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Metal Concentrations Analysed in the Inorganic Bulk Pigment Samples by
ICP-AES and the Provision Rate of MSDS and Agreement Rate with MSDS

Hyoung-Ah Kim, Kyoung-Joo Lee, Yong-Woo Kim* and Hyun Wook Kim*'

Dept. of Preventive Medicine, College of Medicine, and Dept. of Occupational Hygiene,
Graduate School of Occupational Health*, The Catholic University of Korea

To improve the quality of environmental measurements and evaluation of the workplace air in the
pigment manufacturing industries, we analyzed metal(chromium, cadmium, lead, iron, cobalt, man-
ganese, antimony, titanium, arsenic, and selenium) concentrations by ICP-AES in sixty seven sam-
ples of inorganic bulk pigments which are produced and/or used in Korea. We also collected MSDS
which has to be supplied by manufacturer and/or supplier and posted in the workplace according to
the Hazard Communication Standards, and compared the number of metals listed in each MSDS with
the number of metals determined by ICP-AES. Results were as followed;

1. Among seventeen yellowish-colored samples, chromium(2~ 19%) and lead(0.1~61%) were the
two major metals. In thirteen reddish-colored samples, iron was the major component with 37~81%.
Cobalt and manganese were detected in blue-colored samples with less than 1%, while antimony and
titanjum were the major two metals in white- colored pigments with 178 ~300 ppm and with 36~
65%, respectively.

2.In area samples collected in workplace air(one pigments producing factory and five retailer

stores), iron and manganese were detected but the concentrations not exceeded the TLVs(1 and
5 mg/m’, respectively). In three of fifteen samples, the concentrations of lead exceeded the TLV
(0.05mg/m?).
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3. Two out of seven companies provided MSDS, and the average provision rate was 22.4%. And
the coincidence rate of the number of metals refereniced in MSDS and determined by ICP-AES
mostly accorded, but in one sample, different metal was detected from MSDS.

In summary, metals have to be concerned in evaluation of the workplace air dealing with com-
pounds of inorganic pigments dust are cobalt, chromium, iron, manganese, lead and antimony, and
these are simultaneously determined by ICP-AES. Taking this opportunity, it is needed to reinforce
that the personnel is to be concerned about prevention of workers’ ill health regarding to provision of

MSDS.

Key Words : Metal, Inorganic pigments, Inductively coupled plasma atomic emission spectrometry,
ICP-AES, Material safety data sheet, MSDS
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¢t2 (Pigments)& & E+ 2 Hho] Rajjo] x|
FE YA o]FoH BA=z BT - oz ¢t
Ao F2 A5 A2 AMLEY. FR2Y (anti-
corrosion)°]Y} magnetic pigments 22 £d%
B3HE A8 Agsrz il gEe A4 gEtr
Z, g4, 8 5 ogF 71Ed b8 YR e
o}, &7z metr= F7]<tE (inorganic pig-
ments)®} #7124 & (organic pigments) 2 s ¢
e 2 7€ (origin)dl wa} HAgHHE (natural
pigments) s} §4<tE (synthetic pigments) &
E 4 Uek(el7IT, 1995: Volz, 1995). &% w}
2 =88, EoaEL AES 88 ARE
¢, 154, 3dA4E, JIgHY, A=Y
E 3= U¥oAn,

Tt R71842 9507 U4RE Ty,
f71 tret vlwate] AR P s Ao] WX
2e o] FAolh(o]slgAtA, 1990). WAt RE
o] A3te|dt, F3lold, ¥ A(lead white) Tl U
on ZAgEE A3 Fo] Uk S Jehd
€ Ud8E 7I=F, 2§, FLE T 5L T
frata th(Volz, 1995). ol # tiiEe] ctg g
T HolgE 4slEe 284 YA Ho U
(Arai, 1996).

S8 vete] ¢tg AiAle 3= gags 3y
XY 559 3UAE 71Fe= B9 <9 2070
Zolm (35 AEAEFUEFTERF, 1995 vhL3 A
AFAL, 1996), F8 FrI¢tEe] irEe 19974

A 34,000 € Fxoln {rItEE 7,400 E F
Eolth@= du¢s IARFTZE. "IEAS).
gue FFFEL £y &1 e 4P,
FUAFE 227 E FHxo o2 FYY,
1996).

F71¢s EFEE A(Pb), LE(Co), IF
(Cr), ¥ (Mn), A=23F(Zr). F(Fe), ol
(Zn), YA, T=(Cu) T FFE] THH
o] sley, FIURE FHHFde HAdodt ¥FL
O 227t Hol A @1 A2AF T AAFH
F3A doh. a2BR o8 HF/FH A FAIE
o2Abe ¢dry FY - EF AW o ¥
“ER T AR AF A FES EQ4Y =
= A% F o w2A, 77 g8 AFEAY
& B3 FH: Z4zte) FI&) Ui F=E
g3t grrate]of it
1996d FE&ol ¥ APVAEZH 2HE B
b, AR A8 2 2oAzd. 7 b e R
R AEAERY, B € BRAE ARG A
o), "=Z - Fo] H FolAFAZY, LAY 2
Z1S0hA BAY, e R AgAES 7 L F
ZEEHAF Az oA 10,3857 AdAE gy
o2 old, B3, e, 4, 2E, I=8(CJ), ¥
<(Hg), UA § 80l 3,0187°] A =HUn
=&87180] 23 AFe 642(0.02%) 1A cHF
JEP 5713, 1996). 18, o] AE2E
9 $F59 ¥ AFHAA A A FFE)
HE FASHE AL A & ¢ Ue B T oY
2t AR FridE B2 AFAAAAN &Y
FEH UE FAEFY Eae o

