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100)mesh} in the hydrogen form. The effluent was chromium much interfered with the determination.
evaporated to remove nitric acid and the residue was (Received Jan. 30, 1978)
dissolved in 25ml of 3.5mol/l hydrochloric acid.
The solution containing less than 1 pg of selenium was

ut into a reaction vessel, a pellet of zinc was added
:fnd the solution was covered I:ightly with the plunger. Keywords
When the pressure guage reached 0.5 kg/cm?, hydrogen
selenide evolved was carried away into the cell with Atomic absorption spectrometry
nitrogen carrier. Selenium ranging from 0.1 to 5
wg was determined in this way with a error of 3 9.
Without the separation by ion exchange, copper, and Selenium (IV)

Ambient particulate

Ion exchange separation
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FEYABZRKIET 28I, ChiZ&Eh 2 TEHOBBERAC >V TURAHMES IR X VR

L.
AVTIY T4 N E-TRARREALE - 25K LI 25 BoTEEL L&~ 100pug Fo@E5IZHML,

FZRSBEER R OCREDE L LTHR~< 72y ALRELGKAID) % 2mg immLiaRE, TioE
HREEOELT vE=w A, ITEERED E{LY F 4% 0.1mmol BELXFISARBLTANL
7. ThooRXBIETRT2:B 18 LTHEL, To—2%KIBEXKELL, 35 —FHiExtBARKELE

LT, Thfh T s L.
FORR, W~/ 2y AR K HEERNE LB eRAID, £ vy AV), & vy (VI) 28 749
5 89% OMOEINEZR L, X, Eksk(IIl) #RSWEA L LABE, X, ZhiTibs vy
AR HEIELES, bEAID, vx(V), srvva, L (IV), & Vv (VI) 3 559% 7 5 949,
ThHotr. COMDOTERIZOWTIE 95% Bl EOMINESE Shc. Hkg(Il) wEbyvE=v
ANFHFETLEEE, ~BRCENEXAETETT2HEAPED L. REBHEREZERS & L, g
HEBROBKEELRIBECAOKILEZBE LT, ThiZEMORE LOkELsAID) CRBHEZ K
xR cRELEdI) oroEsds, TORNBCEFRELREZIRD LN 5 2.

- v a, ROELEAID) ofFETT, 25 @omEic
s DWTIHAHMESGITIRIC X B RTEREZ T 7. Fiiiik
AR, ByALEE, RERLER S oA fAelEY, /i SRAID) 2EERE T SHEECEbY Vv A, TEL
HEDY, Z LTRRQURPIR IR E I & OREAED, TR AR EOEEE, £ UTKREMHERE RS
F OMMOTTERSITORIAEEE LT, JKRKR{LES LiE L, SELEBHNZESOATPE CACENDRE L
LERVWHRTWS. JIBRILEORE, KICHEHE, R T, BIPHERZ, ThhFEIERBEEORERD B
Bk EE, RIGIBEE E OMERRGESEI oW TiE, Biie ETELhDOTHRETS.
% ORFAPEINRTVE9"9. L L, TOKOLE _
BRI DWW T O 1T el /b fn 0810, 2 E B
AR TIE, A ETKGHEERIE LTOWE~Y 7 4 2.1 ¥ =

* P THEREREIERT - KERME A BK INRET i AR - R RERERFIEEEREFF, KUR (5
1-5 MW), FE&#i%eE Pn-3 (h@FR 2.3x108n cm-2
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s71) AV L.
WA AESHHEE : 30ce, FA~x=wAa(YFvLr)
W#EME 1024CH, #2478 (Nuclear Data, ND-
2201)

T RBER FRRERTFERMEFIERSE
OKI-TAC

EIRR{L3EE : Trapelo PDS-504

2.2 5 X
25 WOTRIZ2WT HEAERZRDBRE (L&MW, %
FHEELLTO B » VY AL LTV E=Y A, *
LT RPWER & Lo Wi~/ %> ARC EHibgk
(ITY) ¥, T RTCHWHOHFRRAELA V. Tob¥E
ix Table 1 TR LAz, X, EHERFSHEOBRICHEA
LrchiblE, HE, MBRTHROBE>WARRAXTH
D, x LCKITHEHKEZ Wik,

AHET =Y v M3 5 BRI e A EME
BEAMK (BsLfbR®, HSG-Pl) %M L.

