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Evaluation of Carcinogenic Metalsin Particulate Using New 1SO Standard Method

J Young Park! - Chung Sik Yoon'™ - Kwon chul He?

‘Department of Environmental Health, School of Public Health, Seoul National University, Seoul, Korea
?Department of biochemistry & health science, Changwon university, Changwon, Korea

We quantified the human carcinogenic metals (chromium,
nickel) in fumes from flux cored arc welding using danless
ged (FCAWISS) wires. Zinc and cacium were o quantified
because of their possibility of zinc chromate and calcium
chromate, respectively. Welding was performed in an American
Weding Society standard fume collection chamber. Insoluble
and soluble forms of metas were analyzed by 1SO 15202
method.

Totd chromium (insolubletsoluble) content and total nickel
content were lower in FCAW/SS fumes (4.65%, 1.05%,
respectively)than in stainless steel content (ca. 18%,
8%, respectively). Insoluble fraction in totd chromium was 79.8
(range 64.5~95.1)% and 94.4(range 90.1~98.1)% in total
nicke.

Atomic emisson spectroscopy used in this study does not
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differentiate the chromium vaence Satus while ACGIH defines
its carcinogenicity according to the valence gatus. From this
study and previous study, we estimated the hexavalent
chromium content in FCAW/SS was 0.2~1.1% and about 85%
of themwasoluble

The content of zinc and cacium, which can be exised as
chromate forms, was low (0.02 %, 0.04% respectively) in
FCAW/SS. Exposure assessment for zinc chromate and clcium
chromate is possible because chromium in both compounds is
used as a surrogate even though it is not well known thet whet
compoundsof zinc and calcium areformed inwelding fume.

Key Words : Carcinogen, chromium, nickd, welding fume,

FCAW, sainlesssted
ol whe} Q1A o] v=7] wtolk slAke] 271 54
oM HH A RA okl M= YA} =4S FEAH S
B4 B0 PRA S FUA QAEL, F2 2
A=A, 35 A AR ek Qlom (g,
1996), 37 A F-ofof| A= PMu, PMasS 9 0] PMwo] T st

(Department of Environmenta Hed th, Seoul Nationd University, Koera

W kS AT A AT of 2lato] AL,
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o] 125 gk o] g7k g9} S ol
o= WA E 3-8 2] A 3 A Hultrafine partide) 2] .
UE P 11793l st A% Sols 2 QItHEZ2],
2007).

3715 QA 24 A HE S w2 el
BspA Al 7P RS Qe 38 W9l (nucleation
range), =2 *H ¢ (accumulation range), 2% A H 9] (coarse
range) = 1ok kel T2 A7) E WAl ) Ak(fine
patide)o] 2} stk A3} A9 ke xR Q1S 5719
FE5OIV kg o & A E BE A7]7}F 5 vienE
ol 4] 100nm =171 Zett, o] WA 9] Y xh= Ay 7] 2ol w}
2f bl kY Zm| Al Q1 AK(uto] ¥ 2; 10~60nm, A +t; 30nm~10
m, SPHA, AR S| = Q1 sk 7] 5), A7 ]Eolv Fake
2 QIEE AR Al YAHF W; 10~80mm, HQIE M4

80~100mm, &1 ; 10~50mm, T Al W &=E7; 7~40 nm, HA}
710l ARG-E] = 7hEE 8 10~400nm) 7} QlTk o] & IR FA
2 FEoto] A7) 3 = dig 2 3 gt 5320
Az 27179 AAE F4H 99 dAtetal sk BE
100~1000nm =719} sjatct. FYAH= 1~20um AFo] Q) ¥
715 Fr YA Db HA o] ey A 9] vk, gha
22 71AA ol 9Jal] A E 1A = dA IAE wet
ChJenkins, N. T. 2003; Jenkins & Eagar, 2005, £-%2], 2007).
80F 217} Ao} 3} 9912) 2710l SaeA sha
A ggo] Babe A oAby =dolth &89 744
e SR AHEE = A9 1S B E Tl 9
W= it S7HE &3l &3l gloloj o g
o] 2H &A4F2] - (85% 1) EA Rt F7HA ol A
HPYE ThH= Zlo] dhe] Sl ek(Voitkevich, 199). 850 <l

Table 1. Metal components designated as confirmed(A1) and suspected(A2) human carcinogens by ACGIH

