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SRy rVERL =y rVLEWIIAEERGTGWE
E3INTBY, HATEXRAPBEORKEME LT
25 ngNim " 2UED Sh, REFECHOE=4Y ¥ 7HHE
PEEOHBETERSNTELYY. L2a%, v
B EBRIC L o TS RECER L. #IZIE H
B2 A W 26 4% B (International Agency for Research on
Cancer ; IARC) &, BEEg=v 7V, — v X Wik = v
S VEBALY OREGWIE Y FI2B Y BB AO R IR
BhbHEL, EB=v I IVRF=y X VEEDL MIBIT
BEBAVEOFRIEIA 3L LTwdY. 72, KREEZE
A HEMK S (American Conference of Governmental
Industrial Hygienists ; ACGIH) &, AEME= v vE e b
DFEPIANMEDPHER I NIZWE, KEE=y rvie FO%
BARFHNTELRVWYHE, @Ry vz FOERA
WD SN WWEE LTERERGHELTH2Y, &
DX D HBRIEH S, BHVARIIOWTHBEIIHTEENLTY
BWBRZ Y r N EEPAESHICRED LN TS =y
T VALY 2 RIEORATHRT 5 Z 2oL, EERD,
SFIEAIEH ST & Y9,

PlroBgrs, HE, KREAF= v 7 Vo bEEEam
ENOERDPEE > T EHNY, K&FD=v 7 vEit
FRERNIZHE L2, ChF CEARTRIZE A SHE S
NCW v, AT X BRI (XAFS) $:C0
WEY e, BUMME" & SEBH 50, KRAbD= v 7
WALEREZ R T 2 ERN L FRIEIMI SN Tu R v,

ZZTH, Zatka 5 QBRI E b 12, KEHET
D=y r MUFEHERE T R ERE L, EN OB TR
WLz REM L WS LR ERET 5.
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2-1 BE=vH5ILLEY

AREfFEClE, HH= v r VbW EBEICHED R, KE
= 7 (WaNi, LW LHBE L EKICHBEDOR
), =y r Vit (SuNi), &B=v 7L (MeNi), &
=y r VEBAEY (OxNi) @ 4 >O{b¥RIZHEL, L
Mo EERICHE L 7.

Wa-Ni % fRF 3 % A3 & L T NiSO,-6H,0 (Nickel(IT)
Sulfate Hexahydrate, 99.0 ~102%, FIYGiSE TER) RO
NiCl, (Nickel(II) Chloride Anhydrous, min 95.0%, FlJtHi
T ZHB) %, Su-Ni & NiyS, (Nickel(IT) Sulfide, -150mesh,
Aldrich #) %, Me-Ni & LTIt Ni (Nickel Powder, through
150 um, BT ER) %, F72, OxNi & LTNiO
(Nickel(IT) Monoxide, FIRAMIETIER) % Hwi-.

KREL MR LB FEREE T 7 A Fta s
HragfE (ICP-AES) (ICPS-8100, BHEBlfEiTsl) | HEA L
THEE L=y 7 VEHR B, NSO 6HO 7 25.1%,
NiCl, 7% 44.5%, NisS, #° 65.7%, Ni 2%95.8%, % LT NiO
R T746% THoz.

2.2 #H #

2:-2-1 HESEH vV eEEERBRMBT AT
LERMES T B2, 2-1 TERBLAZTXTO= 7Vl
ZRAL, TICTELS A BHER FOBMRTER) 2
AT, BEEE S 2B L (Table 1).

FLBBES LT, —Ho= vy y VRS L @by A &
BREZRA L BEERE A1~A3, Bl, B2, C1 23 L
7z (Table 2).