Table 1 Used materials for neutron irradiation

Elements Materials Dissolving
Ag CH3COOAg in water
Al AI(NO3), in water
As(1I1I) NaAsOjg in water
As(V) KH;AsO, in water
Br NH,Br in water
Cd Cd(CH;3;COO), in water
Co Co(CH;COO0); in water
Cr K,;Cr;04 in water
Cu Cu(NOj), in water
Fe FeCl; in 0.1 N HCI
Mg Mg(NO3;), in water
Hg HgCl;, HgS in water
I KI in water
In Iny(8O4); in water
K CH;3;COOK in water
KCl in water
La La(NOj3); in 0.1 N HNO;
Mn Mn(NQO3); in water
Mo (NH4)sMo7;0;,,4 in water
Na CH3COONa in water
Ni (CH;COO),;Ni in water
Sb SbCls in 3N HCI
Sc Sc(NO3)3 in water
Se(IV) K;SeO3 in water
Se(VI) K;SeO, in 2N HNO;
Ti TiOSO, in I N H,50,
v NH,VO; in water
w Na,WO, in water
Zn Zn(CH3C00), in water
NH,Cl in water

All reagents were available from Wako Pure Chemical Industries,
Lid.

2.3 HEBERE

FhFEnO TTEIREE LT 100pg/100pl 0%
L, £h o0 100p] ZIR{EEEHC V. X, KA
T, RGZRER— MrLBHARY) ZF L U8B
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FTIROBEBEPHIETHADIT AN oY A NN T
Aviest, 02w aid 100pg/100ul o 0%
FEL, HHOKE 20 F5HWRLT, £ 100l 2/
Wiz,

BILA VD A ROCEIL7T o E= D 2134 IM Bk
FRIL, WEE~ AT Y A ROILERAI) BETEE
EE LT 1.0mg/100ul FAR L, Zh 5 DEdk 200,l
% EE T .

2.4 S TIA S

KRE o — 2 5HITIRFEAH No. 5C (JE4 0.22
mm, 3mmg¢) %, LT LTALT5 T 4&—iC
1% Gelman U.S.A. GA-4 (E#4 0.15mm, 47 mmg)
AW, 7%, Gelman GA-4 [IEEE v o — X FHD
XT T T 4R =T, LIS M) U LSHEED
%<, ThIvd, TOEREOLHE VI L e —2Z
FRUMRE Ve — R L2V — R EDRET AT
NWRDALTT - 74 vx—BHEIRTWS. L
L, #%oF KRR OWIE T IR R Iic BRI LIRS 2
PR H 5. TR TRIE KL EZ e T T
% OTHEBZR Tid Gelman GA-4 ZERF L7-.

—iiT, BEHMESHETIE S MY Y ADOFESTEE L
WHEARTZENSE V. 2T, ZHRTCHWETR L
o =258, BTS2 - 740 —FhFNT

m T EENRD T MY T AR, O UbuHES
WiickZ?, 3.2ug RV 35pg THD, HicsHEe
DWTIE, £ ORENEOVLERED SNz - T,
T OF TP LT - /2.

EF 2M FEERC 6 RFRIIR B X Lcth, MikTE%
Bl fvT 10% iR 6 iR & Lz, £ LT
RBICH TR - 7 4 v& —_ETHRI| LooflikTH55ic
B L, For—42—d TR L.

ZDESITHREFRE L7 HHRITDONTHF b Y o AEK
LG L &5, KRBV B —ZAHKTIE 2.5p8,
Z LT Gelman GA-4 Tl 4pg TH D, HEgEico
W LW RS ED .

TN, Blitr TS50 -7 42— FICBEMNDRS
20U b LD DBEEM L. Tihbb, EIRER A
T - TaNE—BHITRA - T 1 V& —LiTdEEL,
10% EEEErP T BEAMIR D 1.0mg 2 fEB I 72 b DRI
LiAZx, WE[F@E L. £ L TKEEBTFL Y -4 —HT
Wk L.

