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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
titanium were the major two metals in white- colored pigments with 178 ~300 ppm and with 36~
65%, respectively.

2.1In 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(l 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 referenced 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 concemed 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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¥ AredE fEASdast AARFEEA
(ICP-AES, inductively coupled plasma-
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Focal Length : 1,000 mm
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I ZIER (AT oAl S5kl AlRT} HrE
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% ¥% 5443 Table 1~Table 99 2t}
Yoz EFE AALY 17 Al8S B, CAF Al
o FF5 HEL 2Fo] 2.2~18.8%°192
A2 0.1~61.3%9 MYz A dzo] R E
ARsk%et, Artel B2 170 Al89 D, E. FA}
Alge ZLET} 6.3~7.6%. do| 44.3~
14.3%% T TEH0] FAELE 50.6~81.9%%
A AT e ARl 28e] 36.4~200.0
ppm, o] 142.9~492.0 ppme]glon zLEL-
13.9~40.0 ppme]2itt. A& 378] Algoais 7
257 FUth P 1670 Al dEEon
(1.3~2,199.0 ppm), CAle] 77 A& B5olM =
AE|Ee] HEHYD 1 =2 791.8~9,101.0
ppm2E Y| @A FRFo] Hch HlA Fl=g
Elebs 2 v d&H9om AyEe 249 Algo
A =g AZ5AcHTable 1).
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EE 2 g a AT AAY 17) AEs) D, E,
F. GAtel ¢ 3RESL FAe 3.9%%8 24
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Table 1. Concentration of metal in yellowish-colored samples by ICP-AES(ppm)

Metal
As Cd Co Cr Fe Mn Pb Se Ti
Samples

A5 ¥ # 130.0 76020 200.0 743400 394.8 *a * 262.0
A6 8684 118.0 o 40.0 151200 492.0 7.00 613200 5.4 28.0
Bl 188000 150 141000 90.4
Cl 791.8 * * * 84510 160.5 61.9 259100 * "
2 1386 * ¥ # 140600 78.9 5.7 205200 %
Cc3 9101 * " * 146800 103 20 224200 * 22.1
C4 923.5 ¥ * " 103500 160.5 3.0 955.8 * 11.0
C5 2001 ¥ 6.8 * 21600 74.8 I3 4377 * *
C6 4300 * * * 142600 123.7 3.1 496900 * 61.2
cy 977.4 * * g 99700 185.2 233 396200 . %
D3 * # 121.4 68040 468.0 667800 319.2 ok = 214.0
E6 1428 163.0 <L 13.9 49600 2233 48 31280 4 2.0
E7 » 19.2 106.6 75930 196.3 525800 1573 283 * 1206
El10 * ¥ EE 14.3 36.4 1429 3.1 7.3 % 5.1
F8 * % i 24.5 71.9 245.1 8.1 45.8 * 254
F13 % 21.8 920 62580 115.0 442800 2199 ** * 554.1
G8 ¥ * 0.6 30.9 68.8 305.5 7.2 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%2 AA e uer. B 37.0~80.6%2
AxskgTk, 1 slolle Wzre] 270 Al&elA 10.0%
o} 7.1%% Jepigith Fl=go] 1070 Algels 3
259101 (0.4~140.6 ppm), A T Al &A
0.5~137.2 ppme 2 AT dElE. vi9
glebEe] vF dEHRen AuEe 270 Al S
A Z2dcHTable 2).

A AgoAe 28, 2 9 a8z gesel
ZE Al2dA AzHAeH 1 BEHEAE 28]
25.2~594.0 ppm., B 121.0~95.280.0 ppm.

atzt 2.4~150.0 ppm, 233 Hekw 7.1~
9.453.0 ppmeltt. 1742 A=A Qe o] 7
z5929(5.0 ppm). ¥ 5702 AlgelA 2.2~
211.6 ppmelRet. 7l=8o| 4719 AReM vl
Azggon, vie MAEol zHz 3 R 2749
AlgdA AZEE A Table 3).

