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Abstract

Neutron Activation Analysis (NAA) is one of most powerful techniques for the simultaneous
multi-elements analysis. This technique has been studied and applied to analyze major, minor
and trace elements in Geological, Biological and Environmental samples at Dalat Nuclear
Research Reactor. At the sixth Workshop, February 8-11, 1999, Yojakarta, Indonesia we had
a report on Current Status of Neutron Activation Analysis using Dalat Nuclear Research
Reactor. Another report on Neutron Activation Analysis at the Dalat Nuclear Research
Reactor also was presented at the seventh Workshop in TeaJon, Korea from November 20-24,
2000. So in this report, we would like to present the results obtained of the application of
NAA at NRI for one year as follow:
(1). Determination of the concentrations of noble, rare earth, uranium, thorium and other
elements in Geological samples according to requirement of clients particularly the geologists,
who want to find out the mineral resources.
(2) The analysis of concentration of radionuclides and nutrient elements in foodstuffs to
attend
the program on Asian Reference Man.

(3) The evaluation of the contents of trace elements in crude oil and basement rock samples
to determine original source of the oil.
(4) Determination of the elemental composition of airborne particle in the Ho Chi Minh City
for studying air pollution.
The analytical data of standard reference material, toxic elements and natural radionuclides in
seawater are also presented.

1. Introduction

The Center for Analytical Techniques and Environmental Research (CATER) of Jalat
Nuclear Research Institute (NR.I) are equipped with various types of analytical chemistry
equipment capable of determining trace level of elements and organic compound particularly
chemical pollutants of environmental concern. Neutron Activation Analysis including
Instrumental Neutron Activation Analysis (INAA), Radiochemical Neutron Activation
Analysis (RNAA), Prompt-gamma Neutron Activation Analysis (PGNAA) and Ko-
Standardization method is one of the systems that have been used for the elemental analysis.
Other analytical chemistry techniques available for the analysis are High Pressure Liquid
Chromatography (HPLC), Polarography, Spectrometry methods mainly used for the
determination of the elements concerning to environment such as Pb, Ni, Cd, As, Cu, Zn.
These techniques have been used to determine elements as independent methods for
comparison of obtained results.

Apart from that our laboratory is also equipped with Gas-Chromatography (GC) for
assessment of organic pollutants in environmental material, such as dioxin substance, trace of
pesticide. Participation in the IAEA organized inter-laboratory comparison studies is one of
the activities that we undertake regularly to ensure that our analytical system is fit for the
purpose.
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In this report we would like to present major applications of neutron activation analysis
during past one year including providing analytical services, determining radionuclides and
nutrient elements in foodstuffs and diet samples to attend the program on Asian Reference
Man and undertaking various environmental monitoring and studies particularly air pollution
and marine environmental studies.

2. Analytical Services

Every year the CATER receive a thousands of samples from organizations concerning the
fields of geological, biological and environmental studies. The number of samples that we
have determined from 1990-2000 is shown in figure. 2 and the types of the samples are
described in table 1.

Table 1. Types of samples that we normally receive from clients
for the determination of the elemental contents

Types of samples Percentages

1. Rock and basement rock 40

2. Soil/Sediments 30

3. Flora 10

4. Water 10

5. Crude oil and waste sludge 5

6. Others 5

Most of the received samples are rock, basement rock and soil - mainly to determine
the concentration of noble, rare earth, thorium, uranium according to requirement of
Geologists who want to find out mineral resources. Soil, sediment, water samples are
normally from areas where there are possibility of being contaminate by chemical that can
cause hazardous effect to human and animal.

3. Air Pollution Study

In countries at the first stage of industrialization, emission controls are usually not
keeping pace with economic development, energy consumption, the growth of urban
population and waste generation. As a consequence, urban air pollution may tend rise until
comprehensive emission controls become practicable. Air pollution monitoring and emission
inventories during this stage are very important timely initiation of effective emission control
measures. In countries such as Vietnam, due to the lack of adequate emission inventories
measurements of aerosol constituents seem to be a practical way to provide information about
pollution sources using receptor modelling technique.

