= @k (Lest, 1980).

SEASL HFAATHY 382 F fle 2
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™

dHe] 4d Ae2 edlstn A Bilste 47t
rod ¥EFARTARE %A = U3 A9
e otk xRt F8% AL UM e B
18 HAL QAT Zgo] HIE o F U=
Holtt. AEFET H gl A= Lehmane]
19113} 191239 2t 1< A Ee) 93 H LIS
HZE BH3g o)y ZF9 ALl taixe B
< B2yt Y& FER IE9] IS Bo| ¢
A 9len B AL 2om JYT(AAF,
1990). Z3y g2 o 9ol o3 LAsh=
F7F B7Iw &l ZE] o3 AT Hgolta 5
7€ ozl A7 B2k

LyetlA ZEFETAE A 8097 =
108z Buxoiety 88 2699, 89d 135
35 HIZe AUAY ZFARAE FHeE F
9oz IALAG T, 1991).

B AFoA FE715(0.05 meg/m) S AHEHAT
71&ETo] BE 239 A94e gen ded
o] 23 AL AAFE AxYY &AFF
oA 0.1114%0.2793 mg/m*(0. 0212 meg/m) T AAX]
& #5893 2 /1 ALY AxHe 8HIF
0.0965+0. 1435 mg/m*(0. 0323 mg/nv) ©]H o™ ol
=99 A SFHITEZTA otz EHEA 0.04
mg/me, 7FAEHEA 0.10 mg/m?(Angrers, 1987)
Hoh 34 52 @S AJET o2 Hol ¥ ol&
of it ZA¥A eyt a2 o= Alsdrh

=3 SHXNE ATAREAZRY D °l&8A
FAAEY ) EEHEceE =399 V1F Y
7t P wken A= A =E9 AF
o] HFE=2 0.002-0.0357 mg/m* (HEEF,
1991) Bo} vlmA @& o)t

2o TR 2 ol F2Ee AR
FE AY, £, dvh, SH%}e /Y 28 F
ey e A A, FHRS BFS
£ 3], T7EEZS A2 (Sieving) = 2, A7)
=8, ATAET, ARAH, A=Az, HA
(Solding), &4, wig, A3, &Zdske A FAA
AQste ZG Aot (Askergrem™ mellgrem,
1975).

TR F, p|2EZ FYshH ke A
g, Q¥ V& shHem wel wEkA vFHA
3ol dehde 471 ok Ao F s FESAY

q,

o &

A5 AAEE /EE & slev 08 stede
gty TFES A9 Ead bk gl 9¥4
] Bzte] Afolwt S0l Eud v JoHH
3%, 1991).

AF7HA Bag AFAEC o3t TR
3 871EX] 1 mg/me o]3te] FE2! 0.075-0.120 mg
/e o FREX Z2APAE 29 AT &
44 (Mack-isonemd%, 1981), 0.6-1.0 mg/m* ol
Z2d AP e AR 884 Hl¥Fo] Ha
H3 A (Finelli%, 1981). $2uvat F HAF A
9 Z2Ake] A7l A FPAE 34 A
AR ze GEEVEAREFENTE, ¥EE, 5
%, TEVAS, FEIeIATFHAE, 1993).

B dFdA §HE71F0.1 mg/m) S &P I
718 de] BF 23 AdFLe dden zAEA
B Az 2 4X8 3593 € 7 A8
AzPel &5FHol 42 0.0749+0.1696 mg/m?
(0.0105 mg/m?), 0.0640=+0.0849 mg/m (0.0414
ng/m?) o2 A& Tte] F&7]F 23N

Pk AA Y FEO TEo P dFFS
oz24 AAddEe P Fxo FEE FAEL
A FHTAT, 1989). AAFelA W3te] Foe
FE2 IFVIE PERE FFsterA dAEn
gotgt FAdFelu MUYl BFE w fFAH
2 FHe 3= doh

PEFEL A, ¥EY £ S v=e
FollA Bol EAst= o2 dEA lon Wk
AAA] Yiko) ol gHEE WHFZFo| FHA| TF
M= Bagoigrt 19 Wik ARKEGA 5t
olE2FEoly AEAIY AL ES Aitste
ol ol &=z AFAE, 98, #HAE, ¥4, A
ZA|, AgA e} kgoz ol gHT} (AT, 1991).

