2013 8 A

AT AL 57

No. 29

& SR IR =



BEHE R TR =
Japan Association of Activation Analysis

(JA®)

A
I pits

¢

!

auh
H.

[Activation Analysis|

‘\ FHEEER BEETSA (REHHAEIEH) CL5L0TT. H




Bttt No.29

H X

RE <LV T7EFIT
Utilization of Neutron Activation Analysis facility at Malaysian Nuclear Agency
M. S. Hamzah, S. A. Rahman, B. S. Wee, Md S. Elias
N. A. A. Salim, A. Hashim and S. Shukor 2
Assessment of Elemental Pollution in Marine Sediment from Talang-Satang and Bako
National Park of Sarawak, Malaysia
Md S. Elias, M. S. Hamzah, Ab K. Wood, A. Hashim
S. Ab Rahman, B. S. Wee and N. A. A. Salim 11
Selenium in human nails: a preliminary study using INAA
B. S. Wee, M. F. A. Rahman, M. S. Hamzah 25
Elemental Determination and Source Apportionment of Road Dust in Klang Valley,
Kuala Lumpur

S. A. Rahman, M. S. Hamzah, Md S. Elias, B. S. Wee, N. A. A. Salim, E. Sanuri 29

WHFREN
R 23 EERER R TP EBRT R AR
Applications of INAA and IPAA to cosmochemical materials
N. Shirai, S. Sekimoto, S. Ohtsuka and M. Ebihara 45
k,-NAA 2 & 2 RABEHR P TD KUR & JRR-3 D H#K
=H B, BwARY BE®E—-, JNR 48
B ATIC & B BOKMESLR R DL 7 2 § VEEE DR
ARGM—BR, R, bR, dgaTr
FOHEE, BEFE—, BENER 53
{LRESh DT
HHEET 54
Neutron Activation Analysis and its Application in Malaysian Nuclear Agency

Boon Siong Wee 55
L EBHFY v < BRI (MPGA)IZ & 2 HBEWH O R Y REEROAE & HRKEDOET



(F#H)
SHMEA, B W, SEANs, REFE, KECE 64
VL 24 SEEREARER TR RBRITEM RS
BURMLDHTIC & 2 %5 ALS DEBEHITRIREER-F 2 #-
OPRT, BHER, SHRY, HLUEH, 8E%—, PHEE
WNR, fiEzT, AHET, BE0L, AAREE, SEZH 69
AR IR D B DB ABE IC N § S L O HE
BRdnek, DNENIBR, BEEZ 72

EARFEFFOBN & Z D BA #® 77
FNCA D Ht WREZ 81
EWNMBIT2BEHEER v F 7 LoEEE NGRS R 86
mEL®mE
FHR 23 SEE R EIR iR KR R M A S
HERZEFIPEBREMRARICHEL < FFHERY 92
PR & B4 92
MARC IX BT, me H, EHER, BEA # 94
NRC-8 BALY A 102
VK 24 SFEFERREIRE IR RBFTEM A S B4 110
VR 23 LRSI

Elemental Analysis of Primitive Carbonaceous Chondrites by Neutron-induced Single and

Multiple Prompt Gamma-ray Analysis Techniques and its Cosmochemical Significance

Mohammad Amirul Islam 113
VR 23 BB R
VA4 74 FRAEDOITTEERICB T 2HA RANE 115
EEPILRDORE L LFERE 2 BB & U 7 ERRRABL O R4 5l e EE 117
K 23 SRR R
BEHLOIC L 52— 2 5 4 + DLEEBR O RN KEWE 119
FHR 24 SEEE -GS

LEMR D 5 RHIFEHT 2V F 74 FRREICE T 3 B0 ARMBE HE& 120
PR 24 FEEB LR R



LAk D TR DB RIBE I N § 2 faE O FE
FER 24 SE RS GRCDik

B ek

k, B E F UL T O HRE FREAD@EM & k- IAEA V 7 + 7 = 7 OFHill

BBEA OB E Mn O T BEREIHT- T RETH T DR A-

FEERAE D
H AR 7 H1 T 72 B R BRI 1 1 B2 B 78 P
HR KRB T RWT A AR T 0 S BGE FA A B A
FERAR I 747 FRRAT
RIRFLEF ALV T —

HERL D
2010 fE 5 2 MU LTI R S RBEFBF A €
2010 SEEBEH LTI SR WS
2011 FEEBFLITHARERFER)BFREA €
2012 LA S - 5 56 RIS L AR S B Lo o Bk
2012 FFEEEE 2 MBEHE AT R RIEREEQHE R

ALY —

L ZE

N

Mg =
Hh&A

126

128
129

130
131
131
134

137
138
140
141
143

145



Malaysian Nuclear Agency

BABEHEO W EE OB SHBR~L—> 7T, FAPZF4 8-, LT V=Y 7 EFHTFTH
{L2EIGH 7 Vv — 78 ® Dr. Mohd Suhaimi Hamzah iz ZtH w77 & L.

AREITEL4MI»o%D X7,

1. Utilization of Neutron Activation Analysis Facility at Malaysian Nuclear Agency.
Mohd Suhaimi Hamzah et al.

2. Assessment of Elemental Pollution in Marine Sediment from Talang-Satang and Bako National Park of
Sarawak, Malaysia. Md Suhaimi Elias et al.

3. Selenium in human nails: a preliminary studyusing INAA. Boon Siong Wee et al.

4. Elemental Determination and Source Apportionment of Road Dust in Klang Valley, Kuala Lumpur.
Shamsiah A. Rahman et al.



Utilization of Neutron Activation Analysis facility at Malaysian Nuclear Agency

Mohd Suhaimi Hamzah, Shamsiah Abdul Rahman, Wee Boon Siong, Md Suhaimi Elias,
Nazaratul Ashifa Abdullah Salim, Azian Hashim and Shakirah Shukor

Malaysian Nuclear Agency,
Bangi, 43000 Kajang, Selangor,
Malaysia

Abstract

Neuron activation analysis (NAA) system has been established in Malaysian Nuclear Agency in 1983. The
technique has been used for research, training and commercial service. It has become a major analytical
technique in this research center and been applied for research in the fields of environment, geology,
archaeology and agriculture. The NAA facility was also used by several universities for training and research.
Common customers for commercial service were from regulatory body and industries dealing with mineral
trading and processing. Their interest was normally for the determination of uranium and thorium in mineral and
mineral products.

Introduction

Neutron activation analysis (NAA) activity has been started in Malaysian Nuclear Agency (Nuclear
Malaysia) since 1983 with the establishment of the NAA laboratory, not long after the installation of the only
nuclear research reactor in Malaysia, PUSPATI TRIGA MK II reactor in 1982. The NAA system was set up as
part of the reactor utilization program to provide elemental analysis needs for the research and training activities
in this research center as well as for other potential users in the country. Since then, the NAA has become a
major analytical tool besides other analytical instruments employed in this research center. It has been used as a
reference analytical technique for elemental analysis, owing to its better accuracy compared to other analytical
techniques.

The other important features of NAA technique are its high sensitivity, non-destructive in nature and
multi-element capability. It is capable of analyzing up to 30 elements simultaneously in a single sample
non-destructively. The technique has been very useful for the determination of uranium, thorium, gold, platinum
group metals, rare earths and some other trace elements in various types of samples.

NAA facilities and operational system

Neutron source for the NAA work in this country is provided by the Nuclear Malaysia TRIGA Mark II
reactor [1]. It is a pool type reactor with maximum thermal power of 1 MW and generated by 8.5-20% enriched
uranium fuel. The reactor is managed and operated by the Operation and Maintenance Section of the Nuclear
Power Division. During operational season, it is normally operated for 4 days per week and about 6 hours per
day with operating power normally between 500-750 KW. There are several irradiation compartments available
in the reactor for sample irradiation, such as, the rotary rack, pneumatic transfer system and central thimble.
Vertical cross section of the reactor indicating sample irradiation positions is given in Figure 1.



Figure 1: Vertical cross-section of PUSPAT

The rotary rack, also known as Lazy Susan can accommodate up to 40 sample containers at different
positions. During sample irradiation, the facility may be rotated around the core, thus minimizing differences of
neutron flux received by samples loaded in different position. The rotary rack is normally used for long
irradiation of samples - up to 6 hours per day. The average thermal neutron flux in this irradiation facility is
about 2.0 x 10" n.cm™s™.

The pneumatic transfer system (PTS) is a facility for transferring a sample from the pneumatic port into
the irradiation compartment in the reactor and ejecting back the sample after irradiation by a pneumatic
mechanism. It is an automatic system where a timer can be preset for a selected irradiation period, normally not
more than 5 minutes. The thermal neutron flux in the PTS irradiation compartment is about 5.0 x 10"* n.cm™.s™ .

Central thimble is an irradiation facility located in the core, but seldom used for NAA work as the
irradiation compartment is in contact with water coolant. Sample needs to be loaded into a water tight irradiation
tube, normally made of aluminum. The neutron thermal flux in this facility is about 1.0 x 10" n.cm™.s™.

In Nuclear Malaysia, the NAA activity is normally performed by staffs of the Analytical Chemistry
Application (ACA) group under the Division of Waste and Environmental Technology. The group employs
seven gamma spectrometers consisting of HpGe detectors with various efficiencies ranging from 10-30%
(Figure 2). One of the gamma spectrometer was attached with an automatic sample changer, which can be
operated for round a clock counting. Softwares used for gamma spectrum analysis are Genie 2000 and Gamma
Vision supplied by Ortec and Canberra respectively.

Samples receive for NAA are either in raw or homogeneous forms. Raw samples may be subjected to
drying, cutting, milling or pulverizing to make it fine and sufficiently homogeneous. Sample to be analyzed is
transferred into a polyethylene vial and loaded into an irradiation tube for irradiation. Irradiation tubes and
sample containers used were made of high density polyethylene (Figure 3).

In routine NAA work, comparative method was used for quantitative analysis, in which suitable standards
and reference materials were measured together with samples and blanks under a similar condition. Neutron flux
monitors were used to correct for the variation of neutron flux experienced by the samples and standards during
the irradiation process. Routine procedure of NAA method employed by the group has been described elsewhere
[2] and is given in the Table 1. The laboratory has satisfactory number of reference materials ranging from
biological, environmental and geological materials obtained from established agencies for quality control
purposes (Figure 4).



Figure 2: Nuclear Malaysia counting facility for NAA

Figure 3: Sample containers and irradiation tubes Figure 4: Certified reference materials



Table 1: Procedure for NAA routine analysis at Nuclear Malaysia

Procedure Elements Nuclides Half-life y-ray Energies
(keV)
1. Irradiation: 1-5 min Al Bal 2.32 min 1779

(Short irradiation) \Y% 2y 375 7 1434
Cooling: 10-20 min Ti STj 579 ” 320
Counting: 5 min Ca “Ca 880 ” 3083

Mg Mg 946 ” 1014

Br 80py 17.60 617

I 1281 25.00 ” 443

Cl 3By 3732 2168

Dy 1Dy 232 95

Mn *Mn 258 ” 847, 1811
Cooling: 24hours K 2K 12.40 hour 1525
Counting: 1200s —3600s | Ga Ga 1410 ” 834

Na *Na 15.00 ” 1368, 2754

2. Irradiation: 6-12 hours w 187y 24.00 hour 686

(Long irradiation) As SAs 2640 559
Cooling: 4 -7 days Br B¢ 3240 7 555,776
Counting: 3600 — 7200s | La 101 a 4020 ” 1596

Sm 153Sm 46.80 103

U 2Np 2.35 days 228,278

Au 1% Au 270 ” 412

Sb 1226y, 270 7 564

Yb 1yb 420 396

Lu OB 670 ” 208

Nd "“INd 11.10 day 531
Cooling: 20-30 days Ba Blga 1200 » 496
Counting: 3600-7200s Rb %Rb 1870 ” 1077

Th 23py 27.00 ” 312

Cr ey 2780 ” 320

Yb 'Yb 3200 ” 177,198

Ce Mce 3250 ” 145

Hf 8lgf 4250 7 482

Fe 5Fe 4510 7 1099,1293

Sb 1245 6090 ” 603

Zr 7r 6550 ” 757

Tb 160, 7210 ” 879

Sc 43¢ 8380 889

Ta 18274 115.00 ~ 1121

Zn 8Zn 24400 ” 1221

Cs Bics 2.05 years 1116

Co ®Co 525 » 1173,1332

Eu 2Ey 1270~ 122,1808

Utilization of NAA facility

The NAA system in Nuclear Malaysia has been used by research communities, environmental
consultants, regulators and users from various institutions and private companies in the country. Main
uses of the NAA technique for research were in the field of environment, geology, archaeology and



agriculture. Utilization of NAA from university researchers and postgraduate students were quite good.
However, the activity seems to be decreased in recent years, mainly due to lack of funds. Users from
industrial sector also played significant role in NAA utilization. This industrial application was
generally related to regulatory requirements. Number of samples analyzed by the NAA technique was
about 670 and 530 in 2010 and 2011 respectively. Ratios of NAA application for different type of
activities, namely for research, academic training and commercial service (from industry and regulatory
body) in the last 2 years were about 45%, 20% and 35% respectively.

Research activities

Scope of research carried out by the analytical application group (ACA) within the last 10 years
were mostly on environment, such as on marine sediment pollution, trace and toxic elements in food
and air particulate pollution [3,4,5]. The group also collaborates with other research groups or
institutions in the country in carrying out research activities in other fields, including geology,
archaeology, and agriculture. Main research activities carry out by the group were as follows:

Marine sediment contamination project:

The project was initiated in the early 90s through IAEA/RCA regional project program and
continued until now. Since then, hundreds of sediment samples including grab and core samples have
been collected from various locations around the peninsular (in the Straits of Malacca and the South
China Sea) as well as to the southern and eastern coasts of Borneo. Analysis of samples for major and
trace elements have been performed using NAA and ICP-MS techniques and the results were reported
in local and international journals [4,6,7]. Assessment on pollution status was based on enrichment
factor by comparing the elemental concentrations with those of crustal values as well as by comparison
with data from other countries. Information on elemental data of grab and core samples were used to
indicate the extent of contamination process according to areas and depths respectively. Those data can
be correlated with the anthropogenic activities in the past. Organic compounds, especially PAH has
also been analyzed in some samples using GCMS to provide information on the major sources of
organic pollutants in certain areas [8]. A set of database on the chemical contents in the coastal
sediment of Malaysian waters will be established for future references.

Research on Air particulate pollution:

Research on this area has been started in late 90s with the aim of producing long term database on
the airborne particulate (particle fractions of <2.5 and 2.5-10 microns) in Kuala Lumpur area in terms
of their levels, chemical contents, sources and source apportionments. The project was also
conducted under the IAEA/RCA regional research cooperative program. In this project, NAA has been
used as complimentary technique to PIXE (at GNS, New Zealand under IAEA regional research unit
mechanism) especially for the determination of some elements (Al, Cr, Mn, Ti and V) in particulate
samples [9]. Fingerprint of major pollutant sources have been identified for soils, motor vehicles,
smoke and industries [10,11].

Research in Geology:

Earlier application of NAA has been used to study the distribution of gold in several geological
materials including soils, rocks and river sediments [12]. The technique was also applied for the
determination of gold in tree leaves collected in areas known to have gold anomalies [13]. Higher gold
content was found in leave samples collected in the area with relatively high gold their soil compared
to those collected in the areas with relatively low gold in their soils.



Research in archaeological aspect:

NAA has been used to identify the chemical contents and fingerprints of old Chinese ceramics,
ancient beads [14] and bricks from several old structures in the country [15]. Study on old Chinese
ceramics was conducted under the TAEA contract research. NAA has been used to identify the
chemical fingerprints of blue and white potteries from two shipwrecks known as ‘Wanli’ and ‘Desaru’
shipwrecks (as given by the Malaysian Department of Museum) which went missing in 1625 and 1830
respectively [16]. The study shows that elemental contents of the clay bodies of blue and white shard
from both shipwrecks were very similar and matching with those of shards collected from Jingdezhen.
NAA has also been used to identify major chemical components that were used in making and coloring
glass beads found in Sungai Mas, Kedah, Malaysia. The bead production center in the area was
believed to be operated in the 13" centuries. Study on bricks from different old structures shows that
NAA technique could be used to differentiate the bricks of different origin.

Project on trace and toxic elements in food and environmental samples:

NAA has been used for the determination of trace elements in foodstuffs, such as rice [17], tea and
cigarette [18,19], and fish[20]. NAA has also been used for the determination of uranium and thorium
in various types of food items consumed by local people. The results have been compiled as database
that will be very useful for radiological assessment purposes. Currently, the ACA group is conducting a
research project for the determination of mercury and other toxic metal contents in various marine fish
species in Malaysia using several analytical techniques such as NAA and ICPMS.

Research collaboration and training activities with local universities:

The NAA technique was regularly used by postgraduate students from local universities to carry
out their research works leading for degree of masters (MSc) and doctor of philosophy (PhD). Some of
the students spend full time in our laboratory for the NAA works and the rest only used the irradiation
facility provided by Nuclear Malaysia then performed the measuring part using counting systems in
their universities. NAA counting facility is available in the National University of Malaysia, Bangi,
Technology University of Malaysian, Skudai and University of ITM, Shah Alam. Undergraduate
students were also allowed to use the NAA and other facilities for short industrial training and final
year dissertation project. Some of collaboration works with universities on marine pollution, air
particulate pollution, lichens as biomonitors [21], geological materials [22], development analytical
methods [23,24] and quality control aspect [25] have been reported in national and international journal.
In the last 10 years, there have been more than 20 postgraduate have obtained their respective degrees
and about 90 undergraduates have benefited from these training activities.

Analytical services

The group also provides NAA service to outside users. They were mostly from the mineral
processing and mineral trading companies as well as from environmental consultant companies. Their
interests were more for the determination of uranium and thorium in raw minerals, mineral products
and mineral processing waste e.g. slag and sludge. Information on radioactivity values for naturally
occurring radioactive materials (NORM) including uranium and thorium in certain types of materials
was mean for safety purposes and regulated and enforced by the Atomic Energy Licensing Board
(AELB) of Malaysia. Common materials analyzed under the commercial service were ilmenite,
monazite, soil, vegetation, zircon and tin slag. The demands for this activity were quite consistent in the



last 10 years.

The NAA technique was also used for the analysis of medical rubber glove products for total
chlorine compounds. Chlorine compounds have been used in glove manufacturing during chlorination
process in order to reduce surface friction, thus make it smooth and donned easily [26]. Information on
chlorine level in rubber glove products helps manufactures established their chlorination and washing
processes for producing internationally acceptable powdered free gloves.

Future activities

The role of NAA technique in the future for research, training and regulatory work is still very
important. On top of that it is very much depending on the availability of the neutron source in the
country which is getting depleted. The reactor is ageing and operational time getting decreased in the
last 5 years due to breakdowns and maintenance activity. In term of application, the technique is still
relevant for many research and development activities, especially for the determination of highly
sensitive elements and analysis of hardly digested materials. For example, certain instrumental methods
like AAS and ICPMS have more serious interference and some materials like zircon and slag are very
difficult to digest which could leads to lower values under AAS and ICPMS measurements. In such
case, NAA could be used as a reference technique for developing and establishing of reliable wet
methods. New role of the NAA technique in Nuclear Malaysia could be related to the research for
supporting the development of nuclear power program, such in developing nuclear grade materials and
establishing environmental database for nuclear power candidate sites.