In Vietnam from 1992 up to now, air pollution has been studied, particularly in the big
cities such as Hanoi (our Capital) and Ho Chi Minh City that is the biggest industrial and
commercial center in Vietnam. Elemental composition was measured for TSP (total
suspended particulate matter), PM 2-10 and PM 2 (particulate matter with aerodynamic
diameters from 2-10 ~tm and less than 2im, respectively) in Ho Chi Minh City.
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Concentration of 23 elements and Particulate mass (PM) were used for receptor modeling to
identify and quantify aerosol sources using principle component factor analysis (PCFA). A
suite of factors containing similar elements with significant factor loadings were revealed
among the factor matrices, thus facilitating the identification of common sources for different
aerosol types. These sources include vehicular emissions (Br and Zn), coal burning (Se),
industrial processes (Ce, Co, Cr, Pb and Sb), road dust (Al, Ti, V), Soil dust (Fe and in), and
biomass burning (K). Marine aerosol (Na and Cl) and mineral fly ash (Sc and La) were
revealed only to the PM 2-I model. For TSP, the last four sources are combined in one factor.
The last (9th) factor in the PM2 model, characterized by a high loading from PM and
insignificant loadings from elements, was attributed to secondary sulphates and organics,
although these constituents were not measured in the experiments. Such a remarkable source
identification capability of the modelling technique highlights the significance of achieving
an optimal factor solution as a crucial step in FCFA, that was done by systematically varying
the number of factors retained and carefully evaluating each factor matrix for both model
fitting performance and physical reasonableness 1,2].

4. Marine environmental study

To acquire the present radioactivity data in marine environmental samples, which are
used as the baseline data to assess the environmental impact of applying the subsequent
nuclear techniques and energy is long term and urgent task.

As a contribution to solving the above-mentioned task, in 1999, the Ministry of Science,
Technology and Environment (MOSTE) has approved a two years project on "studying and
applying main nuclear analytical techniques for assessment of present situation of marine
environmental radioactivity in Vietnam". The objectives of this project have been focused on
(1) establishment of standard procedures for the collection, preparation and preservation of
the marine environmental samples; (2) establishment of standard procedures for the analysis
of main radionuclides such as 9 Sr, 137 CS, 239,240 Pu, U, Th, 226 Ra 2 10Pb and 2 10Po in the
marine environmental samples; and (3) determination of the above radionuclides
concentration in the samples collected at four selected sites of Vietnam's sea (Hai Phong,
Nghe an, K1hanh Hoa and Tien Giang). The typical results obtained as follow:

* To establish some standard procedures for the collection, preparation and preservation
of marine environmental samples.

* To establish a pre-concentration procedure of Sr, 7CS, 'Z2pU, U, Th, and 26Ra

radionuclides from high volume seawater sample for their simultaneous determination.
* To establish some standard procedures for the determination of 905r, 137 CS, 23,4Pu,

UTh Ra, 0Pb and 210 Po radionuclides concentration in marine environmental
samples.

* To obtain the primary data set of present level of the major radionuclides in the
collected samples.

After closed the first Project, in 2001, another project of subsequent two years on
"investigation and evaluation of marine environmental radioactive pollution in some typical
marine areas of Vietnam" is also decided by the Ministry of Science, Technology and
Environment. The objectives of the project are following:

* Establishing the monitoring network of Vietnam marine environmental radioactivity,
combining with operation of marine monitoring stations in the system managed by the
Environment Department of MOSTE
* Monitoring, investigating, and assessing the level of main radio nuclides ( 2 1O0o 22 6Ra,

22Th, U, ' 05r, '31CS, and 239 2Pu) in marine objects in some typical sea areas,
providing database for:
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-Assessing the present conditions and using it to evaluate annual marine
environmental radioactive situation in Vietnam;

-Providing baseline data to evaluate practical rates of radioactivity intake into
bodies through using sea food, assessing in preliminary public dose caused by
Vietnamese marine environment;

- Providing database to evaluate effects of marine environment caused by
development and application of energy and nuclear techniques in Vietnam; mineral
exploiting industry as well as effects of nuclear technology development of
countries in the Asia -Pacific region into Vietnam

- Providing database to alarm radioactive pollution going through the border;
carrying out these activities with countries in the region.