2:2-2 EEHF 2005411 A5 5 200749 O/,
ERo g (ADS H) TRAWEORRZIT-72.
AT OEERJGIYEHE=7) Y 7I2BT 5
HEEAGEHMERZ MR -2 2 05H AN TH L. K
D 2005 FFEDOHERABERWEE=F ) v IR %
Table 3 IZ/RL7-. BREUWE, NARUY L2 ZT7—H 07
7 (Model 123V, RABFTHE) LOEWHE7 1 Ly —
(QR-100, 7 B 85 v 78) %, 48 BT 2000 m®
= HEICBRIL AT 5 72,
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Table 1 Sequential extraction results of Sample-S
Chemical Form of Nickel Wa-Ni Su-Ni Me-Ni Ox-Ni Total-Nickel
Compound NiSO,-6H,0O + NiCl, NisS, Ni NiO
Content as Nickel/pug g™ 1138 1866 958 1643
Extract a b c d atb+c+d
Small amount
Additional weight/g-Ni 5.70 8.23 4.80 9.34 28.07
Recovery rate, % 122.2 77.0 134.2 72.8 94.5
Medium amount
Additional weight/pg-Ni 16.03 13.77 9.25 15.23 54.28
Recovery rate, % 136.1 84.2 110.5 79.4 102.7
Large amount
Additional weight/ug-Ni 23.6 34.1 19.9 38.7 116.2
Recovery rate, % 108.6 76.3 115.2 74.9 89.0
Table 2 Sequential extraction results of the other test samples
Test sample Al A2 A3 Bl B2 C1
Additional weight/pug-Ni Wa-Ni® 36.60 51.51 35.43 — - —
Su-Ni 52.84 — — 101.35 71.59
Me-Ni — 43.30 — 59.14 — 63.30
Ox-Ni — — 57.89 — 81.34 121.55
Extraction solution EDTA EDTA EDTA Citric Acid  Citric Acid Bromine-
Methanol
Nickel extract/pg-Ni 36.98 64.63 35.71 100.95 70.75 100.00
Recovery rate, % 101.0 123.5 100.8 99.6 98.8 158.0

a) includes NiSO,*6H,O and NiCl,

Table 3 Total nickel concentrations of ambient air at
each monitoring locations

Total Nickel concentration a)/ng m?

Location
Max Min Average
A 100 (Aug) 0.2 (Jan) 19
B 86 (May) 4.7 (Dec) 34
C 94 (Jan) 5.6 (Jun) 22
D 77 (May) 3.0 (Jan) 23
E 58 (Aug) 5.7 (May) 16
F 150 (Apr) 1.0 (May) 27
G 49 (Oct) 6.3 (Apr) 21
H 180 (jan) 4.6 (May) 33
I 20 (May) 0.85 (Nov) 6.3

a) Apr 2005 - Mar 2006, released by the Ministry of the
Environment Japan and local government

T2 Mo 1N QHE) T, 2006 4E 4 A A5 2007 4F
$ HOMIZHH 1 ORI E Eii L 72,

2:3 B 1E

2:3.1 v NEDRRE  FERENL, ATEBHET
ANT—D 45D 1 BEEFAVT, AERRGLEWENEH
Ev 2TV ERTE, Bo v A VERNE L.
2:3-2 BEZ v TI{LEEOAEE

2-3:2-1 HHBEORESE  HMHAEIE Zatka HOR

Y R U, % D% TH 5 Fichtjohann S O
EBEIEIRL 72,

EDTA (%, EDTA-2Naifi (Ethylenediamine-N,N,N',N'-
tetraacetic acid, disodium salt, dihydrate, [ b= SERT
) 100gZKIHEBLTILE L. 7T VERAHIL, 2
IV (FEMEE THER) 0.5 ¢ 2 WMLATEK (abt. 30%,
JEFHBOG AT, abt. 30%, FHDGFSE T3E8) 500 mL I3
L7 REAY—NVERIE, BFE FOBMETESR
10mL 22 % 7 —)v (HPLC A, FIGHMIETHE) #mz
T500ml & L7z, AHME-MERMEGIE, R (&
1.88, AESBENET, AOGHME TR MIERE (60.0
~62.0%, FESBNEH, A LA LIER) 24K
9:1 DEETRAEL..

2-3-2-2 HH  ARHBEOMER, Fig 11IRL7Z

AELEE T H A ISR LA, EDTA I 50 mL &1
ACHRTRY —5—RfE (30 50 %, 2> 75274
V& — (Eha—ATAT ), FLE0.45 pm, 7 KNV F
v 78 TIFBL, SONFEERE L (R ).