=AARE DAY S '] 42.4%= M
weln O, BAY] Alae oF 9%° 2E% 10.8%
9 6.7%9 o] REe] T FFHo| & 0% =
2 Axjslgg. 28, 2dd de ZE AlBdM A

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

Metal As cd Co Fe Mn Pb Se Ti
Samples

A4 * = 0.8 48.6 62.0 4440 99960 11.2 29.8 520
A8 10.0 = 140.6 84420 962.0 806400 1877 e * 240.0
B2 29.7

B6 439 * i 20.6 214 216.0 1.6 0.5 ¥ 48
B8 * * 1.2 60.0 84.4 566.0 12.8 30.4 ¥ 440
D4 17.4 * 138.0 76440 982.0 735000 651.0 *% ¥ 118.0
E3 * 6.8 1122 81350 403.1 539100 2574 ¥ % 327.8
E4 * 2.0 £ 103 17.4 103.8 8.8 6.4 * T3
Fl 28.7 19.7 107.6 72380 7333 497900 619.4 L ¥ 111.2
G5 * % 1.6 492.0 107.0 4980 41.0 11.8 % 78.0
G7 * 350.0 71.6 38600 83.6 369800 70560 137.2 X 1062
G9 & X 98.0 51240 147.4 499800 1231 &% N 720.0
G10 * * 0.4 65.2 55.4 676.0 8.0 6.6 3.2 34.0

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

Metal

Sb As Cd Co Fe Mn Pb Se Ti
Samples

A3 * & 0.3 213 42.6 212.8 3.1 33 2.4 20.8
co 5.0 i 12:5 ® 189.2 95280 150 211.6 * 1351
D6 % % tE 162.6 594.0 484.0 18.6 ik * 1630
E9 * 759 ot 621.8 72.1 6197 237 A * 2453
F6 * 1.7 xa 123 25.2 121 24 95 * 7.1
F9 e 138.8 a4 4719 51.5 4695 26.8 i * 2052
G3 % * 0.2 51.8 67.2 508.0 13.8 22 * 50.0
Go6 & & 0.6 28.6 50.6 290.4 6.3 2.6 2.0 11.2

§ 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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Z25%en de gAe 0.1%, BA= 230.4
ppm, 99 ZF¥E BAEL 10.8%. A= 4.2
ppm 5] ATt 6749] A &eA EEtFe] A
FHYU(5.6~46.0 ppm), ¥l&, =8 Ay
°l BlF HEHAUDL. Y AlgeM HEE olgw
< 0.5%~900 ppmA) Eo]AH Table 4).

M EE 35.5~64.8%7F ElEbgoln ALE
33, A, 9ol A7t 27.2~46.2 ppm. 60.0~
4040.0 ppm. 142.5~352.0 ppm, 223 3.2~
10.8 ppmoE ZE A8 H2EHY}, 7=z
< A8 F2EA ogkn An wis) 23z} 29
H N8(1.9%)004 AedUz, dees A
o] olg A& UK Table 5).

FHog BRE ARdA 238 234e )9
ABA Ho] o} 77%% A sgn ILES} 8%
A=A, AF, W, EHeEe] RE Al

AEEAR, GEE, v 72§, A 283 49
B U oAtk (Table 6).

Hepde) B4E 4 A2 ZFdA Ho| Hay
dom FEE 142.3~604.0 ppme|tt. FWE,
A%, Ut A, Eelgo] 37 A R8oA 2a=Eg]e
Pl 2 eEE 2%E7 14.1~60.8 ppm, Z2o
20.9~88.0 ppm, W3te] 2.9~15.4 ppm, 287
ol 3.8~22.2 ppmolUtt. HElgL 8.1~88.0
ppm®] A= Table 7).

TN AEZdE SR, vk A=E Ady
< HAEHA ¥kon IWE(11.1~37.9 ppm),
<#(25.9~36.8 ppm). #(115.8~387.0 ppm).
42H2.6~4.3 ppm), 2332 ElE(15.2~107.5
ppm)°] 37| AlE EFolM AZEUm, 27He] A]
EelM A(12.4 ppm# 19.5 ppm)e] HZ=H9o}
(Table 8).