+ Scale and content of the project

The project is intended to carry out for two years, including:
* Establishing monitoring program to assess Vietnamese marine environmental
radioactivity, detailed:

+ To set up monitoring places: sample objects, targets, and monitoring
frequency.
+ Choosing of methods of sample collection, treatment and analysis.

*Organizing to practice methods of radioactive collection, treatment, and analysis of
radionuclides in marine environmental samples.
* Analyzing concentration of radionuclides in collected samples.
* Evaluation of the results, lessons learning from performance and design monitoring
strategies for coming years.
There are 13 places selected for carrying out experimental monitoring investigation
(figure 4), as follows:
1. The sea area in Halong Bay (Quang Ninh) is a hidden sea area from the view; the

preservative area of natural, cultural, tourist heritage of the world; effected by the
biggest coal exploiting industrial zone in Vietnam; one of priority top ten points in
the national strategy plan on "monitoring and evaluation of marine environmental
pollution in Vietnam" built as a part of ADB 5712 REG Project (2001 - 2005).

2. The sea area in Ba lat Estuary (Nam Ha) is also a hidden area from the view,
influenced directly by the Red River - the biggest'river in te North.

3. The sea area in Bach Long Vy Island is effected directly by surface currents flow
from China, Korea, Japan, etc through Hai Nam Strait.

4. The sea area in Ha Tinh is influenced by alluvial mineral exploiting zone containing
Monazite - the mineral resource contains high radioactivity.

5. The sea area in Thua Thien Hue is influenced by mineral - mine exploiting
industrial zone in our country - the mineral contains high radioactivity.

6. The sea area in Da Nang is impacted by one of big industrial zones in Viet Nam, the
area is selected the key economic developing region in period 2001 - 2010. The sea
area in Dai Estuary is influenced by Radioactive ore-mine exploiting zone; one of
priority top ten points in the national strategy plan on "monitoring and evaluation
of marine environmental pollution in Vietnam" built as a part of ADB 5712 REG
Project (2001 - 2005)

7. The sea area in Quang Nam is impacted by surface currents flow from China, Korea,
Japan into Vietnam in winter and from Australia, Malaysia, Indonesia, etc into
Vietnam in summer.

8. The sea area in Khanh Hoa is influenced by alluvial mineral exploiting industrial
zone containing Monazite - the mineral resource contains high radioactivity.
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9. The sea area in Phan Thiet Bay (Binh Thuan) is influenced by alluvial mineral
exploit containing Monazite - The mineral resource contains high radioactivity.

10. The sea area in Ganh Rai Bay (Ba Ria - Vung Tau) is influenced by one of the
biggest industrial zones in Vietnam, specially the oil industrial zone; as well as one
of priority top ten points in the national strategy plan on "monitoring and
evaluation of marine environmental pollution in Vietnam" built as a part of ADB
5712 REG Project (2001-2005).

1 1. The sea area in White Tiger Reservoir is affected directly by the biggest oil
exploiting industrial zones in Vietnam.

12. The sea area in Dinh An Estuary (Tra Vinh) is impacted directly by the Mekong
River.

13. The sea area in Rach Gia Bay (Kien Giang) lies in Thailand Bay is influenced by
surface currents flow from Thailand.
Apart from typical characters mentioned above, these marine areas, in summer -

Southwest monsoon, are effected by surface currents flow from Australia, Malaysia,
Indonesia, etc... in to Vietnam, and in winter - Northeast monsoon by surface currents
from Korea, Japan, China, etc into Vietnam.

