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K@ ue Rk Orchard leaves (NBS), Loz (REBZHHIHE, APEHAY) 2HAKLT
2T, choRPicaTh s 26 TEORARZRTBREE, UCCHPEFHMELITERICI VBN
7.
R RW Vg2 EMEREILYTCAEILRLNENRERD, H—ITAY, 110°C © 24 &M
iR L, 200°C, 300°C, 450°C, 600°C, 800°C TxhZh 24 RHKILEZTVWoITICH L.

SHEERPD, FRYWA, HUTA AETYA, 2YVAREDT AN YEBITOWTIE, Kk
AR, EHRBOBEORWC L VEERBABCRRY, RTARFBRTORILETL 2 VEEOH
EOERBERENDCEFHALI L 2. KBIZoWvTx 110°C X b, UER, K, vvv, 7
g & (Orchard leaves ® %) iCo\WTik, 200°C TRAKCHEAL LDk 450°C £ THEEDO EFTDH
bbb THREREIHEMLAEWT 500°C L ETHTBET 592 - vERLE. KRT2WTRE, &

EEAE L DCHEKERHCHEMLE. %

DBEEERCr2b b THRARI—~EOHEEZR L. L0, H,

TVFEICDWTIHE,

200 °C TEEBED L,
FY YA DOWTIE 600°C Bk

CHRERBEONAER, TAHYLE, FLELTE, FTvA, VY, & =54, B, T
=Y ALOVWTRERXGKILAESLOMECI2BREIRDLNED 572

1 %

Y - YRR OBEBETR, WO BHEREDS
¥, MR RHLES b Tl BIEHROERITER
CoHENEHNLIEEIVHITHERCHS. Thb
DR ONWT D, EE, SHOEEEME, FEOE
37 ¥ O BRI STER B O HELEESHI M Thh Tuw
BN, TONFREEER, LELEXKBRRASZ E83H
HIRTWBYY, ZOF—FKOFERE LTI, AROH
X, SHEBRONE—, SPHEOBRCRENEF LR
5%, STARCET A EIABETEC D KELERRH
HLEZDONS.

Y - WYRBONAEE LT, BMET, R¥Ex
EnHOFROBII DL, ZROMENTE HER
KA BEFATCHAVWORTWS. LML, B0 X5
Ry HoKmE, Kbt stRo BB H50
i3, RIEARB~ORYL EORES %<, KEERAMT
HKE FALE S OWR BRI ATHIRINLDD
T, BRESERNELRTHWIVWORBERTHBHY 9,

i

* (BHBRESH Y &2 — : TERTEWHUERT 295-3
K FETFAWET : #RINBRBEABETER 2-
5-1

AP, KGRE, YOCREOMARIITLRDE
LR LED L > CHETINER DD, FHEDOH
b iEpEERE Y B, BELEYE X, EERS
DOBREEFHMCTE . Ik, OWHERTLRORES
ProswlHE & 72 5 i FHEHE P e 2k, FEFRE
BT - 7o

2 £ B

2.1 FR{ERH

AP TiY, KEERERF (NBS) Xh@ALK Or-
chard leaves(SRM1571), F OSSR %: BIHF%E (ASHBE)
TRB LYy (LBRARRGTRKEATERTTSTEY

Y DOEB YR L= 0?) LKEAESASE L
THER L.

2.2 ¥ K

AB o b, SSEXFERTFHHEHR TRIGA-II
BE (BH 100kW) o F v v /BRB4HIL (BT
H:1.5x1012n cm=-2 s-1) MR B i (B ETF ¢
5x1011n cm-2 5-1) Tff 7. WAL BT 57
MOBEITIE, FA<=va (VF7a) PEEARHE
% 4096 7 » VEAALPEELSTRITEEL THAL L.

RFBEL 3T 1%, Perkin-Elmer #-8! 503 & [{F %
XEEHEZER L. #EHpRABoK{biz, fhEBE bR
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Fig. 1 Procedure for dry ashing of plant materials

A : Sample (Orchard leaves and bamboo leaves) 30g; B : Electric oven; C : Electric muffle furnace; a:
110°C-2¢4h; b:200°C-24h; c:300°C-24h; d:450°C-24¢h; e:600°C-24h; f:800°C-24h; 3 lg
of sample is taken for analysis.