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

- As cd Co Cr Fe Mn Pb Se Ti
Samples

A7 x * 0.4 104.8 151.0 1028 8.4 86.8 * 46.0
B3 144 480 156 420
8 9052 . . £ 90050 286 26 108000 * 56
Dl 4944 404.0 LEs 28.2 424200 498.0 22.8 24.2 * e
El 8978 996 s 184 90760 230.4 39 66540 - 122
B2 . * - 832 47 8364 84 189 * 482
Gl . . - 65.4 50 6340 92 42 106 360

§ 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)

—— As cd Co Cr Fe Mn Pb Se Ti
Samples
A2 300.4 * ** 46.2 66.0 352.0 8.4 12.8 4.0 535400
BIO 2604 x - 06 660 3500 108 208 386300
D5 i ¥ *% 40.8 76.0 296.0 52 A * 559300
F3 * 2774 ¥ 272 60.7 142.5 32 5 ® 647700
Gl 278.4 * *¥ 33.6 4040 248.0 8.2 19152 536400
G4 178.4 * *k 29.6 66.0 216.0 53 ok 66.4 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 Ccr Fe Mn Pb Se Ti
Samples
B9 182 86.4 130.2 78120 7740 768600 4662 % A 342.0
D2 * * 130.0 78120 £54.0 764400 27720 *k * 3954
F10 546.8 57.9 L 32.5 58370 349.7 4.4 4.4 < 6.7
Gl12 * * 1.0 35.4 54.6 326.0 78 8.0 8.0 60.0

§ Assigned alphabet and number for each sample represents
* 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)

the name of company and different products, respectively

Motad sb As cd Co Cr Fe Mn Ph Se Ti
Samples
B4 408
F7 * . - 309 392 3092 37 22 * 178
Fl4 + . - 14.1 200 1423 29 18 1 8.1
G2 * * 1.0 60.8 880 6040 15.4 16.4 * 88.0

§ Assigned alphabet and number for each sample represents the name
* 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)

of company and different products, respectively

Metal

Sb As Cd Co Cr Fe Mn Pb Se Ti
Samples
E5 ¥ * *2 379 329 387.0 43 12.4 * 152
F2 * & $¥ 18 36.8 178.2 35 19.5 ¥ 107.5
Fl11 * ¥ Ak 11,2 25.9 115.8 2.6 *% * 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 115.8 ¥ 462 13150 567.0 8.4 592200 & 202.0
E8 * = *# 23.6 423 241.4 53 14.3 * 34.2
F4 ¥ » *k 18.3 36.3 190.2 3.8 93 * 46.8
F5 * * % 20.7 38.9 206.4 75 17.5 # 17.7
F12 * 2.0 L LS 21.2 115.0 2.8 2.0 % 6.2

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

** Denotes concentration of less than 0.1 ppm

— 202 =
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Table 10. Metal concentrations of the air of workplaces by area sampling(mg/m3)

s::;?; S As cd Co Cr Fe Mn Pb Se Ti
H1 ok ok *¥ Kk *k 0.25 0.05 0.14 *¥ *¥
H2 *k % % *k *% 0.55 0.14 0.15 *k *k
H3 *k #k *% $k *ok 0.64 0.38 0.09 *% *¥
H4 %% *% ok Kk *% 032 0.07 *¥ *k ok
N1 sk ok *x KK *k 0.56 0.02 sk P 0.01
Tl wk *% Fk Hok *¥ 0.20 0.01 ok *¥ 0.10
Fl *% *% *¥ *% *k ()_]9 0.01 $k ¥ **k
Hyl *¥ ®% *k *ok ok ok 0.01 *% *k *k
Hwl *k *ok ok *% #k 0.21 0.001 Fk Hok ok

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

7o RRYE ARE 27le) A5 Algs} 9
el T84, 10y e A Moz A=Bt Ak
< AEHA @gkon, 3de 38 A 9yn A
—L2]al BEREo] 57) Al BFoM dEEn. o
TEHMAE RLES} 11.5~46.2 ppm, 2o
21.2~13,150 ppm, #e] 115.0~567.0 ppm, %
7re] 2.8~8.4 ppm, o] 2.0~17.5 ppm, Zg]
i EJEHEe] 6.2~202.0 ppmelflt}. BAle] A
= o] 59% #a<o] AU} Table 9).