e 2o (Zofr 2
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£ dFdME F=d@§Ectze dAESEEA
(ICP-AES, inductively coupled plasma-
atomic emission spectrometry) & ©]-43led $-2]
et di Brids EFA&(bulk samples)F2
Y5 FE5 A4S BY ENFoEZN 5350 &
8 239 EFo] HAsE AR AdEH =
BAl ansledol & Fa FIEC] HJEHR FRE
AAB] ool AATA &3 ¢ Hrlel A&
zoled AEE AT e FrI¢E F
7 AJAA F7IE T HAsE EA5e
8% ¥EE 33 O 3L 48 =& E
I vwdly 1 ZRAYEE HristAch =F 318
23 == HFEdE TR AAE Az 59 -
AHg - 28 B AREnA @ de vg E394A
RAAE(MSDS, material safety data sheet)
£ st HAF22A7 4A B 5 de Fdd
AA e HRF{EE Hol ed (%5, 1994),
AA @A MSDSE dvh vA L e
2 vx&3, 28] MSDS FE5ojor & 1%0]
el 8 F343 B AFAIAE viwstd W&
Ax)-&-& vl wEo.

I. MesdE W E4YY
1. 88MR 5

1997 8¥YE 1998 3¥7IA HEd Arix
Al BANRE FWSAAL. tde HIE A
294 PN AR, BF2Y ARQA U AQE,
FE YN AL R R WA 2 AL 5 2T
A AR/ BN R ol RN BujskAV ALgst
£ 28 £UNAT. F 6709 A2 Ay o
3 Baael 2A B4, AN A4, 24 A5,
wehal Z4, g4 JlEeg kol o A7
o W 28, =8, A F, TLE @3, e
£(Sb), EIERE(TY), Hl&(As), AFF(Se) 5 10
zo| 3348 B4

2. B M2 A3

NeAde tr Az hre EREYT
(HDS S8877)(H2), 082(H), 2 it

A= (HY) AN 7z AJAEE AHAAT <ds
#5714 (N1, T1, F1, Hyl, Hwl)olA 2

AR BAF 3452 2Hsr) 98 A9 e
A3t 37mm closed-face 7HAIEd] BE (0.8
im pore size, cellulose acetate membrane fil-
ter, SKC, USA)E F-Fstd 7dAlg £37]
{personal air sampler, Gilian 513A%, USA)
2 g e - TASE AYES A 1.2
~1.5m EoldA 2! /%9 F&2=2 300~400%-7t
FHEA.

3. AlRe| TA2| ¥ ICP-AES 24

Microwave ovenel]l 2|3 A& HAH A9 35
&o] Yol, EAANERS AAele FH233H (wet
digestion/acid mineralization)2.2 3slgth.
Al 200mge EIZE &7)o] ¥u g 2m, B4AL
(HF) 2mi, HFA2HHCIO4) 1mE ¥ F 574
S Sol 1909 hot platedA 71EAI & 1z}
o] B &7]9] A& d3 A IHIAF
22 AL 33 whEEl v Al ¥ 3o
AgE F/HTE A7Et 2] $28 B3

ZH4T HETAE 50g02 Lol EAo|

olo

£oof &2
]

A Vi

gelo] A2l HZE &7 F717 THE B
HE Y1 3 3ml, A ImlE Yol 48 2n
190°ce] hot platediAl 7183 F ulo|AHd ¥F
t} hot plate?] £5F 380CE %A H]o]Hd
FHFE Ak A4S HIAA FEE BE %
HEF FAE 40gez %FAY. ICP-AES
(JOBIN YVON/JY 138. Ultrace, France)&
ol&3le] AA2lE Al8F FIF4 AEES FFEA
st BXzALe o2 2t}

ICP-AESS| &M=
Source : Argon Plasma(6.000 K)
Spectral Range : 160-800 nm
Focal Length : 1,000 nn
Resolution : 0.005 mm in UV
Rf Frequency ' 40.68
Output Power : 2.3 W

HITE &7]& o]&3ld hot plateo] 2% 524k
3l Wy o] MFAAE sy 8 H=ZE 8714 5
o] 34 FFEH(CA, Pb, Co, Sb, Ti, &%
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1,000 ppm &) ¥1 AR} Ho] sy
Ze59 Ieed dot € A}, Cdol 99.5%,
Pbe] 101.3%. Co7} 105.0%. Sbel 101.5%, 2
2l Tie 105.0%% BT 102.6%< 3+&2
ERAQAT

1}

. &
=

il
1. 28AMEY 535 55

T AR/ Ae el 8 BFAEE F 67
HE AAF T, BAF 970, CAF 978, DAY 671, EAL
1070, FAL 147) 2 GA} 12700100k, B2A 88 A
goll et BHS 23 AL g 7 AR/
2 B FIEHJLH, Alae 1742 M Bt
o AN AN = g YA o) 6 ARA/%
el Al HEND Alge 42 134, 8, A,
2 6ol A3 Bajo] 22t g7 AldA &
3N AN AEAL, AR FE 2 pRRo]
A, B34 A87} 2 270 AGAA $AHEA
I ZTER(ATA, A, FRA) Algr) 5

