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Introduction to Korean Association of Activation Analysis (KA3)
Prof. Jin-Hong Lee
Chairman, Korean Association of Activation Analysis

Department of Environmental Engineering, Chungnam National University, Daejeon 305-764, Korea

The utilization of Neutron Activation Analysis (NAA) in Korea was implemented after the operation of
the TRIGA Mark II (100 kW) research reactor, KAERI, Seoul in 1962. The Korean Association of Neutron
Activation Analysis was actually commenced by the management of the NAA laboratory in KAERI as a
study circle from 1993. At that time, a research association for activation analysis supported by STEPI,
Ministry of Science and Technology (MOST), Korea, was formulated to promote the standardization,
practical utilization and industrial application of NAA by the participation of domestic experts in a variety of
application fields. From 1993 to 2003, the activities of the research association, so called the NAA Peer
Group in the HANARO Application Center, KAERI, has been concentrated on the development of advanced
neutron activation analysis technologies, enhancement of their utilization, expansion of the NAA users and
so on. By the end of 2003, the NAA peer group was changed to the Korean Association of Activation
Analysis (KA3) and an advisory group was reorganized. The members of KA3 consists of more than 25
expert members and they are divided into six specific research and application fields such as the environment,
industry, human health, standard reference material, social and cultural applications and prompt gamma
activation analysis (PGAA). The objectives of KA3 have been fulfilled so that it can contribute to advertising
as well as promoting research and development with respect to NAA and the related fields. Major activities
conducted by KA3 over the past several years can be summarized as follows; (a) issuance of a newsletter or
collected scientific articles with NAA and the related methods, semi-annually (b) regular meetings including
seminars and training (c) information exchange of scientific issues between the members, and the provision
of suggestions for the progresses of KA3 (d) other related activities. In the future, KA3 will make further
efforts to promote the NAA applicability nationally and establish close international cooperation and
- relationships to seek out collaboration works for the upgrading and innovation of the technology with foreign
counterparts.

For this special event, KA3 would like to introduce the current status of the utilization of the reactor

neutron activation analysis in Korea and some recent papers on the application of NAA.



Utilization and Facilities for a Neutron Activation Analysis
at the HANARO Research Reactor in Korea

Jong-Hwa Moon, Hyun-Je Cho, Sun-Ha Kim, Seong-Yul Baek and Yong-Sam Chung

Korea Atomic Energy Research Institute
P.0O.Box 105 Yuseong, 305-600, Dagjeon, Korea

Abstract

Since the commencement of the HANARO operation in 1995, some reactor systems have been gradually improved
for a stable operation of the reactor. The experimental facilities for a neutron activation analysis (NAA) have been
developed and installed to achieve the best measurement capability. That is, the automatic and manual modes of a
pneumatic transfer system (PTS) were installed at three irradiation holes and tested to setup the optimum irradiation
condition. In addition, gamma-ray measurement systems have been used for the analyses of samples by a quality control
system. As a result, they have been effectively used during the past ten years. A device for a prompt gamma neutron
activation analysis (PGAA) became available from 2002 for boron analysis in Boron Neutron Capture Therapy (BNCT)
and other light elements in solid materials. Recently, a ko-standardization method was applied for more quantitative
analysis. The examples of applications and international laboratory accreditation (KOLAS-ILAC) of NAA are also
described. In addition, a delayed neutron activation analysis (DNAA) system will be installed by the end of this year.

Keywords : HANARO, Neutron Activation Analysis, Prompt Gamma Activation Analysis, Delayed Neutron
Activation Analysis, Quality Control System, International Accreditation Scheme

Author’s E-mail : jhmoon1@kaeri.re kr;hjcho@kaeri.re.kr;yschung@kaeri.re kr

1. Introduction

HANARO was designed as a powerful multi-
purpose neutron source that can provide a high
neutron flux for various applications. As a nation-
wide neutron research facility, HANARO is now
successfully utilized in various fields including
neutron beam research, fuel and material tests,
radioisotope production, neutron activation analysis,
and neutron transmutation doping, etc. [1-2].

More. detailed information is available at the
HANARO home page for users.
(http://hanaro kaeri.re kr; hanaro4u kaeri.re kr)

After the construction of the HANARO research

reactor in 1995, experimental' facilities have been

installed for a NAA. Generally, a NAA system
consists of an irradiation facility such as a pneumatic
transfer tube, vertical and horizontal irradiation tubes
and a neutron beam guide for a PGAA, a gamma-ray
measurement system and some NAA software for a
gamma spectrum analysis and calculation of a
component, chemical laboratories for a sample
preparation or radiochemical separation, etc.

The prompt gamma neutron activation analysis
(PGAA) facility has been under design from 1999
and it was installed in 2002. Detailed information is
available from the published papers [3-7] and
elsewhere in this journal.

Delayed neutron activation analysis (DNAA) is

well known as a powerful method to determine fissile



elements such as U and Pu in suspicious samples.
DNAA system has been designed in collaboration
with the National Nuclear Management & Control
Agency of Korea and it is additionally to be installed
in the PTS by the end of 2005.

This paper is written to introduce the current
status of the utilization and facilities for a neutron
activation analysis at the HANARO research reactor
and the applied research and development by using a

NAA in Korea during the past ten years.

Fig. 1. Irradiation Holes for NAA in HANARO.

2. Irradiation Facilities

A pneumatic transfer system (PTS) is one of the
facilities to be used in an irradiation of a target
material for an instrumental neutron activation
analysis (INAA) in a research reactor. As for the
irradiation facility, the automatic (PTS #2) and
manual modes (PTS #1) of the pneumatic transfer
systems were installed at three vertical irradiation
holes within the reflector of HANARO in 1997. The
positions for each irradiation hole (NAA #1-3) are
shown in Fig. 1. The neutron of the NAA #1
irradiation hole is thermalized well. The irradiation
tube of the NAA #2 irradiation hole was lined with
Cd for an epithermal neutron activation analysis. Fig.

2 represents a schematic diagram of the PTS. PTS is

a simple shuttle system and operated by a pressurized
nitrogen gas and a manual and automatic controller.
The transfer time of a rabbit from a loader to an
irradiation hole is 9 seconds, and when a rabbit is
withdrawn, it takes about 4 seconds in the case of
PTS #1.

Unfortunately, the Cd-lined irradiation tube for
the epithermal NAA became unavailable in 2002 due
to a depletion and contamination of Cd. One of the
PTS (PTS #3) was remodeled in 2004 and the new
designed PTS #1 and PTS #2 with a DNAA system
will be reinstalled to improve the accuracy of the
transfer time and the safety of its operation at the end
of 2005.

NAA 17 Manusl zystom
NAA 2: Adutomatic systern, Cif
PINaA 3: Automatis systern

Fig. 2. Schematic Diagram of PTS in HANARO.

Characteristics of the NAA #1-3 irradiation holes
in the operation of 30 MW, power are summarized in
Table 1. Thermal, epithermal and fast neutron fluxes
are measured by using high purity metal monitors
like Au, Zr, Co, Ni, etc. The temperature on the
irradiation position of the PE rabbit has to be limited
to less than 80 C because the melting point of the
PE is about 120°C. The temperature of the irradiation
site was measured with the irradiation time using the
thermo-label for the inside and surface of the rabbit
with and without a sample during an irradiation. The
measured temperature was in the range of 50 to
70 C. For the safety of an irradiation, the optimum

irradiation time was estimated as 4 hours. The Cd-



ratio, Rcy, using Au-198 was determined by the a
comparison of the activities created from a bare and
Cd-covered monitor irradiation. The thermal neutron
flux of NAA #1 is 3.0 x 10" n-‘cm™'s™ and the ratio
of the thermal to epithermal neutron is more than
1000. The cadmium ratio was about 80.

Table 1. Characteristics of NAA #1, #3 Irradiation

Holes (30 MW).
Items Specific Feature
NAA #1
Neutron Flux, Thermal 3.0 x 10" n/cm®.sec
Epithermal | 2.8 x 10" n/cm® sec
Fast 3.9 x 10" n/em?.sec
Cd-ratio of Au-198 80
Temperature 50~70 T
Max. Irradiation Time ~ 4 hrs
NAA #3 2
Neutron Flux, Thermal 1.3x 10ll n/cmz.sec
Epithermal 1.5x 10" n/cm”.sec
Fast 9.1 x 10'° n/cm? sec
Cd-ratio of Au-198 10

A rabbit and sample vials were home-made by a
(HDPE) with a

consideration of the impurity level as well as a

high density polyethylene

physical stability. Fig. 4 shows the rabbits and vials

used for a sample irradiation.

Fig. 4. Rabbits and Vials for a Sample Irradiation

The capacities of two difference rabbits with PTS are
35 mL and 60 mL, respectively. In addition, there are
seven kinds of vials which have volumes from 0.5
mL to 10 mL. These vials can be more effectively
used by a combination of them for many samples at a

time.

3. Measurement System

-3.1 Gamma-Ray Measurement System

The measurements were carried out using a
calibrated gamma-ray spectrometer (HpGe detector,
GEM/GMX series and 919A MCB, Gamma Vision
software, EG&G ORTEC). Energy and efficiency
calibrations were done using multi-nuclide reference
sources (Isotope Products Lab., ML 7500 series,
0.118" active diameter, disc type) traceable to NIST
(National Institute of Standards and Technology,
U.S.A). Since 1995, the number of advanced gamma-
ray spectrometers has been increased according to the
increasing demands. NAA Software for a data
acquisition and quantification of an elemental
concentration has also been upgraded from a DOS
version to a Windows version. Among them, two sets
of gamma-ray spectrometer with an automatic sample
changer have been operated especially for the
detection of medium and long lived nuclides. These
systems which allow for the carrying out of an
automatic counting up to 40 samples were designed
and manufactured. An example of the gamma-ray
measurement systems with an auto-sample changer is

shown in Fig. 3.

3.2 Data Acquisition and Calculation

From a report ﬁlé of a measured spectrum
(Gamma Vision, EG&G ORTEC), the elemental
concentrations in the samples were absolutely
determined by a software program available in the
Windows environment, so called POWER-NAA,



which was developed for a fast and accurate

calculation.

i Zos

Fig. 3. Gamma-ray Spectrometer with Automatic

Sample Changer.

The data for the operation of this program
consists of the detector efficiency, nuclear data, count
rates of the interesting gamma-ray energy and the
thermal neutron flux. The determination of the
elemental concentration using POWER NAA is based
on a radioactivity creation formula. Fig. 5 represents
the main display of the POWER-NAA program.
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Fig. 5 POWER-NAA Program

4. ko-Standardization

Recent advances and applications of the k,-NAA
technique have been published elsewhere by other
authors.[8] In our laboratory, a feasibility study was

carried out for the application of k,-NAA and the
determination of the corresponding 4o-parameters of a
well-thermalized NAA#1 irradiation hole at the
HANARO research reactor and the results were
réponed in a previous work.{9-10] A comparison of
the analytical data determined by three k-NAA
programs, KAYZERO-SOLCOL, k-
ADVNAA, k-DALAT, is carried out using airborne

software

particulate matter collected from an urban site and the
certified reference material of the air filter to evaluate
the accuracy as well as the convenience and
simplicity of the analysis. This year, the applicability
of k-NAA to the NAA #3 irradiation hole was
implemented and the neutron spectrum and ko-
parameters are presented in Table 2. These k-NAA
software and ko-parameters for the NAA #1 and #3
irradiation holes of the HANARO were applied to the

analysis of environmental and biological samples.

Table 2. Neutron spectrum and ko-parameters of
NAA #3 irradiation hole of HANARO.

Parameters Mean S.D.
« 0.1545 0.0524 (33.9%)
f 91.0 32.1 35.3%)
fr 1.633 0.303 (18.5%)
Tn (°C) 18.24 5.70 (31.2%)
Asp(Au)/ep 4.151 x 10" 4255 x 10" (1.0%)
®th (n.cm?.s?) 1.262 x 10" 2.892 x 10% (2.3%)
®epi (n.cm>.s™) 1.495 x 102 4.691 x 10" (31.4%)
Of (nem>.s7) 9.057 x 10" 1.697 x 10" (18.7%)
5. Applications

Analysis
(INAA) has been one of the most important methods

Instrumental Neutron  Activation
for a reliable and accurate, and more or less sensitive
determination of a number of elemental constituents
in many complex-matrix materials and has rapidly

extended its application in various scientific and



technological areas. NAA has been applied to the
trace, minor and major component analysis of nuclear,
geological, biological, environmental and high purity
certified reference material (CRM),

forensic samples,

materials,
archaeological materials, and
various polymers for the standardization and the
validation of the method as well as research and
development in Korea [10-23]. The results from the
utilization of a NAA and PGAA are presented in
more than 50 papers and technical reports every year,
and the highlights are published in the HANARO

Newsletter.

Fig. 7. Applications of NAA in Korea.

Annual statistics of the NAA utilization are
presented in Fig. 6. More than sixty NAA users in
Korea are registered as a member of the peer group of
the NAA in HANARO and Korean Association of
Neutron Activation Analysis.

Recently, an analytical quality system of the
NAA has been established as an international
accreditation laboratory (KOLAS-ILAC) according
to ISO/IEC 17025 technical and management
requircments and a mutual recognition agreement
(MRA).

NAA laboratory has carried out the international
cooperation for the IAEA/RCA, FNCA programs to
assess and compare air pollution levels in
strategically chosen areas by the use of nuclear and
complementary analytical techniques to identify and

apportion critical air pollution sources and to

accumulate accurate air pollution data for a future
work on trans-boundary transport of airborne
particulate matter and collaboration projects between

nations and international organizations.
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Fig. 6. Annual Statistics of Utilization in Neutron
Activation Analysis

6. Conclusion

During the past ten years, the NAA facilities in
HANARO have been successfully utilized for the
purpose of basic and applied researches. Nowadays,
the irradiation facilities and measurement systems are
being amended for a further effective use and a much
safer operation in accordance with national demands.
The utilization of the NAA is promoted in a variety of
fields and by both internal and external users.
International cooperation programs and collaboration

works will be enhanced.
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Abstract
The prompt gamma-ray activation analysis (PGAA) facility was initially installed on the ST1 beam port of the

HANARO for a BNCT study from 1998 to 2001, and it was reinstalled in 2003, The neutron flux is 2.5 x 10° ncm™s™ at
30 MW and the beam size at the sample position is 2x2cm’. The detection of the gamma-ray spectrum is a Compton
suppression system which is composed of HPGe and BGO/Nal(Tl) detectors. The functional information of the PGAA
system is described including the specifications of the system, the calibrations, the sensitivity and detection limits and

the measurement uncertainty.

Keywords : HANARO Research Reactor, Prompt Gamma-ray Activation Analysis, Compton suppression, Boron,

Hydrogen, Element Analysis
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1. Introduction

In Korea, the prompt gamma-ray neutron
activation analysis (PGAA) system was firstly
installed and operated at the TRIGA Mark-III
research reactor, Seoul, KAERI in the 1980°s.[1-2] At
the HANARO research reactor, a new PGAA system
was initially installed on a platform located at the exit
of the 4 m long ST1 tangential beam port in 2001 and
modified to obtain a high quality neutron flux and a
low background in 2003.[3-8] The thermal neutron

‘beam is available by using pyrolytic graphite (PG)
crystals which are used to extract the thermal beam
by the method of a Bragg diffraction with the Bragg
angle set at 45 degree. The diffracted beam is moved
vertically 1.5m from the lower crystal to the sample
position.