BEZZANT—TEHLWAERICAN, 7T VAR
50 mL 12 CTHIBHT 60T, 30 mMiEL2d s, E
FLE BRI LTI AR L (B b).

BICBREEZ 7ANMY—ZLHLOAERICANR, BEXS
J = VBT 50 mL 12 CERT 30 M L2k, [
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PRSP R RE L7 (R <.
BEZTANS—ZTLRUTF IS 7IVFRF LV
(PTFE) Y — 7 — 2B L AN, T8 - #IEFEEA T 20 mL
&7 v LKER (50%, FEEM, FMEFETER) 5mL
2MZT, 260C OF vy M7 L— +CTHRBEZERLRO FM
PRETDHETMALL. BRI CHG LD ETFHL
FRAT & MAMAK T iiE L TRl 2 Pl b, 50
mL & L7z (i -d).

2:3-2:3 Z oy IVOEE i A bliE, RS
WRAGKEK T EEMZ TMESR L 72b L, Mg 0+
50) TEAL, ICPMEMAOMIEE L7z, il < 122w
T, XF /7 —NVore MBS E-REIC, M, Bl
KA ERIRM L CHRM%, M (1+50) TEREL

L Sample with Filter (1/4) }

|<—o.oz7 mM EDTA (50 mL)

Stir at Room Temp. (30 min)

Filtrate (0.45 pm)

}-—) Extract-a ‘Wa-Ni

|—0.01 M Citric Acid /30 % H,0, (50 mL)

Stir at 60 °C (30 min)

}-—>[ Extract-b } Su-Ni

I<—Bromine / Methanol (1 +49) (50 mL)

‘ Filtrate (0.45 pum)

Stir at Room Temp. (30 min)

I
' Filtrate (0.45 pm)

i

}——{ Extract-cj Me-Ni

«HCIO, / HNO, (1 +9) (20 mL)
«HF (5mL)
Digest at 250 °C

I
Filtrate (0.45 pm)

|
Fill up with H,O

]
[ Extract-d (50 mL)

} Ox-Ni

Fig. 1 Analytical flow of sequential extraction for
nickel compounds

WM, 20, FHE . KZBER =y 7 bSO bR 587

161

ICP Ml A OB & Lz, HilH -4 icowTid, Ml

+50) THEMRLAZDOZBHE L.

EEE, RIS U T ICP-AES Xid ICP B R E
(ICP-MS) (ICPM-8500, St BIERTRE) (MK ZEAL,
PEREREE BRI IS X D B O = v r VIR R L
7z. ICP-AES M U ICP-MS Dl 72451k % Table 4 2R L 72,

5 & 7

3.1 HHBEAOBHEM

3:1'1 BEMEEPOMBBIE~NDSEHBE 2.1 CH
WL72&=y F M LEWAEL, EDTA B, 7T VBE
W, BEAY ) —VERLOWE-BEEBBET, Fh
ZRRAEOE S 11308 LT 1000 BEZ O H AL 2 02
THIHEAE 21TV, =y 7 VA ZRD 72 (Table 5).
Wa-Ni lTRFER Y/ — VR B s FEO BRI ER
L, SuNi 37 ZVEBER, BREAY / — VIERR O -
BIE RS S, F7/2, MeNi iR

Table 4 Conditions of ICP-AES and ICP-MS

ICP-AES
Instrument ICPS-8100 (Shimadzu Corporation)
RF Power 1.2 kW
Plasma Gas Flow 14 L min™'
Auxiliary Gas Flow 1.2 L min""
Carrier Gas Flow 0.70 L min "’
Purge Gas Flow 3.5 Lmin"'

Plasma Torch
Interface

Observation Height
Wavelength

Quartz Torch
Concentric Nebulizer
Cyclone Chamber

11 mm (radial)
231.60 nm (Ni)

Internal Standard 371.03 nm (Y)
ICP-MS
Instrument ICPM-8500 (Shimadzu Corporation)
RF Power 1.2 kW
Plasma Gas Flow 7.0 L min~'
Augxiliary Gas Flow 1.5 L min""
Carrier Gas Flow 0.58 L min '
Sampling Interface Cu
Plasma Torch Quartz Mini Torch