2. BIINEE £34 55

Table 102 1712] <tmA|=3]A)}e} 571e] Hwjz}
AN 2718 Edele] 242 2xa Axz
A, EE, H&, Fl=E, 3LE 32 AyEe
I A TN HEER] ggten ite]l 97y
AR BRAA A&HYs o FEEELE 0.001~
0.38 me/m'2 w=FHol =37 F(E7 ¢ 232 5
mg/m’)& WA et HE 8 AlRdN A2
AL 0.19~0.64 mg/mrE HA] :E7)|R(7}84 A
9. 1 mg/ne) S @A gtk AL i) AlRe)A
HEHA=E 0.09~0.15 mg/me BE w22
(#7128 2 & 0.05 mg/me) S ZF}5}AT) E] e}
w0 20 A2l AR =27 % (o] AkslE)
EhE. 10 mg/m?)S dx] st}

3. MSDS E[x|g Y g Uxlg

THE MSDSt ZF 15702 CAlg DAY} 23z}
THE O 2 67 EFA R tig MSDSE 2=

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

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

€1 Lead, chrome Lead, chrome 100%
C2 Lead, chrome Lead, chrome 100%
C3 Lead, chrome Lead, chrome 100%
C4 Zinc, chrome Chrome 200%*
(8] Zinc, chrome Chrome 200%"
Ca Lead, chrome Lead, chrome 100%
G Lead, chrome Lead, chrome 100%
Ccg Lead, chrome Lead, chrome 100%
c9o Iron Iron 100%
DI 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 |% quantified by ICP-AES
§ Zinc was not analyzed by ICP-AES in this study

T 9lo] BRI &L 100%01R0ut, Uvix] g4k Ak
B A, B. E. F. 2 GAlIHE MSDSE %8}
Al 83 glo] HA Wit vlA L 22.4%el] Bbst
Aot
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Yewa Bel 2AN R 1%013E TR 38
22 CAlel A% 4, 59 A€ otdH 27l
MSDSOlE the glont B dFoaE ofdo] £7%
g% 2ot DA AsE 2, 39 A& MSDS
o= A whe] 1js} glont B 4he) dst 7z 7
7t maEsl 2ddo e 2%E Jehiicth
MSDSolE HaHgtEd #e Aol & 44 AR
Ae B dFdMe 2Fo] ZHHe e AR
Hgon g8 AlgE B A¥dAE EFvEel F
As)A gdcHTable 11).

A

x
=

%

fol 2250 DY AFE F
% (=]

o da Axe I £ 2
o}a ftHBenckoE, 1990; Fukayas, 1993:
AZE, 1094; HEF, 19950 ol&d &, 1996:
Nelson® Kaufman, 1998). $2 uelrs &4
Boyzte] F7)E Folud FHAF AFA 371F 7
ser = 23 334 Zzd s AZe] 4L
e 2357 AR AL vad 29 deln
(o]AAIT} uitel 1994: WAE B 1995 484
= 1996: 9 g, 1997). &Y, =%
g o4e, Zudg 74 FAIE To=

AesE FAgR AzdAAM Agdte F35
=z

&2 ol

o il U

7 wERoAE 3629 FI5 BT =37
zo Aty doet(eEF, 1998), HAFE S A
gzAe] of Sog ulRo] A FHAT
2 39 o] 7p% ol 8557108, AFe| 7124
o2 1 tes AXstn YHANEFE7EY
o3 1996). 1 o] AREE &R FIH FE
24 2714 olAtd] Wisl SAHAE AE AT +
E gt

Brletas Wactgs FARWE n2EE FE
sutz o|Akgl E]eH(titanium dioxide), ¥ ofd
(zinc white), 33} o} (zinc sulfide), litho-
pone (ZnS+BaS04), ¥ < (white lead)5°l %
o Salotge] Fatd Fte wAlEd We| F5ol
71%2 % carbon black¥ 42 (black iron
oxide)ol Qlth. AL Yehie ¢sE FF AH
A Mgk Furg o] Mz Fiol weh 285k

N3 Fleg, 2E, 3LE o] Atk ¥
otz 224 iz £ n2ALY YRR F2
olu} A A(Bi), EEE B0l iEH, d3l
1} @138 Ul luminescent StEE ofle] ¥
Me] slth(Volz, 1995). o]s} o] F7|tRe) £8
st zAe @, ofd, ¥iE. HEHE, EE, v
4, 34, esuE, 2, 2§, =8, AdE
w7t E2aud, Uz JHE, Ha 5o AEE
(oxides), Z3HZ(sulfides), Ast F4t2hE (oxide
hydroxides), T4 (silicates). 24+ (sul-
fates). BH419] (carbonates)®] P2 FAjsHH o
s]® oz ofatite] (sulphite) o\ A3 E
(cyanide) BHl2 EAS7E gt 2L A% &
2 7] g8 2714 BetEA ] zAM|e wet Aol
geldch = 97t 22. %9 2 0% €5 48.5%]
olpEdee 2o nEag Jehin, v 93
3.1%9 & 13.7%% &% 23%°] EHES kA
o 9 ge 4L Jepdch(Arai, 1996).

