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Is Activation Analysis Still Active?
HEREREREM VI 4% 27

Over sixty years have passed since Hevesy and Levi first
utilized a neutron source to analyze gadolinium in a mineral
containing rare earth elements by neutron activation analysis
technique (NAA) in 1936. No doubt, the NAA has played a very
important role in science and technology, especially at its early
development stage as a unique analytical arsenal characteristic of
nuclear properties . Its extremely high sensitivity for most
elements in the periodical table, good accuracy and precision, non-
destructiveness, less matrix effect and multi-elemental analysis
ability, etc. are so fascinating that the NAA has become an
authorized method in the field of trace elemental analysis, even the
sole selection in some cases, e.g. activable stable isotope tracing, in
vivo analysis, etc. However, with the development of other non-
nuclear analysis methods in recent years, e.g. ICP-AES, ICP-MS,
LAPIS, the NAA seems to lose the past eminence. Naturally, a
question arises: Is Activation Analysis Still Active?

1. Instrumental Neutron Activation Analysis (INAA)

With the advent of high purity Ge detector, the INAA has
become a main member in the nuclear analysis field. Due to its
simplicity and good accuracy, it has been accepted as a
recommended method in certifying the reference materials and
applied in multidisciplinary studies, from extraterrestrial matter to
deep-sea sediment, from large archeological relics to very fine
atmospheric particles, etc. However, some major obstacles are still
present which hinder its development as follows:

a. Sophisticated hardware. Most reactors used for INAA in the
world are so huge and expensive that it is very difficult to access
for non-nuclear scientists

b. Radiation damage and radioactive waste.

c. Time-consuming and relatively expensive..

To overcome the first obstruction, a compact reactor,like the
Canadian SLOWPOKE and Chinese MNSR(Miniature Neutron Source
Reactor), should be exploited. In fact, they can be more or less
regarded as a neutron source instead of a reactor, which are so safe
that they are permitted to be installed at hospitals, universities,
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even in the downtown area. Their price is comparable with other
analytical facillities, at least not much more expensive than others.
For example, the Chinese MNSR costs about USD 600000 to 800000.

To solve the second and third problems, the INAA based on
short-lived radioactive nuclides should be thoroughly studied. As
an alternative, it can be combined with simple preconcentration
procedure to improve its sensitivity and selectivity.

Consequently, the INAA is still a unique analytical tool in the
fields of major, minor, trace and ultratrace elements.

2. k, method

In the past twenty years a number of NAA groups, mostly in
Europe, are involved in establishing this method, which is regarded
to hold the following merits:

a. The troublesome preparation of chemical standards can be
avoided.

b. The radioactivity counting time for standards can be saved.

c. Quantitative results for elements, but absent in chemical
standards can be obtained.

d. Some nuclear parameters, e.g. the cross section of neutron
capture reaction and the photon abundance of the gamma-ray
emitted by the radioactive nuclide, can be re-evaluated.

In fact, the main purpose of the k;, research is to simplify the
routine INAA steps without any special sense of science. Moreover,
nowadays the NAA is very hard to serve a routine analysis due to
a few reactors available for NAA. In addition, it iS not very
complicated to prepare the chemical standard for the comparative
method of INAA with good accuracy. Thus, there are still different
opinions about the k, method.

3. Prompt gamma-ray neutron activation analysis (PGNAA)
Although its poor sensitivity for most elements, high
radioactive background and complicated gamma spectrum, the
PGNAA is developing rapidly due to the improvement of the
facility, use of cold neutron and alleviation of background level,
which has made it as a unique supplement to the conventional
INAA, especially for analysis of H, B, Cd Sm and some others. It is
worthwhile to mention the related work in USA, Japan and
Germany. The very fascinating feature of PGNAA is to be able to
non-destructively analyse large samples, and this method will find



a broad application in archaeology. Another potential application
field of PGNAA will be in radiotherapy via a boron-containing
complex selectively absorbed by cancer tissue.

4. Radiochemical Neutron Activation Analysis (RNAA)

The use of RNAA is unlikely to expand significantly in near
future, but will remain in specialized areas, e.g. determination of
platinum group elements (PGEs) and biologically essential trace
elements at low level. Up to now the RNAA is still the only way to
be able to analyse all 6 PGEs in various matrices, although the ICP-
MS and NTIMS are constituting a true threat to RNAA

The role of RNAA in the analysis of rare earth elements is
fading, but it is still superior to other techniques in the analysis of
REE in small samples, e.g. in human tissues and serum.

