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ek 5 CThs. EFIERITHIC X 5 KATHRMA
O—FL LT, o &EB AL, BB S
1L, T¥MWRBoENL>2% % fLETLRICOVT,
A=A & IR R X 5 REFE ML 1
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KR, KEILA RIS LT EY, IRIESE
20 ml ZEE o s, BUEE A AT L. KRS HRK

G iz oAk, N A KRR Lotk A BRI
3 h 7z, 105°C OWRENTEY 1.5 R4 5.
W E IR 5 ml G Lotk WK 75 ml 2
T, A BUSNORSEEHER L, FiBT 5. (1+20)
IRYEER YR\ TS T LR 2 Peid Lok, iU ig il
For A BRE BIRS 5 700, Filk, TEkA O AR
L, B &R UCRIBY 1 iR FER], YRR 2.
RER L AR O & Gk, HRI L BE& 00X g
L, WX v IR(LU7t,, 7 v (LK ERER LBl CJnrt
LCHr A ER RIS Hith, R shii<£C
mEL 721k, B o7 =/ —v by FIERE 2,
(L-+-1) REEILT v E= D A RO £ /MMCE(L
9 H A, FEBER LY GBI 2K S
. TOEE FRL, BoEILT VE = U AR
(2%) CPH L=, F#lac A+ RIEREZIINZ T
KRB AR S 5. TRRRIB RIS D W TR OTEER O L)k
ROV A1T 5. REXFR T LR 7 » Lk ERRAL
A LB 5DIECB L, Wi X b RILL 7ok, o4&
Byl BTV =9 a, BbEkEFNRG LT D
SRENER X &l Lok, SRIREESDS 20 ppm o> NEREHESG
FEiEo 2ml Z@mL, &y b r— | UCERER
XHL. wEWELS O OFI ORI L, BEHE (T
2 =K SP-1) & 1:1 OFEEILCTESEL,
ZAVEEE SRR L.

32 REMIITHRAE

HESTHRAE R 2 A Y =5 v o BOBEBMRAEER
AT, # 600 kg/cm2 THIF L, 2X2X15mm OE
PR 2 AFRT D BORBRZ 20— 7 4 o LRI
B ffiy, Table | OBIEFIETERARY MV
¥

Table | Experimental conditions

""Vacuum conditions :

~10-8 torr
~ 108 torr
~10 7 orr

Magnet analyser

Electrostatic analyscy

Source chamber
Instrument paramcler :

Spark voltage 3.0kV (hrst)

Pulse duration 20 ps
Repetition frequency 1000 e
Electrostatic analyscr voltage 2.5kV
Accelerating voltage 25 kV
Primary slit width 30 pm

(1 x10-13~3%10-") coulomb
Ilford Q-2 photoplate
(2% 16 inch)

Exposure range
Detector

KAGAKU Vol. 27 (1978)

EruTa bA—2— LT, GIRTHERONRE
WO AOBILEAHIE L, WHic X b BILEH
mAER L, BLEOT T oBRL kDD B
INERIEHETL I & L, [ARCRAELE 1L, FRHRREEGRE, A%
o ROVEE, 1 A CERICHKDS ARFLN O R FIESR
RO R R0 8FOFERT &M LETEL 87T
5. ik, T THARY MVBRECHMEE I IES
HOFEFRICENLTRIPIROR LA TS L0 & LTI
DikS.

3.3 MAXIBERYK

Spex Mix 1031 (K Spex tt#, wmtHTHEI &L
5.28% ¥ v 1AW ©-lwEe NEMREETTHR
L UTERY EWdmE a2 imm Lok, KBRS L. i
L EAMKTHIRL, &/ILEIRES 100 ppm 7505 X
S FEEE L ks o T, Table | ol &4 CE &,
ARY bVERE L, MRERKA Ko, Table 2
WCER (NEESETTH) ROST & vk 1.0 L3 L4
BT REOMMRERE L 7 B0k B LBIE X > T%
DAV B EARECR Y.