The fields of the present utilization are the boron

analysis of tissue and cancer for the BNCT, DNA cell

for nuclear medicine, the elements of boron and
hydrogen in standard reference materials, biological
and metal samples, environment samples and
explosive materials and so on. The analysis of other
light elements of sulfur, phosphorus, carbon, nitrogen
and silicon are in progress.

This paper is to describe the functional
information of the PGAA system in detail.

1.1 Beam Flux

The beam size of the ST1 horizontal beam tube is
120" x 60" mm?, the unperturbed beam occupying the
central 60"x60” mm® area passes to a polarized
neutron spectrometer (PNS) as shown in Fig. 1. Each
of the 30" x 60" mm” of the upper and lower sides are
used for the PGAA. The size of the crystal is 35" x
22" x 4 mm’, occupying a beam area of 70" x 66"
mm®. The thermal neutron flux at the crystal position

with a 2.5 mm interval from the central position to



the edge was measured by gold activation wires and
it was about 10'° n-cm™s”. Neutron flux distribution
at the PG crystal position in the ST1 beam tube is

shown in Fig. 2.

PG ot position

Fig. 1. Neutron flux distribution at PG position and
front view of PG crystal setting.
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Fig. 2. Neutron flux distribution at the PG crystal

position in ST1 beam tube.

1.2 PGAA System

The neutron beam can be controlled by two kinds
of beam shutters, one is placed at the ST1 tube as a
main beam port and the other is to control the
diffracted beam. The latter, PGAA beam shutter
which is placed in the bottom lead frame to control
the diffracted beam reduces the dose rates in the
beam to negligible levels. Samples are inserted and
removed using a manual operation, while the neutron
beam is turned on, via a sample holder. The sample
holder reliably positions the sample inside the lead
wall, while keeping the user’s body at a distance from
the neutron beam.

The shielding materials used within the sample
position are natural LiF tiles to avoid scattered
neutrons towards the detector followed by 10 cm
thick lead bricks

background. The gamma-ray detector is located at

to reduce the gamma-ray

about a 25 cm distance from the sample and is placed
on a perpendicular line with respect to the beam
direction. To reduce the influences of the background
by the scattered neutrons, enriched lithium tiles
(°LiF) were attached in front of the HPGe detector in
the direction of the gamma-ray emitted from the
sample. The measured effective wavelength and
velocity of the beam are 1.78+0.01A and 2191+£15
m/s, respectively. Flux uniformity of within 4 % is
achieved in the central area of 1x1 cm® of the total
beam croés section of 2x2 cm”. A detailed layout of
the PGAA facility is shown in Fig. 3.

2. Detection Assembly

In the measurement of the emitted prompt
gamma-rays, the detection system was composed of a
HP Ge detector (GEM-30190 EG&G ORTEC,
relative efficiency 43 %) surrounded by eight
bismuth-germanate (Bi;Ge;0;,: BGO) detectors plus
two Nal(T1) scintillators (5.75HW6.30 BGO/Nal(T1)/



(8) 1.5-x, BICRON) in order to reject the Compton-
scattered photons.

The BGO detectors are covered with an
aluminium case and shielded by 10 cm of lead to stop
the gamma radiation appearing near the scintillation
detector. This is surrounded with a 10cm boron sheet
to shield the detector assembly from the thermal
neutrons. A 10 cm thick borated polyethylene (BPE)
and boron sheet were also added to reduce the
variable background in the capture spectrum
produced by the thermal neutrons interacting with the
aluminium barrel, the lead shielding and the detector

photomultiplier.

Fig. 3. Schematic layout of the PGAA system on the
ST1 beam port at HANARO.

A HP Ge detector is placed in front of the sample
position at 90 degree to the path of the diffracted
neutron beam. The sample position is surrounded by
shielding material comprised of a 2 cm natural LiF
plate in a lead wall. This is considered to limit the
unnecessary photons produced by neutrons that
scatter from the sample and interact in the lead
shielding surrounding the detector. The end of the HP
Ge detector faced with the sample is shielded by 10
mm thick enriched LiF tiles. These shields serve to

protect the HP Ge detector from a slow neutron

damage, and absorb the neutrons without the
subsequent generation of capture gamma-rays.

The sample vial used is a thin sheet of 26 pum
thick and 10 mm dia. made of Teflon material. The
background spectrum of Teflon is shown in Figure 4.
The spectrum of Compton and a single mode for the
standard reference material (NIST SRM, Spinach

leaves) is shown in Figure 5 for comparison.
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Fig 4. Background gamma-ray spectrum measured

for an empty vial.
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Fig. 5. Comparison of the spectrum emitted from
NIST SRM (Spinach leaves) sample.

3. Calibration
3.1 Efficiency calibration
The full energy peak efficiency curve of the PGAA
spectrometer was calibrated both by the conventional
method using the standard radioactive sources and by
measuring the prompt gamma-rays from the

neutron capture reactions. A 43 % HP Ge detector



(EG&G ORTEC) connected to a PC based 16k MCA
(919 MCB, EG&G ORTEC) is used for counting the
prompt gamma-rays. The resolution of the detector is
2.2 keV at 1332 keV ®“Co. The MCA has been
calibrated in the region up to 11 MeV using the
delayed gamma-rays from “Eu and ®’Co and the
prompt gamma-rays from *°Cl. In the low energy
region of 60~1408 keV, '**Ba, '*Cs, '*'Cs, “°Co, *'Co,
52Eyu and > Am were used to generate the absolute
full energy peak efficiency curve. A third polynomial
was used for the energy calibration. In the high
energy region of above 1 MeV, the sample for the

measurement of the prompt gamma-rays was

prepared from a mixture of ammonium chloride and

melamine powder. The sample packed in Teflon
(polytetrafluroethylene-PTFE) was irradiated for
about 3 hours and the capture gamma-rays were
accumulated. The absolute full energy peak
efficiencies were determined for the low energy
region (about up to 1.5 MeV) using an '**Eu source
and the relative efficiency plot for the energy region

from 0.5 to about 11 MeV was obtained from the

prompt gamma-ray spectrum of **Cl(n,y) and “N(n,y).

The relative efficiencies obtained from the chlorine
spectrum were normalized to '*’Eu efficiencies to
obtain the absolute detection efficiencies of the
gamma-rays. The typical efficiency values are in the
order of 10 to 10”°. The energy vs. efficiency curve
is showed in Fig. 6. Full energy peak efficiency is
determined by fitting the polynomials to the
measured data; relative standard uncertainly is < 3%
over the low energy region, and < 5% for the
complete spectrum. Non-linearity of the spectrometer
is determined in a similar manner by fitting a
polynomial function to the observed data for the
accurately obtained gamma-ray lines.

The sensitivity, detection limit and measurement
uncertainty of the boron and hydrogen analysis by
the PGAA system were estimated and they are

summarized in Table 1. The sources of the

uncertainties are mainly statistical errors, the
detection efficiency, the background effect, etc. and
the combined uncertainty was 3.75 % and 2.70 % for

the Boron and Hydrogen analysis, respectively.
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Fig. 6. Efficiency curve for the Compton suppression
spectrometer of the PGAA of HANARO.

Table 1. The sensitivity, detection limit and

uncertainties estimated in the boron and

hydrogen analysis by PGAA.
Boron Hydrogen
Sensitivity (cps/mg) 1720 2.8
Detection Limit (ug/g) 0.002 6.8
Uncertainties due to Uncert (%)
- Statistical error 1.5 0.25
. Detection efficiency 2.0 2.30
- Mass (sample weight) 0.1 0.05
. Detection sensitivity 0.5 0.50
- Background subtraction 23 1.20
. high & low tails for hydrogen 1.5 0.50
Combined Uncertainty 3.75 270
4. Application

Characteristics and testing of the PGAA facility
were mainly carried out for the set-up of the system
and an effective utilization and operation in 2003. In
addition, the present PGAA facility is used for the
boron and hydrogen analysis for the biological

samples like spinach and pine needles, for a metal



sample like low alloy steel, for the BNCT and DNA
like tissue and cancer cell, for an environment sample
like monitoring of an air particulates and the second
is the carbon, sulfur and nitrogen analysis related the
explosives and the third is silicon and phosphorus
related to sludge and health and so on.

Figure 7 shows the results of the analytical PGAA
support in 2004. The major portion of the utilization
is the light element analysis by our research and the
remainders are university and medical researches and

foreign usages.

-3 G Blument Acdysis
402% gEziswer
. 28.4% B Chemizel & Mol
S DA & Busic Sciense

W3%

KAFRI Institke Foreign Medicios Industry Usiversity
Classification

Fig. 7. Status of user supports in 2004,

5. Conclusion

The present HANARO operation period is as
follows : operating during three weeks and stop for
on week. The PGAA beam fluctuation is below 2 %,
which offers a stable beam state and is useful for
micro clement analysis. The affects of the
background and interference coming from in and out
side of the facility are low, therefore, the PGAA

facility is useful for the analysis of light elements.
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Abstract
One day duplicate diet samples of 30 Korean geriatric population over 60 years old were collected. Samples were

analyzed by NAA(Neutron Activation Analysis) after a sample preparation such as a homogenization and a freeze-
drying. SRM(Standards Reference Materials) from NIST were analyzed for a quality control of the analytical method.
Analytical results were classified into two groups such as macro elements(Ca, K, Mg, Na) and minor elements(Cr, Fe,
Mn, Se, Zn). Analytical results for a daily intake of the geriatric population in Korea showed that the macro and minor
elements were lower than the RDA and literature except for Na. In conclusion, NAA is proved to be a sensitive
analytical method useful for performing both a qualitative and a quantitative multi-elemental analysis of the macro and

minor elements in a diet or biological materials.
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1. Introduction

Health status of a geriatric population can be
affected more by malnutrition of micronutrients than
the other age groups. Average span of life of the
Korean geriatric population has become long and
their population ratio is around 10% of the total
population and expected to be 20% in 2020[1].

Minerals and micronutrients are very important
components in diets{2]. Both their deficiency and

excess may cause serious human health problems

especially to the geriatric and pediatric population.
The samples were collected from over 60 year old
adults living in Seoul using the Duplicate Diet
method[3]. Duplicate Diet method is most accurate
method for estimating micronutrients intakes and an
exact copy of the foods eaten and preferably weighed,
to replicate the diet consumed by an individual.
Samples were analyzed by NAA(Neutron

Activation Analysis) after a sampling and a sample

preparation such as a homogenization[4], freeze-



drying, etc.[5,6]. and for a quality control of the
analytical method the SRM(Standards Reference
Materials)'s from NIST were analyzed.

2. Experimental
2.1 Sample Preparation

Immediately after the completion of the inmitial
blending of the prepared one day Korean geriatric
duplicate total diet in a blender with titanium blades,
an analytical sub-sample representing about 20% of
the total diet was withdrawn using a large plastic
spoon and placed in a container for freeze-drying.

Samples were initially frozen at -80°C for 3 hours

and freeze-dried for 30 hours at the same temperature.

Weight loss of the 18 samples after a freeze-drying is
listed in Table 1. Freeze-dried samples were ground
well to get a sample homogeneous for the analysis.
Samples were stored in polyethylene vialsat2 -4 C
for a short term storage and in a Teflon” " vial at
below -15C for a long term storage to avoid an
absorption or evaporation which may cause a change

of the elemental concentrations.

2.2 Neutron Activation Analysis

Samples were irradiated with thermal neutrons
from the HANARO research reactor (20 MW) at the
Korea Atomic Energy Research Institute. The
Pneumatic Transfer System (PTS) was used for a
sample irradiation. Samples were irradiated at the
same geometrical position to minimize the geometry
error. For a neutron flux monitoring, activation wires
(Reactor Exp. Inc., R/X activation wires, 99.99%
purity) such as Au, Cu, and Mn were used to monitor
the thermal neutron flux (@, = 1.7x10" cm™.s™).
Samples were allowed to decay for an appropriate
time to ensure satisfactory detection limits. Analytical

condition is described in Table 2.

Table 1. Moisture Removal Rate by Freeze-

Drying of Duplicate Diet.
Sample Wet Dry Moisture Removal

No. (g) (8) 8 (%)
1 2674  53.62 213.78 79.95

2 176.11  22.58 153.53 87.18

3 23459 31.86 202.73 86.42

4 2179 3791 179.99 826

5 177.07  29.36 147.71 83.42

6 18505 34.38 150.67 81.42
7 167 31.48 135.52 81.15
8 14279 31.56 111.23 77.9

9 17734  29.06 148.28 83.61
10 17443  39.52 13491 77.34
11 36237  69.44 292.93 80.84
12 287.81 3517 252.64 87.78
13 279.3  39.53 239.77 85.85
14 300.51  53.02 24749 82.36
15 359.92  52.78 307.14 85.34
16 419.84 66.72 353.12 84.11
17 430.22 5799 37223 86.52
18 353.81 67.61 286.2 80.89
Mean 83.03

Table 2. Analytical condition of Duplicate Diet

by NAA
Short-lived Long-lived
Division
Nuclides Nuclides
Sample - -
5 20mg 100 300 mg
Weight
Irradiation -
1"~ 2 min 3hr
Time
Cooling Ist: 37 5 min 1st: 57 10 day

Time 2nd : 30~ 60 min  2nd : 14 ~ 21 day

Counting Ist : 300 sec 1st : 1000 sec
Time 2nd : 1000 sec 2nd : 4000 sec
Target Cr, K, Na, Fe,

Ca, Mg, Mn, Zn
Element Se, Zn

2.3 Radioactivity Measurement
Gamma-ray spectra and the activity for the

irradiated samples were obtained with the following



equipmerit. The crystal of the high purity germanium
semi-conductor detector (EG&G ORTEC, GMX-
25190P) was surrounded with a 10 cm thick lead
shielding box (75x90x90 c¢cm) with its inner wall lined
with 0.1 cm Cd and Cu plate to reduce the influence
of the external radiation. Gamma-ray interactions
with a surrounding material were also considered.
The detector is a coaxial type with a 25% relative
efficiency and 1.9 keV resolution (FWHM) at 1332
keV (*°Co) and a peak to Compton ratio of 45:1. The
detector was connected to a personal computer and a
8K-multichannel analyzer (EG&G ORTEC, 919A
MCB, Maestro-II) to complete the y-ray spectrometer
for an activity measurement and data analysis.
Energy and efficiency calibrations were done with
the radioactive multinuclide reference source (NEN
Products Inc., NES-602, 1" diameter disc type)
certified by NIST. The dead time of the detector was
maintained at under 5% as much as possible. Decay

and pile up correction were done automatically.

2.4 Data Tratment

Concentrations of the elements were calculated
with a new graphical programme, POWER NAA,
coded with LabView version 5.0 for a rapid and
simple data treatment after obtaining the y-ray
spectrum under the present analytical condition. The
program is run with the counting condition, automatic
identification of nuclides and their y-ray energies,
decay time correction for short half-life nuclides in
order to calculate their activities, elemental
concentrations, cdunting errors and detection limits.
Elemental concentration was calculated from the
peak area which is measured by the y-ray activity

along with the related nuclear dataf7,8].