2.5 RERLE
ThEhO 5z 2 ER, £OLCKSHEER &
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LT OREE~ 7 3 ¥ v & i3k (T O£ 1% ik 200 ul
(=7 3V ARO%E LT 2.0mg) T L, LA
Ky 2 ZARTHINES o FERACCEZR L. RITAH
oY APERE 100pl GEFEE & LT S5ee) ZiimLi.
£ LTHEBIC, ZILEOREAR 100pl(ZTFER E LT
100 pg) ## T L, MR UTRILAERE Lc.
L, EEROCKEFHEHI M UAKR» F 2T Hiz L
Fo. Wiz, Zhboitkhc, BB VoA, ik
b7 oe=v sk, #hFho 1M §Hk»5 100pl
(0.1 mmol) Fouh Lic—&EORB L AR L7, LIk
DS LTHAR ULARENT, TXT28E 1M LT

YER L, %D — 20 EIR K LA LS 3T BAR &

L, & LT ERERsHba i Aetet & L.

AL R E R - T lF vy o=k, &
JE RS 100 W, EeEijig 40 ml/min, NE 1 Torr @
FHUETTRR LV — ZAHRAB TR 4R/, » 7
S5 7 42 —FEFCIR 2 KR, T ENEIRIKIL
L7z.

AL T, KRR T 7 0 o2 VT WL - 72 A,
ML, 81T 3em FHORY =F LR (5,
U, 2M hEE-#k-= & 7 — v 5T PG L
3 0) EBICEHA L. FERIEAB IR UR Y =5 L
VRICHA LT, thozBHRFEEE Le. Baikhs
K Y =7 L oBBEHARICHD TIEH L, EXREE
NTRFIFICEDRAL, 4, 10 5/, 2T 60 5
R EFIRA L. BBEHE T, Thrhodgg@Eo
FRHCESE, BYLRHREREBEVTr V=D A
(V70 2)REABRBUBHABE LT - F v o2 VEES
ez v, (0.1~2)MeV Dz 30X — i< (100~
400) FEFEIE Lic. &ILE C2oWTo KR, #lE
%, R, £ LTEESITcHVWe rfior—s
¥ —XTable 2 =78 L7-.

BoNHIEEIETSHEBAEIC XD 7 BARY b
ox b =% Tota £ LCKIEELRER - Fpb R
JrF L REHATHRCETrERBELRZ A LY
U A DOFHEUES HHIIE Ltk KL LW iZHEEUE o ik
SHESHFIZ X D5 EES 100 & LCETLREOBINREZE

E Lz
3 &S ¥S

3e1 [R{EEsma

FWCHTHAM LI RR Vo — R AEBRA LTS5 - T
1 & — & 2§k Ve JRACBRHC o v TR IR L R
a3 B IRIERE Rz, Thbb, £hrh 7{EORE
—3kt% #fE L, 20 R0 SEEE T 7 ERBED IR

Table 2 Nuclear data for activation analysis

r-Ray

Element {:ﬁféféig‘; Nuclide Half-life ph((;(t:\;;;ak
Ag 60 Ag-110m 253d 657.8
Al 1 Al-28 2.3 min 1778.9
As 60 As-76 26.3h 559.2
Br 60 Br-82 35.6h 554.3
cd 60 In-115m 4.5h 336.6
Co 60 Co-60 5.2y 320.0
Cr 60 Cr-51 27.8d 1173.6
Cu 5 Cu-66 5.1 min 1039.0
Fe 60 Fe-59 45.1d 1098.6
Mg 10 Mg-27 9.5 min 844.0
Hg 60 Hg-203 46.9d 279.1
1 10 I-128 25.0min _ 442.7
In 60 In-116m 54.0 min 417.0
K 60 K-42 12.5h 1524.7
La 60 La-140 40.2h 486.8
Mn 60 Mn-56 2.6h 846.9
Mo 5 Mo-101 14.6 min 590.8
Na 10 Na-24 15.0h 1368.4
Ni 60 Ni-65 2.6h 366.5
Sb 60 Sb-122 2.7d 564.0
Se 60 Se-75 120d 136.0
Sc 60 Sc-46 83.9d 889.4
Ti 10 Ti-51 5.8 min 320.0
v 1 V-52 3.8 min 1434.4
w 60 w-187 24.0h 479.3
Zn 60 Zn-69m 13.8h 438.7

bRz & b, RO L, ¥0 x5 LTREZ kD
7z. R BEVIRICFEEIIEREERLZ AN TS5 5%05
L7 X, HBHIRERTERP TELRTRELL LD
XOWRESR— FhCES, 17+ =z 13BF5
5N L7 RILRIFELKALRZ S & Lz s X
DORER 100% L LT, REOKRKILRRIC BT 5RE
HS—k NTE L. TOEEES Fig. 1 @R L.
Fig.1 5, 100% [R{IL&{§5DA 0T -7 4
WE—REMETEREITIE 2R, KR Lo —-2%
HEME T LTI 4RO, RILREEZ 8RA L.