Interface

Sampling Depth
m/z
Internal Standard

Concentric Nebulizer

Scott Chamber with Cooling
4 mm

60 (Ni)

103 (Rh)

Table 5 Solubility of nickel compounds for each solution
Wa-Ni Su-Ni Me-Ni Ox-Ni
Solubility” \.Compound —
NiSO,*6H,O NiCl, NisS, Ni NiO

EDTA Sln., % 100.3 96.5 0.2 0.1 <0.1
Citric Acid Sln., % 90.7 94.2 105.6 4.4 0.3
Bromine-Methanol Sln., % 32.0 28.2 109.5 104.6 0.4
HNOsHCIO, Sln., % 100.3 99.8 100.5 99.1 100.9

a) recovery rate at 0.05 g extraction with 50 mL solution, measured by ICP-AES as Ni
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A ) — VIR ORI - B R RV IS BRI DS0 5
i, Ox-Ni 38 - MIERBRER I L CORBERE» D
27z,

ULoHR»s, EDTABER, 7T VEREBR, BEAY
S — VIR, THER - EIR SRR AR O NI HINREEZ AT,
BONHIE 2 ICEIN SN2 =y 7 V& WaNi, i
Wb ISR EN/Az= v % Su-Ni, JHHHE < iCHEILE
7= v vk MeNi, il d s hi=yrisg
OxNi kA3 & &L (Fig 1).

312 ZRRMHICLZ{EEHOBHEDETIE  WaNi
ZERL sHEO= v 7 MALEWRED, 3-1-1 TEDLE
U LR 1 X O SHHA LI T 2 WA S BT A
I % F72 (Table 6). Su-Ni B MeNi &, BEULH
FCHIE L7285 d & BUcib s U284 & CHlfick
EREIRONG o720, OxNi IZB KL Z 1T
ZETHIME -« (REAF 7 — VIBH) 12 26% 2SS h
7=,

3:2 KM T OENREHESS
Hoy r VAL EEZ AT 5 2 L2 X RO

TR T B2, 2021 TRHELZZEERH S IZo0T,
BB 2 T o7, Zo& &, REEUH L HEE L DR

Table 6 Sequential extraction results of each nickel

compound
Solubility” \Compound NisS, Ni NiO
Extract-a, % 3.9 0.2 <0.1
Extract-b, % 91.6 2.9 <0.1
Extract-c, % — 94.8 26.1
Extract-d, % — — 67.4
Total, % 95.5 97.8 93.5

a) recovery rate at 0.05 g extraction with 50 mL solution, mea-
sured by ICP-AES as Ni

KAGAKU Vol. 58 (2009)
GEEPRRIBE LW EHERET LD, =7
Hixd B THI 28 ~ 130 pg IS T AR Z 3D HDY, 3
BeREDREE A T %47 - 72 (Table 1).

WK a & FNH ¢ 12X F N F N Wa-Ni Lid MeNi ®

CRIMEZEBR A=y FVH ST, b &

MW -d T Su-Ni LiZ Ox-Ni OFMBICH LT= v 7 v
MILELIA 5 TH o7z, Wl -a» S i shiz=
v VEOERNE, BINLA=y r VEICHHS B InER)s
89~103% & 7% o7z,

I a BN SN D =y F VORKEFTHRL 20, &
BB AL ~A3 % EDTABWCHB L7z, 72, #iHE-b
W L CHERERE B RUTB2 @ 7 T U BIAHIC L A
M, I o B L CTHEEREE ClL DRFEA Y ) —VE
W2 X AHI 21T 572 (Table 2). BHEEUE A2 R UV C1 @
WX Y, ZR2N L 72 Wa-Ni Lid Me-Ni 2% #8 2
D=y Vi E iz,

3-3 EEEOBIE

3:3:1 BEITFVEEETRME  REMHOH LR
METANY =D 45D 1 BEHGT 23 1R LB EE 1T
W, BE75 v o NEEER L. BONBET T 2
fEIL, GEMET IV —-1REDD=y Fr VEE LTR
L, ZOBREFEED 3EZMHBBRR, 105 & THRMLE
L7z (Table 7).