3. Result and Discussion
Five biological reference materials such as NIST

SRM 1548(total diet), NIST SRM 1567a(wheat flour),

NIST SRM 1547(peach NIST SRM
1566a(oyster tissue) and NIST SRM 1577b(bovine

leaves),

liver) were analyzed mainly by an instrumental
neutron activation analysis for a quality control
(Table 3-7). The elemental concentrations, relative
standard deviations, and relative errors to the certified
calculated. After the
analysis(>5 times), the relative standard. deviations
were within 10% except for Fe(12.4%) in SRM 1548,
Rb(11.7%) and V(23.9%) in 1567a, Ce(14.4%) and
La(15.7%) in 1547 and V(12.9%), Rb(15.8%) and
Sc(10.8%) in 1566a. The relative errors to certified
values are within 5% except for K(7.2%) and
Zn(10.9%) in 1548, Mn(10.2%) and Rb(7.9%) in
1567a, C1(13.2%), Fe(9.3%) and Rb(5.8%) in 1547,
Cd(5.4%), C1(7.6%), Co(5.7%), Cr(6.6%), Cu(7.2%),
K(10.2%) and Zn(23.1%) in 1566a and Cu(8.7%),
K(7.1%), Rb(8.6%) and Zn(9.4%) in 1577b.
Analytical results of the elemental distribution in a

values were repetitive

Korean total diet and four Korean representative

foodstuffs are listed in Table 8 - 12.

Table 3. Analytical Result of Total Diet, NIST
SRM 1548 by NAA (unit : ppm)

is Work
This Wor Certified  Relative
Element Nuclid Value Emor
Mean (8D.%) (%)
Range (SD%)
Ca Ca-49 1676~ 1765 1735 (0.08) 1740 (4) 031
Cl Cl-38 82107 8883 8460 (5.63) 8700 (5) 276
Fe Fe-59 30.47 36.39 34.17 (12.39) 32.6 (11) 483
K K- 42 50497 5958 5621 (1.28) 6060 (5) 724
Mg Mg-27 5217 568 551 (5.98) 556 (5) 095
Mn Mn-56 507 5.4 53 (0.4) 52 (8) 094
Na Na-24 63527 6605 6460 (2) 6250 (4) 336
Se Se-75 02457 0.272 0257 (4.9) 0245 (2) 479
Zn Zn-65 32.5736.3 34.2 (7.89) 30.8 (4) 10.89
Al Al-28 [32.67 377] 34.4(10.39) 33
Cs Cs-134 (001377 0.015] 0014 (5.5) 0014
Rb Rb-86 [4775.1] 49 (3.32) 48

[ 1:reference value



Table 4. Analytical Result of Wheat Flour, NIST
SRM 1567a by NAA (unit : ppm)

Table 6. Analytical Result of Oyster Tissue, NIST
SRM 1566a by NAA (unit : ppm)

This Work Certified  Relative This Work Certified Relative
Element Nuclide Value Error Element Nuclide Value Error
R: %
ange Mean(SD%) (SD%) ) Range Mean(SD%) (5.D.%) (%)
Al Al-28 5376 5.7(809) 5.7(22) 03 Ag  Ag-l110m 15571.78 1.66 (451) 168 (9) 1.07
Ca Ca-49 1787200 188(5.04) 191(2) 147 Al Al-28 192872134 204.2(242)  202.5(6) 084
Cu  Cu-66 2023 21(8397)  21(10) 186 As As-76 1377152 14.4(3.63) 14(9) 305
Fe Fe-59 1297151 143(0.69) 14.1(4) 17 ~
5 Ca Ca-49 185771983 1936 (4.6) 1960 (10) 122
K K42 123971303 1271(3.56) 1330(2) 446 ~
- cd Ccd-115 4367439 437(0.58) 415(9) 54
Mg  Mg27 400~ 414 405(2.15) 400 (2) 13
Mn  Mn-S6 84785 84(0.18)  94(5) 10.16 cl Cl-38 750177932 7656 (3.66) 8290 (9) 764
Na  Na24 61764 63(1.35)  61(13) 242 Co Co-60 05967 0.611 0603 (1.8) 057 (19) 57
Rb Rb-86 066 ~0.78 073(11.69) 068 (4) 792 Cr Cr-51 1477 1.57 152 (4.92) 143 (32) 66
Se Se-75 1712 11(3.26) 11(18) 439 Cu Cu-66  60.776247 61.5(1931)  66.3(6) 72
Zn Zn-65 1207122 121(1.11)  11.6(3) 47 Fe Fe-59 529~ 570 552(3.5) 539.(6) 239
. ~ 547 . ~
cl Cl-38 [>28 ] 535 (0.08) 365 K K42 672077726 7223 (0.18) 7900 (6) 10.16
Co Co-60  [00058 ~0.0062] 0006 (4.69) 0006 .
- Mg Mg-27 113971204 1165(0.85) 1180 (14) 124
) v-52  [001370.018] 0015(23.8) 0011
Mn Mn-56 1187123  12.0(277) 123(12) 228
[ ]:reference value _
Na Na-24 404774271 4185(3.19) 4170 (3) 035
Se Se-75 2207248  230(3.12) 221(11) 401
Table 5. Analytical Result of Peach Leaves, NIST v V52 4137497 457(1291)  468(3) 226
. Zn Zn-65 1004 71034 1022 (2.08) 830(7) 23.09
SRM 1547 by NAA (unit : ppm) .
- Au  Au-198 [0.01370017] 0015 (6.27) 001
This Work Certified  Relative La  La-140  [02970.30]  030(0.91) 030
Element Nuclide Value Emo
Range  Mean(SD%) (5.D.%) (%) Rb Rb-86  [276 73.46] 311(15.84) 3
Al ALZS 124~ 129 249 (261) 2903 005 Sc Sc-46  [0059 7 0.069] 0066 (10.79) 006
Ba Ba-139 147207 15210 126 (2.63) 124 (3) 18 Sm Sm-153 [0058 T 0.061] 0059 (1.32) 006
Ca Ca-49 2427253 14950 (0.95) 15600 (1) 417 [ ]:reference value
al c138 306~ 322 312 (1.02) 360 (5) 1321
Fe Fe-59 2347242 238 (2.35) 218 (6) 925
K K-42 23090723190 23137(0.12) 24300 (1) 479 Table 7. Analytical Result of Bovine Liver, NIST
Mg Mg-27 415074450 4307 (2.79) 43202 031 , .
RM NAA :
Mn Mn-56 9377967  95.1(2.23) 98 (3) 295 S 15770 by (unit : ppm)
Na Na-24 2247234 22.8(2.98) 24 (8) 515 This Work Certified  Relative
Rb Rb-86 1897221 20.9 (8.89) 19.7(0) 584
- Element Nuclide Value Emror
Sr Sr-87m 4737542 51.7(9.38) 53(8) 244 Range Mean(SD%)
v V-52 0357~ 038 036 (606) 037 (8) 097 (S.D.%) (%)
Zn-65 1687187 17.7 (2.64 17.92 121
@69 @ Ca Ca—49 113 113 116 3) 25
Br Br-80 [1057120]  11.4(2.37) 1 N
- cl Cl-38 263372685 2657 (0.85) 2780 (2) 442
Ce Ce-141 927117 108(14.42) 10 5
. Cu Cu-66 1737175 174 €0.73) 160 (5) 873
Co Co-60  [007170.076) 0074 (3.92) 007
~ Fe-59 - 97 184 (8 22
Cr Cr-51 [11671.20]  118(1.14) 1 Fe € 1797197 138 2.97) ® !
La La-9 [944711.96]  11.1(15.71) 9 K K-42 9060 79572 9238 (3.92) 9940 (0) 707
Nd Nd-147  [68477.69]  723(529) 7 Mg  Mg—27 5947658 620 (1.5) 601 (5) 312
Sc Sc-46 [004570.054] 005 (6.85) 004 Mn Mn-56 987 10.4 10.1 (2.89) 10.5 (16) 341
Sm Sm-153 [11471.22] 119 (3.87) 1 NA Na-24 229972391 2345 (1.42) 2420 (2) 311
™ Tb-160  [010570.111] 0107 (3.98) 01 Rb Rb-86 13.8716.4 149 (9.13) 13.7 (8) 859
- S s-37 8013 78235 8124(1.932) 7850 (1) 349
Th Pa233  [004970.055] 0051 (0.42) 005
Se Se-75 066~0.76 072 (2.33) 073 (8) 15
[ 1:reference value Zn  Zn-65 1307146  139(784)  127(13) 937
Co Co-60  [0.25570273] 0262 (0.81) 025
\% V-52  [010570.115] 011 (6.808) 0123

] : reference value



Table 8 Analytical Result of Korean Total Diet ca BT FSmin o ~e7a 85.24 172

Ca—47 4536 day

by NAA
Cl  CI-38 3724min 297.9 7 330.5 316.1 16.63
This  Work
Element Nuclide Half-life Standard Fe  Fe-59 44.496 day 2216 2.336 2276 00845
Range Mean Value
Deviation K K-42 1236hr 757.47 785.9 774.9 123
< ppm level > Mg Mg-27 9462min 65.89768.91  67.07 1613
Al Al-28 228min  16.07 1832 1755 1279 N
Mn Mn-56 154.71 min 3229~ 3.355 3272 00716
Br 3‘::2 1375289;“}1‘: 9.5071062 9947 0583
g : Na  Na-24 14659 hr 108.87111.7 110.4 1245
Ca-49 8716 min ~
Ca a7 4536day 135871496 1418 70.87 3
Zn  Zn-65 244.1day 167 17.28 1663 0694
Cl  Cl1-38 37.24min 10870711780 11353 457.6
< ppb level >
Fe  Fe-59 44.496 day 2377 26.02 25.22 1317 As  As-76 26328 hr 103~ 1422 129.8 18.09
I I-128  24.99 mi 159 72.01 03 ~
R 18 Au Au-198 64644 hr 0177023 02 0044
K K-42 1236 hr 539475706 5579 1335 Br-80  17.68 min
Br 645~ 742.1 678.5 43.85
- Br-82 35299 hr
Mg Mg-27 9462 min 8068~ 895.6 850.2 44.44
Co Co-60 5271 yr 464755 5013 0441
Mn Mn-56 154.71 min 8464~ 8.778 8648 0164
- I 1-128 2499 min 777120 100 30
Na  Na-24 14.659 hr 10080~ 10470 10298 1615
Mo-101  14.60 min o1~ 384 8195
Rb Rb-86 18.66 day 5427~ 5489 5457 0031 Mo Mo-99  65.945 hr 2681 3261 !
St Sr-87m 167.7min 537 5.803 5552 0356 Rb  Rb-86 1866 day 4527 509.5 485.6 24.24
Zn  Zn-65 244.1day 31.57733.74 3248 1125 Sc  Sc-46 83.83day 187 2.459 2174 0338
< ppb level > R ~
St Sr-87m 167.7 min 77791 840 10
As  As-76 26328 hr  492.77 6033 5264 5178
Th  Pa-233 27.0 day 0170.122 011 002
Co  Co-60 5271 yr 296 731.6 30.8 1058
U  Np-239 56.52 hr 27742 35 10
Cr  Cr-51 27.704day 348~ 4203 3931 3936
Cs Cs-134 2062yr 1067116 11.1 0707
Table 10 Analytical Result of Korean Kimch'i
Sc  Sc—46 83.83 day 32736 3433 0208
by NAA
Se  Se-75 119.77 day 22373284 2757 7453
This  Work
Sm Sm-153 46.704 hr  46.1 7475 46.8 099 Element Nuclide Half-life
Standard
. Range Mean Value o
Th  Pa-233 27.0day 2387 2.82 26 03 Deviation
< ppm level >
U  Np-239 56.52hr 31.45738.55 35 50 Br-80 17.68 min
Br 1816~ 209.7 196.9 11.56

Br-82  35.299 hr

. . . Ca-49 8716 mi
Table 9 Analytical Result of Korean Boiled Rice Ca C“ )8 :““ 402274480 4284 236.2
3= 4536 day

by NAA
¢l C1-38 3724 min 115900 ~ 120500 118433 2335
This Work
Element Nuclide Half-life Standard
Range Mean Value - Cr Cr-51 27.704 day 11027 1.442 1295 0161
Deviation
< ppm level >
-~ - . 2375477 51.38
Al Al-28 228 min 0866~ 119 1028 0229 Fe  Foo59 44496 day 49.23 5 »n




K K-42  1236hr 27320730770 29535 1604 Zn  Zn=65 244.1day 35773979 3729 1885

< ppb level >

-56 154. i .58 7 30. . ~

Mn Mn 71 min  26.58 ~30.59 29.14 2221 Au Au-198 64644 hr 1217 145 0354
Na  Na-24 14659 hr 97790 7104500 99843 3167 Co  Co=60 5271 yr 5877638 6143 27.05
. Cs Cs—134  2062yr  53.6° 662 61.1 5466

Rb  Rb-86 18.66 day 22.757 27.99 26.09 2469
Sc Sc—46  83.83 day 32738 35 0424

Sr-87m  167.7 min -

Sr -85 64844 22327 25.23 23.78 2058

d 34 day Th  Pa-233 27.0day 0857 1.07 096 015

Zn Zn-65 244.1 day 42.517 46.47 44.67 1701

< ppb level >

Table 12 Analytical Result of Korean Mixed Pork

Co  Co-60 5271yr  346.47392 365.2 23.81
and Beef by NAA
Cs  Cs—134 2062 yr 69.5771.8 70.91 12.35
This  Work
Sc  Sc-46. 83.83day 30~ 33.84 3156 1748 Element Nuclide Half-life " Standard
Range Mean Value o
N Deviation
Th  Pa-233 270 day 417575 49 12 < ppm level >
Al Al-28 228 min  17.67 2139 195 268
Table 11 Analytical Result of Mackerel Br-80 17.68 min ~
Br 82 35200 hr 1331 713.86 13.53 0239
r= .
by NAA
cd  Cd-115 53472 hr 15457 1.579 1562 0024
This  Work
; 1 Cl  Cl-38 37.24min 26020~ 26840 26343 4366
Element Nuclide Half-life Standard min
Range Mean Value o
Deviation Fe  Fe-59 44.496 day 3978 46 43.38 2812
< ppm level >
K K-42 1236hr 11500711930 11625 205
Al A}-28 228 min 12.6 7 158 1377 1767
Mg Mg-27 9462 min 602.97 6741  635.2 36.05
As  As=76 2632hr 62756924 6501 0367 Na  Na—24 14.659 hr 211072205 2162 4113
Br-80 17.68 min - ~
Br 16327 18.47 17.3 1013 Rb  Rb-86 18.66 day - 1863~ 21.63 20.8 1446
Br-82 35299 hr
Ca-49 8716 min - Zi Zn-65 244.1day 118.57130.7  123.6 5832
. L 3uBTT3 3675 269.6 " ad
- 4
* 536 day < ppb level >
Cl  Cl-38 37.24min 22980724170 23747 665.2 As As=76 26328 hr 7251~ 1068 85 1571
Cr Cr-51 27.704 day 08847 1371 1144 0211 Co Co-60 5271yr 1367173 15.35 174
~ Cr- 7.704 day 336.8~682.5  515.4 143.2
Fe  Fe-59 44496 day 453174944  47.64 1752 cr r-51 27.704 day 336.3
Cs Cs-134 2062yr 34.6746.2 40.2 5622
K K-42 1236hr 11250711790 11510 2232
Hg Hg-203 46.60 day 33.8 7 36.9 35.35 2192
Mg Mg—27 9462 min 64389~ 693.6 675.3 23.42 N
I 1-128 2499 min 1507250 200 70
Na Na-24 14659 hr 218372289 2230 5331 Se  Se-75 119.77 day 448.77606.1  527.3 79.06
Rb  Rb-86 18.66 day 1058~ 1394 1166 0154 Sm Sm-153 46.704hr 72773 725 00707
~ Sr  Sr-87m 167.7min 640~ 870 760 150
Se  Se-75 119.77 day 29137 3.099 2986 0099
Th  Pa-233 27.0day 0447 0.525 048 005
Sr Sr-87m 167.7 min 647 7.54 70 08




Daily intake of micro-elements by a Korean geriatric
population is listed in Table 8. The data is compared
with RDA values[9]. Ca intake is only 34% of the
* RDA value. Also some important micronutrients
intakes are much lower than the RDA values such as
Cr(24%), Fe(57%), Se(49% for male) and Zn(50%).
However Na intake is 525% of the RDA values. High
Na intake can be explained by their high consumption
of salted food such as Kimchi which is a Korean

representative foodstuff, salted soup, fish and etc.