N ARIAA FAEAT Ao wE Alge] F
% ¥x £3Z3+= Table 1~Table 99 Zt}
FMo2 E/E AAS 17] A9 B, CAF A&
F8 F84 AJEL I8o] 2.2~18.8%°]9°
AL 0.1~61.3%2] P2 A3 AFo] YRy
A28t AAMY) thE 1) Alg9) D, E, FA
ol Alge ILEV} 6.3~7.6%, o] 44.3~
74.3%2 F F8&°] FHYELZ 50.6~81.9% =
285tk 71 AlgME Aol 36.4~200.0
ppm, #o] 142.9~492.0 ppmelon IYUEE
13.9~40.0 ppmelt}. A2 3709 AlgoMe A
252 g3, Pk 167) A8l AEEYo
(1.3~2.199.0 ppm), CAIY] 77} A& EFdAe
QtE]Eo] H&HUIL 2 FEvE 791.8~9,101.0
ppmeE Hi@A FTHFo] AU, Hl& Jl=F,
Helg2 v F FEH0ed Adee 2719 Alzgd
A Fulg AEH A} (Table 1).

Moz FFE 13M9 AEe 29 ZHES) o
BEE& A sta ok AAM) 170 Alg$} D, E,
F. GAlel A% adEs) ®A7e 3.9%%8 BAe

94
=

o

=2

Table 1. Concentration of metal in yellowish-colored samples by ICP-AES(ppm)

Metal

As Cd Co Cr Fe Mn Pb Se Ti
Samples

AS * * 1300 76020 2000 743400 394.8 ** * 262.0
A6 8684 118.0 >k 40.0 151200 492.0 7.00 613200 5.4 280
Bl 188000 150 141000 90.4
Cl 791.8 * * * 84510 160.5 619 259100 * *
C2 1386 * * * 140600 78.9 5.7 205200 *
C3 9101 * * * 146800 103 20 224200 * 22.1
C4 9235 * * * 103500 160.5 3.0 955.8 * 11.0
C5 2001 * 6.8 * 21600 74.8 13 4377 * *
Cé 4300 * * * 142600 123.7 3.1 496900 * 61.2
C7 977.4 * * * 99700 185.2 233 396200 * *
D3 * * 1214 68040 4680 667800 319.2 *x * 2140
E6 1428 163.0 ** 13.9 49600 2233 48 31280 * 20
E7 * 19.2 106.6 75930 1963 525800 1573 283 * 1206
E10 * * ** 14.3 36.4 142.9 3.1 73 * 5.1
F8 * * ** 24.5 719 245.1 8.1 45.8 * 25.4
Fi3 * 21.8 920 62580 1150 442800 2199 *x * 554.1
G8 * * 0.6 30.9 68.8 305.5 72 88.0 23 10.4

§ Assigned alphabet and number for each sample represents the name of company and different products, respectively

* Denotes concentration of less than 1 ppm
** Denotes concentration of less than 0.1 ppm
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8.4%% A&k sien, L 37.0~80.6%E
AA8H Tk, 1 flelle W1te]l 270 AlmeA 10.0%
9} 7.1%% Jepdidich Fl=8e] 1074 A8l 3
£5H%21(0.4~140.6 ppm), I 7] A EA
0.5~137.2 ppme 2 AZHAT. UgEIE, H|L9
Hebgol vlF FEHAoH Mg 20 A8
T A Z&5 A% (Table 2).

A AgdAe 2E, 2, ¥ 282 gEEol
EE A8dA AEHen 1 e 2B
25.2~594.0 ppm, 3 121.0~95,280.0 ppm,

W 2.4~150.0 ppm. 281 EEgF 7.1~
2,453.0 ppmeltt. 1719] AlBelA QteElRo] A
5028 (5.0 ppm), V2 542 AgdX 2.2~
211.6 ppmeltt. Ft=Fo] 4/M9] AlgdA v
A& o, vhe Agel Zz 34 L 249
Al gl A 7 ZE=HAHTable 3).

A8 E DAY A, ZFo| 42.4%2 R
B3R C, EAMY A8E & 9%9 287 10.8%
2 6.7%° Qo] FHE] F FFE0] ¥ 0%AE
£ 2AFAY. 3§, d3 942 EE A89A A

Table 2. Concentration of metal in reddish-colored samples by ICP-AES(ppm)

Metal As cd Co Cr Fe Mn Pb Se Ti
Samples

A4 * x 08 48.6 620 4440 99960 1.2 298 520
A8 10.0 * 140.6 84420 962.0 806400 1877 ** x 240.0
B2 297

B6 49 x = 206 214 2160 7.6 0.5 * 48
B8 * x 1.2 60.0 844 5660 128 30.4 x 44.0
D4 17.4 * 1380 76440 9820 735000 651.0 = * 1180
E3 x 68 1122 81350 403.1 539100 2574 *x * 327.8
E4 * 20 xx 103 174 1038 8.8 6.4 x 73
Fl 28.7 197 1076 72380 7333 497900 619.4 o * 11.2
GS * * 16 4920 1070 4980 410 118 * 78.0
G7 * 350.0 716 38600 83.6 369800 70560 1372 x 1062
G9 * * 98.0 51240 147.4 499800 1231 ** x 720.0
G10 . * 0.4 65.2 554 6760 8.0 6.6 32 340

§ Assigned alphabet and number for each sample represents the name of company and different products, respectively

* Denotes concentration of less than 1 ppm
** Denotes concentration of less than 0.1 ppm