Conclusion

There is no doubt that in the next 10 years the NAA technique will still be maintained along with
other analytical techniques in Nuclear Malaysia and several universities in the country. The technique
will continue to be applied in various research fields and for regulatory work. The role as a recognized
technique for uranium and thorium determination is very important task for future activity. In fact,
there is no other analytical technique available in the country which can measure these elements
accurately from sub-ppm to percentage levels. In Nuclear Malaysia, we were very fortunate to have a
complete NAA facility, especially the reactor. It is hoped that with proper maintenance, our current
reactor could still be operated and providing neutron source for NAA activity for another 10 years. But
beyond that, NAA activity in the country is uncertain, since there is no new research reactor in plan.
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Assessment of Elemental Pollution in Marine Sediment from Talang-Satang and Bako
National Park of Sarawak, Malaysia

Md Suhaimi Elias, Mohd Suhaimi Hamzah, Ab Khalik Wood, Azian Hashim, Shamsiah Ab Rahman, Wee Boon
Siong and Nazaratul Ashifa Abdullah Salim

Analytical Chemistry Application Group, Waste and Environmental Technology Division, Malaysian Nuclear
Agency, Bangi, 43000 Kajang, Selangor, Malaysia

Abstract

The assessments of elemental pollution in sediment collected from national park of Sarawak were done based on
their distribution pattern, geoaccumulation index and enrichment factor. The enrichment factors (EF) were
determined by the elemental rationing method, whilst the geoaccumulation index (Ig,) by comparing of current
concentration to background concentration of metals. The elements were analyzed by using Instrumental
Neutron Activation Analysis (INAA). The results of enrichment factor show that Talang-Satang and Bako
National Park have significant contaminated by toxic elements such as As, Cr, Sb, Ti and U. Base on the
classification system proposed for sediment quality with referring to Igeo, the sediment quality of the
Talang-Satang and Bako National Park for Arsenic (As) contamination can be categorized as moderate to
extremely contaminated. Contamination of element such as Cr, Sb and Ti can be categorized as uncontaminated
to moderate contaminated, and U can be categorized as uncontaminated to moderate and strong contaminated.
The average concentration of As in sediment of Bako shown surpassed sediment quality guideline (probable
effect concentration - PEC) value, whilst Cr concentration in sediment of Talang-Satang shown above midpoint
effect concentration (MEC). This indicating, the sediment of Bako and Talang-Satang could have a potential for
producing chronic effect to the marine biota or benthic organism.

Keywords: geoaccumulation, enrichment factor, sediment, Sarawak national park.
INTRODUCTION

Domestic and industrial waste, land reclamation, seabed dragging, agriculture-base, recreation, mining, fish
culture, oil drilling, shipping accident, oil spill and atmospheric runoff are main sources of pollution. Sediment
can be used as one of indicator to identify the sources, distribution and accumulation of elemental pollution.
Accumulation of elemental pollution in sediment can give an adverse affect to the benthic organism especially to
the micro-invertebrate species and other organisms (e.g., egg and larval stage of fish) that spend all or part of
their life cycle associated either within (infaunal) or on (epibentic) the bottom sediment. Most of
micro-invertebrate becomes part of diet to the other aquatic animals. Knowledge about the level of elemental
pollution in sediment could give an adverse effect to the organism are still limited. However, a few guideline had
been publish by Wisconsin Department of Natural Resources, USA can be used as a guidance to identify
permissible limit of elemental pollution in sediment.

Talang-Satang National Park is the first national park in Sarawak to consist primarily of a marine area. It
has been created for the primary purpose of marine turtle conservation. This national park includes four islands
namely Satang Besar and Satang Kecil island (9,894 ha), Talang-Talang Besar and Talang-Talang Kecil island
(9,520 ha). Bako National Park is Sarawak's oldest national park, covering an area of 2,727 hectares at the tip of
the Muara Tebas peninsula. Bako National Park was gazetted as a protected area on 1 May 1957.

Talang-Satang National Park receive inputs of contaminant by discharge of plumes from three rivers
(Sampadi, Rayu, Sibu) and Bako National Park received sediment contamination from Tabo, Buntal and
Sarawak rivers. Metals are mainly associated with particulate and colloidal matter, which precipitate and deposit
once they reach the marine environments. Metal accumulation in marine sediment may reflect a diversity of



natural processes such as erosion, early diagenesis and anthropogenic influences [1]. Distributions of the metals
are influence by sediment texture and physical transport [2,3]. The input of natural an anthropogenic metals has
consequences for their natural biochemical cycles, temporal and spatial distribution patterns and ultimately, their
bioavailability to organisms [1]. The objectives of this study are to; 1) assess the marine elemental pollutions in
sediment along Talang-Satang and Bako National Park by using enrichment factor (EF) and geoaccumulation
index (Igo) to identify the level of pollution and 2) to assess the sediment quality by comparing with
consensus-base sediment quality guideline.

Enrichment factors

Enrichment factors (EF) can be used to estimate the anthropogenic impact on sediment is to calculate the
normalized enrichment factor (EF) for metal concentrations above uncontaminated background level [4,5]. For
this work, the samples analyzed were grab sediments, which represent recent deposits. By using the upper
continental crust as reference [6], the enrichment factors for the sediments from Sarawak national park are
estimated following the equation (1):

o (MIB)
(M /R)ycc

where M is the element of interest, R is the reference element, (M/R)peasure is the elemental ratio found in sample,
and (M/R)ycc is the elemental ratio in the upper continental crust.

The EF method normalizes the measured metal content with respect to a sample reference metal such as
Iron (Fe), Aluminum (Al), Scandium (Sc), Cobalt (Co), and Lithium (Li). Most of the studies applied and used
Al and/or Fe for normalization as an alternative to study a marine contamination [7-13]. However, other element
was applied to determine marine contamination. Stewart (1989) applied Manganese (Mn) for EF calculations to
study marine sediment near Christchuch [14]. Matthai and Brich (2001) introduced the use of cobalt (Co) as a
normalizing element for determination of anthropogenic pollution source in the marine off Sydney, Australia
[15]. Yusof and Wood (1993) applied Scandium (Sc) to study the marine contamination of coastal sediment
from Johor, Malaysia [16].

Equation (1)

Geoaccumulation Index (I,,,)

A common approach to estimate the enrichment of metal concentration above background or baseline
concentration is to calculate the geoaccumulation index (I,,) as proposed by Muller (1969) [17]. The method
assesses the degree of metal pollution in term of seven enrichment classes based on the increasing numerical
values of the index. This index calculated based on equation (2).

1, =Ilo z Equation (2)

g g2(1.5 B, )

Where C, is the concentration of the element in the enriched samples and the B, is the background value of the
element. The factor 1.5 is introduced to minimize the effect of possible variations in the background values,
which may attribute to lithologic variations in the sediment [14, 18]. The descriptive classes for identifying
sediment quality base on geoaccumulation index (I, ) values as shown in Table 1.



Table 1: Geo-accumulation values and classes for classification of sediment quality.

L., values I, Class Sediment Quality
>5 6 Extremely contaminated
4-5 5 Strongly and extremely contaminated
3-4 4 Strongly contaminated
2-3 3 Moderately and strongly contaminated
1-2 2 Moderately contaminated
0-1 1 Uncontaminated to moderately contaminated
<0 0 Uncontaminated
METHODOLOGY

Sampling location

Twelve and six locations were selected along Talang-Satang and Bako National Park of Sarawak,
respectively. Sediment samples were collected using Ponar grab sampler and then samples were transferred by
using plastic spatula into polyethylene bottles. Sediment samples were dry at 60°C in oven for at least two week
or until constant weight and ground by using agate mortar to get homogenizes powdered form of approximately
less than 200-mesh size (£ 75um). The Talang—Satang and Bako National Park location coordinates and map is

shown in Figure 1 and Table 2, respectively.

Table 2: Station and coordinate of Talang-Satang and Bako National Park

Station Latitude Longitude Water depth (m)
Talang-Satang National Park PTO1 | 01°52359'N | 109°47.235'E 9.7
PT02 | 01°53.698'N | 109°47.942'E 122
PT03 | 01°54958'N | 109°48.579'E 15.5
PT04 | 01°56.153'N | 109°46473'E 12.8
PTO5 | 01°55.536'N | 109°44.977'E 110
PT06 | 01°53.259'N | 109°43.984'E 9.7
PSO1 | 01°44474'N | 110°10.760'E 54
PS02 | 01°45.777'N | 110°12.025'E 10.0
PS03 | 01°47.859'N | 110°11412'E 11.7
PS04 | 01°48.217'N | 110°10.076'E 12.7
PSOS | 01°47.784'N | 110°08.456'E 112
PS06 | 01°44.820'N | 110°08.904'E 7.3
Bako National Park BAO1 | 01°41.802'N | 110°25405'E 4.6
BAO2 | 01°43364'N | 110°25.771'E 2.7
BAO3 | 01°44.130'N | 110°26.730'E 4.6
BAO4 | 01°44568'N | 110°27915'E 64
BAO5 | 01°45257'N | 110°29.546'E 97
BAO6 | 01°45.181'N | 110°30420'E 11.6
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Figure 1:  Map showing Talang-Satang and Bako National Park; Talang-Satang National
Park consists of Talang-Talang Kecil, Talang-Talang Besar, Satang Kecil and

Satang Besar Island.

Sample Irradiation

Approximately 0.15 to 0.20 grams of powdered sediment samples were weigh using analytical balance.
Samples were place into small polyethylene vial and seal with heating solder for the irradiation process.
Analytical accuracy was obtained by using standard reference materials (SRM) IAEA Soil-7 and prepared
standards solution consisting of a combination of solutions evaporated onto filter papers. The duplicate samples,
standard solution and SRM were irradiated together in the 750kW PUSPATI TRIGA Mark II reactor at the
Malaysian Nuclear Agency with a thermal flux of 4.0 X10"> n.cm™.s™". The irradiation process for shorter-lived
radionuclide was performed for 1 minute by using pneumatic system and cooling time for 20 minutes followed
by counting time 20 minutes.

Irradiation of up to 6 hours at the rotary rack for the longer-lived radionuclide was performed. The cooling
times after long irradiation varied between 3 to 6 days for first counting, and 3 to 4 weeks for the second counting.
Counting process of the irradiated samples, SRM and standard solution was performed for one hour each, by
using coaxial hyperpure germanium detector. Computations of elemental concentrations were based on
comparative method and data were reported in dry weight (d.w.).

RESULTS AND DISCUSSIONS

Elemental concentration

Concentration of 17 elements, minimum (min), maximum (max) and average values of sediments from
Talang-Satang and Bako were shown in Table 3. Sediment of Bako (BA01-BA06) shown a higher average
concentration value of Al, As, Eu, Mn, Sc, U, V and Zn compared with average concentration of respective
elements from Talang-Satang (PT01-PT06, PS01- PS06) (Table 3). The comparisons of average concentration
values of Bako and Talang-Satang National Park with upper continental crust values were shown in Table 3.
The average elemental concentrations of As, Cr, Sb, Ti and U in sediment of Bako and Talang-Satang National
Park shown a higher concentration compare to the upper continental crust, this shown an enrichment of
clemental pollution in sediment of Bako and Talang-Satang National Park. The possibilities significant



contributions of elemental loading and presently observe in higher concentration of As, Cr, Sb, Ti and U
accumulation in sediment of Bako and Talang-Satang National Park could be due to natural factors and
man-made activities. Land runoff and erosion from ore-bearing rocks can be categorized as natural factors, while
agriculture, domestic and industrial waste can be categorized as man-made activities [19]. Bako National Park
received a direct discharge of pollution from Tabo and Buntal rivers and their location closed to the coastal area.
Bako National Park also received significant amount of pollutants from agriculture, domestic and industrial
waste from nearby Kuching town. The elemental concentrations in sediment of Talang-Satang National Park
(island) are slightly lower compare to the Bako National Park due to influence of undercurrent and low and
higher tide.

Sediment Guideline

Six elemental concentration of As, Cr, Fe, Mn, Sb and Zn in Consensus-Based Sediment Quality Guidelines
(SBSQG) [20], were compared with average concentration of Bako and Talang-Satang National Park (Table 3).
Until now Malaysia has not establish the sediment quality guideline for marine and lake sediment. In countries
with no local guidelines, the sediment quality guideline of SBSQG provides a useful tool to evaluate the
toxicological potential of metals in sediments and to classify areas that may represent a risk for their biota or
benthic organism in order to proposed better management practices.

The average concentration values of arsenic (As) (105.2 mg/kg) in Bako, surpassed the concentration of the
probable effect concentration (PEC) of SBSQG (Table 3). This indicate that Bako sediment shown high
concentration of As and it is vital to determine the existing and the potential source of pollution. This
concentration probable could be give direct toxicology impact to the invertebrate or benthic organism.
Chromium (Cr), Iron (Fe) and Manganese (Mn) in sediment of Bako shown a higher concentration compare to
threshold effect concentration (TEC) values, whilst antimony (Sb) and zinc (Zn) concentration shown lowered
concentration compared to TEC value. The Cr concentration (85.4 mg/kg) of Talang-Satang sediment shown
surpassed the midpoint effect concentration (MEC) values (21.4 mg/kg). The As concentration of Talang-Satang
sediment showed above the TEC values. However, other elements such as Fe, Mn, Sb and Zn shown lower TEC
values. The concentration of As and Cr in sediment of Bako and Talang-Satang need to be monitor regularly and
identification of sources of As and Cr pollution is necessity.
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Enrichment factors

Iron (Fe) was used for normalization study to determine the marine contamination of
Talang-Satang and Bako national parks of Sarawak. The selection of Fe as a normalization
element and used to be in the enrichment factor (EF) calculation due to Fe distribution was not
related to other heavy metal [9]. Fe usually has a relatively high natural concentration [14], and
therefore not expected to be substantially enriched from anthropogenic source in estuarine
sediment [11].

The calculated EF values for selected elements of Talang-Satang and Bako National Park are
shown in Table 4. EF values around 1.0 indicate that the element in the sediment is originated
predominantly from lithogenous material, whereas EFs much greater than 1.0 indicating that the
element is of anthropogenic origin [21]. Pekey (2006) classified the EFs for the element can be
divided into three groups: Elements without enrichment (EF <10), elements with medium-level
enrichment (10 < EF < 100) and highly enriched elements (EF >100)[22]. Chen (2007) suggested
that EF values as follow; EF < 1 indicates no enrichment, EF < 3 is minor enrichment, EF =3 to 5
is moderate enrichment, EF = 5 to 10 is moderately severe enrichment, EF = 10 to 25 is severe
enrichment, EF = 25 to 50 is very severe enrichment and EF > 50 is extremely severe enrichment
[23]. However, most popular implementation of the EF for indication and consider significant
sediment contamination from anthropogenic, whereas the values of the EF higher than 2.0
[24-26]. EF values of elements of As (124 - 118.3),Cr (1.7-7.2),Sb (29 -5.1), Ti (0.6 — 3.9)
and U (14 - 102) from Talang-Satang and Bako national park indicating significant
contamination originated from natural and/or anthropogenic sources. EF values of As show high
values of more than 2.0 in all stations (Table 4). A possible source of As contamination is due to
an upward migration of pore solution containing As element to the surface sediment (digenesis
process). The EF values of Bako national park area for As can be categorized as very severe
enrichment to extremely enriched (45.5 — 118). The As contamination was expected to originate
from inland activities and discharge every year by the Tabo River and also disperse over few
kilometer along the Bako coast (within the study area). The EF values of Cr, Sb, Ti and U shown
slightly higher, this also indicate significant sediment contamination of Talang-Satang and Bako
National Park. The source of contamination could be from the erosion of granite rock and
predominant feature of the terrain in this country [16]. The possibilities of Cr and Sb
contaminations also expected by discharge of plumes from three rivers (Sibu, Sampadi and Rayu)
and source of Ti contamination could be from anticorrosive paints applied on the boat and ships
(Nobi et al., 2010). Source of uranium (U) contamination due to strong undercurrent could be
responsible in bringing the U from bauxite-bearing rock into national park coastal area [16].
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Geoaccumulation index (I,,) values for Talang-Satang and Bako National Park.

The I,,, values for the elements studied were calculated using Equation 2 as described by
Muller (1969). The negative I, values are indicating that there are no significant contaminations
or background level of element in sediments of Talang-Satang and Bako national park. Based on
L., values indicating As, Cr, Sb Ti and U were shown significant increment of contamination
(Table S5). The sediment quality of As was ranked from moderate contaminated to moderate and
strongly contaminated of Talang-Satang and strong and extremely contaminated for Bako
National Park. The I, class of As ranged 2 — 3 and 5 — 6 for Talang-Satang and Bako National
Park, respectively. Based on I, classes, As contamination might be originated from land-based
activities. Other elements such as Cr, Sb, Ti and U were rank from uncontaminated to moderately
contaminated (I, class = 0 — 2 ) for Talang- Satang National Park. The sediment quality of U at
Bako national park can be classified as uncontaminated to moderate and strongly contaminated
(I, class = 0 — 3). Geoaccumulation index (I,,) values for all analyzed element in sediment of
Talang-Satang and Bako national park were shown in Table 6.

Table 5: Range of geoaccumulation values for As, Cr, Sb, Ti and U of Talang-Satang and Bako

National Park.
Element Values of L., Sediment quality
geoaccumulation  class
(Uyeo)
Talang-Satang As 19-3.0 2 -3 Moderately contaminated to
National Park moderately and strongly
contaminated
Cr 0.3)-(1.1) 1-2 Uncontaminated to moderately
contaminated
Sb 0.1)-(0.8) 1 Uncontaminated to moderately
contaminated
Ti (-0.8) - (0.3) 0-1 Uncontaminated to moderately
contaminated
U (-0.8) - (-0.1) 0 Uncontaminated
Bako National As 43)-54 5-6 Strongly and extremely
Park contaminated
Cr (-0.5)-(©0.7) 0-1 Uncontaminated to moderately
contaminated
Sb 05 -(1.0) 1 Uncontaminated to moderately
contaminated
Ti (-16)-(04) 0-1 Uncontaminated to moderately
contaminated
U -04)-2.2) 0-3 Uncontaminated to moderately and

strongly contaminated




or- ol- 81 o go- 01~ 90 90 - ¢1- 60 SI- 90 LI- 90 ¥es 91- 90vd
I'n- €0 91 Lo so0 ¢I- 60 Lo 60- 0I1- 01~ TII- 80 8I- Lo ¥s I'e- covd
0r-  ¢0 ST 00 g0~ ¢1- Lo ¢0 60- T11- OI- 0I- L0 91 Lo oS 81 yovd
yi- 90 60 er- L1 71 0l Lo Lo- ¢1r- ¢I1- ¢1- 80 61 ¢0 oS 1'e- tovd
¢gr- ¢o- vo- r1I1- T1TI- V¥I- TI- 0l yo- ¢1- ¢I1- TI- TI- 61 00 194 e vy
LU S N [ 91- 80 TI- L0 80 ¢+¢vO0- 80~ ¥I- 80 OI- LT- 4\ v's 81 1ovd
¢1- 80~ ¢0- vO0 VYO CTI- TI- 14l re- 81- or- 1ri- 1ri- 81 Lo 0¢ T 90Sd
¢er- 01 €0 00 90~ ¢I- ¢I- £0 yi- 61- 0I- ¢&I- 01 1T Lo ¢ §T §0Sd
¢er- Tr- ¢o0- ¢00 90 TI- ¢I- Lo ¢r- 61- T1TI1- ¢1- 01 IT Lo 8T ST ¥0Sd
¢1- 600 80~ OI1- 80 TI- ¢§1T- S0 re- 61- ¢Ir- ¢1- TIl- T §0 0¢ Le €0Sd
80- LO- 60 TO 90 TI- LO 80 re- ¢ 1 1 60 91 90 6'C (X% 0Sd]
¢1- 80 L0 €0 60- 60 ¢I- €0 re- ¢I1- ¢1- ¢ ¢ 1t €0 0¢e e 10Sd
g1- ¢I1- TO0 LO 0~ 61- 8I- [4\ - L1- vir- 8- ¢I- v Lo (44 e 901d
L ¢1r- 7o 90 80 TII- LT £0 re- - ¢ 8- €1 v 60 14 e SO0Ld
0¢- 80~ SO0 80 VI- €I~ 61 14y - g0 81- 61- 91~ v Lo I'c e Y0ld
Ls1-  ¢1- ¢o0- 90 0I- 60 ST [4Y) vi- Lo LT1- vI- ¥I- 1T 90 Ve 6C €0Ld
yi- <¢I1- +vo- L0 O0I- 91I- ¢TI €0 vi- 11-  ¢1- ¢1I- ¢~ TIT Lo 14 6¢C <0Ld
yi- or1- 100 00 ¢0 ¢S1- ¥I- o ¢€r- Lo~ Lo LI- TI- TT 'l 61 6¢C 101d]
uz A n L 4l ws oS as UN SN ] °d nq oD D SV v uonely

Yemeles Jo Yied [euoneN oyeg pue Sueies-Suee], 105 (“*[) son[eA UOIR[NWINIOROAL) 9 J[qe],



CONCLUSIONS

Sediment of Bako and Talang-Satang National Park had shown an enrichment of As, Cr, Sb, Ti and
U pollution. Land runoff and erosion can be categories as natural factors and agriculture, domestic and
industrial waste can be categories as man-made activities. Bako National Park significantly received of
pollutant from agriculture, domestic and industrial waste due to nearby Kuching town, whilst
Talang-Satang received from discharge of rivers, runoff and erosion of land.