3.2 EIME

22 BOTLER COWT, Thrh KILEEE KL
TAEK & DA EHET (2~4) B IE LERD
R /BONBINEOEHERTT N ThOERERX
Z P T Table 3 iT7R Lz, 7t BE&RE OIS AERIE
R B 2 5HEEDORRETRREE 0.4% » 5 1.5% DR
TdH D, BIRBORERETHTHENRETH
-7z,

Table 3 7»5 L/ X 51T, KR o — XA
BEME U2V AR ROMER L L BE
iz, eEAID, v o AV), L (VD) 28 74% 55
89% DOEOEINELR Liz. —BIC BB~ 2v 94
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Ashing rates, %

) I

&I DLOBEE, TORPRBIZEEDEIIRADS
Nighote. Iak, KR, BFK, RO vFiFLiLow
FhOEHETTH 202 DTORVEIRELZR L. L
»L, ZhEOTEIHEFREBEOKEEISIRICLD
EFOEEBRS D EBEDNS DT, KBKILFKEOEE L
LT OEIRRIE kD B igd - 7.

Table 3 Percentage of recovery for elements
in low temperature plasma ashing

(%)

Filter material and coexistent material

1 L 1 1 1 [(4 J
damcy - Cellulose Membrane Membrane Membrane Membrane
20 40 60 90 120 180 *7 300 Elements no(NO;),  FeCl, FeCls FeCl, FeCl,
Effective ashing time, min Gra-';-)hite K-El NP;;C]
Fig. 1 Ashing rates for filter materials in low Ag 9942 982 9842 983 9942
temperature oxygen plasma Al 101£3 1023 102£3
pe ygen p As(IIT) 89+4 5542 6444
@ Cellulose filter (55 mmg, 2 sheets); A Membrane As(V) 10243 7514 7942 7544 68414
filter (47 mmg, 2 sheets); X Membrane filter mounted cd 9542 9443 9743 9543 83+2
with graphite; Graphite : 1 mg, 47 mnng, 2 sheets Co 10145 1004-5 100+4
Cr 99+4 99+4 1015 10244 94.+5
Cu 99+3 10245 9742
Fe 100+£6 98+5 9844 9545 9245
i, BRI X D ILRWEIR TORRKILOBC B Mg 995 9945 99:5
3 . . e In 9846 10048 9816
CilEmEhs e, e%, FUFEUREDO-BOTED K 9913 10243 10243
B IET 5 2 LB ERP LS TVWS. FRCeE La 9842 10142 10242 100£3 9942
N Mn 10244 9843 9843 9943 1004+3
=3 e 1),
Uitoﬂ tﬁﬁ?ﬁ A /@A&ﬁb*ﬁﬁ L‘%< < 7;%) 2': Mo 9948 97+6 9745 9746 987
HEOEES, FO3EITeE(AI), eEKNV), L (V) Na 963 9843 99:+3
Ni 9943 10043 9742
=1 ~
COWTED LR, Sb 10045 10145 9743 10045 9312
AT T T4 vk =AM E UEEE(ID) %K SeaV)  74x2  7lx2 7543
. = Se(VI) 7812 68+ 2 70+£2
SWEHE LBAE, eEJA), vHRV), #FI i 9746 10146 98.L6
v, 2L (AV), L (VI) 28 55% 55 94% O \Y 9842 9642 962 10243 9843
= . I w 10345 10145 10145
BD(E L 75 D RS D b, TOMOILEREFC OV Zn 9843 102+7 101£5 10345 9543
TiE 95% DL EDOEIRENBGSh.
BT, EREORVERESCE WEBIESLFTS 4 "
=g =9
AN

BE, FhOoEEPTEORINRIC RIETHELTAN
. Thbb, 2T - 740 —EMEL, &
{EER(ITD) ZHEF|E LT, THICHEBRERIEDERN,
LAY YA, RIRE[REDHWVIEILY v E=v akdt
Fxw, 1l BOTEHCOVWT, LORINELRD .
FORER, By ) v AOHEE R (V) B 75% TH
n, —%, L7 E=v 2DBE, eE(V), BF3
YA, suk, & ToFELDDITLHED 8% »5H
949, PO EIREL TR L, HEPED L.