Table 3. Concentration of metal in blue-colored samples by ICP-AES(ppm)

Metal As cd Co Cr Fe Mn Pb Se T
Samples

A3 . . 03 213 26 2128 3.1 33 24 208
9 50 . 12.5 . 1892 95280 150 2116 s 1351
D6 . . *x 1626 5940 4840 186 - s 1630
E9 * 75.9 * 6218 71 6197 237 - 53
F6 . 17 - 12.2 %52 121 24 9.5 . 7.1
F9 + 1388 e 4719 575 4695 2638 - + 2052
G3 . * 02 51.8 672 5080 138 22 . 50.0
G6 * . 0.6 286 506 2904 63 26 20 1.2

§ Assigned alphabet and number for each sample represents the name of company and different products, respectively

* Denotes concentration of less than 1 ppm
** Denotes concentration of less than 0.1 ppm
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25en de 2AE 0.1%, AAE 230.4
ppm, 99 A% 4+ 10.8%, AAE 4.2
ppm 50} 2Tt 670 AlgA EEbgo] Z
25Q3(5.6~46.0 ppm), ¥l&, FI=F, AHE
o] vl A&t 379 AlBeA HEE FE)E
£ 0.5%~900 ppmA =°]AHTable 4).

FAMAEE 35.5~64.8%7F Elelgols IAWE,
32, A, o] Zzt 27.2~46.2 ppm, 60.0~
4040.0 ppm. 142.5~352.0 ppm, =281 3.2~
10.8 ppmoE EE A|BA AEHAUD. Jl=F
& AF AR Ygn, A3 vao zh 279
0 AE(1.9%)904 AEd9n, el AdbE
o] ul# AZEH AN Table 5).

Edo2 EFY AgdA 2HE FF5L Uh9
A goA Ho| & T7%E AA AL ZLEZ} 8%
Azoldtt. AEF, W3t ElElEe] EE AIRIA

A&HUAD, G, Hl&, FI=F,
F2 v]%e]AHTable 6).

Hgldlol AeE 4] AR BFoA Hol HE:H
Qon ¥EE 142.3~604.0 ppmeoltt. ALE,
ag, 9zt A, "HEerge] I AladlA SFHAL
o 1 % ZLEJ} 14.1~60.8 ppm, ZE
20.9~88.0 ppm, ¥3to] 2.9~15.4 ppm, 1822
do] 3.8~22.2 ppmelAdct. EHElELS 8.1~88.0
ppmel A (Table 7).

B34 AlgFde ¢ElE, ¥i& S=gF, Ae
& AZHA gteny FWE(11.1~37.9 ppm),
2E(25.9~36.8 ppm). #(115.8~387.0 ppm),
W7H2.6~4.3 ppm), 282 EEE(15.2~107.5
ppm)°] 3/} AR EFoA AEHAUR, 279 Al
oA A(12.4 ppm¥ 19.5 ppm)e] HEHA
(Table 8).

A =iz Al

Table 4. Concentration of metal in greenish-colored samples by ICP-AES(ppm)

Metal As cd Co Cr Fe Mn Pb Se Ti
Samples

A7 * x 04 1048 1510 1028 8.4 86.8 * 460
B3 144 480 15.6 420
8 9052 * * x 90050 286 26 108000 * 5.6
DI 4944 404.0 *x 282 424200 498.0 28 2.2 * -
El 897.8 99.6 *» 184 90760 230.4 39 66540 * 122
E2 * * *x 83.2 417 8364 8.4 189 * 482
Gll * * *» 65.4 50 6340 9.2 42 106 36.0

§ Assigned alphabet and number for each sample represents the name of company and different products, respectively

* Denotes concentration of less than 1 ppm
** Denotes concentration of less than 0.1 ppm

Table 5. Concentration of metal in white-colored samples by ICP-AES(ppm)

Metal As cd Co Cr Fe Mn Pb Se Ti
Samples
A2 3004 * - 46.2 660 3520 8.4 128 40 535400
BIO  260.4 * = 40.6 660 3500 108 *x 218 386300
D5 * * = 40.8 760 2960 52 *x * 559300
F3 * 2774 % 272 60.7 1425 32 *x * 647700
Gl 2784 * = 33.6 4040 2480 82 19152 s 536400
G4 1784 * xx 29.6 660 2160 52 *x 664 355200

§ Assigned alphabet and number for each sample represents the name of company and different products, respectively

* Denotes concentration of less than 1 ppm
** Denotes concentration of less than 0.1 ppm
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Table 6. Concentration of metal in black-colored samples by ICP-AES(ppm)

Metal As cd Co Cr Fe Mn Pb Se Ti
Samples
B9 182 864 1302 78120 7740 768600 4662 *x x 342.0
D2 x x 1300 78120 8540 764400 27720 *x x 3954
FIO 5468 57.9 *x 325 58370 3497 44 44 x 6.7
G12 * x 1.0 354 546 326.0 78 8.0 8.0 60.0

§ Assigned alphabet and number for each sample represents the name of company and different products, respectively
* Denotes concentration of less than 1 ppm
** Denotes concentration of less than 0.1 ppm

Table 7. Concentration of metal in purple-colored samples by ICP-AES(ppm)

Metal As cd Co Cr Fe Mn Pb Se Ti
Samples
B4 408
F1 * * *x 309 392 3092 37 2.2 * 17.8
Fl4 * x *x 14.1 209 1423 2.9 38 * 8.1
G2 x * 10 60.8 880 6040 15.4 16.4 * 88.0