Concentration, mg/m'’
Metal componerts 8hr-TWA STEL, Caling BE
inorganic arsenic plus
Al Arsnic 001 methylated metabalitesin
urine 35ug AL
Beyllium (0.002¢ (00011
Chromiurre
Chromite ore procesing asCr 0.05 Totd Cr 25¢g/L™
Water soluble Cr 6+ 0.05 Totd Cr 10ug/L™
Insoluble Cr 6+ 001
Nickec
Insolubleinorganic compounds 02
Nickd Subsulfide &
Uranium 02
Zinc chromateas Cr 001
A2 Antimony trioxide production h
Cadmium 001, 0.001e Cdinurine5ugfg credtinine
Cdinblood 5g/L
Cdcium chromaeasCr 0.001
Lead chromatess asPn0.05
asCr0012
Strontium Chromate as Cr 0.0005

a: Notice of intended change

b: Other chromium forms described above are not carcinogens; metal and Cr3+

compounds(0.5 mg/m’, A4), b1: End of shift at end of workweek, b2 : Increase during shift.
c: Other nickel forms described above are not carcinogens; Elemental nickel (1.5 mg/m’, A5),

Soluble nickel inorganic compound (0.1mg/m’, A4).
d: As low as possible.
e: Respirable fraction.
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S ARBEAE 2 9lom, o 2 Qe AiAke] 7]9] §i
Aol FEAA T YrhEE2),

AR == 84E 9 747‘72}011 =0l]7] flato] v

Jﬂg A=k QL THANtonin, 2003, Antonini & d., 2006).
& =0, AF 4% M, frelluss A 24 A 59
wol7} a1 1014 37 BACIE, e 5 74
SollA S AlL A F SR E, 8 gkl AHE-
o3t ol 7HA 3k A 0 5 ol idg ol whet of fofel] theh
Aol o] AFH L k. o] AE flal] T
7o) EAF] YA ol vt A3t oF2 2] YAk 94
ol 5 A7/ B aSleh SAF DA T4l B
St A7 7F I E QI THE 4], 2002, Jenkins & Eagar, 2005).

oft] 5535 53] U w50 $AF T AT T &=
o PR AR HeITACTHAIA T4

Q1= 2] =4 (AL Confirmed human carcinogen; A2,
quoected human cardinogen) 5 w540 ¢l Bl g ek A 11
3} 2CHACGIH, 2007).

SAEFS ] U =2 1990 o] 2 45-E] 7H58)E] 7]
A 2she] ol Al 7] Hof 2 oh]e} 18t ofe] 53]
A 7 97, 53] 1909 4% AL A wigo 2 5
of A okl & sh-& A 2 Sl o AA AL A A
909) 7239 T 2o] 274 3Aof ek o] Ak

Zp vl ol A gujsto] Al 4 112 37} 118 Fo|t. of

§

Table 2. Welding conditions for this study

AR A % AV 24 T Ed 552 97 101

=01 190 15202 3715 w43 ea= A E5A3 A
ul HMO = H]—H% og .ﬁr_ﬁﬂ, ﬂmanO 2(1)1) r/]. o] H]—l:H
F‘ OJX]— Hhal\:l /\—hﬂ /\],& ]_UE_ H]-o]./\-] :_/\ o}L]—O
ol tstol AR 2ol wieh E443 # 44 E e 5
A 67} AEAAE TR S 67 A5 24
A3} =823 ofl thatod= FCAWISSe]) thate] ofm] 1k gk up
7} 21t Yoonet. d., 2003).

2 AT A A7 H 10 152027 of] wheh 2 e[ 9l
Zyel ge Z YA Fol& ob 3 & A (flux cored arc
weding/sanesssted; ©] 5} FCAW/SS)of| 4] W48 7}-5-st wkekA
&0l /\JQ.)H a% 284 S 284 1/]7414 al-ah,]. v}

oF F4:315H59] zinc chromatel} caldium chromates 374

% 9 ofdd 9 249] B F2 AHEE A9

AR AEANA T st

1o

I. A T8
1. 8HES WY W NEHH

2 AT sl S 2 AAE S F
A3 FA ol A =S D1(Yoonetal 2003 &4 & A=
A o] Sz A A5 kAl 7o 7 Hriy gtk
(KIIT, 1999). 178 19 xﬂlAlﬁP o] AWM= et 5 44