The determinations of some essential trace elements, e.g. Cr, I,
V, Mn Co, etc. highly rely on RNAA, especially at ultratrace
level(e.g. in serum and sub-cell fractions).

5. Molecular activation analysis (MAA)

The term of MAA refers to an activation method that is able
to give information about the chemical species of trace elements in
systems of interest, though its definition has remained to be
assigned. Its development is strongly stimulated by the urgent
need to know the chemical species of elements. Total concentrations
or contents are often without any meaning when assessing health
or environmental risks or in the explanation of geochemical
processes. The wildest meaning of the species, applied to chemistry
of trace elements, would be their ionic or molecular forms in
systems of interest. Another related word, speciations, means their
transition, transformation or alteration of one species into another.
Recently, the study of the chemical species is implicitly increasing.

The MAA is able to play a particular role in the species
studies. But the critical point in the MAA is that it is not permitted
to change the original chemical species of elements in systems, or
the change has to be under control; in the meantime not allowed to
form the "new artifact” originally not present in systems.

Some latest practical examples of the MAA are in the studies
of the essential elements (Cr, Fe, Co, Se, I), toxic elements(Hg, As)
and unknown elements (REE and PGEs) in life science.
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The important biological effects of chemical species of
essential and toxic elements in environmmental and biological
systems have given a strong impetus to develop the MAA and will
further enhance its necessity, and for the foreseeable future it is
difficult to imagine how such studies can be pursued without a
heavy reliance on the MAA. The major reason is that the sample
amount used in the studies of chemical species is usually quite
small.

6. Comparison of NAA with other analytical techniques

Comparing analytical methods for trace elements is always
very difficult. In fact, each coin has two sides and every method has
its own merits and drawbacks. One has to take account of the
following factors while doing this comparison:

a. sample matrix (solid, liquid, particle, soft tissue, etc.);

b. sensitivity, accuracy and precision;

¢. contamination danger and blank correction;

d. available sample amount;

e. speed and cost;

f. multi-elemental analysis ability;

g. possibility of chemical species study, etc.

Another important factor in the selection of analytical
methods is the personnel expertise.

Anyhow, the NAA is a valuable technique due to its nuclear-
oriented character, unlike other techniques based on the atomic
behaviors. Thus, as an independent arsenal, it will continue to
occupy a reasonable positdon in the analytical kingdom. As K.
Heydorn pointed out, the field of activation analysis will remain as
active as ever, even though it has reached maturity.
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comments and careful revisions .
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BaTiO, (0.206) 20.4 97.2 98.2

100.0
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99.9
99.5
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Fig. 1 7y -ray Spectrum of Shiraki (Sapium japonicum) measured 3 minutes
after irradiation.
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B2, TORR, WHEAREICH 5 HERKFBETRHEERCRILZ by 54 79
oY i2iE, ABCERERISZVIZHH2D 5T 100 ppmd D Co BEF R
TWwH IRV L7, —f&IC, Co B/ TLVWEBOMY D Co &8I
0.001~1.0 ppmDEHIZH 5 DT, MERAFHEERCTREL T T FIFRWICH
REDCoZFATVSE Z LD b o7z, Fig 21 MERBE L TEBICHIE LY
FTXEDy WART PVEERRT, SOARY N5 AIEHGOWETH B, Co
Dy MIANVE—DPETEL2O, MOREFGHED y Y — 7 HCona > 7}
YHELC L o TIHIE SR, ERTERDPo-HELRLTVS, Thbb, ¥ 5%
DEIIICoNHEEILEB LTI EHMEITH B, 72 M7 ¥ A 7 HFAEY
D—EDOPERR B D ¥ 5 X DIOHB D Co DMk H% Table 2—1,2—2 12
RYo TORPLD MTTA T HROMPIE OB LY & CoZ £ E&H, Co

DEBFEHEI N5 A VRO ICHBEL-BAOBRETHAI LB HELh L
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Fig.2 y -ray spectrum of Shiraki (Sapium japonicum) measured 50 days
after irradiation.