§ Assigned alphabet and number for each sample represents the name of company and different products, respectively

* Denotes concentration of less than 1 ppm

** Denotes concentration of less than 0.1 ppm

Table 8. Concentration of metal in pink-colored samples by ICP-AES(ppm)

1
Meta As cd Co Cr Fe Mn Pb Se Ti
Samples
ES s . * 37.9 329 3870 43 12.4 s 152
) * . - 18 368 1782 35 195 . 1075
Fll * . - 1.2 259 1158 26 - . 19.1

§ Assigned alphabet and number for each sample represents the name of company and different products, respectively

* Denotes concentration of less than 1 ppm

** Denotes concentration of less than 0.1 ppm

Table 9. Concentration of metal in other-colored samples by ICP-AES(ppm)

Metal Sb As cd Co Cr Fe Mn Pb Se Ti
Samples
B7 2064 1158 - 462 13150 567.0 84 592200 * 202.0
E8 * * xx 2.6 23 2414 53 143 * 342
F4 * x ** 183 363 1902 38 93 = 468
F5 * * ** 207 389 2064 75 175 = 17.7
F12 * 20 * 115 212 1150 28 20  * 6.2

§ Assigned alphabet and number for each sample represents the name of company and different products, respectively
* Denotes concentration of less than 1 ppm
** Denotes concentration of less than 0.1 ppm
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Table 10. Metal concentrations of the air of workplaces by area sampling(mg/m3)

SZ[;:; As Cd Co Cr Fe Mn Pb Se Ti
H1 ** ** *k *k ** 0.25 0.05 0.14 ok *H
H2 ¥ >k ** *k ** 0.55 0.14 0.15 *k ok
H3 *F d *k ok *k 0.64 0.38 0.09 *k *x
H4 *¥ *% &k k% k% 032 007 %k *% k%
N1 ** ** *k *k ** 0.56 0.02 *h ok 0.01
T1 ** ** *k *k ok 0.20 0.01 ok *k 0.10
F] *k *% *% * ¥ ¥k 0'19 0.01 Kk *k *k
Hyl *ik ko *% *k *% Ak 00] Kk K% *k
le k% *¥ KK *% k¥ 021 0001 k¥ k% kK

§ Alphabet and number mean the name of company and different products, respectively
** Means less than 0.01 ppm before calculating air concentration(mg/m?)

ZIepdeo e BEE Alge i 54 g 2
el T8 1709 edA] Yo g Flm g Ay
& H2dA ggten, IYE AF H Y3 4,
283 EEgel 5 AR EFCA AEHUD 2
Feldde IWEV 11.5~46.2 ppm, A E9]
21.2~13,150 ppm, 3e] 115.0~567.0 ppm, %
Zto] 2.8~8.4 ppm, 94°] 2.0~17.5 ppm, 28
elwol 6.2~202.0 ppmeiRct. BAlY] B4
o] 59% #-H5o] AR Table 9).

2. B7INBE S8 =%

2 H
v d

Table 102 1709] <tsAz3|ALe} 5709 Hojjz}
A3 B8 X $345E 33T 29=
A, FEIR, HlA, =g, ZUE, ZAE, AdEe
Il Alg RFoA HEHA ¥ggton], Hzle] 97
Ag 25 H2Hdn 1 F=2E9e 0.001~
0.38 mg/m'R xFH9 =E7|F(FEA ¢ 3}E, 5
mg/me)-& FA @t B 84 AolA AZHA
3 0.19~0.64 mg/m2 A =Z27|E(7HEA E
4. 1 mg/me) S FA FE A M9 AlReA
AE=d9=d 0.09~0.15 mg/m2 BF =37|&
(7124 2 F, 0.05 mg/m?)& T3}, Ee
o] 20 AlBoA AZHALY E7])F(0]413E
ElE, 10 mg/me)& @A &k},

3. MSDS H[x|& X W& UxlE

3¢ MSDSt EF 1512 CAtet DAL bzt
349 94 2 6/ AR WP MSDSE

2

Table 11. Agreement rate between the number of met-
als listed in the MSDS and those detected by

ICP-AES
Samples Metals listed Metals* in Agreement
in MSDS samples rate**

Cl Lead, chrome Lead, chrome 100%
Cc2 Lead, chrome Lead, chrome 100%
C3 Lead, chrome Lead, chrome 100%
C4 Zinc, chrome Chrome 200%"
C5 Zinc, chrome Chrome 200%'
Cé6 Lead, chrome Lead, chrome 100%
Cc7 Lead, chrome Lead, chrome 100%
C8 Lead, chrome Lead, chrome 100%
c9 Iron Iron 100%
D1 Chrome Chrome 100%
D2 Iron Iron, Manganese  50%
D3 Iron Iron, cobalt 50%
D4 Iron Chrome .
D5 Titanium Titanium 100%
D6 Cobalt, Aluminium .