Wdding paramneter Condition
Weding type Hux-cored arc welding, besdson plate
Current characterigtics Direct Current Electrode Postive
Weding machine DynaAuto Super 600(Jgpan)
A (K308LT, AWSA5.22 E308LT1-1/4, KSD 3612, Koryeo Rod, Koreg)
Sanles B (Shidd Bright 316L, AWSA5.22 E316L.TO-1, KSD 3612, SeAH ESAB, Kores)
Bledtrode Sed C (Shidd Bright 308L, AWS A5.22 E308LTO-1/4, KSD 3612, SeAH ESAB, Kores)
type (SS D (Shidd Bright 309L, AWS A5.22 E309LT0-1/4, KSD 3612, SeAH ESAB, Koreg)
E (SW308 Cored, AWS A5.22 E308LT1-1, KSD 3612, Hyun Dae Rod, Koreg)
Tes plate(base metd) STS304 (260 x 260 x 20 mm) for wiresE-I
Base metd travel sped 6 mm/ssc
Wddingtime 120
Nomind voltage 25volt
Nomind current 180 ampere
Contact tubeto workpiecedigance (CTWD) ~ 14mm
Torchangle O’
Wirefesding rate 151 m/min
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S BF st olom ) A £ F HES S
ek Qla ST 44 dol, sjolo] FHEE, 45
5, BEAZLE F AF A0S HEA 71 H A 2 HES RUE]
& S F RS AAHATHET2] 5, 1999). CO 7FAE B
ZIIAR &) AEIQIE AT Tst ZY A Fo|E of g &
A (FCAW/SS S th o= aFgith & A7-9] 4 Wl 4

F9 Mot W3l ol YUY AJAE(VAL, OLS.
Enginesring Ltd., UK) ©.= A AIZF A48k = Be A8 x
Aol A7} A 2 - Qg sk THCV. < 0.00).

AHEE EE A F10|E gJofol= F 9T 0 F ARl A%
& gfolo] 5F0] ALE-H ATH(3E 2). o] gholof= A Y 5ol
A dnbd 0 2 o] AMEH = Al F 0 R H T} Ak
= 549 7 A= Aol Ala, EYAE Feko] o 7HA &
A550 Aes AL 7 Stk AH-E A= 180A°]
a1, Ak 25V 01 CO, F-3-E 20UminZ S 513
= 2~ Fo|Egjolof A|Z3|ALFo] XS4

At B S 7k~ frgl] Hatoloh
S 28 E R AAH T, SR> SRS 28t

m
_1

- 974 (pore size 0.6um, 254 203mm; Whatman, USA) = &
A5 A AL ) ARl oF 28imind] £30.2 A9
sholth A F ¥ FHFS HED AA Y 407 ALY
Al Fofdio] 29k fe el ol Ax7]el|A A=A $
(C-3B, SANPLATEC Corp, Japan) 344 A| 744] -20 Cof| ] 1.3
stoint

2. N=2| FAE] A &4

T 257 F 84 250 ggte] 150
2] 5o ICPR 241519 tH(1S0, 2001).
1S0 15202 HHH-& A A] A H-E-©0 2 1 o] 4 Qli=d] A H A
(10 15202- )22 Al w5 2 w53 =a A5 A
F3h= vk o] 11, T M A (190 15202-2)= A 54 A 2] of) o 3t
Bio| 1, Al WA FE(S0 15202-3) 2 =4 3HZ ek An)-
LAEFEA 7)1 5 o] g-3te] BA 3= WHoth 2 At
A ok 2~emge] F= 8] Ak, T 2453 dA st
T 19015202 W] 55 B} 39 4-S AR ok B
G S o] 3loith 44 452 T4 9 TEEMA
44 55 TS A ARSIt 559 WA EE 190
15202+ -5 BE ©]&-3I9ith rfo] A2 o] Lo E-S o] &
shi o 2 4 5ts)] ket 84 F oF amgs HiEE A A
Jofl @z, Aaks} 3} 2AkS ZH2E 4, imlS 713 5
TE 180T/ 153 10T 9] £ 52 A5A17A 180T of|A]
St fAste] Blstste] A3t S0 R gho] 74
Atk 44 F5L 5 GE o] &ato] ok smge] g
&, 33k S5 10mS F713he, 6015 <t 120 rpm..
2 371279 gz FZ3}o] MCE filters (0.45 um,
Milliporg) = o 28} 1 o] wpb & -4 of o] &5} et
A A gE FRd g EeAvk-Aat B3 A
(ICP-AES Mode Optima 3000 DV, Perkin-Elmer, USA)Z. 7]7]
A3 Ake] Thol kel S uhet Alglste] A5kl A A

= of
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Fig. 1. Schematic drawing of welding equipment and fume collection system.
a) overall welding equipment and fume collection system. b) internal view of fume collection chamber which shows the torch holder.