B dpdA e $riga EAARY AR TV
Zo A ct2ZF B F dE LHE v 7r=
2 zwe ag A W9 4, Ads 4 Hes
= 1029 3£ 555 ICP-AESE o] &35t
Hslm MSDSe] v]2]&2 AT

279 ZAANRE Moz BRE A&7 7P
wolow (252, 177/0). 1 th&e AM(19%. 13
M), BA(12%. 870), H54(10%, T70), 84(9%.
671) 2=o|9it}. Sz} wetao] Zhzh 4704 (6%)°]
Qo] 2EA 3/H(4%). 71EHe] 57HelAH.

gae 177 ZE Al8A 22(2.2~18.8%)%%
(0.1~61.3%, 1470 Al&)°] 235 ol A
A AEo] BME VYehie FAEA A A
wey} 724zt 44.3~74.3% 2 6.3~7.6%= ol
Apol otmel AEI AAFcH(o]7]E, 1995:
Volz, 1995). Bale] 7S Ho| 37~81%= HA
otmy} AslE o] FAEY AW AAFALG
(Volz, 1995), 7t=8<& 1070 Al&elA 0.4~
140.6 ppmAEZ 44} 7l=F d=9% Zro] 7}
cgo] ZAEl A(o]7]T, 1995)TE e ARE
Ve, galeeoy g g3t o] AY
2 Jehie 3% 88 oy, & A7
= Zo3 E@Hde] ZFHA ¥fn, Ft=FC]
zglgg © ARE EHHA gL zloz HTh

N |
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BALEE 2LEL wrlo] 2R Ao A= gk
(c171%E, 1995: Volz, 1995), £ ¢1Tojx +3=
AEE TN 2LES SgEgony o gae
=4 291tH(21.3~621.8 ppm). Wzhe 87 Alg
BT SEEACT 94 2 55} w2 @¢u2.4
~150.0 ppm) Ho| 9.5% gg¥ A2 ARt
FAJEE 2Fo] 42.4% FhEo Y= A2} |
ov| ol 6.7%% 10.8% #849 Alge HE9)
212t 9.0%% Fseo] 9lir). HAJMEE 280
o, AsAE Fo] FAHE <RI} glej(o]r)gt
1995) & @M £38 A 8L old aigsl= 2
S2 HAg, #HAtEE oatglE| ey ofolgl(4ta
°tA)7F A Ee (o718t 1995: Volz, 1995) &
DTFeME olde] 345 Qg 2 Ao
THE NEE 35.5~64.8%9) Eebgo] =msol
TAEol EesgEY L g £ 9t ol
REE 20 AlRelA o] 76.% U 76.4% 3 =3
o] %, Fde]l FHEA AY UG, 7 9
ol Table 7~Table 9ellA] Bz ule} o] wapay
TEY, ATA, FR4 o9 edx|ue zyme
=eEd, B3} 3§, @ So] 24Boz 5o g
2 (Volz, 1995: |71k, 1995) 2 dFoML: =
HE, H 93l 4. ko] Helam wEao)x
vIE AEHeon Jeer BEy A5y =g
A, 2RAN AlgolAN E R vis) vjR 2T
A},

170 ]k5 Az=2|Alel 570 <t@ sholAtoll ] =x|ada]
EE AHF F7)FoM 24E 235 A gy
°l 90 AEF 2tz 87k 9Ael 2R on o
FEE Aol 0.19~0.64 mg/ma w=27)2(] ng/
m)& 3] eton], WItE 0.001~0.38 mg/mE
wF7|E(5 mg/m) & ek @it g o
= 549 30 AR 27} 0.09~0.15 ng/mE =
E71E 0.05 mg/mE Z3atgich 27He] Al RolA]
Heol S3E0on Umz) F34e 2994 @
Ao FUE F894 23 Aoe Bros 2usg
HEshe A9l BRL TPFo 2R o] 2oz
AR AA AHgsle otgst o8 77 &80
= FHEA 54 gkrvto] THHn B o
Hoh o9} Zo| AR % £F T4 nuo
SENE ZAVE FFEE 5T @ vE w3