Both EFs and I, values are in agreement that elements were obtained in this study shown significant
accumulation trend of As, Cr, Sb, Ti and U in sediment of Talang-Satang and Bako national Park. The
possibility origin sources of elements contamination were expected from land-based (As, Cr, Sb, and U)
and boating activities (Ti). Sediment quality of As from Talang-Satang and Bako national park can be
categories as moderately to strongly contaminated, and strongly and extremely contaminated,
respectively.

The sediment and benthic organism of Bako and Talag-Satang National Park are suggested to be
monitored regularly especially for As and Cr concentrations, respectively. The monitoring of elemental
concentrations in Bako and Talang-Satang is necessary in order to assess the level of pollution. Relevant
authorities could use the data of this study for improvement of national park and coastal management
strategies by limiting some other activities such as fishing, diving, boating, snorkeling in this protected
area.
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Abstract

Selenium (Se) is an essential trace element for healthy body functions in humans. Deficiency of Se may
cause diseases such as cancer and cardiovascular disease. However, Se toxicity or selenosis can also
occur in humans as a result of high doses of dietary intake or industrial exposure. This study aims to use
human nails for biomonitoring of Se in a healthy Malaysian adult. The results are used to assess
long-term Se status and comparisons are made with literature values. Instrumental neutron activation
analyses (INAA) were used to determine Se in nail samples collected in a 5-month period. There were 10
fingernail samples and 3 toenail samples. Results showed that fingernails contain an average of 1.06 +
0.05 pg/g Se (range: 0.98 — 1.13 pg/g Se) and toenails contain an average of 0.94 + 0.07 pg/g Se (range:
0.89 — 1.02 pg/g Se). Temporal variations of fingernail and toenail Se contents were rather small with
RSD of less than 10%. Fingernails show slightly higher Se contents than those of toenails. Both
fingernails and toenails show reproducibility of Se concentrations taken during the sampling period.
These results are in agreement with literature values for healthy individuals, which show no deficiency or
chronic exposures to Se in the past months. Thus, there is no potential health risk in the subject studied.

Keywords: Biomonitoring, Selenium, human nails, INAA.
Introduction

Selenium (Se) is an essential trace element for producing Se-containing proteins or selenoproteins
important for biological functions. Reilly [1] reported that diseases and conditions of humans associated
with Se deficiency include diabetes, cystic fibrosis, Keshan disease, cancer and muscular dystrophy.
Selenium deficiency can be prevented through dietary intake of food with high Se content such as meat,
fish and eggs. Besides, Se supplement in the form of sodium selenite, sodium selenate,
L-selenomethionine and selenium-enriched yeast can be used to compensate a low dietary intake [2]. The
U.S. Recommended Dietary Intakes (RDIs) for Se is 55 pg/d and the tolerable Upper Intake Level (UL) is
400 pg/d [3]. In Malaysia, the Recommended Nutrient Intakes (RNIs) for men and women are 33 ug Se/d
and 25 pg Se/d, respectively [4]. Through sufficient dietary intake, Se compounds can help to prevent and
to treat cancer [5]. However, excess of Se intake may cause genotoxic effects but the mechanisms are not
fully understood [5].

Because of potential harmful effects of Se deficiency and toxicity, it is of great importance to
monitor the level of Se in humans through the use of biomonitors. To date, Se contents in various
biological samples such as blood, skeletal muscle, urine, internal organs, breast milk, hair and nails have
been reported (e.g. [6]). For recent Se intake, blood and urine are commonly used whereas human nails
are analyzed for long-term (6 to 12 month period) Se intake. The chemical composition of nail is stable
after its formation and will not be affected by blood chemistry or chemical exposure [7]. The growth rate
of fingernails is about 0.1 mm/day and toenails grow 0.03-0.05 mm/day [8]. Collection and storage of
nails is simple and small amounts (about 50 — 100 mg) are adequate for chemical analysis. The INAA
method utilized in this study is sensitive for determination of Se contents in nail samples. The
biomonitoring of trace elements such as Se using nail samples is still lacking in Malaysia. Therefore, this



study aims to use human nails for biomonitoring of Se in a healthy Malaysian adult. The results are used
to assess the Se status and comparisons are made with literature values.

Materials and Method

Sample collection and preparation

Fingernails and toenails from every digit were collected from a healthy male volunteer with no
history of smoking and selenium supplement use. The age of the subject is 35 years old. Sampling period
was from January to May 2011 (Table 1). The numbers of toenails collected in this study were less than
fingernails due to slow growth rate. All nail samples were collected using a clipper and kept in
polyethylene bags. The samples were washed with acetone for 20 minutes in ultrasonic bath. After that,
the samples were washed twice with deionized water for 20 minutes. Finally, the samples were washed
with acetone for 20 minutes and kept in desiccators for drying.

Instrumental neutron activation analysis

Each nail sample (about 60 — 100 mg) was packed separately into cleaned polyethylene vials. About
50 mg of reference materials namely NIST SRM 1566b (Oyster tissue) and IAEA-086 (Human hair) were
included as comparative standard and quality control material, respectively. Empty vial was also included
for blank correction. Gold standard solutions (about 10 pg Au) were pipetted onto filter papers and
attached to all samples and reference materials as neutron flux monitor for flux correction during
irradiation. All samples, blank and reference materials were subjected to 6 hours irradiation at the IMW
TRIGA MKII reactor of Malaysian Nuclear Agency with a thermal neutron flux of about 10'? n-cm™s™.
After the irradiation, gold monitors were counted first after 4 days decay while the other samples and
standards were counted after 4 weeks decay and counting time for each sample was about 24 hours.
Gamma-ray measurements were performed using a calibrated HPGe detector with GammaVision
software [9]. The Au was measured using the 411.8 keV gamma-ray peak of '**Au (half-life 2.69 days).
The decay-corrected specific activity of Au for NIST SRM 1566b (Oyster tissue) was used as a reference
and all other Au monitors were compared against it. Results showed that variations of the specific
activities of Au monitors were ranged from -7.4% to +1.8%. Therefore, all Se concentrations were
corrected accordingly. Selenium was analyzed using the 136 and 264 keV gamma-rays of "°Se (half-life
120.4 day). Computation of Se concentrations was based on comparative method. Concentration values
were reported as dry weight basis.

Results and Discussion

Quality control results

Selenium in IAEA-086 was determined along with the nail samples as quality control sample. The
result obtained in this study was 1.04 + 0.11 pg/g Se and in good agreement with the reference value of
1.00 £ 0.09 pg/g Se [10]. Selenium concentration of blank was 0.003 pg/g Se assuming a representative
sample mass of 0.2 g. The limit of detection (30 of blank) was about 0.03 pg/g Se.

Selenium concentrations in nail samples

The Se concentrations of nail samples are presented in Table 1. Average Se concentration of
fingernails was 1.06 + 0.05 pg/g Se (range: 0.98 — 1.13 pg/g Se) and toenails was 0.94 + 0.07 pg/g Se
(range: 0.89 — 1.02 ug/g Se). It is evidenced that Se concentration in fingernails and toenails show no
significant difference. On average the Se of fingernails was about 13% higher than those of toenails,
which concurs with previous findings [11]. The lower Se concentrations found in toenails is likely related
to a depletion of Se in the blood supply to the feet and toes. Besides, no external exposure could be
directly identified to explain the slight variation between fingernail and toenail Se contents. If
contamination did occur, anomaly in Se contents of fingernails could be detected in this study. Because of



potential contamination in fingernails, many previous studies only analyze toenails (e.g. [11], [12]). This
study showed that temporal variations of fingernail and toenail Se contents were rather small with relative
standard deviation (RSD) of less than 10%. The reproducibility of Se in fingernails and toenails indicates
that no drastic changes in exposure or behaviors over the sampling period. Besides, the Se values taking
into consideration of temporal variations could be very useful in estimating the average and ranges of Se
contents in an individual. This study showed that data from both fingernails and toenails are informative
and should be assessed collectively when computing elemental composition.

Table 1: Selenium concentrations (ug/g) in fingernails and toenails. Errors are 10 of counting statistics.

Sample Collection date | Concentration

F1 | 21Jan2011 |[098 <+ 0.11

F2 | 8Feb2011 1.00 + 0.09

F3 | 19Feb2011 |[1.06 + 0.12

F4 | 1Mar2011 1.05 + 0.11

Fingernails F5| 15Mar2011 |1.12 + 0.12
F6 | 27Mar2011 |1.07 £+ 0.11

F7 | 8 Apr2011 1.12 £+ 0.11

F8 | 22 Apr2011 | 1.13 = 0.12

F9 | 3May2011 |1.06 = 0.10

Average 1.06 £ 0.05

Ti| 21Jan2011 | 093 + 0.09

Toenails T2 | 8Mar2011 | 089 = 0.09
T3 | 19Apr2011 |1.02 + 0.10

Average 094 + 0.07

Implications from Se contents in nail samples

The Se contents found in human nails may provide some information for health risk assessment.
The monitoring carried out in this study would provide meaningful data of Se levels in nails for the
assessment of health risk. Combining Se data of fingernails and toenails, the Se values found in this study
were within a therapeutic range of 0.75 to 1.25 pg/g Se as reported by Morris et al. [11]. Thus, the present
data show no likely health risk in the subject studied. There may be possible health risk if the Se values
were lower or higher than the therapeutic range. A compilation of Se in nail samples from literature is
presented in Table 2. Results from different countries showed that the mean values of Se in nails show
some similarities (0.8 — 0.9 ng/g) except for Denmark, New Zealand and Poland, which are in a lower
values (~ 0.5 pg/g). Variations of nail Se contents could be related to geography, diets and lifestyle. Data
from India, Sweden and America were within the therapeutic range where no adverse health risks are
expected. The Se contents lower than 0.75 pg/g were reported (Table 2) for samples from Denmark, New
Zealand and Poland. Person having low Se may require supplementation of Se to increase the Se level in
the body. Research showed that toenail Se content increases after taking selenium-enriched yeast for
periods ranging from 1 year to 24 years [2]. Low Se contents in nails collected from older adults of New
Zealand were related to impaired physical function [13]. In Poland, more than 90% of the studied
population is at risk of chronic disease due to low Se level [12]. Previous studies have showed that low Se
contents were related to some form of disease in humans. In order to prevent these diseases, sufficient Se
intake should be recommended and the Se content in nails should be monitored periodically.



Table 2: Comparison of nail Se concentrations (ug/g) from different countries.

Country Samples Average £ S.D. Reference
Denmark Toenails (n = 7) 0.49 +0.04 Behne et al. [2]
India Fingernails (n = 33) 0.81 £0.04 Samanta et al. [14]
Malaysia Fingernails (n = 13) 1.06 £ 0.05 This work
Malaysia Toenails (n = 3) 0.94 +0.07 This work
New Zealand Toenails (n = 507) 0.60 = 0.40 Islam et al. [13]
Poland Toenails (n = 331) 0.58+£0.13 Zukowska et al. [12]
Sweden Fingernails (n = 96) 0.94 +0.21 Rodushkin and Axelsson [15]
U.S.A. Toenails (n = 3575) 0.919 + 0.249 Morris et al. [11]
U.S.A. Nails (n = 285) 0.98 + 0.40 Mason et al. [16]
Conclusions

The application of INAA method was able to determine Se reliably and accurately, and minimized
the possibility of contamination during sample preparations. This study presents the initial investigation
using nail samples for biomonitoring of Se in a healthy person in Malaysia. Selenium concentrations
reported here showed very good agreement to literature values that is within the range of 0.75 to 1.25
pg/g. No chronic exposure or deficiency of Se could be detected. Therefore, no likely health risks are
anticipated from the subject studied. Considering the benefit of this study, a biomonitoring program of Se
status in Malaysian could be initiated.
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Abstract

This study identified the levels and sources of heavy metal contamination in road dust particles at five
different routes (R1, R2, R3, R4 and R5) of Klang Valley, Kuala Lumpur. Each route covers at least 50
Km of 6 to 7 areas including highway, residential area, business centre and industrial area. Concentration
of As, Al, Ba, Ca, Co, Cd, Cr, Cs, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Sb, Sc, Ti, V and Zn have been
determined using Neutron Activation Analysis (NAA) and Inductively Coupled Plasma mass
spectrometer (ICP-MS). Based on the average concentrations, the order for dust metal concentrations was
Al>Ca>Fe>K>Na>Mg>Ti>Zn>Mn>Ba>Cu>Pb>Cr>As>V>Ni>Cs>Sb>Sc>Co>
Cd. Statistical method, factor analysis with varimax approach has been applied to identify the possible
metal sources of the observed elemental distribution. The analysis indicated that principal sources of 21
elements in road dust particles included local soil, automobile exhaust emissions, tire wear, break dust,
biomass combustion and industrial emission

Keywords: Klang Valley, road dust, elemental distribution, factor analysis
Introduction

Anthropogenic emissions into the atmosphere have major impacts on the environmental change. In
the developing country cities movement of people is highly dependent on motorized transportation such
as cars, trucks and railways. Among the vehicle types, passenger cars and motorcycles take the largest
market share and are experiencing the highest growth rate in the recent years, thus the vehicular exhaust
emissions are increasing and is a nuisance with every day highs in the air pollution, especially particulates.
Malaysia Environmental Quality Report 2010 [1] reported that motor vehicles remain the major
contributor of air pollution especially in urban areas. The number of registered passenger cars increased
by 7.16%, motorcycles by 5.61%, buses by 3.86%, goods vehicles by 3.20% and taxis by 6.96% in 2010
compared to 2009.

Besides the direct exhaust emissions, a major source of particulate matter is the fugitive dust due to
vehicular activity on the road. This re-suspended dust includes wind-blown dust which settles on the road,
wear and tear of tyres and dry deposits of other pollutants. This is the most importance sources for the
emissions associated with the vehicular movement and contributes a great deal to fine particulate
emissions. Vehicle emissions contribute most significantly to Kuala Lumpur’s air pollution problems.
Rahman et al, 2011 [2] investigated the source apportionment of fine (PM 2.5) and coarse (PM 2.5-10)
particle in an industrialised urban area of Klang Valley, Kuala lumpur by a EPA PMF3 method. Result
revealed that motor vehicles including two stroke engines were the main source for both fine and coarse
particles of Klang Valley which contribute about 57.6% and 55.5% respectively. Soil dust contributes
about 8.3% of the fine mass measured and soil dust including road dust contribute about 26.8% of the
coarse mass.

Road dust does not remain deposited in place for long. It is easily re-suspended back into the
atmosphere and contributes certain amount of trace elements. Cd, Cu, Pb, Zn and Ni are commonly



released from vehicles and found in urban dust and plant at vicinity of the highway [3, 4, 5]. Therefore
investigation of road dust is importance as road dust is freely inhaled by those traversing the streets and
those residing within the area of the streets. In this work road dust samples were collected between
February and March 2011 from five different busy routes of Klang Valley area (Figure 1). Samples were
determined for their chemical composition by Neutron Activation Analysis (NAA) and Inductively
Coupled Plasma Mass Spectrometer (ICP —MS) method. The objectives of the study were to determine
the element distribution in the road dust of Klang Valley area and to provide the baseline information as
well as to understand the source contribution to ambient particulate loading. The data obtained was then
investigated for the main sources of individual metal in road dust by statistical method, factor analysis
with varimax approach. [6,7]
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Fig. 1. Locations of sample collection of Klang Valley

Methodology

Site description

Klang Valley is an area in Malaysia comprising Kuala Lumpur
http://en.wikipedia.org/wiki/Kuala_Lumpur and its suburbs, and adjoining cities and towns in the state of
Selangor. It is the heartland of Malaysia’s industry and commerce with estimated population of 8 millions



[8]. Five road dust collected from five different routes (R1, R2, R3, R4, R5) of Klang Valley were
considered in this study. Each route covers at least 50 Km of 6 to 7 areas including highway, housing area
and business centre as listed in Table 1. R1 and R2 mostly cover the area of highway, housing area and
business centre whilst R3, R4 and R5 also cover the route near industrial areas such as electrical
equipment manufacturer and engineering works. R3, R4 and RS also considered as high traffic density as
most of the routes cover the streets/roads of downtown area.

Table 1: Route of road dust sample collection of Klang Valley, Kuala Lumpur

Route Route location Collection time Route area
Route 1 Depoh, MRR2 (Tmn Melati) - Klang Gate 8.00 am — 4.00 pm Highway,
Village, MRR2 (Kuil Sikh) - Perwira Jaya housing area,
(R1)  Village, MRR2 (Tmn Safari) - Sg Besi, business centre,
Roundabout Golden Horses - MTP - Puchong, dumping ground
Dumping - Depoh
Route 2 JIn Travers - JIn Bangsar, JIn Maarof - JIn 8.00 am — 4.00 pm Highway,
Damansara, Jin Beringin - NSC - JIn Setia, Jin housing area,
(R2) Dutamas, Railway station - JIn Travers off JIn business centre

Tun Sambantan, Jinjang traffic light -
Roundabout Sg Mas, KLSA

Route 3  General post office - JIn Tun Sambantan, Jin Tun ~ 8.00 am —4.00 pm Highway,
Sambantan — JIn Robertson, (Tmn Seputeh), housing area,
(R3) Mahameru highway — KL Central, MRR2 (Sikh business centre,
temple) - Kg Perwira Jaya, Taman Seputeh - small industry
Tmn Desa, Tmn Desa — Tmn Sentosa, JIn Hose - area
KLSA
Route 4 KLSA, JIn Sg Besi - Jin Tun Razak — HKL 8.00 pm — 4.00 am Highway,
-PWTC, Roundabout Pahang - JIn Pahang- Tmn housing area,
(R4)  P.Ramlee, Jln Hose - Washing Bay - KLSA, JIn business centre,
Ampang - Ampang Park - JIn Sultan Ismail, industrial area,
Roundabout Kg Pandan - Flyover Perkasa hospital
Route 5 KLSA, JIn Syed putra - JIn Klang Lama, Susur 8.00 pm — 4.00 am Highway,
Duta - Roundabout Segambut, Sg Besi - Jin housing area,
(RS) Mahameru - Parlimen - PWTC, business centre,
JIn Hose - Washing Bay - KLSA, industrial area

JIn Dutamas 1- JIn Khidmat Usaha

MRR2 = Middle Ring Road2, Tmn = Taman, Sg = Sungai, NSC = National Science Centre, KLSA =
Kuala Lumpur — Shah Alam, MTP = Malaysia Technology Park, JIn = Jalan, HKL = Hospital Kuala
Lumpur, PWTC = Putra World Trade Centre, KL = Kuala Lumpur

Sample collection and separation

Klang valley road dust was collected by a road sweeper truck (driving speed, 10 km/hr) with the help
of Alam Flora Sdn Bhd. Alam Flora is a commercial organisation engaged in Solid Waste Management
(SWM) and disposal business including cleansing services such as road sweeping, drainage cleaning,
market cleansing, beach cleansing and grass cutting for Central and Eastern Region covering the states of
Selangor, Pahang, Kelantan, Terengganu and Federal Territory of Kuala Lumpur and Putrajaya. About 1



kg road dust sample of each sampling route was collected from Alam Flora. All samples were clearly
marked and transported to laboratory for registration and further analysis

In the laboratory all road dust samples were dried in an oven at 100°C for 24 hour. Samples were
sieved through a 20 mesh size (850 pm) to remove the coarse sand and gravel. Samples were then passed
through another two mesh sieves of nominal cutoff 90um and 38um and kept in plastic bottle. The
samples are ready to be analysed

Elemental analysis

At least ten sub-samples were analysed for each route. A mixed of 5 ml nitric acid and 3 ml
hydrofluoric acid was used to digest 0.5 gm road dust sample. The sample was heated to nearly dryness
and the residue was diluted to volume of 50 ml in 2% nitric acid. Cd, Cu, Ni and Pb were analysed for
this portion of subsample by Inductively Coupled Plasma Mass Spectrometer (ICP-MS). The elements, Al,
As, Ba, Ca, Co, Cr, Cs, Fe, K, Mg, Mn,Na, Sb, Sc, Ti, V and Zn were determined in another portion of
subsample by Instrument Neutron Activation Analysis (INAA). About 0.2 gm sample was irradiated in
the range of 1 minutes to 6 hours in Triga Mark II reactor at a neutron flux of 1 x 102 n- cm™s™. Samples
were cooled for 10 minutes to 4 days prior to counting using Hp(Ge) detector in conjunction with a
multichannel analyzer. The counting time was ranged from 5 minutes to 1 hour and counting geometry
was set at 9 — 12 cm from the detector.