Table 1 The condition of instrumental neutron activation analysis for plant materials

Neutron flux(n cm-2 s-1) Irradiation time Cooling time Counting time Elements determined
1.5x 1012 (2~5) min (5~20) min (5~ 10) min Al, Ca, Cl, Mn, V
5x1011 24h 2d (30~ 50) min As, Br, K, La, Na, Sb, Sm
5x 1011 24h 20d (50~100) min Ba, Cr, Cs, Ce, Co, Fe, Hg,

Rb, Se, Sc, Th, Zn

(6kW) DEH~ > 7447 (% : 15cmx20emx50cm) BB A L, EMERL) ST Ui HismEst &
EERL, B#AR, BHRKRIOKIIZRRIETD R ORI Lie. BMRTSE LhEROsRE
b o 1o MOLRINCIEUC, ML AHEREC, Fi<=y
A (VF9 a) FEARHBTHE L. Tablel g
g - W3 - PIERHER & ORBR &M% Table2 ks
— 2 ThZEhx L.

242 FFWHAEFHF 2-4-1 TEBORB L~ 7 x
YA, FEOWTE, A (0.5~1)g iR, 7 v

2.3 RILEBOmMN

ekt 30g *EMERESS CPEF: BER 10
cm, JE 1.5cm) X3EESH GUEW : BE 9cm,
B2 4cm) CEREC BORD, BH— KT K
BTHBRL, Totk <y 7 A0 FLEET KIEET -
. BRI BFBKIEFE, <o 7 VMFORBRRS

Fig. 1, Fig. 2 iR L. 7o¥s, HRETORE ORE Table 2 Nuclear data for activation analysis
@%”’w ﬁ(j%—' PCJKH:& UDEQP%@iﬁE V:J:ﬁ“’; % jj& Element Nuclide . r-Ray measured
sought formed Half-life (keV)
ZBAL.
Al 28A1 2.24 min 1779
As T6As 26.3h 559
2.4 FHTR{F Ba 131, 12.0d 124
Br 82Br 35.34h 776
24l RUTBEHESMT KB - B - KB - . oun o
{(50~300)mg} *»ZFhFh 2cmx2cm HY=F Ly Ce 141Ce 32.5d 145
Cl 38Cl1 37.3 min 1642
Co 60Co 5.27y 1332
1000} Cr 51Cr 27.7d 320
Cs 134Cy 2.06y 796
Fe 59Fe¢ 44.6d 1099
Hg 203Hg 46.84d 279
o K 2K 12.%6h 1525
- La 1015 40.3h 1596
& S00F Mn 56Mn 2.58h 1811
g Na 24Na 15.0h 1369
g Rb 86Rb 18.8d 1077
= Sb 1228p 2.68d 564
Sc 46Sc 83.8d 889
L L L L L L Se 75Se 118.5d 265
50 100 ) 150 ) 200 250 300 Sm 1538m 46.8h 103
Time, min Th 233p, 27.0d 312
Fig. 2 Temperature rising curve of electric muffle A% 52V 3.76 min 1434
furnace (100V, 18 A) for dry ashing Zn *5Zn 244.1d 1116
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{LKERC BL oML, RREESE hi @B
BRELAERRE Lie. =732 vy s HENT, S
DDTC-MIBK Gk, EFRXEETERET - 1.

3 WRIEBE

3.1 TR

AT B ORI Orchard leaves D4R,
NBS {RIEE &1 XWE LD PRER L L b
Table3 R L7. X, Table3 iz KED
HEC28FRIEHFRE L.

Table 3 2: 58 b2/ X 51, Orchard leaves oJE
RILAB D PTRERIE, XBRIEE X< —&KLTW3. T
ERsE 600°C P ETKIL LB o ERIT,
Orchard leaves 23 RER A L v &, V91T —EBMbr 1
KLEZDBRA.

32 AEOMK
HEINBIRE BT 5 MERS> Fig. 3 L. 110

Table 3 Comparison of elemental contents of
standard reference materials obtained
in this work with the reported values