Co FMI b 7347 L7ZTER DI, FEDHY IS HBEOMPICEETNTVD LD
DBELPIIBVEBETCRWEZ SN D72, ThE6DBEHITTHRLE, YT
F 5 L (Populus sieboldil)® ¥ F XA Zn #ERLTBY., EF /PO XV 7
(Irex crenata) dZn ODERHY TH o772 MnOERHYIZ. ChFTTYNNFEOY
INX-(Camerllia japonica ), ¥ ¥ % ¥ (Eurya japonica), 7 % (Camerllia sinensis), ¥



Table 2-1 Concentrations of Cobalt in Euphorbiaceae
except for Sapium japonicum

Sample | Co Conc. Site
Botanical Name (ppm)
Glochidion acuminatum 64.0
47.5
Antidesma japonicum 26.5
Glochidion obovatum 211
272
Vernicia fordii 15.6
2.63
Glochidion zeylanicum 13.4
13.2
2.37

Japanese Name
Urajiro kankonoki

Yamahihatsu
Kankonoki

Shina aburagiri

Kakiba kankonoki

Hirami kankonoki
Akahada kobannoki
Nankinhaze

Akagi

Glochidion rubrum
Nargaritaria indica
Sapium sebiferum

Bischofia javanica

6.71
5.70
5.62
2.24
3.05

2.12
1.83
1.83
1.45
1.18
0.881
0.431
0.413
0.388
0.366
0.179
Nallotus japonicus 2.66
0.102
0.102
0.0427
0.0306
0.0257

Akamegashiwa

OO0 O 00O QAQO MDD MDY TVQM OO ITOHLODH MMM

: Experimental Plantation of Faculty of Agriculture, Univ. of the Ryukyus,
Okinawa Prefecture (Pareozoic)

: Okinawa Prefectural Forestly Experimental Station, Okinawa Prefecture

: Iriomote Island, Okinawa Prefecture (Sandstone)

: Mt. Heto, Okinawa Prefecture (Sandstone)

: Miyako Island, Okinawa Prefecture (Limestone)
Ishigaki Island, Okinawa Prefecture (Granite and Andesite )

: Research Reactor Institute, Kyoto University, Osaka Prefecture

: Experimental Field in Kyoto Univ. Campus (Granite)

i : Yamanaka Pass, Kyoto Prefecture (Granite)

¥ 51( Camerllia sasanqua), %z ERLO5NT WA, TNHLOMIZ, YAFRTIT 7
75 (Acanthopanax siadophylloides)DsV XX E X ) b BVWEEDOMu T ER L TV 5
CEDHBA LIz, 2L 2T T T T2 25000 ppm b D Mn EEKL TWGE
BHolz, T3 775 X DEREIMMEND, ¥4/ Y A(Evodipanax innovans)R¥>
NNEREFEEMaE B L TV EDFHZICHBE Lz, 20iE», 77 = FEk
PREEICER L CW Y OB L LT, I ¥ (Dicranpteris dichotoma), 77 U
(Gleichenia japonica)BS R \N72 S N7z,

Q0

. TQ 2000 0C



Table 2-2 Concentrations of Cobalt in

except for Sapium japonicum

Euphorbiaceae

Sample

Co Conc.

Japanese Name

Botanical Name

(ppm)

Site

Midori sango

Kuroton

Iriomote nishikiso
Sango aburagiri
Kyassaba

Komikanso
Enokigusa
Syojoboku

Amami hitotsubahagi
Urajiro akamegashiwa

Oobagi

Shima yamahihatsu
Maruba akarifa
Akarifa
Sankakukirin
Shima shiraki

Kobano nishikiso
Teikinzakura

Euphorbia tirucalli

Codiaeum variegatum

Eupnorbia thymifolia
Jatropha podagrica
Manihot esculenta

Phylianthus urinaria
Acalypha australis
Euphorbia pulcherrima

Securinega suffruticosa
Mallotus paniculatus

Macaranga tanarius

Antidesma pentandrum
Acalipha wilkesiana

Euphorbia neriifolia
Excoecaria agallocha

Euphorbia makinoi
Jatropha hastata

1.94
0.0983
0.845
0.621
0.462
0.354
0.622
0.461
0.425
0.186
0.0619
0.389
0.388
0.238
0.224
0.109
0.211
0.211
0.0961
0.0613
0.177
0.161
0.144
0.0675
0.164
0.120
0.0531
0.0924
0.0508
0.0262
0.0507
0.0227