Mo r VERR O 4EHEO = v r VEFE OB IR
0.3~4ug E& FRIIL 1~13ug THY, KA 2000 m’
ERWML72GEOBRECHRAE TS L, @8 TRMEIZ0M4~
6.6 ngNim °Th-o7z. HAERZIERENE HEY =2
TN TED D=y r VO HEERE T (2.5 ngNim™?)
ERBET AL, OxNi DAMZAERER L2 2 AR
W74 Vy—ouy PEITHIBIET S V7R UERT
FRAELZZDFRD b7z,

Table 7 Results of filter blank test

Chemical form of Nickel ‘Wa-Ni Su-Ni Me-Ni Ox-Ni Total-Ni
Extract a b c d Microwave Digestant
QR-100, Lot X
Frequency 4 4 4 4 4
Average/ug-Ni per sheet 1.056 0.646 0.407 2.20 4.44
Standard Deviation (SD)/ug-Ni per sheet 0.111 0.340 0.272 1.33 0.820
Detection Limit (3SD) /pg-Ni per sheet 0.332 1.019 0.815 3.98 2.46
Quantitation Limit (10SD) /ug-Ni per sheet 1.11 3.40 2.72 13.3 8.20
Quantitation Limit® /ng m ° 0.55 1.7 1.4 6.6 4.1
QR-100, Lot Y
Frequency 3 3 3 3 3
Average/|\g-Ni per sheet 0.222 0.875 0.438 6.44 2.39
Standard Deviation (SD)/pg-Ni per sheet 0.133 0.209 0.0885 0.45 0.110
Detection Limit (3SD)/ug-Ni per sheet 0.398 0.627 0.265 1.36 0.329
Quantitation Limit (10SD) /ug-Ni per sheet 1.33 2.09 0.885 4.54 1.10
Quantitation Limit”/ng m > 0.66 1.06 0.44 2.3 0.55

a) at 2000 m® sampling
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Table 8 Results of nickel speciation of each location
. . . -3
. Particulate Concentration of Each Nickel Forms,/ng-Ni m Total-Nickel/ Gross of Each Nickel
Location ’ -3 . -3 . . o
Matter/ug m Wa-Ni Su-Ni Me-Ni Ox-Ni ng-Ni m Forms/Total-Nickel, %
A 67 4.0 7.6 5.0 48 62 105.6
B 52 14 3.6 7.8 42 76 88.3
C 41 3.3 3.8 2.2 4.9 16 89.5
D 149 13 3.8 3.3 12 39 82.4
E 12 25 (0.33) 0.53 (0.73) 3.8 106.0
F 70 9.4 3.0 7.2 31 66 76.7
G 62 12 1.2 1.3 6.7 22 96.4
H 76 4.0 (0.91) 0.67 4.1 9.7 99.8
a) result under the quantitation limit
Table 9 Monitoring results of nickel compounds at location I
2006 2007
Month
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
Wa-Ni/ng-Ni m? 13 4.5 6.4 2.3 3.4 2.3 16 2.9 2.2 5.9 5.0 48
Su-Ni/ng-Ni m * 2.1 1.6 12 (03)Y  (0.3) (0.3) (0.9) (0.3) (0.6) 15 (0.8) 49
Me-Ni/ng-Ni m*® 3.1 1.1 1.1 0.57 1.2 0.93 4.2 0.53 0.82 2.0 8.2 5.8
Ox-Ni/ng-Ni m * 2.6 3.0 52 (15) (0.9 (04) 86 (1.0) (15 26 (2.2) 20
Total-Nickel/ng-Ni m™? 21 10 14 7.6 6.6 5.6 34 6.6 7.1 11 16 64
Gross of Each Nickel Forms/ o, 97 61 87 69 86 71 73 105 102 121

Total-Nickel, %

a) result under the quantitation limit

100
. 80}
X
g
:C?: 60 -
E
o
S
8 40t
é \
20 \\
N\
N
0
A B C D E F G H
Location
Fig. 2 Ratio of each nickel form in air particulate

matter

Dotted bar : Wa-Ni ; gray bar : Su-Ni ; bias checked
bar : Me-Ni ; bias striped bar : Ox-Ni