l'able 2 Relative sensitivity coeflicient (RSC)
and coefficient of variation 7%,

Llement RSC Cm:fﬁ(.:icnt of RSC (1(y§fﬁ§ivnt of
(Ag - 1.0) variation (%) (La -1.0)  variation (%)
Ag 1.0 — — —_
Y 0. 29 33,7 1.19 12.7
la 0.21 52.8 1.0 -—
Ce 0.29 32.7 1,20 211
Pr 0,25 48.8 1.04 6.6
Ndd 0.31 48.2 1.29 11.9
Sm 0.37 37.7 1.50 t3.1
Fu 0.34 38,1 1.42 12.2
Gid 0,24 33.8 1.01 15.5
I'b 0.26 45.1 1.08 8.5
Dy 0,30 18.1 1.2 17.2
Ho 0.28 41.3 i.17 12.8
Er 0.29 40.8 1.2) 9.8
T'm 0.39 42,0 1.63 15.53
Yh .40 38.3 1.68 7.8
Lu 0.26 13,1 1.08 20.3

FEHESE (R (Ag=1.0) OFRMSS (La=1.0) - L
FEEC I LTIV LTV %, Jaworski £0% A0
YIMBCX > TERTLHREA LT LEOA X O A
WX IR L iR E L THhY, oz
A VF G HOMEPITRECEE LY T T L,
B SICX > THREINTVWSY.,  KEERCIEAIELY:
BTELDRT—ERRDXOSCHE LY, REOEDY
FHIfrE, AE, REPCRT 5388 ko b &%
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BOESI L ExbRL, REWEBUET
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B, FHEOKRT Lhombol HALI
H. ZobT, WNEEEETEHE L LTI Lo BE N
TOHNOTE—MEd, FRIERTO -] EE 2 H0)
7Y AL OWTRE, BEFEMAREITNTH D
FERHRFERBU L AR D 28— 2 F e Eostiz, < b
Do 2 ZOMBIC X > TLEHT L2 X CHMLRLTE
b, IEFEE O &V ﬁ#k%@ﬂfﬁ v, rbratEl &
;<ﬁMLtﬁHLtﬁH7LUwﬁz&ﬁoﬁﬁﬁﬂ
VT, MIRERR ARG T D L ESNETH D,
BEBH U, BTG U AN ORGP 10k (3R
X > TEC TSR ERRSGTHY, O b
u/bvw”FﬁH UL ThDHZ B <ennihT
W5t
%ﬁﬁﬂtbf*@%%%ﬁﬁ#&ﬁﬁmﬁﬁﬁﬁﬁ
¥} G-2 (split 59, position 12) /vy, 3-1 O
af%tﬁi%ﬂ%mbk% HESHTZ TR,
LA L IEICR O E AT HY,
DT X &ﬁ&t%«ﬂté}’fﬁfﬁ” JOY Eby i X B VICX RS
PHED 72 4 2 LCEINL 72 & ik SR O HR R R
7 Table 3 7 7.

il

Strelow £, Morrison

Table 3 Determination of relative sensitivity
coefficient (RSC) for USGS rock
standard G-2

Experi- Literature value (ppm)
Flemen "R oo o s
(ppm) et al et al.® Dy I —
Y 3.4 15 -- 144 0.2% 0.23
l.a 23 87 76 81.5 0.26 0.29 0.28
Cle 39 160 1o 165 0.24 0.35 0.2
Pr 4.6 16.8 —_ 18.7 0.27 0.25
Nd 14 8.1 67 65.5 0.24 0.21 0.2}
sm 2.0 9.05 7.0 10 0.28 0.36 0.25
fn 0.51 1.7 1.3 2.9 0.30 0.39 0.22
Gd 1.0 5.8 3 6.0 0.17 0.33 0.17
I'b 0.095 0.47 0.5 0.9 0.20 0.19 0.1
Dy (.63 2.4 5.2 2.6 0,26 0.12 0.24
o 0.096 0,34 0.7 <0.3 0.28 0.14
Fr 0.20 0.93 - 1.7 0.22 0.12
T'm 0.035 0.12 0.3 <0.5 0.34 0.12
Y'bh 0.28 0,93 0.9 — 0.30 0.31
T 0.024 014 0.13 <0.5 0.17 0.18

Spex Mix 7 v T S 7o ARA IR EAR Y G-2 02
FOHEELLS-BLTEHEY, EEHBOGTC Y- T
(X, Spex Mix L vEoh-RErAVLLDELTz.