Table 13. Comparison of Daily Diet Intake by
Korean Geriatric Population with RDA[9] and the
Literature Values[10].(Unit : mg/day)

Element  This Work RDA Literature
Ca 407 1200 320 7920
K 1807 2000 2300 ~ 3900

Male : 192 Male : 420
Mg 190 7420
Female : 245 Female : 320
Na 2625 500 3500 ~ 6900
Cr 0.048 0.2 -
Fe 5.68 10 81 7 30
Mn 42 5 22 7 86
Male : 0.034 Male : 0.07
Se 0.03470.133
Female : 0.044 Female : 0.05
Male : 7.6 Male : 15
Zn 83 7 14
Female : 6.0 Female : 12

4. Conclusion

Minerals and micronutrients are very important
components in diets. Both their deficiency and excess
may cause serious human health problems. The
collected samples were prepared for over 60 year old
adults in Seoul during a period of one day using the
Duplicate Diet method. Duplicate Dict method is the
most accurate method for estimating micronutrients
intakes and an exact copy of the foods eaten and

preferably weighed, to replicate the diet consumed by

an individual.

Analytical results can be classified into two groups
such as macro elements(Ca, K, Mg, Na) and minor
elements(Cr, Fe, Mn, Se, Zn). Analytical results for
the daily intake of a geriatric population in Korea
showed that except for Na every macro and minor
element were lower than the RDA and TAEA study.
This shows that the micronutrients intake of a Korean
geriatric population is not well balanced and needs to
be corrected or guided.

In conclusion, NAA is proved to be a sensitive
analytical method useful for performing both a
qualitative and a quantitative —multi-elemental
analysis of the macro and minor elements in a diet or

biological materials.
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Abstract
In Katap-ri, South Korea, potteries and roof tiles are excavated with the assumed raw materials. Using NAA, the
provenance of these cultural remains was examined among the neighboring areas, and the correlation of the assumed
raw materials with potteries and roof tiles was also examined. From the results of the statistics it is concluded that this
cultural site is distingushed from others by several trace elements, Ba, Cr, Sc, Yb, Eu, and Rb with a 93.2 % accuracy.

Also it turned out that the assumed raw materials weren't related to the potteries and roof tiles with a 96.3 % accuracy.

Keywords : potteries and roof tiles, neutron activation analysis, discriminant analysis

E-mail : kychung@nuch.ac.kr

1. Introduction

This provenance study is aimed at figuring out the
range regarding the distribution and transfer of
ancient goods. Also, its purpose is to find direct proof
of human activities in the production, distribution and
exchange of goods. This study aims to find direct
proof of the production, distribution and exchange of
goods, and to understand the interrelations of those
activities carried out by economical and social
necessity within social communities[1].

Among the remains of Gatap-ri, Buyeo-cup, and
Buyeo-gun (of Chungcheongnam-do), there are lands
given to farmers by the government of Bacekje,
traditional homes, unidentified old facilities as well
as architecture frames (estimated to be pottery kilns
or attached buildings) of the Korea kingdom era.

This study will perform Neutron activation
analysis (NAA) on the Gatap-ri remains and other

relics, and will discover the provenance of them on
the basis of the experiment’s result[2]. Also, we
compare the clay samples collected and the pottery
and roof tiles from Gatap-ri, Buyeo to establish the

provenance.

2. Experiment measure and statistical analysis
2.1 Neutron activation analysis (NAA)

We performed a Neutron activation analysis on a
total of 85 clay (or remains) samples collected from
several places. There are 24 samples of pottery and
roof tiles, 12 clay or soil material samples from
Gatap-ri in Buyeo, 19 pottery samples from
Anyeong-ri in Gongju, 20 pottery samples from
Yongjang-ri and from ancient Wando temple sites as
well as 12 samples from earthenware kiln remains
from Cheongdo and 8 samples of roof tiles from the

kiln sites of Cheongyang.

—24 —



We examined the powder of preprocessed collected
samples with the SRM at HANARO, an experimental
reactor at the Korea Atomic Energy Research
Institute for an hour. First, we removed the peak
generated by a neutron interference during the
gamma ray experiment and then selected 17
nucleuses (with high detection rate and large peak
width) and used them in the analysis{3][4][5].

The analyzed elements that met those requirements

are shown in Table 1.

Table 1. Analytical condition used for the analysls of archaeological samples

Irradiation Neutron flux Sample Irradiation Cooling Counting

Elements detected

facility (n/cmg - sec) weight time time time
5~10
PTS 1L7x10" 100mg lhr 2000s Ca, K, Na, La, Sm
days
15~20 Ba, Ce, Co, Cs, Cr, Bu
PTS L7x10% 100mg lhr 4000s
days Fe, Hf, Rb, Sc, Lu, Yb

2.2 Statistics analysis

The discovery of a remains’ provenance from
micro elements passed through NAA can be done by
a discriminant analysis. This method is generally
used for two purposes: the first one is a descriptive
discriminant analysis done by analyzing the
independent variables which are the best means to
distinguish the remains with micro particles; the
second is a predictive discriminant analysis which is
used to forecast which remains are included in which
relic site when there is not enough relevant
information on the remains. Discriminant analysis
verification is conducted to decide how meaningful
the discriminant function is by using
the canonical discriminant function coefficient,
Wilks' Lambda, eigenvalue and x2.
General discriminant function is

Z;=Bj+ 2By - X;

Z means the discriminant point, BO a constant, B a

discriminant coefficient and X an independent

variable.
Statistically, meaningful discriminant function
numbers equal to the collective number-1 or to the
used predictive number, then take the smaller one
among them. It is a general rule that the first or the
second discriminant function is the most useful in
distinguishing each group, and the other ones cannot

provide key information for the classification.

3. Results and Discussion

Clay, raw pottery or earthenware materials, are
composed of Si, Al, Fe, Ca, K, Na, Mg. In the
experiment, we don’t use Ca, K, Na, Fe particles
because their contents’ distribution is widely
overlapped and their distribution within the variable
is larger than that in the fixed quantity{6]. The 21
sample’s Ba value from the Yongjang-ri relic sites
and from the ancient temple sites of Wando measured
at ten times larger than the average, thus we replaced
then with the average value since the unexpectedly
large value seems unreasonable. {Co : Lu], [Ce : Sc],
[La : Sm]and [Lu : Yb] elements are found to have a
high fan shape and interrelation with each other given
that their Pearson correlation coefficients show that
the fan shape degree is higher than 0.6.

Discriminant analysis is carried out on the
assumption that the provenances of the remains are
all different. According to the analysis, Ba, Cr, Sc, Yb,
Eu, and Rb are different according to the relics
provenances and Ba is found to be the most important
factor with 49.9% of 1% the result of the analysis
using Lambda. Table 2 represents the discriminant
points from Fisher's linear discriminant functions and
the values determine the relations between the relics’
sites and the expected provenances. The accuracy rate
of the function is 93.2%. Fig. 1 shows the dispersion
based on the values of Fisher's linear discriminant
functions 1 and 2.

On the assumption that the clay samples from



Gatap-1i of Buyeo are not raw pottery and roof tiles
materials, we include the remains from the roof tile-
kiln of Cheongyang and from Anyeong-ri in Gongju
in our study. Sc, Ba, Ce, Rb and Eu can classify
remains and its raw materials and Sc is the most
important factor in dividing the remains and the
materials, responsible for 52.7% of the classification
rate. Table 3 represents the relations between the
remains and the raw materials on the basis of the
discriminant points of Fisher's linear discriminant
functions. The accuracy rate of the discriminant
functions in the classification work is 93.6%. Fig2 is
a dispersion of the remains and their materials based
on the values of Fisher's linear discriminant function
1,2

Table 2. Relations between each cultural site and predicted classification group

Pridicted Group Membership

(%) Site Jindo & Total
Chungdo Chungyang Anyung-Ri Gatap-Ri
Wando

Chungdo  91.7 0 03 0 0 100
Orenal Chungyan 0 875 0 0 12.5 100

S Jindo &
0 0 100 0 0 100

Member Wando
NP Anyung-Ri 0 5.0 0 90 5.0 100
Gatap-Ri 0 0 0 71 92.9 100

Table 3. Relations between each cultural site containing soll samples and predicted

classification group
Pridicted Group Membership Total
(%) Site Gatap-Ri
Chungyang Anyung-Ri Gatap-Ri 100
(soil sample;
Chungyang 100 0 0 0 100
Original
Anyung-Ri 0 100 0 0 100
Group
Gatap-Ri 0 7.1 85.7 1.2 100
Member
Gatap-Ri
~Ship 0 0 0 100 100
(soil sample)

Fig. 1. Discriminant analysis result of each cultural sites : Anyung-Ri at Kongju,
Yongjansung at Jindo and Bubhwasa at Wando, pottery site at Chungdo, roof tiles site at
Chungyang, and Gatap-Ri at Buyeo. The possibility of each sites being seperated is of

93.2%.
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Fig. 2. Discriminant analysis result of each cultural sites containing soil samples : Gatap-
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The possibility of each sites being seperated is of 96.3%.

o,
]

g
;

- -3

1
M
]
S+
*
L3

| discriminanmt function 2
3
n
4

onica
i
x

: * ﬂ

W —6n - - » - - .
~B -4 ~2 0 4 4
Canonical discriminant function 1|

4. Conclusions

This provenance study is to compare pottery and
roof tiles from Gatap-ri of Buyeo with other remains
and to look into the relations between the clay
material samples and pottery or roof tiles.

According to the
distinguished from each other by Ba, Cr, Sc, Yb, Eu
and Rb and the classification rate is as high as 96.3%.

result, the remains are

The result says that the clay samples collected from
Gatap-1i of Buyeo are not the raw materials of pottery

and roof tiles with a 96.3% probability. It means that



remains from Gatap-ri of Buyeo were made and used
by the local residents, but the raw. material, clay, was
collected in other places and then transferred to

Buyeo.
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Abstract
Wavelength dispersive X-ray fluorescence spectrometry (WD-XRF) has been applied to the direct determination of

hazardous elements in solid polyethylene (PE) materials. A series of six in-house PE reference materials was prepared
by compounding some additives in to the basic resin. Determination of the elemental concentrations and the
homogeneity of the elemental distribution for the references was analyzed by INAA. Emphasis was placed on the
analytical performance in the analysis of the PE materials by WD-XRF. Satisfactory results and a good agreement were
obtained for three elements (As, Cd and Hg). Calibration graphs of a very good linearity obtained by XRF for the three
elements are presented. Finally, the performance of the technique in terms of a precision (0.1-6.6%) and accuracy (0.2-

7.9 %) was investigated.
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1. Introduction

Polymers are one of the most important materials
of manufactured products used in various fields.
Their fields of application comprise of packaging,
durables, electronics, vehicles and many other
aspects of industrial and everyday life. A wide range
of special properties of plastics is achieved by the
incorporation of various additives to the different
polymeric materials[1]. Many of these additives

contain inorganic components: pigments, flame

retardants, various stabilizers, catalysts, anti-
oxidizing agents and minor impurities. These
inorganic components are added in various

concentrations, depending on the required effect,
usually from ppm to a few percent.

Therefore, there is a growing demand for
accurate knowledge of the element concentration in
polymers[2]. Moreover, new EU directives
restricting the levels of certain additives in end-of-
life vehicles (ELV), waste electrical and electronic
equipment (WEEE) and The Restriction of
Hazardous Substances in Electrical and Electronic
Equipment (ROHS). The directives, of which will
affect the use of cadmium, lead, mercury and
hexavalent chromium as well as brominated flame

retardants.



The demand for accurate knowledge of the
elemental concentration of additives in plastics has
led to the development of numerous spectroscopic
techniques for their determination. These techniques
can be classified into two groups. (a) The first group
includes such as an atomic absorption spectrometry
(AAS)[3], inductively coupled plasma atomic
emission spectrometry (ICP-AES) and inductively
coupled plasma mass spectrometry (ICP-MS)[4],
which usually necessitate a sample dissolution prior
to analysis[5]. With acids, the main limitation is the
necessity to work at high temperatures, which can
result in the loss of volatile species. (b) The second
group includes X-ray fluorescence (XRF)[6] and
instrumental neutron activation analysis (INAA)[7],
which allow for the direct characterization of a solid
without a major pre-treatment. However, these
advantages are currently restrained by the difficulties
of performing a calibration, because solid certified
reference materials are not readly available for
polymers. In consequence, the most usual approach
consists of the use of polymer samples, which have
been characterized by an alternative method.

The objective of this work is to provide a non-
destructive and fast analysis of hazardous elements in
polymer materials, especially in PE, that avoids the
sample preparation of a polymeric matrix. In-house
reference materials were prepared by compounding
some ¢lements in to the PE resin. Determination of
the elemental concentrations and the homogeneity of
-the elemental distribution for the working references
was analyzed by INAA. Finally, the analytical
performance of WD-XRF in terms of a linearity,

precision and accuracy was investigated.

2. Experimental

2.1 Preparation of Polyethylene Reference Materials

The polymer matrix studied in this work was the
HDPE (high density polyethylene), which is
household

manufactured with an injection molding process.

commonly used for appliances

Three industrial PE additives were used, allowing
for the incorporation of three elements: As, Cd and
Hg. The chemical structures of all the incorporated
elements were in a sulfide form (As,S;, CdS, HgS).
In this work, it had been attempted to produce in-
house reference materials of an eclemental
concentration ranging from 10° to 10° ppm. An
impoﬁant point was the production of compound
substances which are blended additives into a
polymer matrix.

At the start, we mixed three initial mixtures of
each additive with a PE matrix using a henschel
mixer, respectively. Mixed proportion of the PE
matrix with the additives is 10:1. Then initial
compounds of a pellet type (2 mm in diameter) with
elemental concentrations of about 10° ppm were
made by an extruding process in a hot compounding
extruder at 170 C. For the purpose of increasing the
homogeneity, extruding processes had been
performed 3 times for each compound.