(ppm)
Orchard leaves Bamboo leaves
Element !
This work MBS, This work | rfgz:“‘r;ﬁof
Al 46017 410 236+ 16 1.9
As 10.04£0.1 102 0.1340.02 77
Ba 4516 46.3 47+8 1.0
Br 10.012.1 9.14 7.754+0.20 1.3
Ca (%)  2.2940.0¢ 2.09+0.03 0.26940.032 8.5
Ce 0.98+0.07 1.0 1.154+0.04 1.21t
Cl 720+15 721 88010 1.24t
Co 0.1940.04 0.17 0.704-0.03 3.7t
Cr 2.240.4 2.6+£0.3 36.04:0.4 1611
Cs 0.04040.009 0.031 0.114+0.01 2.8t
Cu 11.2 1241 6.6 1.7
Fe 291:+24 30020 74016 2.5t
K (%)  1.50+0.03 1.47+0.03 0.736+0.057 2.0
La 1.224-0.02 1.24 0.13+0.03 9.4
Mg 51404190 6200200 11603260 4.4
Mn 10345 9114 25812 2.5tt
Na 8611 8216 38.1+0.8 2.3
Rb 13+0.9 1241 8.540.6 1.5
Sb 3.1%0.03 2.940.3 0.05740.007 54
Sc 0.041+0.004 0.068 0,0243-0.002 1.7
Se 0.083+0.004 0.084+0.01 0.064+0.012 1.3
Si (%) 0.0600 0.0480 3.76 631t
Sm 0.1540.02 0.13 0.04240.012 3.6tt
Th 0.09+0.05 — 0.0154-0.008 6.0
v 0.7540.11 0.61 0.4740.12 1.6
Zn 241+0.4 25%3 21.740.7 1.1
t Concentration in Orchard leaves/concentration in Bamboo
leaves; ft Concentration in Bamboo leaves/concentration in
Orchard leaves
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°C TixERBE ¥ 10% WL, 200°C ¢k Or-
chard leaves 73 85 %, 44 650 % LHACEK -7
BERLZRL TS, (300~600)°C T, NBWBE &
EHREML, 600°C P ETiz WAk L bBE—ED
fEXRLTWS. Zhboz nb, 200°C gijkTx
HRTRTHAHRK, ER, KR BELEIFEHRLI
AL FHARCELBE Ccdb DL EL DR 5.

T = AhBERETO 26 TRSOWT,
BEECHT2HAE CGEmBFHR & @Gk ORE HE
X bHEE) & Fig. 4 iRl #7221, Ko
TiE, B ERERRNh o icicdd, Hg OHEE
EBe X EH L.

BTREEAZ — R OB L {ETLROBRIC O
THRNB.

100 |-

50

Fraction of loss, %

H L

1 1 1 1
100 200 300 450 600 800

Ashing temp., C

Fig. 3 The relationship between fraction of loss
and ashing temperature

O Orchard leaves (quartz dish); @ Orchard leaves
(platinum dish); @ Bamboo leaves (quartz dish)

3e2:1 FZuHVEER Aol KEFBOEL
CXoTRE ol Z—VERLTCHS., BEILTK
ELEBE, BH&ILIHHEARNKEL, 450°C H»
LDEIXPBES>TVS, ChX7AHVSEREAERD
EORIGR LY, ARILPABITTICLEHEZA
5. ABRDWI L 3FRCH\THRARMBYERS 1 E
HIhTWS, foTT7Ar)SBOEERIE BEX
LOERN MU THY, FBEkriliz 57 500°C
UTFTcoR{ERBEEBHNhS. —F, HpOESC X
%E\WTiE, Orchard leaves Il UTH 4 DI 5 A%
BEEIMEV. 745 ) SBOPTCEKEOEB LYY
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Fig. 4 The relationship between elemental loss and ashing temperature

O Orchard leaves (quartz dish);

ARRWTEH 600°C Tix, 5% DBENRAEALR LG
ThhH. FOERELT Table 3 nHHLM LIS
44D 54, Orchard leaves & HE LT, —Eb+
1ROGHENH 63 f5E<L, + IV DOFEERFITHDR
B, TAhVe&BTr 1BECBTL, X TEREEC
mHbDEBbhSE. XLAEILIRET S 600°CTo
F RV Y anbevy A¥ETOERERL MEAEXIZLZO
(LEHOEREDIEF It Y A SAES T A SHY Y
A>F Y T ADIHCEE LTS, ZhbDEEMD
7Y EBOBPRICOWTIE, BILY, Xk ry v
(LD CHEEPET LT BEIDEEL L.
302:2 %, PYFEY 200°C CeFEiz 20%,
7TvFEL 10% BERL, DEEEEACIL1bH
F-FOEELYRL, 800°C it -Th Bk L.
TOHEENL, 200°C {iE T mHARFTOIR LD
LR OFEEHIEREC S DRERECEY~EE
ftlichneEzbhb. R, 7vse oKD
WT DRSO, 2 2 7Bk E, 7T vFE
VEBMUTHANICS OB B, ToOBEKER, th
Fh 10%, 5% EAPRCGIVGERELh WS, &K
WL Lo b v —9 —HRBROKEY, KBRS —K
LT\W5%Z &, Orchard leaves, 4+ & % X { %k x
—YR—=ELTBZ Enb, MOBEBAROKILTD