MET: 24+ vIBERSMEC I 2 4ERERRPORBR LB TRO R 171

3.4 ERIBRUDNHAE
HETRODOREOMBI T L 2%, AN=T 4
CIEEBESNHEORMO—2TH Y, LAdRR ST
M L7-t, EIERSHEK LEATLIHETOBRNCL -
T, HuNEOMBERSEMINT NS, X, ZEE(LY
1E, BL7vE=va, BLEFZAV) 2VERSTO
HpCIE, Thie 7 v {kFEETRBLT, Y135 F
BUR—IDOTIVE =9 AR XL LY, ffE
7ot phsEE o —2 L E LY.

AEOFFES 28HMi3+ 2 B¢, [—FkU x 5t
VTR 4007 X - CTRTARER L, oo RiE% L
Foo (1) 3-1 oz X ok (i) NARHEITTRIEK
TINL, EFEECE Lot EERSPHARKL 1:]1 of
BIHTIRAT LA, (i) 3K 0.5g 2 BoREK
T L, (1+1) pEfE 2ml &7 v {b/KFEEE 5 ml 2902
T,F$@E@W%¢¢%§TMﬁLtﬁ>ﬁ@T7

ﬁﬁév@%ﬁ@xi&mAt&,E@%X a5

. (iv) UK ﬁ&5ml}7zmmi&5ml
Z’r:ilﬂ;c‘f, 2&%%@1?6. W N R HE LR A I A
T, BERKRLES TS

Table 4 |75 L7=§5 B DD X 512, &AL
zmm%mnaﬂh-ﬁme<w7.%ﬁﬂuﬁﬁo

PR 2 SR T D 7o, DR Y v AT K BN
D, ;i"bﬁ)ﬁﬁxxﬂiﬁﬁﬁﬁ(fw«\f i RECREY G LD

COMEFROHMTIIE LV MY
¥, (v) OFAHEEL

Z & %%@é iLf;f)*
I 2B AITVE S THD.

Table 4 Comparison of mass spectrographic
results obtained by four different
procedures (ppm)

Element Procedure | Procedure 2 Procedure 3 Procedure 1
Y 9.4 a1 7.8 8.1
Ia 16 14 14 18
e 28 22 35 33
Pr 4.1 4.9 4.2 5.2
Nd 12 14 14 13
Sm 2.0 —_ 3.0 3.1
Fu 0,66 0.78 —
Gd 2.1 —- — —_
Th 0.24 — — —_
Dy 1.8 - 2.0 —
Ho 0.34 — — —_—
Er 1.0 - -— —_
I'm 0.099 — — —
Yb 0.76 — — —_
f.u 0.16 — — —

Sample : Geological sample; Procedure | : The proposed method ;
Procedure 2 : The sample is mixed with graphite powder in the
ratio of 1:1; Procedure 3 : ‘The sample is treated with HI
11,804 and the residue is mixed with graphite powder; Pro-
cedure 4 1 'The sample is treated with HFE-HNOj and the residue

is mixed with graphite powder.
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Table 5 Analysis of USGS rock standard GSP-1 and NBS coal fly ash SRM 1633 (ppm)
GSP-1 SRM 1633
Ilement d . -
This work Flanagan!® Higuchi et al.1D Tiby9® Strelow et al.® This work Ondov et al.1®