To examine the accuracy and reliability of the digestion method, the National Bureau Standard
(NBS) Standard Reference Material in Coal Fly Ash (SRM 1633A CFA) was used to simulate the road
dust particles, whilst the applicability of the analytical methods for the multi-elemental analysis by NAA
is evaluated by the analysis of IAEA’s Certified Reference Material (CRM), SL-1. The CRM was also
used as the quality control material of the analytical procedure.

Result and discussion

Quality control

Analytical result of the CRM analysis for both CFA and SL-1 analysed by ICP-MS and NAA
respectively as compared to the certified concentration of the elemental content in CRM is tabulated in
Table 2. The results presented indicate the typical accuracy and precision achievable by the analytical
technique employed for the analysis of the road dust samples. Generally, all elements were recovered in
the acceptable range of 80-110 %.



Table 2. Elemental content of Certified Reference Material, CFA and SL-1

CFA (by ICP-MS) SL-1 (by NAA)
Element This work Certified This work Certified value
value
(ppm) (ppm) (ppm)
(ppm)
Al 89000
9265110968
As 276 +£2.9
298 +0.4
Ba 639 = 106
635 £27
Ca 2500
2032 = 150
Cd 1.00
1.19 £0.19
Co 198+ 1.5
202 £ 0.7
Cr 104+ 9
103 £ 4
Cs 7.0+ 0.9
6.9x03
Cu 118
109 + 8
Fe 67400 = 1700
68686 + 1345
K 14500 + 2100
13706 = 1100
Mn 3460 + 160
3520 £ 153
Na 1700 = 100
1657 = 58
Ni 127
149 + 5
Pb 72.4
70.5 £ 3.1
Sb 1.31 = 0.12
1.40 = 0.04
Sc 173+ 1.1
17.3 0.6
Ti 5170 = 430
5184 + 531
\Y% 170 = 15
168 + 15
Zn 223+ 10
225+ 19

Road dust size distribution

Table 3 presents the percentage of contribution of particle size to the road dust samples collected at
Klang Valley. Only sample with particles size <850 um were consider in this study.  Particles 90 - 850
um contributes about 90 % (wt/wt) of each sample. Those particles 38 - 90 pm composed 4.98, 3.90, 4.20,



3.40 and 6.00 % respectively of the samples, whilst particles <38 um were in the range of 0.60 - 1.45% of
particle samples. Generally, the 10-300 um road-dust particle range was the major contributor because
of the wind erosion of soil and larger particles crushed by vehicles [9]. Road dust size <100 um is easily
re-suspended by meteorological parameters (wind blowing) or vehicle re-suspension.

Table 3: Contribution of particle size to the road dust samples of Klang Valley, Kuala Lumpur

Size fraction (%)
Route 90 - 850 um 38-90 pm <38 um
R1 89.4 4.98 0.65
R2 90.4 3.90 0.67
R3 90.2 4.20 0.75
R4 90.2 3.40 1.45
RS 89.4 6.00 0.60

R1=Routel, R2 = Route2, R3 = Route3, R4 = Route4, RS = Route5

Elemental composition of road dust size distribution
Major elements

The analytical result of determination of major elements in the road dust at five different routes (R1,
R2, R3, R4 and RS) of Klang Valley are summarised in Table 4. The content of major elements Al, Ca,
Fe, K, Mg, Na, K and Ti were found to be the highest concentrations in the samples which may be
attributed to the soil in the surrounding of sampling areas. Al ranged from 3.77 to 6.71 %, Ca ranged from
0.64 — 4.35 %. Fe ranged from 0.96 — 3.46 %, K ranged from 2.4 — 3.4 %, Na ranged from 1.2 -1.8 %
whilst Mg and Ti ranged from 0.1 — 1.0 %. Distribution of K, Mg, Na and Ti were found to be more
uniform in all road dust size fractions, whilst Al, Ca and Fe were found to be predominant in particles size
<38 pm and 38 - 90 pm as shown in Figure 2. Al, Ca, Fe, Mg and Na could also be produced from tyres
bearing wear, car break lining or car break dust [10, 11] whereas Ca could also came from construction
activities and construction materials.
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Fig. 2. Major elements content in road dust of Klang Valley

Trace elements

Table 5 showed the average concentration of trace elements in the road dust size fractions at
particulate sizes <38 pm, 38 — 90 pm and 90 — 850 pum. In general, all elements were found to be
predominant in particles, <38 pm and 38 — 90 pum (Figure 3) except for Ba in which their distribution in
all size fractions were found to be more uniform with concentration ranging from 187 to 230 ppm and
243 to 402 ppm in particles, <38 pm and 38 - 90 pm respectively and 182 to 345 ppm in particles 90 -
850pm. Ba including Cs and Sc maybe attributed to the local soil of the sampling area. Another possible
source of Ba is from brake dust [10]. As, Cd, Cr, Ni and Zn were significantly higher in all size fraction
of R3, R4 and R5 as compared to their levels in all size fraction of R1 and R2. Their concentration in
particles, <38 pm (R335, R433 R535) were in the ranged from 52.6 — 71.0 ppm, 3.93 — 5.15 ppm, 97.7 -132
ppm, 28.8 to 52.4 ppm and 65.8 to 1232 ppm respectively, in particles 38 — 90 pm (R399, R499, R590) were
in the range from 61.9 to 80.8 ppm, 2.69 to 5.65 ppm, 71.6 to 122 ppm, 31.0 to 44.8 ppm and 369 to 676
ppm respectively, whilst in R1 and R2 (R13s, R1go, R235, R240) their concentration ranged from 43.9 to
65.0 ppm, 0.55 to 0.88 ppm, 62.5 to 92.0 ppm, 6.46 to 11.1 ppm and 343 - 624 ppm respectively. The
same trend was observed for their concentration in particles 90 - 850pm in which their concentration in
R3ss0, R4gso and R5gso were higher as compared to in R1gso and R2gs9 as shown in Table 5. As mentioned
earlier (section 1.1) these three routes (R3, R4 and R5) are higher traffic density and the sampling route
area not only cover the highway and residential area but also industrial areas, suggesting that these
elements may have come from diffuse pollution sources, such as traffic emissions, those domestic and
industrial combustion processes [12, 13].

There is no significant difference in concentration that could be seen for elements Co, Cs, Cu, Mn,
Pb, Sb, Sc, V in R1, R2, R3, R4 and RS. Their distributions in particles sizes <38 pm, 38 — 90 pm and 90
— 850 um were found to be more uniform in all routes. Co, Cu, Mn, Pb and Sb may have come from
brake dust [14, 15]. Additionally Mn (including Fe, Cr and Ni) may be partially contributed from the
engine abrasion of motor vehicle, whilst Zn could be produced from the tyre-bearing wear [9]. Malaysia
has banned leaded petrol since early 1990s but the legacy of using leaded petrol for years will remain for
a long time in the form of dust especially near the roadways [16]. The prohibition of the use of Pb as a
fuel additive for gasoline means that other sources of Pb are now predominant in the roadside
environment. The Pb content of brake linings has been found to range from 1.3 mg/kg to 12 %, and so



brake wear emissions may represent a significant source of airborne Pb [17]. Another possible source of
Pb contributors in road dust is from yellow paint [15, 18]. The V was identified as an emission from both
gasoline and diesel vehicles, brake dust and industrial and refining operations [12, 19]. Its average
concentration in R1, R2, R3, R4 and R5 was 10.4 to 31.3 ppm, 7.93 to 36.6 ppm, 8.14 to 28.7 ppm, 13.0
to 42.2 ppm and 13.7 to 39.1 ppm respectively.
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Fig. 3. Trace elements content in road dust of Klang Valley

Source identification by factor analysis

The various sources of the component and contamination in the re-suspended road dust are very difficult
to identify. The results obtained from this work revealed that the metal sources for road dust metals are very
complicated. Many approaches have been employed in identifying potential metal sources of road dust
including the GIS technique and multivariate regression [20, 21, 22, 23, 24]. In this study, statistical method
factor analysis with varimax approach and retention of principal components with eigenvalues >1 was
applied to the data sets of re-suspended road dust particle size <38 pm and 38 pm - 90 pm (R and Rgo) and
road dust particles size 90 - 850 pm (Rgso) to identify the possible metal sources of the observed elemental
distribution. Elements with low estimated communality (0.5 - 0.6) were removed from the analysis. Table 6
presented the factor loading obtained after varimax rotation, estimated communality as well as the variance
of each factor for Rjz and Rgg. The four main factors were identified on the basis of the magnitude of
eigenvalues (>1). These factors accounted for 90.7% of the total variance in the whole data set with 14.5
estimated communality of 16 variables.



Table 6: Factor loading after varimax rotation for Klang Valley road dust (R3s and Rg)

Element Factor Loading Communality
F1 F2 F3 F4

Al 0.939 0.203 0.197 0.007 0.963
As -0.113 0.744 0.473 0.009 0.790
Ca 0.495 -0.734 -0.295 -0.200 0.911
Cd 0.349 0.328 0.820 0.069 0.906
Cr 0.484 -0.324 0.705 0.260 0.903
Cu 0.017 -0.091 0.868 -0.052 0.764
Fe 0.037 -0.225 0.320 0.876 0.921

K 0.136 0.956 0.001 -0.192 0.969
Mn 0.854 0.257 0.140 -0.384 0.963
Na -0.163 0.926 -0.226 -0.156 0.960
Ni 0.028 0.152 0.925 0.097 0.889
Pb 0.408 -0.116 0.503 -0.631 0.831
Sb 0.831 -0.443 -0.131 0.143 0.924

Ti 0.851 -0.345 0.222 -0.120 0.906

\Y% 0.745 -0.591 0.197 0.029 0.943

Zn 0.607 -0.479 0.517 0.320 0.967
Eigenvalue 6.651 4.093 2.659 1.108 14.511

Var. (%) 41.567 25.584 16.617 6.926

Factor 1 (F1) explained 41.6 % of the total variance and characterized by multiple-elements; Al, Mn, Sb,
Ti, V and Zn with significant value of Ca, Cd, Cr and Pb. This factor source maybe explained by
contribution mainly from industrial activities, tyre bearing wear and brake dust. The second factor, F2 which
explained 25.6 % of the total variance, had high loadings on As, K and Na with slight amount of Cd. This
factor appeared to represent biomass combustion process. The third factor, F3 explained a further 16.6 % of
the total variance had high loading of Cd, Cr, Cu and Ni and significant value of As, Pb and Zn. Since the
concentration of these elements were higher at R3, R4 and RS this factor could be attributed to the source of
industrial emission especially electrical industrial emission. Another possible source that contributed to the
factor is from engine abrasion. The last factor, F4 had strong loading of Fe and slight amount of Zn, and
accounted for 6.93 % of the total variance. Iron (Fe) is a major component of vehicles and tyre wear has been
reported to contribute significantly to the Zn load in road dust. Therefore, this factor could be attributed to
the abrasion of vehicle wheels and tyres
Table 7 showed the source identification by PCA using road dust particles size 90 - 850 um (Rsso) data.
The results showed that four eigenvalues >1 explained 83.2 % of the total variance with 11.7 estimated
communality of 14 variables. The first factor explained 32.8 % of



Table 7: Factor loading after varimax rotation For Klang Valley road dust (Rgso)

Element Factor Loading Communality
F1 F2 F3 F4
Al -0.137 -0.180 0.883 -0.126 0.847
As 0.347 -0.227 0.674 0.267 0.698
Ca 0.265 0.495 -0.361 0.652 0.870
Cr 0.170 0.651 0.490 -0.167 0.721
Cu 0.904 0.091 -0.220 0.090 0.883
Fe -0.452 -0.081 0.056 0.816 0.880
K -0.656 0.050 0.654 0.063 0.865
Mg -0.519 0.630 0.042 0.212 0.713
Mn 0.229 0.886 -0.018 0.238 0.894
Na -0.035 0.348 0.873 -0.183 0.918
Ni 0.818 0.133 0.256 -0.456 0.959
Ti 0.870 0.084 -0.004 -0.009 0.764
A% 0.163 0.859 -0.157 -0.180 0.821
Zn 0.767 0.414 0.129 -0.203 0.818
Eigenvalue 4.596 3.120 2.716 1.221 11.652
Var. (%) 32.825 22.283 19.401 8.719

the total variance and had the highest loadings on Cu, Ni, Ti and Zn. This factor seems to represent brake
dust and engine abrasion. The second factor, F2 accounted for 22.3 % of the total variance showed high
loading on Mn and V with significant value of As, Ca, Mg and Zn. This factor could be attributed to the
source from oil combustion and construction activity. The third factor, F3 showed high loading on Al, Na, K,
As and Cr, accounted for 19.4 % of the total variance This factor seems to represent the domestic industrial
and biomass combustion processes. The last factor, F4 dominated by Fe and Ca and accounted for another
8.72 % of the total variance. This factor seems to representative source of local soil.

Conclusion

Road dust samples collected from five different routes (R1, R2, R3, R4 and RS) in Klang Valley, Kuala
Lumpur were analysed for their elemental concentrations using ICP-MS and INAA. Twenty one elements
were identified: As, Al, Ba, Ca, Co, Cd, Cr, Cs, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Sb, Sc, Ti, V and Zn. Based
on the average concentrations, the order for dust metals was Al > Ca > Fe > K > Na > Mg > Ti > Zn > Mn >
Ba>Cu>Pb>Cr>As>V>Ni>Cs>Sb>Sc>Co>Cd. In general, all elements were found to be
predominant in particles, <38um and 38 - 90um except for Ba in which their distribution in all size fractions
were found to be more uniform. Al, Ca, Fe, K, Mg, Na, and Ti were found to be the highest concentrations
in the samples. Distribution of elements Ba, Co, Cs, Cu, Mn, Pb, Sb, Sc, V were found to be more uniform in
all routes (R1, R2, R3, R4, R5) whilst high concentration of As, Cd, Cr, Ni and Zn appeared in the road dust
near industrial area (R3, R4, RS), In general, road dust is attributed to many sources. The principal
component factor analysis approach indicates that local soil, automobile exhaust emissions, tire wear, break
dust, biomass combustion and industrial emission were the sources for the road dust in Klang valley.
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Applications of INAA and IPAA to cosmochemical materials
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Introduction

Cations like Zr, Nb, Hf and Ta are relatively small in size and high in charge, and are grouped into high
field strength elements (HFSE). Such elements pairs as Zr-Hf and Nb-Ta, which have similar ionic radius at the same
valency states, are well known to behave in a similar way during igneous processes such as partial melting and
fractional crystallization [e.g., 1]. As these elements are classified into refractory elements in cosmochemistry, element
pairs represented by Zr-Hf and Nb-Ta behave similarly during cosmochemical processes. However, recent studies using
improved analytical methods such as ICPMS indicate that the fractionations of Zr-Hf and Nb-Ta in cosmochemical and
geological samples can occur [e.g., 2, 3]. Therefore, Zr/Hf and Nb/Ta ratios provide useful information about
condensation processes and igneous processes. Most of the previous works were done by using analytical methods
accompanying acid digestion such as ICP-MS. HFSE often involve in creating analytical problems such as incomplete
acid digestion and instability in solution. As an analytical method, we used INAA and IPAA in this study. Being a
non-destructive methods, INAA and IPAA can potentially yield very accurate data for cosmochemical and geological
samples. The aim of this study is to evaluate our Zr and Nb data for geological samples compared with their literature

values and apply INAA and IPAA to cosmochemical samples.

Experimental

Three GSJ standards namely JB-1 (basalt), JG-1 (granodiorite) and JR-1 (rhyolite) were analyzed by IPAA. JB-1 was
used as standard for determination of Nb and Zr in JG-1 and JR-1. In addition to JB-1, chemical reagent samples, Fe,0;
(99.999 %, Soekawa Chemical Co., Ltd.), was irradiated to correct the spectral interference of *>Mn formed by the
*Fe(y, pn)**Mn reaction. IPAA was performed by using a linear electron accelerator at KURRI. About 50 mg sample
was taken into a sample container (9 mmeo) made of highly Al foil (Al: 99.5 %, Niraco Co., Ltd.). Five to ten samples
were then stacked, among which thin foil disks (9 mme) of Au as a monitor of the intensity of photon were placed.
IPAA was performed by irradiating the samples in a linear electron accelerator of KURRI at 30 MeV for 27 hours. The
Al containers were replaced with new one after irradiation. Samples were measured for gamma-rays at R1 research
center of Tokyo Metropolitan University.

IPAA was also applied to six lunar highland meteorites. The IPAA procedure was same as that used for geological
samples. INAA was performed by using a portion of each sample for the determination of their Hf and Ta abundances.
In INAA, samples were doubly sealed with high-purity polyethylene bag and were irradiated for 4 hours by reactor
neutrons at KURRI.

Results and Discussions

Zirconium and Nb abundances were determined by using the 909.2 and 934.5 keV gamma-ray of 8Zr and *™Nb,
respectively. As reported by Kato and Matsumoto [4], 934.5 keV peak of %2™Nb were caused by a spectral interference



for 935.5 keV peak of **Mn. Its contribution was corrected by using 934.5 and 1434.1 keV peak of chemical reagent
(Fe,03). Contributions of **Mn were 12 % for JB-1, 4 % for JR-1 and 8 % for JG-1. Our Zr and Nb abundances for
JG-1 and JR-1 were compared with their literature values in Table 1. As shown in Table 1, there is difference of Nb and
Zr abundances for JG-1 between ICP-AES and ICP-MS, and other methods. Analytical methods with acid digestion
represented by ICP-AES and ICP-MS reported the lower Nb and Zr abundances in JG-1 compared with those of other
methods. In consideration that granodiorites such as JG-1 contain zircon as accessory minerals and Zr and Nb are more
partitioned into zircon than other minerals [5]. As zircon is an acidic refractory material, it is hardly dissolved under
acid digestion. Therefore, Zr and Nb do not come into the solution. As a result, Zr and Nb values from ICP-AES and
ICP-MS are lower than those from other methods (e.g., IPAA). Our Zr and Nb values for JG-1 are significantly higher
than literature values obtained from ICP-AES and ICP-MS and are consistent with literature values from IPAA. Our
RSD value for Zr in JG-1 is higher. It is likely that zircon is heterogeneously distributed in JG-1. Our Zr and Nb values
for JR-1 are consistent with literature values.