AA Zeke Aol uhaalsitt o Reolnt.

ol d T2 o gz =ass tgr) =g
AER A 83} FHBZN clElE, wa we
(Ba). 7I=%&, &, +& o A#ge migra-
tion& FAHt Rastorigh Pritz]l(1996)e] ¢ 7e] o]
SHE A4, A 24 84 2 4 948 /a98
T AEF 35~81%94 Hl&/Hhg /42 /d0] 23
Hlon e Mo Agz 0~37%°1 A el &/7}
EE/AF/M Y5 ZHEAY. P Agzoe 7}
=#. A%, Adwe] d8 23d= g sle
% 2 dFeNE BNdR AEZ s=ge o
AR Bl 3492 ggtoy age ¢ Az
5N F3H0l 1 ¥%7t 60.7~4.040 ppm,
A2 370 A8 66.4 ppm7HA] Z3E g}
°ls} Zo] FETHYL TP ArEA gl 7
A T8 7L ' o, 53] Adge w5
=, odolEY F3F4 Z2: TAlvl 2 o
Aol 2% A3zt EEC Directive®] 3zt
o dF GHZAL w=aok §9(Council
Directive, 1988). 22y}, @A7x] $2] vhejo]a]
T TE5E ¥Y 98842 Bsoln Fuz 3
HE Foll e T35 3HL 0|47 Uo] gloj
Ao FAER FIao migrationel] o3

A7} Faslolok & Holnt.

A
o
7

Y eiokdnge] osiw sleea wr 5
FEAL BT AANE AL -5 ALS - Sub

= A%etna € e ula) MSDSE 24 st
HEEAE A B 5 e Fao] AA EBE bR
SHES Ho) oj (e, 1994), Aa| 2 a Apo)
A MSDSE vht ¥x)stn e A2 golsin
MSDSe| W83 S4€ 3% Fujeo] oxge
vl Egick o Axk 7 A AR A/ dopa
2 XM 38 2R B B MSDSE 233
A HAE 100%), YR 574 AliRe A
3 233 Al gsken] W ujx &L 922.4%0]
At o]AE HAgo] de AL HBEA
MSDSE zZtFojof she AJAESY Algdze 2
A AR /AARE 54 Dden gl Ana
T2 AYF-Fo] 1 Yoz FFEY way &
dsttede iy 2ea AR Z2e4e o
Al g AdAs] E 4 Qle A7) sldslojor &
Aolct. EF EFE Y EEY AL

of AAL 19%(FAM) olde Axsn Ak B¢

A
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ga EaEe AZgs 2% T4 A=
Jehle oz BE BAGHRAARS A - ¥
Ao BE AF(=FF. 1990E AR 2 -
o]x&(MSDS9 3% AT/ AgdA 48
234 A4x100%)S & A% CAe BtE €
A7oME oldo] EAHA Fob 200%E R
= Algst Qo diAE YAske soR veks
o, DAe] A% 670 AlsF 274 Al 5ol A
MSDSel glE R olge] & a7dd, FH S
uey) 2gEgon @ e ARE MSDSE 3
= go] gont B APeME AFo2 A
A8 ge AR dehiich mEA A Al A
MSDSE ZEE A mu oigel 74 gl
e Ase ABS TRAEC Ha ¥ F =S
JaweE 24% MSDSE HlAstke 20l T8
sic} shzich