Y 22 35, 20 — 25.5 24 68 +16 62 +10
Ia 250 181, 171, 170 225, 198 176.7 174 10 +20 82 + 2
Ce 510 390, 414 451, 536 396 119 210 +34 46 +15
Pr 82 40 — 49.9 57 28 + 6 —
Nd 210 — 178, 169 213.9 231 90 13 —
Sm 31 a3, 23.2, 37.6 25.0, d1.4 1.3 32.5 20 + 3 12,44 0.9
T 3.5 3.0, 2.0 2,88, 2.75 2.0 2.5 5.3+ 1.2 2.0+4 0.4
Gd 16 — 15.7, 13.9 15 12.5 23 4 —
Th 1.8 1.3 1.27, 1.35 1.0 1.35 3.3+ 0.5 1.9+ 0.3
Dy 8.5 H.66 5.66, 5.66 5.0 5.9 19 + 3 —
Ho 1.6 —_ — — 0.9 3.6+ 0.8 —
For 3.] — e 3.0 2.3 M+ 2 -
Tm 0.31 0.5 —_ — 0.26 1.3:£ 0.3 —
Yb 1.9 — 1.54, 1.93 — 1.66 9.0+ 1.4 7 £ 3
lu 0.44 -_ 0.22, 0.23 — 0.17 1.7 0.4 1.0+ 0.1

FICy =094, ava®ya, HRY=DA,
Ty L, TIET L, {1 v TFINEDT A, WVFFUA
DAY kAt BaF, BaF, O5F- 2247 hic X »C
WEXIh, R e Y A, VT FU AITOWVWTIE,
FDORNHE AR S DF_THS, ZDHT- AT v
LEIRD 12D, TOEBRIAWREELD.

ABIOIEHE X TR 4 R CREMVEFEM XL b A
T- U712y 7 GSP-1 (split 55, position 7) K OVH[FH
N.B.S. o754 7 v o . #EilEzE (SRM 1633)
hoRmEHEIUEYEE L, FOERELTREYD 1D L
Me#& U7z $5% % Table 5 (ZiRd. 7nis, Table 5 (=
X SRM 1633 (= DWW T 7 M bR LERICX - T
S RERAZ TR L TEL.

WEH ORI BAFRAD -2 7 L,
BETREFRILFES L0 L BERBIND.

A

AREI TS

3.5 HEEHHOIR

3501 BHEMILA  KQAFREN CAREAREZE
712 =2l Clhy, F@T5Z LI0X > THE
XD, TN FY D a3 T 5~ BRI
2 (1.I~1.7)m3/min} Z2HWT, #J AR T 1 v
Ze—, BYVRAFULURT VX — FICHIE IR
CAMDOMBRIIATEDERIZOWT, T OFFMA R
7.

T AMRLT « Va2 —13f(bg o 25 o BORE

WA, 2X V-3 TIRVBEDLZ EITE » THREX
h, ZomprArthofmEITET 3.1 RC 3-2 ol

FIZX > THEBSN T2 TESL. LA LTS 2
HERT7 V2 —DREE LT, RAMITRBEEOEH
LT O, oA 2 - TR, ZEBEIZ oW

TR LTHL Z EAWETH S, Table 61250}
T4V R —ROERER - 7 v E —hD ARG EIETED
CEEY T, BB T ovs— (ER 4.926g, ¥
CAFBIEFE 7inx9in) {3 2412m3 O K KA WS[T %
TEZES>TRELOTHD, ZorIn kAP EA
IRIELY 84 pg/m® TH -7z,

Table 6 Determination of rare earth elements
in sample and blank glass fiber filter
(ppm)
Element Sample filtert Blank filter

Y 2.5 1.9

la 3.7 2.0

Cle 7.1 1.7

Pr 1.2 0.91

Nd 3.9 3.0

Sm 1.1 0.96

Fu 0.39 0.31

Gd 1.1 0.9

Th 0.14 0.17

Dy 1.1 0.98

Ho 0.017 0.017

Fr 0,51 0.53

Tm .07+ 0,07+

Yh 0.60 0.5

I 0.10 0.11

t Sample filter obtained by drawing a 2412m? of air through
a Toyo GB l0UR glass fiber filter at about 10.m above the ground
in a commercial area of Osaka

Table 6 OFEFE I b, HS ABMHER T V2 — 135D
EHRBRIEDENZ LD, HTETTEST OO0 L
ARERTPM E LTREYTH S.