PAFEE 19471%0 ASo 2 BuHo HZ7t
A ol BaHdov oA % #a; Ale] BrEd
AZde ARE 4R 23 ALl o B 2o
2 FR9t TSN AAFAeRE 27
de F%, ¥, duz, 4833, 2d, #3249,
459 53, ZdTe] vetn Fde] A=A
s, 2EAE, 583, 245G A,
wAs), EXF, Parkinson's ¥ 22 T
A& 2@ a It (Kamiya, 1975).

B oA #e71E (1 mg/m) S AP FI V)
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sgate] BF 2343 A98L e dx8 F
93 4 /b AFL7] Azxde £HEH
0.5813+0.7635 mg/m*(0.2278 mg/nr)e] A=W
o] #&7|EX ] ZFH3R e ol Chandra®s
(1981)°] Exg Wzt TI}sle SHBo2 &4
ste ZEAEY ME O 3] gAdA Hass
1 0.31 mg/me, 0.57 mg/m* 2 1.74 mg/mee} A
& e YERiATh

yAae o2 53 4old Z=rt Fvketa 4,
a7le) 5o F2lo] 73l stainless steel, 4% ¥
Folv =7, IEAEAZH, 6, FAAZ,
dAetelge Rrai2s de ol4dr UA
2 ZE (Lateritic) BAtel vk YARSIFES] roast-
ingZdAl Bl 23 73S JdeRez YE
Sk

ditA oz 22, F7], B &F FRHA Jo
w 2ol 2L FAPTAol EFF F
ZoAe] F2, FYE HFFHFolr}h 1981-1983d
Ato]l miZolA YAFE, FF, FrIYASFE]
Zz23 AdAE APH= 727, 240801028 Y
A Aol HA AL A A (Kirk, 1989).

UAZZ2:= F2 83, FE, &3 A=
Aeiid FE #3loH, IREZE2E BAY, 5AF
I 2 R HEFo= AF HAJHAEAE € UHA
< /e F7Y FFe= TYIF(WHO,
1991).

AL A-FFZANA FFTEel AT LA,
19789 44571¢] =t & 152729] u])7Hgte] YA A
dZFe] ZEEA A ZAHASl EuE o]
(Clayton, 1994) Y& Izt aS d 222 F
253 gt YAl =9 #He, uay, =4
o] 73t YAZtEY (Ni(CO) 2 F71&EYez Qg
IEFNAASL ANFE, $44 YAAFH %
g, FHlEd, vSEAAE, FEAERY, F
Ao} 2], ¥ S (embryotoxicity),
713 (teratogenicity) 59 $5353°] YetbiH, &
3 71 BAo] A% YAsiEde 5, FF, &
F2¥, A5 FFNAAENE LTt (Natio-
nal Academy of Sciences, 1975). °l& U#A7}t
B A9 2S5 F5F e dasiEid]
o 710" Aoz Hmoh

192734 1981d@%< grinding materials,

grinding agents®} stainless steel®Xe] 37§¥
ol Z2dE 24dle] 1164%<] FAZEA s
1975-1981d %<t AYFW 375 FEX =S
£33 23 grinding FFNA °F 1 mg/m*(Cr <F
0.1 mg/me, Ni ¢F 0.05 mg/nr) &2 1950'd o]Ho]
ZYPEG Y FEI 5 Aoz Ayddy
(Clayton, 1994).