zoz Zzz QY 2EAe] ARANE AW
7] ola) AQYBAZH B o} AEAH FRAE
= Aed 4 g 83 9 ¥AF TS FES
AstaA 2Ree Ae Fomt Fssg. 4
2 7 Bokold AAFFFER (atomic absorp-
tion spectrometry, AAS)e] AZ7HA| ERA0T
ApgElol o3 out B Af. AAS 714 A
zaAE #7432 e 35 PANRT TF
s zAaslols NREA R, ICP-AESH &
s AT Zelzol-A 2547 (inductively coupled
plasma - mass spectrometry. ICP- MS)+ ©
912 (multi-element)® FAISH 0] 7Fsd WHL
% (Paudyns, 1989: TempletonE, 1989
KumarS. 1995) zAgAoz Z24z & AH
A BAHE AEe] Re e FIE FES
Ao A8 Fh SchramelE(1997)= HPH e
2 ZzHxA gL g 2¥F FE5F ICP-MS
2 =3 AZ2PA 550 ng/1 & BT v 3
. g 20eE F35 33T 28 e
= zid 2Az ok & wl= ICP-AES = ICP-
MSE wje 83 whje] @ RAojnl, do=E
s 234 Zade 22AEY RFA A B A E
A 7Pse FI5S 23sle YEYH 2UHAES
goan Zzae AR #AF Aty FIH
Zzog B £ YT Aot

A

19979 8YHE 10084 3U7HA A& A7IE
20| HOE A=A 3 AR, FTH=H A&
a4 17/ A, ots U Vis 9 kg T
0 Ae 5 F T ARG/ Ro ol A kv
Argahe otae] BAAEE F 6770 FHsA A&
= A me} ¥Este 3A A0, HAA3
My, BAEA), AN, A (67)), 24
Ay EA(4N). BEFAEN eGSR YT
o] o]= Algel sl ZE(Cr), Ft=g(Cd), @
(Pb). 2(Fe), ZLE(Co). BT (Mn), UHE
(Sb). ElEFE(Ti). ¥I&(As), AHF(Se) T 10F
o] 2349 [CP-AESE ol43td] #Aasith A
2o AHEE FAMsges sgen A8e F
2ol Meld EE FE& 499 IHFEL Cdol
99.5%, Pbel 101.3%. Co7b 105.0%, Sbel
101.5%. 283 Tie 105.0%=2 H¥ 102.6%°l
Sl

s 1 2ARe A w2712 vasuc 2
AN EE 402 W MSDSE +A5 AQ@A
2] MSDS H|# &3 MSDSHEF =53 B
apdse FR£UN &S Fopugid. Fde o
g3 2},

1. gAaAgE 1T 254 232(2.2~18.8%)
7 A(0.1~61.3%. 1470 A=)el 7HE FHF&el
wolth AAle] ALE Ao 37.0~80.6%% T4
Holglony, Fl=g& 1074 Algeld 0.4~140.6
ppmes ZAse] & d7elM £38 As-NE
Jlego] 48 AL IFHA Gt AAUL=R
= R ZaEs) 2ddged a1 §FE B4
orgrom(21.3~621.8 ppm), BU=E 80 AlE &
= zaggoy 94 1 a7t ¥4 %024~
150.0 ppm) &o| 9.5% F#€ A&7t AUt =
Motp= ABo] 42.4% HHA e Alw7t UN
on o] 6.6%% 10.8% 8 AlEE AF°]
717t 9.0%4 &=l A FMAsE 67 Al
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8 EFelA] 35.5~64.8%2] Elete] =R 5o =4
0] HEsiEd S e 4+ it Tasge
270e] A BoA Ho] 76.9% 2 76.4% 2 =AY
o 2 el LE A 93t A Elgle] raja
TEMA v HELYen Fguez By
AT FIA L oA AlZoA] QlE| I} uA
7t vl AEH A

2. AGAlEE AT FoFoM 248 =7
< A wrro] 9 AlgF ztzt S 976
Ao 1 Fx dol 0.19~0.64 mg/mE =
27121 mg/m)E EA 9%n WA 0,001~
0.38 mg/m= w=E7)5(5 mg/m?) S ZI}e}A] 949k
ot a2y, de 23" P AR 2571 0.09~
0.15 mg/m2 =F7]F 0.05 mg/mE 273G}
27l 2] Al Elge] S A

AN

3. MSDS vja| &2 &Rl Az, 2 Zoagt &
HE BAA S dig MSDSE 233 dlen (v

& 100%), VA 570 AL AE 2Em ¢
A gol Mt v|H &2 22 4%0] k. MSDS &
T 5T AlRdA 248 5T Ul 93
&2 CAle] B S-E A2 Ix)gov}, DALe AL
= 1719 AlgdA A8 g2 £340] 25