RYRFULUBT a2 — FTHE LB A DO
ThY, 74NV E—DOXRY U RIEMEZ TR L Coirate
AT 2 Z L TEDLW. b bR 7 (g —2
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Table 7 Analytical results (ppm)
Flement I:::'i?:urifw Dustfall /hboll (—l)———‘\ bOll\(Q) Deposit on air
matter (5~ 10)cmnt (110~120)emt (5~ 10)cmt (110~ 120)cint  conditioning filter

Y 14 13 9.8 9.4 30 19 18
La 37 26 16 16 39 23 30
Ce 59 43 51 22 71 55 63
Pr 8.2 5.5 4.0 1.1 9.8 7.3 7.8
Nd 24 13 16 12 35 20 25
Sm 3.5 1.9 1.3 2.0 7.9 2.7 5.1
Ea 0.70 0.35 1.1 0.66 2.4 0.66 1.0
Gd 3.8 1.5 4.3 2.1 9.1 3.1 5.8
'Th 0.37 0.15 0.63 0.24 [ 0.33 0.70
Dy 3.6 1.4 3.3 1.8 7.5 2.4 5.7
Ho 0.4+ 0.21 0.72 0.34 1.4 0.34 0.84
Er 1.2 0.52 2.2 1.0 4.0 0.82 2.3
Tw 0.15 0.055 0.30 0.099 0.47 0.07) 0.39
Yb 0.95 0.5¢ 2.1 0.76 3.3 0.70 1.5
L 0.24 0.11 0.39 0.16 0.62 0.11 0.26

T Sampling depth

A0 ml-mpkE o N o ma T, 74aNVE 2
BRSES, BUANRGZELOEL,
COKENEF T L ST X 2T, MULAR T v —in
LML THEROMIT L TES. BLAThOR T
L RIRE O BH2 Table 7 =53, —RERE 9
CAIEE © (50~100)pg/m3} =3\ T, 24 B0 7
) vy {Are s R - (1600~2400)m3} THitE Sh o
U BT (80~240) mg “TH N, Table 7 4 FFET
107 1vx— (10 HE oS ) ) X
H AR LT C AT oFi R FE G RHTH D,

34542 M'Flihb/u AR N N me r

IRt

?6-74»5—#60& Lﬂ,&E@:ﬂ/—wﬁ
B XA, K L TR ICBERIE S D RIE
W 550°C T Vg~ v ZVIR(L L, 2l iralft
ET L. BRGNP U AGHER, ko4
Ur 94 MgER e bz Table 7 2333, ks,
EBis 1 2 ARE LTSV CAZIEE T D42 b
oo —PITE, D () OFEIRAl S UTHEEER
TIMEITEH Y, SROEWMET IR UAREHNZIRA
LTWaDA, ZOMIKEET v E=9 M X DA
TEEKEEAL Y O ILRRA KRR, 7 T s gk
TorBESdy, EESTRRFNTIIRA LGV,
3¢5¢3 ZMDfthd MHMEK K CAHITII GTI Ok
Fr L7 &0 HRBRIC X - THRLT & 7 - TREUD
WCIHE T 2 0% L £ 5LiR D ABMICHIE S h oo
ENRIE LTV D, FIEOTREOH CAPIRE, &I
R OBEITILU & ShoiRE, RBIZEOLTVD
DITE L, HBEOVHWZAEITLRIIE UAHRICIRNES

NTHY, HUARBEN LU & SPRECHETEL
CHEL %, BB CXHIREHFOBE 2T S 5
2T, UAThEBEZE:Uxr ShiRE L HETHZ &1
BETH5.

KT 2 M THERT (3~10)em FUt (110~120)
cm (ZEVWTRER LA Lz 9220 T, Ak s
BRI L7 R e Table 7 (2039

Table 7 {713, JRHEH U AL X 7R AR S0
WL EEF T v 2 — {5 U AT W TO RS
PLUETRLTEHEL.