+ Selection of monitoring sample objects

Marine environmental sample objects are selected for monitoring:
* Seawater samples: collected samples are surface water far from the seashore about 5-

10 km (coastal samples) and 50 km (samples off sea), and at the depth of meter
below the surface; collected sample volume is 200-400 liters for each site where
samples are collected at three sites, the distance between sites is about 100 meters,
then the samples are treated in preliminary to minimum volume at the spot.

* Marine sediment samples: selected samples are surface sediment at the depth of 0-
10cm from the surface of the sediment; far from the shore about 5-10 kmn; weight 10
kilograms for each place where sediment samples are collected at three sites - the
places of water samples are collected; are mixed and concentrated.

* Marine fauna samples: selected samples are fresh mackerels and shellfish; weight is
about 10 kilograms for each one.

* Marine flora samples: selected fresh samples are sargassum, which is very popular in
Vietnam coast; weight is 10 kilograms.
+ Selection of monitoring targets
Targets are selected to monitor are natural and artificial radionuclides in marine

environmental objects having a long life and specially harm according to environmental
radioactive alarm and the point of view of radiological protection, that are: 210Po, 226 Ra , 23 2Th,
238u, 90sr, 137 CS, 239-240pU and 210Pb.

+ Selection of monitoring frequency

Monitoring frequencies are selected in February (in Winter- Northeast Monsoon)
affected by surface currents flow from Korea, Japan, China etc. and in August (in summer -

Northwest Monsoon) influenced directly by surface currents flow from Australia, Malaysia,
Indonesia, etc into Vietnam.

The program for marine environmental study that we are currently involved belongs
to the national project on monitoring and evaluation of marine environmental pollution in
Vietnam and the UNDP/RCAJIAEA (RAS/2/0 10) project on Quality Assurance and Quality
Control of Nuclear Analytical Techniques.

This national project consist of four components, namely:
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1. Establishment of regional database on marine radioactivity including natural and
artificial radionuclides in typical marine regions of Vietnam.

2. To set up the network of marine environmental pollution monitoring.
3. The determination of the levels, behavior and fate of radioactive and non-

radioactive pollutants in marine environment of Vietnam.
4. Application of nuclear techniques to address red tide concern.
State of marine environmental pollution at various coastal seawater areas of Vietnam

was studied. The previous study mainly focus on acquiring data on natural radioactivity and
conmmon non-radioactive pollution (toxic and heavy elements) in the marine environmental
materials.

5.Study on Asian Reference Man (Phase 2)

The co-ordination research program (CRP) on compilation of anatomical
physiological and metabolic characteristic for a Reference Asian Man has been formulated as
a program of the IAEA regional co-operation agreement (RCA) for Asia and the Pacific. This
CRP, which has been carried out in the period of 1988 to 1993, was conducted to data
providing for radiation protection purpose, that is relevant to the bio- kinetic and dose
characteristics of the ethnic population in the Asian regions. Together with other RCA
member states, Vietnam participated in this phase of the project and received very useful data,
which were so important to the National Occupational and Environmental Radiation
Protection Program.

Based on the CRP phase 1 results, it was agreed that the CRP will be very useful to
run "Asian Reference Man" activities continuously. A new co-ordination research program
for Asian Reference Man phase 2 on "the ingestion and organ content of trace elements of
importance in radiological protection" has been established since the beginning of 1995.
Vietnam decided to participate in this CRP phase 2.

By different analytical methods, the concentration of minor and trace elements in
Vietnamese diet samples was determined. Neutron Activation Analysis (NAA, both INAA
and RNAA) has been applied for the determination of Ca, Cs, , K, Sr, Th, U, Co, Cr, Fe, Mn,
Hg, Zn, Ni, Cd and As. Alkaline and earth alkaline elements were analyzed by flame-
spectrometry method. Lead was determined by polarography method. The above-mentioned
methods are available in the CATER of NRI.