According to the additives, each produced initial
compound was mixed together with the same
proportion and used as blended additives to make
more diluted PE reference materials. The blended
additives of the pellet type were compounded with
the PE matrix of a granule type in the same
proportion and the same extruding procedure as that
of the initial compound. As a result of the procedure,
a second compound pellet, which is diluted 10 times
more than the initial compound, was produced.
Through the sequential and repeated procedure,
compound pellets of an elemental concentration

ranging from 10*to 10° ppm had been made. Also,



for the purpose of reducing the concentration interval
between the compound pellet, two additional
compound pellets were produced which were mixed
with the pellet of a 10* elemental concentration and
that of a 10" with a 2:1 and 1:2 ratio. Finally, each
produced compound pellet according to the elemental
concentration was converted to a disk type reference
material (30 mm in diameter and 3 mm thick) for the
analysis by an injection molding. Fig. 1 presents the
production scheme for the PE reference material with

the concentration gradient.
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Fig. 1 The Production Scheme for PE RM with
Concentration Gradient.

2.2 Elemental Concentrations by INAA
Determination of the elemental concentrations
and the homogeneity of the PE references was
analyzed by instrumental neutron activation analysis
(INAA). INAA is currently a method of choice for a
trace analysis in environmental matrices,*” including
the characterization and certification of standard
reference materials (SRMs) or certified reference
materials (CRMs).'® Each of the three samples
according to each concentration level of the disk-type
reference materials that had been made by an
injection molding were selected. The samples were
cut off to several fragments. Accurately weighed

samples (about 300mg) were cleaned with 10% nitric

acid and dried for 2 hours in a drying oven at 50°C to
remove the excess water.

For an irradiation, the samples that were sealed in
small polYethylene capsules were placed in rabbits
with an Au wire (Au/Al alloy wire : 0.1274% Au) for
monitoring the neutron flux. Long time irradiation
for a determination of the As, Cd and Hg were
performed at the NAA #1 irradiation hole in the
HANARO research reactor of the Korea Atomic
Energy Research Institute and irradiated for 60 min.
The maximum neutron flux attainable for a long time
irradiation is 3.19 < 10 ns™ cm™. All the samples
were counted by HPGe-gamma-ray detectors (Eg&G
ORTEC). For long time irradiations, the decay times
were in the range from 2 to 7 days. The counting
time obtained for the irradiations was 2,000 sec.
Evaluation and deconvolution of the peak activities

were carried out using a Gamma Vision and a NAA

 software from Eg&G ORTEC. A Labview based

computer program by using the nuclear properties of
the elements and activity creation formula performed

the calculations of the concentrations

2.3 XRF Analysis

The elemental analysis of the PE reference
samples was carried out with WD- XRF. All the
measurements were carried out using a wavelength-
dispersive sequential X-ray spectrometer (PW2404,
PANalytical B.V., Almelo, The Netherlands) at
Seoul Center, Korea Basic Science Institute (Seoul,
South Korea), equipped with a side-window rhodium

target 4 kW X-ray tube.

3. Results and Discussion
3.1 Elemental Concentrations of the PE Reference
Materials by INAA



The concentrations of the incorporated elements of
the reference materials determined by INAA are
presented in Table 1. The analytical precision is
related to counting the statistical errors (counting
error Er=(N+2B)"*/N, N is the net peak area of the
nuclide of interest, B is the background arca under
the peak). The counting error is less than 1% for As,
and between the 0.3-8.7% for Hg. For Cd, the
counting error is better than 10% between 10°-10'
ppm concentration level, but the counting error is
15% at less than a 10 ppm level because of the low
S/N ratio, due to the low activation rate.

The homogeneity can be expressed as the relative
standard deviation (RSD) of the analyzed samples.
Each of the three samples of different concentration
levels were analyzed. The samples were fragments of
the selected disk type reference materials. The disks
were selected by a pre-measurement of the X-ray
signals from ten disks using XRF analysis. The
method of selection was the best choice of the three
disks, which radiated fluorescence X-ray signals
from the interested elements of almost the highest,
middle and lowest in ten samples. The RSD values
are between 0.2-4.9% for the PE RMs in which the
concentration level is higher than 10° ppm. But for
the PE RMs with the concentrations lower than 100
ppm, the RSD values are between 1.5-8.6%.

Table 1 Elemental Concentrations of PE Reference
Materials by INAA (unit: ppm)

3.2 Elemental Concentrations of PE Reference
Materials by XRF Analysis

X-Y graphs were drawn for the purpose of a
comparison of the results obtained for As, Cd and Hg,
respectively, by two independent determinations on
our six in-house PE materials. On the x axis we quote
the results provided by the NAA, XRF analysis (net
intensity) were plotted on the y axis. From these
figures we can confirm that a very good linearity
between the XRF signal and the elemental
concentration measured with the INAA analysis was
observed fof As, Cd and Hg (R > 0.9987). Calculated
slope, standard deviation of the slope and the
correlation coefficient (R) are listed in Table 2. In the
case of the slope and the standard deviations of a
regression, there are slight differences with the
concentration range. The slope is steeper in the lower
concentration range than the higher concentration
range. Also, the values of the standard deviation of
regression are much better in the lower concentration
range. This result was caused by the inter-eclement

interferences with the XRF measurements.

Table 2 Calculated Slope, Standard Deviation of

Slope and Correlation Coefficient

Sample As(n=3) Cd(n=3) Hg(n=3)

PE-01 1753 + 62 | 2305 £ 29 | 2256 * 40
PE-02 | 1993 * 14 |2697 + 7.6 | 2856 * 0.6
PE-03 | 1300 £ 1.3 [ 1450 = 0.7| 1850 + 9.8
PE-04 [70.30 + 484 |91.1 + 8361100 £ 9.12
PE-05 |23.60 £ 035316 £ 1.70 | 34.92 £ 1.26
PE-06 | 1.54 £ 0.05 |1.83 £ 0.12| 2.50 = 0.23

. Correlation
Concentration SD of i
Element slope . coefficient
range(ppm) regression
®R)
As 0-2000 0.5190 13.50 0.9994
0-250 0.6824 3.140 0.9987
cd 0-2500 0.0042 0.102 0.9997
0-300 0.0051 0.014 0.9997
- 0-2500 0.1863 4.020 0.9997
g
0-300 0.2194 1.382 0.9989

The six PE reference materials were used to obtain
calibration graphs by XRF. XRF analysis was
performed by a PANalytical SuperQ package. A

" Classic Model is used for the calculations of the



alpha’ correction coefficients for matrix effects
(inter-clement influences) from the fundamental
physical values such as an absorption and a
secondary fluorescence. The matrix corrected
calibration graph is shown in Fig. 2. Calculated
correlation coefficient (R), intercept and standard
deviation of the slope are listed in Table 3. Very nice
linearity (R=1) and intercept signals made it possible
to calibrate the technique for other numerous
elements.

Both the repeatability and the accuracy of the
measurement with PE RMs by XRF were evaluated.
The analyzed and calculated values are listed in
Table 4. The repeatability was estimated by
calculating the relative standard deviation (RSD)
between the mean values obtained from three
consecutive

measurements for each sample.

Experimentally, we obtained relative standard
deviations in the range 0.08 to 6.62% for elemental
concentrations levels above 20ppm with WD-XRF.
But in a lower concentration level (< 10ppm), the

RSD values of all the elements exceed 10%.

Table 3. Calculated Correlation Coefficient (R),
Intercept and Standard Deviation of Slope

Element Correlation Intercept SD of
coefficient (R) (kcps) regression

As 1.0000 0.0001 3.0666

Cd 1.0000 0.0002 0.0160

Hg 1.0000 0.0004 1.4435
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Fig. 2 Matrix Corrected Calibration Graph

The definition of an accuracy is the degree of
agreement between the result of a measurement and
the true value of the measured one. In this paper, the

accuracy was evaluated by calculating the error

" between the measured mean value (n=3) by XRF and

the reference value by INAA for each sample. We

obtained a relative error (% error) ranging from 0.2



to 7.9% for elemental concentrations levels above
20ppm. But at a lower concentration level (< 10ppmy),
the % error values of Cd and Hg were above 50%. In
the concentration levels over 20ppm, this good
repeatability and accuracy made. it possible to
analyze the satisfactory confidence intervals on the
calibration graphs.

Table 4 Precision and Accuracy of PE RM

Reference Material PE-0} | PE-02| PE-03| PEQ4| PEOS| PE-06
mean 1749 § 2043 | 1239 N2 2479 15
As
mean 2354 1 2744 1534 924 34.0 5.1
Precisio
cd
n
mean 2262 | 2866 ] 17274 1028 335 12
Hg | 8D
msD o0
NAA 1753 | 1993 | 1300 73 236 15
As
Accurac
cd
Y
NAA 2256 286.0 185.0 110.0 349 2.5
Hg

These values are attributable to both the good
stability of the X-ray signal and the fine homogeneity
of the PE

concentration levels below 20ppm, both values were

samples produced. But, in the

increased rapidly except for the %error of Arsenic.
The high RSD values and %error were caused by a
signal unstableness. The fluctuation of the signals
shows the low homogeneity of the incorporated
additives in the sample bulk or the very low S/N ratio

according to the lower limit of detection.

In this experiment, we used a sample cup of 27mm
diameter for the XRF measurement. In other words,
irradiation area of X-ray is circles of 27mm diameter.
Also, the sample cup was rotated during the
measurement by a sample spinner. Therefore, we
drew a conclusion that the cause of the signal
unstableness was attributed to the low S/N ratio

rather than the sample homogeneity.

4. Conclusions

The solid PE reference material production
protocol suggested in this work seemed to be
appropriate for the production of solid reference
materials of other polymeric materials. Even if the
present limitation is still the lack of commercially
available certified polymer reference materials, it has
been shown that such reference materials can be
produced relatively easily at the laboratory level
Satisfactory agreement was obtained between the
XRF signal
measured with the INAA analysis of As, Cd and Hg.
The results presented in this work suggest that X-ray

and the elemental concentration

fluorescence spectrometry is a suitable technique for
a qualitative, semi-quantitative and quantitative
determination of elements in plastics. It has been
demonstrated that a satisfactory performance over a
10 ppm concentration level can be achieved. It thus
seems very interesting to determine elements at a
trace level and at higher concentrations without any
sample preparation or dilution. The results
demonstrate that this technique allows for a fast, non-
destructive and reliable quantitative analysis in so far
as reference materials are available, and the matrix

matching of the sample and standard is verified.
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Abstract
In this study, using instrumental neutron activation analysis we undertook the measurement of about 30

clements in airborne PM 2.5 samples at an urban area of Daejeon city located in the southwestern region of
Korea. An inspection of our measurement data indicated that the distribution patterns of the elements were
clearly distinguished among the elements with their concentrations ranging over four orders of magnitude. The
means for Lu and Dy were found to be the lowest at values of 0.01 and 0.04 ng m>, while those for K and Fe
showed the highest values of 671 and 653 ng m™, respectively. The results of the FA analysis indicate that there
"\ are no more than six factors with a statistical significance, which appeared to play roles in regulating the
elemental concentration levels in the area. These six factors can cover as much as 82.6 % of the total variance.

Enrichment factor analysis supports an explicit interpretation of the results found by this factor analysis.

Keywords: Instrumental Neutron Activation Analysis, Air Pollution, PM 2.5, Factor Analysis, Enrichment
Factor Analysis
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1. Introduction

In this study, using INAA we undertook the
measurement of about 30 elements in airborne PM
2.5 samples that were collected from a roadside
sampling station at a moderately polluted urban area
of Daejeon city. Based on our measurement data, we
attempted to elucidate the elemental distribution
characteristics of the fine ambient particles. We also
examined the inter-element relationships and the
factors affecting the source processes through the

appiication of diverse statistical approaches.

2. Experimental

The sampling site is located several kilometers
from the heavy-traffic intersection of the four-lane
Honam highway and the Yusung hot spring region.
In front of the sampling site there are two main roads
with ten-lanes crossing each other. Hence, if one
considers the geographic location of our study site on
a real scale, the site can represent one of the areas
that is affected most significantly by traffic-related
pollution sources in the Dagjeon city.

For the collection of airborne particulates, a PM
2.5 mini-volume air sampler (version 4.2, Airmetrics,

USA) with a polycarbonate filter (¢ 47mm, 0.4um



pore size, nuclepore) was used. 59 samples were
collected from Dec. 2000 to May 2001. The sampler
was placed about 4m above the ground. The air flow
was adjusted to the rate of 5 /min” at the beginning
of a sampling, and the system ran for 48 hours. Total
volume of air sampled through a filter was computed
using a flow recorder from the start to the end of a
sampling. Whenever the cleaning of the particle
separator took place once a week, the flow rate was
adjusted by a flow calibrator (MNF: 1022,
Aimmetrics, USA). The collected samples were pre-
stored for 24 hours in a controlled atmosphere (200,
50% relative humidity) and transferred into
polyethylene vials after a weighing in the same
conditions. Electrostatic charges are controlled by a
#1%pg radioactive source.

Collected samples were irradiated with thermal
neutrons using the Pneumatic Transfer System (PTS,
@, = 1.75 x 10 ncm™s”, Rgg ~ 250) at the HANARO
research reactor at the Korea Atomic Energy
Research Institute. Samples were irradiated at the
same position to minimize geometric errors. The
measurements were carried out using a high purity
Ge detector with a relative efficiency of 25%. This
analytical system has a 1.9-keV resolution (FWHM)
at 1332 keV of **Co with the peak to Compton ratio
of 45:1. The detector was connected to a personal
computer and an 8k multichannel analyzer (EG&G
ORTEC, 919A MCB). The calibration of the energy
and efficiency was performed using multi-nuclide
reference sources (NEN Products Inc., NES-602, 1"
diameter disc type) that are certified by the NIST
(National Institute of Standards and Technology,

US.A). A Gamma Vision software (EG&G

ORTEC) was used for such purposes as: (1) energy
and efficiency calibrations, (2) the acquisition of

gamma spectra, and (3) peak analysis.

3. Results and Discussion
3.1 Analytical quality control

The optimum analytical conditions for various
operating conditions including neutron flux,
irradiation facilities, irradiation time, cooling time,
counting time, etc were pre-estimated following the
procedures established from previous studies [1,2]. In
our previous study [2], the standard reference
material (SRM: NIST, the National Institute of
Standards and Technology, U.S.A., SRM 1648,
urban particulate matter) was used for an analytical
quality control. The concentrations of 31 elements
were compared statistically with the certified or
recommended values. The relative errors of Al, Ba,
Br, Cl, Co, Cs, K, Mn, Na, Rb, Th, Ti, and V fell
below 5%, while those of As, Fe, and Zn were less
than 10%. The relative errors of Ce, Cu, Hf, I, La, Sb,

and Sc were within 20%.

3.2 Mass concentrations of PM 2.5 and trace element

An inspection of our measurement data indicated
that the distribution patterns of the elements were
clearly distinguished among the elements with their
concentrations ranging over four orders of magnitude.
The means for Lu and Dy were found to be the
lowest at values of 0.01 and 0.04 ng m”, while those
for K and Fe showed the highest values of 671 and
653 ng m>, respectively. To make a comparison of
the data on a similar scale, the mean concentrations

for each element were also plotted on a logarithmic



scale. Based on a simple comparison of the
magnitude, the data sets can be grouped into five
different categories: 1) < 10" ng m™: Lu, Dy, and Hf;
2) < 10° ng m™: Sc, Th, Cs, Co, and La; 3) < 10' ng
m>; Ce, Se, V, Rb, I, and As; 4) < 10° ng m™>: Cu, Sb,
Mn, Ba, Ti, Br, and Zn; and 5) < 10’ ng m™: Mg, Ca,
Cl, Na, Al, Fe, and K.