£ FRE(Co). ZAE(Cr), H(Fe), BZHMn).
(Pb), FElZ(Sh) F°l¥ o] ICP-AESE o] &
To=M BA 2ol FFstit, Ea froh R
o U MSDSS HA9 F4E ALl e
MEZL 277} vldsojo} & o},

REFERENCES

FEA, AAE, THY. 48y BUY 85 3
SAF A= A T F S5 R0 B A7 @
2+ 9882 1996:6(2):249-264.

e, O 0 mxAae] YA 2Q]Atolae 27
T BHE 9 395 ERd BE 24 97 @249
AgtE=] 1997,7(1):113-131,

EER  AYHAGTEHY, mE5 1994,

eFE 3] A97-27F SRckHEAZRY] 24 .4
5o B 71F. =55 1997,

CEN A A97-65F B5EA @ BaAQale]
& =FF. 1998,

HAAADEAL © BjAbAZ 1996,

BT AT 43 R FeZE Aate aglg
B 27 Z2Ae 2% $£& U Tr)E 52 5o
FHEAL G, BEAG AN A] 1994; 4(2): 198-207.

HAE ved, AAY, Y A 49, 2
@ A% d9Fe 4UF £ 9 Tz o) ¥ A7
G219 A0 BHE) 4] 1995: 5(2): 172-183.

7 GRAEIPHEZRY: 92 - U= E9 163
1995. 4.

ojRA. WEY: A ¥HE 3F £3F 559
TEARC A AT, A0 R] 1994;4(1)
:71-80.

o]7]uk: QkRQIE. FFZalrElr)EA K. 1995,

°led, =AE, U3 Avy, =ws P4 ;oA
el Bylel WE B84 671 A FAd Be A7 @
AR 1996:6(2):292-300.

olkgtabA ¢ Al 23 diEAFE, 1990.

BB S =0l FYgeASs 2UAR 1996,

HEE © 3UYUH =3 =249 8 2 €33 32
2 Ydee, saaislgere 1995;5(1):1-7.

BT TS5 1996.

Arai Y : Chemistry of Powder Production. Chapman
& Hall, London, 1996; pp. 15-23.

Bencko V, Wagner V, Wagnerova M, Ondrejcak V :
Immunological profiles in workers occupationally
cxposed to inorganic mercury. J Hyg Epidemiol
Microbiol Immunol 1990; 34(1): 9-15.

Council Directive 88/378/EEC : On the approxima-
tion of the laws of Menmber States concerning safety of
toys. Official Journal of European Communities, No.
L187. 1988; pp 1-6.

Fukaya Y, Matsumoto T, Gotoh M, Ohno Y, Okutani
H : Lead exposure of workers in the ceramics industry
and relevant factors. Nippon Eiseigaku Zasshi
1993;48(5):980-991.

Kumar UT, Vela NP, Caruso JA : Multi-element
detection of organometals by supercritical fluid chro-
matography with inductively coupled plasma mass spec-
trometric detection. ] Chromatogr Sci 1995;33:606-610.

Nelson NA, Kaufman JD : Employees exposed to
lead in Washington state construction workplces: a start-
ing point for hazard surveillance. Am Ind Hyg Assoc J
1998;59(4):269-277.

Paudyn A, Templeton DM, Baines AD : Use of
inductively coupled plasma-mass spectrometry(ICP-
MS) for assessing trace element contamination in blood
sampling devices. Sci Total Environ 1989:89:343-352,

— 207 =




Rastori SC, Pritzl G : Migration of some toxic metals
from crayons and water colors. Bull Environ Contam
Toxicol 1996;56:527-533.

Schramel P, Wendler I, Angerer I : The determination
of metals(antimony, bismuth, lead, cadmium, mercury,
palladium, platinum, tellurium, thallium, tin and tung-
sten) in urine samples by inductively coupled plasma-
mass spectrometry. Int Arch Occup Environ Health

1997,69:219-223.

Templeton DM, Paudyn A, Baines AD : Multielement
analysis of biological samples by inductively coupled
plasma-mass spectrometry 1. Preliminary considerations
and analysis of rat liver and serum. Biological Trace
Element Research 1989;22:17-33.

Volz HG : Industrial Coloring Testing. Verlagsge-
sellschaft mbh, Weinheim 1995:pp. 3-13.

— 208 —