Many elements like As, Ba, Ca, Mig, Cd, Co, .2u, Cs, Fe, K, Mn, Na, Ni, P, U, Th, Zn
etc. in Vietnamese diet samples have been determined by ICP-MS and ICP-AES at the
Division of Human Radiation Environment of Japanese National Institute of Radiological
Sciences. The results of determination for 22 elements in 38 diet samples, 3 standard
reference. materials have been reported at Meeting for the Co-ordination Research Project on
Reference Asian Project (phase 2) was held in Vietnam on June 26-30, 2000.

This research program was supported under both Vietnamese and Japanese
governments.

6.Conclusion

Most application of our analytical systems are used for geological and environmental
studies. Although NAA method is one of the most sensitive, rapid, accurate methods, it is
pushing forward its activities to develop research and service quality in analysis of the trace
elements; However, this technique alone is not enough due to its limitation particularly in
dealing with elements of environmental concern, such as Pb, Ni, Na, P and Y. For this reason,
we have used different analytical techniques for the determination of major, minor and trace
elements in research objects.
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In the near future, we would like to strengthen the co-operation with other research
institutions in the region in order to exchange the experiences in the application of NAA in
various fields of the science such as geochemistry, biology and environment, etc.
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Figure 1: Diagram of Analytical Techniques in the CATER
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Table 2. Main source contribution (±standard errors) to TSP, PM 2-10 and PM2 (%g/g')

TSP PM 2 10 PM2

Soil dust 63 ±2 21 ±2 14± 3

Biomass buming 6 ±1 8± 2
Marine aerosols 18 ± 2
Mineral fly ash 13± 2
Secondary particles 25 ± 

Road dust 13 ±2 12 ±1 13± 2
Vehicles 6 ±1 17 ±2 17± 2
Coal 11 ±2 10 ±3 10± 2
Industry 4±1 2 ±2 13± 2
Cement 1 ±I
Cu from the air sampler pump 1 I 

Table 3.Average elemental concentrations (ngm' 3) and EFsa

TSP EF PM2-10 EF PM2 EF

Al 2533 0.5 2130 1.1 548 1.3
As 1,5 14 3.6 81 2.5 270
Br 8.8 61 16.3 268 30-4 798
Ca 2818 1.3 1199 1,4 207 1.1
Ce 3.20 0.9 2.1 1,4 1.09 3
Cl 1265 168 854 262 162 239
Co 1.14 0.8 1.80 3 1.03 8
Cr 8.63 1.5 7 2.7 4.3 8
Cu 1.28 0-4 2.8 2.1 1.5 5

.Fe 2904 1 1222 1 261 1
K 789 0.5 1756 2.8 832 6
La 1.3 0.8 0.67 0.9 0.18 1.1
Mg 732 0.6 635 1.2 266 2.4
Mn 38 0.7 52 2.2 14 2.7
Na 770 0.5 861 1.2 196 1.3
Pb 146 193 73 229 79 1161
Sb 2.5 213 2.2 451 1.6 1556
SC 0.56 0.4 0,30 0.6 0.05 0.4
Se 0.28 96 0.75 614 0.77 2929
Th 0.49 1.2 0.26 1.5 0,13 3
Ti 264 1.0 374 3 101 4
V 7,3 0.9 12 4 7,8 11
Zn 203 50 326 191 245 669
PM 73,550 31,770 16,110

'EFs greater than 5 are in bold
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Table 4. Results of source apportionment for PM2-1IO (%/gg- )a

Road Soil Vehicles Biomass Marine aerosols Coal Fly ash Industry
Al 56 1 1 9
As 13 21 42
Kr 16 40 12
Ca 24 30 22
Ce 20 13 63
Cl 9 67 7
Co 15 1 1 48
Cr 22 1 1 41
Cu 50 15 16
Fe 16 35 14
K 42 13 21
La 36 21 20
Mn 26 22 28
Na 12 66 1 1
Pb 14 38 39
Sb 18 16 54
SC 1 16 36
Se 78 7 4
Th 22 28 22
Ti 53 22 8
V 37 17 17
Zn 10 83 3

'Contrbutions from the three major sources arc shown with the greatest value in bold.