29 gole Zetant XS Imiming] $E2 FE9)e
v 7} 40 EA 4l w3 5g(2E; 205.560nm, U
71:232.003nm, Z+45422.673nm, o}<1;213.856nm)S 541313

Wt i BFHEAE AABE oM AFE 1 &

1 =84 YA stol7 QleEA1 & B8t
AR & SIS, kel 7F Sl Aol o = Al
Ao] 7} Ql=A] B7) 918k turkey tetE A SHAAT AL
3t =7 = 2 132 SigmaStat for windows version
30.1asysasoftware. Inc., 2004)0| T}

o)A AR = A 12mme) 5EF S A Foj &
olo]& FYxUNA A3t B4
44 AFH YA, T334
EEAE A ord oheke- M 39 et

T T B8N A5 %2 H 3.86(H 9
2.06~6.10)%3I T, =84 U2 ] ek o3t 1.01(H 9
048~144)%= F-FH T} oF 34 &= Wbt ofd ) e
ghefo] 747} 0.02(*H %) 0.01~0.02)%, 0.04(001~0.14)% t}. ©]
= WA =8 wE5e B %S B 492019
256~759)%31 . A e wréo] obd ol 3 e A
Q)et FE 1} YA 9 ok 486254~ 754 % A E 74714
w49 ghegato] &= ok 3ufjo|t.

B84 A5 9 YA Fo] AY B Al efoloj& Al
& ER 13o] 47} 610, 144%51 oW 7H A2 E4 of
olo]=A|¥F ‘CE 717} 206, 048%E, 3+ xfo]= & 1A

Table 3. Insoluble metal content in FCAW/SS fumes.

FARETAN A3 A B F

2% 35

2 Qo] AL §Hsjolof i E 294 wFo] LF
FCAWISS & S}olojo]tt. o 5 A1) 8155 #84 2
£, 284 1A Ao} 9A BARIE ek 28
A B QA 213 Aol 7} 910 (pea00m)
AR o AELIN o175l 17] $13h] Turkey et
= 5 23 Aol gl AL AE ol A% BTHp=084), A
F A 9} AE DRHp02)el= Ao glon, AF Bl
CXHp=029), 1% B3} DHp07el= 28 7017}
31 Lo} ) AE b= 018 Aol 7} 91 oA eHpe00s). 2 &
H U FS QARAELE & A3} 97 Aol
(P<O00)E LFERSL1, A1 A5} B(p=081), A% ‘A's)
'D'(p=0.26), 18] 11 Al B'S} 'D(p=085)°ll= Aol 7} $lar
) AR W 5918 20] 2 Lehthpe008)

ek 3451 7} 18

=

=] o
0.32~1.13)% t}. +&4 YA FFe
003~006)%= 5443
A Aol vls) &89
e ghekoluh 2849 opdl ) 7 ulj-9- vk}
84 oS HAEHA Ak (001%0] ), F84 Ak
002%= SH30o. ™ 5A|1F 7 3714 AlF-& 001%0] 3F3ih. o]
T A FEA a5S T k2 0.86(H 9
036~L119%= AlF7F Tgatoli= 33| s Fsto] &84
w40 grgatolQl et oFgt okt B84 w53 &
440 549 s v wste] EA s Alo] 17 20]t).

e
Do) 93

i

Insolublemetd content in fumes, Meen (%) = SD

Wire Ty N
yPe Cr* Ni** Zn Ca Sum
A 6 388+105 095+017 002+0.02 0.14+0.20 498+131
B 6 3261098 104+017 002+0.02 0041004 437+116
C 6 206048 048+0.09 001001 001+0.02 2561059
D 6 398+101 114+018 001+0.02 0.02£0.03 516123
3] 6 6.10=142 144+0.16 001001 004*+0.06 750+164
Mean 30 386164 101+035 002+0.02 004£0.10 492+201

* Significant difference (p<0.05) between products except between A and B, A and D, B and C, B and D. ** Significant difference (p<0.05) between

products except between A and B, A and D, B and D.
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a8 B84 3590 A AF EVF M = Al
7} 7V gk nlEl, 84 S5 AlE C7F M =1 Xﬂ
& E7F7PE Grol vkl AeES Bl o] g ke ]
ol 71 2 AF 9 g Afolof| 7|91ty &, B4 AF
ghefo] 610%= AlY B2 AlE B 44 A7 T
A2 o] 0329630 1, B84 25 shgo] Al 2o 206%21
AE Col A 84 TE ko] LI%E AlY =9k