Though our measurements were made over a
relatively short period of time, the PM 2.5 clearly
showed the higher mean concentration of 43.6 ug m™
during spring than 30.2 ug m” during winter with the
range of 11.7 to 133 pug m>. This enhanced PM 2.5
level during the spring season can be caused by the
frequent intrusion of Asian dusts from China. In fact,
this kind of intrusion occurred on Jan. 2, March 3 to
7, March 20 to 25, April 10 to 12, April 24 to 26, and
April 28 in 2001. During the intrusion of Asian dusts
the mean PM 2.5 level was 78.8 ug m>, while that
during without an intrusion was 31.8 pg m>,
respectively. Both major elements (like Al, Ca, Fe, K,
Mn, and Ti) and minor elements (like Co, Dy, Hf, La,
Lu, Sc, and Th) of crustal origin also showed much
higher concentration levels even in the fine ambient

particles during the period of the intrusion.

3.3 Factor analysis

As a means to assess the major sources affecting
clemental distributions in the study area, we
conducted a varimax rotation factor analysis on our
measurement data [3]. The results of the factor
analysis indicate that there are no more than six
factors (with statistical significance) which appear to
regulating  the

be significant in elemental

concentration levels in the area.
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Fig. 1. A logarithmic plot of elemental concentration
distributions observed from this study. Empty circles and
error bars represent the mean and standard error values for
each element, respectively. The thick marks are used to
show both minimum and maximum concentrations for each
specific element investigated during this study.

These six factors can cover as much as 82.6% of the
total variance. The first factor was dominated by both
many major/minor crustal elements and PM 2.5. It
can explain the 44.2% of a variance. This factor
indicates the contribution of resuspended soil and
road dust. The elements originating from the burning
of coal and fuel oils (like As, Se, and Zn) appeared to
be the most important components of the second
factor with an additional 9.9% of a variance. The
third factor, while comprising 7.9% of a variance,
was characterized by vehicular emissions - the term
applied to both gasoline and diesel emissions. The
fourth factor with an additional 7.8% of a variance
was dominated by the elements of Ce and La. This
factor means the 3-way catalytic converter of
vehicles. The fifth and sixth factors were affected
mostly by sea salt of Na and Cl and the copper
smelting of Cu and I, respectively.

In fact, the results of the EF analysis are in line
with the results found by this factor analysis. The

dominant fraction of the first factor (such as Ca, Fe,



K, Mn, Ti, and many rare earth elements) had
consistently low enrichment factors (EF < 10). Most
of them are found to be of a crustal origin. Most of
the elements of an anthropogenic origin (like Sb, Se,
Br, I, As, Zn, and Cu) were enriched with their EF
values greater than 50. Thus, the results of the EF
analysis support the idea that there are a number of
source  processes (including  vehicle-related
emissions) which control the metal concentration

levels in the study area.
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Abstract

In connection with the application of the PGAA in Korea, the concentrations of boron and hydrogen in
metal and biological samples has been determined by using the PGAA facility at the 30MW HANARO

Research Reactor, KAERI, for a few years now. The analytical quality control is implemented by using some

standards and certified reference materials. BNCT application and the measurement of the ratio and contents

for C, N and S in explosives compound are investigated. The silicon study on an air monitoring filter is

processing.
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1. Introduction

Prompt gamma neutron activation analysis
(PGAA) is useful as a nondestructive on-line
measurement method for an elemental analysis. In
this analytical method, the neutrons and gamma-rays
are highly penetrating for most of the materials, a
measurement is performed non-destructively and in
situ, removing problems of an incomplete
dissolution, contamination, and loss [1). Therefore,
the PGAA method, which requires no special
sample preparation as a non-destructive method is
suggested as an appropriate analytical method for
the analysis of light elements in a solid material[2].
Generally, because hydrogen and boron have a low
atomic number as well as their nuclear properties, it
is difficult to determine by neutron activation
analysis, atomic absorption spectrometry, particle
induced X-ray emission spectrometry or by X-ray

fluorescence spectrometry, and also the chemical

methods are not suitable for the determination of
these materials at low levels [3].

Boron is known as an essential trace element
for the growth of plants. It is in charge of the uracil
formation and normal growth and its deficiency as
well as toxicity threatens a crop productivity in
many areas [4]. It has been reported that boron has
effects upon the metabolism of calcium, phosphorus
and magnesium in animals [5-6]. Boron is present in
animal tissue in low concentrations of about a few
mg/kg and is probably an essential micronutrient for
humans. Its deficiency in plants may result in a
reduced growth, yield loss, and even death,
depending on the severity of the deficiency. In
contradiction to this, an excess of boron in food
products and drinking water is toxic to plants and
animals, which is also considered harmful to ones
health [7]. Boron occurs as an impurity in steels, a

major component in glass, a thermalizing agent in



nuclear reactor materials such as the boron carbide
of the control rods, a detecting system for neutrons,
a nutrient ¢lement in biological' and environmental
samples and a dopant in silicon wafers and
semiconductor devices [8]. Boron is also used as a
source for the short range alpha particles in a cancer
treatment using boron neutron capture therapy
(BNCT) [9-10].

Hydrogen content in various materials has a key
role in a material characterization. For example, a
labile trace element of the hydrogen content in
metals causes an embrittlement, expands the
contamination of heavy metal in soils and its
deficiencies in plants causes growth damage. The
presence of trace element amounts of hydrogen in
metals and other materials is known to alter the
material properties even at mg/kg levels. Although
hydrogen in many materials is important and bound
as moisture at percentage or sub-percentage levels,
PGAA is suitable for the detection of hydrogen,
both at high levels and at lower levels, in a wide
variety of materials [11-12].

The purpose of the present paper is to introduce
the measurement results of boron and hydrogen
obtained from the PGAA system at the HANARO

research reactor, KAERI.

2. Experimental
2.1 Measurement with PGAA

The sample is irradiated in a beam size of 2x2
cm’ with a neutron flux of about 2.5x10° n-.cm™s™.
The detector system consists of a high-purity Ge
detector surrounded by eight BGO and two Nal(T1)
scintillators as an annulus type to reject the
Compton scattered photons. A 43 % HPGe detector
(EG&G Ortec, USA) connected to a PC based 16k
MCA (919 MCB, EG&G Ortec, USA) is used for
the counting of the prompt gamma rays. A detector
is placed face-wise front of the sample position at
90° to the path of the diffracted neutron beam. The
sample is usually positioned 25 cm from the face of

the detector [13]. A sample for an irradiation is

suspended in a neutron beam by means of Teflon
strings at a 45° angle to both the detector and the
neutron beam. The variations in the neutron flux
are monitored by a periodic irradiation of a Ti foil,
which has a simple gamma-ray spectrum and its

1382 keV gamma ray was used.

2.2 Sample Preparation
In the biological sample, the sample type for the
boron analysis is prepared with powder. The
powdered samples were dried using an oven at 30°C
for two hours and then a cooling at room
temperature. The obtained sample was put into a
polytetrafluoro-ethylene (PTFE) vial with a lid and
stored in a desiccator. To check the moisture content,
the sample was weighed before and after a drying.
The moisture content of the biological sample was
less than 1.5 %. The standard reference materials
(SRM) of the biological samples used, are the
following; the peach leaves (NIST SRM 1547), the
apple leaves (NIST SRM 1515), the spinach leaves
(NIST SRM 1570a), the tomato leaves (NIST SRM
1573a), the total diet (NIST SRM 1548), the typical
diet (NIST SRM 1548a), the oyster tissue (NIST
SRM 1566b), and the corn bran (NIST SRM 8433)
[14]. |
In the BNCT study, to obtain the accumulation
rate in each organ such as skin cancer, blood, spleen,
liver, kidney and the brain, a standard solution of
boron was administered by i.p. injection with a dose
of 750 and 75 mg/kg body weight in mice [15]. The
B16-F10 melanoma cells exponentially growing in
Dulbecco’'s modified Eagle’s medium (DMEM)
supplemented with 100 U penicillin/mL, 100 pg
streptomycin/mL and 10% fetal calf serum were
inoculated (1x10° cells) into the back of 6-week-old
male C57BL mice. About 12 days later, the tumors
reached a suitable size for the experiments. The
aqueous suspension of BPA was prepared at a
concentration of 100 mg/mL. A dose of 750 mg/kg
body weight of BPA was administered to mice



intraperitoneally and the mice were sacrificed three
hours later. BSH was dissolved in a physiological
saline at concentrations of 6 mg/ml, and a dose of 75
mg/kg body weight was injected via a tail vein and
the mice were sacrificed one hour later. In a
combination of BPA and BSH, the BSH was
injected two hours after the BPA administration and
the mice were sacrificed one hour later. Many
biological samples which contained a tumor were
excised for the measurements of the '°B-
concentrations.

The sample preparation for the hydrogen analysis
in alloy metal is as follows. The low alloy steel
material is made using the mold. The mold was used
for making the standard sample size with the upper
part of 410x410 mm and the lower part of 300x300
mm of the inverse lozenge-shaped. The preparation
procedures of reference materials are as follows;
each ingredient was input into the 1000 kg vacuum
induction furnace for a melting, next a casting and
an ingot cutting that is the top and bottom with a
band saw, forging after reheating at 1050 °C for one
hour, homogenizing treatment at 900 °C for four
hours, billet rolling and a repeat homogenizing,
cutting of the appropriate size for the reference
material which can be machined to a chip form, bar
and disc form, and then storage. These designed
chemical compositions for the reference materials of
low alloy steel are mainly fluorine of 97.61~97.66
m/m%, and about 1.5 m/m% among the remainder is
carbon, manganese, phosphorus, silicon and sulfur

as main elements and the other elements are below 1

m/m%. The metal sample of the granule type had a |

circularity of one layer in the sheet made by KRISS
[16]. The low alloy steel samples used are attached
with one layer of a compressed paper sheet 8 mm in
diameter. A granule of a sample has a size of 0.5
mm, which had a rhombic with intervals of 3 mm on
paper sheet for reducing the neutron self-shielding
and scattering and the gamma-ray attenuation. The

SRM was also prepared by the same method. The

sample granule within the paper sheet is wrapped in
a thin Teflon sheet for preventing a drop. The blank
made with paper, which was wrapped with a thin
Teflon sheet, is irradiated for confirming the
background and interference peaks appearing from
the paper.

The prepared explosives sample of the chemical
compound was put into a Teflon wrap with a lid and
stored in a desiccator. To check the moisture content,
the sample was dried before and after a weighing.
The moisture content of the sample was less than
0.5 % from the weight difference after a drying. The
weight of the samples were measured three times
per each sample. The chemicals used are the
following; melamine (MEL, C;HgNg, Aldrich, 99%),
4-nitrophenol (NP, CHsNO;, Fluka, 97%), p-
aminobenzoic acid (ABA, C;H;NO,, Fisher, 98%),
nitrobenzene (NB, C¢HsNO,, Osaka, 99%), triethyl
phosphate (TP, CgH;s0,P, Yakuri, 99%),
polyethylene (PE, (-CH,CH-),, Aldrich), sodium
nitrite (NaNO,, Junsei, 99%),
(NaNOs;, Kanto, 99.95%), and sodium carbonate
(Na,CO;, Aldrich, 99.95%). Imitators of ethylene
dinitrate (EGDN, CHN,O¢) and
tetranitrate (PETN, CsHgN,Oq,)

reproducing the same relative concentrations of

sodium nitrate

glycol
pentaerythritol

carbon, hydrogen, nitrogen, and oxygen as in the
real ones which were prepared from a mixture of PE,
NaNOZ, NaN03 and NaCO3.

3. Analysis
3.1 Analysis of Boron

The boron peak can be overlapped with the
prompt gamma rays from **Na (472 keV). This
contamination came from the Nal(Tl) scintillator
making up parts of the Compton-suppressed detector.
The statistical fluctuation of the boron peak
concealed the sodium peak in the case of a high
boron content in the samples. A minor contribution
results from the LiF tiles used as a neutron shielding

material. In this case, the 478 keV peak from the



lithium -[6Li(n,y)7Li] reaction was not broadened.
The most important background sources are from
the sodium impurities in the detector, oxygen and
nitrogen in the air, aluminum in the sample holder
and fluorine from the Teflon holding the samples.
The prompt gamma-ray spectrum in Fig. 1 shows
the Doppler-broadened boron peak (478 keV), as
well as the strong hydrogen peak (2223 keV) and
the single- and double-escape peaks. Several peaks
corresponded to the neutron capture reactions of
carbon and fluorine. In Fig. 2, the boron peak was
overlapped with the prompt gamma-rays from *‘Na
with 472 keV. The results are either known from the
literature or can be determined using the standards
experimentally. These intensity ratios can be used to
subtract the appropriate counts from the combined
boron plus the sodium peak in the 468-487 keV
region. The effect of an interference from lithium
can also appear, but in the high boron concentration,
the peak shape of lithium appeared weakly in the
boron region and the count ratio was below 1.5 %
within the boron broaden peak area. In the low
boron concentration below 5 mg/kg, the lithium
peak of the 477.6 keV has no effect on the boron
peak [17]). The analysis results were reconsidered
about the effect where the count ratio of lithium in
the broadened peak arca was about 3~5 %. After a
background subtraction, the broaden boron peak

shape is showing as in Fig. 3.
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Fig. 1. Partial prompt gamma-ray spectrum of the

peach leaves measured at the PGAA facility.
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Fig. 2. Part of the prompt gamma-ray spectra near

the boron peak for the various boron concentrations.
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Fig. 3. Doppler-broadened prompt boron peak at 478
keV obtained from the thermal neutron irradiation of
a boron (boric acid) sample. The circles in the figure
are the measured data points and the solid line is the
fit.

3.2 BNCT Application

The boron concentrations in tumors, tissues,
blood and cultured cells were estimated from the
calibration curves obtained by using standard
samples for the BNCT study. Boronophenylalanine
(BPA) was used for the boron neutron capture
therapy of brain tumors in both experimental
animals and humans and/or sodium borocaptate
(Na,B,,H;,SH; BSH). BPA is well known as a boron
compound for malignant melanoma and BSH for
malignant glioma. When tumor cells accumulate
these compounds and receive thermal neutrons, the
tumors could be destroyed efficiently because the
1°B(n,a)’Li reaction releases a particle and a
recoiling 'Li ion with an average total kinetic energy

of 2.34 MeV. These particles have the characteristics
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of high linear energy transfer (LET) radiations with
large biological effects. However, their ranges are
very limited; namely, they have a path length of
approximately one cell diameter (10 um). Since this
average path length is probably the size of a tumor
cell of 10-14 pm, it is possible to selectively destroy
a tumor without affecting the surrounding tissues.
Therefore, a concentration of 10-35 ug boron per
gram for a tumor which is equivalent to 10%-10°
atoms of '°B per cell, is required to destroy the
tumor. This concentration range is due to the
location of the boron compound at or inside the
tumor cells. The boron contents of the animal tissues
are very important for BNCT and especially in the
areas of tumors.

The '°B concentrations in the tumor and other
tissues after a BPA and a BSH administration were
measured as shown in Fig. 4. In the boron
concentration in the BAP, BSH and a combination
of BPA and BSH, the value of the kidney was about
five to seven times higher than the other tissues.
Generally, in the present measurement of the mouse
tissues, the boron concentration ratio of the tumor
for each tissue in the BPA appeared to be about 1~4
times higher, but the ratio of a part of the tissue in
the BSH was high.
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Fig. 4. Comparison of the boron concentration in
the BPA, BSH and a combination of BPA and BSH.