Wiz, REUBEREERSE L, HBNSEOSEE
T RRRHE CAOKILZIEE L, ZhicHtloRTER
Liz. Thebb, 20750 -7 a02—2EMEL,
Bk (IID) ZWEXIE LT, ZhicBHREHES
FT 22 BOTEHCOVWTRIT L. TR, &Ik

IR K LR D TR OERIER IS T 5 EERIL, ER
e LTcoREnoEE, AhomEobER, i
WEEOIENED BL TOBHE, £ LT —HOK
{b&tETH D, AW TIEAEE LR E LTIhIiCHEE
TERECRGEEHE LTCOWE~ 2> v A, Fbgk
(III), # LCHEWHEE LCoiifbs Vv s, EL7
vEZD A, BMEEL —EORH T CHESETHRY
LicstkhzbRE LTRE Lz, §E- T, AESRY, HRX
mEEOREHC LT, b DRIRER mEicRET
%3 DOTHEAV. BEEMCIEKILLE S & T5RA0E
MIOre, TORERPKEZRDLOHPEE LW. Lo
L, —iic, WhrkdEHTTHEMT5KER, &%,
FLTavEERIE TOFHEEZETLHONL3
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ik, S5k, »RIvA, 4L, £TLT6 Loss of the elements in low temperature plasma

Lo ThArS.

#HOY ITEE L LT 1.0lpg 25 20.6pg OTE
&, THRFhOEERE, ORR Ve - 2AAK EITH
T L, ZhzMERORILARTKIL Lictk, dhitT
Ht L, IRIERTHRVE LTHUNAERIE 35 5k T 18 &
DILERFCOVWTEIREBLZRE L. 2hit X % &
#, BLICOWTHEEMEIREIE LN TR D R
LEILBHR, ThidAvbERomEC X5 EBbh
5. ZONOEREELB O A TS5 - 71 vx—%
#, LS L) [RGEEFRIDOHERT, ZhicBisk
KeFI B EORBRELIFETSLOTIH R

b bz, XMEERTHOT YLD, KRIBHIEEL2EDL
¥ LR RFERTFFERRDM, MUBEXRBER, BT
IR THEME SRR LET.

XEBIE, EIRELZBbL Y E LAPREASEENR, B
T BEEE, tLTHPFTNREERTREN, A ®E
&, FHREERHBECE ST LET.
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ashing. Sakingo IMAr (Public Health Research
Institute of Kobe city, 1-5, Kano-cho, Ikuta~ku, Kobe-
shi, Hyogo)

Recentry, the low temperature plasma ashing method
has been employed as a decomposition method of
organic materials for elementary analysis. 'The method
is applied for biological, food, and environmental
samples such as airborne particulates which are col-
lected on membrane filter. In this paper, the reco-
very for 25 elements in low temperature plasma ashing
method was investigated by activation analysis. The
samples used in this experiments were prepared as
follows. 100ul of 1000 ppm standard solution for
each element was dropped on membrane filter or
cellulose filter. Two mg of Mg or Fe as coexisting
material was added thereto subsequently. In addition,
samples were also prepared by adding 100pl of 1M
NH,Cl or IM KCl solution to the above samples. Then,
all samples were dried with an infra-red lamp in a
dust-free box. A pair of the same sample was prepared.
One of them was ashed and the other one was used,
without ashing, for reference in activation analysis.
The neutron irradiation was made for 1 min, 10 min
or 1 h using the pneumatic tube system in Research
Reactor Institute Kyoto University at a thermal
neutron flux of 2.3X10¥ncm~2s-!. Radioactivity
measurements were made with a 30 cm? coaxial Ge(Li)
detector coupled to a ND-1024 channel pulse-height
analyzer. The recoveries of As(III), As(V), Cd,
Se(IV) and Se(VI), were found to be 55% to 942
in the presence of Mg(NQOy), or FeCl;, whereas those
of the other elements except for Hg, Br, and I, were
found to be more than 959, under the same conditions.
In the case of coexistence of NH,CI, the loss of As(V),
Cd, Cr, Fe, and Sb was slightly increased.

(Received Dec. 7, 1977)
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