Six lunar highland meteorites were analyzed by using IPAA and INAA. Our Nb/Ta ratios for six lunar highland
meteorites are consistent with each other and are fallen in the range from lunar meteorites and Apollo samples.
Zirconium/Hf ratio for Apollo samples range from 26.6 to 40.7. Almost all lunar highland meteorites including our
samples have higher Zr/Hf ratios than those for Apollo samples. It has been reported that lunar highland meteorites

possess zircon. Therefore, this difference could be a result of the presence of zircon.

Summary

We performed IPAA for the determination of Nb and Zr abundances in JG-1 and JR-1 in KURRI. For JR-1, our Nb
and Zr values are in good agreement with literature values. Qur Nb and Zr data are relatively higher than literature
values obtained from ICP-MS and ICP-AES. This difference is due to incomplete acid digestion of zircon. This study
demonstrates that [IPAA is more suitable method than the other methods accompanying with acid digestion such as
ICP-AES and ICP-MS.
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Table 1. Analytical results for JG-1 and JR-1 for Nb and Zr.

JG-1 JR-1
Min Max Mean Min Max Mean
This work 12.9 (3.6)* This work 15.1 (3.4)*
PAA 11.5 - 124 12.0 PAA 16.5 17.2 16.9
Nb (ppm) ICPES 10.2 10.2 ICP-AES 142 18 16.1
ICPMS 109 - 122 11.5 ICP-MS 13.6 17 153
XRF 98 - 14 12 XRF 10 17 15
This work 138 (20)* This work 105 (3.6)*
PAA 118 - 152 135 PAA 96.5 108 102
Zr (ppm) ICPES 29 - 118 59 ICPES 90.6 97 94
ICPMS 241 - 314 27.7 ICPMS 91 105 98
INAA 57 - 187 135 INAA 90 160 127
XRF 103 - 137 113 XRF 90 114 100

*The values in brakets are RSD (n = 3).
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Neutron Activation Analysis and its Application in Malaysian Nuclear Agency

Boon Siong Wee'
Malaysian Nuclear Agency, Bangi, Kajang, 43000 Selangor, Malaysia.

Abstract

In Malaysia, the research reactor is utilized for various applications including neutron activation
analysis (NAA) for research and service purposes. Throughout the years, many research projects
have been successfully conducted at the NAA laboratory through international and local
collaborations. These collaborations had been very important to improve on the research and
applications of NAA in the country. The applications of NAA in the Malaysian Nuclear Agency
are discussed in this paper.

Introduction

Neutron activation analysis (NAA) is a non-destructive method with multi-elemental capability. The NAA
technique provides high sensitivity and accuracy for trace element determination that could be applied to
analysis of various sample types namely geological, biological and environmental samples. Simple sample
preparation steps in NAA prevent sample contamination and only small sample size (about 100-500 mg) is
required. Neutron source from a research reactor is required to perform NAA either for short and long time
irradiation. In Malaysia, the PUSPATI TRIGA MARK II resecarch reactor provides neutron irradiation
facilities for NAA application. After activation by neutron, gamma-rays emitted from radionuclide were
measured using HPGe detectors and spectra were analyzed using appropriate software. Quantifications of
clemental concentrations arc commonly performed using comparative method. Utilization of NAA is quitc
encouraging and many research projects were completed and new projects are being conducted. This paper
will discuss the applications of NAA in Malaysian Nuclear Agency.

The PUSPATI TRIGA MARK II reactor

The Malaysian Nuclear Agency (Nuclear Malaysia) owns the only research reactor namely the PUSPATI
TRIGA MARK II reactor which comes into operation in 1982. The PUSPATI TRIGA MARK II reactor is a
IMW light-water moderated pool-type reactor. The first criticality was achieved on 28 June 1982. The cross
section of the reactor is shown in Fig. 1. This research reactor is equipped with four beamports and one
thermal column as shown in Fig. 2. Nuclear fuels of this reactor are standard TRIGA fuel elements (112 rods)
composed of zirconium hydride alloy containing enriched uranium (8.5 — 20 wt.%) and cladded with
stainless steel. The fuel elements configuration is shown in Fig. 3. During routine operation, the thermal
neutron flux at rotary rack (RR) and pneumatic transfer system (PTS) is about 2.3 x 10" n/cm?/s and 5.4 x

! Corresponding author email: wee@nuclearmalaysia.gov.my



10'% n/cm?/s, respectively (Wee et al., 2006). The reactor operation time is 6 hrs/day and 4 days/week. This
research reactor is utilized for the following purposes:
(a) NAA for multi-elemental analysis of various samples.
(b) Small angle neutron scattering (SANS) at beamport No. 4 for material characterization based on
neutron scattering.
(c) Neutron radiography at beamport No. 3 for studies of internal structures.
(d) Isotope production for industrial and environmental tracer studies.

The NAA Laboratory

At present, the NAA laboratory is based at the Analytical Chemistry Application Group. This group consists
of seven researchers and nine assistants. The NAA laboratory is equipped with seven HPGe detectors with
relative efficiencies ranging from 10% to 30%. Among these HPGe detectors, five were manufactured by
Ortec and two by Canberra. Softwares used for spectrum analysis were Genie2000 and Gamma Vision,
respectively. Short irradiation is performed using the PTS with irradiation time of | min. Long irradiation is
performed at the RR with irradiation time of 1 — 6 hrs. Gamma-ray measurement times were ranged from 5
minutes to 24 hours depending on the half-live of radionuclides. Information on NAA method used in this
laboratory is described in Wee et al. (2006, 2007). The NAA laboratory analyses about 450 samples annually.
Users of NAA are researchers, students, government authorities and companies.
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Fig. 1. Vertical cross section of PUSPATI TRIGA MARK II reactor.
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Applications of NAA

The NAA method is very useful for multi-elemental analysis of various samples. In our laboratory, NAA
method is applied to research projects related to environmental studies. These research projects are
financially supported by Malaysian Nuclear Agency and the Ministry of Science, Technology and Innovation
(MOSTI). Collaboration with International Atomic Energy Agency (IAEA) and Forum for Nuclear
Cooperation in Asia (FNCA) provides additional support to these projects. Occasionally, collaborations with
local universities are essential to enhance the utilization of NAA in the country. In the paragraphs that follow,
selected projects related to the applications of NAA are discussed.

(a) Air particulate study in Klang Valley.

Air pollution is an environmental issue in many countries including Malaysia. Monitoring of air
pollution is essential to assess the level of air pollution in a selected area. In Kuala Lumpur, the
capital city of Malaysia, air particulate samples were collected and analyzed using INAA. This
project is supported by IAEA (Hopke et al., 2008; Shamsiah et al., 2011) and FNCA (Ebihara et al.,
2006, 2008). Air particulate samples were collected using Gent air sampler installed with two
polycarbonate filters having pore sizes of 0.4 and 8 pm, respectively. The sampling time is 24 hours
with a sampling rate of 16.7 L/min. Fine (PM;;s) and coarse (PMq.,5) fractions were collected and
were analyzed for their trace element contents. Trace elements (Al, Cr, Mn, V) in PM;;s were
reported for Kuala Lumpur and concentrations of these elements were found to be similar to those
from big cities like Ho Chi Minh (Vietnam) and Daejon (Korea) (Ebihara et al., 2008). Contribution
from industrial sources may cause increase of trace elements in the fine fractions. Trace elements in
coarse fractions from Kuala Lumpur showed high levels of Al and Ti contents as compared to other
Asian countries (Ebihara et al., 2008). The presence of Al and Ti in coarse fractions is commonly
associated with soil dust.

(b) Marine pollution study

Trace and toxic elements in sediments are important indicators for environmental pollution. Since
2003, marine sediments were collected from various locations around the seas of Malaysia. The
samples were subjected to elemental analysis using INAA method. Data from this study is assessed
by using Potential Ecological Risk Index (PERI). The PERI is useful to evaluate the harm of heavy
metals in the sediments (Hakanson, 1980). Calculations of PERI require three parameters: (i)
pollution index, C‘j; (ii) potential ecological risk index for single heavy metal pollution, E'; and (iii)
potential toxicity response index for various heavy metals in the sediments, R/. In this study, trace
elements (As, Cr, Sb and Zn) in marine sediments collected around the coastal areas of Peninsular
Malaysia were evaluated using PERI. Results showed that PERI for sediments were low signifying
that minimal ecological risk. Besides PERI, other indexes such as geoaccumulation index (Ig,) and
pollution load index (PLI) could be used to assess trace element contamination in sediments (Elias et
al., 2011).

(¢) Trace elements in fish
Fish is an important source of protein for Malaysian. Main fishing areas in Malaysia are located at
the Strait of Malacca and South China Sea. Daily fish consumption is estimated to be 160 g/person.
Fish may contain some toxic elements due to water contamination and consumption of fish may pose
some health effects to humans. This project aims to analyzed fish samples for trace and toxic
elements and the data were used for human health risk assessment in Malaysia. The elements Cr, Hg,



Se and Zn were analyzed using INAA. Quality control materials used in this study were NRCC
DORM-3 (fish protein) and IAEA MA-A-2 (fish flesh). Concentrations of the elements are used for
estimating dietary doses from fish consumption. By using an average body weight of Southeast
Asian of 50 kg, the dietary doses of Hg from fish were 0.40 pg/kg body wt./day (White fin Wolf
Herring) and 0.23 pg/kg body wt./day (Red snapper), respectively. These values were higher than
the reference dose (RfD) of 0.1 pg/kg body wt./day for Hg as proposed by EPA Guideline. For
elements Cr, Se and Zn, their dietary doses were below EPA Guideline signifying that no potential
health risk is anticipated.

(d) In-house reference material

Certified reference material is routinely used in INAA for quality control of analytical data. The cost
of procuring certified reference materials is increasing due to limited production by the respective
producers. Alternative to certified reference material is in-house reference material which can be
produced by a laboratory for internal use. To date, our laboratory has characterized an in-house
reference material (ST13) from marine sediment sample (Salim et al., 2011). Total amount of ST13
available is about 890 g. The sample is properly dried and homogenized using agate mortar. In the
initial stage, twenty replicates of ST13 were prepared for neutron irradiation. Trace elemental data
from INAA have been obtained for 31 elements (Al, As, Ba, Br, Ca, Ce, Co, Cs, Cr, Eu, Fe, Ga, Hf,
K, La, Lu, Mn, Na, Nd, Rb, Sb, Sc, Sm, Ta, Tb, Th, Ti, U, V, Yb and Zn) and quality control data
(IAEA SL-1 and IAEA Soil-7) were in good agreement with certified values (Jz] < 2). Other
analytical methods (AAS and ICP-MS) will be used to obtain more elemental data for this in-house
reference material.

Summary

The NAA method is important for trace element analyses and it has been applied to many research projects
conducted in Malaysian Nuclear Agency. Among the main applications of NAA are for environmental
projects such as air particulate and marine pollution studies. Collaborations with IAEA and FNCA are
essential to enhance the utilization of NAA and to promote knowledge exchange among scientists in this
field. Besides, cooperation with government authorities and commercial users will ensure continuous support
for NAA in Malaysia.
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Oral presentation

O Instrumental, Pre-Concentration, Radiochemical, and Speciation Activation Analysis.

Organized and chaired by A. Chatt, Dalhousie University, Canada.

STUDIES ON SELENOPROTEIN SPECIES IN BOVINE KIDNEYS BY BIOCHEMICAL NEUTRON
ACTIVATION ANALYSIS
Jayawickreme, CK; Chatt, A. Trace Analysis Research Centre, Department of Chemistry, Dalhousie University,
Halifax, Nova Scotia, B3H 4J3, Canada
ARSENIC COMPOUNDS IN FIREWORKS? - AN ANALYSIS OF THE SUSPENDED PARTICLE EMISSION
DURING VIENNA'S NEW YEAR FIREWORKS
Johannes H. Sterba(1), Fritz Grass(1), Georg Steinhauser(1), Johann Wernisch(2), Max Bichler(1);
(1): Atominstitut, Vienna University of Technology, Stadionallee 2, 1020 Wien, Austria; (2): Institute of Solid State
Physics, Vienna University of Technology
SHELLED MORINGA OLEIFERA SEEDS: A UNIQUE BIOSORBENT FOR THE REMOVAL OF HEAVY
METALS FROM AQUEOUS PHASE USING NAI(TI) DETECTOR AND NEUTRON ACTIVATION ANANLYSIS
TECHNIQUES.
Parul Sharma (1), M.M. Srivastava (2) and Shalini Srivastava (3).
(1) Department of Chemistry, Amity school of Engineering & Technology, Amity University, Manesar, Haryana.
(2) Department of Chemistry, Faculty of Science, Dayalabgh Educational Institute, Dayalbagh, Agra, India.
RE-DETERMINATION OF (K0,Q0)- VALUES FOR 10 ISOTOPES OF ANALYTICAL INTEREST
F. Farina Arboccd'?, P. Vermaercke?, K. Strijckmans', K. Smits?.
' Department of Analytical Chemistry - Ghent University; Krijgslaan 281 S12, BE-9000 Gent, Belgium; *k,- INAA
Laboratory - SCK*CEN, Belgian Nuclear Research Centre; Boeretang 200, BE-2400 Mol, Belgium
ANALYSIS OF FDA IN-HOUSE FOOD REFERENCE MATERIALS WITH ANTICOINCIDENCE INAA
David L. Anderson and William C. Cunningham,
US Food and Drug Administration, Office of Regulatory Science
INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS OF RADIONUCLIDES AND TRACE METALS IN
SOIL-PLANT SYSTEMS
Ramakrishna Naidu, G; Kalyan, Y; Gangadhar, B; Tharakeswar, Y; Sujan Kumar, K.
Department of Environmental Sciences, Sri Venkateswara University, Tirupati-517502, INDIA
RAPID DETERMINATION OF SILVER IN CULTIVATED JAPANESE AND KOREAN OYSTERS AND
JAPANESE ROCK OYSTERS USING THE SHORT-LIVED NEUTRON ACTIVATION PRODUCT 110-AG
Fukushima, M (1); Chatt, A (2).
(1) Department of Basic Sciences, Faculty of Science and Engineering, Ishinomaki Senshu University, Minamisakai,
Ishinomaki, Miyagi, 986-8580, Japan; (2) Trace Analysis Research Centre, Department of Chemistry, Dalhousie
University, Halifax, Nova Scotia, B3H 4J3, Canada
TRAINING IN NEUTRON ACTIVATION ANALYSIS: PROBLEMS AND SUGGESTIONS FOR SOLUTIONS
Bode, P(1); Bacchi, MA(2); De Nadai Fernandes, EA(2).
(1) Delft University of Technology, (2) CENA-USP.



GENERATION OF META IMAGES FOR VISUALIZATION OF THE DATA OBTAINED BY ANALYSIS OF THE
TIME SERIES AUTORADIOGRAMS
V.P.Kolotov (1), D. S. Grozdov (1), N. N. Dogadkin (1) and V I.Korobkov (2).
(1) Vernadsky Inst.of Geochem.&Analyt.Chem., (2) Moscow State University, Russia
ACCURATE DETERMINATION OF RARE EARTH ELEMENTS IN COSMOCHEMICAL SAMPLES BY
RADIOCHEMICAL NEUTRON ACTIVATION ANALYSIS
Aihara, H.; Ebihara, M. Tokyo Metropolitan University
PROMPT GAMMA CHARACTERIZATION OF ACTINIDES
Christoph Genreith (1); Matthias Rossbach (1); Eric Mauerhofer (1); Tamds Belgya (2);
(1) Institute for Energy- and Climate Research 6 — Nuclear Waste Management and Reactor Safety,
Forschungszentrum Juelich GmbH, 52425 Juelich, Germany; (2) Institute of Isotopes HAS. Dept. of Nuclear
Research, H- 1525 Budapest, POB 77

O Applications of Radioanalytical Chemistry and Neutron Activation Analysis for Nuclear Medicine and
Biological Systems.

Organized and chaired by Organized by S. Srivastava, Brookhaven National Laboratory, USA

PAVING THE WAY TO PERSONALIZED MEDICINE: PRODUCTION OF SOME PROMISING
THERAGNOSTIC RADIONUCLIDES AT BROOKHAVEN NATIONAL LABORATORY
Srivastava, SC,  Brookhaven National Laboratory, Upton, NY
WHOLE BODY COUNTING FOR TIME-DEPENDENT RADIOACTIVITY ESTIMATION IN PATIENTS
UNDERGOING '"Lu PRRT.
Bode, P(1); Liu, B(1); Breeman, WAP(2).
(1) Delft University of Technology, (2) Erasmus Medical Center Rotterdam
THE CASE FOR FRACTIONAL SOLUBILITY PROFILES
R.L. Metzger' and K F. Eckerman’,
1)Radiation Safety Engineering, Inc, 2) Oak Ridge National Laboratory
A RAPID METHOD FOR DETERMINING STRONTIUM-89/90 IN URINE SAMPLES
Dai X., Cui, Y.; Kramer-Tremblay, S., AECL Chalk River Nuclear Laboratories
REAL-TIME IMAGING OF NUTRIENT UPTAKE MANNER IN PLANTS USING CONVENTIONAL
RADIOISOTOPES
Nakanishi, TM: Knno, S; Kobayashi, NI; Hirose, A; Ishibashi, H; Tanoi, K Univ. of Tokyo
TRACE ELEMENTS IN OSTEOPENIA/OSTEOPOROSIS: A POTENTIAL, RADIATION FREE AND CHEAP
METHOD FOR BONE- MINERAL-ASSESSMENT
M.A. Chaudhri (Uni. Of Erlangen- Nuernberg & Pakistan Council of Scientific & Industrial Research), W.
Kemmler (University of Erlangen- Nuernberg), I. A. Harsch (Uni. Of Erlangen-Nuernberg), J. Watling (Uni. Of
Western Australia)
QUANTITATIVE STUDY OF NON- STIMULATED HUMAN WHOLE
SALIVA USING NAA
HR Lewgoy(1), C. B. Zamboni(2), S. Metairon(2), I. M. M. A Medeiros(2).
(1)Universidade Anhanguera Bandeirante, UNIBAN; (2)Instituto de Pesquisas Energéticas e Nucleares, IPEN -



CNEN/SP

NEUTRON AND GAMMA RAY DOSES FROM A *2Cf BRACHYTHERAPY SOURCE IN A WATER PHANTOM
Ibrahim Al-Saihati (1), Naqvi A. A.(2).
(1) Department of Electrical Engineering, (2) Department of Physics, King Fahd University of Petroleum and
Minerals, Dhaharan, Saudi Arabia.

RADIONUCLIDES PRODUCTION BY DEUTERON BEAMS IRRADIATIONS
Bonardi, ML (1), Manenti, S (1), Gini,L (1), Groppi ,F (1),
(1) L.AS.A. - Radiochemistry Laboratory, Universita degli Studi di Milano and INFN Sez. di Milano, via F.lli
Cervi 201, I-20090 Segrate (MI), Italy.

O Instrumentation and Software for Nuclear Spectrometry.
Organized and chaired A. Berlizov, IAEA, and C. Aalseth, PNNL, USA.