TQ O OTTOA -0 00O 0@ OT®®» OOD®DO TTT OT O®

- FTao~~000 0T ®

: Experimental Plantation of Faculty of Agriculture, Univ. of the Ryukyus,
Okinawa Prefecture (Pareozoic)
: Okinawa Prefectural Forestly Experimental Station, Okinawa Prefecture
: Iriomote Island, Okinawa Prefecture (Sandstone)
: Mt. Heto, Okinawa Prefecture (Sandstone)
: Miyako Island, Okinawa Prefecture (Limestone)
: Ishigaki Island, Okinawa Prefecture (Granite and Andesite )
: Research Reactor Institute, Kyoto University, Osaka Prefecture
: Experimental Field in Kyoto Univ. Campus (Granite)
: Yamanaka Pass, Kyoto Prefecture (Granite)

—RICEBHEPOERIZ, BEOHPYIIRVWEINLI RS ENHE*B2 28
DEFTLREZATOIHEP L ENTWE, L L, COERIIEBHET, BRT5
LY OTEREEZFNFEFT L TV ATERZORM THLEADTESE
DEBRZZ D, L7choT, HEOTEEEPELNIHYICE I NI TESE
WZODERPEL S0, BeIZTHFMARZEOTEH ORI L - RE % L%
A L2V ERRUEZRTERELPERIIIERTE RV, #2C, HatICEBHY
PRETIHEERAT DL IC Lz BEOTEMBORL: 5 180 S - &
HL72ZRBOMB DS, £ EZ RV T7-0088E LTUTO LD 2 FES

RALZ, $hbb, MUOTLREEEZ Vo ZAMNBUCERL, ZOEHMED 5 F



PVEBLUVBEEFEELD LD, BUZOMEr LU LY D LD, DEIZZDF
BEICERREZO 2HEOEZMEL, ThID BV EEEEL R LY E Z0
TEOFEHB L7z 29 LTRELZZMEWREOFIZIE, SBICHIT72 Mo R Zn O
BRI IBEN 2 B EN 20T, EFREWOREFEL LTAHSTH 5
EBLIbhb, LeL, EFEYZOLODOEHRLTWHEICT HI121F, ELHIZEHD
P OWTHNBERE L2 iER b, B ot HBIZAFT T LMY
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HELPE RoTEFHYICERINLITHEICIT, MPOLETTRE, LHETIE
BWIEREDNH o720 BIZIE Mo R Zn 3HYWOLETLRKTHAHD, CoR®T V¥ =
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Oral Sessions

Activation analysis techniques

Quality assurance and reference materials in radioanalytical chemistry

Non-radiometric methods for determination of long-lived radionuclides

Actinides in biological and environmental systems

Advances in instrumentation

Applications of radioanalytical methods to biological and clinical systems

Analytical and separations chemistry of actinides

Radium and radon measurement

Environmental radioactivity

Advances in software routines

Radiochemical methods and production of radionuclides

Applications of nuclear techniques to non-proliferation treaties and weapons
detection

Waste and fuel cycle applications

Application of nuclear techniques to environmental systems

Poster Sessions

Advances in instrumentation

Field portable instrumentation

Non-radiometric mehtods for determination of long-lived radionuclides

Actinides in biological and environmental systems

Analytical and separations chemistry of actinides

Advances in software routines

Activation analysis techniques

Radiochemical mehtods and production of radionuclides

Application of nuclear techniques to environmental systems

Quality assurance and standards in radioanalytical chemistry

Radon and radon measurement

Environmental radioactivity

Waste and fuel cycle applications

Applications of nuclear techniques to non-proliferation treaties and weapons
detection

Applications of radioanalytical methods to biological and clinical systems
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13th Radiochemical Conference

1. BAfEH : 199844 H19~24H
2. BAfEH . Marianske Lazne-Jachymov, Czech Republic

3. hEw & X : Chemistry of natural radionuclides, discovery of radium and polonium
Radionuclides in the environment, radioecology
Activation analysis and other radioanalytical methods
Ionising radiation in science and technology
Chemistry of actinide and trans-actinide elements
Separation method, speciation
Production and application of radionuclides
Radiochemical problems in nuclear waste management

4. T7TARS T MREYID  19974E9H15H

5. #4&4¢ : 13th Radiochemical Conference
c/o Department of Nuclear Chemistry
Czech Technical University in Prague
Brehova 7, 115 19 Prague 1
Czech Republic
FAX: (+42 2) 232 0861
Email: radchem98@br.fjfi.cvut.cz

6. 1 > —% v hik—A~R— ; http://www.fjfi.cvut.cz/~john/radchem98.html
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NTT Opto-Electronics Labs.  Materials Technology Lab.
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