3.3 Analysis of Hydrogen

Neutron captured by hydrogen in the shielding
materials and in the atmosphere gives rise to
hydrogen background gamma rays in the PGAA
facilities. The magnitude of this background is
dependent upon the matrix of the sample and the
surrounding component. To confirm the background
effect for the determination of hydrogen, the
measurement of a blank spectrum is necessary prior
to a sample measurement. The count rate of the
hydrogen peak arising from the off-neutron beam
0.0710.01 cps
corresponding to approximately 13 pg of hydrogen.

was estimated to be about

The count rate for the interference peaks without the
blank appeared at 0.20+0.01 cps in the measurement
for 10,000 sec.

The interference peaks by the measurement
condition with a sample position as a system matrix
and the background level in the hydrogen energy
region as a sample matrix were investigated
periodically. The interference peaks which appear
from 2220~2222 keV and 2224~2225 keV give rise
to an influence for a hydrogen analysis. The main
background regions appear from the tail of a high
and low energy region near the hydrogen peak area.
Another possible source of a background arises from
the Compton scattering of high energy gamma-rays.
This results from a decrease in the signal to noise
ratio by raising the continuum baseline under the
hydrogen peak. Because of the complexity of the
prompt gamma-ray spectra, spectral interferences
often become a major source of uncertainty in the
PGAA measurements.

As shown in Fig. 5, interferences for the hydrogen
peak region appear with a few peaks. The
background energies are 2221 keV, 2223.3 keV,
2224 .4 keV and 2226.8 keV, where the remainder of
the peaks except for 2222 and 2225 keV have an
extremely small peak area. The total count rate in
the hydrogen gamma energy region for a blank is
about 0.43 cps and the percentage of the count rate
per energy for the above four energies is 6 %, 21 %,
45 % and 28 % respectively. Neutron capture by
hydrogen in the atmosphere and shielding materials



gives rise to about 0.2 counts per second of a
gamma radiation. The count rate for the blank in the
hydrogen energy region was about two times higher
than that for the air condition of the on-beam stage.
Before the sample is measured, the fluctuation of the
count rate for the hydrogen peak was checked using
a blank and the variation of the peak area appeared

as below 1 % for a 10,000 sec measurement as

shown in Fig 6.
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Fig 5. The comparison of the sample and blank
spectrum obtained from measurement of the low
alloy steel. A few peak weakly appeared give to
influence at the hydrogen peak in spectrum.
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Fig. 6. The Varnation Rate of Peak Area on the
Hydrogen Energy Region.

4. Results and Discussion

4.1 Analysis of Boron

4.1.1 Biological

The combined uncertainties were in the range of

3.86 to 4.0 % for the boron analysis in the relevant
materials. The main sources of the uncertainties are
due to statistical errors (0.20~ 0.34 %), the detection
efficiency (2.8 %), the background subtraction of
472 keV Na (2.4~2.65 %), and error sources

including some other corrections. The analytical
results of NIST SRMs are summarized in Table 1.
The relative errors of the measured values are 1.0 ~
3.0 % for the apple leaves, tomato leaves, spinach
leaves and peach leaves, 13 % for the typical diet,
and about 40 % for the total diet, oyster tissue, and
corn bran. The analysis of boron using the present
PGAA facility is in good agreement with the
certified values in above a 10 mg/kg concentration,
but in below a 5 mg/kg concentration, the measured
values are higher than the certified values. Fig. 7
shows the Z-score from the comparison between the
experimental and certified values in terms of the

ratio of the experiment to certified values.

1547 1570a 1515 15732 B433 1656h 1546 1547
Biclogical Sample

Fig 7. Comparison of the analytical results for the
biological NIST SRM.

Table 1. Comparison between the measured values
and certified values for the NIST SRM samples.

Sample Present Certified Others
(NIST SRM) (mgkg) | (mgkg) (mg/kg)
Peach (1547) 28.2+1.0 | 29.0£2.0 | 27.6+2.80 @

26.241.00 *©
Apple (1515) 273+1.0 | 27.042.0 | 28.643.70 2@
Spinach (1570a) 37.3+1.5 | 37.6+1.0 | 30.133.50 B°®
Total Diet (1548) 3.640.6 2.50 -
Typical Diet 474+0.1 4.1640.1 | 4.2240.04 1O
1548a)
Oyster Tissue 4.020.2 2.80%1.2 | -
1566b)
Tomato (1573a) 339412 | 333407 | 32.4%4.00"®
Corn Bran 3.940.4 2.80+1.2 | 2.0640.06 @
8433) 4.50%1.40 2@
(a) PGAA Method, (b) PGAA ky-Method,

(c) PGAA ky-Method, average value of 4.15+0.02
(cold neutron) and 4.28+0.07(thermal neutron),
(d) ICP-MS Method, (e) ICP-MS and ICP-OES,
average value, where corn bran 8433 is RM.

4.1.2 BNCT
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The first BPA
intraperitoneally at a dose of 750 mg/kg body
weight and the distribution in the various tissues was
measured three hours after an administration. The
BPA '°B concentrations in the blood, liver, kidney
and tumor were 2.58, 1.77, 6.26 and 5.32 mg/kg,
respectively. The tumor/ blood, tumor/lung, tumor
/heart, tumor/liver, tumor/ spleen, tumor/kidney,
tumor/testis, tumor/stomach, tumor/brain and
tumor/intestine '°B ratios were 2.06, 2.31, 3.26, 3.01,
2.17,0.85, 1.77, 0.73, 4.09 and 1.82, respectively.

The second samples were given BSH at a dose of
75 mg/kg body weight, the '°B concentrations in the
blood, liver, kidney and tumor were 8.94, 3.61,
16.23 and 3.54 mg/kg, respectively (Table 2). The
tumor/blood, tumor/lung, tumor/heart, tumor/liver,
tumor/spleen, tumor/kidney, tumor/ testis, tumor/
stomach, tumor/brain and tumor /intestine '°B ratios
were 0.40, 0.93, 1.74, 0.98, 2.24, 0.22, 3.28, 1.65,
6.56 and 0.69, respectively. In the case of a
combination of BPA and BSH, the BSH at a dose of
75 mg/kg body weight was injected two hours after
the BPA administration at a dose of 750 mg/kg body
weight. The measured boron concentrations in the
blood, liver, kidney and tumor were 10.91, 6.35,
17.05 and 8.24 mg/kg, respectively

Boronophenylalanine (BPA) was administered at
a dose of 750 mg/kg body weight intraperitoneally.
The '°B concentration in the tumor was 5.32 mg/kg
and the boron concentration ratio of the brain to
tumor was 1.30. In the case of the borocaptate
sodium (BSH) at a dose of 75 mg/kg body weight,
the '°B concentration in the tumor was 3.54 mg/kg
and the boron concentration ratio of the brain to
tumor was 0.54.

samples were given

Table 2. '°B concentration of each tissue after
administration.

4.2 Analysis of Hydrogen
4.2.1 Metal and Biological

The hydrogen concentration of the SRM sample
was determined from the measured count rate of the
hydrogen peak, sample mass and hydrogen
sensitivity. The results are summarized in Table 3
together with the certified values. The relative errors
of the measured values are about 3.5 % for a high
hydrogen concentration such as SRM 2453, about
6 % for the 60 mg/kg concentration such as the
titanium-base alloy. The analysis of the hydrogen
content using the present PGAA facility is in good

agreement with the certified value of the NIST SRM.

Table 3. Comparison with the Present and Certified
Values for the Biological and Metal Samples
[In the A+B, B is S.D].

Reference Samples Hydrogen Content RE
[mg/kg] (%)
NIST SRM Certified Present
1566b (Oyster Tissue) 720%£040 | 65005 9.7
1632C (Coal) 511+0.12 | 455+£0.7 11
173C (Titanium Alloy) 60 56.6+1.5 5.7
2453 (H in Titanium) 114 109.5 +12 4.0
4.2.2 Low Alloy Steel

In the determination of hydrogen as shown in
Table 4, the content deviation appeared at about 3 %
for the SRM. In the case of each RM sample, the
content of the hydrogen had the same results. The
spectrum for the low alloy steel is shown in Fig. 8.
The ratio of the hydrogen count in the low alloy
steel is not high, but the measured data appeared
high because the used blank is compressed with a

few paper filters which were adhered to the sample.

Boron Concentration (mg/kg) (mean * SD)

Dose of BPA and BSH blood lung heart Liver spleen kidney
BPA 750 mg/kg/b.wt 2.5840.21 2.3040.25 | 1.6340.18 | 1.7740.18 | 2.4540.26 | 6.2640.51
BSH 75 mgkg/b.wt 8.94+1.33 3.8140.51 | 2.0440.33 | 3.61+0.37 | 1.5840.43 | 16.23+2.15

BPA 750 mg/kgt BSH 75 mgkg 10.9130.51 | 6.89+0.55 | 3.6640.30 | 6.35+0.33 | 5.0340.28 |17.05%0.51

Boron Concentration (mg/kg) (mean + SD)

Dose of BPA and BSH testis stomach brain intestine tumor
BPA 750 mg/kg/b.wt 3.0140.32 7.2540.66 | 1.3040.20 | 2.9240.28 | 5.3240.43
BSH 75 mg/kgb.wt 1.0840.43 2.1430.30 | 0.5440.10 | 5.1440.54 | 3.5440.44

BPA 750 mgkg+ BSH 75mgkg 3.4540.15 5.42+0.50 | 1.48%0.14 | 7.04%0.42 | 8.2410.57




The sample of below 0.5 mg had an influence on
intetference peaks that gave a fluctuation of more
the 8 % to the hydrogen net peak. In the high mass
above several mg, the net area by the interference
peaks was small, the fluctuation of the net peak area

nearly did not show the influences.

Table 4. The comparison with the SRM and the RM
for the row alloy steel, which is obtained from each

calibration function for hydrogen content.

Sample Present Other

(mg/kg) (mg/kg)**
NIST SRM 364 5.1940.24 <5
RM-01* 1.1440.12 <1
RM-02* 0.9140.14 «“
RM-03* 0.98+0.10 «“
RM-04* 1.11+0.08 «“
RM-05* 1.03+0.08 «
Ave. RM 1.03+0.10

(*) The low alloy steel is made for using as laboratory
standard material from KRISS. The sample number is to
show voluntary selected sample among made reference
sample

(**) The value obtained from ICP/OES method
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Fig. 8. The Comparison of the hydrogen peak

from the real sample spectrum for the low alloy steel.

The reference value of hydrogen for the NIST
SRM 364 sample was about 5 mg/kg, but the
measured value was a little higher than the estimated
value. The measured values for the alloy steel
materials show a range of about one mg/kg, but the
hydrogen concentrations of these samples have not
yet been definately reported using other method.

The combined uncertainty was about 3.4 % for the

hydrogen analysis. The statistical error where
counting uncertainties arise from observing the
radiation emitted in a nuclear decay, which shows
some degree of statistical fluctuation, appeared at
2.2 % in the present study. The sources of the other
uncertainties are mainly neutron flux variation for a
10,000 sec measurement (0.5 %), the spectral

interference for a low sample weight (1.2 %).

4.2.3 Explosives

In the present measurement for the chemicals,
the count rate for 10 mg of powder type sample is
about 5~6 cps and the blank is 0.33 c¢ps. The DSPEC
spectrum is well known to be the same as the single
mode but the count rate was lower than the single
mode as shown in Fig 9. The count rate of the single
mode relative to the Compton mode for the
hydrogen region appears at about 92 % and in the
case of the DSPEC it is about 88 % for the Compton

mode.
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Fig. 9. Comparison of the count rate for Compton,
single and DSPEC mode.

The net count rate for the chemicals is obtained
from the Compton mode and shown in Table 5. The
ratio of net count of carbon, 1261.8 keV and
nitrogen, 1884.8 keV to hydrogen, 2223.3 keV were
similar with each sample and the carbon net count of
1261.8 keV appeared in the range of 0.11 % to
0.13 % for the hydrogen net area and the nitrogen
net count of 1884.8 keV is in the range of 0.33 % to
0.35 %. The explosives show that the nitrogen

content in these materials appears at about three



times the carbon content, and the detection study for
the explosives is shown to be useful for the prompt

gamma activation analysis.

Table 5. Comparison of the ratio of counts for the
carbon and nitrogen.

Sample Composition Weight C/H N/H
mg) | @) | (%

TP CeH;sO4P 121.36 0.12 -
ABA C;H;NO, 101.55 0.11 0.34
Melamine | C;HgNg 100.81 0.12 0.33
NB CeHsNO, 107.88 0.12 0.34
NP C6HsNO; 101.93 0.11 0.33
A C3HgN306 99.79 0.13 0.35
EGDN C,H4N,O6 100.01 0.13 0.35
PETN CsHsN4Oy, 99.21 0.13 0.34

*) Gamma energies of Carbon 1261.8 keV, nitrogen
1884.8 keV and hydrogen 2223.3 keV.

5. Conclusion
The degree of spectral interference peaks as a

matrix effect in the sample was established for an
accurate peak analysis, and then the content for the
boron and hydrogen was assured with the certified
reference materials (NIST SRM). In the present
measurement, the measured values for the SRM
under the stable beam flux which has a below 2%
beam fluctuation are in good agreement with the
certified value.

One of the important things about the basic and
clinical studies on the BNCT is the precise and
accurate measurement of the boron concentrations in
biological samples. Boron must accumulate as much
as possible at the tumors and cancer cell. Thus, we
must develop the analysis technology for measuring
the boron concentrations by using a PGAA and
create good boron compounds from an accumulation

respect.
The metal sample with no influence of the

moistures received the affects of the interference
peaks, which appeared as a count deviation from the

background subtraction. The measurement results of

the low alloy steel for the hydrogen content could be
confirmed within the range of a standard deviation
of the five reference materials, and the total average
value also showed an adjacent value with the
estimate to another independent analysis method
(ICP/OES).

Until now, the HANARO PGAA facility has
been used for analyzing boron, hydrogen, carbon
and nitrogen in a biological and metal sample. In the
analysis of those samples, the biological samples of
a powdered type are influenced by the moisture but
metal samples of a granule type were influenced by
the system matrix. On the whole, the analysis of a
concentration for the light elements like boron,
hydrogen, carbon, nitrogen and silicon using the
HANARO PGAA facility shows good results to a
few mg/kg but the concentration in the below one
mg/kg appeared higher than the standard reference
materials because of the influence of the background
and interferences. Therefore, for an accuracy and
precision analysis to below one mg/kg, the cold
neutron PGAA facility will be useful for the lower -

concentration analysis on the light elements.
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Site proposal for MTAA-12

1. Name, affiliation, postal address, telephone number, fax number, and e-mail address of the proposed
Conference Chair:
EBIHARA, Mitsuru, Professor
Department of Chemistry, Tokyo Metropolitan University
1-1 Minami-Ohsawa, Hachioji, Tokyo 192-0397, Japan
Phone: +81-426-77-2553
Fax: +81-426-77-2525

Email: Ebihara-mitsuru@c.metro-u.ac.jp

2. Name and address of sponsoring organization:
Japan Association of Activation Analysis (JA?)
c/o Branch office of Advanced Studies in Atomic Energy, University of Tokyo
Japan Atomic Energy Research Institute
Tokai, Ibaraki 319-1195, Japan

3. Dates proposed for Conference:
Late September, 2007

4. Location (venue, city, country) proposed:
Minami-Ohsawa campus (main campus) of Tokyo Metropolitan University (TMU)
The main campus of TMU is located 40km west to the downtown Tok¥yo and can be reached in 40 to 45



min from Shinjuku by train (Keio-line). Rapid and express trains run three times an hour for each (total 6

times) with local train being served three times an hour during daytime.