A COMPTON-SUPPRESSED PHOSWICH DETECTOR FOR GAMMA SPECTROSCOPY
Abdollah Farsoni,  Oregon State University
PURECOLD FAST ELECTRONICS FOR BETA-ALPHA- AND ALPHA- ALPHA PILE-UP SUPPRESSION
Rugard Dressler and Peter Rasmussen,  Paul Scherrer Institute, CH-5232 Villigen, Switzerland
PULSE TUBE REFRIGERATION FOR HPGE DETECTORS AND ASSOCIATED ELECTRONIC
Michael E. Cournoyer (1), James Pecos (1), Howard N. Granzow (1), and Steve Chunglo (2).
(1) Los Alamos National Laboratory, Los Alamos, NM 87545 (2) CANBERRA Industries, An AREVA company,
800 Research Parkway, Meriden CT 06450
CHARACTERISATION OF A SPECTROMETER FOR MEASUREMENTS OF ALPHA- PARTICLE AND
X-RAY/GAMMA- RAY IN COINCIDENCE
M. Eriksson, I. Levy, J-F. Comanducci, IAEA-EL, Monaco
OPTIMIZATION OF PULSE PROCESSING PARAMETERS FOR HPGE GAMMA-RAY SPECTROSCOPY
SYSTEMS USED IN EXTREME COUNT RATE CONDITIONS AND WIDE COUNT RATE RANGES
Ronald M. Keyser and Timothy R. Twomey, = ORTEC, 801 South Illinois Avenue, Oak Ridge, TN 37831
DETERMINING HPGE TOTAL DETECTION EFFICIENCY USING v- y COINCIDENCE
Erikson L., Keillor M., Aalseth C., Hossbach T., Mizouni L., Stavenger T., McDonald B.,
Pacific Northwest National Laboratory
CONTROLLING LOW-RATE SIGNAL PATH MICRODISCHARGE FOR AN ULTRA-LOW-BACKGROUND
PROPORTIONAL COUNTER
EK Mace, CE Aalseth, RM Bonicalzi, AR Day, EW Hoppe, ME Keillor, AW Myers, CT Overman, A Seifert,
Pacific Northwest National Laboratory
DIGITAL PULSE-SHAPE DISCRIMINATION APPLIED TO AN ULTRA-LOW-BACKGROUND GAS-
PROPORTIONAL COUNTING SYSTEM - FIRST RESULTS
C.E. Aalseth, A.R. Day, E.S. Fuller, E.W. Hoppe, M E. Keillor, E K. Mace, C.T. Overman, M E. Panisko, A. Seifert,
G.A. Warren, R M. Williams. ORGANIZATION: Pacific Northwest National Laboratory, Richland, WA, USA
THE DESIGN, CONSTRUCTION, AND INITIAL CHARACTERIZATION OF AN ULTRA-LOW-BACKGROUND
GAS-PROPORTIONAL COUNTING SYSTEM
A. Seifert, C.E. Aalseth, A.R. Day, E.S. Fuller, EW. Hoppe, M.E. Keillor, E K. Mace, C.T. Overman, G.A. Warren.



Pacific Northwest National Laboratory, Richland, WA, USA
DIGITAL GAMMA-GAMMA COINCIDENCE AND ANTICOINCIDENCE SPECTROMETRY DEVELOPMENT
AND ITS APPLICATIONS TO COMPTON SUPPRESSION WITHOUT ANY GAMMA-RAY SENSITIVITY LOSS,
SPECIAL ENVIRONMENTAL RADIONUCLIDE MONITORING AND NUCLEAR MATERIAL
CHARACTERIZATION USING LIST-MODE DATA ACQUISITION

Weihua Zhang; Pawel Mekarski; Maxime Dion; Jing Yi; Kurt Ungar.
MATHEMATICAL EFFICIENCY CALIBRATION METHODS FOR HIGH QUALITY LABORATORY BASED
GAMMA SPECTROMETRY SYSTEMS

P.J. LeBlanc (1), A. Adekola (1), F. Bronson (1), K. Morris (1), W.F. Mueller (1), R. Venkataraman (1);

(1) - Canberra Industries Inc., 800 Research Parkway, Meriden, CT, 06450, USA.

Poster Session

IMPROVING NEUTRON ACTIVATION ANALYSIS ACCURACY FOR THE MEASUREMENT OF GOLD IN
THE CHARACTERIZATION OF HETEROGENEOUS CATALYSTS USING A TRIGA REACTOR.

Siaka Yusuf; Melinda Krahenbuhl; Bryan Haskins. The Dow Chemical Company.
FABRICATION AND CHARACTERIZATION OF AN IRRADIATION FACILITY FOR LARGE-SAMPLE
GEOMETRY.

Talnagi, JW(1); Lei, LR(1); Spitz, HB(2); Glover, SE (3).

(1) The Ohio State University, (2) University of Cincinnati, (3) NIOSH.

DEVELOPMENT OF A PROMPT GAMMA ACTIVATION ANALYSIS FACILITY AT DALAT REACTOR.
Nguyen Canh Hai(1), Vuong Huu Tan(2), Nguyen NhiDien(1), Pham Ngoc Son(l), Tran Tuan Anh(l),
(1) Nuclear Research Institute, 1 Nguyen Tu Luc street, Dalat, VietNam, (2) Viet Nam Atomic Energy Institute,
59 Ly Thuong Kiet street, Hanoi, Viet Nam,.

RADIOXENON SIGNATURES BY NATURAL ACTIVATION.

Biegalski, SR (1); Klingberg, FJ (1).
(1) University of Texas at Austin.

USE OF A COTS X-RAY SCANNER FOR 2-D NEUTRON ACTIVATION ANALYSIS.

Bounds, JA; Goda, JM; Myers, W; Rose, E; Sanchez, RG. Los Alamos National Laboratory.

NEUTRON ABSORPTION ACTIVATION ANALYSIS.

Steinhauser, G (1); Merz, S (1); JH. Sterba (1).

(1) Vienna University of Technology, Atominstitut.
INAA STUDY OF Hg, Se, As, AND Br IRRADIATION LOSSES FROM L-CYSTEINE TREATED AND
UNTREATED REFERENCE MATERIALS.

David L. Anderson, US Food and Drug Administration, Office of Regulatory Science.

ANTICOINCIDENCE INAA CAPABILITIES FOR ANALYSIS OF FDA TOTAL DIET STUDY SEAFOODS.
David L. Anderson, US Food and Drug Administration, Office of Regulatory Science.

CHLORINE DETECTION IN BFS CONCRETE SAMPLES USING A PORTABLE NEUTRON GENERATOR.
Zameer Kalakada(2), O.S.B. Zameer Kalakada (2), Al-Amoudi(2), M. Maslehuddin (3) , M. Raashid (1) and
Khateeb-ur-Rehman(1).

(1)Department of Physics, (2) Department of Civil Engineering and (3) Center for Engineering Research, King



Fahd University of Petroleum and Minerals, Dhahran, Saudi Arabia.

TRACE ELEMENT DETERMINATION IN A MUSSEL REFERENCE MATERIAL USING SHORT
IRRADIATION INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS.

Moreira, EG(1); Seo, D(1); Vasconcellos, MBA(1); Saiki, M(1). (1) IPEN-CNEN/SP.

THE CORRECT AND INCORRECT WAY TO CALIBRATE A COMPTON SUPPRESSION COUNTING SYSTEM
FOR GAMMA RAY EFFICIENCY.
Landsberger, S; Biegalski, S; University of Texas.
MEASURING ACTIVITY OF ‘U, U, U AND *’Th DECAY CHAINSA ND K-40 IN GEOLOGICAL
SAMPLES USING NEUTRON ACTIVATION ANALYSIS.

Landsberger,S; Dolloff, J; Kapsimalis, R; University of Texas.
TRACE ANALYSIS AND LEACHING DYNAMICS OF VOLCANIC ASH USING NAA AND ICP-MS.

B.Canion(1), S.Landsberger (1),

(1) University of Texas at Austin, Nuclear Engineering Teaching Lab, R-9000, Austin, Texas, USA 78712.
DETERMINATION OF ZINC IN GEOLOGICAL SAMPLES USING COMPTON SUPPRESSION AND
EPITHERMAL INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS.

B. Canion (1), S. Landsberger (1), (1) University of Texas at Austin, Nuclear Engineering Teaching Lab, R-

9000, Austin, Texas, USA 78712.

USING INNA TO DETERMINE CERAMIC PRODUCTION AND DISTRIBUTION DURING THE 13TH AND
14TH CENTURIES IN THE ESPANOLA BASIN, NEW MEXICO.

William D. James* and Suzanne L. Eckert**,

*Center for Chemical Characterization and Analysis, Department of Chemistry, Texas A&M University,

College Station, TX 77843, **Department of Anthropology, Texas A&M University, College Station, TX

77843.

DETERMINATION OF COPPER IN NATURAL WATERS BY REVERSED-PHASE EXTRACTION
CHROMATOGRAPHY AND NEUTRON ACTIVATION USING 1-(2-THIAZOLYLAZO)-2-NAPHTHOL.

Goodwin WE; Rao,RR; Chatt, A. Trace Analysis Research Centre, Department of Chemistry, Dathousie

University, Halifax, Nova Scotia, B3H 4J3, Canada.

DETERMINATION OF IODINE IN CANADIAN FOODS BY EPITHERMAL INSTRUMENTAL NEUTRON
ACTIVATION AND ANTI-COINCIDENCE GAMMA-RAY SPECTROMETRY.

W. Zhang(1,2); A.Chatt (1).

(1)Trace Analysis Research Centre, Department of Chemistry, Dalhousie University, Halifax, NS, B3H

4J3, Canada; (2) Radiation Protection Bureau, Health Canada, 775 Brookfield Road, AL

6302D1, Ottawa, ON, KI1A 1Cl1, Canada
ESTIMATION OF COMBINED UNCERTAINTIES ASSOCIATED WITH THE DETERMINATION OF IODINE
IN FOODS BY THE RELATIVE AND KO INAA STANDARDIZATION METHODS.

Nyarko, BJB (1,2); Akaho, EHK (2); Fletcher, JJ (3); Chatt, A (1).

(1) Trace Analysis Research Centre, Department of Chemistry, Dalhousie University, Halifax, Nova

Scotia, B3H 4J3, Canada; (2) Ghana Atomic Energy Commission, P.O. Box LGS80, Legon---

Accra, Ghana; (3) Physics Department, University of Cape Coast, Cape Coast, Ghana.

OPTIMIZATION IN NEUTRON ACTIVATION ANALYSIS.

De Nadai Fernandes, EA (1); Bode, P(2); Bacchi, MA(1).
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(1)CENA-USP, (2) Delft University of Technology.

DETERMINATION OF URANIUM FISSION INTERFERENCE FACTORS FOR INAA.

Ribeiro Junior, IS (1); SAIKI, M (1); Genezini, FA (1); ZAHN, GS (1).

(1) Instituto de Pesquisas Energéticas e Nucleares - IPEN.

OPTIMIZATION AND ESTIMATION OF COLD NEUTRON PROMPT ACTIVATION ANALYSIS SYSTEM BY
USING MONTE CARLO CODE.

SMT Hoang (122); JH Moon (1); Y.S Chung (1); B.G Park (3); GM Sun (I).

(DKAERI, (2)KOREA University of Science and Technology, (3) Seoul National University.
QUANTIFICATION OF NB AND ZR IN THE THE IRRADIATED PRESSURE TUBES = FROM WOLDSEONG
CANDU 1 UNIT BY REACTIVATION METHOD.

SUN, Gwang-Min (1); CHO, Dong-Keun, (1); (1)Korea Atomic Energy Research Institute.
OPTIMIZATION OF A PROMPT GAMMA ANALYSIS SETUP FOR ANALYSIS OF ENVIRONMENTAL
SAMPLES.

Fares A. Al-Matouq(1), A. H. Isab(2), Khateeb-ur-Rehman(l), M. A. Gondal(1), M. Raashid(1) and M.

Dastageer(1),

'Department of Physics and “Department of Chemistry, King Fahd University of Petroleum and Minerals, Dhahran,

Saudi Arabia.

ASSESSMENT OF DIFFERENCES IN THE TRACE ELEMENT CONCENTRATIONS IN REGIONS OF
HUMAN BRAIN BY INAA.

Saiki, M(1); Miranda, N(2); Leite, REP(2); Genezini, FA(l); Grinberg, LT(2); Ferretti,

REL(2); Jacob-Filho, W(2).

(DInstituto de Pesquisas Energéticas e Nucleares, IPEN-CNEN/SP. (2)Faculdade de Medicina da Universidade

de Sao Paulo.
DETERMINING TRACE AMOUNTS OF NICKEL IN PLANT SAMPLES BY NEUTRON ACTIVATION
ANALYSIS.

Landsberger, S; Canion, B; U niversity of Texas.
DEMONSTRATION OF SELF-SHIELDING FOR THE ANALYSIS OF GOLD WITH NAA.

Landsberger, S; Dayman, K; University of Texas.

MONITORING OF NEUTRON FLUX CHANGES IN SHORT-LIVED NEUTRON ACTIVATION ANALYSIS.

Landsberger, S; Dayman, K; University of Texas.

ELEMENTAL ANALYSIS OF BIOLOGICAL TISSUES OF DMDMDX/] AND C57BL/6] MICE STRAINS
INVASTIGATED BY NAA.

S.Metairon(1), C.B.Zamboni(1), M.F.Suzuki(l), C.R.Bueno Jr.(2) O.A.Sant'Anna (3).

(DInstituto de Pesquisas Energéticas e Nucleares, IPEN- CNEN/SP, (2)Centro de Estudos do Genoma

Humano, Instituto de Biociéncias, USP, (3)Instituto Butantan.

DETERMINATION OF U CONCENTRATION IN GINSENG SAMPLES USING BY DELAYED NEUTRON
ACTIVATION ANALYSIS.

JM.Lim!, JH. Moon?, SH. Kim?, M.J. Kang', JH, Jeong’, JH. Lee’

1. Environmental Radioactivity Assessment Team, Korea Atomic Energy Research Institute 2. Department of

Neutron Basic Science, Korea Atomic Energy Research Institute 3. Department of Environmental

Engineering, ChungNam National University.
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NUCLEAR AND RADIOCHEMICAL TECHNIQUES: A POWERFUL TOOL FOR NANOTOXICOLOGICAL
STUDIES.
Sabbioni, E (1,2), Manenti, S (2), Bonardi, ML(2), Bellini, CM(2), Groppi, F(2),
(1) ECSIN - European Center for the Sustainable Impact of Nanotechnology, Veneto Nanotech - Rovigo, Italy,
(2) L.A.S.A. - Radiochemistry Laboratory, Universita degli Studi di Milano and INFN Sez. di Milano, via F.lli
Cervi 201,1-20090 Segrate (MI), ITtaly.

8th International Conference on International Conference on Nuclear and
Radiochemistry [2012F9H16-21 H]
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[B¢40(Z, http://nre8.miinfn.it/ F7zld, http://indico.cern.ch/conferenceDisplay.py?confld=183405

ZCBLLEETV]

A new PTS for short-time neutron activation analysis
Primary authors : Prof. ISMAIL, Saleh (Atomic Institute-Vienna, Austria)
Co-authors :

A preliminary study of prompt gamma-ray activation analysis using pulsed neutron at J-PARC / ANNR
Primary authors : Dr. TOH, Yosuke (Japan Atomic Energy Agency, Japan)
Co-authors : Dr. HARADA, Hideo (Japan Atomic Energy Agency) ; Dr. KIMURA, Atsushi (Japan Atomic
Energy Agency) ; Dr. NAKAMURA, Shoji (Japan Atomic Energy Agency) ; Dr. FURUTAKA, Kazuyoshi
(Japan Atomic Energy Agency) ; Mr. KITATANI, Fumito (Japan Atomic Energy Agency) ; Dr. HARA, Kaoru
(Japan Atomic Energy Agency) ; Dr. KOIZUMI, Mitsuo (Japan Atomic Energy Agency) ; Prof. EBIHARA,
Mitsuru (Tokyo Metropolitan University)

Application of medium-energy proton beam from AIC-144 cyclotron in biological and environmental studies
Primary authors : Ms. WOICIK, Anna (1 Department of Nuclear Physical Chemistry, The Henryk
Niewodniczan(ski Institute of Nuclear Physics Polish Academy of Sciences, Cracow, Poland 2 Faculty of
Physic and Applied Computer Science, AGH University of Science and Technology, Cracow, Poland)
Co-authors : Prof. MIETELSKI, Jerzy W. (Department of Nuclear Physical Chemistry, The Henryk
NiewodniczanOski Institute of Nuclear Physics Polish Academy of Sciences, Cracow, Poland)

Biodistribution of Gadolinium-Based Contrast Agent, and Concentration of Trace Elements in Normal and

Nephrectomized Mice
Primary authors : Mr. WASHIYAMA, Kohshin (College of Medical, Pharmaceutical and Health Sciences,
Kanazawa University, Japan)
Co-authors : Ms. TUJII, Haruka (College of Medical, Pharmaceutical and Health Sciences, Kanazawa
Univeristy) ; Mr. MATSUMOTO, Takafumi (College of Medical, Pharmaceutical and Health Sciences,
Kanazawa University) ; Mr. OKUMURA, Ryo (Research Reactor Institute, Kyoto University) ; Mr.
TAKAMIYA, Koichi (Research Reactor Institute, Kyoto University) ; Prof. AMANO, Ryohei (College of
Medical, Pharmaceutical and Health Sciences, Kanazawa University)

Characterization of silicon for photovoltaic applications with INAA and PGAA,
Primary authors : Dr. WIEHL, Norbert (University Mainz, Germany)
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Co-authors : HAMPEL, Gabriele (University Mainz) ; KRATZ, Jens Volker (University Mainz) ; SCHMITZ,
Tobias (University Mainz) ; STIEGHORST, Christian (University Mainz) ; KOENN, Florian (FH Aachen
Campus Jiilich) ; SCHERER, Ulrich W. (FH Aachen Campus Jiilich) ; HAMPEL, Jonathan (Fraunhofer Institute
for Solar Energy Systems, Freiburg) ; BOLDT, Frank (Fraunhofer Institute for Solar Energy Systems, Freiburg) ;
REBER, Stefan (Fraunhofer Institute for Solar Energy Systems, Freiburg) ; RIEPE, Stephan (Fraunhofer
Institute for Solar Energy Systems, Freiburg) ; APPELMAN, Klaas (Joint Research Centre, Petten) ; MOSS,
Raymond (Joint Research Centre, Petten)

Detection of irradiated foods using TL, ESR and GC/MS
Primary authors : Mrs. KANG, Yoonjung (Busan Regional Korea Food & Drug Administration, Korea)
Co-authors : Dr. KIM, Jaei (Busan Regional Korea Food & Drug Administration) ; Dr. LEE, Heesook (Busan
Regional Korea Food & Drug Administration) ; Mrs. WON, Soyoung (Busan Regional Korea Food & Drug
Administration) ; Mr. LEE, Hweejae (Busan Regional Korea Food & Drug Administration) ; Dr. JIN, Mikyoung
(Busan Regional Korea Food & Drug Administration) ; Mr. CHANG, Howon (Busan Regional Korea Food &
Drug Administration) ; Mr. KWAK, Hyojin (Busan Regional Korea Food & Drug Administration) ; Dr. SEONG,
Rackseon (Busan Regional Korea Food & Drug Administration) ; Dr. KWON, Kisung (Busan Regional Korea
Food & Drug Administration)

Determination of Boron distribution in Co-Re alloys
Primary authors : Dr. SZENTMIKLOSI, Lészl6 (Centre for Energy Research, Hungarian Academy of Sciences,
Hungary)
Co-authors : Dr. MUKHERIJI, Debashis (Technische Universitit Braunschewig, Institute fiir Werkstoffe) ; Ms.
MACSIK, Zsuzsanna (Centre for Energy Research, Hungarian Academy of Sciences)

Determination of Mineral Contents in Korean Domestic Unpolished Rice and Bean Samples by Neutron Activation

Analysis
Primary authors : Mr. MOON, JongHwa (Korea Atomic Energy Research Institute, Korea)
Co-authors : Mr. KIM, SunHa (Korea Atomic Energy Research Institute) ; Dr. SUN, GwangMin (Korea Atomic
Energy Research Institute) ; Dr. CHUNG, YongSam (Korea Atomic Energy Research Institute) ; Prof. LEE,
OkHee (YongIn University)

Development of diet-induced obesity in the rat, followed by radioanalytical methods
Primary authors : Dr. PAVELKA, Stanislav (Institute of Physiology, ASCR, Prague/Masaryk University, Bmo)
Co-authors : Dr. MACEK JILKOVA, Zuzana (Institute of Physiology, ASCR, Prague) ; Dr. KOPECKY, Jan
(Institute of Physiology, ASCR, Prague)

Experimental Performance Evaluation of a Compton Suppression System for Neutron Activation Analysis by Using a
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Elemental Analysis of Primitive Carbonaceous Chondrites by
Neutron-induced Single and Multiple Prompt Gamma-ray Analysis
Techniques and its Cosmochemical Significance

HEHRZREREGEE TEMAEN T TR EL

Mohammad Amirul Islam

This thesis evaluated the nondestructive and accurate elemental analysis of primitive
carbonaceous chondrites (CI and CM/C2) by neutron activation analysis (NAA), especially the
prompt gamma-ray analysis (PGA) technique, for studying their chemical alteration history.
Chondritic meteorites did not experience melting and igneous differentiation, and thus largely
preserve records of physical and chemical processes in the solar nebula. Therefore, study of
this group of meteorites is an important source of information about the processes occurring
in the early solar system. Elemental analysis of the CI group of meteorites is of special
importance because they have essentially the same chemical composition as that of the sun
except for a few extremely volatile elements.