Bt rs, 71 x—~fEHLA L, H0°C T
2p5RELE L FHPOIRE TH D

- S
4 %I | Hil

8= U A F VEEESITIRC X DRERH A, BT
W LA, 22U s 5k Eof@RERE O &% 800
FoRRFERBIC OV Tk~ WEEITRD LHENIH
BITEROSHEE RS L VWbiILvTE D, ZZ2TH LM
BRSSP OZETEORENNS B E I HLERTRCX

LERBEIEY R M35 5 X THMZEM THND L5 L
575, O 7D FERIC OV TR BIOBEES IR
5.

b o, BRBRERRORIE VIR VIOKERE
JAZEFo F. J. Flanagan 2 M. Fleischer o i K2 #
BaegT 5.

L8 [
1) AAHERMRELEBESKE @ “RIABRH NV VT
y 7 (I) BlEfm”, (1975), (= mrih).

2) D. R, Scott, W. A, Loseke, [.. E. Tlalbake,
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R. J. Thompson : Appl. Spectrosc., 30, 392 composed by fusion with sodium carbonate. The silica

(1976). dehydrated in the usual way was filtered off and the
3) A. Sugimae : Anal. Chem., 47, 1840 (1975). filtrate from the silica was then treated with ammonium
4) TF. W. E. Strelow, P. F. 8. Jackson : ibid., 46, hydroxide to precipitate the rare earth elements. After
1481 (1974). ignition of the precipitate, two ml of internal standard
5) J. F. Jaworski, G. H. Morrison : ibid., 46, solution containing 20 pg/ml of silver were added and
2080 (1974). the mixture was then evaporated to dryness. The re-
6) BMMEEF, BEEFKI, M (- : Ask, 22, 757 sidue was mixed with an equal amount of graphite
(1973). powder and then pressed into electrodes. Relative

7) K. A. Rahn : Atmos. Environ., 10, 597 (1976). sensitivity coeflicients (Ag=1.0) were determined by
8) G. H. Morrison, J. T. Gerard, A. Travesi, using Spex Mix and U. S. Geological Survey rock
R. I.. Currie, S. F. Peterson, N. M, Potter : standard G-2. U. S. Geological Survey rock standard

Anal. Chem., 41, 1633 (1969). GSP-1 and N. B. S. coal fly ash SRM 1633 were analysed
9) G. N. Eby : ibid., 44, 2137 (1972). to evaluate the accuracy of the proposed method.
10) F. J. Flanagan : Geochim. Cosmochim. Acta, 33, Comparison of the mass spectral values with literature
81 (1969). ones indicated a good agreement. The coefficient of
11) H. Higuchi, K. Tomura, N. Onuma, H. variation obtained by replicate analysis of SRM 1633
Hamaguchi : Geochim. J., 3, 171 (1969). was better than 259,. The proposed method was ap-
12) J. M. Ondov, W. H. Zoller, I. Olmez, N. plied to the determination of rare earth elements in
K. Aras, G. E. Gordon, L. A. Rancitalli, K. airborne particulate matter and dustfall collected on
H. Abel, R. H. Filby, K. R. Shah, R. C. polystyrene filter and in dustjars, respectively.  Results
Ragaini : Anal. Chem., 47, 1102 (1975). for the rare earth elements in the blank of glass fiber
13)  A. Sugimae : ibid., 46, 1123 (1974). filter which was widely used for the collection of airborne
particulate matter were also presented.
W (Received Sept. 29, 1977)

Determination of trace amounts of rare earth
elements in various environmental samples by

spark source mass spectrography. Akiyoshi Suci- Keywords
MAE (Environmental Pollution Control Center, Osaka Airborne particulate matter
Prefecture, 1-3-62, Nakamichi, Higashinari-ku, Osaka-
i . Dustfall
shi, Osaka)
A chemical concentration~-mass spectrographic pro- N. B. S. coal fly ash

cedure was described for the determination of trace
amounts of rare earth elements in various environmental
samples: airborne particulate matter, dustfall, soil and
so forth. A 0.5 to | gram of sample material was de- U. S. Geological Survey rock standard

Rare earth elements

Spark source mass spectrography
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