3-3-2 EERHOHE A»SHODENSSHEOAR
BERARHIOWT, R 74V —D 45D 1 B4 FhZ
NHOTR=y r VEOHIE L = v 7 MLSERED BRI
WREZAT- 7o f5R %, Table 81T L72. FkIBEIZ X
DUEL72& =y 5y VLEEOAFHE, B= v 7 VEIZH
LT 82~106% Tdh - 7=

NS ORRE 4 BHOLEEOHETAHD L (Fig. 2),
W=y F VEDPEVA, BRUFO3HETIE 488D

=y T VALEROH T Ox-Ni 25 50% Ll E%& 5oH7-. CcH
HTIMbO T E T SuNi D& =L, D, E GR
UHD4HHTIEWaNi OFIEGPE VR E, Mzl - T
4 D= v 7 MALEREO WERIZED A ST

72, THRICBWTER %8 U TRILL 72 KEMNER
BUZOWT, By, RS-y LS EE2ER L
7z (Table 9). FMHIZ X > T4HEO= v 7 WLEHED
BRI EVR LN, FRFhDO= v rAbEfE L =
vy Vil oMM %, Fig. 3ITRL7.

£

SR

4 E

REBEFDOZ = 7 WALFEREICDOWT, K
§5HERMEL R L CERIMBZIT, 458 L7,
WA, &= v r VLS % RFET 2 REOH B A A
DEWHHEZRN, WMBONEFE 2 ke L. FREIZZ2LZ
NOFHE I U TRIVESRIFCH Y, +4 7% B
BIFEON/2DT (Table 5), &= v 7 MLFREDE RN
BWEEEERbhi. L2a REFBRBSL TR L8
BAREZBRMB LA, HilliEa chdbizzhs
L Wa-Ni, MeNi DIRIMNEBFBZ 5=y 7 VARILS 1,
—75, fiHYE b, d T, SuNi, OxNi & L CHIXE N7
=y T VEERLEWREORMEICKN LTHocid s
-7z (Table 1).

Su-Ni, Me-Ni, Ox-Ni % Z N ZNHMCTHEXRIMM L7-&
Z %, Ox-Ni i3HHE < 12 26% R S 17z (Table 6).
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70 =3.04 . 70
(A) y=3.0 217)C +4 6274?_:-"@ (B) 5 e
. _ -
bDSO 50F
< 40} 40
=20t ~9y=1.3003x+5.0668 20} o e
@) 5 DC‘ <
= 10 R = 0.9608 ]O 3 ‘%0
Eye
O 1 1 I 1 J 0 L 1 1 L J
0 10 20 30 40 50 O 2 4 6 8 10

Each chemical form of nickel /ng-Ni m™

Fig. 3 Ratio of each nickel form for Total-Nickel at location I

(A) O: Wa-Ni, &: OxNi; (B) [J: Su-Ni, 4 : Me-Ni; Dotted line : regression line
for Wa-Ni ; solid line : regression line for Ox-Ni

H c IS ENB =y F VA MeNi BT L V£ L, H
B -dHSERSNSE = F VAT ONiiRIE & ) D
DU, BERIMHEEIC L o TOxNIPREA ¥ ) — VBT
WCHBREDD HILEWITELLL T b EI LN,

MW -2 D= v 7 VED Wa-NiIRITER 128 LT 100% %
#8 2 7245, Wa-Ni & Me-Ni Z{EA L72HE 12 Me-Ni @ 30%
P a ICHEIE N2 55 (Table 2 OREERRAF
A2), TD2ODLEBOBREICLZMEEMIZE T
Me-Ni 2l 2 \CHEEN B DL bbb,

F 72, HE b TSNS = v 4 VD Su-Ni 29 5%
FE DA 45CTH 55, SuNi & Me-Ni (H#HH B1)
Xid SuNi & Ox-Ni (B##AE B2) ZiRA Lo = v EEHH
1o TH, 0L EMIZED SN -7 (Table 2).
BT Su-Ni 727 23N U TERML 2479 & Ml a2
4% B I NBEZ L5 (Table 6), ZH 5 & ORES
Eibhb.