To determine the chemical composition of CI and CM/C2 chondrites accurately by PGA, it
is necessary to consider neutron absorption, neutron scattering and gamma-ray attenuation in
the sample and to be corrected, if necessary. Since CI and CM chondrites contain up to 2
mass% of Hydrogen (H), the evaluation of neutron scattering effects is important for their
accurate elemental analysis by Single Prompt Gamma-ray Analysis (SPGA), considering that H
has a high thermal neutron scattering cross section (the bound atom value is 80 barns). A
study performed by using geological reference material GSJ-JB-2, as a meteorite analogue,
mixed with oxalic acid (H-containing one) showed that analytical sensitivity (count rate per
unit mass) increases with increasing matrix H concentration. With about 2 mass% of H, the
sensitivity was enhanced by about 8% relative to a sample with 0% mass of H, which is within
the marginal range of uncertainty due to the reproducibility of SPGA. Evaluation of the
sensitivity change with increasing disk-shaped sample mass (or thickness) yielded no apparent
enhancement of the sensitivity for any of the studied elements for the disk mass range of 400
mg to 1 g (corresponding thickness of 2 to 5 mm). The sensitivity was decreased for thick
samples because of neutron absorption inside the sample, and this change of sensitivity could
be ignored with a mass of up to 0.4 g. From this experiment, it was concluded that a sample
mass of CI and CM/C2 chondrites of up to 0.4 g can be reliably analyzed by SPGA to avoid
sensitivity change.

Since enhancement of the element sensitivity was reported for hydrogenous
disk-shaped sample by previous studies, which was not in agreement with our study at
JRR-3M of Japan Atomic Energy Agency (JAEA), this effect was explicitly studied theoretically
by PHITS code calculation as well as experimentally by using a cylindrical PTFE sample
holder. The experimental sensitivity variation with disk thickness for the studied elements
observed at JRR-3M of JAEA could be explained by PHITS simulation.

Elemental analysis by SPGA is often restricted for poor detection sensitivity and
spectral interference from known and unknown sources. To overcome these problems, a
Multiple Prompt Gamma-ray Analysis (MPGA) system has been recently installed at JAEA.
This study characterizes the MPGA system for elemental analysis of geological and
cosmochemical samples. Using optimized procedures of MPGA, primitive carbonaceous
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chondrites were analyzed. It was shown that some elements which could not be determined
by SPGA, due to spectral interference or lower sensitivity, could be determined by MPGA. In
this study, analytical capabilities of SPGA and MPGA were also compared to evaluate the
potential advantages and disadvantages of these two methods for elemental analysis of
geological and cosmochemical samples. It was demonstrated that MPGA can substantially
reduce the background level, especially for hydrogenous samples relative to SPGA, which
opens up a possibility to use lower energy prompt gamma rays of some trace elements for their
quantification. Although Mg is one of the major constituent elements of rock samples, it is
difficult to determine by SPGA. With MPGA, Mg contents could be determined with
reasonable consistency with their corresponding recommended values in geological and
cosmochemical samples, by carefully selecting suitable coincident prompt gamma-ray energy
pairs. MPGA was also applied to a hydrogenous meteorite, Ivuna, which contains H at 2%
mass level, and it was concluded that MPGA detection limits for most of the elements studied
could be reduced by up to one order of magnitude, when compared with SPGA detection
limits under the present experimental conditions.

Combining elemental abundances of the studied primitive carbonaceous chondrites
obtained by PGA and INAA, the chemical composition of these meteorites were reported. The
detailed chemical composition of the Antarctic CI chondrite, Y-980115, became firstly
available from this study. When chemical compositions of Antarctic CI chondrite Y-980115
and non-Antarctic CIs (Orgueil, Ivuna and Alais) were compared, for most of the studied
elements, elemental abundances of all CIs were within 15% deviation from the CI group mean.
The elemental abundances of B and Ti of Y-980115 were 28% and 36% higher, respectively,
than the CI group mean values, whereas that of H was 28% lower than the CI group mean
value. For the above-mentioned elements (H, B and Ti), abundances of non-Antarctic Cls
(Orgueil, Ivuna and Alais) were within 10% deviation from the CI group mean values, except
for H content of Alais. CI chondrites are believed to be the most primitive meteorites, but large
deviation of the abundances of Ti and H of Y-980115 from non-Antarctic Cls indicates that
this chondrite has experienced nebular and/or parent body processes to alter the primitive
chemical composition.

From this study, the bulk chemical compositions of the ungrouped chondrites B-7904
and Y-86720 indicated that refractory lithophile elements were in the CM-CO range and
volatile lithophile (Mn and Na) abundances were CM-like, whereas those for Cl and H were
low. The refractory, common and volatile siderophile and chalcophile element abundances
were all CM-like, although Os and Sb contents were lower, and Au and S contents were higher
than their CM mean values. Therefore, chemical compositions of the ungrouped chondrites
(B-7904 and Y-86720) were CM-like with some exceptions in some elemental contents. Based
on the depletion trend of thermally mobile and highly volatile elements, a new ordering
scheme for describing the degree of thermal alteration of the metamorphosed chondrites
experienced was proposed, which indicated that B-7904 is severely altered, while Y-793321 is
the least altered, with Y-86720 being in-between. This study enabled us to understand that
some asteroids experienced post-accretional heating which had caused their volatile element
loss during thermal events.
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2, BEMTEREEREMEL, ZRICEISVLEHAESMIZD LV, 22T, AT, LA 5
4 FRADEBEM LIESBHOTHEZTV, 2R FhoMHOBRSETRERERLZ RO, $EMHL
FeEMHORNZEEZ T, L2HWE L.

2. KB

AMECREHBCTRR I 5 2DEA (Y-8448, Y-790981, Y-791538, A-881442, Y-980110)
AL SBEAOWAH 500 mg # A\WTHIRYD Vo277, & 5 ICBADK A 500
mg 2R L, 50 mg % B P FREHLobricfER L 7.

5200BEANI L, 2202474 FEA (Y-790981 & Y-791538) o LT, @M EIE
EBMHOIHEERBRETo 2. HEhd, BERPETEE LI AV o2EALL, 720
FhoFBHRBHOFRM0OmMgZ ¥ vV 7 & LTA ., RICERE L EARTRAEMEZEDLL,
FELBEICTT, oDl vy oBE2IEL . Z208%, Zh 612 Ni-S fire assay 28 L
TNIE—XZWMOHL, Z2OHVeBREZHELZ. ZONIE—IX2BERLL, FEEES7X
vHESWIC L > THSKRLRZER L /2.

3. WR

BB OER 25 TE 2 ERBT 2 2 N TE L, 20H T Y-790981 DIEFKDEHSCHRED
HELDDE ko, COFRRE LTHBIC X 35ROEENEZ 3, ZhSNDEiR
2474 FOXBEOHFE L RV—82RL %,
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ARETHH L5202 L4 54 FEALE, 20l ary FI4 FaBIhsBROE
Bat%&TdH 3 Si, Mg, Ca DIRBEROBFREZR 1 IR L 7=, 1 ix#%¢edtic Ca/Si, E@hic Mg/Si
P, FEGOSNEEZ 7ey P LAEbDOTHS. K1 & D, Zhhfhoxrary F74 M4
DEBIDHIN, LEHBEOE»oTa Y FI4 FRADOERITI Z LOHEETH S, 2L
4 74 FEARMOBRICHART, Mg/Si lasE <, Ca/Si MEVWR#zRi>Tw5, Aift%R
T L5202V 454 FEARILVA 74 FEADEBIC 70y FINTWw»5 I L HHER
TEl, BRAETHWM L 520214574 FEADHT, A-881442 13, ERBEAFRICKR
ENTELT, TEBTOLOTVAR, A-881442 13, {LEHBROE>» 2V A 74 FEAIRSD
HIhsZItdxbhol,

SEREFSBHODMEROEREZE 1 ISR LK, £, ClaY F74 b THRIEMLL 2%
BEREEIC, X2 it e&BRYL L bicnLli, £1 &), RKBID=vy L an
WE -4 UPY Lk EOBREETEIBUAHEIC, AA VPV LARFIBABHICEEL T3
o, BBRLEKRKZAVEANERT, @BHLESBHZHATHTETVRS I L0
-7, LaL, BUBHTOBSMETREARIBEIN VL 28BEHOB#M TREERICH
RUEL, FLEFHEL R LE»EB ok, Zhid, ERLIXKOBHEBETEEHELE
ELICAYIVABEHLTWAZ LMRERLEZ NS, BUAHOBBSETREFLERE Y —
Vi, 2BHESETCORBMGRFEEY -V ERLTHo k. AV T VAR, BSHETE
ZIELALEELLRVD, H2VIEISBHLALEEEAY— V2R TLEEZLNS,

035 1 i ® Y-750081 £¥ O Havero £%[2]
o : P = Ty ; A Y-791538 £8 N Havero N XF/L[2]
a3} o * FOALFA+ o BRG | O Y-790981 MEISIE B Havero BRXYIL{2]
© & 1454k s 2AS54b . 100 A Y-791538 BorEi
- ¥ R e ‘
| %‘}o § .
= 02} ° 10 @ ,
° =
§ &; Fx 2 E o 8 N
015 ' a 1 B B B E
° q‘ a i g 1 -
a1l L 'S Q
x A 4 | 8 8
& s 'S 8 g s
s Co o b Aag b g o1t A o
}Wn&m‘f It :
' i 4 - i " H
0 02 04 05 @8 1 12 14 s , 1 , L
Nys | Ir N €  Au  Ga
1. Ca/Si-Mg/Si ¥4 77 J A X2 BEETKREEERY—
# 1, HOEHERON VBT ORR
Y-790981 Y-791538
[ ADPALE] B EsH e [N BTEH 25
Sc ng 138 + 3 301 % 6 442 + 1 115 + 3 428 + 9 559 + 1
Fe mg 584 + 0.46 10 0.2 7.64 £ 0.02 322+ 0.31 0.70 £ 0.15 395 0.01
Co ng 5.26 0.01 0.248 + 0.002 737 0.02 378 £ 001 0251% 0.002 513 ¢ 0.02
Ni ng 823 + 6.1 <6 99.1 + 0.6 45 + 5 <6 60.0 £ 0.5
Ir ng 8.38 + 0.39 0.40 + 0.10 109 + 0.1 733 + 0.34 0.55 + 0.11 8.95 + 0.08

(1]
{21
131
[4]:

: P.H.Warren (2011) Geochim. Cosmochim. Acta, 15, 6912-6926.
: H.Winke et al. (1972) Meteoritics,7,579-590.
: M.Langenauer and U. Krihenbiihl (1993) Earth Planet. Sci., 120, 431-442.

Y .Oura et al. (2003) Antract. Meteorite Res., 16, 80-93.
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EEFEROBE LLFRBLEEL L CEHRR AR OEEFME

HRKFEREGERA SRR R E K
BE ST L E B FiE

(73]

HEBTIREREY P OB ATOBREFREREDO)NEF LLIETT2EABEBKANREEL, £h
NERTEZ AEBZLZKEMORBAMEL 2> T\5, HEPLIWERVER Z L TE
RENZBRERBNPBITNRRETHY . BBRFEAREZFEESEIBERTHI LBESHL T
BH. BEEEAR L BEEHMOBEMITIVESLIZHALNICR2 TR, ZO7H, BETLFR
DEBFEAKBOBELIETEIZENEETHD EWVEDH, AFRTIHBFHBEMICER L, #
BMTICEENTVBETEOT T, ARMOBLIMECEDS S, Fe. Mn ORE L (LFERE
DHEBBEAKROBEFMEIT I Z L 2RAART,

(308 - 447]

3EHL 2010467 A 20 B, 201142 H 16 A, A4 8 A 22 BIZHIM L, & 512 2009 4 9 A
4 BIZBERENERBIL BV, 7)) U IR EEOFRNREEM & BRI H 2D
BREEICBWT, FEEAARERSBZ AV TEEZHERICER Lz, #BRLZEHE 2713 3cm
TLIZHBEIL, (EFRENTEAEITELL2NWE D BEHETF L, 7238, 20114 8 AIZHIL
a7 iIXEIC A>T RET—30CTHESEZ, Z0O%, /aXIZANWTaroLEE»5 10
B, P 68, T b 6/8% 06cm DEITATA AL, ZDOMOEAIL3em DEXT
254 AL, BEE Lz, FREHT OV THEBF T BEHMEOATIEINAA), BISEY > < BTk
(PGA). X BRINMMEEXAFS)E, A AN T =SB L RRBE LILFREBOSITZAT
[#ER - B£]
EEHTROE;MIOVT

X 112 2009 54 9 H OEEEEM
(HJ) & #F BB R (HKA), 2010 4 7
HoOBEEMSK) . 2011 F 2 A0
BEEMOA) & xR AOB)ICE
7% S, Fe, Mn &tH& D X H%
I 4 5T 435 4 & (XANES) 2 X 7 |k
WERT, S ITOWVTIL 24706V 0™ o0 a0 240 g e Tn T o ssoe smmesew o sam s
FHEC S(— 1), 2480eV fHiFic Erermy 1oV | Eewsv Enerev/oV
SMDoE—7 BB b, #EKE ® 1. S-Fe-Mn®XANES 22 kb
Hi & KPR BT D & IR aHJOcm b:HJ36cm cHKAOcm d:SKOcm
T S(-MoFENE S, REE eSK30cm fOAOcm g0OA42cm h:‘OBOcm
X B ARMEICH A, BITHRRE
ThBHEWNZD, £, BEEMNTS SK it HI, OA I~ a7 0L FHE T S(VD
DESGNEL o TWr, R2ICPGAICI YV HIESNTZ S DR L XANES OFRIZLD SO

Mnco,

Mn,0;
MnO.

i

e
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OB G LR b S Ok
BIOBEZRT, TORHPD G RERMH
ERBAED L S(-MoEEREL, B
TEHRBRETHDIZ B bbb, /-,
SK & HJ &4 5 &, SK Tix S(— 1)
RETHERERA LN, 20104 7 H
TIIRELZSATEAKPERNOEZIC
BRELZ EITEY S(—1)Th 5 #Ett
DS DEMLI=ZENEZLND, LLE
DT ENDL, SIFIKEDOBILBRTIREILIEG
CTHERERET Z R THY |
HEHOREEE I L CHEAiEE T
HDZENRTRBEINT, SITREHER DR
HIC X 0{EZRERELLLTWBD EWNZ
%, —7% Fe, Mn I3+ T OB Cllidk
DEVWRBRNZENLEEFTIL S L&
RAOEEERTZENHLNE 0T,
Fe, Mn 2B U CiXEERABHTBR (LA
(H202) RETAI(NaS) 2z . BLET

1.6E+04

T 14E+04
8126404

8 106404 .

& 508403

6 60E+03

§ 408408
© 20643
0.0€+00

o
3
4
15
18
24
27
30
0
3
2]

[To B I
- - NN

H

Depth(cm)
X 2. S OAMh%H e

Fe

SK15 cm

[ 3R

Normalized Absorbance

Bk

7080 7100 7120 7140
Energy/eV

7160

o+V
a8+l
-1

gOﬁCD

HKA

Normalized Absorbance

3143

Mn
BN

6500 6520 6540

6560 6580 6600

Energy/eV

X 3. Eh &k W 7 EERED XANES 2~ kL

B A B S WIZREHZ W T H XAFS DRIEZ 1T o 72, £ D XANES 2_7 ML %K 31277,
Fe, Mn & HIZABPICREEZELET THMBICEMBE LR o2 L0 b, BLRERE
RIRETHERE L, TORBEOELD > THILFREOBIB NI ENELLND,

EREHE S fRAE & b o 7o BEE R KB 0 3R 4f
B 412 INAAIZE D 0.6 cm (IZHESY L
Fea7Hd Fe & Mn DOEEEDSE S Fi
2T, EHFIZiE 2011 4F 8 H ks
# 2 #15(0OC, OD) L xS (OE) Dk R
BB Lz, BEE#MTHS OC, OD T
TR TaT ORBTICE W CHEE
DD T DA A bz, Fe, Mn i
& B ICBRILRI R RE CIITEB 2 R L |
BICHRRE TIIKICEMET 2HE %2R
To YUV VY AIFBSREELT
B, BXHRBRE TH-oZ &h b,
CORRIZYTHLEEZLND, =
TEMSME LIz Lizk Y, Fe, Mn @

Concentration(ppm) Concentration(pom)
00E+00 20E+04 40E+04 60E G.0E+0D §.0E+02 10E+03
e T
Mh = Ty LI
]
5 - L ol
s 2 s
10 - o{
2 .
15 =
g - # o ¢
25 ¢
[ ]
% - '*' .
%

35

X 4. #i5b L72REHZEI1T 5 Fe - Mn EBEDOEE ST
®:0C M:0D A:OE

a7 R TCORERIORFEHBICH B LN TEE, ZhIZEY. 2hETH 3em TaT %
AT A AL TWEZRARHI A, BRESRELZ Lo MR TE D Z LN RB I,
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SERR 23 £F B 25 52 5 oI iR
BRESTICLDI—I 54 FDILEMARB DR
HRRE IR TR TR 2 —
FELEWEE KB DR

[iIzCoiz]

REORSGICBATHDIFINTA b, 2—F T4 b, FA AT =) A MIHED [BR LK
. BERAMAEENORE CRRERREZEZ DN TWS, SR FERFZELN S, HED [BAORXK
EKITPBREARZRIPFEHREINTN S,

AR B THD2—7 74 MIRREICRBIT D KRIEEOER, BRI -HBRDETH Y,
FORREOHBRR S ZRFL TS, LEB-oTa2—7 T4 "2 TE N/ TAZLICL-THh
BIERICET A RBEREBLILENTEDLLEEXLND,

AR TIIEBARETRRINTZ T oD —27 T4 FDILFEMER A2 B LS TIC L - TR,
INETHDaA—I T MEHBRTHZ LIZLVILFERRBEHONNCTAZL2ERN LTS,
(5]

TLRAAR DR STV 7T SDOFERERER (Y 793591, A 881820, A 881821, Y 980066, Y
980255, Y 981724, Y 981735) # ot L7, KIEAREZ A/ vHSKTHRIELLY I L=k, £
D—HE (9 30~50mg) #FAVWTCEESTEIT o7, O FHEL LT, BRPHFHREHboirE
(INAA) CHERNETHRIHESHTIE (IPAA) AV iz, BENT, JE KPR TFEBRET (KURRI)
TiTo T,

[FER]

BAEROERMEE/DIIENTEZ, ZTNHOEEEED LI, TTESEHVEREN2—7
TA P THLONEBF LT, HED FEADEE L ERMEL b &£ 1Z CaO/ ALOs thx KT, 47
Fri7z 7 oOFRED CaO/ALO; WiT2—7 5 4 FO&HENIZH Y | (LFHARDO S0 6, SEIHWN
rREHIZ—27 T4 RSN,