@ Orchard leaves (platinum dish);

& Bamboo leaves (quartz dish)

MEEOREIXTFHEINSEM, —F, WELD LB
BT, eROBRRKIEHOBRICL > TR - TH
D, TA#H 40 % DEEZRLTW5. #£-T, #HEEb
L OBRIE OV TSEORFVNREL A 5.
3:2¢3 k$R, s04H, LY, % RE hb
DOTGHEL, (110~200)°C ORI TCHEHEVBRE - T 5.
X, BEEAFHSBERORTIL, TRAECAROE
Bl o THPREL-TWB EHHBH L.
Kk 110°C ¢ # 507 #{&kL, 200°C Tk 80
%, 800°C Tz AMABEERLTEY, MBRMEEKRL X
etz — & RLTWB. 110°C &, # 50% B
KTHZ L oEYABOKBOBRE I, BEOEER
NRETHEZ ENERTE S,

7ma, vy, (R BRI, (110~200)°C Tif
KBEED (VBT D27 m a3, 600°C 5 5H4%
NERED), (200~450)°C CREEDO LRI bbb
THRERIHEML TV, Fie 500°C Ll ECizFEe
WL, 800°C Tik, /K, EFKixz 100%, 7w,
VYT 80 L BERTHEVCOIRBRRN R % — VvER
LTWw3. Zhbom#FErk, 200°C g CinEeaR
REECETE0ERMELBRTEIDL EL DR
5. X, (200~450)°C O T—EDEIEL R LI
Lk, COREBEBECIIIFEREOTREGEE L, X &
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BB THFELTWS30L Exbhb., 500°C Ll
T, BUORERCEHLoMoithEy, HETHLH#E
EINB, X, Z7esi, ARBoBEEKCI->THED
BT, k&Rt -s7T\w3%. Orchard leaves “Gii,
200°C Tz 60% LIEBBELTCVWBDOEXL, 4T
2, 600°C i THIDTHRENRORS, 7raD
BRIZOWTOHEILE {, Behne 5133, v — LEERE
D7 e s ERTHEE 220°C T 30% BETHE
DO#HEH LTk b, Orchard leaves Lt {HENL —FK LT
W5, #, Kumpulainen? {3, 51Cr # 5~ LA
— A METERYTV 7 v AR LV LR LD
TWwW5b., FHEOKEETIE, 7w 2a0BEIRMT L
BRig->TEY, BRVETHENENLZ v 20RBPT
DILEFBCKELSKETHIDEELZ RS, —F,
Bk o ERRAE ©H 5 NBS Bovine liver (SRM-
1577) © 7 v 6 D4HED (0.05~1.9)ppm ¢ kX7
BRI TRY, TORERE LTARHT, EXE
Ea%Lich PR, DAV RPCTHEBLA-E Ex
LRTWAY, Zhbo FHE L KIS ZBESHO
BIEFEE LTERAT HA I, AEORRTH L
HUD EENET L0 By BHrdd 2 N LETH
5.

324 @@, FUDAL RAEHOBEBEIOCCKIEERD
BVDZX D, HERDAx - NIRRT - TS, o
T Orchard leaves ¥4, KiLAEBROBER I L b3
BEERE EICHEERL ERLTWS. #HicownTo
b U—4—EBT, Gorsuch® [T ARTEARKE U Y &
LTWaBZ &R RWIEL, KIEDBEOBKL, BH~D
Bib2: ER KR E LT3, —F, ABRLY OEBRT
%, 600°C THESLDEFS Y, HLBOIF 10% LIk
HETH L2 RL T, Gorsuch OFERLE FEL
Twa. fLIBW, FEYRRKIET 584, 800°C
TAHAEABLCABCEE TS L2 RVWE LTV,
ABFgeCix, Orchard leaves D4, ABOBHIC L 5
EZRR DRV Z L, 450°C CHREVRBE->TWVBC
&, Y TRBRIELRVZ ELLEBR~DRMEL D
HESERFREEBbh5. vy oHg, 800°C ¢
BREIEI LW Z END, TAH ) SEBRE FER
DTHLH_BEr A BEKGELEBBEC b od D
EEzZbh3.

P Y Y ADEE, AEZLTIK{L L1 Orchard leaves
X 600°C © 409, 800°C ¢ 60% #HET22, B
X BT /KD o7 (800°C DAHFEIE, KAL
DEROERNH L BSOFRVE L ERTEh o) -
TOZEnD, HERLY, BROZSJIIAEIL~AD

B, R, A, FH G ESPRBOERKLICHE S TROHEK 603

AMEXRERE & Bbh 5.