UEoZ ehs, SRR Lz=y 7 ML OB K
LT, —# o=y 7 WVLEM MR A g &
MEMERZRZ L, MeNi & WaNi ZARRZOME L Y BEIC,
Su-Ni & Ox-Ni [3MEfEIC R o TV A MHREENEZZ S5,
Zatka & OREY T b FEEOBEI DA S, SHE % 5
EHOBREILPLETHDIDOD, KEHP= v 7 Lofbs
FEREEEHETELILEIEETH 5.

TR T, BN S TREAR S y Vo LR
BT —F %155 Z LHTE7 (Table 8). AIlllE L2
=y VEHHESHE (25 ngNim ")V &2, PRTR HlHE
CES Y 25 =y F VIERSEE SR TV S A
B(=y rVESETHoRR), BN (= v 7 VELGEE
THodk) RO D HiS (BTN Tk, =y 7
LR E G OB RBABOENE LML L72bDE Ko
7o iz, REHMEE TE o CHE (k¥ —ro

B T, LRI YT — N TOBRBEICRES Su-Ni OFF
HAETHEE 20k, v X Vvoliskidsr Td
N, SBELEZLOF-7%EWTHIERI-T, B4
e =y rMEERE OB ICOWTOHREESL Z &8
T&AHLEDLNG,

BIZTHATIE, KA =y 7 ML REO HAE) 7 —
TR DH T EHNTEN (Table 9). THEOKREATHBR= v &
VEIE, 5.6~64ngNim °THY, FHT 10 B LOR
IR CTERT 5725, &K= v 7 VLFREE D RARICE 10
FEDIRCER L7z, AR THIELZAGF =y 7 voft
FHPERED, R TREMLE» S RAPHRIHELZ#E R
LHIEEE TOWRE W=y FVIBE#HPACHAYMETH S Z
LR ENT

¥/, ZROB= v r Ve v r VA LFEE OBRED
MEZHANZE 25 (Fig. 3), HERREDO RV WaNi &
OxNi TRIEOMHMPHED S 1HEoB= vy r VEIC
XIS 200N ESTEHEERE Y (WaNi:
80~74%, Ox-Ni: 7~386%) %5, Z® 2 D>DfbPHILIL
BORERICHRKR T EEZONS. —HT, MeNi LU
Su-NilZDWTiZ, FFIZSuNiiZ% { O F— & H3E & T RE
ETOE R EBEININZLEIDD, B=v I VEED
BRI TH 5.

BRI L, REBEFO=y XV E, SR= v 7,
=y VB, = m VB LB R OREE= y v D 4
DO G ERT A EDTE .

ZOGHMFERHVLZILIZI T, BETOEKE=
v MEFBOSA 2 e iibd 52 8, BRIV T 55
EFTOFERIC X 5 = v r VORGSO & R T 5
ZENTE, BEBREPHET LR EORERITICET A0
M ERLT A AR 2 5. B, HEFEHE
R s FERZZRENEE L2 MERY A 7 FHiA
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J—F Iem, &W, ER . RABESR= v 7 VLS o LR R 541 165
BLl, BETbhTYE ) X7 TH A=y R ﬁ%)\'ﬁf’?%%g (=7 ’7‘]1/? U‘Dfﬁﬂﬁfr\
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We tried to separate nickel and its compounds in air particulate matter into four chemical
forms : watersoluble nickel, sulfide nickel, metal nickel and oxide nickel by a sequential extrac-
tion method. By testing several nickel compound reagents for solubility to various extracts, we
were able to collect quantitatively each nickel chemical form from sequential extraction with
EDTA solution, citric acid solution, bromine/methanol and perchloric acid/nitric acid. Each
nickel extract was measured with ICP-AES or ICP-MS. The recovery rates of each nickel form
were different ; the recovery rates of sulfide nickel and oxide nickel were low, whereas those of
water-soluble nickel and metal nickel were high. However, the total amount of extracted nickel
forms agreed with the amount of total nickel measured by the certified method in Japan for the
total nickel in air particulate matter using microwave digestion. Using the sequential extraction
method, we measured each nickel form in air particulate matter at several locations in Japan.
The correlation between total nickel and water-soluble nickel, total nickel and oxide nickel was
found through monthly analysis.

Keywords : nickel ; air particulate matter ; chemical form ; sequential extraction ; speciation.
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