2 dFdA H871E1 mg/m) S AEHAT 7]
s ao] B g QAL e =3y A
AFe =FFH SHANE A7 A =23
ol HAE=< 0.0011-0.0186 mg/m*(H T,
1991) @} vlwEE w HlwE 2 FFolgon o
© W3 AR, 33 W, 33 A7 Aol
Tk ozt FVAAE f. F5 ZY 87 /A5l o
g ZolollA 7113 Aoz Az Er)

AFGNA A2 dAE € IAFHE, FARA
Z, YAz, PVCAZ, A3 (soft solder) A=, =
ZIAZE, EREAE, =4 9 Addgee), AFA g
dojlolelSe], A & Mulely} thEg F&F2E]
A0 o7]E & glor B3Ax @ dF 83
ZPAl AE AT dd EIA (A,
1991).

0|92 AZE AYPRA ZF3tn Je 2=
e AR A FIEAE T F 1 % 8T
gchar gt (John, 1980).

3F71E B3k FE 9 & 20-25 %, 43}
718 B3t AFE 9L F 10 % 7HEel A A
W2 FEcka 3 A3dE dL F2 289 o
Ho 2 wAd=ATAINES, 1986) ©EF FH
Aol =2 o] HAH X¥A, A3A, 4AAA, 4
A, WEEA 2 A dg Fae} AERA
A A3 2 Agr)|del e e et 3 o)
7l 2875 A7t 7P At F83t)
3 3o} (Lest, 1980).

Aol AHE, 4ol o7t Aot 3ol A AP
AAEL vl$ W JALE 7 e ¥ deol A
H 7R BaEE EACl g e 254
gL 1253 e A0 FHEDS, 1985).

B AFdA #&71F(0.05 mg/m) S AHEF T
71 el % 243 4GP 98 RREAY
£ 7Igt 4t BEHE 7)A AxYY =23F 99
ZAA] 0.0660+0.0280 mg/me(0. 0598 mg/m) o] A

— 261 —



th Hnd A AMEFe] Ba AFF 2EAL B2
AAFE deE & 2HAY 71F 4 HEEEd
0.76 mg/me(FAFF, 1990)° vlwshd R 2
FTolAth

FAL Aol Aetd ZAEe] drlF (@], &
NAZOE A} FET 72 A3 AHE
Ho FAEFE AF TRl e f7lAtel B
Aol ¥he-& R3] Y3 F2 AHEErh

Tributyl Tin acetate®t bis(tri-n-butyl
tin) oxide®} Z€ Organic Tin(®71F4) &
P.V.CFEA 9 3A 4 7k, 4, &, 3
FPainte] uH|ZA ¢} 2L WAYEA AR o] &€
o f7IFASFES o), A, 24 2SS
BEE7)9% ASA, AAl, wegol Al &
AEAAZA v LA AHEETH(Clayton,
1994).

FAZFEFA 9] ASZHANA silica, lead,
arsenicEFZ®YE olUg}l roasting, smelting3%
oA bismuth, antimony°l Z=Ht} 4kalFA
(SnOy AFoA A= B3 2 FHLIH= &
FAGoNA TAHE F2 FAHFTE oWE F
= 3tk 71342 triphenyl tin chlorideclA]
F71F 9] wWFA L PET ofeg HE,
£, Ao 945& 4o A4 a7z Q
T 2% 2 F= Utk FY 2 AT 9%
BAAEA FFAR 7 F71FAH] 92 (H]
nA) F3g vk, dvbE o= old AT %
F7IFASFEE] 2 E4E Yeile ez
& A Aot

F7FL ABE B Fae Fo%oH,
giE 228 53 F5EH F5E 749 dRE
< ez widHn Ao g s AF wjAdETh

Aol FEZZS AL FIHWN F71F Sn
14.9 mg/m?, Pb 0.1 mg/m* ©]X, Fe, Zn& &%
AEHAeH, T 2ARJIAAMZ Sn 8.6 mg/mv,
Pb 0.02 mg/m*, Fe, Znol 2% AZIAUT}
(Clayton, 1994).