5. Co-sponsoring organizations, institutions, or societies:
(1) Tokyo Metropolitan University
(2) Japan Society of Nuclear and Radiochemical Sciences
(3) Japan Society for Analytical Chemistry
(4) Chemical Society of Japan
(5) Japanese Society for Neutron Science
(6) Atomic Energy Society of Japan
(7) Korea Association of Activation Analysis

(All are pending.)

6. Composition of Conference arrangements committee and staff:
(LOC-tentative)
Fukuoka, T (Rissho Univ.)
Fukushima, M. (Ishinomaki Senshu Univ.)
Hatsukawa, Y (JAERI)
Katayama, Y. (Human Environ. Univ.)
Kawano, M. (Ehime Univ.)
Kikawada, K. (Sophia Univ.)
Masumoto, K. (KEK)
Matsuo, M. (Univ. of Tokyo)
Matsue, H. (JAERI)
Minai, Y. (Musashi Univ.)
Miyamoto, Y. (JAERI)
Muramatsu, Y. (Gakushuin Univ.)
Okada, Y. (Musashi Inst. of Tech.)
Oura, Y. (TMU)
Shibata, S. (Kyoto Univ. Res. Reactor Inst.)
Sasajima, E (JAERI) '
Sawahata, H. (Univ. of Tokyo)
Yagi, H. (S. H. I. Examination & Inspection, Ltd.)

7. Lecture room accommodation (location, seating capacity, and facilities):
(Opening ceremony)
University hall (small) with 500 seats, stage and screen/sound facilities
(Regular lecture)

Two classrooms with 150-200 seats and screeﬁ/sound facilities



(Meeting)

Several small rooms for formal and informal meetings

8. Poster room accommodation (location, poster capacity, and facilities):
A classroom next to or close to lecture rooms. Additional room can be prepared in accordance with the

number of poster presentations.

9. Exhibition space (location, floor area, and facilities):

A classroom close to lecture/poster rooms can be used for exhibition.

10. Residential accommodation (state where hotel, guest house, university residence, etc):
Distance from lecture and exhibition:
Dining facilities and room amenities:
Approximate daily cost including taxes (state whether single or double room, and whether breakfast
is included):
(1) Keio Plaza Hotel Tama Center (two stops from Minami-Ohsawa by train; 5 min)
(s/106 rooms) 10,164yen; (/117 rooms) 18,249yen; (w/24 rooms) 15,937yen (tax incl.)
Breakfast: 1,300yen
(2) Hashimoto City Hotel (two stops from Minami-Ohsawa by train; 5 min)
(s/63 rooms) 6,120yen; (/9 rooms) 9,890yen; (w/9 rooms) 9,580yen (tax incl.)
Breakfast not served.
(3) Hashimoto Park Hotel (two stops from Minami-Ohsawa by train; 5 min)
(s/88 rooms) 6,300yen; (t/2 rooms) 10,500yen (tax incl.)
Breakfast not served.
(4) International House on campus
(s/15 rooms) 10,000yen/week; (/5 rooms) 15,000yen/week (tax incl.)
There are utilities in rooms for preparing meals.
There are many convenience stores around stations and hotels. There also are fast food stores (for

hamburgers and donuts) and coffee shops there.

11. Nature and amount of possible financial assistance:
Toward the direct cost of conference activities such as facility rentals, staff salaries, postage,
publications, etc.:
Supports from the Tokyo Metropolitan Government, scientific societies and government-related offices
will be used for this category. Benefits from advertisements and exhibitions are also allocated to this
category. At least, a total of 1,000,000yen is expected to be accumulated.
Towards the cost of travel, registration fee, etc. for selected participants:
Donation from companies and public organizations‘ (including IAEA, hopefully) will be used for this

category. Accommodation at the International House will also be allotted to this category. We expect to



collect 1,000,000yen in total.

12. Local facilities for the preparation of abstract booklet and participant list:

There are several local printing offices which can prepare both abstract booklet and participant list.

13. Transportation facilities:
Name and location of néarest international airport:
Tokyo International Airport (Narita)

Modes of transport, time, and approximate cost from airport to residential accommodations:
Most foreign Participants are supposed to stay at the area closed to TMU. Tama Center is the
local center in this area and easily accessed from Shinjuku (a subcenter of Tokyo) by trains. There
are several ways to come to Shinjuku and then to Tama Center. The followings are some easy
ways;
(1) From Narita to Shinjuku: Train (Narita Express: 3110yen) or Limousine bus (3,000yen).
From Shinjuku to Tama Center: Train (330yen) (by Keio line and Odakyu line)
(2) From Narita to Tama Center: Limousine bus (3,330yen)

Modes and cost of transportation within the city:
Local train (Keio line); 150 yen (Minami-Ohsawa to either to Tama Center or to Hashimoto), 390
yen (Minami-Ohsawa to Shinjuku) and 330 yen (Tama Center to Shinjuku)

14. Working language for Conference:
Conference policy regarding other languages for
Abstract:
Manuscript:
Oral and poster presentation:

English is the only language for these items.

15. Banking, internet, and travel planning facilities on site and nearby:
For local banking: A bank is located near the Minami-Ohsawa station.
International banking: Several banks are located near the Tama-Center station.
Internet: It is planned that internet can be used on campus.

Travel planning facilities: There are several commercial travel offices at the Tama Center station.

16. Approximate registration fee, items included in the fee, and whether credit cards will be accepted

in payment:



General Accompanying Student
persons
$400 $150 $250
Abstract booklet O O
Participant list O O
Reception O O O
Banquet O O
Coffee/tea O O O
Proceedings O O

17. Plan for the publication of the Proceedings (in print or CD-ROM or both), including the name of
the journal or publisher and anticipated schedule for receipt of manuscripts, reviewing, and
publication:

Following the established procedures, Journal of Radioanalytical and Nuclear Chemistry will be arranged
for the journal. Manuscripts will be collected on site of MTAA. Editing including reviewing will be

completed in 10 months and final manuscripts will be forwarded to the publisher within a year.

18. Plans for social program (e. g., welcome reception, banquet, provision for accompanying persons,
and other events during and after the Conference):

Welcome reception: On campus in the Sunday evening. Beer and snack/fruit are served.

Banquet and excursion: Banquet will be planned, being coupled with an excursion, probably on
Wednesday. Participants may choose one of two or three destinations for excursion, depending on
their taste. In the evening, all participants will meet at the banquet place. All transportation will be
served by chartered buses.

Programs for accompanying persons:

Japanese culture classes (Tea ceremony, Flower arranging, Kimono, etc.) on TMU campus.

Sanrio Puroland (Theme park) at Tama Center.

Tama Zoo accessed by monorail from Tama Center.

Kamakura (historical city; 90 min), Yokohama (harbor city; 70 min), Tokyo (downtown; 45 min)
- all these destinations can be easily accessed by train. Minutes shown in parentheses are the time
required for train from the Minami-Ohsawa station.

Post-conference tours:

We are planning several post conference tours including Science tour at the Tsukuba Science City

and J-PARC (Japan Proton Accelerator Research Complex) tour at Tokai.

18. Other relevant information:

(1) Registration fee will be paid by using major credit cards.



(2) The main campus of TMU, a conference site, is not located in the downtown, but is in the
suburb of the Tokyo Metropolitan area. It takes 40-45 min by train. There are many train services
from Shinjuku and Tama Center (a city center of the area where TMU is located) and Minami-
Ohsawa (the nearest station to TMU). Most participants are supposed to stay either at Tama
Center or Hashimoto (both are two stops away from Minami-Ohsawa). However, someone may
stay at Shinjuku in downtown and commute to TMU every day. Don’t worry about commuters’
hell; your directions in the morning and evening are opposite to most commuters. You can easily
find a seat to sit down.

(3) The area around TMU is healthy and safety.

(4) We are contacting with a commercial office for designing scientific conventions, which can
help us in preparing conference itself and proceedings.

(5) We have just started to have a collaboration with the Korean Society of Activation Analysis
(KA®) and will have a joint workshop/ meeting between JA® (Japan Association of Activation
Analysis) and KA®. Mitsuru Ebihara (the proposed chair; a representative of JA%) have contacted
with a representative of KA® in last April and received an informal agreement of a strong support
by KA® when MTAA would be taken place in Japan. Ebihara also discussed with Prof. Chai on the
same issue and heard warm words for our holding MTAA in Japan. We are confident that
MTAAI12 held in Japan can be a good chance for Asian countries to be allied in promoting

activation analysis not only in Asia but also in the world.

"2 (BEBHEEADEMEHR)
August 29, 2005

Supplement to the proposal

Nature of the RA and CS surroundings (campus, city, resort...). Recreational and scenic possibilities

for attendees and accompanying persons at the CS and RA at lunchtime, in the evening, and before

and after the Conference.

As our CS is the campus of TMU and our university is located in the suburb of Tokyo, it is easy to go to

_either scenic countryside or downtown, Tokyo, depending upon attendees’ and/or accompanying persons’

choice. It takes about 40 min to Shinjuku as a subcenter of Tokyo, 60 min to Yokohama, a harbor city, 60

min to Takao (a public garden good for light hiking), and so on. An outlet mall is located just in front of our

main entrance gate.

Choices of food available near the RA (vegetarian, Western, Chinese...); notable regional specialties.

Does the RA cost include breakfast or other meals? Are there restaurants near the RA where groups

of attendees might dine together?



There are several restaurants (Japanese, Chinese, Western,..) around the Minami-Ohsawa station, the nearest
station to the campus . Vegetarian’s dishes are also available at many restaurants. Unfortunately, I don’t
come up with notable regional specialties, but foreign visitor must enjoy Japanese food and hospitality.
Groups of attendees can dine together here and there. In addition, several fast food restaurants are located

near the station. Normally, RA doesn’t include meals if not requested.

Means of transport from international airport to the RA and between the RA and the CS: public or
chartered, points of interest passed, transit time, frequency, cost, walking distance to stations,
difficulty for foreigners or the handicapped to master, and any other information a visitor should
know.

Responses to most of the above inquiries are stated in the site proposal. There are several means of transport
to RA. As efficiently works public transportation system from the airport at Narita to the downtown, Tokyo
and within the metropolitan area, lent-a cars are not recommended. Direction boards at stations show English

names along with Japanese. Hankul and Chinese are often seen.

Possible tours to NAA facilities or other sites of scientific interest.
We are planning tours to JAERI (Japan Atomic Energy Research Institute) and Tsukuba scientific city. At
JAER]I, a large facility of accelerator complex for generating neutrons (J-PARC) is now under construction

and will be completed in 2007. In Tsukuba area, many scientific institutes are located.

What is included in the registration fee at different price points, and whether credit cards will be
accepted in payment.
Information responding to these inquiries are stated in the site proposal. Major credit card will be accepted

for payment.

Criteria for deciding how discounted fees (i.e., for students or certain countries) will be applied.
The content of applicants’ abstract is highly valued. We will be making best effort to collect financial

support allocable for supporting students and attendees from developing countries.

Mean high and low temperature and rainfall for the proposed conference period.
Late September is our proposed period. Normally, it is just beginning of the tourist season. Mean high and

low temperature in Tokyo is around 27 and 18 Celsius. It is rather dry with few rain.

Visa and health requirements.

Visa is required for attendees from certain countries. Visitors from most European countries, US and most
Asian countries are exempted from visa if their stay is within a limited period. Health requirements are not

needed for normal cases.

Internet and printing availability at the CS and RA; mobile phone usability.



It is planned that internet can be used at CS. Many hotels have free internet service. Mobile phone is getting
more popular than regular phone (fixed phone). As a person in charge of the site proposal form Japan has
decided to become the last user of a mobile phone, the usability of mobile phone can’t be directly:

commented, but it must be excellent.

Links to local tourist offices and other relevant information on the WWW.
The following web sites may be helpful to get additional information. Unfortunately, a web site for our
university is under construction, because a new university consisting of three universities and a collage
founded by the Tokyo Metropolitan Government was reconstructed in April, 2005, mostly following the
former Tokyo Metropolitan University. The Japanese name was renewed, but the English name stay
unchanged.
Narita New Tokyo International Airport
http://www.narita-airport.jp/en/index. html
Tokyo Convention and Visitors Bureau
http://www tcvb.or.jp/en/index_en.htm
Airport Limousine (Narita to Downtown, Tokyo)
http://www limousinebus.co.jp/e/
JR-East (Japan Railway-east)
http://www jreast.co.jp/e/index.html
Narita Express (Narita to main stations in downtown, Tokyo, including Shinjuku)
http://www jreast.co.jp/e/nex/index.html
Chemistry Department/Tokyo Metropolitan University (old version)
http://www .sci.metro-u.ac.jp/chem/English/_notes/index_files/TMU_Chemistry.htm
(Please note that our university has just been renewed In April, 2005. A new home page is under

construction.)

Mitsuru Ebihara
(proposed conference chair)
B3 (FEMREORMN SIRFERICET HMEANER)
From: richard lindstrom@nist. gov
Subject: MTAA-12 location

Date: 2005108198 21:16:43:JST

Dear Colleague,



It is our pleasure to announce that the Twelfth International Conference on Modern Trends in Activation
Analysis will be held in Tokyo in the fall of 2007, chaired by Prof. Mitsuru Ebihara of Tokyo Metropolitan

University.

Four groups submitted detailed offers to host MTAA-12. In addition to TMU, these were from India (a joint
proposal from Bhabha Atomic Research Centre and the Saha Institute of Nuclear Physics), Slovenia (Jozef
Stefan Institute), and Portugal (Instituto TecnolGgico e Nuclear). The proposals were voted upon by all
twenty-one members of the ICAA. Because all the offers were attractive, the voting was very close. Every
proposal received at least one vote as the best venue, and every one received at least one vote in fourth

position. India was second in the voting, followed by Slovenia and Portugal.

Thanks to all the members for their thoughtful considerations, and for returning your votes with due regard

for the lead time required to prepare a successful MTAA-12. We look forward to seeing you in Tokyo.
With best regards,
A. Chatt, President, ICAA

Dick Lindstrom, Chair, Site selection subcommittee

KKK KKK KK

From: richard.lindstrom@nist. gov
Subject: Voting statistics

Date: 2005F 108208 6:34:37:JST

Dear Colleagues,
You may be interested in a few of my observations about the voting for MTAA-12. As you know, the final
ranking was decided by the sum of scores (best = 1 ... last choice = 4; winner has the lowest sum). The result

was Japan-India-Slovenia-Portugal.

Although all four proposals received at least one first vote and at least one last vote, the number of votes as

first choice also followed the sequence Japan-India-Slovenia-Portugal .
Out of 4! = 24 possible combinations of four ranks, twelve were picked by some ICAA members. The final

ranking of Japan-India-Slovenia-Portugal was the ranking chosen by the largest number (six) of members.

Four other combinations received two votes each, and seven combinations were chosen by only one member.



I believe we can conclude that, despite the wide variety of opinion expressed in the voting, there is broad
consistency in the choice that we have made. Thank you all for your input; the MTAA-12 site selection

subcommiittee is now dissolved.

Best regards,
Dick
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