325 IFFIEM, JERMETE ~/2vv A, Ay
Vh, RNRYVTLARETAIVLEE RAIVvOoa FvV
2V, VYA =)y A EFLETE STV
A, VKV, $E AN b, B, TAI =9 AR,
B oSN, KEARTIHT 800°C FTi, HE
Bbohith ot

I B

AR B0} 2 TROBERIL, ERITHH5HEY
ofEHE, WP TOTROLERAE, KIERE, SAH
KAEEELTEETS. AR TREHOESE, BV
RICBECOWTORELH . TOKE, %£{ox
ROV TEDEERED 4 — i, ERCHETSE
ERTEL. X, BROESIKILRE, WYpOEEL
CIKAEBBCKESEKET LS MANRB LR,
Bie7 e A0BRECOWTL, kLB ROIHND
LT ATHBN, Orchard leaves, vz B bhs k5
CHABOERICL Y KEL BB Z LS EOERTH
Ll ot #-T, HRMTGRIIIBENERMTHRY
R Lic RILEBRD 5, BERY HET S REROHHE
1%, AR TOERRBLRE LA THRVEE, EE L
HETIREY, BRESOWTERRO L SR LT
R, TREOBFEYRAEL, £6&»8B52 L
NEETHBZ EHRTD T,

ARG IMELIHAESFE L LTRESHTLE
LiEAVBR 32, BRIEOWTOERY ERICIIET
5ZErY, FYHCFIHTEL LR L.
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Losses of the elements during dry ashing of
plant materials. Nobuhiro NoNaka, Hideo Hicu-
cur, Hiroshi Hamacucur* and Kenji Tomura**
(*Japan Chemical Analysis Center, 295-3, Sanno-
cho, Chiba-shi, Chiba;** The Institute for Atomic
Energy, Rikkyo University, 2-5-1, Nagasaka, Yokosuka-
shi, Kanagawa)

Dry ashing technique has been considered to cause
potential errors due to loss of elements by volatilisation
or by reaction with the vessel. To obtain an overall
view of elemental loss, the dry ashing was applied
to the standard reference materials such as Orchard
leaves(NBS) and Bamboo leaves. The ashing condi-
tion was as follows; The temperature varied from 200
°C to 800 °C. by stepwise heating and the duration
of heating at each temperature was 24 h. Concen-

BUNSEKI

KAGAKTU Vol. 30 (1981)

trations of 25 elements in a sample were determined
by means of atomic absorption spectrometry and
neutron activation analysis using a Ge(Li) detector.
The results obtained were as follows; (1) The losses
for alkali elements were dependent on crucible mate-
rials and sample species. The losses increased with
temperature and they were serious when a silica dish
was used. (2) The loss for mercury was found above
110 °C and simply increased with temperature. On
the other hand, chlorine, bromine, selenium and chro-
mium showed complicated patterns in which the first
losses occurred at 200 °C, no additional losses being
observed at each following step of heating between
200 °C and 450 °C, and they increased again above
500 °C. (3) The losses for arsenic and antimony
occurred at 200 °C, but any losses could not be ob-
served above 200°C. (4) No losses were detected
over the temperature range studied for alkaline earths,
rare earths, vanadium, manganese, iron, cobalt, zinc
and aluminum.

(Received Mar. 26, 1981)
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(1981 4 3 A 3 E&m)

# 90°C Ok BLTAKALREERLERLF + IV - FARALELTHLEND,

2y ENLEE

DE % 800°C fHETHIMKSBL, BREECT7 y B2 2V ALEBLLHMBLTT A5 Y BB
WELLE, WA A VvROET7 ot 1 A v DA A v rn< S5 AZBELTHEERTEY v EE2F
BIrEE T s REMEL FEA2EY L. EETIRIE 1ppm, EETROK 10 HREOKEERV T »

E2ERAPOS IR F2EHBRETER T 6%,
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R VEANGBIEEENDIERET vy ROEEHEL,
HeBHRE s vALYNBRER (2 v LOSEEBRD

* BAMETT(R) RERRHIER : RS AEKSE)
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i

7 yET 2%, HWFERMIZLN 30 2Th 5

FEOGHIY CHEMERYR DD, e x v xArhD T
y ROERFEE, HAIEHHE JIS H 1698 (1976)
CHIBERT WS, Thbd7 o ZEOERHECIE, 3
MKFED~O-5 w2 v7YVFY vavFvr Vg
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