2 Ao AMEE g5 9fo]ofellA] HhAEhE 8 ket
A B5T A AEE S84 AFY A7 QA
FAREE stk 24 25 A9ols ddRAaEA
A3} 28k 2o 7} AR, AFE A AlE 'D'7¥<>ﬂ?} 9]
St 2fo] 7} 9l (p=021), T} AlEtoll= 2l st 2o 7}

5 TH(p<0.05).

%** oA A 4= gl 9 e BAolgt g

= A2 YA FIHESA FE+T A B8 7t

7¥465(Ht4 319~6.41)%, 1.05(053~1.
T ofa oA At S Fl T 2
A B84 AF0) ARG WEES 19 304 BRo]

Table 4. Soluble metal content in FCAW/SS fumes.

7+ 798(1 9] 645~95.1)%0| 11 584 TE-E 20249~355%
ATk E449 YAo] aAA| 8z HlE 944(H* 9] 90.1~981)%
o) a1 84 YA 3t 56(19~99%= 2145k th

it

IV.
I 1o AAT LA 555 SAEeA FE EAE &
W wEE =8 A%, 788 671 28, =84 UA
o] 3l th(Voitkevich, 1995; AWS, 1987). o}, Z- -84 Fll
v okE o] gltkal Bl 5 G0 (Burgess, 1994; Voitkevich,
1996) o] 50| 31| L}l zine chromatet} calcium chromate®
H & EAsH=A], B EAgTHE drirks 28 A EAs)
-‘:X] 3}A] x] 01-1;]_ ACGlHoﬂ/ﬂt o] = §],zﬂ- o] Hl—ol—xﬂ
oAt F7h= 7 g3 BF AR 0 Frleles oh
9ITHACGIH, 2006). H] 4, W E &, $-ohy, AEEFS il
0] L4 Foll A AE %A Y=t Vaitkevich, V, 1995, Karlsen
e d., 2006). 7}=H-& 7t =Ho] £okd FlES} Al &

S

Solublemetd content in fumes, Mean (%) = SD

WireTh N
yee Cr* Ni Zn Ca m
A 6 098£0.02 0061001 <001 006£012 109011
B 6 064002 0.03£001 <001 <0.01 067002
C 6 113+003 0051001 <001 <001 119004
D 6 091005 0.04£001 <001 <0.01 0961006
E 6 032£010 0031002 <001 0021003 0361011
Mean 30 00.80+0.30 004002 <001 002+0.06 0861032
* Significant difference (p<0.05) between products except between A and D.
10 A = Insludle |}
mmm |NOlUblemetd L Slube -
) Sdublemea o B % |
8 C.I
% D b
= B E
g 6 g Memn :l
: A
B 4 8 T
= B B I
g cf
21 Zn D ]
E
0 .- Meen : : : : : :
Cr Ni Zn Ca Sum 0% 20% 40% 60% 80% 100%
. . . . Reative content, %
Figure 2. Insoluble and soluble chromium, nickel, zinc,

calcium content in FCAW/SS. Error bar indicates 95%
confidence limits.

Figure 3. Insoluble and soluble fraction of chromium and
nickel in FCAW/SS fumes.
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(NIOSH, 1988; Vaitkevich, V, 1995. Harris, 2002) ¥ 10| 4] A A]
M w45 % 283 Theolu At eRbE AR &
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o5 AlE3|Atell A Al H & EAMH B AR R ol = &4
9] gegel digk YR jAlel L7111 g4 gho]of A4 <)
73] S BAEHAL Stk ol & 5ol AlE AE H
(65~85%), &7 H<2%), O] FSHE B (<10%), A 2] 2(<1%), =L
+(10~25%), YA (0~15%), =2 ERI(<3%) S& EA|ste] 1
A7 vl 5o, A SE Fe 2 Aot ol
= 5 9tk AlFE C A= (R EA]), 1H05~25%), 0
AF3HE EFE(5~10%), Al 2] Z((1~3% V] 9h), F& (18~21%), Y
A(9~11%), =] B el(7] % A]), &5 (<05%), Al203(<1.0%)
F Ao Stk Al E - H(55~65), " TH1~2%), ©|
AF3FE Bl (5~ 7%), A 2l 2(<2%), A5 (18~20%), Y2
(B~119%)E FA|F o] Qltt o] T B & At A5 2
& 735 10~25%2] W& W R BAEH 9l AR
0~15%2] H9I= T o] Sl AHQI2 A7 gfoo]
Al 79 YA o] 0% AL FleEE U HeE bl
A FA8ka Qoka kAT Ek n)Eko] 7] = ahA uk &4
FolA AEE ofd T Z+ T B2} H o QA B
] o= AR AT o AN E o]0} 2] A o]