Table 5.Results of source apportionment for PM2 (%gg-I~

Road Soil Vehicles Biomass Coal Industry Unknown Secondary particles
Al 44 29 17
As 13 1 1 56
Br 12 39 36
Ca 48 44 15
Ce 7 14 61
Cl 8 24 61
Co 42 7 49
Cr 25 19 29
CU 47 9 20
Fe 6 59 17
K 19 42
La 22 19 26
Mn 30 20 21
Na 29 18 18
Pb 6 14 65
Sb 28 23 35
SC 52 8 21
Se 15 45 23
Th 13 84 2
Ti 57 18 14
V 42 1 3 15
Zn 60 14 15

aContributions from the three major sources are shown with the greatest value in bold
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Table 6. Results of source apportionment for PM2 (%ggl )a

Road Soil Vehicles Biomass Coal Industry Unknown Secondary
particles

Al 44 29 17
As 13 11 56.
Br 12 39 36
Ca 48 44 15
Ce 7 14 61
Cl 8 24 61
Co 42 7 49
Cr 25 19 29
Cu 47 9 20
Fe 6 59 17
K 19 42
La 22 19 26
Mn 30 20 21
Na 29 18 18
Pb 6 14 65
Sb 28 23 35
SC 52 8 21
Se 15 45 23
Th 13 84 2
Ti 57 18 14
V 42 13 15
Zn 60 14 15

'Contributions from the three major sources are shown with the greatest value in bold
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Table 8. Concentration of radionuclides in sediment samples at some Vietnamese marine areas

Place names Sampling Sampling Bqlkg, dry weight
of sampling sites time ______

Latitude, U Th 4K90Sr '37Cs 21'Po 239,240Pu

Cat ba 20 40N 6/2000 54.80 ±10.96 56.80 ± 6.70 1254.0±113.0 1.499 ± 0.450 240.0 ± 2.54 0.053± 0.003
Haiphong 107005 E

Cua lo 1846 6/2000 28.50± 5.69 41.97 ± 4.99 492.9 ± 44.0 0.840 ± 0.252 56.00 ± 1.12
Nghe An 1050 46E__ _ _ _ _ _ _ _ _ _ _ _

Nha Trang I~13 6/2000 30.20±5.74 4.37 ±3.97 687.6 ±33.1 0.20 ±0.03 0.512 ±0.205 165.45 ±1.64 0.580 ±0.010
Khanh Hoa 109013E

Cua Dai T6uliN 1 6/2000 38.24±7.65 59.61 ± 7.03 850.8 ± 76.6 0.15 ± 0.03 2.624 ±0.825 108.62 ± 1.15 0.081± 0.003
Tien G iang 1060 8E >__ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Table 9. Concentration of radionuclides in seawater samples in some vietnamese marine areas
0

Place names Sampling Sampling Bqfkg, dry weight t
of sampling sites time 

Latitude, U h 4 K90S 137c 2 10 o 239.24OPU 0P

Longitude ______

Cat ba 2i64ON 6/2000 31.78 ± 6.35 4.35 ± 0.52 2.70 ± 1.00 2.300 ± 1.000001±007
Haiphong 107005 E0.1±07

1.000 ± 0.500 0.014 ± 0.007

0.014 ±0.007

Cua lo --- T80'4-6N 6/2000 ~~~~~~~~~~~3.600 ± 1.000
Nghe An 105046E _____

Nha Trang 12"13N 6/2000 27.69 ±5.54 3.48±0.42 8210 ±250 3.60 ±0.90 1.667 ± 0.333 1.02 ±0.22 0.005 ± 0.001
Khanh Hoa 109013 E

Tie ana I 10606/200 30.29 ±6.G5 1.05 ±0.13 6320 ± 190 3.52 ± 0.88 0.669 ±0.173 0.58 ± 0.12 0.006 ±0.001
Tien~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~iang 106048E __________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