RIZ2—27 T4 FNEOHBDIZH, i Sc A R4, MM LaZFAEE LYV, “my bL
7= (A1) , kS, RV IZ ha—2 54 M ThHD EHEIN T2 A 881820, A 881821
BRI EBAET—7 74 FOFEBIZ T oy N &iz, £72 Y 981724, Y 981735 iX Y 980433 &
—XOBEALEINDEZ—7 T4 N THIZN, TNHLEREFRE—7 74 FOBERIZIT 2y b &
nTW5, A881820, A 881821 & Y 981724,Y 981735 # XB+ 54, HF IR EEENRY— L %
B U7, HIZEFBE 7 T4 FOFETHA EuICBITAEDRENR LN, 2 H6DRER

M6, A 881820, A 881821 IFEMAK T & %< eF iy ka
Blea—2 54 N THHZ LMoz, L 8 254 b
L A 881820, A 881821 & Y 981724, Y 981735 % ! o oj"ji’imm
o -
LR OS2 b KRIT 5 Z LI ENRR ¢ * L
5 : +§E5a-25
27, @4 | Jj*ff 4k
Y 793591, Y 980066, Y 980255 X1 LV La | B & S8 | eAmIATIE)
BHEDHK 2-4pg/g. Sc EH DA 22-36pg/g D | § o, *®
%P TdH B Main-group 1 —7 T A M Ty 1 #‘-i-}s;%c. A VORITRAYORITSS
PSR, HEETREEE S TEER O | L h o % e
BERR LN o T, 16 20 24 28 32 36 YOR0XS
AR T, & HICHE L LB D ER Sc (ug/g) £ Ym0

K1. Sc/La Fuy b

TEHFETHD,
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¥ B 24 FEE TR ER

LR D & R BE L 2 v F 7 4 FEEREIC R T 2 ARk
BHERFRRARERE LA AR FOEILEER HR &#E

[iZC®»ic]

BENTZaYFI4 PR BERNEYE (v F74 ) LabL7-PE (zavF74
F) @2 OB EHAREETH S, 2 P74 PRIFHBEABROBEN R & 8HE - BB L 25,
BREZITICESLAPABREZREFELT20ICHL, 2ary FIi4 Mz s o/NBRESERRIC
WAL - MLz LAEDOZEEL T2, ZhoTary PS54 MPERHIREZBO L L-REDOY
Bz, =/ 24— vV RN ERAELRICE S REBEBBIC X > TERIh R EEIZONT
W3, 20D, KEBEBE#MIEZ 2010, FMLOWHERBEICABEZ > Tty itz
AVEIA FPREREYEOROBHROLBEASL I LIINEETH L, BENZa VY FI74 MIZD
DRI B W TR INZLEZSNIBABHTH -0, ZOBRICED L) kERBE
DX I W - EREWAT — VTR > TR Rdr2HIZFE8» DIk s LI Tw 3,

BERNIZIYFI34 MBarv P94 e2avy R4 FOPRBINLGEETHS LT 5B
HLE LT, 2V FI4 MBI E = a vy F o4 Mgk, & wINHICE 33
LR - S ERRBERE LT3 ABEToNnS (1], HEMNIZ a2V FI4 MidfRENEDD
ELTCTATINaATA -0 I3 F AL eI ) FAPER) 20DV —TBEEL. BEFRM
AR RHEIER OB DS, ZUFTNICEIR L 23 BRECER L - boBEXRL25 LED
nTw3 [2,3,4,5], 7A7VvarL v o754 MiRA—oBRFEFETHH, v FFF+A4
FOEBE D SEDOESVERBVRHDE LTERINTVS [2],

FROXIBBENTaY F54 F OBBIZEHOERM LI 300 E 2T 288
PRIEERTHIEEIONTVDS, FOERMBRICIBELGPO T A BEHIES L R 2 XREE
VAR (ARNREE 1 ~1050°C) &, €8 - Wit L ka8 =y 7y VHRELE (AR
-980 °C) L\ 2 DDERMBENIFELETILING 2], XREEAFTBEBMTRIRA
((Na,K,Ca)(Si,Al),0,) ®HiA ((Mg,CaFe),Si,0,) &\V:o-SYhsisM L., $k= v 7 VEi SR T
=y T VEECEHRCIVBERT 5, DX RBMICES T AHEYHOBEEHOE VDL, XK
BHBRIBEMTIE Na, ALK (77947 74 Vk) PATLENE (REE) & EoBAMLE LT
BN LRBEOMEPELL., =y 7 ViRELR T Cu, Ga, Se  Rh, W, Re, Ir, Pt &2
7o B TTR, BSMETLE EFIEN S LEHOMERPENT 5, 207D, T ZNDHBFRI L a
Y F 74 FEBOCERBRICB T 5, ENEROFEEOEMOERPLZOEEV2Z2HF B I LI
XoT, BREFBECREE TV BIBERBROFMzEETE s LHifFI NS,

VAR, SRPERBLE R R AL ZNB S D o DR rBEMOBEPER I T 2 AEOBE
B3AhR»oTH5 (2,3,4,6] b0, {LEHBENBIAED S OBRIRT LTI RVRITH S
(7, 8,9, 10], ZDKZRAZEEE X T, AHATREBEOBENIIL FI74 FERBEZHAV3C
LT, ALEMBOEA» SRR T a Y F 74 PR L - oRRaRz R L . KERaic
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B 2 REOGBRICH 2R ZMAS Z L ZHNE L,

€3-9!

AR, 8 DD 7 A S Nar7 A4+ (Dhofar 125, Dhofar 290, GRA 95209, MET
01195/01198/01244, Y-74063, Y-981505), 3 »dwv F 7+ 4 b (NWA 2235, Y-791491,
Y-981725) £ 22D 4 7+ 4 b (NWA 725, Y-8005) Dt I3HOMFH L2y F 74 Falklz
vz, &30EHY 300 mg % X /7 VISR R VTREE - BIRILL 28, RAlor A BEHE L &8
HENZFNICE NI TED L WL EREZHW L L <. Ba %2 v CIERMEM LD 2 5
ICATBEL 7o, FEREMEAR ISR L Tid, BB R T EEHE O CEE S L UORBLROER, FHERE
A7 A< ERIHET REE, Th,U OER%21To 7%, BEMICN L T, FEMET 7 XA<RT
KEINIWEL L UVFEHEE 7 I AERIMETZEN TN EER L UHMBTROERZT-
7z

(R3]
FHREENH

KIBIEBDBEIC 7 A BIEHICE D AT NPT OIERTH 2 BAMILEOMRZ RD 7,
TICF 7 7 ANTERRICE T, TA7Va7A FEFVME, v F 754 MdRomEzn
L7zds, 47 F 4 D 2 BARIZEDIIFEAEMBERE A >7%, REE fHRICEVLTH, 7
ATNaAFTA PR FI+4 b CESIETE (La-Sm) ® Eu OREICHEPREL Vo &l
BHRON—H, 74 /74 FTRAERENMBR OO ARD o,

ot e

KBRIES ORISR, FLHHIZED A NPT VIR TH 2 BgtonE L BtTR
DHRERD, PHTNaAPAL - F5F4 bicBLT, BEETREOTTHRICEHKEEOR
WILETH 5, WBSEMILE Rh, Re, Ir, Pt) FEEHBEHTREMNIZEMLL TWw 2 2 & bR
TE, ZRUICHLT, 22909 4/ A4 FOETIRBBRSZETLEOREBICKRELRE IR,
b hizEREOEWILE (Cu, Ga, Ge, Sn) ORI KELRBVWBR N,

(&%)
BEL2>F 714 F0EBRYE
ZNFTHOBBEHNLTa Y FI4 PBED L) REIBRMBREZETL3D%2 X HES
BT 201k, ZOREWHBEDE IR ODTHo POV TIBEL TR BEETH S,
. COEBEWEOWEEES. WHABROL ML L TEELERKEZROLEZ S5, BEN
Tav R4 L OREYEEZEZ 2 LCEERRARMY, 7AVvaT A Y-74063 LV 4 ) FA
F NWA 725 ®29oThH 5%, chsidaryFi4 beALEINEary FY)a— LV EENh s
BEREL VS, 207006 2BARKBENZaY F74 tofTrbary P74 bic, Al
LEEMEIC L VEVEAETHhEEEZONS, ZOHT, TAHAT Va7 A+ Y-74063 13 FEREM:
MizB32 V2 Cr 0&FRD. BERICB I 2BREEOROLEOEHER L v o LR E
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DBV P54 bO—FTH2 EL aY F54 FDBDEIEHIZBE > TWBEILENE. 2D
RHFEWHIZ EL a2V Fo4 MICEBLZbDTH--EEZ 5N S (11, 12],

—JT. 74 /754 NWA 725 icB§L Tid, FEREMEMHOMER TIZ Y-74063 & FkIC
EL a¥F74 Pt oBEBEBRSN b DD, BEHEMADMRICE W TIZ 2 DRI IR 2 B
BRHZE® LoD, THATNVaT74 P ERBELRIBBEYEZ2E >TwiEEI SN,

FHRELEM (71 BIEH) DI ER

FAZLATALF-BEIFA O 4 .
REE #UREFEL C TV b, Z0%kicw L ’
(ODDRBMDS 5, D% Y Bi—DBERDH o 3 T
MERETIERGE W) Edtbhok (/. 1), . e %3;;* .
IORREEHEYD REE ONEREK 8] 2 5 1| *
PETERBE . TATLATA R EOESF & te E
1 b0 REE fREENC, Bhomgry © |, ’
VEBEOMB E D) 2 DODERHMI L TR . v . 1 8 Acspuicoites
‘E‘:?'Cb)f:ﬁ%%??ﬁ% kﬁ@%ﬂf? 50 g v - & Wimnaiies(

TR E IS TR A il Bt T e
RFETH Y. REE 0T Eu ORBfliof 04— T PR VI

BrH D fthod REE & I3ZBHEL-TL 5,
Z0 L) BRBICBWT . EAIR La DXH Xk
BATEUUEPL MO Eu 2ZHDAART L,
UV ESEIZEA L EULR E NI D AR R
FTVHB D Eu IZEDAARIZ v, ZD7

(La/Yb)a

1

X. 1. Cl 3 K74 R TR LIzt =2
KZ4 h® EwSm Xf La/Yb OFF 7, BRYDOKE
RYVERVIARRED, Atk & D&Y RNV TR
EZRT, LCEAEENSEEN =2 K54 hodt

O, TN 2ODHYMHDOERD, M. 1. 2R
65 k) LMRENEFTHAL S 32, RADH
WIE XA EBIC L > THBETE 305,
VYBIBOMBERHT27-0ICIEZNEZRLBENHEE LS, )V Vv BEIIEAPTORE
BOBE (<1vol%) THEILh o, 22 EE L T 5RBMIIIER IR/ EELbDTH-
7233 TH B, T, EEHBRICELZDESTICE, ERLEA L FBRDLOBREIN L SLE Y
Hb, INWH6DI Lz, aYF74 FOME - EBMEBRICE VT, MADBRIHICY VEBEIZEA
EXANVEFBERLZZEVIRE [13] R, BENIZaY PS54 o) VBBEA L MDY VERIES
GHELIAZV AN FDRBROD o b I FE [14] L2 TEZB L, V) VYBEOBBMIIX
REEMOEMORB X DETNIC, UV VBBERMT, b LRS-y VRSB L HiIcRE TV
tEzohn 3,

—HT, DL 2 2074 7 F 4 EABT7I79 47 74 V6%, REE #iCiztA L
MEBPREL VO HROBLBRON G0l 0o, T4 7 F4 VO ABBEMIZIZEAL
BMEZZIT TP ESE) I EBHEL, ZOFERIIMOY 4 ) F4 FBEEZOH L 7570
ROMEE [15] L—HKL T3,

ThbEbary NI A4 MIEWE ShBRE (Y-74063
& NWA 725),
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R (REHR) OBH B 5

MBI TRy 7 B 4] . FeNic.
® Acapulcoites

TOREA - BT O S RIRBATER 1A E < 3f YTOUOU @ Lodranites
[16], 2 UL HERT b WEIEECH 2
N, oT7ATLATAP-BES AL g
MRS BRI RO IEg 8 | S
= 7 VEREHRORERAEE L REETH S E %_ !:,
EEZ NG, L. WBSHTREEE & Bl 3&7; —" Hauid ]
ST RO FEEORMIC I RUEMEMSRE Y os}t \ R Gl
BT kb By y A REEAROFE O8] DL N U
2 CORET B, 7T, SEEME-EEE | \ o
MToMRER 16] 2AvEEFAREE Yy socneer 2 3 4
fTo =y FVHRELMBRIC L 27 A 7L EL-normalized W/Re

A7PA4FPERFRTFAL FPDOAYAHBEOEER K. 2 EL 2 F7 A MERTRAK LR a2
ZRA7 (K. 2), 22T EL avF54 ¢ KZA4 h® I/Ni xt WRe 777, f#iigk=vr
SR P HEYE L L CHOTWL S, Mgkt M SERIEE . SRk = v S VIRFERIBRO T T
EZHEPHOT-RAOER. 7H7Vvar L L AVEHERREIAZART RECHALTHLIHTIR
OBRSFA4 FORYILVHRIZE= v 7F Vi ERRERAT, HOE LRSI ERE OREOM
HEBROE FLHEoEE L IERICHMNKN R A TOREBITROEKZ TN ETART, ITFOAT
THBZ EBbhot, BEALREHIR b FF A MOEWBERNT 2 K
LoL. EL av Fo4 FzBWwT, 74 R (Y-74063 & NWA 725), WU TR L7-HEHIT
= vy VRERBBRZ TRy BL TV FTA N OMMREEH,
WIRFRILEGBRE & v ) Hl o ERBROF
EETRTIHE (17] BH2IEHh 6, 7HATNVATA -0 FI7F4 P THE=v 7
RFEHBBRIZOWTDEERZIT> %, ZNETNOHTEMOFKBEE (k= v 7L hisE e
~980 °C. #k=v 7V iLHE: ~1150 °C) [18] & T7A7NVa7A b, v F 774 F Ot FlER
B (7Aa7varA bi~1150°C. a FJ7+4 b:~1300 °C) [3] DR G. 7AhH7VaTA b
BTGy FVIRFRBEZRI T LEBELVY, B F7 -4 MZBWL T AR > &
E52%, 2O LT W/Re (il s 2L, 7A7Vvar4 toEHta P54 tofich
DICEVRH D EPHERTEL, TORREIFI7FA Mt THE= y 7 VRFEHBAREIE S
el THBEMRNTES, LrL, ERICKDBONIZDIBBIIRE AL I 2RO D,
MRINLEVBETVHEOREZDHMICE I NI WHEEDLH 5, =y 7V VRFEHBMHBEE T
T 82T I3RS DU R 74 FOTF—IBRETH S, ZORRIITAH 7V
7A -0 F7F A FORBREOHBEPLKEIICEELHNZEZ 2HME B2 2 EBHIfFsN 2,
747 F4 FMKBL T, 200RBHTEREORCITHROREICKE REBR LN
25, MESNTEBRELSRBRTEN VI L LAY FIS FPOBEB LIS —ETEI L6, &
LoD 4/ FA PHWIBERMOFBERZZILEAERVEEZ S, 207D, X I NHABDE IR

— 123 —



KEIZBI2EBRMERAICE DT EWERRTE S,

BEHNL2Y FI34 FRXEDTHENL

FEREVEA E TR ONERP O DEBE I LYZ L, UTOLBYTHS, TAHT
NazA4 b-vFI7F4 FEREBIELTRYT A BEHOXREER B EEBHOK= Y 7V
BREILRDIAIC, Y VB ORI L TR I > TwiZ &, oy FVRFBLBMIEZ > T
AR H B L, D2OWRENTS, . U4/ FA4 Pl TR, AHROERL SIS
4 BEH., £BHEICEOBRERDLERROEIZIE LA LR TE PRI L6, T4
JF A MRRBIZBOLTESBBMIZIZLALRBI o TORDP2 LT Z 5,

R#BIZ., TNSEKMEOHR L BITHEL» S DRIRZHE, 7H Va7 +-a I
£ VREEEY 4 ) FA4 FPRRE, 2R FNCEBIT 2 EMBRIZOWTDOEEZITo 2,

TAInvarA4 b R4 4 McBL T, BATREERICRERENBRONS T L,
BHUTEEEEOHHICEENRONE I LD 22006, ZNFNIIBT 2 H O ABER I3
LTEBYHEDOTHBREr->- D EEZONSE, ZUMA, TA7VvarPA beulF7+4
F DBRERICEN W [3] 2, ZNTHHREPICHFEL RKORIPERL LINTVS
B8] &6, 7ASNVaPAL b-uFIF+4 PRERBICEBWT, BIORL 2EHOHEB CHIIK
SR, L LZNFNIHY L 7RETABMBRE TR LEZ S I LBHRKS, (LFEHRE
BPHBENFOER»S. 0 F7 74 FOWMWIBERMEIRH 20vol% LI REIBBONTEY,
COBEOBEME CRREANETAEL -2 /vl BEOHNEZFE->TED, 2R LS
B TOEE I R poE WIBRBTES,

74/ F4 FPRERECBLTIR, BROBAEEIC L Y BREDHE - BEBCEMEL
Vo BERBBI > T NS [4,6], 2Dkd, 74/ F4 VREREIZIZA LD 5 TRED
B 2WEBESENTVERRTTH S, DI S, ZNFhDD 4 /) F4 BT 32BEHME
BROBCIZZNBEBORLZBFICHET 2-0DTH LBIRTE S, AATHONIHBR
25174 F A4 PREREBIZBOLTUIIZ LA EEERMD LD o7 L v ) fEERBEIPNIH, TV 4
JF A4 FPRKEEBROENTH S LINIFEAEO—E.IAB KA LH—RBXAERETH S &
EZoNTWw3 [6] 226, ZOREE ETREBNABRBLAMIEE CRZiZTTtbhs, L
L. IAB % BARKEDOEE-7 A BEIHIIAELETH Y, ZORREBLICIZIZEA LERME
RILTORLERTDBEINTVILWIBROEET S (4, FHETHBONTBERIZZDEL)
LEREZBMIT MDD L LB EEI NS,

2E M

[1] Prinz M. et al. (1980) Lunar Planet. Sci. Conf. XI. 902-904. [2] McCoy T. J. et al. (1997)
Geochim. Cosmochim. Acta61: 639-650. [3] Touboul M. et al. (2009) Earth Planet. Sci. Lett.
284: 168-178. [4] Schulz T. et al. (2012) Geochim. Cosmochim. Acta 85: 200-212. [5]
Greenwood R. C. et al. (2012) Geochim. Cosmochim. Acta 94: 146-163. [6] Benedix G. K. et
al. (1998) Geochim. Cosmochim. Acta 62: 2535-2553. [7] Kimura M. et al. (1992) Proc. NIPR
Symp. Antarct. Meteorites 5: 165-190. [8] Torigoye N. et al. (1993) Proc. NIPR Symp. Antarct.

— 124 —



Meteorites 6;: 100-119. [9] Mittlefehldt D. W. et al. (1996) Geochim. Cosmochim. Acta 60:
867-882. [10] Patzer A. et al. (2004) Meteorit. Planet. Sci. 39: 61-85. [11] Hidaka Y. et al.
(2012) Lunar and Planetary Sci. Conf. 43: #1785 (abstract). [12] Hidaka Y. et al. (2012) 75"
Met. Soc. Mtg., #5210 (abstract). [13] Feldstein S. N. et al. (2001) Meteorit. Planet. Sci. 36:
1421-1441. [14] McCoy T. J. et al. (2006) Geochim. Cosmochim. Acta 70: 516-531. [15]
Hunt A. C. et al. (2012) Lunar and Planetary Sci. Conf. 43: 1818 (abstract). [16] Chabot N. L.
et al. (2003) Meteorit. Planet. Sci. 38: 181-196. [17] van Niekerk D. et al. (2009) Lunar and
Planetary Sci. Conf. 40: 2049 (abstract). [18] Rankenburg K. et al. (2008) Geochim.
Cosmochim. Acta 72: 4642-4659.

— 125 —



¥ 24 FEE R E

Wbk D OB PRI T IHEORE

Effects of Regional Vegetation on Acid-Neutralization Capacity of Soil in Mountainous Area
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