* Metals over 1%(w/w) are listed

** Agreement rate(%) =

Number of metals listed in the MSDS
x 100

Number of metals over 1% quantified by ICP-AES
§ Zinc was not analyzed by ICP-AES in this study

32 glo] HX &L 100%°1Rev, UrAl i AR
4 A, B E, F. % GAellXe MSDSE H|x]3
A e 3ol AA HF HA&L 22.4%°) BT}
ot
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WgHdAM BE BANZ 1%0143S T/ 37
£2 CAlY A% 4, 5 AEE oldn AE
MSDSel& vt et B Ao ofddo] &3
A eksith. DAY A$E 2, 3 A8 MSDS
de A go] Us} oy ¥ Ay dAn 4 o
) ZRESE FFH g AAE YEhith
MSDSel= #3gEo # Aol Ue 44 A8
A B AFdMe ZEol 45 dE ARE
Hyen ¥ AEe B A¥dAMe &F0Fwe] &
A=A gskcH(Table 11).

o]

v.on #

F3 3% W A7 F2 9Y & E2
o g dF2 A% £&, AF diF Boj olF
oj&x gth(BenckoZ, 1990: Fukayag, 1993;
AZE, 1994: H35F 1995 °l24 E, 1996
Nelson® Kaufman, 1998). $2l uv&lilx &3
AAgel g71F Folu FHEAF AN INF B
&% 5 B 2345 Z24 g 479 4
FEE EHE) AT AL viad AT Yot
(o] VAT W) 1994; WAE = 1995 7484
E, 1996: #ded wddd, 1997). a3y, =8
£ 9H4g, EZuidE, B78 AER 5o
AHEE e FIE AZRGACNA ALgEe FES
2R A4 B A7E glch

A =FRAME 363 FT5 B =71
& Fdm do(=FH, 1998), AAFE S A
£849 o Foz vFo] AYAFoMe] FHAF
Z 39 o] 7PF gol 8557doln], AFe] 7124
o2 1 g AXsn AHFJFAESH7EY
2]3) 1996). 12} o] ARRE EY FES =2
24 271A] o] el disl FAHAE AE HAE
£ fidh

TS BAdEE FAEEE n23HE B
a2 oj4tsl Elgh(titanium dioxide), ¥ o}d
(zinc white), &3} ol (zinc sulfide), litho-
pone (ZnS+BaS04), ¥ <A (white lead)5°] &
o, EZAetie] Bta Ayl w|AHA Yo F4d
7122 ¥ carbon black® 433 (black iron
oxide)o] ATt A& el ArE FF AY
A AEE Bk We| NYgA Fof whet 283

A3bd, Jl=g, 3E, TLE Fo| FriEd A
gBE FHA YA F= 23 AR F2 A
oy} H|AFA(Bi), By ol §RE®, FPo
Y 9134-& W+ luminescent ¢FHEE oldo] FHH
Rol Arh(Volz, 1995). ol¢} o] Fr|tgel F9
it 2L A, ofd, ukg, HEls, ZEE, 0}
g, F4, 4F0E, 2, 28, JI=F, AdF,
g2k BEEd Ud, gEE, HA& F9 3
(oxides), #3}E(sulfides), 23} F443HE(oxide
hydroxides), T4+ (silicates), #4+d (sul-
fates), Y4+ (carbonates)®] ez EA s o
9)H o2 o}lgFAg (sulphite)oly} AJetIEE
(cyanide) del2 EA3VIz gt 22 AT 4
< Ul7] 918 271 EEtEEe] z2A4ule] wet o]
g2idch. & Y3t 22.%9 E 0% €= 48.5%9)
ASEFEL H HNS Jvehls], waA 93t
3.1%% 2 13.7%9% X 23%9] T2 By
£ 9 g2 AL ehdcH(Arai, 1996).

B dydae Frgs B3N8 AR 37
FolA A8EF FHE F de GHE, H&, Fl=
B FLE AE A 942, 4. Hd¥E € HEw
5 10%9 £34 F=& ICP-AESE o| &3 &
Matm MSDS9| HIA|&& FALsAT

+38 BAAEE g¥og Bid A8 MR
Bstom(25%, 170), 2 o2 AHA(19%, 13
M), BA(12%. 8N, SM(10%. TAH), B4(9%,
671) ol EMn Hepao] 2kzt 47HH (6%)©l
Aow BEA 370(4%), 71E4o] 57llo|Ath.

AL 177/ RE AlBA ZE(2.2~18.8%)7
A(0.1~61.3%, 147 A&)ol &4 o] 2
& < Agel F4E Jeie FAEQ AR Ed
e}l 242t 44.3~74.3% 2 6.3~T7.6%=Z Ao
FAEQ Udro AR IXF(e)7], 1995:
Volz, 1995). BMe] 39+ Ho] 37~81%2 AN
Ag7 AsA Fo] FAEA A dAIAeY
(Volz, 1995), 71=&2 1071 AlgA 0.4~
140.6 ppmAEE &3 Hoj FI=F #=s o] 7}
EEo] FdEQ A7, 1995) = ot ARE
veliRith, 3slegolut E2ludl At o] A A
£ Jehlle F8& 3gE°] o, & dF9A
e F23 Ef|Edlo] FFHA gstn, Ft=Fol
FU82 @ A8e A gL Aoz Bl