E 7N HE71EQ2 mg/m) & AEHTH 7]
ol BF 23 AgAL glen i A4
e 38715 AR P23

ol F=fH I AMEEHo JHsA FF(F
2 AT, ML= F 2 WxFe 948E A

g, AZe] IRA, 9o FluxAg, 17AZ,
48, dHAA, 25AT EF ALHIIE 3,
ARREAL, FRIE, =271, 7, v e AlEe]
o]-g-Htt.

Abslold F (45-870 mg ZnO/md) ol E2EH F&
4 (Metal fume fever)©] it FEHFY
dade] 7 Bol AT ol FAL 8-12
ng/mre] FEZ AR AN FEHAGE ¥,
400-870 mg/mrell 1-3A17HEt Z2€ BZE AR}
oAA YeRdTH(ATSDR, 1989).

ZRAAY A Atslelde] FE2E & AR 2
I B3y A7) 85T A¢ F2FEUF Ha 58
ng/m?, B 18 mg/m¢ o], FFTFZERFY] F
A FZAAY] A9 A3 50 mg/me, BT 12 mg/me
olglen, olg FAYPAEL ALAISET 2 UE
FAFFENE Z2HE A2 YEHYD
(Clayton, 1994).

£ dFNA HE7IE6 mg/m) S AEB T V)
s To] BE 239 AGAL e didt A
AL BF 547150 A ngeint

AAFE AxGolA HEKSTHL=Z ELE
5%°l13h 2 FEE 3t 4% ELE v §F2
A U4, &, olde TREA ¥ AFE AMeEt
E Aoz A oy £ AFA HAFFE Az
JA e SHZFolA HALHZIT 7 EFE o]
o] B 9T & o= Alsdr

FE5F APAldle e gRAEFES Fdok
3l ¥Ego] A e APASFo] st
AP Fole E835ta JEFES Zot e T /Y
AAE HA3 Fof 3ok

AJ Aol e wi7IAE (AR, F4)S MRSt A
ARZTF (A wxz, WEwtxz, F7]|0t23F)
g F Ao st F2a0E Foof gk

olde] Azl H|Fo] B W g} Uxt BHE 7]
ANz =HEF FURFe] Qo] A&HTH
71 H T B 34UES 2HInE A A
Ax AQFole @r|AAEe] AR #rAEe] 7]
AAE AQYFde WAL A 2 F7/HEA
59 HAFHQA FANA] 27 AEFH =Y
El8] (Biological Monitoring) 5% 713t &4 A
AAQ A77t ese I} F&S FAFde EE
FAEC AT A 3 ZHA ol F&HE xF

— [262¢%=



se B4 BARE ZAY Aol ohje 2 B2
o Z%E %8l F5S0] W@ AR BNo| o}
Fesloloptn o8 AR A=A AN % mol
"ag oz e

v.g &

L3l AR QRN 4T, TBE
2 IEE F55HF 2 T8 Hdld 25 ¢
A FAAA AJste 22AY] AJANAG 2
229 17#e 4 FF ol #HE A7 =&
o] H§uz & ATE AYyst o5 22 dES
LA

1. & 254 AA 71T sx: (He)
1) Al: 0.1505 mg/m® (0.0147 - 18.6100 mg/m’)
2) Cd: 0.0077 mg/m* (0.0003 - 7.0710 mg/m)
3) Cr: 0.0163 mg/m* (0.0013 - 1.1510 mg/m?)
4) Cu: 0.0097 mg/m* (0.0009 - 0.4950 mg/mv)
5) Mn: 0.0412 mg/m* (0. 0006 - 4.7877 mg/m?)
6) Ni: 0.0088 mg/m* (0.0001 - 1.0170 mg/nr)
7) Pb: 0.0152 mg/m* (0.0015 - 0.4499 mg/mr)
8) Sn: 0.0486 mg/m (0.0037 - 0.1500 me/nv)
9) Zn: 0.1911 mg/m* (0.0122 - 8.2920 mg/mv)

* Note : (Range)

2. Zr 254 J&VE2HAF(FAEF) € Al
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