o

ghefo] vh-s A mheto] of g a1, rEgk gk WSt Y
SHEFY e FY et v v E &
Sefahs W2 Aol YRR g5 gjolo] o] E4Qt
= Prko] w Aol gig FuAts g M
T Ak

3 200 VERE vk} o] ofdd} Z4 o] ek 0.02%,
004%E w5 Yo} A3} S5Es A8t Uy &4
¢l zinc chromateL} cdaum chromate® =74 &Fe 2k 1 9S>
- 25 Ao 7 gt 84F & Zgol TAlshE A
F3 Agsto] Bof 47 5+ cddum chromae(CaCrO) &
FAT 5 otk 8ol L, T ET &t S AHSE = &
groli= Zgo] EASIE R ZHe 3 (CaCrO,, CaCr.0r)
= 948 7 o Koponenetd., 1981) Arfrtet ¢fo] 17
A= A gk & Aol AFEE EYA Fo|E ol &
HE ZHAE ARG R ko) Afol= QAR 919} 2
< AFSFEZEH e AR FYHh 1Yy zine
chromatel} cdium chromate® =4 httal st = B A%
O 7 FrtsiAl Ho il AAF FFEAHo Y WA
O = o]z 33HE FE & st Aol oy Y ol = s
Fejoll I E7]58 A 8o] P50l A5 OE Frlehe
Zo] A Ao},

Table 5. Classification of chromium and its inorganic compounds

Classfication Typeof Chromium and its Compound
Chromium metd and Chromiummetd, Sainlesssted
dloys Other chromium containing metd
Divdent chromium
compounds Chromouschloridg(CrCl2)
(Chromous compounds) Chromous sulfate (CrSQx)
Trivdent chromium Chromic oxidg(Cr20s),
compounds Chromic sulfae(Cr(SOx)s),
(Chromic compounds) Chromic chloride(CrCls),
Chromic potassum suifaie(KCr(SQx)z)
Chromiteorg(FeO - Cr0x)
Hexavdent chromium
compounds
Water-soluble Chromic acid and itsanhycdrride,
Monochromates and dichromates of sodium,
potassum, anmonium, lithium, cesum, and
rubicium,
Water-insoluble Zinc chromate, Cacium chromater, Strontium chromate,

Sintered chromium trioxide,

* Soluble in dilute acids; practically insoluble in alcohol; slightly soluble in water
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ACGIHoA 8] A5-S 718 ul = 3 139} o] T3] &
Sl otz oh et 584 67 4%, 784 67 2%
O g 1ol 8| 87)ES A48 Ho ATHACGIH, 2006).
B AFE o7F S B Slo] ofet B84 44
o= FHEste] IR A48 ]= sV vk A5 YAt
7vo} 67} A7) 84 of ol whet ek 3 58 o]
TR TStk

2 AFANNE AFES T ST EAHA &
F UER, 24 50] AH g A Fola Ay
& AT E ZEY YEFC| A5 ATt 14E
72 FASH st 784 A4S 2] A stk
5F] CHAWS, 1987: Vioitkevich, 1995; IARC, 1990).

FEg&ota AN =2 wAas s A585E] 37}
9l 739-0)| %= CrOs, FeCrOy, KORE ZA51H 671 2291 7
S TE ZFR YEFY At 784 S3HE FEH A
K2CrOs, K:Cr:07, Na:CrOs, K:-NaCris= &7 3tk 1 5kl th
(Koponen & d., 1981; Voitkevich, 1995). = 3]0} -8-7] o A]
WA= 67) A T gd o)t

719] Aol A FCAWISS 4 F A5 d&Hola+
&84 3} v)525to] 3~8%F HFel Aol Frketd 1 g
o] S7etthar skgitHYoon e d., 2009). 67} A& $rEk
015~108%=. gHFo| m 187 9] 3HeH02~1%)¥} vkt
FCAW/SSol| A= 67} 3% 2] th--(85.6%)°] T8 0= &
Astetar 3191 tHSern 1981; Hewitt and Gray, 1983; Pedersen et
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