N OH
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Qg IRES Yilo] FAE o] UAH
(°]71%t, 1995: Volz, 1995), ¥ dFdA &
Alge THdAM ZEEST EZFHAJoY 1 gqFe
EA #3%rH21.3~621.8 ppm). I &/l A8
2% ZAEJ oY JA] 1 et B4 @%n(2.4
~150.0 ppm) &o] 9.5% FH8 A&7 UYL}
ZAetgE A0l 42.4% FRH] e MBI} A
e ol 6.7%9 10.8% ¥ Al8E AFo|
7}k 9.0%4 =] ARk FAtEE Aga
d, A2 E ol FAHAEY s doj(e]n)et,
1995) ¥ 7oA £3" Alge old adete A
o2 BAY. AtgE oilislEl ez ol s (43t
o) 7t FAE-o|\H(e]7]gk, 1995 Volz, 1995) &
Aol AE ofdo] SHHA Yurh. £ AN
F3d A8e 35.5~64.8%2 Eletgo] &3 =0
FAE] HRIREYS HAT = U, AL
5= 20e] A8 Ho] 76.% ¥ 76.4%% =3
Hol 4%, Edo] FHEQL A AdXF}, o 9
o] Table 7~Table 9°4 Hi= vle} o] XA
EEA, A5, F34 g odxMe FAHELS
E2lHd, B3t ZE, A Fol FAHALLE H 9
2} (Volz, 1995: 1719k, 1995) E A& =
wE 3 93 4, ggo] HMm EZX Ao
v AEHJeH Jgdon ERd A5, 33
A WA AlgolA EIED H| A7) vFHEE
At

17 <tE A zAbel 570 A8 ol gdela] A HA|
B2 AT F7FoM FHE F252 2 U3
o] 9 Al&F Z}z} 8709 PlelA EFFHUeH 1
T=x AHol 0.19~0.64 mg/mE x=E7F(1 meg/
)& ga] gsken] W% 0.001~0.38 mg/mE
x&71F(5 mg/me) & 2T3A] @ttt a2y, A
< 234 3 A8 2%7} 0.09~0.15 mg/mZE x
£71% 0.05 me/mE 23Tt 2702 AlgdA
Ego] S HJ o Unx 34 SHHA &
¥ FNF TS FF Ede G BUE
FHAFshe APANAN £ IHFOZH o] FolA
Ao g HA| AMgdte st d8 7Rl EjE
A FHEA EF guge] EYHATD B o
Yot ole} o] AP FrF Y IS £
ZBAe EAFeE F845E /15T & 2F XY
AlA FA3she o] ulg3 st & Fojt},

ol FIE do ez Ak ¢8Il F2
A8 YL FAHEZLANM QQEIE, Hl&, ulE
(Ba), 7l=®, ZE, &, 4. Ad%9 migra-
tiong A3 Rastori®} Pritz1(1996)2] |7l ¢
P A A = g g g F88/588
7 A8F 35~81%0°lA v&/mlg/42/d0] 23
Huon, Z& Mo A8F 0~37T%0A LE1E/7}
ZB/3E&/AdEe]l FHHUAT. M ABFdE 7}
=&, 3§ Adwel A3 A gt 3
. B d7eMe 8 A8F Jl=§e 67
Alg BFoA EFFHA ket AEL 67 Alg
25N &5 1 ¥=7 60.7~4,040 ppm,
AdEe 37 ABAM 66.4 ppm7A] SHHATE
oj¢} o] FFTEHEE T AREAZ e
A7 52 7/ = u, 53] Ads gAY g
£, ojdolE9 FFE Z2: EAV 2 4 U
A1 ¢ A dd2 EEC Directived] Azt
of g tAxHE UEFdHok o} (Council
Directive, 1988). 2&{u}, @x74A] 2] veloll A
£ T4 AT 98EAE OEoR g 2
#§ Tl dE FF& 8L olFA L] gl
do2e SAEFTY FF49 migrationo] hF
AT7} 8| ojol & ol

A3 FAMA RG] oA gEd T 3}
FEAL 7T ANE Ax . F=Y - A - 2
= AAstna & o= vlg] MSDSE 243t
FTEA7 4A B e Fdd A Ee HR
FEE Ho ol H, 1994). A ZHAH A
A MSDSE 4rivt vix|sla gle AE $stn
MSDSe Wi&3# E3d 34 Ao d4x&S
vlma) 2ok 2 A, T dd AdA/aedE
2 ZoAA FHE EAA84 g MSDSE Z3E:3
AR (MR & 100%). IR 54 AR A
3 Zt33 QA gen HTE W& 22.4%°)
At olMFH H]X&o] ¥ AL EAH g
MSDSE ZFojof 3he ARIAEY AIYF9 22
2 Azrae/A[8d 2L 93 de AFA
T QA FFo] 1 ez FHE gy F
szetEde] Wy 22 ARRFY FAHL ¢
Al 3 A E F e AVt ulddojor &
Foltk, T EFERA A EFE) AP ER
o] AA 2 1% (FAM]) o4& AR e AS
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F3 EREL WA B 5YF A E
Hehli= Fo2 e EAMEAR RS 24 - v
Asol AT J1E(=BH, 1997)€ 2AZ 2 YE
4A&(MSDSe F&85 Me/E AN &34
35 AFx100%)& 2 Ao, CAe A$e B
ATFoxe oldo] AR ol 200%E el
€ AE7F U ov dA R dXske Aoz ey
. DAMY ZA$= 671 AEF 2719 AlgdA
MSDSel e & ojdje] £ A7Aa Wiy =
HEZL FFHRAoH F e Alge MSDSE
2 5o gloy B Adfdies aAgez =35
A% g A2AE Yo mepr] e AgelA
MSDSE 73 A %% olJsl 4 {33138
g FEg AEE SEAB0] B 9 F UEE
YE&AdME F4AF MSDSE H|Alse Aol F8
sttt 3t

Fa& Z22 AT S=Ae] AR E durst
7] 93 APV AEH ¥ ope} YEEH Z2AE
2 AMRY & e 8F 9 AF FFH 38
BAEAA SHI}= e TR FeEd, A
L A FoplA PAEFFBE (atomic absorp-
tion spectrometry, AAS)°] X|F71A] ERHoz
ARgEe] 23 flovt B ¢, AAS 7I¥9 A
Z3¢Ac A5 e FH5 PYAAES =
€ FAsvlde AR Rtk ICP-AESY &
=AEEg=o-A FE4 7 (inductively coupled
plasma - mass spectrometry, ICP- MS)+ ©}
Y2 (multi-element)9] FA|ZF o] 7Hs% whio
Z(Paudyns, 1989. TempletonE. 1989:
Kumarg, 1995) Agdcz Z2=x] gL Algt
oM BAHE A B Fx9 FIFE& 2N F
g AAS v} SchramelE(1997) zgda o
B2 Z25X g2 AP 2F 548 ICP-MS
2 &33e 7#EeA 550 ng/ 1 & 2y ¥ o}
o ok BrItEF 394 £33 2L dea
E Bl Z3FdoF & Wl ICP-AES =+ ICP-
MSE wl-¢ #F&3 uhyo] & Zoln, goz:= o
€ FE5 Z2He 22AEY YAA RN &
A 7P 8452 331 HEYH RUEHY S
gozd 2229 AYF BAEFTY Ao FIF%

Z2g YT 5 U4 Aol

V. o

ojo
=l

1997¢ 8UYE 19984 3W7A Negw Ars
M99l SAE Az PH A1F, Bahay Al
A 1 AR, R 298 AL 2 QR B
42 A& 5 F T AGR/BTN BofsiA
Agete rel BUARE 3 674 £Us AR
& Ayl meh BRal) 2A FAATH), 4913
). BAEN), ZATA), AMEH). 2ek(4
). EAEN), BFAGN) AHGA) oz L
o, olF A&l Wl AB(Cr), H=B(C). @
(Pb), H(Fe), TLE(Co), FX(Mn), P&
(Sb), EIERE(TI). ¥l2(As), AHE(Se) 5 108
o $34& ICP-AESE o83t B4siich. A
29 WATe FAuHos HHom AR 5
gol A EF F35 2o H+8e Cdol
99.5%. Pbe]l 101.3%, Co”} 105.0%, Sbol
101.5%. 283 Ti< 105.0%% Hd 102.6%°]
Ak,

MeAge) Gk AZBA hLs g2 BehA 5
Azld AAge) 2AF F342 2F5] A
FARE AHAs BAFe) 335 FEE &
33 2 2ARE dY x=E1ED Vst B
AN2E $1% W MSDSE A%k AAPAH
Mol MSDS ¥lA €3 MSDSU4% Fa&e 2
A7ATe] FI4YALE Yolrgt. ABE o
&% 2.

1. 39A 8 177 2544 28(2.2~18.8%)
# A(0.1~61.3%. 1471 Al8)o] 713 oo
EUh. Ao A9= Ho] 37.0~80.6%2 FA
Folglen, Fl=E2 107] AlzdlA 0.4~140.6
ppmoE ZFAFHe] B d7dA FHE AlgdAae
Ft=go] FUEQA A 3R] G, FMdg
© M ZLEZE SAEHUoY O F3L 1A
¥3koni(21.3~621.8 ppm), AT 84 A8 B
F FAEILY JAl 1 s=rt BX ¥kn(2.4~
150.0 ppm) o] 9.5% #FE Al87} A} =
AtEE AEo] 42.4% THEHA Ae A7 IR
or, 4] 6.6%% 10.8% IHE AlRE AEo|
Z+z} 9.0%4 ¥Rl AUk fAEE 670 A
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5 RFo|A 35.5~64.8%2 Eldo] 5o F4
Hol Ea3lEd e EUg # Ut FAgE=
209 AlgolA Hol 76.9% R 76.4%2 ZAHH
th. 2 9ol ILE, A, Y1, A, ge] Bz
BEAdA vl AEHNoH JeNezs BH
AFA, FHA oA A|goA QE|ZI HA
7} v A&

2. AGARE2 HFF TVFM FHE F55
< A3 gPhe] P AEF 44 g/t Il &
AgRen 1 F=e Ho] 0.19~0.64 mg/mE =
271521 mg/nr) & EA @%m, WA= 0.001~
0.38 mg/mr2 &7]E(5 mg/m?) & ZIIIA] 3%
o o2y, 9 SFE Pl Als 2% 0.09~
0.15 mg/m2 x=Z71F 0.05 mg/mE 33t
2789) AlzolA Elgre] S HACT.

3. MSDS HIX &S #2113 Ax}, 2 RejMut &
A" EAA g dF MSDSE 232 dder (v
A& 100%), oA 57 AL Ad Em 3l
A gko} HF HIAEL 22.4%°]Uth. MSDS W4
3 2543 AlBdA 2HE FE5H UE 43X
£ CAHY] ASE dAZ Ao DALY A
E Ulg AlRoA A t& T340 FFHAT.

olde] Az Fr|ts BEAANEF FIFE 23
B F71F witsle EXEAE 59 AA¥ASH
2 Hrlr] e ndlddol & f3l FEL HAE
£ IYE(Co), AE(Cr), A(Fe), I (Mn), &
(Pb), FEIZ(Sb) $ol™ <& ICP-AESE | &
Fozn FAl 4] sHesitt. E3 R3sEEA
o g MSDSe Hlxel FLAE 497 A%
N 2& A7} vlEsejol & Flojr}
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